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Abstract

This thesis focused on the long-term mental health and quality of life of breast

cancer survivors, compared to women with no prior cancer.

The first study was a systematic review of studies that assessed adverse mental
health outcomes in women who had breast cancer and non-cancer controls. This
found evidence suggestive of an increased risk of anxiety, depression, suicide, and

neurocognitive and sexual dysfunctions in breast cancer survivors.

The second study systematically summarised the lists of Read codes and clinical
definitions used in previous studies of mental health-related outcomes in primary
care databases of electronic health records in the UK. The results showed
substantial heterogeneity across studies and informed the definition of the outcomes

in this thesis.

The third study used data from the UK Clinical Practice Research Datalink (CPRD)
GOLD primary care database to quantify the risk of adverse mental health-related
outcomes in 57,571 breast cancer survivors and 230,067 women with no previous
cancer. Breast cancer survivorship was positively associated with anxiety,
depression, fatigue, pain, sexual dysfunction, sleep disorder and being prescribed
opioid analgesics, but there was no evidence of association with cognitive

dysfunction or fatal and non-fatal self-harm.

The fourth study included 353 breast cancer survivors and 252 women with no prior
cancer who replied to questionnaires assessing quality of life and mental health.
Compared to women with no prior cancer, breast cancer survivors had poorer
quality of life in the domains of cognitive problems, sexual function, and fatigue, but
no evidence of difference in negative feelings, positive feelings, pain, or social
avoidance. Women with advanced-stage cancer at diagnosis, and/or prior receipt of

chemotherapy, had poorer quality of life and mental health.

In conclusion, breast cancer survivorship is associated with impaired quality of life
and raised risk of adverse mental health-related outcomes, persisting well into the

survivorship period.
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1 Background

1.1 Introduction

This thesis focuses on the mental health and quality of life of breast cancer
survivors in the UK, compared to women with no history of cancer. This opening
chapter provides background information on the current knowledge of the aetiology
and epidemiology of mental health conditions and breast cancer, the potential
intersection between the two, and plausible implications for health-related quality of
life (HRQoL). This motivated the aims and objectives of this thesis, which are

provided in Chapter 2.

1.2 Mental disorders

Mental disorders are very common conditions. A meta-analysis of 155 studies from
55 countries, estimated a one-year prevalence of all mental disorders of 17.6%
(95% confidence interval (95%CI): 16.3% to 18.9%) [1]. Anxiety and mood disorders
represented 88% of all diagnosis [1], therefore the following sections focus in detail

on these two groups of disorders, and briefly on other mental disorders.

1.2.1 Depressive disorders

Definition

Depressive disorders are characterised by cardinal feelings of sadness, anhedonia,
lack of interest, feelings of helplessness, irritability, and tearfulness, among others
[2]. These negative feelings are amongst the panoply that occur normally in
mammals, and short periods of sadness are part of everyday life [2, 3]. Depression
in the pathological sense occurs when the severity and duration of these symptoms
are exaggerated, so much so that they disrupt daily life. Major depressive disorder
(MDD) is the terminology used to refer to the most severe cases, and is defined by
the following criteria in the Diagnostic and Statistical Manual of Mental Disorders,
5th Edition (DSM-V): the presence of 1) an abnormal depressed mood most of the
day, nearly every day, for at least two weeks; or an abnormal loss of all interest and
pleasure most of the day, nearly every day, for at least two weeks; and 2) at least
two of the following symptoms during those same two weeks: depressed mood, loss

of all pleasure, appetite or weight disturbance, sleep disturbance, agitation or

27



slowing, fatigue or loss of energy, abnormal inappropriate guilt, poor concentration,

thoughts of death or suicide [4].

Historically, the terms ‘depressive disorders’, ‘mood disorders’ and ‘affective
disorders’ have all been used to describe a group of disorders that are
characterised by depressive episodes. These groups included unipolar depressive
disorder and bipolar disorder (sometimes referred to as manic depression), among
other less common disorders. In DSM-V, published in 2013, the category of ‘Mood
disorders’ was replaced by two categories: ‘Bipolar and related disorders’ and
‘Depressive disorders’. This split was motivated by the similarities in
symptomatology, family history and genetics between psychotic disorders and
bipolar disorders. Unipolar depressive disorder has always represented the vast
maijority of the cases in any group of ‘mood disorders’, and it is the focus of the
following section on aetiology. For simplicity, unipolar depressive disorder is

hereafter referred to as depression.

Aetiology

The aetiology of depression is complex. Early studies showed that depression
tended to occur in those with a family history of the disorder, suggesting that genetic
components could be involved [5]. Adoption studies explored the role of
environmental exposures, as families tend to share both genetics and habits. The
higher frequency of major depression in adoptees with biological family history of
depression, compared to adoptees without, further lent support to the theory of
genetic susceptibility [5]. Heritability for depression has now been estimated at
around 30-40% (at population level), based on studies with monozygotic and
dizygotic twins [5]. Studies on the specific genes involved revealed a multifaceted
picture of polygenic inheritance, where several genes contribute a small or modest

effect independently [5, 6].

Stress plays a central role in the aetiology of depression [7]. The Oxford dictionary
defines stress as ‘a state of mental or emotional strain or tension resulting from
adverse or demanding circumstances’ [8]. Adverse psychological exposures during
childhood appear to affect one’s predisposition to subsequently develop depression
[9]. In addition, there is vast empirical evidence that recent stressful events,
measured in several forms, may precipitate episodes of depression [10-12].
Increasing odds of depression were also found for more long-lasting forms of stress,
such as lower socio-economic status [13], distressed partnered relationships [14],

singlehood at older ages [15], motherhood with low social support [16], and work-
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related factors, such as job strain, workplace bullying, lack of autonomy and

decision capacity [17].

Stress is often induced by change [7]. Whilst some changes may be avoided, those
arising from one’s life course trajectories are less so. The life course social field
model (Figure 1.1) puts forward a number of life span events that may act as
stressors during an individual’s lifetime and trigger episodes of depression; these
events are thought to be closely related to the higher incidence of depression in

certain age groups (vide section 1.2.1.4) [7].
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Figure 1.1 Life course social field model. Figure adapted from [7]; reproduced with
permission from Oxford Publishing Limited.

The diathesis stress model (Figure 1.2) explains the interaction between genes and
stress in the aetiology of depression. The model postulates that neither genes nor
stress alone invoke most pathological events, but instead it is the combination of

sufficient components of the two that are implicated [18, 19].

Several factors, at individual and societal levels, have been described as modifiers
of the association between stress and depression in susceptible individuals. For
example, personality traits, such as higher levels of neuroticism, have been shown
to interact with stress and potentiate the risk of depression [20]. Increased social
support, measured as higher perceived social support, higher number of social

relationships, working outside home, or having someone to confide in, have been
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shown to buffer some of the negative effects of stress, particularly among women,

and protect against depression [21, 22].
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Figure 1.2 The diathesis stress model. Figure from [7]; reproduced with permission from
Oxford Publishing Limited.
Physical activity appears to also protect against the onset of depression [23], and

part of this effect may be due to increased social interaction.

Natural course of depression

Diagnosed episodes of depression usually last for months, and are on average for
four weeks longer in women compared to men [24]. A 12-year longitudinal study on
the prognosis of depression reported that 50% of the patients did not observe any
further episode, 35% achieved remission but later relapsed, and 15% had
unremitting disease during the 12-year period [24]. Depression has also a lengthy

prodromal period, often longer than the depressive episode itself [24].

Epidemiology

The risk of depression varies by age and sex, typically following the distribution
shown in Figure 1.3 in high-income settings. The higher risk of depression in
females starts around puberty, and rates increase rapidly in both sexes, peaking
around the mid-twenties and early thirties [25]. Incidence rates tend to decline in
both sexes until the mid to late 50s, when small increases have been noted [24, 25].
One may observe that these peaks coincide with life stages when major changes
occur (Figure 1.1). In young adulthood, the societal expectations are for one to start
a career, be financially independent, have a partner, start a family, etc., which may
be a reasonable source of emotional strain for many [7]. In the late 50s, many

experience angst over their own children’s independence, illnesses, loss of loved

30



ones, retirement and defining a meaning for the fewer years ahead [7]. Social

interactions often change around these stages in life, possibly adding further strain

through reduced social support.
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Figure 1.3 Sex- and age-specific incidence rate and cumulative incidence, for treated
mood disorders in Denmark. Limit lines show the 95% confidence intervals. Figure adapted
from [25]; reproduced with permission from the American Medical Association.
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In 2000, unipolar depressive disorder accounted for 4% of all disability adjusted life

years (DALYs) in the world, ranking only below infections of the lower respiratory

tract and human immunodeficiency virus [26, 27]. In the most affluent regions, it

accounted for nearly 8% of the DALYs, ranking only after ischaemic heart disease

[26, 27]. Years of life lost due to depression are few (usually attributed to suicide)

but the number of years lived with disability (YLDs) is phenomenally high. Women

have the largest share of this burden, due to higher prevalence and duration of the
disease. In women, YLDs increased 32.2% from 1990 to 2007 and 14.1% from
2007 to 2017 (Figure 1.4). Depressive disorders rank third in the global rank of

YLDs in women since 2007 [28].
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Figure 1.4 Leading causes of global years lived with disability (YLDs) for women in 2017,
and percentage change in the number of YLDs and all-age and age-standardised rates.
Figure adapted from [28]; reproduced under the terms of a Creative Commons (CC) By
Attribution (BY) license.
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The global variation in burden of disease may be partially explained by differences
in the prevalence of depression across settings. For example, the one-year
prevalence of depression was found to vary in a systematic review from <1% in
Taipei, Taiwan, to 15.4% in the Republic of Udmurtia, Russia [29]. Several factors
may contribute to this disparity, including true heterogeneity in the risk and course of
the disease, differential reporting of negative feelings in settings where mental
health conditions are stigmatised, and differences in the criteria used to establish
‘caseness’ (e.g. inclusion/exclusion of dysthymia and bipolar disorders in
‘depression’).

In the UK, the 2014 Adult Psychiatric Morbidity Survey estimated that 4% of women
and 3% of men aged 16-64 met the criteria for a depressive episode in the past
week, and a further 11% and 6%, respectively, had symptoms of mixed anxiety and
depression [30]. This represented an increase of 2% in the frequency of depressive

episodes in both sexes since 1993 (Figure 1.5).
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Figure 1.5 Results from the Adult Psychiatric Morbidity Surveys' [30] for the prevalence of
depressive episodes and mixed depression and anxiety in the week before interview by
calendar year of data collection and sex.

In summary, depression affects approximately a fifth of women and a tenth of men
during their lifetime. Episodes of depression, even when of mild severity, are
debilitating, affecting the individual and their social groups. The high prevalence,
duration and impairments generated by the disorder are translated into large
numbers of years lived with disability, and demand for public health strategies that

mitigate these effects.

1 The Adult Psychiatric Morbidity Survey includes a large probability sample of the adult general population (aged 216 years) living in
private households [15] and evaluated the presence of common mental health conditions in the previous week using the revised
Clinical Interview Schedule (CIS-R) [16]. Participants were aged 16-64; data for subjects aged over 64 were collected in the two
most recent waves, but were not included in the graph to retain comparability over time. The three first waves include data for the
whole UK, while only England has been included in 2014.
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1.2.2 Anxiety disorders

Definition

Anxiety is the physiological response to situations perceived as dangerous, an
ancient biological programming to survive [2]. Low to moderate levels of anxiety are
normally associated with enhanced performance but high levels are counter-
productive [31]. Anxiety disorders are characterised by exaggerated mental
symptoms of fears and anxiousness, physical symptoms, and respective
behavioural reactions [4]. Fear is defined in DSM-V as ‘the emotional response to a
real or perceived immediate threat’, while anxiety is ‘the anticipation of future threat’
[4]. Anxiety disorders have several components, including psychological (feelings of
dread, restlessness, narrowed attention, increased alertness and irritability), somatic
(hyperventilation and muscle tension), autonomic (increased heart rate and

sweating) and avoidance (phobia) [2].

DSM-V includes five anxiety disorders common in adults: specific phobias, social
anxiety disorder (social phobia), panic disorder, agoraphobia, and generalised
anxiety disorder [4]. Whilst all have symptoms of fear and anxiety at their core, they
are differentiated by different patterns in cognition, behaviour, physiology and

temporal aspects [7].

Phobias, including specific phobias, social phobia, and agoraphobia, are marked by
sporadic anxiety that occurs when one is exposed to a particular object, place or
situation, and it causes anxious anticipation and avoidance. Specific phobias refer
to fear of specific objects or situations (e.g. heights, blood, flying), while social
phobia refers to the fear and anxiety caused by social situations (e.g. meeting
strangers). Agoraphobia is characterised by fears related to places and/or situations
from which escaping might be, or is perceived as, difficult, and these situations are
intensely avoided (e.g. public transportation, crowed spaces, going outside home).
Even though the individual recognises these fears as irrational, anticipation or
exposure to the object/situation inevitably triggers intense anxiety, causing one to

markedly avoid the situation [4].

Anxiety in panic disorder is also intermittent, but unrelated to a particular exposure
[2]. Panic disorder is defined by spontaneous and recurrent panic attacks, and at
least one month of concerns about additional attacks and their consequences, or
changes in behaviour because of the panic attacks [4]. A panic attack, in turn, is
defined by fear, with four or more of the following symptoms developing and

peaking within 10 minutes: palpitations, sweating, shaking or trembling, shortness of
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breath, feeling of chocking, chest pain, nausea, feeling dizzy or faint, de-realization,

numbing or tingling sensation, chills or hot flushes [4].

Generalised anxiety disorder is defined by a continuum of excessive and
uncontrollable anxiety and worry, in more days than not, for at least six months.
Anxiety in generalised anxiety disorder is linked to three or more of the following:
restlessness, fatigue, concentration problems, irritability, muscle tension and sleep

disturbance [4].

Traditionally, anxiety disorders also included obsessive-compulsive, acute stress-
related disorders, and post-traumatic stress disorder (PTSD) [32]. In DSM-V,
obsessive-compulsive and stress-related disorders were separated from anxiety
disorders. In their new categories, diagnostic criteria remained similar, with
obsessive-compulsive disorders having as central features compulsions guided by
obsessions (e.g. hoarding) and stress-related disorders originating from a well-

defined traumatic situation [4].

Aetiology

The aetiology of anxiety is also complex, and has several similarities to the
aetiology of depression. Anxiety disorders are thought to also have a genetic
component [33], with studies with twins estimating heritability at ~10-15% at
population level [5]. The individual susceptibility to anxiety disorders, however, is

thought to be the product of several gene-environment interactions (Figure 1.6) [34].
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Figure 1.6 Model of anxiety aetiology. Figure from [35]; reproduced with permission from
Oxford Publishing Limited.
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Environmental factors that appear to contribute to increased susceptibility to anxiety
disorders include some that negatively affect personality development during
childhood, including parental indifference, physical or sexual abuse, parenting styles
dominated by overprotection and lack of emotional warmth [36-39]. Individual

personality traits, such as neuroticism may also be implicated [2].

In individuals with increased susceptibility, stress also plays a major role in the
incidence of anxiety disorders [2, 35]. Compared to depression, evidence on the
stressors for anxiety disorders is scarcer. Lower socio-economic status (measured
through levels of income and years of education) was a strong predictor of panic
attacks (odds ratio (OR) for <12 years vs. >15 years of schooling: 4.9), panic
disorder (OR: 10.4) and panic disorder with agoraphobia (OR: 7.6) [40-42]. Social
support has been associated with better outcomes in the treatment of anxiety
disorders [43]. Higher levels of physical activity also protect against the onset of

anxiety [44].

Epidemiology

Steel et al. estimated the lifetime prevalence of anxiety disorders was 18.2% in
women and 10.1% in men based on comprehensive systematic review of studies
conducted between 1980 and 2013 [1]. However, there has been considerable
variation in the prevalence estimates of anxiety disorders available in the literature,
and results from studies using stricter, diagnostic manual, definitions of anxiety
disorders tend to show lower estimates. For example, the World Health
Organization (WHO) reported that the prevalence of anxiety disorders worldwide in
2015 was 3.6% [45].

Considering specific anxiety disorders, Eaton et al. found that 4% of patients met
the criteria for a lifetime DSM-III-R diagnosis of panic disorder, and 16% met the
criteria for lifetime fearful spell (i.e. met some but not all DSM-III-R criteria for panic
disorder) [40]. Phobias, including agoraphobia, social phobia and specific phobias,
are quite common in the population. In the United States, the lifetime prevalence of
agoraphobia has been estimated at 9.0% in women and 4.1% in men, while social

phobia affected 15.5% of women and 11.1% of men during their life time [42].

Incidence of anxiety disorders registered in EHRs of patients attending primary care
practices in 1998-2008 in the UK was estimated at 7.4 per 1000 person-years in
women (95%CI: 7.4 to 7.5), and 3.9 per 1000 in men (95%CI: 3.9 to 4.0) [46]. A

declining trend in recording of diagnosis of anxiety, accompanied by an increasing
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recording of symptoms for anxiety, was observed during the 10-year period [46].
The risk of having an anxiety diagnosis recorded was 58% (95%CI: 37% to 82%)
higher in patients in the most deprived areas, compared to those least deprived
ones [46]. Incidence of anxiety disorders was lowest in the age group 16 to 24 years
and highest among those aged 45-64 years [46]. Figure 1.7 describes the
prevalence of each anxiety disorder in the UK Adult Psychiatric Morbidity Surveys.
In 2014, 24.6% of the women and 15.9% of the men met the criteria for an anxiety
disorder in the week before [30]. Although these figures are not directly comparable
to those from EHRs, it is still interesting to observe the increasing trends in patient-

reported anxiety.
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Figure 1.7 Results from the Adult Psychiatric Morbidity Surveys [30] for the prevalence of
anxiety disorders in the week before interview by calendar year of data collection and sex.

Anxiety disorders rank eight in the global rank of YLDs (Figure 1.3). The burden of
anxiety is particularly high in countries with high socio-demographic index (Figure
1.8). This might be partially explained by the higher lifetime prevalence of anxiety
disorders diagnosed in high-income countries (19.4%), compared to low- and
middle-income countries (16.0%) [1].
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Figure 1.8 Trends of age-standardised YLD rates per 100,000 for the top eight causes of
non-fatal burden in 2017 for each sex by socio-economic development index (SDI) quintile,
1990-2017. Figure adapted from [28]; reproduced under the terms of a CC BY license.

In summary, anxiety disorders arise from stressful situations in anxiety personality-
prone individuals. The burden generated by anxiety disorders is high, particularly in
high-income countries. Women and those with lower socio-economic status are

more likely to have an anxiety disorder during their lifetime.

1.2.3 Relationship between anxiety & depression

Descriptive data on anxiety and depressive disorders show considerable similarities
[7]. It was postulated that anxiety disorders themselves may also include depressive
symptoms [47], with increased stress causing dysthymia, and if these persist,
symptoms of panic and agoraphobia may also appear (Figure 1.9). This explains

the high co-morbidity of anxiety and depression at individual level.

Data from prospective studies have shown that anxiety and depression are
positively correlated both at baseline and at follow-up, in addition to being correlated
with the incidence of the other between baseline and follow-up [48]; this means that
these conditions predict one another, and share syndrome (i.e. anxiety symptoms
may be present in depressive disorders, anxiety disorders may include depressive
symptoms). So, while these conditions may be considered as two broad entities,
part of the symptomatology will overlap, and many patients present with mixed

symptomatology of anxiety and depression.
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Stress-reactive Neurosis

Agoraphobia

Figure 1.9 Model of stress-reactive neurosis. As the levels of stress increase, dysthymia is
present. This explains the high comorbidity of depressive and anxiety symptoms. Figure
from [49]; reproduced under the terms of a CC BY Non-Commercial (NC) license.

In addition, for both conditions, lower socio-economic status is associated with
raised risks, while social support exerts protective effects [50]. Further evidence for
the overlap between these two conditions is provided by genetic studies where, for
example, a family history of depression has been shown to increase the odds of
having been diagnosed with panic disorder [51]. The natural course of anxiety and
depression is also somehow similar, varying from patients who recover fully,
patients who keep relapsing over time, and who have unremitting course [52]. Both
conditions are more frequent in women, are precipitated by similar stressors, and
respond to treatment with similar pharmacological agents [53]. History of depressive
disorder appears to increase the risk of panic disorder [41], and both disorders are

strong predictors of suicide [54].

1.2.4 Other mental health conditions

Mental disorders other than depressive and anxiety disorders listed in DSM-V are
provided in Table 1.1.

Table 1.1 DSM-V categories for mental disorders other than anxiety and depression.

Neurodevelopmental disorders

Schizophrenia spectrum and other psychotic disorders
Bipolar and related disorders

Obsessive compulsive and related disorders

Somatic symptoms and related disorders

Feeding and eating disorders

Elimination disorders

Trauma and stressor related disorders

(continued)
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Table 1.1 (continued)

Dissociative disorders

Sleep-wake disorders

Sexual dysfunctions

Gender dysphoria

Disruptive, impulse-control, and conduct disorders
Substance-related and addictive disorders
Neurocognitive disorders

Personality disorders

Paraphilic disorders

The aetiology of these disorders is varied. Some disorders have typical onset during
childhood (e.g. neurodevelopmental disorders), and thus are unlikely to be
associated with exposures characteristic of adult life. A few disorders are known to
be associated with biological changes in the central nervous system due to a
specific medical condition (e.g. dementia in multiple sclerosis, or after stroke). Other
disorders can have both physical and psychological origin (e.g. sexual dysfunction).
And several disorders are defined by similar symptoms (e.g. anxiety as symptom in

sleep disorders).

The following paragraphs briefly describe sleep-wake disorders, sexual
dysfunctions, neurocognitive disorders, and self-harm. There were chosen due to
their onset in adult life, and potential association with stress. Self-harm is also
described because it is the manifestation of mental distress, even though it is not a

mental disorder per se.

Sleep disorders

Sleep disorders are related to impairments in sleep quantity, quality or timing [4].
Insomnia and hypersomnia are the most common conditions. Insomnia is
characterised by difficulties in initiating or maintaining sleep, causing sleep
deprivation that can cause substantial distress to the patient [4]. Hypersomnia refers

to prolonged sleep (>9 hours or recurrent episodes sleep) that is not restorative [4].

Sleep disorders are relatively common [55]. A review showed prevalences in the
general population that varied from 8% to 33%, depending on the definitions used
[56]. In the UK, a survey of the general population in 1994 described a prevalence

of insomnia of 6.8% in men and 10.6% in women [57].

Risk factors for sleep disorders include female gender, depression, chronic physical

illnesses, and possibly lower socio-economic status, widowhood, and loneliness and
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perceived stress [58-60]. Insomnia becomes chronic in nearly 50% of the patients
[61] and is often comorbid with other distressing conditions (most often anxiety, pain

and dementia) or excess use of substances such as caffeine or ethanol [2].

Female sexual dysfunction

Sexual dysfunctions refer to impaired or unsatisfied sexual experiences [2]. In
females, the most common sexual dysfunctions are orgasmic disorders, arousal
disorders, and genito-pelvic pain [4]. Orgasmic disorder is defined by the absence
or substantial delay in reaching orgasm in most (75-100%) of the sexual activity
events, which can cause distress to the individual [4]. Arousal disorder occurs when
the woman has persistent (>6 months) lack of, or importantly reduced, sexual
interest that causes clinically significant distress [4]. Genito-pain disorders (including
vaginismus and dyspaneuria) include difficulties with vaginal penetration or pain
during vaginal penetration, with or without constriction of the pelvic floor muscle that

prevent penetration, that last for six or more months and causes distress [4].

The advances in the understanding of sexual dysfunctions are great challenges for
the definition of objective criteria to establish a diagnosis and, consequently, for
research in this area. All revisions of the DSM have included changes related to
sexual dysfunctions [62]. DSM-V reduced the categories of sexual dysfunctions
compared to DSM-IV, and included stricter criteria for diagnoses of sexual
dysfunction (e.g. present in 75-100% of the time, for >6 months, and causing
significant distress), aiming at reducing the over-diagnoses of sexual dysfunctions
with DSM-IV criteria and better represent the most recent model of female sexual
function [63, 64].

In 2003, a survey of women aged 15-44 in Britain reported that 10% had a lack of
sexual interest, 14% were unable to reach orgasm, and 12% had painful intercourse
[65]. In a more recent survey (2010-2012), lack of sexual activity in the previous
year was associated with problems in sexual function, and 10.9% of women who

had had sex during the previous year were distressed about their sex life [66].

Decreased sexual activity in post-menopausal women may be explained by a wide
range of factors, including lack of partner available (e.g. widowhood, separation),
presence of medical conditions more common older ages (back pain, dementia,
erectile dysfunction), bereavement for loved ones, relationship difficulties, fatigue,
among others [58]. Psychiatric disorders, such as depression and/or anxiety, and
some psychotropic drugs, such as selective serotonin receptors inhibitors (SSRI) or

tricyclic antidepressants, may also impair the female sexual function [2].
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Neurocognitive dysfunction

Neurocognitive dysfunctions have impairments of the intellect, memory and
personality as central features; 95% of cases are irreversible [2]. The main
conditions in this category are Alzheimer's disease, vascular dementia,
frontotemporal dementia, Lewy bodies disease, and dementia in Parkinson’s
disease [4]. Neurodegenerative alterations in the central nervous system, usually
visible through brain atrophy, are often observed in patients with these conditions,
and explain the pathophysiology. In cases where impairments to the domains of
cognitive function are not sufficient for a specific diagnosis, the term mild cognitive
dysfunction is used [4]. Between 10% and 20% of the cases mild cognitive

impairment are expected to progress to dementia [67].

Incidence of dementia was estimated at 14.3 per 1000 person years in men and
17.0/1000 person years in women aged 50 or more in England in 2010 [68]. In
those aged =60 years, prevalence was estimated to vary between 5 and 7% [69].
Alzheimer’s disease usually accounts for 50-60% of all dementia cases, followed by
vascular dementia (20-25%) and dementia with Lewy bodies (15-20%) [2].

Several factors have been pointed out to increase the risk of dementia, such as
hypertension, diabetes, obesity, and alcohol use [70-73]. Trends in the incidence of
Alzheimer’s disease appear to be stable in western countries, but the burden has

almost doubled between 1990 and 2013 due to the increased survival [74].

Fatal and non-fatal self-harm

Intentional self-harm is commonly associated with an underlying mental condition,
and it may occur for several reasons, including a desire to punishing oneself, to
express distress to others, to escape or avoid situations, to release feelings of
anger, tension, anxiety or depression, among others [75-77]. The severity of self-

harm ranges from injuring behaviour with no suicidal intent, to suicide.

Figure 1.10 shows some of the most relevant risk factors for self-harm and suicide
in adolescents and young adults, and the mechanisms that may be involved [78];
the model for adults is likely to be similar. Alcohol consumption, previous psychiatric
disorder, previous self-harm attempts that led to health-service contact, among
others, appear to be strong predictors of self-harm [77, 79]. Risk factors for suicide
are in all similar to those for self-harm. There is also a considerable body of

research on chronic diseases as a risk factor for suicide, including heart failure [80],
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chronic obstructive pulmonary disease [81], atopic dermatitis [82], multiple sclerosis

[83], chronic pain [84], among others.

Genetic and Personality Exposure to Availability Outcome
biological factors suicide or of method
factors self-harm
Aggression Method likely
impulsivity to be lethal

Pain alleviation

4 \ Suicide
¥ Psychiatric disorder — Psychological distress
>
—» and hopelessness/v
T + T Self-harm

Suicidal ideation

Negative life events  Perfectionism and Method unlikely
or social problems low optimism to be lethal

Figure 1.10 Risk factors for self-harm and suicide. Figure from reference [78]; reproduced
with permission from Elsevier.

Self-harm is most common in adolescents and young adults, but the proportion of
subjects who self-harm around midlife in England is not negligible [77] (Figure 1.11).
In addition, the prevalence of intentional self-harm without suicidal ideation in
England increased from 2.4% in 2000 to 6.4% in 2014 [77].
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Figure 1.11 Prevalence of self-harm without suicidal intention in males (panel A) and

females (panel B) in England. Figure from [77]; reproduced under the terms of a CC BY
license.
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Self-poisoning, commonly with paracetamol or anti-depressants, accounted for
78.6% of the men, and 86.8% of the women, aged 40-59 years old that presented to
hospital with self-harm; the remaining were cases of self-injury and/or self-poisoning
[85].

Self-harm is a strong risk factor for suicide [86] but only a small proportion of the

self-harm cases result in death (Figure 1.12) [87].

Mood disorder Suicide attempts

10% of mood disorder
subsequently suicide
within 10 years

15% of mood disorder
subsequently suicide

45-70% of suicides have a 19-24% of suicides have a
mood disorder prior suicide attempt

Figure 1.12 Venn diagram showing the relation between suicide attempts, suicides and
mood disorders. Adapted from [88]; reproduced with permission from Wolters Kluwer Health.

Following the global trends, the rate of suicide has increased in the UK since 1950
[2]. Even though self-harm is more common among women, completed suicide is
more common in men. The highest risk of suicide in the UK in 2014 was observed
for men aged 45-59 years (23.9 deaths per 100,000 population). The corresponding
highest risk estimate for women was also in the age group of 45-59 years, with 7.3
deaths per 100,000 population [89].
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1.3 Breast cancer

1.3.1 Incidence

Breast cancer incidence markedly increased during the last decades (Figure 1.13)
and it is currently the most frequently diagnosed malignancy in women in the UK,

excluding non-melanoma skin cancer [90, 91].
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Figure 1.13 Trends (full line) and linear trend (dashed line) of the age-standardised
incidence rates of breast cancer in England (1995-2011). Figure from [92]. reproduced ‘as is’
for research and education purposes.

Breast cancer is currently understood as being a disease closely related to
exposure to hormones. The female breast is composed of glandular tissue whose
primary function is milk production after parturition [93]. The development of the
breast tissue during adolescence relates to the effects of oestrogen and
progesterone, two hormones that start to be produced with the onset of the luteal
phase of the ovary [94]. During the subsequent menstrual cycles, if no pregnancy
occurs, the breast develops and then regresses [95]. However, if a pregnancy
occurs, the placenta produces hormones that stimulate the development of the
breast tissue (e.g. oestrogen, progesterone and placental lactogen [94]) causing the
expansion of the ducts and lobules [95]. Women exposed to a higher number of
menstrual cycles during their lifetime, through menarche at younger age [96], late
menopause [96], or no pregnancy- or lactation-related amenorrhea [97, 98], have an

increased risk of breast cancer [96]. Use of exogenous hormones, such as oral
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contraceptives and hormone replacement therapy, are also associated with an

increased risk of breast cancer [99].

It is estimated that around 10% of the breast cancer cases occurring the western
world are due to genetic predisposition [100], even though not much is known about
how many and which genes increase the risk of breast cancer. Identified genes
have been shown to have autosomal dominance with limited penetrance, passing to
the next generations through either parent, and not leading to cancer development
in all carriers. BRCA1 and BRCA2 are two notable oncogenes in this area, located
on chromosomes 17 and 13, respectively [100]. BRCA1 and BRCA2 are tumour
suppressor genes, involved in the regulation of transcription and reparation of DNA.
Alterations in these genes are rare in the general population, at about 0.1% [95].
However, approximately 60-80% of the women who carry these mutations develop

breast cancer, usually around the age of 50 years [95].

Several lifestyle risk factors for breast cancer have been identified and some of
these vary by women’s menopausal status [101]. The World Cancer Research Fund
International and the American Institute for Cancer Research have produced robust
evidence on the effect of food, nutrition and physical activity in the development of
breast cancer [101-103]. According to the latest revision of the evidence, based on
comprehensive systematic reviews and meta-analyses, there is strong evidence
that lactation, physical activity and body fatness in young adulthood are associated
with a decreased risk of breast cancer in both pre- and post-menopausal women
(Table 1.2) [103].

Table 1.2 Lifestyle risk factors for breast cancer: levels of evidence.

Protective factors (level of evidence) Risk factors (level of evidence)

Carotenoid rich foods
Diets high in calcium

Pre- Lactation (P) Alcoholic drinks (P)
menopause  Body fatness (P) Adult attained height (C)
Vigorous physical activity (P) Greater birth weight (P)

Non-starchy vegetables (ER- only) (S)

Dairy products (S)

Carotenoid rich foods (S)

Diets high in calcium (S)

Physical activity (S)
Post- Lactation (P) Alcoholic drinks (C)
menopause  Physical activity of all types (P) Body fatness (C)
Body fatness in young adulthood (P) Adult attained height (C)
Non-starchy vegetables (ER- only) (S) Adult weight gain (C)

(S)

(S)

C = convincing; P = probable; S = suggestive.

Convincing and probable levels of evidence are supported by strong evidence from the literature;
suggestive is supported by limited evidence.

Table adapted from [103].
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Of the established risk factors for breast cancer, only a few are amenable to
change: exogenous hormone use, post-menopausal excess of body weight and
alcohol intake. Reproductive factors are less likely to be changed for cancer
prevention purposes in modern societies. Therefore, breast cancer will continue to
have high incidence globally in the foreseeable future. With the gains in life
expectancy observed in the last century [104], the aging of the population alone will

result in increased numbers of breast cancer patients.

1.3.2 Control

Breast cancer control strategies have mainly focused on early detection and
treatment. A mass-screening programme targeting women aged 50-64 years old
has been operating since 1988 [105]; in 2000, screening was extended up to the
age of 70 years [106]. Tumours detected through mammography tend to have a
lower stage at diagnosis, and consequent better survival, than tumours detected
when the disease is symptomatic [107]. Even for late-stage tumours, the (neo-
)adjuvant hormonal and immune therapies, introduced in the last decades, resulted
in notable improvements in survival. In England and Wales, for example, 5-year
age-adjusted net survival from breast cancer increased from 53% in 1971-72 to
87% in 2010-11 (Figure 1.14) [108].
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Figure 1.14 Five-year net survival, adjusted for age, for patients diagnosed in 2010-2011,

and absolute change since 1971 in England and Wales. Figure adapted from [108];
reproduced under the terms of a CC BY license.
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This is translated into unprecedented numbers of breast cancer survivors in the
general population. Approximately 570,000 women in the UK were estimated to

have a history of breast cancer in 2010 [109].

A comparison of the survival estimates estimated for the UK with those from three
Nordic countries (Figure 1.15), which have similar national health systems, shows
that there is still margin for improvements, and therefore the number of breast

cancer survivors is still expected to increase in the decades to come.
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Figure 1.15 Trends in five-year age-standardised net survival (%) from breast cancer in the
United Kingdom (UK) and in three Nordic countries from 1995-99 to 2010-14.
Figure created using data publicly available from [110, 111].

By 2040, projections indicate that there will be 1.5 million women with history of

breast cancer living in the UK [109].

1.3.3 Treatment

Current treatment modalities with curative intent include combinations of surgery
(mastectomy or breast conserving surgery, with sentinel lymph node biopsy or
axillary dissection), radiotherapy, chemotherapy (e.g. antracyclines and/or taxanes),
endocrine therapy (tamoxifen or aromatase inhibitors) for oestrogen receptor (ER)
positive tumours, and monoclonal antibody therapy (trastuzumab) for Human
Epidermal growth factor Receptor 2 (HER2) positive tumours [112]. An example of
the combinations recommended by the European Society for Medical Oncology

(ESMO) for treatment of early breast cancer is given in Figure 1.16.
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Reproduced with permission from Oxford University Press. Cht = chemotherapy;
BCS = breast-conserving surgery; ET = endocrine therapy; RT = radiotherapy.

Surgery is an essential treatment offered to all patients treated with curative intent.
Currently, 60-80% of the breast cancer patients are eligible for breast-conserving
surgery and mastectomy is only recommended for a subset of patients with specific
characteristics or who prefer it [112]. Assessment of the lymph nodes status is
mandatory for the determination of the stage of the disease and is generally carried

out by axillary lymph node dissection or sentinel lymph node biopsy during surgery.

Treatment pathways after surgery largely depend on the biological characteristics of
the tumour, stage of the disease and patient’s physical condition [112]. For early-
stage breast cancer, adjuvant radiotherapy is effective in reducing breast cancer
related mortality [113], and thus almost always offered to women who have breast-

conserving surgery. Six months of chemotherapy regimens have been shown to
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Figure 1.16 Early breast cancer treatment algorithm [16].
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decrease the annual breast cancer death rate by 20-38% [114].
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Adjuvant systemic treatments for breast cancer, other than chemotherapy, include
hormone and immune therapies. Endocrine therapy is currently recommended for
patients with tumours whose cells express high proportions of ER (70% of breast
cancers) to reduce the risk of recurrence [112]. Tamoxifen, a selective oestrogen
receptor modulator, given for 5-10 years is usually the primary choice for pre-
menopausal women [112]. Five years of tamoxifen decreased breast cancer death
rates by 31%, independently of the use of chemotherapy [114] and improved
survival of women with metastatic breast cancer [115]. For post-menopausal women
both tamoxifen (5-10 years) and aromatase inhibitors (Al) (5 years) have been used
[112], but Als have become the preferred choice, as meta-analyses indicated lower
risk of recurrence compared to tamoxifen [116, 117]. Approximately 10-20% of
breast cancer patients have tumours that overexpress proteins encoded by the
HER2 [118], an oncogene that belongs to the epidermal growth factor receptor
(EGFR) family, which is involved in the cell growth and differentiation [119].
Trastuzumab is a monoclonal antibody therapy effective in treating HER2+ tumours
[120].

1.4 Common physical consequences of breast cancer treatments
All breast cancer treatments carry the risk of long-term iatrogenic effects.

Surgery inevitably results in a life-long scar and may change women’s body image.
Women who had mastectomy have reported more body image concerns compared

to women who had breast-conserving surgery [121, 122].

The axillary lymph node dissection, conducted for the purposes of breast cancer
staging, carries the risk of intercostobrachial nerve damage [123], which is located
close to the lymph nodes and has many anatomical variants [124, 125]. Persistent
pain after breast cancer treatment has been estimated to affect 25-60% of women
[126], depending on patients’ selection and methodology of pain assessment. Pain
usually affects the axilla, medial upper arm, breast and/or chest wall [126]. Women
who had axillary lymph node dissection reported more frequently persistent pain

than women who had sentinel lymph node biopsy [127-129].

Axillary surgery and/or radiotherapy may lead to lymphoedema [130], a chronic
condition characterised by the accumulation of fluids in the interstitial tissues due to
incapacity of the lymphatic system to effectively distribute lymph [131]. The most
common symptoms include shoulder, arm and hand swelling, heaviness, tightness,

firmness, pain, numbness, and impaired upper member mobility [132]. The
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incidence of lymphoedema in patients who had axillary lymph node dissection is
estimated at around 19.9% (95%ClI: 13.5-28.2%), while the corresponding figure for
women who had sentinel lymph node biopsy is 5.6% (95%Cl: 6.1-7.9%) [133].

Other important side effects of radiotherapy include skin reactions (e.g. dermatitis,
skin thickening, hyperpigmentation, ulceration), oedema, pain, stunning or burning
bothers, and fatigue [134]. Radiotherapy may also result in irradiation to the heart
and blood vessels [135], oesophagus and lungs. Radiotherapy administered in the
1970s was shown to increase mortality from heart disease [136, 137] and lung
cancer 10-20 years after irradiation [136]. Radiotherapy technologies and
techniques have changed since then, and it is unclear whether increased
cardiovascular risk persists [138, 139]. Women also often experience fatigue during
the chemotherapy and radiotherapy; around 30% of women continue experiencing
fatigue after treatment [140]. The aetiology of fatigue is unclear, but most likely
includes psychological and biological factors, such as depression and increased

pro-inflammatory cytokines [140].

The side effects of chemotherapy highly depend on the regimen used [141].
Common acute side effects of chemotherapy and their adjuvant treatments, such as
granulocyte colony stimulating factor (G-CSF), include nausea, gum bleeding,
diarrhoea, constipation, increased risk of infection, anaemia, insomnia, alopecia,
bone pain and fatigue [142, 143]. Alopecia in some cases becomes permanent
[144, 145]. Chemotherapy induced amenorrhea has long been described in
premenopausal women [146-148]. The proportion of women aged 50 year or
younger at diagnosis who become post-menopausal after adjuvant chemotherapy
varied between 33% and 77% [149]. In addition, neurocognitive changes affect 13-
70% of the cancer patients within two years of treatment [150] and may be long-
lasting [151, 152]. These neurocognitive changes, also known as “chemo fog”, are a
form of cognitive impairment that usually involving memory deficits, reduced
concentration and executive function [151, 153]. The pathophysiology of cognitive
dysfunction in these patients is unknown, but chemotherapy may have direct toxic
effect to neurons and other non-neuronal structures of the central nervous system
[154, 155]. Chemotherapy may also induce damages to the pelvic nerves, causing
neuropathy, which may lessen body sensations and impair the ability to reach
orgasm [156]. Another adverse effect of the chemotherapy is loss of bone mineral
density [157-159], through direct toxic effect and indirect effects related to ovarian
failure in pre-menopausal women. Use of anthracyclines regimens has also been

also linked to cardiomyopathy and congestive heart failure, especially if
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concomitantly used with trastuzumab [160]. Most cases of cardiac dysfunction are

detected after one year of treatment completion and are often irreversible [142].

Hormonal treatments, including both tamoxifen and aromatase inhibitors, have been
associated with increased risk of uterine and endometrial cancers (tamoxifen),
arthralgias/myalgias, fatigue, deep venous thrombosis (tamoxifen) besides
climacteric symptoms induced by oestrogen deprivation [161]. It is unclear whether
aromatase inhibitors are associated with higher risk of cardiovascular events, but
tamoxifen has been suggested to have cardioprotective effects by reducing levels of
total cholesterol and low-density lipoproteins [161, 162]. The reductions of
oestrogen levels, which can be caused either by endocrine treatments or
chemotherapy-induced ovarian failure, have physical implications similar to those
experienced in menopause — vaginal atrophy and dryness — and make sexual

intercourse painful [163].

Adverse effects of trastuzumab include a non-negligible cardio-toxic effect, as noted
by significantly decreases in left ventricular ejection fraction and increased risk of
congestive heart failure [164, 165]. Presently trastuzumab is administered with

taxanes, for which cardiotoxicity is thought to be much lower [112].

1.5 Mental health and quality of life beyond breast cancer

The period of breast cancer survivorship starts at diagnosis, which is often a major
cause of emotional distress for a patient [166]. The general population perceives
breast cancer as life threatening and many women report traumatic experiences
with the diagnosis [167, 168]. Common reactions to this ominous diagnosis include
anxiety, fear of death, hopelessness, anger, suicidal thoughts, among others [169,
170].

The main treatments for breast cancer have also been associated with substantial
emotional and physical distress, and there are many stressors for this. During the
treatment period women are forced to adjust to a new reality that includes a new
body image with alterations that may go beyond the breast disfiguration or
amputation. Alopecia due to chemotherapy treatments, for example, has been often
reported as is highly distressing [171], not only due to the altered body appearance
also because it allows other people to become aware of the patient’'s cancer
diagnosis and treatment. Lymphoedema is also perceptible to others, and often
associated pain, numbness, tightness, increased risk of infections, among others,

and all of these are distressing for the patients [152, 172, 173]. Breast cancer
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survivors sometimes find social relationships challenging, as they have to adapt to
the uncertainty brought by their diagnosis, which affects themselves and their
significant others, including their offspring and spouse [174-176]. Neurocognitive
changes, even of the milder severity, are also reported as distressing by the
patients, as they interfere with important aspects of everyday life, including work
performance [177]. Fatigue and persistent pain have been shown to be associated
with low health-related quality of life and functional impairments [178-181]. Early
menopause brings fertility concerns for women who want more children, and force
women to take life-long reproductive decisions, which affect their partners as well
[149, 182]. With the panoply of life-changing events, the possible presence of acute
and long-term symptoms resulting from the cancer treatments, and the need to deal
with the fear of cancer recurrence and death [183], it is not surprising that clinically
relevant symptoms of anxiety and/or depression are common during the treatment
period [184, 185]. Virtually all domains of HRQoL, including mental health, have
been described as impaired in women who had recently been diagnosed with breast
cancer [186, 187].

Longitudinal studies on the HRQoL of breast cancer survivors showed that mean
scores for the mental health domain tend to improve over time, reaching similar
levels to those of the general population around the first anniversary of diagnosis
[188, 189]. This is consistent with women psychologically adjusting to a life beyond
the traumatic event of breast cancer. In addition, not all changes induced by the
cancer are negative. Studies have described that up to 60% of women experience
post-traumatic growth, a phenomenon of heightened well-being with one-self after a
stressful event, where life is seen through different lenses [190]. Women have
described feeling improved empathy, closer relationships, healthy lifestyle changes,
greater appreciation for life and oneself, among others. This is likely to have a
positive impact in the women’s quality of life and mental health [191]. However,
carrying on a life after breast cancer implies coping with the negative effects of
cancer as well, and positive and negative aspects most likely interact in and with

time, and offset some of the negative effects [191].

Some particular groups of breast cancer survivors, however, have been described
to have poorer long-term HRQoL. Examples reported in the literature include those
with younger age at diagnosis [192, 193], lower socio-economic status [194], having
persistent fatigue [195], lymphedema or arm symptoms [196, 197], or having had

chemotherapy [198, 199]. In addition, previous research on the trajectories of
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depressive symptoms after a breast cancer diagnosis showed that the symptoms

persisted for at least two years in one out of every five women [200].

The long-term mental health and quality of life implications of having been
diagnosed and treated for a breast cancer have not been extensively studied,
partially because only relatively recently the number of women living beyond breast
cancer has reached considerable numbers at population level. This increase in the
prevalence of breast cancer survivors in the general population raises questions on
the specific long-term health care needs of this group, and whether they might
benefit from increased opportunistic screening for mental disorders. Even though
depression and anxiety are the most commonly studied outcomes in the literature, it
was still unclear whether breast cancer survivors had an increased risk compared to
women with no history of cancer. This was because most studies involved breast
cancer survivors only, without comparing the results with a group without cancer,
making it difficult to ascertain whether the reported changes in the mental health of
the breast cancer survivors can be attributed to the previous cancer diagnosis or are
only characteristic of the aging process. In addition, little is known about the
frequency of sleep disturbances, sexual disorders and post-traumatic stress
disorder in breast cancer survivors, compared to women with no history of cancer.
Research on the HRQoL of breast cancer survivors is scarce in the UK, and mostly
has focused on establishing the feasibility of widespread collection of patient-

reported outcomes [201, 202].

With the increasing numbers of breast cancer survivors, the potential for mental
health impact of their medical history, and the burden generated by mental
disorders, it is imperative to generate evidence on the absolute and relative risk of
mental disorders in this key patient group. This may in turn be used to underpin
public health strategies that aim to mitigate the burden of mental disorders in these
patients, and ultimately provide breast cancer patients with evidence-based care

that meets their specific needs.
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1.6 Summary

e The lifetime risk of a depressive or anxiety disorder is one in five for women,
and one in 10 for men. Stress acts as the precipitating factor for the onset of
mental disorders in susceptible individuals.

e Episodes of the mental disorders are highly incapacitating. Only half of the
patients achieve lifetime remission, with the remaining having unremitting or
recurrent episodes.

¢ Women in the UK currently have a one in seven risk of being diagnosed with
breast cancer during their lifetime. This is the most common cancer diagnosed
in the UK, except for non-melanoma skin cancer, and 5-year net survival is now
approaching 90%, resulting in a record number of women carrying on post-
breast cancer.

e Women with history of breast cancer may have long-term physical
consequences of their cancer and treatments, some of which are debilitating
and may affect patients’ mental health and health-related quality of life (Table
1.3).

Table 1.3 Possible physical and psychological consequences of breast cancer treatments.

Treatment * Consequences (definitive or possible)

Physical Psychological
Surgery’ Breast shape alteration (BCS) Body image concerns
[121, 123, 125, 133] Breast amputation (mastectomy) Low self-esteem
Life-long scar Persistent pain
Intercostobrachial nerve damage (ALND) Psychological distress
Lymphoedema
Radiotherapy Skin reactions (e.g. hyperpigmentation) Pain
[134, 136] Oedema Psychological distress
Fatigue
Heart disease
Lung cancer
Chemotherapy? Alopecia Body image concerns
[143, 144, 147, 153, 157, Amenorrhea (if premenopausal) Cognitive impairment
171] Cardiac dysfunction (anthracyclines) Psychological distress
Fatigue

Loss of bone mineral density
Vasomotor symptoms

Endocrine therapy? Deep venous thrombosis Psychological distress
[161, 162] Vasomotor symptoms Sexual dysfunction
Arthralgias
Fatigue

Uterine cancer (tamoxifen and Al)

Endometrial cancer (tamoxifen)
Immune therapy* Left ventricular dysfunction Psychological distress
[164, 165] Congestive heart failure

BCS - breast conserving surgery; ALND — axillary lymph node dissection; Al — aromatase inhibitors.

* Most women receive more than one treatment.

' Refers to the procedures for tumour removal (breast-conserving surgery or mastectomy) and evaluation
of the presence of metastasis in the lymph nodes (axillary lymph node dissection or sentinel lymph node
biopsy). 2 Regimens with taxanes or anthracyclines. ® Includes selective oestrogen receptors modulators
and aromatase inhibitors.  Trastuzumab.
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Even though depression and anxiety are the most commonly studied outcomes
in the literature, it is still unclear whether there is an increased risk in breast
cancer survivors. Most studies involved breast cancer survivors only, without
comparing the results with a group without cancer, and it is not possible to
ascertain if the reported changes in the mental health of the breast cancer
survivors can be attributed to the previous cancer.

Little is known about the frequency of sleep disturbances, sexual disorders and
post-traumatic stress disorder in breast cancer survivors, compared to women
with no history of cancer.

With the increasing numbers of breast cancer survivors, the potential impact of
their medical history on their mental health, and the burden generated by
mental disorders, it is imperative to generate evidence on the absolute and
relative risk of mental disorders in this key patient group, to inform prevention

and mitigation strategies.
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2 Aims and objectives

Progress in breast cancer control has resulted in large and growing numbers of
women living with and beyond breast cancer. The long-term mental health and

quality of life impact of having a history of breast cancer is largely unknown.
The research in this thesis addresses these gaps in knowledge, and had two aims:

Aim 1 To quantify the relative risk of adverse mental health outcomes in women
with a history of breast cancer, compared to women who have never had
cancer, using routinely collected primary and secondary care data from the
UK.

Aim 2 To investigate the health-related quality of life and the severity of symptoms
of anxiety and depression in women with a history of breast cancer (>1

year), compared to women with no history of cancer.

The specific objectives were:

Obijective 1: To systematically review and summarise the studies that quantified the
frequency or severity of adverse mental health outcomes in women with a
history of breast cancer, compared with women with no history of cancer
(Chapter 3);

Objective 2: To systematically review the strategies used to identify adverse mental
health outcome in studies that used electronic health records (EHRs) from

primary care databases in the UK (Chapter 5);

Obijective 3: To quantify the risk of adverse mental health outcomes in women who
had breast cancer, compared to women with no history of cancer, using primary
care EHRs data (Chapter 6);

Objective 4: To compare patient-reported measures of HRQoL, anxiety, and
depressive symptoms, between breast cancer survivors and women with no
prior cancer, and to explore the impact of demographic and clinical factors
(Chapter 7);

Objective 5: To describe cancer-specific measures of HRQoL in breast cancer

survivors and explore the effect of demographic and clinical factors (Chapter 7);

Objective 6: To compare patient-reported HRQoL, and anxiety and depressive

symptoms, with the information in the EHRs for similar constructs (Chapter 8).
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3 Review of the associations between breast cancer

survivorship and adverse mental health outcomes

3.1 Introduction

The first objective of this thesis was to systematically review the studies that
quantified the frequency and/or severity of adverse mental health outcomes in
women with a history of breast cancer, compared with women with no history of
cancer. The research in this chapter directly addresses this objective. The results of
this review informed the selection of the specific adverse mental health outcomes to

be studied in this thesis.

3.2 Systematic review protocol

A study protocol was created prior to carrying out the systematic review, following
best practice recommendations in systematic review studies. The protocol was
published in a peer-reviewed scientific journal. The article is provided in the

following pages.

3.3 Article

The results of the systematic review were reported in an article that has been
published in a peer-reviewed scientific journal. This article is also provided in the
following pages. The lengthy supplementary appendix referred to in this systematic

review is provided in Appendix 1 of this thesis.

Dr Hulliard et al. inquired whether there were data available on the incidence of
mental health outcomes by history of the condition prior to the cancer diagnosis, as
their data suggested that a ‘the diagnosis of cancer itself may not be a sufficient
psychological and physical burden to trigger a mental disorder according to the

DSM-V’ [203]. The response to this letter is included after the systematic review.
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Abstract

Background: Recent increasing trends in breast cancer incidence and survival have resulted in unprecedented numbers
of cancer survivors in the general population. A cancer diagnosis may have a profound psychological impact, and breast
cancer treatments often cause long-term physical sequelae, potentially affecting women’s mental health. The aim of this

systematic review is to identify and summarise all studies that have compared mental health outcomes in breast cancer

survivors, versus women who did not have cancer.

Methods: This study will be a systematic review of the literature. Four databases, including MEDLINE and PsycINFO, will
be searched to identify potentially relevant studies. The search expressions will use a Boolean logic, including terms for
the target population (women who have had breast cancer), outcomes (psychiatric disorders) and comparators (e.g. risk,
hazard). All mental disorders will be eligible, except those with onset normally occurring during childhood or strong
genetic basis (e.g. Huntington disease). The eligibility of the studies will be assessed in two phases: (1) considering the
information provided in the title and abstract; (2) evaluating the full text. Studies including women diagnosed with
breast cancer 1 year or more ago and that provide original data on mental health outcomes will be eligible. Studies in
which all women were undergoing surgery, chemotherapy or radiotherapy, or hospitalised or institutionalised, will be
excluded, as well as studies that include patients selected on the basis of symptomatology. Two investigators will do the
screening of the references and the data extraction independently, with results compared and discrepancies resolved by
involving a third investigator when necessary. Study quality and risk of bias will be assessed across six broad domains.
Results will be summarised by outcome, and summary measures of frequency and/or association will be computed if
possible.

Discussion: This review will summarise the evidence on the mental health outcomes of women who have been
diagnosed with breast cancer. This information can be used to motivate further research and increase understanding
of the most common mental health conditions affecting this growing population of women.

Systematic review registration: PROSPERO CRD42017056946

Keywords: Breast neoplasms, Survivors, Mental health, Mental disorders, Systematic review, Protocol
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Background

Survival from breast cancer increased markedly during the
last decades [1]. In 2005-2009, 5-year age-standardised net
survival was higher than 85% in North America and be-
tween 71 and 87% in 29 European countries [1]. Consider-
ing that breast cancer is the most frequent malignancy
diagnosed in women worldwide, after non-melanoma skin
cancer [2], this has already translated into an unprecedent-
edly large number of breast cancer survivors in the general
population. Many women find the diagnosis a traumatic ex-
perience [3], and the usual reactions include anxiety, hope-
lessness, anger and negative and suicidal thoughts [4, 5].
Some of the treatments can also cause severe long-term
suffering. For example, surgery usually results in a lifelong
scar and may cause breast shape alteration, persistent pain
and/or lymphoedema [6—8]. The diagnosis and treatment
of the breast cancer might also affect the woman’s family,
including intimacy with their partners [9] and relationships
with their offspring [10]. Women who return to work may
also face new challenges, not only in the relationship with
their work colleagues [11] but also in their cognitive func-
tioning [12, 13]. Women must also deal with the fear of
cancer recurrence and death [14]. All of these factors may
have a long-term negative impact on the mental health of
breast cancer survivors.

Several systematic reviews summarised the frequency
of selected mental health outcomes in oncological pa-
tients under and post-treatment [15-22]. Two reviews
focused on breast cancer survivors [16, 22]. Howard-
Anderson et al. [22] focused on younger breast cancer
survivors (<50 years at diagnosis), an important group
but who represent a small proportion of all breast cancer
survivors. The systematic review by Maass et al. [16] re-
ported prevalences of anxiety between 18 and 33% and
of depression between 9 and 66%; however, most of the
studies included in this review did not involve a compari-
son group, and therefore, it is unclear how the figures
compare to those of women who did not have cancer. The
range of adverse mental health outcomes in breast cancer
survivors is also unlikely to be limited to anxiety and de-
pressive disorders alone. Other outcomes, such as sleep
disturbances, have been reported as frequent during the
treatment period and afterwards [23, 24], and very little is
known about the long-term impact of these in breast can-
cer patients.

The overall aim of this study is to identify and sum-
marise studies that have quantitatively compared mental
health outcomes in breast cancer survivors of at least
1 year since diagnosis, versus women who did not have
cancer. Specifically, through summarising such studies,
this systematic review will:

e Identify mental disorders that may be associated
with a history of breast cancer
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e Summarise and, where possible, synthesise
quantitative estimates of associations between breast
cancer history and a range of specific psychiatric
outcomes

e Summarise the instruments used to evaluate mental
disorders or their severity in breast cancer survivors

Methods

This systematic review protocol follows the guidance
outlined by the Preferred Reporting Items for Systematic
review and Meta-Analysis Protocols (PRISMA-P) [25].
Additional file 1 provides information for each item of
the PRISMA-P checklist. This review has been registered
in the International prospective register of systematic re-
views (PROSPERO 2017:CRD42017056946).

Eligibility

Inclusion criteria

Manuscripts reporting studies satisfying the following cri-
teria will be eligible for inclusion:

— Based on original data.

Uses any observational study design (i.e. cohort,

case-control, cross-sectional designs).

— Includes adult women (=18 years) diagnosed with
breast cancer and who survived the first year after
the diagnosis.

— Includes a population-based adult female comparison

group with no prior cancer.

Provides data on at least one of our pre-specified

mental health outcomes of interest, namely the

following: anxiety disorders; bipolar and related
disorders; disruptive, impulse control and conduct
disorders; feeding and eating disorders; mood
disorders; neurocognitive disorders; neurotic
disorders; personality disorders; schizophrenia
spectrum and other psychotic disorders; sexual
dysfunctions of a psychological nature; sleep-wake
disorders; somatoform disorders; substance-related
disorders (including alcoholism); and trauma- and
stressor-related disorders. Studies providing data on
self-injurious behaviour (including self-harm, suicide
and suicidal ideation) will also be included. These
outcomes were selected by reviewing the list of
mental disorders available in the Diagnostic and

Statistical Manual of Mental Disorders, 5th edition

[26] and the ICD-10 Classification of Mental and

Behavioural Disorders [27].

Exclusions
Articles will be excluded according to the following criteria:

— Review articles, editorials, commentaries, conference
abstracts, case reports and studies involving animals.
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— Studies in which the selection of the breast cancer
survivors depended on symptoms (e.g. only patients
with persistent pain or fatigued) or on a mental
health outcome (e.g. only women with depression).

— Studies which only presented data for the first year
after the breast cancer diagnosis; however, studies
following women from diagnosis may still be eligible
if outcomes at > 1 year or more since diagnosis are
reported separately.

— Studies in which all breast cancer patients remain
under treatment for cancer (except for long-term
endocrine therapy) at the time of outcome
ascertainment.

— Studies in which all women are institutionalised
(e.g. hospitalised or in hospices).

Search strategy

We will consider as potentially eligible all studies pub-
lished in the journals indexed in MEDLINE, PsycINFO,
the Cumulative Index to Nursing and Allied Health
Literature (CINAHL) and the Social Sciences Citation
Index, since the inception of each database up to when
the database was last updated at the time of the search.
A search expression will be defined with a Boolean logic,
including terms for the target population (breast cancer
patients), outcome (psychiatric disorder) and compara-
tors (risk, hazard, etc.). The search expression used in
MEDLINE includes terms for Medical Subject Headings
(MeSH) as well as key text words with truncation to
allow for variations in terminology (Table 1). The search
expression will be adapted to each database, to take into
account the specificities of the search algorithms.

We will restrict the search to studies including humans.
We will not apply any time, geographic or language re-
striction. If a study is published in a language not suffi-
ciently understood by the authors, we will seek assistance
to translate/understand the content.

Backwards and forward citation tracking will also be
used to identify additional potential eligible studies that
were not captured by the database searches.

Data management and selection process

All records will be imported into EndNote X7 (EndNote
X7, Thomson Reuters, NY, USA), and studies identified
as duplicates by the software will be removed. A backup
of the search expression and the records obtained from
each database, as well as the date of last update and run,
will be saved.

The references will be screened in two consecutive
phases by two authors (HC and MM, or HC and RH). In
the first phase, the title and the abstract of each study
will be read to determine their eligibility for the study by
applying the pre-defined inclusion and exclusion criteria
(see the “Eligibility” section above). If the information
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Table 1 MEDLINE search expression, via OVID®
1 exp Breast Neoplasms/
2 (breast and (cancer* or carcinoma* or tumo?r* or neoplas®)).

mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary
concept word, unique identifier]

1or2

exp catatonia/ or exp depression/ or exp self-injurious behavior/
or exp anxiety/

mental disorders/ or exp anxiety disorders/ or exp “bipolar and
related disorders"/ or exp “disruptive, impulse control, and
conduct disorders"/ or exp dissociative disorders/ or “feeding
and eating disorders’/ or anorexia nervosa/ or binge-eating
disorder/ or bulimia nervosa/ or pica/ or exp mood disorders/
or exp motor disorders/ or neurocognitive disorders/ or amnesia/
or cognition disorders/ or auditory perceptual disorders/ or mild
cognitive impairment/ or consciousness disorders/ or delirium/
or dementia/ or exp neurotic disorders/ or exp personality
disorders/ or exp “schizophrenia spectrum and other psychotic
disorders"/ or sexual dysfunctions, psychological/ or exp sleep
wake disorders/ or exp somatoform disorders/ or exp substance-
related disorders/ or exp “trauma and stressor related disorders’/

6 (depressi* or dysthymia or catatonia or self-injur® or self-injury
or self-injurious or self-mutilation or “self mutilation” or suicid*
or self-harm or “self harm” or “self injury” or anxious* or anxiety
or (panic adj1 (disorder# or attack#)) or catastrophi* or (mental
adj1 (disorder or disorders)) or phobia or phobic or neurotic or
(compulsive adj1 disorder) or bipolar or neurotic or (personality
adj1 disorder) or psychotic or psychosis or paranoid or delusional
or (sexual adj1 (disorder or dysfunction or problem#)) or
insomnias or (sleep adj1 (disorder or dysfunction or problem#))
or somatoform or (substance adj3 (disorder or problem#)) or
stress ajd3 disorder or (adjustment adj3 disorder)).mp. [mp=title,
abstract, original title, name of substance word, subject heading
word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]

7 4or5or6

8 (prevalence# or frequenc* or incidencef or risk or rate* or ratio
or odds or epidemiolog* or percent* or outcomes or hazard).mp.
[mp=title, abstract, original title, name of substance word, subject
heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique
identifier]

9 3and 7 and 8

10 Humans/

11 Animals/
12 10 and 11
13 11not12
14 9not13

provided in the title and abstract does not allow the un-
equivocal exclusion of the study, the full text will be
considered. In the second phase, the full text of each
study considered eligible in the first phase will be ob-
tained and read in order to determine the eligibility con-
sidering all the information in the paper. The studies
will be reassessed for data extraction.

The decisions taken independently by each of the in-
vestigators will be compared, and discrepancies will be
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resolved, involving a third investigator when necessary
(RW or KB). The agreement between the two investiga-
tors will be calculated (kappa statistics).

If more than one study reports data on the same study
population, we will include only the study providing data
for the largest sample; if the sample size is the same, we
will consider the study providing more detailed informa-
tion on outcomes (e.g. results stratified for age or type
of treatment received) and consider both studies for ab-
straction of information on the participants’ characteris-
tics (e.g. age, menopausal status, stage at diagnosis).

A record of excluded/included studies, with the re-
spective exclusion criterion, will be kept, and the selec-
tion process including numbers excluded at each stage
for different criteria will be summarised in a flow chart.

Data extraction
Two authors (HC and MM, or HC and RH) will extract
data from each included study into a pre-defined form
in Microsoft Office Excel (2013). The form will be
piloted using four studies and adapted if necessary. In-
formation will be collected on (1) study characteristics
(e.g. authors, year of publication, country where the
sample was obtained or duration of follow-up if applic-
able); (2) characteristics of the breast cancer survivors
(details on participant recruitment, sample size, demo-
graphics, distribution of stage at diagnosis, time since
diagnosis and type of treatments); (3) characteristics of
the women who did not have cancer (recruitment of the
participants, sample size, demographics); (4) information
on the mental health outcomes (name of the mental
condition, diagnostic criteria, instruments applied); and
(5) quantitative information on the mental health out-
come (e.g. prevalence or mean/median score in each
group and/or relative risk comparing groups) and vari-
ables considered as potential confounders.

If a prospective study provides data for more than one
point in time, we will abstract all available information.

The data extracted by each author will be compared
and discrepancies resolved by consensus or involving a
third researcher (KB or RW) if necessary.

Risk of bias in individual studies

We will evaluate study quality and risk of bias in the ori-
ginal studies by assessing the main domains identified by
Sanderson et al. as important for observational study
quality and bias assessment [28], informed by the
“STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE)” guidelines [29]. These do-
mains are: methods for selecting study participants,
methods for measuring the exposure and the outcome
variables, design-specific sources of bias (excluding con-
founding), methods to control for confounding, statis-
tical methods (excluding confounding) and conflict of
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interest [28]. Within each of the above domains, individual
studies will be rated as at high risk of bias, low risk of bias
or unclear risk of bias, following the Cochrane Collabor-
ation approach formulated for clinical trials [30].

Data analysis and synthesis

The results will be reported according to the PRISMA
guidelines [31]. Tables and descriptive text will be used
to summarise study characteristics and results, stratified
by outcome and likely sources of heterogeneity (e.g.
study design, type of population).

Quantitative synthesis of results (meta-analysis) will
only be attempted for selected outcomes where deemed
appropriate, taking into account the number of studies
available, study designs and methods and equivalence of
outcome measures and effect estimates used. Where
quantitative synthesis is attempted, the DerSimonian
and Laird method [32] will be used to compute sum-
mary estimates of the association between breast cancer
and the discrete psychiatric outcome in question, along
with 95% confidence intervals. Sub-group analyses by
time since diagnosis will be conducted if possible. Pro-
spective studies providing data for two or more time
points after the first anniversary of diagnosis will be in-
cluded once in meta-analysis; the relative risk estimate
for the first eligible time point will be chosen. Hetero-
geneity will be quantified using Higgins and Thompson’s
I-squared statistic [33]. The meta-analysis will be re-
peated excluding any studies identified as at high risk of
bias in the quality assessment. For outcomes deemed
suitable for meta-analysis as described above, funnel
plots and Egger’s regression asymmetry test [34] will be
used to assess publication bias and small study effects if
more than ten studies are available [35].

Discussion

The number of women who have had breast cancer is
higher than ever before. These women may face many
challenges when trying to assimilate back into life fol-
lowing their cancer diagnosis and treatment, and it is
imperative to understand the long-term psychological
consequences. This systematic review aims to provide a
comprehensive overview of the associations between
breast cancer history and mental health conditions.

Most reviews on the topic have been restricted to study-
ing the prevalence of depression among cancer patients
[15, 20]. We opted for considering a much broader list of
mental disorders that have their onset during adulthood
as outcomes, to give a more comprehensive picture of the
spectrum of mental disorders that may affect breast can-
cer survivors. We also chose to include only studies in
which a comparison group was available, so that the rela-
tive frequency or severity of these conditions compared to
the general population could be studied.



Carreira et al. Systematic Reviews (2017) 6:162

We will include studies in which women were diag-
nosed with breast cancer at least one year prior to out-
come measurement. Women who completed breast
cancer treatments with curative intent (i.e. surgery,
chemotherapy and/or radiotherapy) are often considered
as survivors; however, the precise point in time when
the treatments end is frequently unknown and a widely
accepted definition of cancer survivor does not exist
[36]. Researchers commonly use a fixed point in time to
capture, in a pragmatic way, the moment at which the
main course of treatment is likely to have been com-
pleted. At 1 year after the diagnosis, the vast majority of
women are expected to have completed the main treat-
ments and many have returned to their pre-cancer rou-
tines. The effect of having been diagnosed and treated for
breast cancer may also vary over time [37], and thus, an
adequate characterisation of the risk of mental disorders
requires a known time since diagnosis.

Studies involving mental health outcomes are prone to
selection bias. We will report the characteristics of the
samples involved in the original studies, including the
details on the recruitment of the participants. We will
also evaluate and report the risk of bias and use this in-
formation to help interpret the results.

Mental disorders largely interfere with the functioning
of the patients and are leading causes of disability world-
wide [38]. The mean prevalence of depression among
women who had breast cancer has been described in the
range between 10 and 20%, depending on the methods
used to evaluate it [15]. This indicates that the burden of
at least depressive disorders in this population is far
from negligible. The impairments caused by depression
are likely to be higher in these women than in women
with depression alone [39].

Even though there are several pharmacological and
non-pharmacological treatments available, mental disor-
ders are often undiagnosed and untreated. The results of
this review can be used to inform health professionals
about the range, frequency and severity of mental disor-
ders among breast cancer survivors.

Additional file

Additional file 1: PRISMA-P 2015 checklist. Checklist of the compliance
of the systematic review protocol with the guidance established by the
"Preferred Reporting Items for Systematic review and Meta-Analysis Protocols
(PRISMA-P)" statement. (DOCX 38 kb)
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Abstract

Background: We aimed to systematically review the evidence on adverse mental health outcomes in breast cancer survivors
(>1year) compared with women with no history of cancer.

Methods: Studies were identified by searching MEDLINE, PsycINFO, the Cumulative Index to Nursing and Allied Health
Literature, and the Social Sciences Citation Index, and through backward citation tracking. Two researchers selected the
studies, extracted data, and assessed the risk of bias.

Results: Sixty studies were included. Of 38 studies of depression, 33 observed more depression in breast cancer survivors; this
was statistically significant in 19 studies overall, including six of seven where depression was ascertained clinically, three of
four studies of antidepressants, and 13 of 31 that quantified depressive symptoms. Of 21 studies of anxiety, 17 observed more
anxiety in breast cancer survivors, statistically significant in 11 studies overall, including two of four with clinical/
prescription-based outcomes, and in eight of 17 of anxiety symptoms. Breast cancer survivors also had statistically signifi-
cantly increased symptoms/frequency of neurocognitive dysfunction (18 of 24 studies), sexual dysfunctions (5 of 6 studies),
sleep disturbance (5 of 5 studies), stress-related disorders/PTSD (2 of 3 studies), suicide (2 of 2 studies), somatisation (2 of 2
studies), and bipolar and obsessive-compulsive disorders (1 of 1 study each). Studies were heterogeneous in terms of partici-
pants’ characteristics, time since diagnosis, ascertainment of outcomes, and measures reported. Approximately one-half of
the studies were at high risk of selection bias and confounding by socio-economic status.

Conclusions: There is compelling evidence of an increased risk of anxiety, depression and suicide, and neurocognitive and
sexual dysfunctions in breast cancer survivors compared with women with no prior cancer. This information can be used to
support evidence-based prevention and management strategies. Further population-based and longitudinal research would
help to better characterize these associations.

Women with a history of breast cancer are the largest group of
cancer survivors in high-income countries (1). In the United
States alone, more than 2.9 million women were estimated in
2012 to be living with a previous diagnosis of breast cancer (2).
By 2022, this number is estimated to approach 4 million (2).
Similarly, in the United Kingdom, the number of women living
beyond breast cancer is expected to surpass 1.5 million during
the next 20 years (3).

Received: June 18, 2018; Revised: August 8, 2018; Accepted: August 31, 2018
© The Author(s) 2018. Published by Oxford University Press.

A diagnosis of breast cancer is often overwhelmingly dis-
tressing (4). Women frequently experience some combination
of anger, anxiety, despair, helplessness, fear of death, and sui-
cidal thoughts (5,6). Clinically relevant symptoms of anxiety
and/or depression are common during the treatment period
(7,8), when acute treatment side effects may restrict daily activi-
ties (9). High prevalence of depressive symptoms and anxiety
have also been observed during survivorship (10,11), with one

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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study finding depressive symptoms persisting for at least two
years after diagnosis in one in five women (12). Other adverse
mental health outcomes, such as sleep disturbance, have also
been reported both during cancer treatment and afterwards
(13). A substantial proportion of the breast cancer survivors ex-
perience long-term iatrogenic effects of treatment, including fa-
tigue, persistent pain, lymphedema, vasomotor symptoms, and
infertility, all of which may negatively affect quality of life and
mental health (14). Other important psychological challenges in
the long term can include difficulties in re-adapting to profes-
sional, social, and intimate relationships and coping with the
uncertainty about the future (15).

To our knowledge, no systematic review to date has summa-
rized the evidence from studies comparing breast cancer survi-
vors with a noncancer control group for a broad spectrum of
adverse mental health outcomes. Therefore, the aim of this
study was to identify and summarize the studies that have
quantitatively compared mental health outcomes in breast can-
cer survivors (>1year) vs women who did not have cancer; we
also assessed the quality of the evidence on this topic by apply-
ing objective quality assessment criteria.

Methods
This review was registered in the International Prospective
Register of Systematic Reviews (PROSPERO  2017:

CRD42017056946) and followed the a priori methods outlined in
the protocol (published elsewhere [16]). Results were reported in
accordance with the guidance of the Preferred Reporting Items
for Systematic review and Meta-Analysis (17).

Outcomes

The predefined outcomes of interest were anxiety disorders; bi-
polar and related disorders; disruptive, impulse control, and con-
duct disorders; feeding and eating disorders; mood disorders;
neurocognitive disorders; neurotic disorders; personality disor-
ders; schizophrenia spectrum and other psychotic disorders;
sexual dysfunctions of psychological nature; sleep wake disor-
ders; somatoform disorders; substance-related disorders (includ-
ing alcoholism); and trauma- and stressor-related disorders. We
also considered eligible the studies providing data on self-
injurious behavior (including self-harm, suicide, and suicidal
ideation). These categories were selected after systematically
reviewing those listed in the Diagnostic and Statistical Manual
of Mental Disorders, 5th edition (18) and in the ICD-10
Classification of Mental and Behavioural Disorder (19) to exclude
conditions with usual onset during childhood or with strong ge-
netic component (eg Huntington'’s disease). The comprehensive
list of outcomes was aimed at exploring what evidence was
available on the topic without making strong assumptions as to
whether the stress induced by the breast cancer diagnosis and
treatment could trigger the condition. The outcomes of interest
were disorders clinically diagnosed, but we also considered
symptomatology evaluated with psychometric instruments.

Data Sources and Identification

Potentially eligible studies were identified in four databases:
MEDLINE, PsycINFO, the Cumulative Index to Nursing and
Allied Health Literature, and the Social Sciences Citation Index.
A search expression tailored for each database was created in-
cluding terms for the exposure (breast cancer), outcomes (the
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predefined mental disorders), and comparators (eg, risk) (full
MEDLINE search string provided in the Appendix [Supplementary
Table 1, available online]). Results retrieved from the inception of
the databases up to November 1, 2017 were considered for this
study. Two authors screened the list of references by applying
the same inclusion and exclusion criteria to determine each
study’s eligibility. The bibliographic references of eligible studies
were manually screened to detect additional studies.

Study Eligibility

We considered as eligible observational studies that provided
original data comparing the prevalence, incidence, or odds/haz-
ard of at least one of the predefined lists of mental health out-
comes (see above), clinically diagnosed or their
symptomatology assessed through validated instruments, be-
tween adult female breast cancer survivors and a comparison
group of women with no prior cancer. Female breast cancer sur-
vivors were defined as women with a history of breast cancer or
in situ tumor for one year or longer. Studies with patients diag-
nosed with breast carcinomas in situ were included because de-
spite of their excellent prognosis (20), they receive similar
treatment to invasive breast cancers (21), and patients often ex-
perience substantial psychological distress both during and af-
ter the treatment period (22,23). Studies with no control group
but reporting standardized incidence ratios were also eligible if
the standardization was against a general female population.
Studies that used psychometric instruments that had been al-
tered from the standard/validated version were excluded, ex-
cept where the alteration was limited to omission of questions
that would not apply to the population under study. Studies in-
cluding women who were institutionalized, under active treat-
ment for breast cancer (excluding endocrine therapy), or who
were specifically selected based on distressing psychological
and/or physical symptoms were excluded. Studies evaluating
the effect of further screening or diagnostic tests for cancer on
the mental health of breast cancer survivors were excluded.
There was no restriction in the language of study publication.
The eligibility of individual studies was assessed by two
reviewers (HC and MM, or HC and RH) who independently applied
the predefined inclusion/exclusion criteria. Initial agreement be-
tween reviewers in the assessment of abstracts was 92.5% for HC/
MM and 81.3% for HC/RH (Cohen’s kappa [k] = 0.51 and 0.32, re-
spectively), and initial agreement in the full-text assessment was
95.9% (k=0.69) and 90.6% (x =0.54), respectively. All discordant
assessments were discussed and successfully resolved.

Data Extraction

We systematically abstracted data on the characteristics of the
study and study samples. We extracted quantitative data on the
frequency (incidence or prevalence) or severity (mean scores) of
adverse mental health outcomes for each participant’s group or
for the comparison between groups (eg, relative risk, hazard ra-
tio, odds ratio), as available, and the results of any hypothesis
testing reported in the original studies. Prevalences from stud-
ies involving psychometric instruments were based on the cut-
offs defined by the authors of the original studies. When two or
more studies reported data on the same study population, we
extracted data from the study with largest sample size, or if
equal, the one providing more detailed outcome information.
Data were extracted independently by two investigators (HC
and MM, or HC and RH) and discrepancies were resolved.
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Risk of Bias in Individual Studies

The risk of bias in the included studies was assessed by two
reviewers who independently evaluated domains previously
identified as important in observational studies (24). The
domains were: participants’ selection, outcome assessment,
temporality (breast cancer diagnosed prior to the onset of the
mental health outcome), control for confounding by age and
socio-economic status, statistical methods, handling of missing
data, and disclosure of conflicts of interest. Within each do-
main, the studies were rated as having a high, low, or unclear
risk of bias; some criteria were not applicable to all studies.
Supplementary Table 2 (available online) provides the criteria
used for each category and domain.

Statistical Methods

Tables, graphs, and descriptive text were used to summarize
study characteristics and results stratified by mental health out-
come and method used to define outcomes (ie, clinical diagnosis,
drug prescription, or symptoms). When sufficient information
was provided in the original studies, we calculated the preva-
lence ratio for each outcome (25) if this was not directly reported
in the paper. If prevalence data were provided by severity catego-
ries, we computed prevalence ratios for the comparison of mild
to severe symptoms of the outcome between the two groups;
this was the most common dichotomization in the studies that
did not provide results by severity. The 95% confidence intervals
(CIs) for derived prevalence ratios were estimated using the delta
method (25). P values for the comparison of mean scores from
psychometric instruments between breast cancer survivors and
women who did not have cancer were estimated with the inde-
pendent samples t test; all tests were two-sided. To ensure com-
parability of the results across studies, we applied a type-1 error
rate (x) of .05 when summarizing statistical significance even if
studies themselves had provided results using a different statis-
tical significance level. A quantitative synthesis of the results (ie,
meta-analysis), as planned in the study protocol (16), was not
possible due to the heterogeneity of the eligible studies in the
clinical characteristics of the cancer survivors, time elapsed
since breast cancer diagnosis, and instruments used to evaluate
symptoms of mental health disorders.

Results

Characteristics of Included Studies

Of the 7517 individual publications identified, 729 studies were
eligible for full-text evaluation, and 60 (26-85) were ultimately
included (Figure 1). The most commonly evaluated outcomes
were anxiety (n=21 studies), depression (n=238), neurocogni-
tive dysfunction (n=24), and sexual dysfunction (n==6)
(Table 1). Schairer et al. (41) estimated the risk of suicide in
more than 720 000 women diagnosed with breast cancer in 1953
to 2001, using data from 16 population-based cancer registries
in Scandinavia and the United States; thus, only two studies
were eligible for suicide, because smaller studies with overlap-
ping data were excluded. The studies were heterogeneous in
study design, participants’ characteristics, and methods in-
volved to assess outcomes. A total 38 of 60 studies (63.3%) in-
cluded small, nonprobabilistic samples of breast cancer
survivors. Mental health outcomes were most commonly evalu-
ated with psychometric instruments (50/60 studies=83.3%),
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followed by clinical diagnoses registered in electronic health-
care databases (10/60 = 16.7%).

Findings for Specific Mental Health Outcomes

Table 2 provides an overview of the directions of association
reported for all studies/outcomes and statistical significance of
the between-group comparisons. Figure 2 summarizes the rela-
tive measures of effect for the most commonly studied out-
comes in the studies where these were available. Figure 3
shows the prevalence (for cross-sectional analyses) or cumula-
tive incidence (for follow-up analyses) of outcomes in the sam-
ples of breast cancer survivors included in the original studies.

Anxiety

Twenty-one eligible studies reported data for anxiety (Table 1;
Supplementary Table 3, available online). Of 21 studies, 17
(81.0%) observed increased anxiety in the breast cancer survivor
group compared with the noncancer group; the difference was
statistically significant in 11 of 21 (52.4%) studies (Table 2).

Four longitudinal, population-based studies evaluated anxi-
ety with clinical diagnoses (n=2) or clinical diagnoses and anx-
iolytics prescription (n=2); all used electronic health records
data and pointed towards an increased risk in breast cancer sur-
vivors, but this was supported by strong statistical evidence in
two studies only (Figure 2). The relative risk estimates in the
four studies of clinically assessed anxiety varied between 1.06
(95% CI = 0.97 to 1.16) and 2.00 (95% CI = 1.69 to 2.37). The two
studies that reported on anxiolytics prescription reported an 8%
(95% CI = 1% to 15%) and 47% (95% CI = 35% to 61%) increase in
breast cancer survivors compared with women who did not
have cancer (Figure 2).

Seventeen studies investigated symptoms of anxiety us-
ing scales (Table 2). There was strong statistical evidence of
increased symptoms of anxiety in eight of 17 studies, includ-
ing in the six of 12 studies that focused on comparing mean
scores between groups, and in two of five studies that
reported prevalence of scoring above a clinically relevant
threshold. For all of the latter, observed prevalence was
higher in cancer survivors but confidence intervals were gen-
erally wide (Figure 2).

Prevalences of anxiety were generally less than 20% when
electronic health records or anxiolytics were studied and in the
range of 20% to 50% when scales were used (Figure 3).
Determinants of clinically assessed anxiety were provided in
one study. Clinically diagnosed anxiety in breast cancer survi-
vors tended to decrease over time since diagnosis (58) and was
independently associated with younger age and presence of
comorbidities at diagnosis, having less favorable tumor charac-
teristics, and receiving chemotherapy (58).

Depression and Suicide

Thirty-eight studies provided data on depression (Table 1;
Supplementary Table 4, available online), and 33 of 38 (86.8%)
described more depression in the breast cancer survivor group
compared with women who did not have cancer, with 19 fo 38
(50.0%) reporting statistical evidence of increased depression
(Table 2).

Of seven studies that analyzed depression based on clinical
diagnoses, six found strong evidence of an elevated risk among
breast cancer survivors, with relative risk estimates ranging
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7,517 records screened (title and abstract)
——
)
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1,530 review articles, comments, editorials, conference
L 5 abstracts, case reports and studies involving animals
o 727 studies not including adult women who had a diagnosis of
c breast cancer
‘e 2,410 studies did not provide data for an adverse mental health
g outcome in women who had breast cancer
3 374 studies including patients undergoing the treatment
N 21 studies for breast cancer or who were institutionalised
identified from the —% 1,538 studies did not provide data for a female comparison
list of references group without breast cancer
230 studies in which the selection of the participants
depended on a mental health outcome
—/ v
S
729 full-text articles screened for eligibility
669 articles excluded:
62 review articles, comments, editorials or conference abstracts
> 90 studies with no data for an adverse mental health outcome
= measured with a validated instrument or clinical diagnosis
o) 349 studies did not provide data for a female population based
=) comparison group
= —> 26 studies in which the selection of the participants
w depended on a mental health outcome
?.'é 98 studies including patients undergoing the core treatment
s for breast cancer or patients diagnosed with breast cancer
g less than 1 year prior, or at unknown time
43 studies providing data that were not possible to be extracted
1 study provided data for the same sample as another study
\ ) v
)
60 studies eligible for the systematic review
—>
No. of studies  Adverse mental health outcome
S 21 Anxiety
— 1 Bipolar disorder
= 38 Depression
g 24 Neurocognitive dysfunction
- 1 Obsessive compulsion
3 Post-traumatic stress
6 Sexual dysfunction
5 Sleep disturbances
2 Somatization
2 Suicide

Figure 1. Systematic review flowchart. CINAHL = Cumulative Index to Nursing and Allied Health Literature; SSCI = Social Sciences Citation Index.

from 1.06 (95% CI = 1.00 to 1.12) to 2.04 (95% CI = 1.76 to 2.36) Of 31 studies that evaluated depressive symptoms with
(Figure 2). All four studies defining depression by antidepres- scales, 13 reported strong statistical evidence of higher severity
sant use found higher use in breast cancer survivors, though for of depressive symptoms among women who had breast cancer
one smaller study the confidence interval was wide and over- (Table 2); among these, eight of nine studies that focused on the
lapped the null; relative risk estimates ranged between 1.16 prevalence of scoring above a clinically relevant threshold
(95% CI =1.11 to 1.22) and 2.06 (95% CI = 1.94 to 2.18). found higher prevalence in breast cancer survivors, but this was
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Table 1. Summary of the main characteristics of the eligible studies
(N=60)

Studies,
Study characteristic n (%)
Type of study
Cohort 22 (36.7
Cross-sectional 38 (63.3)
Type of population
Population-based 10 (16.7)
Convenience samples recruited at health institutions 43 (71.7)
Randomly selected 3(5.0)
Convenience samples recruited from the community 7 (11.7)
Randomly selected 0(0.0)
Characteristics of the women with history of breast cancer
Mean/median age
<49y 16 (26.7)
50-69 y 41 (68.3)
>70y 3(5.0)
Mean/median time since diagnosis*
~ly 12 (20.0)
>land <5y 26 (43.3)
>5and <10y 17 (28.3)
>10y 5(8.3)
Sample sizet
<50 18 (30.0)
50-100 20 (33.3)
101-1000 14 (23.3)
>1000 8(13.3)
Stage at diagnosis inclusion criteria
In situ only 1(1.7)
In situ and nonmetastatic invasive 6 (10.0)
In situ and invasive all stages 3(5.0)
Invasive, nonmetastatic 30 (50.0)
Invasive, all stages 20 (33.3)
Treatment-related inclusion criteria
Breast-conserving surgery 1(1.7)
Mastectomy 5(8.3)
Breast reconstruction 2(3.3)
Chemotherapy 13 (21.7)
No chemotherapy 1(1.7)
Hormone therapy 3(5.0)
Radiotherapy 2(3.3)
Immunotherapy 0(0.0)
All treatments 33(55.0)
Disease progression related inclusion criteria
Only patients who did not have recurrence or relapse 15 (25.0)
Only patients who were tumor free at recruitment 12 (20.0)
Patients with disease recurrence included+ 19 (31.7)
Unclear 14 (23.3)
Adverse mental health outcome§
Anxiety 21 (35.0)
Bipolar disorder 1(1.7)
Depression 38 (63.3)
Neurocognitive dysfunction 24 (40.0)
Obsessive compulsion 1(1.7)
Sexual dysfunction 6 (10.0)
Sleep disturbances 5(8.3)
Stress-related / posttraumatic stress 3(5.0)
Somatization 2(3.3)
Suicide 2(3.3)
(continued)
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Table 1. (continued)
Studies,

Study characteristic n (%)
Adverse mental health outcome assessment§

Clinical diagnosis 10 (16.7)

Pharmacological treatment|| 5(8.3)

Psychometric instruments 50 (83.3)

*Or mean/median time since treatment completion, as reported in the original
studies.

tRefers to patients included in analysis.

$Includes studies that explicitly stated the inclusion of patients with recurrence,
and longitudinal studies including newly diagnosed patients and that did not re-
port exclusions related to recurrence/relapse during follow-up.

§Studies may have provided data for more than one outcome and may have
assessed one outcome by more than one method.

|[Includes self-reported medication intake.

statistically significant in only three studies and most estimates
again had wide confidence intervals (Figure 2).

The prevalence of depression in breast cancer survivors was
highest when evaluated with self-reported instruments (with
most estimates >30%) and lower for clinically diagnosed de-
pression (most estimates <10%; Figure 3). Determinants of de-
pression clinically assessed in breast cancer survivors were
seldom reported. Independent predictors of clinically diagnosed
depression included younger age, having comorbidities at diag-
nosis and less favorable tumor characteristics (42,58), living
alone, and having lower levels of education (42).

Two studies of suicide found breast cancer survivors to have
37% (95% CI = 28% to 47%) to 60% (95% CI = 21% and 112%)
higher risk than women in the comparison group (Figure 2).

Neurocognitive Dysfunction

Twenty-four studies evaluated domains of neurocognitive func-
tion (Table 1; Supplementary Table 5, available online). All stud-
ies described that breast cancer survivors performed worse
than noncancer controls for one or more domains of neurocog-
nitive function (Table 2); this was supported by strong statistical
evidence in 18 of 24 (75.0%) studies. When prevalence estimates
were provided, all seven studies showed point estimates tend-
ing towards an increased neurocognitive dysfunction in breast
cancer survivors compared with control subjects, even though
this was supported by strong statistical evidence in only three
instances; prevalence ratio estimates varied between 1.54 (95%
CI = 0.95 to 2.49) and 5.51 (95% CI = 1.86 to 16.30) (Figure 2).

Of the 24 studies of neurocognitive dysfunction, 21 investi-
gated the effect of being exposed to chemotherapy vs no che-
motherapy; these studies consistently showed increased risk of
neurocognitive impairments in breast cancer survivors exposed
to chemotherapy. Three studies evaluated the effect of being
exposed to hormone therapy in chemotherapy-naive patients
(29,82,85); two found strong evidence of increased neurocogni-
tive dysfunction among breast cancer survivors exposed to hor-
mone therapy. In most studies, neurocognitive impairments
were described to affect 20% to 40% of women one year post-
diagnosis (Figure 3).
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Study Time since
ID PR/OR/RR (95% Cl) Measure  diagnosis
Anxiety, clinical diagnosis
Khan et al. 2010 (36) 10- 1.06 (0.97 to 1.16) OR 25y
Hung et al. 2013 (52) & 1.22 (1.16 to 1.29) RR ~2y
Hierl et al. 2002 (51)* 14— — 1.40 (0.93 to 2.11) SIR ~15y
Yang et al. 2017 (58) (invasive) —— 2.00 (1.69 to 2.37) SIR ~15y
Anxiety, drug treatment
Khan et al. 2010 (36) & 1.08 (1.01 to 1.15) OR >5y
Yang et al. 2017 (58) (invasive) —.— 1.47 (1.35t0 1.61) SIR ~15y
Boehmer et al. 2015 (28) (self-reported) ’ 2.92 (0.31 to 27.09) PR ~45y
Anxiety, scale
Boehmer et al. 2015 (28) (HADS=8) — j— 1.24 (0.86 to 1.78) PR ~45y
McDonald et al. 2010 (78) (STAI-T=65) 1.25 (0.12 to 12.65) PR ~15y
Rubino et al. 2007 (38) (HRS-A>15)t <> 7.99 (1.06 to 60.34) PR 21y
Saleeba et al. 1996 (40) (STAI-S>85%) <> 3.00 (1.19 to 7.57) PR ~85y
Weitzner et al. 1997 (43) (STAI-T>1SD) <> 1.80 (0.95 to 3.41) PR ~85y
Depression, clinical diagnosis
Khan et al. 2010 (36) > 1.06 (1.00 to 1.12) OR 25y
Earle et al. 2007 (34) —— 1.24 (1.03 to 1.50) PR >5y
Kim et al. 2017 (62) —— 1.55 (1.24 to 1.94) PR ~1y
Hung et al. 2013 (52) - 2.00 (1.80 to 2.22) RR ~2y
Suppli et al. 2014 (42) —— 1.48 (1.19 to 1.84) RR ~15y
Hijerl et al. 2002 (51)* —— 1.87 (1.49 to 2.35) SIR ~15y
Yang et al. 2017 (58) (invasive) + 2.04 (1.76 to 2.36) SIR ~1.5y
Depression, drug treatment
Suppli et al. 2014 (42) 2 2.06 (1.94 t0 2.18) RR ~15y
Khan et al. 2010 (36) 3 1.16 (1.11t0 1.22) OR >5y
Yang et al. 2017 (58) (invasive) -.— 1.92 (1.76 to 2.09) SIR ~15y
Boehmer et al. 2015 (28) (self-reported) -—’— 1.61(0.97 to 2.67) PR ~4.5y
Depression, scale
Bailey et al. 2010 (46) (CESD=16) —— 0.90 (0.80 to 1.02) PR ~1y
Bizetti Pelaiet al. 2012 (60) (BDI=10) +—— 1.49 (0.97 t0 2.28) PR ~37y
Boehmer et al. 2015 (28) (HADS=8) <> 1.19 (0.56 to 2.50) PR ~45y
Frazzetto et al. 2012 (49) (GDS=10)f <> 2.91(1.69 t0 5.03) PR =10y
Garcia Torres et al. 2013 (35) (BDI-11=14) ’ 2.22(0.79t0 6.21) PR ~8.2y
Lee et al. 2011 (61) (SDS250) —— 1.06 (0.89 to 1.25) PR ~1y
McDonald et al. 2010 (78) (CESD>16) L 4 2.46 (0.30 to 20.20) PR ~15y
Rubino et al. 2007 (38) (HRS-D=8)t <> 3.76 (1.39 to 10.14) PR 21y
Weitzner et al. 1997 (43) (BDI>12) <> 1.93 (1.03 to 3.61) PR ~85y
Neurocognitive dysfunction
Schagen et al. 2006 (69) ' 2.10 (0.51to0 8.61) OR ~1y
Brezden et al. 2000 (70) <> 4.55 (1.71 to 12.10) PR ~1y
Collins et al. 2014 (67) <> 3.67 (1.21t0 11.12) PR ~1y
Fan et al. 2005 (68) — 1.54 (0.95 to 2.49) PR ~1y
Jenkins et al. 2006 (75) <> 1.58 (0.64 to 3.90) PR ~1y
Hermelink et al. 2017 (59) ’ 2.43 (0.89 to 6.64) RR ~1y
Kreukels et al. 2008 (72) <> 5.51 (1.86 to 16.30) RR ~1y
Sexual dysfunction
Rubino et al. 2007 (38)t <> 2.03 (0.56 to 7.42) PR >1y
Boehmer et al. 2014 (47) <> 1.44 (0.72 to 2.89) OR ~45y
Claus et al. 2006 (48) (in situ) —— 1.25 (1.05 to 1.49) PR ~58y
Safarinejad et al. 2013 (39) —— 1.83 (1.42 t0 2.36) PR ~24y
Suicide
Fang et al. 2012 (64) —— 1.60 (1.21 to 2.12) RR >1y
Schairer et al. 2006 (41) e 2 1.37 (1.28 to 1.47) SMR ~8.7y
| | | | |

5 1 2 4 8 16

Figure 2. Associations between breast cancer history and anxiety, depression, neurocognitive and sexual dysfunctions, and suicide. We considered that anxiolytics
were being taken to treat anxiety and antidepressants to treat depression. Time since diagnosis refers to the mean/median time elapsed since the breast cancer diag-
nosis or completion of initial course of treatment, as reported in the original studies, for the sample of cancer survivors. When this information was not reported in the
original studies, we presented the lower limit of survivorship time reported in the inclusion criteria of the study. The minimum, mean/median, and maximum follow-
up of longitudinal studies are reported in the Supplementary Appendix (available online). *The original study provided relative risk estimates stratified by area of resi-
dence (urban/rural). The combined estimate presented in the forest plot was computed with inverse-variance-weighted meta-analysis methods using the command
“metan” in Stata v14. BDI(-II) = Beck Depression Inventory(-II); CESD = The Center for Epidemiologic Studies, Depression Scale; GDS = Geriatric Depression Scale; HADS
= Hospital Anxiety and Depression Scale; HRS-A = Hamilton Rating Scale for Anxiety; HRS-D = Hamilton Rating Scale for Depression; OR = odds ratio; PR = prevalence
ratio; RR = relative risk; SD = standard deviation; SDS = Self-rating Depression Scale; SIR = standardized incidence ratio; SMR = standardized mortality ratio; STAI-S =
State-Trait Anxiety Inventory (state anxiety subscale); STAI-T = State-Trait Anxiety Inventory (trait anxiety subscale). tWomen who have had breast reconstruction af-
ter mastectomy. $Refers to a group of women who had breast cancer recurrence 10 years after the first diagnosis.

Sexual Dysfunction studies for which prevalence ratios were available showed in-

creased dysfunction in breast cancer survivors, with relative
Six studies, all involving convenience samples, reported data  risk estimates between 1.25 (95% CI = 1.05 to 1.49) and 2.03 (95%
for sexual dysfunction (Table 1). Five of these reported impair- CI = 0.56 to 7.42) (Figure 2), but the width of the confidence
ments in one or more domains of sexual function (Table 2). All intervals did not exclude the probability of this being due to
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Figure 3. Absolute frequency of anxiety, depression, and neurocognitive and sexual dysfunctions reported in the original studies for breast cancer survivors. Estimates
for cognitive and sexual dysfunctions refer to the prevalence of women impaired for the condition or specific domains, as reported in the original studies. EHR = elec-
tronic health records. Black triangle = cumulative incidence, diagnoses in EHR; white triangle = cumulative incidence, drug treatment; white diamond = prevalence,

psychometric instruments; black diamond = prevalence, psychiatric interview.

chance in two studies. The prevalence of reported impaired sex-
ual function overall or for specific domains was generally in the
range of 20% to 60% (Figure 3). Safarinejad et al. (39) reported
that women who had radiotherapy, chemotherapy, and hor-
mone therapy had four to six times higher odds of disorder for
all domains, compared with women who did not have cancer
(39) (Supplementary Table 6, available online).

Other Outcomes: Bipolar Disorder, Obsessive-
Compulsive Problems, Stress-Related and Posttraumatic
Stress, Sleep Disturbance, and Somatization

Other outcomes were infrequently studied, but five of five stud-
ies of sleep disturbance found a statistically significantly higher
prevalence in breast cancer survivors, as did two of three stud-
ies of stress-related disorders, two of two studies of
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somatization, and the single studies identified with bipolar dis-
order and obsessive-compulsive outcomes (Table 2).

Quality of the Studies

Approximately 50% of the studies were rated at high risk of se-
lection bias, mostly because of the nonprobabilistic recruitment
of participants (eg, fliers and advertisements [28,31,44,47,56,57])
and the low proportion of women who accepted to participate
in the studies (30,45,50,53,54) (Figure 4). In most studies (>70%),
the risk of information bias was unclear, and the cross-sectional
design precluded the unequivocal assertion that the onset of
the mental disorder was posterior to the breast cancer diagno-
sis. Approximately 40% of studies reported results likely to have
been affected by confounding by age and socio-economic status,
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Selection bias

Information bias
(mental health outcome)

Temporality of events

Confounding by age and
socio-economic status

Statistical methods

Missing data

Conflict of interest

0% 20%

40% 60% 80% 100%

Proportion of studies

Low risk

Unclear risk

u High risk Not applicable

Figure 4. Summary of the risk of bias in the studies included in the systematic review. The risk of bias in statistical methods was considered not applicable when for-
mal statistical comparisons between the two groups were not presented in the original study. Missing data criteria were not applicable for studies involving electronic

health records.

and strategies to handle missing data were seldom reported.
Individual study ratings are provided in Table 2.

Discussion

Anxiety, depression, neurocognitive dysfunction, sexual dys-
function, and suicide appear to be more common in breast can-
cer survivors compared with noncancer groups. Scarcer data
were available for other adverse mental health outcomes, but
they were also reported as increased among breast cancer survi-
vors. Common limitations of the current available evidence in-
clude use of nonprobabilistic samples, cross-sectional study
designs making temporality of events difficult to assess, lack of
power, and lack of consideration for important confounders
such as socio-economic status.

Strengths of this review include the extensive search of
multiple databases, the duplicated screening of the references
and data extraction, and the systematic evaluation of the
quality of the studies. The restriction to studies involving non-
hospitalized samples and the inclusion of studies with in situ
tumors allowed for a more generalizable characterization of
the long-term burden of mental disorders in women in the
community who have had breast cancer. We aimed to reduce
the potential for information bias in the outcomes by consid-
ering only studies in which outcomes were assessed clinically
or with validated instruments. However, this review also has
limitations. Studies that reported mood assessments as sec-
ondary outcomes may not have been identified in the searches
of electronic publication databases if the mental health out-
come was not mentioned in the title, abstract, keywords, or
indexing terms. This problem should have been minimized by
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our use of the four largest and most relevant databases in this
field, supplemented by manual searches of all reference lists
to further reduce the chances of major studies being missed.
The comparability of clinically diagnosed outcomes over time
may be limited by the changes in the diagnostic criteria, espe-
cially in cases such as sexual dysfunction where the criteria
became narrower over time (87). We defined explicit criteria to
evaluate the risk of bias in the studies, but our assessment
may have been affected by the quality of the reporting of the
original studies. We considered that confounding by age and
socio-economic status had been accounted for when the stud-
ies matched participants for these factors, even though we ac-
knowledge that matching per se may not completely remove
the confounding effect (88).

The population-based studies included in this review consis-
tently described more depression and anxiety in breast cancer
survivors compared with the general population when these
outcomes were clinically assessed. The group of breast cancer
patients who receive a psychiatric diagnosis or who contact
clinical services in relation to their mental health are likely to
represent the most severe cases only; these patients are likely
to benefit from medical treatment. Studies using receipt of anti-
depressants and anxiolytics prescriptions to define depression
and anxiety, respectively, are likely to capture the specific group
of patients who were thought to benefit from pharmacological
intervention, which is only a subset of all patients with anxiety
and depression. The indication of these drugs was not explored
in any of the original studies, and misclassification of the out-
come may have occurred because some of these drugs have
other indications and are routinely used to manage vasomotor
symptoms secondary to breast cancer treatments (89,90). In ad-
dition, we cannot rule out that patients with breast cancer
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history may have been more likely to be diagnosed with a men-
tal health outcome due to increased contact with the health
services compared with participants who did not have cancer.

The results from the original studies involving self-
assessment scales, especially to assess symptoms of anxiety
and depression, need to be interpreted with caution. These
were often small, low-powered, cross-sectional studies using
nonprobabilistic samples. Several of the original studies ex-
cluded women with psychiatric conditions and relied on volun-
tary participation. This may have resulted in an
overrepresentation of psychologically healthier women, be-
cause diseased people are less likely to volunteer to participate
in epidemiological studies (91,92); it is unclear if this would be
differential between breast cancer survivors and control groups.
The clinical profile of the patents included in these studies may
also have been more favorable, because 45% of the studies in-
cluded only patients with no recurrence and who were disease
free at recruitment. In addition, misclassification of the out-
come may have occurred, because these scales are screening
tools and not suitable to establish definitive diagnoses. For ex-
ample, the Hospital Anxiety and Depression Scale had only 50%
sensitivity as a screening test for major depressive disorder in
breast cancer survivors compared with the Structured Clinical
Interview for the Diagnostic and Statistical Manual of Mental
Disorders (93). Despite these limitations, scales are widely used
in psychiatric epidemiology and in psycho-oncology research,
and their results in this review are helpful to show the consis-
tency of the results across methods of assessment.

For all methods of outcome definition, selective reporting in
the original studies cannot be ruled out. Information on missing
data was rarely well reported, and there was limited adjustment
for potentially important confounders such as age and socio-
economic status; residual confounding is still likely to be pre-
sent in the studies that adjusted for education only.

Clinically relevant symptoms of anxiety and stress-related/
adjustment disorders are common shortly after diagnosis (94),
which is an expected response to a stressor that may be per-
ceived as life-threatening and considering the uncertainty
about the future that women may feel at this point (95).
Declining trajectories of anxiety suggest that most women
adjust to the diagnosis over time (96), but clinically relevant
symptoms may persist in subgroups of women. Evidence on
long-term trajectories of outcomes is scarce and needs to be fur-
ther explored. Reported determinants of anxiety included youn-
ger age at diagnosis and having comorbidities; this is consistent
with literature reporting that young breast cancer survivors
have specific concerns, for example, fertility issues for women
who want more children or weight gain during and after treat-
ments (10). The increased symptoms of posttraumatic stress is
consistent with a meta-analysis reporting that 10% of breast
cancer survivors have posttraumatic stress disorder (97).
Results for somatic and obsessive-compulsive symptoms must
be interpreted with caution because they come from a small
number of studies.

The increased frequency of depression in breast cancer sur-
vivors is plausible considering that many report unmet needs in
several domains that affect quality of life (98), including impact
on relationships, lifestyle changes induced by the cancer, lack
of psychological support, and difficulties obtaining understand-
able information about the physical long-term effects of the
treatments (99-101). Risk factors for depression in breast cancer
patients appear to be similar to those for the general female
population, including less social support and lower
socio-economic status (46). Suicide almost always occurs
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among people suffering from a mental health disorder, most of-
ten depression (102,103). The increased risk of suicide in breast
cancer survivors is likely to be underestimated, because suicide
is often classified under other causes of death, and this may
happen more often in women who have had cancer.

Neurocognitive dysfunction, also known as chemo-fog, has
been linked to the neurotoxic effects of chemotherapy (104).
Other determinants of neurocognitive dysfunction recently pos-
tulated include posttraumatic stress disorder (59) and exposure
to hormone therapy due the effects of estrogen deprivation in
the neuronal structures (82). Impairments for one or more
domains of neurocognitive function (eg, memory [65,83] and
processing speed [77,81]) were often described, but the method-
ological heterogeneity of the studies (105) as well as the chal-
lenge to measure neurocognitive function (106) hamper
comparisons, and it is currently debatable which specific
domains are impaired.

The narrow inclusion/exclusion criteria in some eligible
studies of sexual dysfunction preclude generalizability to the
general population of breast cancer survivors. For example,
Safarinejad et al. (39) excluded women who did not attempt sex-
ual intercourse weekly and Boehmer et al. (47) included only in
lesbian or bisexual women. The aetiology of sexual dysfunction
in women with a history of breast cancer is thought to be multi-
factorial. Vaginal dryness is a common iatrogenic effect of hor-
mone therapy or chemotherapy-induced ovarian failure and
may lead to dyspareunia (14). However, impaired sexual func-
tion, compared with healthy women, has also been reported in
women treated with surgery only (48), indicating that factors
other than the physical ones may be involved. Indeed, the dis-
tress in partnered relationships (107-110), body image concerns
(111,112), depressive feelings (113), younger age at diagnosis
(113), and presence of comorbidities (114) have all been reported
amongst the most important determinants of female sexual
dysfunction.

Mitchell et al. (115) systematically reviewed studies provid-
ing data for depression and anxiety in survivors from several
types of cancer (>2years since diagnosis) and in healthy sub-
jects. The results indicated that anxiety, but not depression,
may be increased among cancer survivors (115). This conclusion
arose from the meta-analysis of nine studies that provided data
for anxiety and included patients diagnosed with breast, colo-
rectal, prostate, testicular, and cervical cancers or Hodgkin’s
lymphomas as well as patients diagnosed with cancers during
adolescence and young adulthood. It is currently unknown if,
and how, the risk of anxiety and depression varies by cancer
type, and thus we cannot directly compare our results. Other
systematic reviews on the topic assessed the prevalence of anx-
iety and depressive symptoms in cancer survivors (11,116-118),
including studies without a comparison group. Maass et al. (11)
described a higher frequency of depressive symptoms among
breast cancer survivors (>1year since diagnosis) compared with
normative data found in the literature. The results for cognitive
dysfunction are in accordance with those reported by Jim et al.
(119), who found small but increased cognitive deficits in breast
cancer survivors treated with chemotherapy compared with
noncancer and cancer controls.

Several studies have reported no differences in most
domains of health-related quality of life (HRQoL) between long-
term breast cancer survivors and women in the general popula-
tion (120-122). The interpretation of our results in the context of
the literature for HRQoL is not straightforward, and the appar-
ent difference is likely to be explained by the combination of
several factors, including the differential participation of
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psychologically healthier women in HRQoL surveys and positive
effects of surviving breast cancer. Patients with adverse mental
health outcomes, especially those with the most severe catego-
ries, may be less likely to participate in HRQoL surveys. This
contrasts with the studies in this review that included women
with a clinical diagnosis and/or treated for a mental health dis-
order and were thus likely to capture the most severe cases. In
addition, long-term breast cancer survivors report changes in
several aspects of their lives, but not all of them are negative.
Women in the survivorship period have described feeling im-
proved empathy, closer relationships, and a greater apprecia-
tion for life (123). This phenomenon of heightened well-being
after a stressful event—known as posttraumatic stress
growth—has been described to affect up to 60% of breast cancer
survivors (124). Quality of life reflects how women perceive their
current status, and the occurrence of posttraumatic growth
may offset some of the negative feelings associated with breast
cancer (125). In addition, studies of HRQoL often reported mean
scores of overall and domain-specific measures of HRQoL; sub-
groups that have a different trajectory of symptoms can be hard
to disentangle based on standard analyses.

This study has several implications for clinical practice. It is
important to raise awareness amongst health care professionals
acting at various levels of the health care system of the in-
creased risk of mental health symptoms among breast cancer
survivors, in particular anxiety, depression, and neurocognitive
and sexual dysfunctions. Screening for mental health disorders
in some or all of the breast cancer survivor population may be
warranted. Predictors of distress among breast cancer survivors
include having perceived functioning limitations, fatigue, youn-
ger age, lower socioeconomic status, and psychiatric history,
and modifiable factors such as vasomotor symptoms, pain, less
social support, physical activity, and cigarette smoking (126). As
such, screening for anxiety and depression may be especially
relevant for younger patients, and all those within the first few
years of survivorship, with co-morbidities, living alone, or diag-
nosed with more advanced disease; patients with depression
should be assessed for suicidal ideation. Patients who experi-
enced treatment-induced menopause are likely to benefit from
being asked about their sexual function, because they may
avoid this topic with their clinicians; patients who received che-
motherapy may also benefit from assessment for clinically sig-
nificant cognitive impairments. Psychosocial support and
routine monitoring of patient-reported outcomes during survi-
vorship care are likely to help reduce the burden of these condi-
tions. Differentiated psychological services are becoming the
norm in specialized breast cancer clinics; however, only a frac-
tion of the breast cancer survivors are followed-up in these
settings (127). The holistic approach to the patients’ unmet
needs also requires equipping health care professionals with
evidence-based information on the optimal management
strategies. For example, treatment for sexual dysfunction
may require not only management of anxiety and depressive
symptoms, but also vaginal dryness, which may be under-
treated in women with history of estrogen-receptor positive
breast cancer due to concerns over the effect of hormonal
vaginal treatments (128) and unawareness of the recommen-
dations for lubricants and moisturizers (129). Patients’ edu-
cation on common changes post breast cancer, and the
strategies available to manage these, may help women to
better understand and cope with their disease, increase
patients’ awareness of common symptomatology, and help
to decrease the stigma associated with mental health
disorders.
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Our review also identified areas for further research. There
is a pressing need for studies evaluating clinically diagnosed ad-
verse mental health outcomes in samples of women likely to
represent the cohort of survivors in the general population and
with sufficient numbers to allow effects to be detected. Further
research is particularly needed to better characterize the trajec-
tories of mental health outcomes over time, particularly of anxi-
ety, depression, and neurocognitive dysfunction. The long-term
risk of sleep disorders needs clarification, because breast cancer
treatments such as chemotherapy and steroids have been sug-
gested to be associated with impaired sleep (130,131), possibly
due to increased risk of vasomotor symptoms that affect the
sleep quality and quantity (132). Evidence on the long-term ef-
fect of being diagnosed in situ vs invasive tumors and on having
undergone breast reconstructive surgery is scarce despite the
increasing numbers of ductal carcinoma in situ diagnoses and
aesthetics surgeries performed. The role of systemic treatments
other than chemotherapy on neurocognitive function also
needs clarification, including the role of the different types of
hormonal treatments (selective oestrogen receptors modulators
vs aromatase inhibitors). Efforts should be made to employ
standardized definitions of the outcomes, because the heteroge-
neity of diagnostic codes and psychometric instruments ham-
pers comparability of results across studies. Further research is
also needed on the performance of commonly used scales for
anxiety and depression as screening tools for these conditions
in breast cancer survivors. Studies should also consider that the
incidence of mental health disorders after a breast cancer diag-
nosis may vary with age, socio-economic status, time, stage of
disease, recurrence, type of treatment, and sequelae from can-
cer among other factors. The inclusion of a comparison group is
essential to estimate the excess risk of the breast cancer
survivorship.

In conclusion, women with a history of breast cancer appear
to be at higher risk of a wide range of adverse mental health
outcomes up to several years post diagnosis and treatment
compared with women who did not have cancer. The evidence
was particularly compelling for anxiety, depression and neuro-
cognitive and sexual dysfunctions, and suicide, which were
most often studied. However, there is a pressing need for more
population-based research to better characterize the associa-
tion between breast cancer history and mental health. Our
results can be used to inform prevention and management
strategies directed at tackling the burden of adverse mental
health outcomes in breast cancer survivors.
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Dr Huillard et al. suggested that we report on mental health out-
comes in breast cancer survivors with and without history of
mental disorders. Twenty-two of the 60 studies excluded partic-
ipants with history of mental disorders. Of the 38 studies that
did not mention psychiatric history in their exclusion criteria,
three accounted for it either through matching or adjustment in
multivariable analyses; only one study explored the role of psy-
chiatric history (it showed no correlation between psychiatric
history and symptoms of posttraumatic stress).

Dr Huillard et al. noted that in a previous study, an increased
risk of mental disorders was only observed among cancer
patients who had a history of mental disorder (1). As noted
above, results stratified by psychiatric history were seldom
available in studies that we reviewed. However, we believe that
the results of the studies that included only participants with
no history of mental disorders are informative. Four
population-based studies included in our review, in which out-
comes were clinically ascertained, showed an increased risk of
anxiety and/or depression in breast cancer survivors with no
history of mental disorders, relative to comparable women
without cancer (2-5). This shows that for breast cancer survivors
(>1 year), the risk of first-ever disorders is increased relative to
women who never had cancer. If the hypothesis of Dr Huillard
et al. is correct, the burden of mental disorders is likely to be
underestimated in the studies restricted to women with no his-
tory of mental disorders. We should also note that our study fo-
cused solely on female breast cancer survivors at least 1 year
after diagnosis, whereas the Huillard et al. study included
patients with a wide range of cancers (16% were of the breast). It
is plausible that the effect of a cancer diagnosis on the patients’
mental health varies by cancer site. We thank Dr Huillard et al.
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3.4 Systematic review update

The research described in the systematic review was based on search expressions
that had been last run on the 1t of November 2017. The search was updated on the
2" of October 2019, with a total of 2,041 new records identified. Using the same
inclusion/exclusion criteria, 126 studies were eligible for full text assessment and
ultimately six studies were eligible for the systematic review update (Table 3.1). In
total, 66 studies, covering nine mental health outcomes, were eligible (60 from the

original search, six from the update).

The most commonly evaluated outcomes were anxiety (n=23 studies) and
depression (n=41). Of 23 studies of anxiety, 12 observed more anxiety in breast
cancer survivors, including two of four studies with clinical/ prescription-based
outcomes, and in 10 of 19 of anxiety symptoms. Of 41 studies of depression, 22
reported some statistical evidence of more depression in breast cancer survivors,
compared to the non-cancer group; this included seven of eight studies where
depression was ascertained clinically, and 15 of 33 studies that quantified
depressive symptoms. Breast cancer survivors also had statistically significantly
increased symptoms/frequency of neurocognitive dysfunction (21 of 28 studies),
sexual dysfunctions (6 of 7 studies), sleep disturbance (5 of 5 studies), stress-
related disorders (2 of 3 studies), suicide (2 of 2 studies), somatisation (2 of 2

studies), and bipolar and obsessive-compulsive disorders (1 of one study each).

Studies were heterogeneous in terms of participants’ characteristics, time since
diagnosis, ascertainment of outcomes, and measures reported. This precluded a
quantitative summary of the data. A total 44 of 66 studies (66.7%) included small,
non-probabilistic samples of breast cancer survivors. Mental health outcomes were
most commonly evaluated with psychometric instruments (55/66 studies=83.3%),
followed by clinical diagnoses registered in electronic healthcare databases
(11/66=16.7%). Approximately one-half of the studies were at high risk of selection
bias due to non-probabilistic recruitment of participants or low participation rates. In
most studies (>70%), the risk of information bias was unclear and the cross-
sectional design precluded the unequivocal assertion that the onset of the mental
disorder was posterior to the breast cancer diagnosis. Approximately 40% of studies
reported results likely to have been affected by confounding by age and socio-

economic status.
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Table 3.1 Results of the studies eligible in the update of the systematic review.

First Breast cancer survivors Comparison group Outcome Quantitative measure of the Relative P-value* or Notes
author, Type of population Stage at Breast cancer Time since Type of population assessment outcome risk 95%
year of and diagnosis (%) treatments (%) diagnosist in and Breast cancer Comparison estimate confidence
publication main years: main survivors group (RR, OR, interval
characteristics mean/median characteristics SIR, PR)
Country (SD), range
Anxiety
Cheng, Convenience sample 1 (47.2%) Srg only (13.5%) 3.2 (ND), Convenience sample
2018 [204] 11 (46.8%) RT only (6.7%) 2-ND
Patients aged 20-60 111 (6.0%) Srg + RT (34.5%) Women with no
China years, with non- Srg + CT (7.1%) history of cancer, Mean score Mean score Higher scores
metastatic disease, Srg + RT +CT aged 20 to 60 years, HADS (SD): (SDY): } P<0.0001 re t
: ] : : . present more
working at least 20h (38.2%) working >20h per 5.43 (3.51) 2.89 (1.37) anxiet
per week recruited week and in the
from hospitals in four current job for >1yr
regions of China
Wirkner, Convenience sample ND (ND) Srg (ND%) 3.43 (1.9), Convenience sample Cases and
2017 [205] RT (85%) ND-7 STAI (trait Mean score Mean score controls
20 breast cancer CT (100% 31 healthy controls anxiety only) (SD): (SD): P<0.001 matched for age,
Germany survivors recruited HT (75%) recruited via bulletin 48.40 (2.09) 31.67 (1.70) education and
from one center boards handedness
Depression
Cheng, Convenience sample 1(47.2%) Srg only (13.5%) 3.2 (ND), Convenience sample
2018 [204] 11 (46.8%) RT only (6.7%) 2-ND
Patients aged 20-60 111 (6.0%) Srg + RT (34.5%) Women with no
China years, with non- Srg + CT (7.1%) history of cancer, Mean score Mean score Higher scores
metastatic disease, Srg + RT + CT aged 20 to 60 years, HADS (SD): (SDY): } P<0.0001 re t
: ] : : . present more
working at least 20h (38.2%) working >20h per 6.71 ]
. . .71 (3.56) 2.30 (1.26) depression.
per week recruited week and in the
from hospitals in four current job for >1yr
regions of China
Wirkner, Convenience sample ND (ND) Srg (ND%) 3.43 (1.9), Convenience sample
2017 [205] RT (85%) ND-7 Cases and
20 breast cancer CT (100% 31 healthy controls
Germany survivors recruited HT (75%) recruited via bulletin Mean score Mean score controls
from one center boards BDI-II (SD): (SD): P<0.001 matched for age,
16.20 (1.64) 4.57 (1.34) education and
handedness
(Continued)
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Table 3.1 Continued

First Breast cancer survivors Comparison group Outcome Quantitative measure of the Relative P-value* or Notes
author, Type of population Stage at Breast cancer Time since Type of population assessment outcome risk 95%
year of and diagnosis (%) treatments (%) diagnosist in and estimate  confidence
publication main years: main (RR, OR, interval
characteristics mean/median characteristics SIR, PR)
Country (SD), range
Depression
Ng, 2019 Convenience sample 1(40.8%) ND (ND) ND (ND), Convenience sample
[206] 11(30.9%) 4-9
12,127 women aged 1 (12.4%) Women with no Primary care Adjusted for
Canada >18, diagnosed with IV (3.9%) cancer history or di . neighborhood
breast cancer Unknown history of prescription lagnosis of Incidence Incidence uintile of
yorp p depression 95%Cl: quintile ¢
between 2005-2009, (12.0%) of chemotherapy ICD codes ’or rate: 5.57 rate: 3.05 HR=1.68 1.60-1.76 deprivation,
from the cancer agents, selected at antidepressant (5.34-5.82) (2.94-3.17) — presence of
registry. Women who random from primary - comorbidity at
did not have health care databases. prescription baseline.
insurance were
excluded.
Neurocognitive dysfunction
Cheng, Convenience sample 1(47.2%) Srg only (13.5%) 3.2 (ND), Convenience sample
2018 [204] 11 (46.8%) RT only (6.7%) 2-ND
Patients aged 20-60 111 (6.0%) Srg + RT (34.5%) Women with no
China years, wi_th non- Srg + CT (7.1%) history of cancer, Mean score Mean score Higher scores
metastatlc disease, Srg + RT + CT aged‘20 to 60 years, CSC-W21 (SDY: (SDY: } P<0.0001 represent more
working at least 20h (38.2%) working >20h per 6.43 (18.32) 0.32 (0.71) — bl
A ] . . . . problems.
per week recruited week and in the
from hospitals in four current job for >1yr
regions of China
Jung, Convenience sample 1(18%) Srg, M (54%) ~1 year Convenience sample The group
2016[207] 11(57%) Srg, BC (46%) Overall deficit exposed to CT
62 right-handed Illa (25%) RT (90.3%) 30 healthy women score. CT had significantly
United women recruited CT (45.2% with no cancer | - worse
States from one breast HT (80.6%) VWMT group: +0.4 Overa.ll deficit _ performance at 1
score: -0.6 - P=0.007

cancer center

Overall deficit
score, non-CT
group: 0.0

year evaluation
compared to
women in the
control group.
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Table 3.1 Continued

First Breast cancer survivors Comparison group Outcome Quantitative measure of the Relative P-value* or Notes
author, Type of population Stage at Breast cancer Time since Type of population assessment outcome risk 95%
year of and diagnosis (%) treatments (%) diagnosist in and estimate confidence
publication main years: main (RR, OR, interval
characteristics mean/median characteristics SIR, PR)
Country (SD), range
Neurocognitive dysfunction
Wirkner, Convenience sample ND (ND) Srg (ND%) 3.43 (1.9), ND-7  Convenience sample Mean score Mean score Digit span
2017 [205] RT (85%) (SD): (SD): forward:
20 breast cancer CT (100% 31 healthy controls P=0.021
Germany survivors recruited HT (75%) recruited via bulletin Digit span Digit span
from one center boards forward: forward: Digit span
33.90 (6.22) 53.32 (5.26) backward: Cases and
Digit span Digit span P=0.930 controls
WMS-R backward: backward: _ matched for age
60.84 (6.69) 61.61 (5.51) Logical education and ’
Logical Logical memory [: handedness
memory [: memory [: P=0.042
67.12 (6.39) 84.66 (5.40)
Logical Logical Logical
memory |l memory |l memory Il
61.40 (6.26) 89.02 (5.29) P=0.002
Kesler, Convenience sample 1(16%) Srg (ND%) ~1 year Convenience sample  RAVLT A1 Mean score Mean score
2017 [208] 11 (65%) RT (65%) (SD): (SD): - P>0.193
31 newly diagnosed 1 (19%) CT (100% 43 frequency 54 (8.3) 57 (8.8)
China breast cancer HT (71%) matched healthy RAVLT A6 Mean score Mean score
patients aged 34-65 controls (SD): (SD): - P>0.193
years recruited from 10 (3.0) 11 (2.8)
one center CTMT 1 Mean score Mean score
(SD): (SD): - P>0.193
53 (9.7) 58 (9.6)
CTMT 5 Mean score Mean score .
(SD): (SD): - P>0.193
53 (9.5) 57 (8.9)
COWA Mean score Mean score
(SD): (SD): - P>0.193
47 (9.0) 52 (13)
MCAB Mean score Mean score
Adjustment (SD): (SD): - P>0.193
Index 1.7 (1.9) 0.73 (1.2)
(Continued)
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Table 3.1 Continued

First Breast cancer survivors Comparison group Outcome Quantitative measure of the Relative P-value* or Notes
author, Type of population Stage at Breast cancer Time since Type of population assessment outcome risk 95%
year of and diagnosis (%) treatments (%) diagnosist in and estimate confidence
publication main years: main (RR, OR, interval
characteristics mean/median characteristics SIR, PR)
Country (SD), range
Sexual dysfunction
Soldera, Convenience sample  [I-1l1 (100%) Srg, M (25%) 12.5 (ND), 9.4- Convenience sample Adjusted for age.
2018 [209] Srg, BC (75%) 17.6 Mean score Mean score
248 women who had RT (28%) 159 Women . . . _ There was a
c o . SAQ: Pleasure  (SD): (SD): - P=0.56 P
anada been newly CT (29% undergoing 12 (4.25 12 (4.41 significant
diagnosed with HT (27%) screening (4.25) (4.41) interaction
breast cancer at one mammography at the between
of thr_ee metropo_llta,n same hospitals, age- menopausal
hospitals, who didn’t matched to the . Mean score Mean score status and type
not have neo b SAQ: SD): SD): : P=0.14 of population,
h reast cancer group. fort (SD): (SD): . ;
adjuvant Ab lities in th Iscomfori 2(2) 2 (2.02) with pre- and
chemotherapy and normaiities in tne peri-menopausal
lived within 1 hour mammography were women being
distance of the excluded as well as less likely to be
hospital. women VY'th previous Mean score Mean score sexually active
: cancer diagnosis. SAQ: Habit (SD): (SD): - P=0.49 compared to
1 (0.46) 1(0.54) controls (Odds
ratio=0.12,
P=0.012).

* Underlined text is used to denote that the differences between the two groups were supported by some statistical evidence (P<0.05).

BDI-Il = Beck Depression Inventory-Il; COWA = Controlled Oral Word Association; CT = chemotherapy; CTMT = Comprehensive Trail Making Test; CSC-W21 = Chinese version of the Cognitive
symptoms Checklist; HADS = Hospital Anxiety and Depression Scale; HR = hazard ratio; HT = hormone therapy; MCAB = Mobile Cognitive Assessment Battery; ND = not defined; RAVLT = Rey
Auditory Verbal Learning Test; RT = radiotherapy; SAQ = Sexual Activity Questionnaire; STAI = State-Trait Anxiety Inventory; Srg, M = mastectomy; Srg, BC = breast conserving surgery; SD =

Standard deviation; TAP = Test battery for Assessment of Attention; VWMT = Verbal Working Memory Test; 95%CI = 95% confidence interval.
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3.5 Summary

This systematic review summarised the evidence of the studies that quantified
differences in the frequency and/or severity of adverse mental health outcomes
between women with a history of breast cancer (>1 year) and women who never

had cancer.

66 studies were included after updating the searches in October 2019. These
studies provided data for 9 mental health outcomes. Depression (n=41 studies),
neurocognitive dysfunction (n=28) and anxiety (n=23) were the most commonly
studied outcomes. Fewer studies provided data for sexual dysfunction (n=7), sleep
disturbances (n=5), post-traumatic stress (n=3), obsessive compulsion (n=1),

somatization (n=2), bipolar disorder (n=1), and suicide (n=2).

Overall, the studies provided some evidence of a raised risk of anxiety, depression
and suicide, and neurocognitive and sexual dysfunctions, in breast cancer
survivors compared with women with no prior cancer, persisting for several years
post-treatment. Sleep disturbances, sexual disorders and post-traumatic stress
disorder, also appear to be increased in breast cancer survivors, but the smaller

number of studies precludes firm conclusions.

However, the quality of most studies investigating mental health outcomes in
breast cancer survivors, compared to women with no prior cancer, was suboptimal.
Studies often relied on small convenience samples that are likely to lack statistical
power. There was a large potential for misclassification of the outcomes in several
studies and outcomes were rarely based on clinical assessments. Confounding by

age and socio-economic status is also likely to have affected 40% of the studies.

The current body of research lacks-well powered studies involving samples of
breast cancer survivors broadly representative of those in the general population,

and with clinically assessed outcomes.
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4 Description of the data sources

4.1 Introduction

The research in this thesis is based on electronic health records (EHRs) of patients
attending primary care practices that contributed with data to the Clinical Practice
Research Datalink (CPRD) General Practitioner Online Database (GOLD) (hereafter
referred to as CPRD GOLD primary care database). For Aim 1 (i.e. quantifying the risk
of adverse mental health outcomes in breast cancer survivors compared to women with
no history of cancer), the data in the CPRD GOLD primary care database were linked
to EHRs from secondary care, official death registration data, and area- and patient-
level deprivation data. The research to address Aim 2 (i.e. investigating the HRQoL
and presence/severity of anxiety and depressive symptoms breast cancer survivors
compared to non-cancer controls) involved using the CPRD primary care database to
select both women with a history of breast cancer and women who never had cancer,
and invite them to respond to questionnaires on their HRQoL, anxiety and depressive

symptoms. This chapter provides the description of the data.

4.2 Clinical Practice Research Datalink General Practitioner Online
Database

CPRD is a UK government research service supported by the Medicines and
Healthcare products Regulatory Agency (MHRA) and the National Institute for Health
Research (NIHR). CPRD has been collecting, processing, and releasing anonymised

EHRs from patients attending primary and secondary care in the UK since 1987 [210].

4.2.1 Data and database version

The CPRD GOLD primary care database is one of the largest and longest-established
databases of EHRs in the world. Data come from primary care practices that use the
general practitioner (GP) software system InPS Vision, which is one of the four main
systems in use in the NHS GP practices (TPP SystmOne, EMIS Web, and Microtest
Evolution are the others) [211]. The number of practices using InPS Vision has
decreased during the recent years, with several practices opting to move to EMIS Web
or TPP SystmOne. Figure 4.1 shows the spatial distribution of the percentage of the
population share and number of practices using the InPS Vision software system in

2016 at both Clinical Commissioning Group and NHS region levels.

101



Percentage of patient population share Number of general practices

(90,100]
{80,20]
(70,80]
(60,70]
(50,60]
(40,50]

o (30,40

| (20,30]
(10,20]
[1,10]
Nene

- g

Figure 4.1 Spatial distribution of the 7526 general practices in the UK by number of general
practices using InPS Vision, and percentage of the population share, at both Clinical
Commissioning Group (thinner borders) and NHS region (thicker border) levels.
Figure from [212]; reproduced under the terms of a CC BY license.

The data in the InPS Vision system are routinely entered by the patient's GP or the
health care team, at the point of providing care, for consultations occurring at the
participating practices [213]. The resulting clinical record includes information collected
prospectively on demographics, lifestyles, biochemical analysis results, diagnoses,
prescriptions, and referrals to secondary and tertiary care. When a patient is referred
for secondary care, information from inpatient and outpatient care is usually sent back
to the GP to be added to their clinical record. It should be noted that the availability of
this information may differ from the information that is collected during primary care
appointments (e.g. conditions added to the free text section of the clinical record would
not be included in CPRD GOLD data; nor would discharge letters scanned and kept as

attachments to the patient record).

Much of the information (but not all) recorded in the InPS Vision system uses version 2
Read codes [214]. The Read code classification includes approximately 250,000 codes
that allow for the recording of a wide range of information, such as diagnoses and
symptoms, biochemistry laboratory results, tests, family history of diseases, therapeutic
and surgical procedures and surgeries carried out, ethnicity, religion, occupation, social
circumstances, and administrative details related to patient care. To enter data in the
patient record during consultations, the GP searches for relevant codes using

keywords, which prompts a list of potential codes with the keyword in their description

102



to come up. The GP then selects the preferred code from the list; the consultation
manager interface also includes a section for comments where free text can be added.
If no suitable code is found, a new code may be added. Data can also be added
retrospectively, with a past event date, which in this case will be different from the
system date. Prescription data are recorded at the point of issue using product codes,

which are based on the drugs listed in the British National Formulary (BNF).

The CPRD periodically retrieves data and processes and releases data for wider use in
public health research. Procedures are in place to ensure the confidentiality of the data.
Identifiable information in the patients’ EHR, such as name, address, telephone
number, or day and month of birth in adults, is sent to a trusted third party (NHS Digital,
the statutory body in England that is allowed to receive identifiable patient information),
where a set of anonymised patient identifiers are generated. CPRD automatically
retrieves from the system InPS Vision anonymised clinical data, to which the
anonymised patient identifiers are added. The information in the free text notes added
by the GP is not sent to CPRD, as this may contain identifiable information. This
process ensures that there is total separation, with the trusted third party never seeing
the patient medical information, and CPRD never receiving information that allows for

patients to be identified.

4.2.2 Quality control

At CPRD, the quality of the data is checked both at patient- and practice-level. Data
quality controls at patient-level include internal consistency checks such as having a
date of registration with the practice that is later than the date of birth, among others
(Table 4.1). At the end of the checks, a flag is added to the data indicating whether the
patient record failed one or more of the checks; patients who pass all checks are

considered to have medical records of acceptable data quality for research purposes.

Table 4.1 Example of internal consistency checks performed by CPRD on the data collected
from the InPS Vision software.

Valid gender and birth date
First registration posterior to birth date
Current registration date:
Valid
After the first registration date
After date of birth
Permanent registration with the practice
Transferred out of the practice & reason: either both missing or both completed
If transferred out of the practice, dates consistent with registration and birth dates.
Valid event date recording (e.g. not a future date, or <15t Jan 1980).
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The data are also checked at practice-level for completeness, internal consistency and
external validity. Examples of these checks at practice-level include assessing whether
there are temporal gaps in the data provided by the practice to CPRD, and whether the
mortality rates observed for patients registered with the practice lie within reasonable
expected limits. A field is also added to the data indicating the date after which the data
in that practice is considered of sufficient quality to be used for research (termed by
CPRD as the “up to standard date”).

4.2.3 Representativeness of the broad UK general population

The representativeness of the data included in the CPRD GOLD primary care database
needs some consideration. In the UK, virtually all inhabitants are registered with a GP
practice [215]. Access to NHS services is free of charge, following the principle that
‘access to NHS services is based on clinical need, not an individual’s ability to pay’
[216]. The GP practices throughout the UK provide the first level of care to the
population within the NHS, and are responsible for providing preventive care, treatment
for suitable illnesses and act as gatekeepers to other levels of care. The data gathered
by CPRD comes from computer software systems that are used in clinical practice to
create, add and manage information in patients’ EHR. As of January 2019, the CPRD
GOLD primary care database included data from 18.4 million patients from 761 GP
practices. Within each contributing GP practice, patients may opt out of having their
data transferred to other entities or used for research purposes, which is a threat to the
population-based nature of the data. In July of 2013, the CPRD GOLD primary care
database included data for 11.3 million patients, of which 4.4 million were alive and
registered (7% of the UK population). It is known that the distribution of the GP
practices contributing data in the most recent years is not geographically representative
of the UK as a whole (Figure 4.1); this may potentially lead to overrepresentation of
wealthier areas in the UK. Nevertheless, patients in the database were shown to be
broadly representative of the UK general population in terms of age, sex and ethnicity
[210, 213].

4.2.4 Validity and completeness of the data

The completeness and validity of the information in CPRD GOLD primary care
database is of major interest. The CPRD GOLD primary care database has been
shown to capture more than 90% of the cancer diagnoses registered in the cancer

registries (gold-standard) [217]. The completeness of the information on mental health
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is more difficult to ascertain, as a gold standard for comparisons has not been available
until recently (the CPRD Mental Health Dataset). The absence of a Read code for a
mental health condition is typically interpreted as evidence of the patient not having the
condition, but one has to acknowledge the potential for low sensitivity [213]. For other
types of information, such as weight or smoking habits, absence of the information may
be related to the information itself; for example, it is plausible that obese patients are
more likely to have their weight recorded compared to those who have healthy weight
[213].

Several studies employed strategies to validate outcomes defined in CPRD primary
care data [218, 219]. These most often ascertained positive predictive values (i.e. the
proportion of cases who are confirmed to have the disease), using as gold-standard
information requested from the patient's GP (e.g. GP questionnaires) [219]. The
proportion of cases confirmed varies by disease type; for infectious disease,
neoplasms, skin diseases, genitourinary conditions, congenital disorders and external
causes of morbidity and mortality the median proportion of cases confirmed was >90%
[219]. For mental and behavioural disorders, the median proportion of cases confirmed
in 20 validation studies was 83.0% (95%CI: 52-100) [219].

4.2.5 Linkage to other sources of data

The data in the CPRD GOLD primary care dataset are linked to other databases
containing health care data at individual patient level [220]. Examples of established
linkages include the Hospital Episode Statistics Admitted Patient Care (HES-APC), the
National Cancer Registration and Analysis Service data from Public Health England,
and Office of National Statistics (ONS) death registration data.

The data flow from the other data sources is similar to the one described for the CPRD
GOLD primary care database. Data from the external sources is sent to CPRD,
alongside a link identifier, at the same time that identifiable patient data (NHS number,
date of birth, postcode, gender and link identifier) is sent to a trusted third party (NHS
Digital). The trusted third party then links the data of the two datasets, and generates
the IDs that allow the sources of data to be linked. Once the process is completed, the

identifiers are provided to CPRD, allowing for in-house linkage of the data [220].
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Figure 4.2 Data flow for primary care data linkage. Figure from [220]; reproduced under the
terms of a CC BY license.

The linkage of the data is done using deterministic methods, involving eight steps with
decreasing specificity [220]. The first step involving matching on exact NHS number,
gender, date of birth and postcode; patients who do not match on all of these
characteristics between the two databases are considered for the subsequent steps. In
the second step, the criterion for post code match is dropped, and during the following
five steps the linkage is attempted after removing one or more variables. The last step
involves searching for the same exact NHS number only [220]. Linkage between the
CPRD GOLD June 2018 version and HES showed that over 95% of the patients
eligible for linkage are linked within the first two steps (67.6% in the first, and 28.7% in
the second).

It should be noted that linkage is only available for GP practices geographically located
in England and that consented to take part in the linkage scheme (80% of the practices
in England, 60% of those in the UK). In the practices participating in the linkage
scheme, patients can opt out of having their data linked to other sources of data.
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4.3 Hospital Episodes Statistics, Admitted Patient Care

The HES database includes information on all contacts with NHS hospitals in England,
including outpatients appointments, hospitalizations and emergency visits [221]. All
patients receiving care in NHS Clinical Commissioning Groups (CCGs) in England are
present in HES, including private patients treated in the NHS, residents outside of
England treated in England, and care outside of the NHS but funded by the NHS [221].

This database is maintained by NHS Digital, and extraction from the main database
occurs on a monthly basis [221]. There are different versions of the database, which
differ on the type of contact with the hospital: accident and emergency attendance,
outpatient appointments and attendances, critical care, and admitted patient care

(APC); the latter includes inpatients and day case admissions to the hospital [221].

The research in this thesis used data from the HES-APC database. Data on APC have
been collected since 1989, and are available for linkage with CPRD GOLD primary
care data from 1997 onwards. In this thesis, HES-APC set 16 data were used linked to
the CPRD GOLD primary care database, covering the period between April 1997 and
December 2017 [222]. The linkage process has been described before (see section
4.2.5). Patients in the HES-APC database may not be eligible for linkage with CPRD
primary care data, as they may live outside England and attended care in England, or
have invalid identifiers for linkage. Source files were available identifying each patients’

eligibility for linkage.

The data in the HES-APC are organized by hospitalisations and episodes.
Hospitalisations are defined by the period between admission and discharge from the
hospital [222]. Episodes are defined by the period during which a patient is under
continuous care of one consultant in one health care institution [222]. Patients may be
transferred to the care of another consultant during the same hospital stay, generating
another episode within the same hospitalisation [222]. Each episode may be recorded
with up to 20 diagnosis, which are coded using the International Statistical
Classification of Diseases and Related Health Problems, 10" revision (ICD-10) [223].

The data from this database were used to identify outcomes of self-harm, which have
been described as imperfectly recorded in the CPRD GOLD primary care database
[224].

107



4.4 Index of Multiple Deprivation

The Index of Multiple Deprivation (IMD) is a widely used measure of relative
deprivation in England, and similar measures are available for Wales [225], Scotland
[226] and Northern Ireland [227]. This measure was used to account for the potential

confounding effect of socio-economic status (vide Chapters 6 and 7).

The IMD is an ecological measure based on the premise that deprivation can be
measured by different dimensions at small area level, and that individuals living in

these areas share these dimensions of deprivation [228].

The IMD is calculated for small geographical areas including approximately 1,500
residents, which are known as Lower-layer Super Output Areas (LSOA). Based on the
2011 Census, there were 32,844 LSOA in England. Mathematically, the IMD is
calculated by using a set of indicators (at LSOA level) to produce information for seven
domain indices that are related to material deprivation (income deprivation;
employment deprivation; education, skills and training deprivation; health deprivation
and disability; crime; barriers to housing and services; and living environment
deprivation) [228]. The data from these seven domains are combined using specified
weights to produce a single measure for each LSOA. The 32,844 LSOA are then
sorted by measure of deprivation, and assigned a rank from one to 32,844, creating a
relative measure of deprivation. For research purposes, IMD is typically categorised in
percentile-based groups (e.g. quintiles) [228]. The IMD has been estimated

periodically, and the most recent version (2015) has been used for this thesis.

All GP practices contributing with data to the CPRD GOLD primary care database can
be assigned IMD rank based on the GP practice post-code. This has been used in
several studies as a proxy measure for socio-economic status at individual level
because it is available for all patients, even though the ecological fallacy might apply
(i.e. the individual experience may be different that the group). IMD based on the LSOA
of the individual patient's residential address allows for a finer adjustment for
confounding by socio-economic status, even though it is still based on area and
therefore may not correspond to the patient’'s true socio-economic status. IMD for
patient postcode has the disadvantage of only being available for patients in England

and whose data are eligible for linkage.

Data from the IMD at practice level were used in the analyses presented in Chapters 6
and 7, to adjust for the potential confounding effect of deprivation on the associations

between breast cancer survivorship and adverse mental health outcomes and quality of
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life. Patient level IMD were limited to patients eligible for linkage and used in sensitivity

analyses only.

4.5 Office for National Statistics mortality data

The Office for National Statistics (ONS) mortality data include all deaths occurring in
the UK, and are the basis of the official mortality statistics issued on behalf of the UK
government [229]. In the UK, by law, all deaths must be registered with the General
Register Office within five days (8 in Scotland), and to do so, one needs to provide
either a Medical Certificate of Cause of Death issued by the attending doctor (most
cases), or permission from the coroner to report the death, if that has been reported to

a coroner [230]. Cremation or burial are not allowed before death registration [230].

The ONS mortality data include information entered in the death certificate by the
doctor attending the deceased. This includes the primary cause of death, which is
defined by the World Health Organization as ‘the disease or injury which initiated the
train of morbid events leading directly to death, or the circumstances of the accident or
violence which produced the fatal injury’ [231], and space for up to 15 contributory

causes of death.

Some deaths are referred to a coroner for investigation. Reasons for this include an
unknown cause of death, suspicious or violent causes of death, possible suicide,
among others [229]. The rules specify that the certifying doctor must have seen the
deceased during the last two weeks of life to complete a certificate, otherwise it has to
be referred to a coroner [229]. Deaths referred to the coroner are subsequently
investigated, and assigned a primary cause of death, using post-mortem examinations
to ascertain whether it was a natural death if needed [229]. In cases where a natural
death cannot be unequivocally ascertained, there is a coroner's inquest and the

primary cause of death, if ascertained, is registered later [229].

To assign a primary cause of death, the text of the death certificate is converted to ICD
codes, using computerised algorithms [229]. Since 2010, the data have been coded
using ICD-10 codes, with ICD-9 codes being used prior to that [223, 232].

Data on cause-specific deaths were used in this thesis to define suicide (one of the
outcomes of interest, vide Chapter 6), which is poorly captured in the CPRD GOLD
primary care database [224].
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4.6 Patient-reported outcomes

HRQoL refers to how a patient perceives their overall health status, and is a
multidimensional construct that encompasses physical, psychological, social and
spiritual dimensions of well-being [233, 234]. Standard methods for HRQoL
assessment involve collecting information directly from the patients using validated
questionnaires [235]. A similar approach was used in this thesis. The following
paragraphs described the scales that were used the study of patient-reported

outcomes that assessed quality of life and symptoms of anxiety and depression.

4.6.1 Quality of Life

Ideally, a tool to measure HRQoL would include items for several dimensions of quality
of life (e.g. physical, emotional, social, role performance, pain and other symptoms
relevant to the patient population). In addition, the tools should produce the same
results on repeated use of the instrument (reliability), measure the concept they intend
to measure (validity), provide different results when circumstances change (sensitivity
to change), be appropriate to the question being assessed (appropriateness to the

question) and have the potential for clinical interpretability (practicality) [236, 237].

Several tools have been used to assess HRQoL in breast cancer survivors [238]. Some
tools were developed to assess HRQoL during the main treatments for cancer, and
include items that may not apply to long-term survivors (e.g. nausea secondary to
cytotoxic drugs), besides lacking items that are specific to cancer survivors’ long-term
concerns such as fear of cancer recurrence. Recognising the need for tools that
address concerns beyond the treatment phase of the disease, researchers have

developed disease-specific tools specifically for long-term cancer survivors [239].

Chopra et al conducted a systematic review of validated quality of life instruments that
have been used in studies of breast cancer survivors [239]. 10 instruments were
identified; their properties are listed in Table 4.2 [239]. Most scales have been shown to
have good reliability and validity, but few were ever tested for sensitivity to changes
(responsiveness). This is an important disadvantage because breast cancer
survivorship is a journey, and it is important that tools are able to detect changes in
HRQoL [239].

110



Table 4.2 Instruments identified by Chopra et al. as having been used to assess HRQoL in
samples of breast cancer survivors, with respective domains and psychometric properties.
Table adapted from [237]; reproduced under the terms of a CC BY license.

Instrument HRQoL domain Properties
Physical Mental Social Spiritual Reliability Validity + Responsiveness
BIRS ] ] %] 3] Internal Convergent & Not Reported
consistency: divergent
0.94
CARES-SF ] | | 3] Internal Concurrent Not Reported
consistency:
0.85-0.61
EORTC ] ] | 3] Internal Content, Not Reported
QLQ-30 consistency concurrent,
>0.70 discriminant
EORTC %] 3] 3] 3] Internal Content, Responsiveness in
QLQ-BR23 consistency: construct, side effects & body
0.46-0.94 criterion-relate. image
QLI-cV %] %] %] ] Internal Concurrent Not Reported
consistency: (criterion
0.95 related, r=0.80
construct.
FACT-B | ] ] & Internal Content, Sensitive to 2-month
consistency: construct, changes
0.90 concurrent
Test- (r=0.87),

retest=0.85 divergent,
known group

FACT-G | ] ] 3] Internal Content, Not Reported
consistency: construct,
0.89 divergent,
Test- known group.
retest=0.92
FACIT-SP 3] £ £ ] Internal Discriminant, Not Reported
consistency: convergent
0.81-0.88
QOL-CS ] ] ] ] Internal Content, Not Reported
consistency: concurrent
0.93 (r=0.78),
Test-retest: predictive,
0.89 construct,
discriminant
QLACS ] ] ] ] Internal Concurrent, Change in health
consistency: retrospective  status
generic=0.95;
cancer-
specific=0.98

BIRS = Body Image and Relationship Scale; CARES-SF = Cancer Rehabilitation Evaluation System Cancer -Short
Form; EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer; EORTC QLQ-BR23 =
European Organization for Research and Treatment of Cancer - Breast module; QLI-CV = Ferrans and Powers’s
Quality of Life Index -Cancer Version; FACT-B = Functional Assessment of Cancer Therapy-Breast; FACT-G =
Functional Assessment of Cancer Therapy-General; FACIT-SP = Functional Assessment of Chronic lliness Therapy-
Spiritual Well Being Scale; QOL-CS = Quality of life-Cancer Survivor; QLACS = Quality of Life-Cancer Survivors.

+ Construct validity assesses if a test measures what it aims to measure; it is composed of convergent and discriminant
validity. Convergent validity refers to how well a scale is related to other measures of the same construct. Discriminant
validity aims to assess that variables that should not be associated with a given factor, are found to not be associated
in the study. Divergent validity aims to establish how one concept is different from the others included in the scale.
Concurrent validity refers to the performance of a test against another test that has been previously validated.

Of the scales that addressed HRQoL specifically in cancer survivors beyond the
treatment phase, the Quality of Life in Adult Cancer Survivors Scale (QLACS) [240]
showed good validity, reliability and responsiveness compared to the other scales. In
addition, it was one of the only three instruments that included items for physical,
mental, social and spiritual domains of HRQoL [239]. Further investigation showed that
the QLACS scale was developed to take into account the specific needs of long-term

cancer survivors (25 years), including issues that continue after treatment, new issues
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that arise during the period post-cancer, late physical effects of the cancer treatments
and positive aspects of surviving to cancer [240]. The QLACS scale has also been
used to evaluate HRQoL in a sample of early post-treatment (18-24 months) breast
cancer survivors [241]. This scale was therefore chosen to assess HRQoL in this

thesis.

The QLACS scale includes 47 items, divided between seven generic and five cancer-
specific domains (specific domains shown in Table 4.3) [240]. Answers to the QLACS
scale are provided on an ordinal Likert-type of scale, with values for individual items
ranging from 1 to 7. Breast cancer survivors were asked to reply to all 47 items.

Women who never had cancer replied to the 28 items of the generic domains only.

Table 4.3 ltems of the Quality of Life in Adult Cancer Survivors scale grouped by domain.

Generic domains
Negative feelings
19 Bothered by mood swings
7 Felt blue or depressed
9 Worried about little things
24 Felt anxious
Positive feelings
8 Enjoyed life
28 Content with life
6 Felt happy
22 Had a positive outlook on life
Cognitive problems
3 Bothered by having a short attention span
4 Had trouble remembering things
2 Difficulty doing things requiring concentration
23 Bothered by forgetting what started to do
Pain
13 Bothered by pain preventing activities
17 Mood disrupted by pain or its treatment
27 Pain interfered with social activities
21 Had aches or pains
Sexual interest/ function
16 Lacked interest in sex
26 Avoided sexual activity
12 Dissatisfied with sex life
10 Bothered by inability to function sexually
Energy/fatigue
11 Lacked energy to do things wanted to
14 Felt tired a lot
1 Had energy to do things wanted to do
5 Felt fatigued
Social avoidance
18 Avoided social gatherings
20 Avoided friends
25 Reluctant to meet new people
15 Reluctant to start new relationships

(Continued)
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Table 4.3 ltems of the Quality of Life in Adult Cancer Survivors scale grouped by domain.

Cancer-specific domains
Financial problems
43 Had money problems from cancer
45 Financial problems from loss of income due to cancer
30 Financial problems from cost of cancer surgery or treatment
37 Problems with insurance because of cancer
Benefits of cancer
40 Cancer helped recognize what important in life
41 Better able to deal with stress because of cancer
32 Cancer helped cope better w/problems
29 Appreciated life more because of cancer
Distress-family
34 Worried whether family had cancer causing genes
31 Worried family members were at risk for cancer
42 Worried family should have genetic tests - cancer
Appearance
35 Felt unattractive because of cancer or its treatment
33 Self-conscious about appearance because of cancer
44 Felt treated differently because of changes in appearance
38 Bothered by hair loss from cancer treatments
Distress-recurrence
39 Worried about cancer coming back
46 When felt pain, worried it was cancer again
36 Worried about dying from cancer
47 Preoccupied with concerns about cancer

4.6.2 Symptoms of anxiety and depression

Symptoms of anxiety and depression were assessed with the Hospital Anxiety and
Depression Scale (HADS) [242]. This scale has been widely used in samples of the
general population as well as hospitalized patients, as it excludes somatic symptoms of
anxiety/depression that may be disease manifestations. This scale has been validated

for use in primary care [243] and was used in primary care studies in the UK [244-246].

HADS is a 14-item self-reported screening tool capturing anxiety and depressive
symptoms in the past week. It contains two subscales, one for anxiety (HADS-A) and
another for depression (HADS-D), with seven items each [242]. The scale then uses
cut-off points to identify patients who are likely to have clinically relevant symptoms of

depression and anxiety.
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4.7 Demographic data

Information on education, ethnicity and living arrangements (as a proxy for social
support) were collected directly from the patients alongside the patient-reported
outcomes, as this information is known to be incompletely recorded in the patients’
EHR. Education was evaluated by qualifications held (up to GCSEs, O levels, or
equivalent; A levels or equivalent; undergraduate degree; post-graduate degree; trade,
technical or vocational training). Ethnicity categories were based on the 2011 census
categories, without sub-specification of the White and Asian categories (White;
Asian/Asian British; Black/African/Caribbean/Black British; Mixed/Multiple ethnic
groups; Other ethnic group). Living arrangements options were: living with

partner/spouse; living with family/friends; living alone; in a long term care facility; other).

4.8 Clinical data

Information regarding treatments received for breast cancer, stage of the disease at
diagnosis, current status of the disease and menopausal status are also sub optimally
reported in the EHRs. A questionnaire was therefore used to collect information directly

from the patients.

4.9 Data collection procedures

The operational aspects of my study on patient-reported outcomes were conducted in
collaboration with CPRD, to enable active data collection from CPRD participants
(study protocol in Appendix 4). The Interventional Research Team is able to liaise with
primary care practices actively contributing with data to the CPRD GOLD primary care
database, and holds both CPRD GOLD and InPS Vision patient identifiers.

At the beginning of the study, the Interventional Research Team at CPRD identified a
list of 253 GP practices that were actively contributing with data to CPRD in December
of 2018, and invited them to participate in the study by email and post. The

Interventional Research Team sent a further reminder to all those that did not reply.

| generated lists of potentially eligible patients from each GP practice using data from
the CPRD GOLD primary care database, and passed these on to the Interventional
Research Team at CPRD.

Practices that agreed to participate in the study were sent the list of potentially eligible

patients from their practice, and asked to confirm each patient's eligibility. A
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compensatory payment of £40 per list checked was provided in line with common

practice for other studies at CPRD.

Upon receiving a list of eligible patients back fro the GPs, the Interventional Research
Team at CPRD prepared packs containing all materials to be sent to the patients, and
sent these by post to the GP practice. Each questionnaire included an InPS Vision

software identifier, referring to the patient to be sent.

At the GP practice, members of staff used the InPS Vision software identify the
patient’s name and address, added these to the respective envelope, and posted these

out to the patients.

Women received in their home address the envelope sent by their primary care
practice, which contained an invitation letter, study participant information sheet,
anonymised questionnaires and a pre-paid envelope to return the questionnaires. The

envelopes were pre-addressed to the Interventional Research Team at CPRD.

Once the completed questionnaires were received at CPRD, the Interventional
Research Team replaced the InPS Vision software identifier with the CPRD GOLD
patient identifier, ensured that no identifiable information had been included, and sent

the scanned questionnaires to me for data entry and analysis.

The data in the questionnaire were entered, cleaned and analysed. A broad description

of the methods, and the full results of this study are reported in Chapters 6, 7 and 8.
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4.10 Summary

The research in this thesis is largely based on data stored in the CPRD GOLD
primary care database. This is one of the largest databases of primary care
electronic health records in the world, with data for >18.6 million patients from

over 760 GP practices in the whole UK.

Information in the CPRD GOLD primary care database comes directly from GP
practices that use InPS Vision software to manage patient records. The data
are recorded during consultations by the patients’ GP using Read codes, a
clinical terminology that captures a wide range of information including

symptoms, diagnoses, social characteristics, among others.

Major strengths of the UK CPRD GOLD primary care database are the
prospective nature of the data routinely collected at the point of patient care, the
representativeness of the data in terms of age, sex and ethnicity of the broad

UK population.

Weaknesses of this data source include the lack of geographical
representativeness, the potential for missing data, and misclassification of
exposures and outcomes due to the lack of validated definitions of several
conditions. Even though the validity of outcomes defined in the CPRD GOLD
primary care database has been generally high, the variation by group of

diseases warrants consideration.

The CPRD GOLD primary care database can be linked to other sources of data
using deterministic methods. The research in Chapter 6 includes analyses of
primary care data linked to HES-APC, practice- and patient-level linked IMD,
and ONS mortality data.

Data on patient-reported outcomes were collected with collaboration with the

Interventional Studies Team at CPRD and the patients’ primary care practices.

HRQoL was evaluated with the QLACS, which has been developed to take into
account the specific needs of long-term cancer survivors. It includes 47 items,

divided between seven generic and five cancer-specific domains.

Depressive and anxiety symptoms were assessed with HADS. This is a 14-item

self-reported screening tool addressing symptoms in the past week.
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5 Review of the identification of mental health and quality of

life-related outcomes in primary care databases in the UK

5.1 Introduction

Chapter 5 directly addresses Objective 2 of this thesis (i.e. to systematically review the
strategies used to identify adverse mental health outcome in studies that used EHRs
from primary care databases in the UK). This chapter arose from the necessity to better
understand the definition of mental health conditions in CPRD using codelists. The
CPRD GOLD primary care database contains a vast amount of information primarily
collected to support patient care, and its use for research purposes needs careful
consideration of the completeness and accuracy of the data. This systematic review
aimed to summarise the lists of Read codes used in studies that looked at these
outcomes before, as well as gather information on the results from validation studies
carried out, and the range of clinical conditions that authors included in their definitions
of the outcomes (e.g. bipolar disorder in depression studies). In addition to mental
health outcomes selected from Chapter 3, | also reviewed studies of pain and fatigue,
because these conditions affect a large proportion of breast cancer survivors (as
described in Chapter 1) and are relevant to the HRQoL-related objectives in this thesis.
The definition of the outcomes in the studies presented in Chapter 6, 7 and 8 were

informed by this systematic review.

5.2 Systematic review protocol

The systematic review protocol is included in Appendix 2, as it was included in the

supplementary materials to the paper (see below).

5.3 Article

The results of the systematic review were reported in an article that has been published
in a peer-reviewed scientific journal. The article is provided in the following pages; the
lengthy supplementary materials referred to in this systematic review paper are

provided in Appendix 2 of this thesis.
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ABSTRACT

Objectives To summarise the definitions and
combinations of codes used to identify outcomes of
anxiety, depression, fatigue, cognitive dysfunction
(including mild cognitive dysfunction and dementia), sexual
dysfunction, pain, sleep disorders, and fatal and non-fatal
self-harm in studies using electronic health records from
primary care databases in the UK.

Design Systematic review.

Data sources Medline, Embase and lists of publications
of the main primary care databases in the UK.

Eligibility criteria Included data from a UK primary care
database and studied outcome(s) of interest.

Data extraction and synthesis We abstracted
information on the outcomes definition and codelists.
When necessary, authors were contacted to request
codelists.

Results 120 studies were eligible. Codelists were
available for 17/42 studies of depression; 21/41 studies of
fatal and non-fatal self-harm; 17/27 studies of dementia/
cognitive dysfunction; 5/12 studies of anxiety; 4/8 studies
of pain; 3/6 studies of fatigue and sexual dysfunction; 1/2
studies of sleep disorders. Depression was most often
defined using codes for diagnoses (37/42 studies) and/or
antidepressants prescriptions (21/42 studies); six studies
reported including symptoms in their definition. Anxiety
was defined with codes for diagnoses (12/12 studies); four
studies also reported including symptoms. Fatal self-harm
was ascertained in primary care data linked to the Office
for National Statistics mortality database in nine studies.
Most studies of cognitive dysfunction included Alzheimer’s
disease, and vascular and frontotemporal dementia.
Fatigue definitions varied little, including chronic fatigue
syndrome, neurasthenia and postviral fatigue syndrome.
All studies of sexual dysfunction focused on male
conditions, principally erectile dysfunction. Sleep disorders
included insomnia and hypersomnia. There was substantial
variability in the codelists; validation was carried out
i21/120 studies.

Conclusions There is a need for standardised definitions
and validated list of codes to assess mental health and
quality of life outcomes in primary care databases in the UK.

INTRODUCTION

Primary care databases of electronic health
records (EHRs) in the UK such as The Clin-
ical Practice Research Datalink (CPRD),
QResearch or The Health Improvement
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Strengths and limitations of this study

» Comprehensive systematic review of the literature
aiming at describing the definitions and combination
of codes used to identify outcomes of mental health
and quality of life in electronic health records data-
bases in the UK.

» Potential for error in the selection of the eligible
studies minimised by duplication of the screening.

» The authors of the original studies were contacted to
obtain the list of Read codes used when these were
not publicly available.

» We only considered definitions of study outcomes,
and did not consider studies where mental health or
quality of life variables were covariates or exposure
variables, limiting the generalisability of our results
to these other contexts.

Network (THIN) have been widely used to
study mental health outcomes such as depres-
sion,! * and other key aspects of quality of
life (QoL), such as fatigue and pain,”* even
though the identification of patients with
these conditions is not straightforward.
Strategies to identify patients with a given
condition in the EHRSs typically include gener-
ating lists of relevant codes, then searching
the patients’ record for these codes to identify
symptoms, diagnoses, referrals, appointments
for disease management and monitoring,
and/or prescriptions of interest.” The process
of developing a list of codes of interest, and
deciding how to apply them, may be subjec-
tive. For example, a study on the selection of
codes for stroke, a relatively well-defined clin-
ical outcome, showed that researchers with
clinical and epidemiological experience may
have differing interpretations of the relevance
of each code.” A systematic review on the iden-
tification of patients with cancer in UK primary
care databases described several combinations
of Read codes used across studies.” Estimates
of validity of diagnoses in these databases
have been generally high across disease
types,”? but the heterogeneity in the codelists
raises issues of misclassification, and hampers
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the comparability of studies using the same data to assess
the same outcome.'” The pattern of use of the codes by
the general practitioners (GPs) also needs consideration.
For example, in recording depression, it has been shown
that GPs have switched from diagnostic to symptom codes
in recent years''; this may have a large impact on outcome
definitions based around diagnostic codes. In addition,
outcome definitions using prescription data may lead to
misclassification where drugs have multiple indications: for
example, sertraline, paroxetine or escitalopram, among
the most commonly used antidepressants, are also firstline
treatments for generalised anxiety disorder'?; and amitrip-
tyline, a tricyclic antidepressant, is also a firstline treatment
for neuropathic pain.'”

Given the broad interest in mental health and QoL
outcomes, and the strong potential for primary care data
to contribute to studying these outcomes, our aim was to
systematically review and summarise the strategies used to
define such outcomes in previous studies, and the extent
to which case definitions have been validated.

METHODS

This review followed the a priori defined methods speci-
fied in the systematic review protocol (online supplemen-
tary appendix 1).

Outcomes of interest

The outcomes of interest for this review were: anxiety,
depression, fatigue, cognitive dysfunction, pain, sexual
dysfunction, sleep disorder and fatal and non-fatal self-
harm. We considered that a study provided data for cogni-
tive dysfunction when dementia, mild cognitive impairment
or single domains of cognitive function were studied (e,
attention, executive function, memory, language, motor
and social). Composite outcomes of two or more of these
outcomes (eg, psychological impairment defined by anxiety
or depression) were also eligible.

Information sources and search strategy

We searched MEDLINE and Embase via Ovid, from incep-
tion up to 28 June 2018, to identify studies that involved
EHRs from primary care databases and studied one of the
outcomes of interest (see above). The search expressions
are provided in online supplementary appendix 1, and
combined terms to identify primary care databases, terms
to identify mental health and QoL outcomes, and terms
indicating UK-based research. The CPRD, THIN and
QResearch list of publications, available in their websites,
were manually revised to identify additional studies. The
lists of bibliographical references of the studies consid-
ered eligible for the review were also screened by hand to
identify additional studies.

Studies eligibility

We considered eligible the studies that used data from
a primary care database that routinely gathers EHR data
from primary care practices in the UK, and in which the
outcome of interest was one of those of interest for this

study (see list above). This included purely descriptive
studies on the incidence/prevalence of the outcome and
analytical studies where the condition of interest was one
of the main outcomes of the study. Studies of primary care
data linked to other sources of data, such as the Hospital
Episode Statistics (HES) or the Office for National Statis-
tics (ONS) mortality data, were also considered eligible.

Abstracts from conferences were excluded, as it was
unlikely that the methods section would provide suffi-
ciently detailed information on the definition of the
outcomes. Studies of pain caused by infectious agents
(eg, herpes zoster) were excluded; similarly, studies of
sleep apnoea and narcolepsy were excluded due to their
unlikely psychological origin.'* '° Studies reporting only
on patterns of treatment of the conditions of interest
were excluded, unless pharmacological treatment was
clearly used as a proxy for the definition of the condition.
Studies, where the outcome of interest was comorbidity,
were also excluded. Where there were multiple studies
from the same group of authors, we considered these
separately, since the definition of the same outcomes
could have been updated over time.

The eligibility of the studies was determined by two
authors (HC and HS) reviewing all records retrieved from
the publications databases. First, the title of each study
was read to determine the eligibility for the review; when
the information provided in the title was insufficient for a
clear exclusion of the study, the study was considered for
further assessment. Second, the full text of each study not
previously excluded was read, in order to determine the
eligibility. Disagreements over study eligibility between
the two reviewers were resolved by discussion, including
with a third researcher (KB or RW) where needed.

Data acquisition and extraction
We abstracted data on study characteristics (title, study
design), the primary care database used, any database(s)
linked to the primary care data, outcome(s) reported,
definition of the outcome(s) (ie, Read codes, drug
prescriptions, International Classification of Diseases
(ICD) codes, etc) and any codelist available. When there
were two or more definitions of the outcome (eg, used
in sensitivity analyses), we abstracted all information
but considered only the main outcome for data analysis
in this review. We also abstracted data on whether the
codelist had been validated, and any description related
to the handling of past or prevalent (at baseline in cohort
studies) episodes of these outcomes. We considered that
the study had attempted to validate the list of codes when
the results were compared with data from another source,
or when outcomes were confirmed by enquiring the
patients’ GP or by reviewing the patients’ medical record.
The data extraction process was repeated by a second
author (HS) for 10% of the papers included for each
outcome, to check for reliability in the extraction process.
When a study did not provide the codelist for the
definition of the outcome in the original publication
or in a publicly available repository, we contacted the
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5,946 records (3,500 identified in MEDLINE and Embase via QVID® + 2,446 from the CPRD,
THIN and QResearch lists of publications)

v

— 2,979 duplicate records excluded

2,967 records screened (title and abstract)

A4

—» 2485 records excluded

482 full-text articles screened for eligibility

6 studies from »

the references
of the eligible

studies

h 4

—» 368 articles excluded:
127 studies not evaluating eligible outcomes in UK primary care databases
128 conference abstract or review articles
113 studies only describing treatment of the conditions of interest

120 studies eligible for the systematic review

'

Number of studies
Anxiety 12
Depression 42
Anxiety and depression (composite outcome) 2
Dementia/ cognitive impairment 27
Fatigue 6
Pain 8
Sexual dysfunction 6
Sleep disorder 2
Fatal and non-fatal self-harm 41

Figure 1

corresponding author of the study by email seeking this
information (online supplementary appendix 2). In the
case of emails that could not be delivered to the corre-
sponding author, we searched the contact of another study
author, usually the first or the last author, and addressed the
email to her/him; if this failed to be delivered, no further
attempt of contact was made. For all delivered emails, if no
response was received within 2weeks, a follow-up email was
sent.

Data analysis

We produced descriptive tables showing the number and
proportion of studies eligible for each outcome, by primary
care database and codelist availability. We described, for
each outcome, the types of codes used in the definition
of the outcomes (eg, diagnosis codes, symptom codes,
prescription codes). The lists of codes were also reviewed to
assess the clinical characteristics of the disorders included
(eg, whether mixed anxiety and depression was included
in the definition of anxiety or depression); this was done
by manually reviewing the list of codes to identify codes
related to different clinical characteristics of the specific
outcome. To describe the Read codes most commonly used

Systematic review flow chart. CPRD, Clinical Practice Research Datalink; THIN, The Health Improvement Network.

to identify these outcomes in the data, we produced a list
of Read codes sorted by number of studies that used the
code. The results of the validation studies described in the
original papers were reported descriptively.

Patient and public involvement
No patients or public were involved in the design and
conduct of this study.

RESULTS

Of 5946 records initially identified in the bibliographical
references search, 2979 were discarded as being dupli-
cated, which left 2967 records to be assessed for eligibility
(figure 1). The title assessment resulted in the exclusion
of 2485 records, and 482 studies were considered for
full-text assessment. Of these, 368 studies were excluded,
mostly because they were abstracts from conferences or
did not evaluate relevant outcomes. Six papers were iden-
tified from the screening of the references. A total of 120
studies were eligible for the systematic review; a list of
codes were obtained for nearly half of the studies. The
definitions and combinations of codes used to identify
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o= ¢ o o ™ mental health and QoL outcomes from UK primary care
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b % 2.9 dation efforts were rarely employed. Detailed results for
4 s Sla o 23 each outcome are provided below.
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il § 80 & for anxiety symptoms. Prescriptions were considered in the
N B ° § 3 § g £ definition of the outcome in one study only (8.3%).
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c ES é @ 8O 29 included codes for generalised anxiety disorder (100%),
E > N B & % Z % 5 Q@ four for phobia (80.0%), four for panic disorder/attacks
fe) g £ o S = (80.0%), three for mixed anxiety and depression (60.0%),
g § = 'g% and two for stressrelated disorders (40.0%) (table 2).
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= BugElE y y rep g drugs p p
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= 0 0 o G2 ESoE 3 (table 4). The proportion of cases confirmed was reported
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S0 0|, 2% ° 2 A= & T in one study: 73.5% for cases treated with anxiolytics, anti-
E.2E° >~.8(UE'QOE d dh . . h h
G E = 2250525 epressants and hypnotics, and 89.6% in those not phar-
g 22 N .B 5 2 g 2 é a8 macologically treated.'
adElz I\ c s 23 @ B ‘g Online supplementary appendix 4 table 1 provides the
£56658< list of Read cod d to identi tients with anxi
56065885 ist of Read codes used to identify patients with anxiety
= O =} . .. . . .
g 5 % % - g o @ E 7 ﬁ E in the eligible studies; online supplementary appendix 4
29 S E|, = 8 3 aE> 2259 § § table 2 provides the list of ICD-10 codes.
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c08%5 sod o280 Depression
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< — ig 2 £= s S Forty-two studies identified outcomes of depression
o -~-= . .
g °ocs % 20 (table 1 and online supplementary appendix 3 table 2).
a5 . . . .
c N _B 203 ° E 2 g The list of codes used to identify outcomes of depression
2 - © O SEL2E Xy E was available for 17 of the 42 studies (40.5%); 2 studies
3 © - © h QF «= O a . . X X
o|° <£2325T = identified cases of depression in primary care data linked
- - . . .
o v 909 X= to HES data, using ICD-10 codes. Six studies defined
gl @y £0826£Q . g 1CD-10 :
@ S5 8 S ES Q depression by proxy of antidepressants intake only; the
P .. . . .
8o g'o o8 £ remaining 36 studies described to have included codes
C = > . . .
o652058 for diagnoses of depression and 6 (14.3%) studies also
N 9 2295 0% 5 p
> O 2 IS $220c 8P considered symptoms of depression in the definition of
"6 °\° = O 6 o © n . . .
= 3 2 -g 52 S the outcome. Fifteen studies (35.7%) reported having
|z § N oo a0 g 2Q kS excluded patients with history of depression.
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9 QE S5O £ Of the 17 studies for which the codelists were avail-
3 © 5288505 . . . .
Y S = SSEHOSE able, 10 included codes for mixed anxiety and depression
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= B g o2 o 3 5095 (58.8%), 4 for bipolar disorder (23.5%) and 3 for depres-
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8 %5 T E o, zﬁ €252 5 sion in dementia (17.6%) (table 2).
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5 OB EE G 2EBEGS Antidepressant prescriptions, in isolation or combina-
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o 58 53 % = 3Ec o 8@ 'g tion with diagnostic/symptoms Read codes, were consid-
= =~ “hH>0 2 3 _qg cE8a “é ered in the identification of patients with depression in
= = THEEHe0 21 studies (50.0%); in six studies, depression was solely
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Table 2 Clinical characteristics of the outcomes of interest
in the studies for which the list of codes was available

% of
total with
code lists
Study included codes for N available
Anxiety 5 100.0
Generalised anxiety disorder 5 100.0
Panic disorder/attacks 4 80.0
Phobia 4 80.0
Mixed anxiety and depression 8 60.0
Stress-related disorders 2 40.0
Obsession-compulsion 1 20.0
Post-traumatic stress disorder 1 20.0
Depression 17 100.0
Unipolar depression 17 100.0
Depression with psychotic 14 82.4
symptoms
Mixed anxiety and depression 10 58.8
Bipolar disorder 4 23.5
Depression in dementia 3 17.6
Dementia/cognitive impairment 17 100.0
Alzheimer’s disease 13 81.3
Vascular dementia 13 81.3
Frontotemporal dementia 12 75.0
Lewy bodies disease 11 68.8
Mild cognitive impairment only 3 17.6
Fatigue 3 100.0
Chronic fatigue syndrome/myalgic 3 100.0
encephalitis
Neurasthenia 3 100.0
Post viral fatigue syndrome 3 100.0
Fibromyalgia 2 66.7
Pain 4 100.0
Chest pain 1 25.0
Chronic widespread pain 1 25.0
Musculoskeletal pain 1 25.0
Unspecified abdominal pain 1 25.0
Sexual dysfunction (male) 8 100.0
Erectile dysfunction 3 100.0
Other male sexual dysfunctions 1 33.3
Sleep disorder 1 100.0
Insomnia 1 100.0
Hypersomnia 1 100.0
Fatal and non-fatal self-harm 21 100.0
Completed suicide 17 80.9
Completed suicide only 8 38.1
Completed and attempted suicide 6 28.6
only
Continued

Table 2 Continued

% of
total with
code lists
Study included codes for N available
Completed and attempted suicide, 4 19.1
and self-harm
Included deaths of undetermined 7 33.3
intent
Attempted suicide/self-harm 4 191

defined by the prescription of antidepressants (table 3).
The list of antidepressant categories was seldom provided;
of the studies that reported this information, selective
serotonin reuptake inhibitors were the group most often
considered (six studies), followed by monoamine oxidase
inhibitors and tricyclic and related antidepressants drugs
(three studies each).

Five studies (11.9%) assessed the performance of the
list of codes to identify patients with depression (table 4).
The proportion of cases confirmed was reported by two
studies only: 83.3%"? and 89.6%.%

The list of Read codes used to identify patients with
depression is provided in online supplementary appendix
4 tables 3 and 4 provides the list of ICD-10 codes.

Composite outcome of anxiety and depression

Two studies provided data for composite outcomes of
anxiety and depression (table 1 and online supplemen-
tary appendix 3 table 3). The codelist was available for
the two studies. The studies reported including codes for
symptoms as well as diagnosis of anxiety and depression,
and included prescriptions of antidepressants and anti-
anxiety drugs in the definition of the outcome.

John et al! compared the performance of 12 different
algorithms to identify patients with anxiety and depres-
sion in the Secure Anonymised Information Linkage
Databank; the positive predictive value of the Read codes
for anxiety and depression diagnoses, symptoms and
treatments, against the five-item Mental Health Inven-
tory (gold standard), varied between 61% and 76%2!
(table 4). The list of Read codes used to identify patients
with composite outcomes of anxiety and depression is
provided in online supplementary appendix 4 table 5.

Cognitive dysfunction (including mild cognitive dysfunction
and dementia)

Twenty-seven studies reported outcomes of dementia or
cognitive function (table 1 and online supplementary
appendix 3 table 4). The codelists were available for 17
studies (63.0%); in two studies dementia was ascertained
in primary care data linked to other sources of data.
All studies included codes for diagnosis of dementia or
cognitive impairment, and six studies (22.2%) reported
to have included also codes for symptoms of dementia.
Twenty-one studies (77.8%) referred to have excluded
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Table 3 Pharmacological categories used in the studies that used drug prescriptions to identify patients with the outcome of

interest
Outcome No of studies %
Anxiety 12 100.0
Studies of anxiety that used drugs prescriptions only 0 0.0
Studies of anxiety that used drugs prescriptions 1 8.3
Diazepam and lorazepam 1 8.3
Depression 42 100.0
Studies of depression that used drugs prescriptions only 6 14.3
Studies of depression that used drugs prescriptions 21 50.0
Antidepressants, categories not further specified 15 35.7
Antidepressants, categories further specified 6 14.3
Tricyclic and related antidepressant drugs 3 7.1
Monoamine oxidase inhibitors 8 71
Selective serotonin reuptake inhibitors 6 14.3
Other antidepressant drugs 3 71
Dementia 27 100.0
Studies of dementia that used drugs prescriptions only 0 0.0
Studies of dementia that used drugs prescriptions 4 14.8
Anticholinesterases 4 14.8
Dopaminergic drugs 4 14.8
Pain 8 100.0
Studies of pain that used drugs prescriptions only 2 25.0
Studies of pain that used drugs prescriptions 2 25.0
Analgesics, not otherwise specified 2 25.0
Antidepressants 2 25.0
Antiepileptics 2 25.0
Anaesthetics 2 25.0
Sexual dysfunction (male) 6 100.0
Studies of sexual dysfunction that used drugs prescriptions only 1 16.7
Studies of sexual dysfunction that used drugs prescriptions 3 50.0
Phosphodiesterase type-5 inhibitors 2 33.3
Prostaglandin analogues and prostamides 1 16.7

patients with prior diagnoses of dementia from longitu-
dinal analyses.

Of the 17 studies for which the codelists were
available, 13 reported codes for Alzheimer’s disease
(81.3%), 13 for vascular dementia (81.3%), 12 for
frontotemporal dementia (75.0%) and 11 for Lewy
bodies disease (68.8%) (table 2). Three studies
reported data for cognitive impairment without
dementia (17.6%).

Four studies (14.8%) used prescriptions in the iden-
tification of patients with dementia; all four included
anticholinesterases and  dopaminergic  agents
(table 3).

Five studies involved validation of the list of codes;
the proportion of cases confirmed varied between 74%
and 100% (table 4).

22-26

The list of Read codes used in the studies is provided
in online supplementary appendix 4 table 6; the list
of ICD-10 codes is provided in online supplementary
appendix 4 table 7.

Fatigue

Six studies had fatigue as the outcome (table 1 and online
supplementary appendix 3 table 5). All studies consid-
ered codes for diagnoses of fatigue, and five studies
also described including codes for symptoms of fatigue.
The list of codes use to identify patients with fatigue was
provided in three studies (50.0%).

The three studies for which the codelist was available
included codes for chronic fatigue syndrome, neuras-
thenia and postviral fatigue syndrome (table 2). Fibromy-
algia was included in two studies (66.7%). None of the
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# case validations
Outcome and study completed/# case
authors Validation method validations attempted % of cases confirmed

Martin-Merino et al, 2010"® GP questionnaire 135/140 Among pharmacologically
treated: 73.5%;
Among not pharmacologically
treated: 89.6%.

Depression

Hagberg, 2016 Record review nr/nr nr

Meier et al, 2004> Record review nr/nr nr

Anxiety and depression (composite outcome)

Dementia/cognitive impairment

Dunn et al, 200524 GP asked to confirm diagnosis 50/200 100%

Strom et al, 2015% GP questionnaire 86/100 88.4%

Pain

Mansfield et al, 2017%" EHR data linked to self-reported pain 1780° 97%
status collected by postal questionnaire

Self-harm

Suicide (attempted and completed)

Haste, 1998 GP asked to confirm suicides 77% of uncertain 82%
deaths/nr
Meier et al, 20042 Record review nr/nr nr
Continued
9
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Table 4 Continued

Outcome and study

authors Validation method

# case validations
completed/# case
validations attempted % of cases confirmed

Schuerch, 2016

linked to HES and ONS data.

Yang et al, 2003'°
Suicide (completed)

Record review

Arana, 2010 GP questionnaire and record review
Arana, 2010 GP questionnaire and record review
Hall, 2009% GP questionnaire and record review

Thomas et al, 2013%°
self-harm identified in CPRD with

Outcomes identified in CPRD were
compared with those identified in CPRD

Comparison of cases of suicide and

nr/nr Compared with CPRD data, the
frequency of the outcomes in
linked data was approximately
three times higher.

30/nr 83.3%

nr/132 97%

nr/86 87%

33/33 21.2%

1767 59.7% for men;

46.0% for women.

Read codes, with the cases identified
in CPRD data linked to ONS mortality

data, and national suicide rates.

*Validation attempted and completed for all patients identified in electronic health records database.
CPRD, Clinical Practice Research Datalink; EHR, electronic health record; GP, general practitioner; HES, Hospital Episode Statistics; nr, not
reported; ONS, Office for National Statistics; SF-36, 36-item Short Form Health Survey.

studies assessed the validity of the list of the codes. The
list of Read codes used in the studies of fatigue is available
in online supplementary appendix 4 table 8.

Pain
Pain was the outcome in eight studies (table 1 and online
supplementary appendix 3 table 6). The list of codes
was available for four of the eight studies. Of these four
studies, three looked at pain by body site (ie, chest,abdom-
inal, musculoskeletal pain), one study studied widespread
body pain (table 2). Two studies included drugs in the
identification of patients with pain; all considered antiepi-
leptics (in the absence of codes for an epilepsy diagnosis),
anaesthetics, antidepressants and analgesics (table 3).

Three studies validated the list of patients selected with
the codelist (table 4). The proportion of cases confirmed
varied between 56% and 86.4%. One study compared
pain recorded in the EHR with pain reported in a survey;
in 97% of the self-reported cases of pain, there was an
entry in the EHR.%

Online supplementary appendix 4 table 9 provides the
list of codes used in the original studies.

Sexual dysfunction

Six studies had sexual dysfunction as an outcome, all
of which focused on male sexual dysfunction (table 1,
online supplementary appendix 3 table 7). Three studies
provided codelists (50.0%). Of these, all included codes
for erectile dysfunction and one study included codes for
other male sexual dysfunctions (table 2). Three studies
included considered the prescription of drugs sufficient
to ascertain the outcome; two studies considered phos-
phodiesterase type-5 inhibitors (table 3). No study vali-
dated the list of codes used. The list of Read codes used in

the original studies is available in online supplementary
appendix 4 table 10.

Sleep disorders

Two studies were eligible for sleep disorders (table 1,
online supplementary appendix 3 table 8); the two studies
included diagnoses of insomnia, and one included hyper-
somnia as well (50%) (table 2). The list of codes was avail-
able for one study. No validation was reported. Online
supplementary appendix 4 table 11 provides the list of
Read codes used in the original study.

Fatal and non-fatal self-harm

Forty-one studies had outcomes related to fatal and
non-fatal self-harm (table 1 and online supplementary
appendix 3 table 9). The list of codes used to define the
outcomes was available for 21 studies (51.2%); 9 studies
reported using ICD-10 codes.

Of the 21 studies for which the codelist was available,
17 studies (80.9%) included completed suicide, while
4 studies focused on attempted suicide only (19.1%).
Of the 17 studies including completed suicide as an
outcome, eight reported only completed suicides, six
considered completed and attempted suicides and four
included complete and attempted suicide, as well as self-
harm (table 2). All studies where outcomes were identi-
fied using primary care data linked to ONS mortality data
(gold standard) considered deaths recorded as of unde-
termined intent in the definition of suicide.

Nine studies involved some method of validation of
the list of cases identified via code search (table 4). Four
studies referred to have revised the clinical record of the
patient to determine the final outcome and two studies
asked the GPs to confirm the events. The proportion of
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cases confirmed varied between 21.2% and 97%. Hall*®
assessed the validity of cause of death recording in the
THIN primary care database through search of the free
text and death certificate review; the underlying cause of
death registered in the death certificate was listed as the
cause of death in the EHR in 70% of the cases. Thomas et
al’® compared the ascertainment of cases of suicide and
self-harm using Read codes in CPRD, with those ascer-
tained when data from HES and ONS mortality data were
available. 26.1% of the cases of suicide identified in the
ONS mortality data were registered in the CPRD primary
care database. HES was considered the gold standard for
self-harm; 68.4% of the cases of self-harm in HES were
identified as such in CPRD.

Online supplementary appendix 4 table 12 provides the
list of Read codes used to identify outcomes of fatal and
non-fatal self-harm in primary care data; online supple-
mentary appendix 4 table 13 includes the lists of ICD-10
codes using in studies of linked data.

DISCUSSION

Results overview

This review summarised the definitions and combi-
nations of codes used to identify outcomes of anxiety,
depression, dementia and cognitive impairment, fatigue,
pain, male sexual dysfunction, sleep disorder and self-in-
jurious behaviour in primary care databases of patients
in the UK. The list of codes used in the original studies
was obtained for approximately half of the papers; the
lack of detailed information on the definition of the
outcomes in most studies raises important questions as
to whether studies can be replicated by others. In the
studies where the codelist was available, for all outcomes,
there was substantial heterogeneity in the type of codes
included (eg, diagnoses and symptoms) and drugs
selected to identify outcomes; for the remaining studies,
the details provided in the original publications suggest a
similar pattern. We also noted considerable variability in
the clinical definition of some outcomes (eg, inclusion/
exclusion of bipolar disorders in studies of depression).
Validation of codes used to identify these outcomes was
rarely carried out; where done, positive predictive values
of case definitions were variable but mostly above 80%. To
overcome these issues in the current context of limited
number of studies with validation efforts, it is impera-
tive that researchers develop, validate and make publicly
available code lists for these outcomes.

Strengths and limitations

This review is based on an extensive search of the studies
involving EHRs in the UK. Errors in study selection and
data extraction were minimised by the independent assess-
ment of the studies by two investigators. We contacted the
authors of all original studies where the list of codes had
not been provided in the original publication to seek this
information; this largely increased the number of studies
for which lists of codes were available, and contributed to

a more detailed characterisation of the combination of
codes used to define mental health outcomes in primary
care databases of EHR in the UK.

However, this review has limitations. Some relevant
studies may have been missed due to imperfect search
terms, as there is no Medical Subject Headings (MeSH)
term for the primary care databases, and studies could be
potentially missed if the keywords did not appear in the
title and abstract, or due to inaccurate indexing in the
publications database. We attempted to minimise the risk
of missing potential eligible studies by using broad search
terms incorporating both indexing terms and keywords,
two databases with different indexing systems, and an
additional manual check of the eligible studies and list of
bibliographical references from the main EHR databases.
We only considered studies where mental health or QoL
variables were the outcomes of interest, limiting gener-
alisability to other contexts. For example, we excluded
studies where these variables were covariates because we
expected that detailed information about covariate defi-
nitions would rarely be available. We also excluded studies
where the mental health or QoL variable was used to
define the patient population (eg, a study of risk of stroke
in depressed patients), on the basis that decisions about
how to define cases may have had quite different motiva-
tions, compared with studies where the condition was the
outcome of the study, making case definitions difficult to
meaningfully compare. We included studies that explicitly
referred to using prescription data as a proxy for the defi-
nition of the condition (eg, treated depression assessed
by proxy of antidepressant intake), but we acknowledge
that it was not always clear to decide whether treatment
of the condition was being used to define the condition.
This could have resulted in a few studies erroneously
excluded, even though this should have been minimised
by the duplication of the search and study selection
process by two researchers working independently, with
discussion of all discordant results. It is unclear if the list
of codes that could not be obtained differ in any system-
atic way to the ones obtained. Some authors expressed
concerns over intellectual property when sharing the list
of codes, and this may have been a bigger concern among
those who put a lot of time and thought into their codel-
ists; on the other hand, authors who have concerns about
the quality of their codelist may have been less willing to
share them. Lastly, we summarised the types of codes used
to define the outcome based on what was stated in orig-
inal studies’ methods sections (because code lists were
not available for all studies), but this may have been inac-
curate, for example, some studies that reported in their
methods only including diagnosis codes then provided
code lists that appeared to also contain symptom codes.

Availability of the list of codes

The list of codes was provided in the original publica-
tions for just over a quarter of the studies. Contacting
the authors resulted in codelists being made available
for approximately half of the studies. For the remaining
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studies, the authors either could not be contacted (eg,
moved institutions, retired) or could not locate the
relevant codelist (including for some studies where the
paper had stated that the codelist would be available on
request). Provision of codelists within the publication
or in a web repository would eliminate the difficulties
of authors having to be contacted and archived codel-
ists retrieved. Most journals currently accept codelists in
online supplementary appendices. Codelists were hardly
ever obtained for older studies, especially those published
before 2000, when email addresses were not routinely
included in the details of the corresponding authors. We
searched for alternative contacts in these cases, but not
always successfully.

Variability in the definition of cases and codelists

Anxiety and depression

Anxiety was often defined with diagnostic and symptoms
codes, and in a few studies by the prescription of anxio-
lytics and hypnotics. Even though the sensitivity of symp-
toms codes for anxiety is expected to be high, the positive
predictive value is unknown. Anxiolytics may also result
in misclassification of the outcomes, as they are currently
discouraged as first line of treatment for anxiety'® and
are often prescribed for management of other conditions
such as insomnia. No study considered antidepressants in
the definition of anxiety even though these are currently
used to manage anxiety'?; this may have resulted in cases
of anxiety treated with antidepressants, and where no
Read code was available, being missed.

The inclusion/exclusion of codes for symptoms may
have a larger impact in the definition of depression, as
it has been shown that GPs switched from diagnostic to
symptoms codes after the introduction of performance
indicators in the GP contract Quality and Outcomes
Framework in 2006'' and under claims that depression
was being overdiagnosed.” *' Codelists solely relying on
Read codes for diagnosis of depression are, therefore,
likely to have low sensitivity, but the impact of including/
excluding a specific code will be variable, depending on
how often that code is used by GPs at the point of providing
care. In a few studies, depression was defined by proxy of
antidepressant prescribing, alone or in combination with
Read codes for symptoms/diagnosis. Considering anti-
depressant prescribing in the definition of depression
has several issues. Certain types of antidepressants are
currently used as first line of treatment for other condi-
tions, such as pain and anxiety, and the studies relying
solely on this information will be affected by misclassifica-
tion of the outcome; some studies took this into account
by excluding low dose tricyclic antidepressants, usually
prescribed for pain, from their list of codes used to define
depression.”* Among the studies that did include anti-
depressants in their definition, there was heterogeneity in
the group of antidepressants included, with some studies
selecting only a few specific drugs commonly used for the
treatment of depression. Studies defining depression by
proxy of antidepressant prescribing only are likely also

to be affected by changes in the behaviour of antide-
pressant prescribing. In 2004, the National Institute for
Health and Care Excellence (NICE) issued guidelines
discouraging antidepressants for mild depression,” and
in 2006 a performance indicator in the UK GP Quality
and Outcomes Framework pay for performance was
introduced for depression severity assessed with validated
symptoms questionnaires.”® Following this measure, the
proportion of new cases of pharmacologically treated
depression decreased (from 73% in 2003 to 61% in
2012%), but the proportion of recurrent episodes phar-
macologically treated increased from 74.3% to 77.8%.%
Treatment duration times with antidepressants also
increased over time”; this may affect the number of new
episodes of depression identified in the studies. In several
studies, the authors chose to report separate results for
antidepressant prescribing, without using this informa-
tion to ascertain the outcome of depression®” *'; this may
partially be due to the difficulties of ascertaining the indi-
cations for which antidepressants were prescribed. John
et al explored the indications of antidepressants; more
than half of the new antidepressant prescriptions were for
depression, with increasing but low incidence of prescrip-
tions for pain and anxiety, but the authors could not iden-
tify the indication for antidepressants in 17% of the new
prescriptions.*!

Regardless of the type of codes included, authors will
need to often choose the inclusion/exclusion of codes
relating to the clinical profile of the patients. This may
have a particular impact for conditions that are highly
comorbid. For example, the code for ‘mixed anxiety
and depression” was sometimes used in the definition of
anxiety and in the definition of depression; anxiety and
depression are highly comorbid and the inclusion/exclu-
sion of these patients may have an impact on the results.
In addition, for depression, the inclusion of codes related
to depression in the context of bipolar disease, dementia
and schizophrenia may raise issues as to whether it
represents a primary depressive episode.

Part of the heterogeneity in the list of codes used to iden-
tify these outcomes may be explained by the complexity of
these conditions and by the purpose for which these data
are collected. Electronic healthcare data are primarily
collected to provide patients with treatment, and distinc-
tions between diagnosis and symptoms may have less
weight at the point of care than when researchers aim
to define these conditions using data routinely collected.

Fatal and non-fatal self-harm

Routinely collected primary care data were shown to have
low sensitivity to detect cases of suicide.” Thus, record
linkage to ONS mortality data is of interest; this has the
advantage of including causes of death other than suicide.
Ascertainment of the cause of death is not always straight-
forward when the death is non-natural, and several studies
have included cases of accidents and open verdicts in
their case definition. Open verdicts have been shown to
include many similarities with suicides, and several are
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later registered as suicides; these are recommended to be
included in studies of suicide.* Studies varied on whether
cases of self-harm without suicidal ideation were included
(eg, Rubino et al reviewed free text to exclude those who
did not seem to have attempted suicide43). For self-harm,
linkage to HES data will allow for more cases to be iden-
tified,” even though authors must consider the balance
between reduction of sample size and ascertainment of
the outcome, as linkage is only available for a subset of
patients.

Pain

The aetiology and location of pain in the studies involved
in this review varied due to our broad inclusion criteria.
When pharmacological treatment was included in the
definition of pain, this was most often done with prescrip-
tions of antidepressants and antiepileptics. Antidepres-
sants such as first-generation tricyclic antidepressants
have been used for over 30 years to manage neuropathic
pain (eg, amitriptyline, doxepin, clomipramine and
dosulepin).* Antiepileptic drugs reduce neuronal excit-
ability and alleviate pain through several mechanisms.**

Other outcomes

We considered cognitive dysfunction as a composite
outcome including studies from mild to severe impair-
ments such as those in dementia; between 10% and
20% of the patients with mild cognitive impairment are
expected to convert to dementia.”” ** Fewer studies had
fatigue, sexual dysfunction and sleep disorders as the
outcome, and no study was eligible for female sexual
dysfunction. The definition of these outcomes varied little
across the studies but the small numbers preclude firm
conclusions. It has been reported that chronic fatigue
increased ;Jrior to 2001,° but decreased between 2001
and 2013," possibly due to the introduction of diagnostic
criteria from NICE48; in the same period, increases were
noted in the diagnoses of ﬁbromyallgial.47 This may reflect
the complexity of diagnosing fatigue, which is done by
exclusion of other causes only.

Validation

Outcomes identified in EHRs may lack of validity: a person
meeting the operational definition for the outcome based
on specific codes may not have the diagnosis or vice versa.
Only a small number of studies assessed validity in their
studies, and this was almost always about assessing posi-
tive predictive value of the case definition, with sensitivity
and specificity rarely explored. Of these, some studies
only stated that validation had been carried out, but did
not report the results, which makes the performance of
the case definition unclear. However, the studies that
reported results tended to show a high proportion of cases
confirmed by their primary care physician or by further
investigations (ie, a high positive predictive value). This
is in accordance with the results of two systematic reviews
that assessed the validity of the diagnostic coding within
the CPRD primary care database.®? Studies in which

identified cases were validated by the GP did not usually
specify how this validation was done—that is, whether the
GPs confirmed cases by consulting the EHR, referring
to additional information, relying on memory or using
other methods. If GPs simply checked the same EHR used
to identify the case in the first place, resulting estimates
of positive predictive value would be expected to be high,
but may be misleadingly optimistic.

Implications

Mental health and Qol-related outcomes are difficult
to identify in EHR databases; and thus, extra care needs
to be used when defining these outcomes. The use of
a particular code can vary between GP practices; for
example, a study on the interpractice use of Read codes
for diabetes showed that the most generic code was used
in 14%-98% of the patients with diabetes in the prac-
tices.” GPs can derive Read codes for their practice; this
may raise issues with new codes being added over time,”
and codelists that need to be updated. Itis important that
authors clearly document the process of selection of the
codes, so that these are available with clear rationale if
needed.” Repositories of lists of codes allow researchers
to access codelists easily. However, these repositories also
need funding to be maintained, which limits their stability
and consequently their use. Some studies of depression
and dementia referred to using the Read codes recom-
mended by the Quality and Outcomes Framework™;
these are likely to be highly specific. It is also important
to better understand the patterns of recording of some of
these conditions, as changes in the patterns of use of the
codes may have impact in the list of codes chosen. The
inclusion of codes for symptoms and prescriptions must
consider what is known about the use of codes by GPs at
the point of patient providing care, as data recording in
this setting is primarily intended to support clinical care.
Future works are needed to understand how GPs concep-
tualise mental health problems, as these are expected
to have less stringent definitions than psychiatrists, and
this could provide insights into more meaningful case
definitions.

Validation of the outcomes appears to be essential to
understand the validity of case definitions. A balance
between sensitivity and specificity may be considered
depending on the aim of the study’; for depression, for
example, the inclusion of terms such as ‘low mood’ may
increase sensitivity, at the expense of decreased speci-
ficity, as some individuals who would not fit more strin-
gent criteria for a diagnosis will be incorrectly classified
as depressed.” A particular challenge with validation of
primary care-based mental health outcomes is quantifying
false negatives, which requires linkage to a high-quality
external source of information, to identify cases that may
have been ‘missed’ in primary care records. The Mental
Health Dataset, which includes individual patient records
of adults seeking mental health services in secondary care
and has recently been made available for linkage with
CPRD primary care databases, represents an opportunity
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to assess the proportion of false negatives identified with
the code lists, at least for more severe outcomes. Until
then, sensitivity analysis using different lists of codes
should be done, so that results can be compared and the
impact of using different code lists evaluated. The conse-
quences of underascertaining mental health outcomes
are likely to depend on study design; in a cohort design
this will not generally result in biased relative risks,
whereas in a case—control context, a bias towards the null
is likely. Studies might consider to use internal validation
strategies, by assessing the proportion of patients referred
for treatment or prescribed a relevant pharmacological
agent.

Primary care databases of EHRs have made important
contributions to medicine worldwide, particularly in
the fields of infectious, respiratory and cardiovascular
diseases. The burden of mental disorders in high-in-
come countries has increased substantially in the last
decades,51 and more research is needed to be better
understand these conditions. Primary care databases of
EHRs have potential to make huge contributions to this
area but, for this to happen, we need coordinated efforts
across funding and research organisations to improve
data quality. For example, if scientific journals make a
requirement of having publicly available lists of codes,
this would likely encourage researchers to spend more
time defining the outcomes and potentially seek funding
for validation studies, which in turn could increase the
awareness of funding institutions for the importance of
assessing data quality in projects using these data. In the
meantime, transparency in the list of codes used to define
these outcomes and reporting of sensitivity analysis with
different lists of codes are key.

Despite the difficulties of assessing each separate
outcome, we must take into account that mental health
disorder symptoms often overlap, and is difficult to disen-
tangle what is attributable to each condition. Lastly, these
conditions have a long period of exposure to medication
after symptoms have disappeared, besides a high proba-
bility of relapse and recurrence,” which may raise issues
on whether the condition is incident or prevalent.

CONCLUSIONS

Detailed information about codes used to identify
outcomes of anxiety, depression, fatigue, cognitive
dysfunction, sexual dysfunction, pain, sleep disorders,
and fatal and non-fatal self-harm in studies using EHRs
from primary care databases in the UK was unavailable
for around half of studies of these outcomes. Where
available, there was substantial heterogeneity in the list
of codes used to ascertain cases. Most studies did not vali-
date case definitions, though when this was done, posi-
tive predictive values were generally high. This review
focused on common mental health disorders and QoL
outcomes, but our conclusions are likely to be generalis-
able to other mental health outcomes. Caution is needed
when interpreting and comparing results between

studies, as heterogeneity in case definitions may be large.
Future studies should fully report outcomes definitions,
use sensitivity analysis to mitigate uncertainties about
the impact of the case definition on studies’ reported
outcomes, and seek to validate the list of codes used to
identify these outcomes.
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5.4 Summary

e EHRSs have been extensively used to study mental health and HRQoL-related
outcomes in the UK, despite difficulties in defining these outcomes in the data.

e Codelists were available for 17/42 studies of depression; 21/41 studies of fatal
and non-fatal self-harm; 17/27 studies of dementia/cognitive dysfunction; 5/12
studies of anxiety; 4/8 studies of pain; 3/6 studies of fatigue and sexual
dysfunction; 1/2 studies of sleep disorders.

e Outcome definitions and codelists were heterogeneous. 21 of the 120 studies
validated their methods; these show positive predictive values above 80%.

¢ Anxiety definitions included symptoms in 33% of the studies; one study also
considered drug prescriptions. Where codelists were available, these most often
(80-100%) included terms for generalised anxiety disorder, panic and phobias;
60% included terms for mixed anxiety and depression.

e Depression definitions included prescriptions in 50% of the studies, and
symptoms in 14%. Terms for bipolar disorder and depression in dementia were
present in 25% and 18% of the codelists available, respectively, while terms for
mixed anxiety and depression were present in 60%.

o Definitions of cognitive dysfunction were often tailored to the diagnosis of
specific types of dementia. 15% of the studies considered diagnoses and
prescriptions of anticholinesterase and dopaminergic drugs, and one study
reported having included symptoms of dementia in their definition.

¢ Fatigue definitions included symptoms in all but one study, and varied little,
except in the inclusion of fibromyalgia, which was done in two of the six studies
only.

e Fatal and non-fatal self-harm definitions included completed suicide only,
completed and attempted suicide, and completed and attempted suicide plus
self-harm. Completed suicide was often ascertained in primary care data linked
to the ONS mortality data; a validated codelist was available for self-harm.

o For the other outcomes, only two studies reported on sleep disorders, and pain
definitions varied by the anatomical location; these were too heterogeneous to
be meaningfully compared. No study of female sexual dysfunction was
identified.
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6 Quantification of the associations between breast cancer
survivorship and adverse mental health-related outcomes: a

population-based matched cohort study

6.1 Introduction

In this chapter, | used data from the UK CPRD GOLD primary care database to
estimate the risk of adverse mental outcomes in breast cancer survivors, compared to
women with no history of cancer. This directly responds to Objective 3 of this thesis. A
matched cohort study design was chosen; the exposed cohort included all eligible
women with a record of breast cancer in the database, and a random sample of women
with no prior history of cancer formed the unexposed cohort. The outcomes of this
study were selected among conditions identified in Chapters 1 and 3, and their

definition was informed by the systematic review in Chapter 5.

6.2 Study protocol and ethical approvals

The study protocol (in Appendix 3) outlined the a priori defined methods and rationale
for this study. This study received approval from The Independent Scientific Advisory
Committee for MHRA Database Research (ISAC) (protocol 18_253; Ethics1 in
Appendix 3) and the London School of Hygiene & Tropical Medicine Ethics Committee
for Observational Research (ref. 16225; Ethics2 in Appendix 3).

6.3 Article

The research article produced to disseminate results is provided in the following pages.
Appendix 3 of this thesis includes the supplementary materials to the article. This is

currently under review.
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Abstract

Importance: Increasing numbers of women survive breast cancer but the long-term

mental health impact of having been diagnosed and treated for the disease is unclear.

Objective: To estimate the risk of anxiety and depression (primary outcomes), and
seven secondary mental health-related outcomes, in breast cancer survivors compared

to women with no prior cancer.

Design: Matched population based cohort study. Median follow-up was 4.5 years in
the exposed group (inter-quartile range (IQR): 1.9-8.5) and 5.2 years in the comparison
group (IQR: 2.2-9.3).

Setting: Primary care practices in the United Kingdom.

Participants: All adult women diagnosed with an incident breast cancer between 1988
and 2018 in the Clinical Practice Research Datalink (CPRD) GOLD primary care
database; women with a prior history of other cancers were excluded. The unexposed
cohort comprised a random selection of women with no history of cancer, matched to

exposed women on age and primary care practice.
Exposure: Breast cancer.
Main outcome measures: Relative risk of the primary and secondary outcomes.

Results: 57,571 women diagnosed with breast cancer (mean age 62.3 £ 13.9 years)
and 230,067 women with no previous cancer were included. Breast cancer survivorship
was positively associated with the primary outcomes of anxiety (adjusted hazards
ratio=1.33; 95%Cl: 1.29-1.36), and depression (1.35; 1.32-1.38), and the secondary
outcomes of fatigue (1.28; 1.25-1.31), pain (1.22; 1.20-1.24), sexual dysfunction (1.27;
1.17-1.38), sleep disorder (1.68; 1.63-1.73) and being prescribed opioid analgesics
(1.86; 1.83-1.90), but there was no evidence of an association with cognitive
dysfunction (1.00; 0.97-1.04) or fatal and non-fatal self-harm (1.15; 0.97-1.36). Hazard
ratios for anxiety and depression reduced over time (p<0.001) but raised risks
persisted for two and four years, respectively, after cancer diagnosis. For the
secondary outcomes, increased levels of pain and sleep disorder persisted for at least
10 years. Younger age was associated with larger increases in the risks of depression,
cognitive dysfunction, pain, opioid analgesic use and sleep disorders (p-

interaction<0.001 in each case).

Conclusion: Breast cancer survivorship is associated with raised risks of anxiety and
depression, as well as other adverse mental health-related outcomes, persisting well

into the survivorship period.
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Introduction

Breast cancer is the most common cancer to occur in women, with over two million
new cases diagnosed annually worldwide.! In countries with the highest incidences,
five-year age-standardized net survival is generally >80%.2 This is resulting in a large
population of women living beyond a breast cancer diagnosis, including 2.9 million in
the United States and over 570,000 in the United Kingdom (UK), with numbers
projected to rise further.®* Given this, it is important to understand the long-term
consequences of breast cancer diagnosis and treatment. Breast cancer survivorship
has been associated with a wide range of iatrogenic effects including myocardial
infarction, stroke and cancer.®>® Evidence on long-term mental health outcomes is less

clear.

In a recent systematic review, anxiety, depression, sexual and cognitive dysfunctions,
and suicide, were found to be more common in breast cancer survivors than in women
with no history of cancer.” However, evidence was often drawn from studies at high-risk
of selection and information bias, likely to be confounded by age and socio-economic
status, and lacking generalisability to the broader group of women with a history of
breast cancer.” Evidence on other outcomes, such as sleep disturbance, was

insufficient to draw conclusions.”

The burden of depressive and anxiety disorders is remarkably high, particularly in high-
income settings.® The efficient planning and delivery of mental health services that suit
the needs of the largest group of cancer survivors requires timely and robust estimates
on the risk of clinically assessed outcomes at the population level. We aimed to
quantify the risk of several adverse mental health-related outcomes in women with a
history of breast cancer followed in primary care in the UK National Health Service,
compared to similar women who never had cancer. The primary outcomes were
anxiety and depression, two common mental disorders primarily managed in primary
care settings in the UK. Secondary outcomes were cognitive impairment (including
dementia), fatigue, pain, sleep disorder, sexual dysfunction, and fatal and non-fatal

self-harm.
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Methods

Study design and data sources

This was a matched cohort study including data from the UK Clinical Practice Research
Datalink (CPRD) GOLD primary care database (July 2018 version). This database
includes anonymised electronic health records (EHRs) from 18.4 million patients
registered with 761 primary care practices across the UK. The data are routinely
recorded by general practitioners (GP) in the InPS Vision software system, using
version 2 Read codes,® and were shown to be broadly representative of the UK
population in terms of age, sex and ethnicity.'® A subset of CPRD patients in England
were linked at patient-level, using deterministic methods,! to the Office for National
Statistics (ONS) mortality data (containing dates and causes of death),'? patient-
postcode linked Index of Multiple Deprivation (IMD, an area-based measure of
socioeconomic status),’ and the Hospital Episodes Statistics — Admitted Patient Care
(HES-APC) database (containing coded diagnostic information from hospital

admissions).™

Study populations

The exposed cohort included all women (218 years) with an incident diagnosis of

breast cancer (list of codes available at https:/datacompass.lshtm.ac.uk/1429/)

recorded between the database inception (1987) and July 2018, and who had =12
months of uninterrupted prior registration meeting CPRD quality control criteria (to
ensure the exclusion of prevalent breast cancer cases). We excluded women with
severe mental or neurological disorders (i.e. schizophrenia and other psychotic
disorders, bipolar disorders, neurocognitive disorders and substance-related
disorders), or a cancer diagnosis (except non-melanoma skin cancer) prior to breast
cancer. As treatment for some mental health outcomes might last for several months,
we excluded from each outcome-specific analysis patients who had that outcome in the
year before the breast cancer diagnosis (index date). Patients with an outcome last
recorded >1 year before the index date were not excluded, and the mental disorder

was assumed to be in remission.

The comparison group included women with no history of cancer at the index date
(defined as the date of the breast cancer diagnosis for the matched breast cancer
patient), except for non-melanoma skin cancer. For each breast cancer survivor, we
randomly selected four control women with no history of cancer, matched to the cancer

survivor on age (within a 3-year range), primary care practice, and eligibility of the data

148



for linkage (to enable a sensitivity analyses among patients with linked data). Women
in the exposed cohort were eligible for selection as controls up to the date of breast
cancer diagnosis. Similar to the exposed group, women in the unexposed cohort had
212 months of uninterrupted prior registration. Exclusion criteria were the same as

those applied to the exposed group.

Primary outcomes definition: anxiety and depression

The primary outcomes of anxiety and depression were identified by either a diagnostic
Read code for conditions where anxiety/depression is the cardinal symptom (e.g.
generalised anxiety disorder, major depressive disorder), or a Read code for a
symptom (e.g. low mood) accompanied by a prescription of an antidepressant, for
depression, or an anxiolytic or a relevant antidepressant, for anxiety, within 90 days

(Methods1 in Appendix 3). The outcome definitions were informed by a systematic

review on the topic.” The Read codelists (available at https://datacompass.
Ishtm.ac.uk/1429/) were created using a systematic approach by a practicing GP
(author GF).

Secondary outcomes definition: cognitive dysfunction, fatigue, pain, opioid

analgesics, sleep disorder, sexual dysfunction, fatal and non-fatal self-harm

The definitions of the outcomes are provided in the Methods1 in Appendix 3; lists of

codes are available at https://datacompass.lshtm.ac.uk/1429/. Briefly, fatigue, pain and
sexual dysfunction were defined with Read codes only. Sleep disorder was identified
using Read codes and combinations of Read codes and prescriptions of
anxiolytics/hypnotics. Cognitive dysfunction was defined by Read codes, or a
dementia-specific drug prescription.’® For self-harm, we updated a validated list of
codes.'” Suicide was defined by International Classification of Diseases, tenth revision
(ICD-10) codes X60-X84 and Y10-34, excluding Y33.9 where the verdict is pending.'®

Statistical analysis

Incidence rates were calculated for each outcome in each cohort. Follow-up started at
the index date (date of breast cancer diagnosis in the exposed cohort; controls took the
same index date as their matched cases) and terminated at the earliest date of:
outcome observed, cancer diagnosis other than breast in the exposed cohort, any
cancer diagnosis in the comparison cohort, death, transference out of the practice, and

last data collection for the practice.
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Associations between breast cancer survivorship and each outcome were quantified
using Cox regression models, with time since index as the underlying time scale, and
stratifying on matched set to account for matching by age, primary care practice and
data eligibility for linkage. Robust estimates of the standard errors were used to
calculate 95% confidence intervals (95%CIl). For the subset of patients for which data
were available, we estimated hazard ratios (HR) adjusted for diabetes mellitus at
baseline (yes/no), body mass index (BMI) category (<18.50; 18.5-24.9; 25.0-29.9; 30.0-
34.9; 35.0-39.9; 240.0 kg/m?), smoking status (non-smoker, current smoker, former
smoker) and drinking status (never drinker; current drinker; former drinker). The
directed, acyclic graph is provided in Figure 6.1; covariates definitions are provided in
Methods2 in Appendix 3. Missing data were not imputed, as the missingness for these
variables is likely to dependent on the values themselves, a violation of the missing at

random assumption.'®

We assessed the potential for effect modification by age group at index date (18-34;
35-44; 45-54; 55-64; 65-74; 75-84; 285 years), practice postcode-linked quintile of IMD,
calendar period of index date (1988-94; 1995-99; 2000-04; 2005-09; 2010-14; 2015-
18), follow-up time (1 year interval up to 5 years, and 5-10 years, an implicit test of
proportional hazards), cardiovascular comorbidity (yes/no), and history of the outcome
<1 year before index date (yes/no), by fitting interaction terms between the exposure

and these variables.

All analyses were conducted in Stata version 15.2°

Sensitivity analysis

We repeated the analyses including only patients with no history of the outcome before
the index date. For the subset of patients for whom linked data were available, we ran
analyses using linked HES-APC data to improve outcome ascertainment, and adjusted
for deprivation based on the patient postcode (rather than practice postcode). We ran
analyses with alternative outcome definitions that are expected to have higher
specificity, to assess the impact of choice of outcome codes on our results. For opioid
analgesics, we ran the analysis excluding codeine, which can be prescribed for its
antitussive or antidiarrheal properties. We re-ran the analyses of fatal and non-fatal
self-harm considering these as two separate outcomes (self-harm and completed

suicide).
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Ethical approvals

The study protocol (Protocol in Appendix 3) was approved by The Independent
Scientific Advisory Committee for MHRA Database Research (ISAC) (protocol 18 253;
Ethics1 in Appendix 3) and the London School of Hygiene & Tropical Medicine Ethics
Committee for Observational Research (ref. 16225; Ethics2 in Appendix 3). Informed

consent was not required as the data were anonymised.
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Results

57,571 women with history of breast cancer and 230,067 women with no history of
cancer were included in the study (Figure 6.2). Overall median follow-up time was 4.5
years in the exposed group (inter-quartile range (IQR): 1.9-8.5 years) and 5.2 years in
the comparison group (IQR: 2.2-9.3 years). Outcome specific follow-up time and
person-time at risk are included in Tables 1A to 1C in Appendix 3. 11,790 breast
cancer survivors (24%) and 55,609 women in the comparison group (20%) had =10
years of follow-up. Approximately 20% of all participants had anxiety recorded >1 year
before the index date, and 29% had history of depression (Table 6.1).

8,024,580 women in CPRD GOLD primary care database: population-based data collected
since inception of the database (1988) and July 2018

A
62,682 women =18 years with a record
of breast cancer in the EHR*

5,086 women ineligible for the study:€——

e 3,419 record of cancer prior to the
breast cancer

¢ 1,307 record of severe mental
illness before the breast
cancer diagnosis

e 360 breast cancer diagnosis
occurred after end of follow-up
time +

A
57,595 women with history of breast
cancer, eligible for matching on primary
care practice, age (within 3 years) and
data eligibility for linkage

24 women (0.04%) excluded D —
because no suitable control
could be identified

v v
57,571 women with history of breast Matched | 230,067 women with no record of severe
cancer available for outcome_-s_,pecific €----- »| mental iliness or cancer at the index
analysis (>99.9% of those eligible) date, eligible for outcome-specific

Figure 6.2 Flowchart of the selection of the study cohorts.

EHR = electronic health records; CPRD =Clinical Practice Research Datalink.
* Women with research quality follow-up, as defined by CPRD based on systematic checks for data quality
at both patient and practice level.

1 Almost all had a first record of breast cancer a few days after the recorded date of death.
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Table 6.1 Characteristics of the study participants.*

Women with history Women with no
of breast cancer history of cancer
No. % No. %
All participants 57,571 100.0 230,067 100.0
Socio-demographic
Age group at index date (years) t
18-34 781 1.4 3,125 1.4
35-44 4,768 8.3 19,059 8.3
45-54 13,039 22.6 52,114 22.7
55-64 14,436 25.1 57,707 25.1
65-74 12,361 21.5 49,395 215
75-84 8,386 14.6 33,524 14.6
85+ 3,800 6.6 15,143 6.6
Calendar period of diagnosis
1988-1994 2,656 4.6 - -
1995-1999 4,796 8.3 - -
2000-2004 11,590 20.1 - -
2005-2009 16,381 28.5 - -
2010-2014 15,733 27.3 - -
2015-2018 6,415 11.1 - -
Ethnicity
White 21,187 36.8 86,187 37.5
South Asian 411 0.7 2,247 1.0
Black 271 0.5 1,384 0.6
Other & mixed 221 0.4 1,228 0.5
Unknown 35,481 61.6 139,021 60.4
Practice deprivation (quintiles of IMD)
1 (least deprived) 11,381 19.8 45,502 19.8
2 9,913 17.2 39,618 17.2
3 11,820 20.5 47,239 20.5
4 11,736 20.4 46,899 20.4
5 (most deprived) 12,721 221 50,809 221
Lifestyle
Body mass index (kg/m?) at index date %
<18.50 908 1.6 4,561 2.0
18.50-24.99 20,958 36.4 85,030 37.0
25.00-29.99 17,565 30.5 69,052 30.0
30.00-34.99 8,666 15.1 32,401 14.1
35.00-39.99 3,302 5.7 12,549 5.5
240.00 1,490 2.6 6,350 2.8
Unknown 4,682 8.1 20,124 8.7
Alcohol intake at index date
Never drinker 7,780 13.5 35,065 15.2
Current drinker 40,438 70.2 156,604 68.1
Former drinker 4,436 7.7 17,181 7.5
Unknown 4,917 8.5 21,217 9.2
(Continued)
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Table 6.1 Continued

Smoking status at index date

Non-smoker 30,452 52.9 122,985 53.5
Current smoker 9,565 16.6 39,986 17.4
Former smoker 16,343 28.4 60,604 26.3
Unknown 1,211 21 6,492 2.8
Comorbidity
History of diabetes at index date 3,844 6.7 14,030 6.1
History of coronary heart disease or stroke 4,648 8.1 18,523 8.1
Mental health history (>1 year before index date) §
Anxiety 11,986 20.8 45,482 19.8
Depression 16,771 29.1 65,628 28.5
Cognitive dysfunction ¥ - - - -
Fatigue 11,200 19.5 42,578 18.5
Sleep disorder 7,221 12.5 27,528 12.0
Pain 44,829 77.9 173,536 75.4
Sexual dysfunction 1,670 2.9 6,479 2.8
Self-harm 1,652 29 6,847 3.0

IMD - Index of multiple deprivation.* Refers to all patients potentially eligible for analyses. The number of
patients included in the analyses varied by outcome because we excluded women who had that particular
outcome in the year before the index date, as we assumed that these were likely to still be under treatment
at the index date.

T Women with no history of cancer were individually matched by age (within a 3-year age range) to women
in the exposed group.

I Body mass index was calculated from weight and height records, when available. Missing information
was supplemented with data from Read codes when possible. Patients with a Read code of obesity
without indication of the category (e.g. 66C.00 - obesity monitoring) were categorised in the BMI 30.00-
34.99 category; Read codes referent to morbid obesity were included in the BMI=40 category.

§ Refers to women who had the outcome recorded at >1 year before the index date. Women who had the
outcome in the year before the index date were excluded from the cohort.

9] After the first record of breast cancer in the exposed group, it was not possible to differentiate between
this cancer and what could be a recurrence or second breast cancer; therefore only cancers other than
breast and non-melanoma skin cancer were considered. In the comparison group, all cancers, except non-
melanoma skin ones, were considered.

¥ Patients with a record of cognitive dysfunction at any point prior to the index date were excluded, as
changes in cognitive function are often non-reversible.
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Relative and absolute risks of mental health outcomes in breast cancer survivors

compared with cancer-free controls

Breast cancer survivors had an increased risk of anxiety (adjusted HR 1.33, 95%ClI
1.29-1.36) and depression (HR=1.35, 95%CIl 1.32-1.38) compared with cancer-free
controls, with adjustment for potential confounders having little influence on effect
estimates (Table 6.2). The cumulative incidence of anxiety 10 years after diagnosis
was 16.4% (95%Cl 15.9-16.8%); for depression, this figure was 28.5% (95%CI 28.0-
29.1%) (Figure 6.3; Table 2 in Appendix 3).

Raised risks were also observed for the secondary outcomes of fatigue, pain, sexual
dysfunction, sleep disorder, and being prescribed an opioid analgesic. The most
common secondary outcomes after 10 years of follow-up were pain (85.6%), opioid
analgesics (45.5%), and fatigue (23.9%) (Figure 6.3).
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Table 6.2 Associations between breast cancer survivorship and adverse mental health outcomes.

Unadjusted associations *

Adjusted for diabetes, BMI category,

smoking and drinking status *

No. No. No. PY atrisk  No. HR  95%CI No. PY atrisk  No. HR 95%CI
exposed unexposed events events
Primary outcomes
Anxiety 55,616 224,138 279,754 1,594,899 26,112  1.35 1.31-1.38 244,766 1,431,613 24,038 1.33 1.29-1.36
Depression 54,073 216,355 270,428 1,463,728 44,733  1.37 1.35-1.40 236,146 1,308,004 41,173 1.35 1.32-1.38
Secondary outcomes
Cognitive dysfunction 56,052 224,444 280,496 1,700,632 24,213  1.03 1.00-1.60 245595 1,532,084 21,956 1.00 0.97-1.04
Fatigue 55,911 223,506 279,417 1,547,957 37,245  1.31 1.28-1.34 244,381 1,386,056 34,610 1.28 1.25-1.31
Pain 38,771 162,037 200,808 605,762 118,693 1.28 1.26-1.30 172,779 514,616 107,132 1.22 1.20-1.24
Sexual dysfunction 57,444 229,577 287,021 1,761,230 2,836 1.34 1.24-1.44 251,340 1,586,969 2,703  1.27 1.17-1.38
Sleep disorder 56,210 225,583 281,793 1,628,851 22,800  1.71 1.66-1.76 246,717 1,463,804 20,806 1.68 1.63-1.73
Opioid analgesics 52,672 213,190 265,862 1,429,809 62,165  1.95 1.92-1.98 232,154 1,277,168 56,190 1.86 1.83-1.90
Fatal and non-fatal 57,508 229,752 162,971 1,015,108 752 116 0.99-1.36 144,083 918,441 672 115 0.97-1.36

self-harm

95%CI = 95% confidence interval; BMI = body mass index; HR = hazard ratio; PY = person-years.

* Women with a breast cancer diagnosis were matched with women without cancer on age (within a 3-year range), primary care practice (proxy of socio-economic status), and

eligibility for data linkage (to avoid loss of precision in subset analyses).

157



Anxiety

8 37
C
[
©
o
£
[
2
k]
>
£
)
o
| | | | | | | T | | I
o 1 2 3 4 5 6 7 8 9 10
Follow up time (years)
Fatigue
8 37
C
[
)
o
£
[
2
k]
>
€
)
o
T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10
Follow up time (years)
Sleep disorder
8 349
C
[
©
o
£
[
2
k]
=)
€
)
o

T | T T | T | | | T T
o 1 2 3 4 5 6 7 8 9 10

Follow up time (years)

= == VWomen with no history of cancer

Cumulative incidence

Cumulative incidence

Cumulative incidence

Depression

T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10

Follow up time (years)

Pain

| | T | | T | T | T T
o 1 2 3 4 5 6 7 8 9 10

Follow up time (years)

Sexual dysfunction

T | | T | T T T | T T
o 1 2 3 4 5 6 7 8 9 10

Follow up time (years)

Cumulative incidence

Cumulative incidence

Cumulative incidence

Cognitive dysfunction

3
2
A
0_
| | | | | | | T | | I
o 1 2 3 4 5 6 7 8 9 10
Follow up time (years)
Opioid analgesics
14
.87
6

Follow up time (years)

Fatal and non-fatal self-harm

| | | T | T | T | T T
o 1t 2 3 4 5 6 7 8 9 10

Follow up time (years)

— Breast cancer survivors

Figure 6.3 Risk of anxiety and depression in breast cancer survivors and women with no prior cancer.
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Effect of age, deprivation, calendar period, follow-up time, cardiovascular comorbidity and
history of the outcomes on the association between breast cancer survivorship and

adverse mental health outcomes

Figure 6.4 shows the association between breast cancer survivorship and anxiety, and
depression, stratified by potential effect modifiers. HRs for anxiety tended to be larger for younger
women, in more deprived areas, and in later calendar years; HRs for depression were also larger
in younger women. For both outcomes, HRs tended to decline over time since diagnosis
(p=0.001), and risks were no longer significantly elevated after two years for anxiety and four

years for depression.

Effect modification for the secondary outcomes is shown in Figures 6.5A and 6.55B. Similar
variation by age was found for cognitive dysfunction, pain, opioid analgesics prescribing and
sleep disorder (p<0.001). HRs for most secondary outcomes also tended to diminish in
magnitude over time, though statistically raised risks of fatigue, pain, opioid analgesic use, and

sleep disorder persisted for at least 5-10 years.

159



Anxiety

Study
ID HR (95% CI) p_int
Age at index
18-34 years —_— 1.59 (1.38, 1.83) p=0.25
35-44 years - 1.37 (1.29, 1.46)
45-54 years hd 1.36 (1.31, 1.41)
55-64 years - 1.29 (1.24,1.35)
65-74 years - 1.35(1.29, 1.42)
75-84 years - 1.19 (1.10, 1.28)
>=85 years — 1.33 (1.15, 1.54)
Deprivation (quintiles)
1 (least deprived) - 1.39 (1.33, 1.46) p<0.001
2 - 1.44 (1.38, 1.51)
3 bl 1.21(1.15,1.28)
4 hg 1.38 (1.32, 1.45)
5 (most deprived) - 1.24 (1.19, 1.30)
Calendar period
1988-94 —— 1.25 (1.14,1.37) p=0.01
1995-99 - 1.27 (1.19, 1.35)
2000-04 - 1.25(1.20, 1.31)
2005-09 A d 1.34 (1.29, 1.39)
2010-14 - 1.41 (1.35, 1.47)
2015-18 —— 1.65 (1.52,1.79)
Follow-up time
0-1 year . 2.10 (2.05,2.15) p<0.001
1-2 years - 1.19 (1.13, 1.26)
2-3 years T 1.05 (0.97, 1.13)
3-4 years T 1.05 (0.96, 1.15)
4-5 years [— 1.04 (0.94, 1.15)
5-10 years nal 1.07 (1.01, 1.14)
Cardiovascular comorbidity
No 1.33 (1.30, 1.36) p=0.39
Yes —— 1.25 (1.14,1.38)
History of anxiety
No 1.36 (1.32, 1.40) p=0.18
Yes L d 1.28 (1.23, 1.34)

T T T

5 1 15 2
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Depression

Study
ID HR (95% CI) p_int
Age at index
18-34 years — 1.86 (1.69,2.04) p<0.001
35-44 years hd 1.57 (1.51, 1.64)
45-54 years * 1.36 (1.32, 1.40)
55-64 years * 1.34 (1.30, 1.39)
65-74 years - 1.28 (1.23, 1.33)
75-84 years - 1.26 (1.20, 1.33)
>=85 years — 1.28 (1.15, 1.42)
Deprivation (quintiles)
1 (least deprived) hd 1.32 (1.27,1.37) p=0.86
2 - 1.38 (1.33, 1.44)
3 * 1.33 (1.29, 1.38)
4 hd 1.35 (1.30, 1.40)
5 (most deprived) * 1.36 (1.32, 1.41)
Calendar period
1988-94 - 1.34 (1.24, 1.44) p=0.11
1995-99 - 1.27 (1.20, 1.34)
2000-04 * 1.38 (1.34, 1.42)
2005-09 * 1.32 (1.29, 1.36)
2010-14 * 1.43 (1.38, 1.48)
2015-18 —— 1.28 (1.18, 1.39)
Follow-up time
0-1 year . 1.79 (1.75, 1.83) p<0.001
1-2 years * 1.44 (1.39, 1.49)
2-3 years hgl 1.21(1.15,1.28)
3-4 years - 1.11(1.04,1.19)
4-5 years — 1.02 (0.93, 1.11)
5-10 years - 1.03 (0.98, 1.08)
Cardiovascular comorbidity
No * 1.36 (1.34, 1.38) p=0.50
Yes - 1.31(1.23,1.39)
History of depression
No . 1.40 (1.37, 1.43) p=0.40
Yes * 1.36 (1.32, 1.40)

T T T

5 1 15 2

Figure 6.4 Associations between breast cancer survivorship and anxiety, and depression, by potential effect modifiers.




Cognitive dysfunction Fatigue

Study Study
D HR (95% Cl) p_int D HR (95% Cl) p_int
Age at index Age at index
18-34 years > 555 (4.63,6.66) p<0.001 18-34 years — 1.46 (1.27, 1.68) p=0.76
35-44 years —_— 1.60 (1.36, 1.89) 35-44 years - 1.29 (1.22, 1.37)
45-54 years —— 1.00 (0.89, 1.13) 45-54 years * 1.31(1.27, 1.36)
55-64 years - 1.02 (0.95, 1.09) 55-64 years - 1.27 (1.23, 1.32)
65-74 years - 0.98 (0.92, 1.04) 65-74 years - 1.29 (1.24, 1.34)
75-84 years - 0.97 (0.91, 1.04) 75-84 years - 1.22 (1.15, 1.29)
»=85 years 4o 1.07 (0.97, 1.19) >=85 years — 1.31(1.17, 1.48)
Deprivation (quintiles) Deprivation (quintiles)
1 (least deprived) - 1.06 (0.99, 1.14) p=0.42 1 (least deprived) - 1.33(1.28, 1.39) p=0.26
2 - 0.99 (0.91, 1.07) 2 -~ 1.26 (1.21, 1.32)
3 -+ 1.01(0.94, 1.08) 3 - 1.29 (1.24, 1.34)
4 — 0.94 (0.87, 1.02) 4 - 1.33(1.28, 1.38)
5 (most deprived) -~ 1.01 (0.94, 1.09) 5 (most deprived) - 1.22 (1.17, 1.27)
Calendar period Calendar period
1988-94 —— 1.15 (1.00, 1.32) p=0.46 1988-94 — 1.25(1.15, 1.36) p<0.001
1995-99 — 0.95 (0.85, 1.07) 1995-99 - 1.18 (1.11, 1.25)
2000-04 - 1.02 (0.95, 1.09) 2000-04 - 1.25 (1.21, 1.30)
2005-09 - 0.98 (0.93, 1.04) 2005-09 * 1.26 (1.22, 1.30)
2010-14 - 1.02 (0.96, 1.09) 2010-14 *> 1.45 (1.40, 1.50)
2015-18 —_— 0.87 (0.69, 1.09) 2015-18 — 1.20 (1.08, 1.33)
Follow-up time Follow-up time
0-1 year — 0.92(0.83, 1.01) p=0.10 0-1 year - 1.40 (1.36, 1.45) p<0.001
1-2 years —— 0.90 (0.80, 1.01) 1-2 years - 1.55 (1.50, 1.61)
2-3 years —— 1.01(0.91, 1.12) 2-3 years -~ 1.38 (1.32, 1.44)
3-4 years — 1.14 (1.04, 1.25) 3-4 years - 1.12 (1.05, 1.20)
4-5 years — 0.98 (0.87, 1.10) 4-5 years — 1.17 (1.09, 1.26)
5-10 years »> 1.02 (0.97, 1.08) 5-10 years Lo 1.05 (1.00, 1.10)
Cardiovascular comorbidity Cardiovascular comorbidity
No + 1.00 (0.97, 1.04) p=0.47 No . 1.29 (1.27,1.32) p=0.10
Yes —— 1.05 (0.96, 1.15) Yes — 1.18 (1.09, 1.28)
History of cognitive dysfunction| History of fatigue
(not applicable) No * 1.32(1.29, 1.35) p=0.01
(not applicable) Yes - 1.19 (1.14, 1.24)

I I I I I I I I

5 1 1.5 2 4 5 1 1.5 2 3

Pain Opioid analgesics

Study Study
D HR (95% Cl) p_int D HR (95% Cl) p_int
Age at index Age at index
18-34 years - 1.61(1.48, 1.75) p<0.001 18-34 years 6.08 (5.89, 6.28) p<0.001
35-44 years - 1.39 (1.34, 1.44) 35-44 years - 3.01(2.95, 3.08)
45-54 years - 1.26 (1.23, 1.29) 45-54 years 2.12(2.08, 2.16)
55-64 years - 1.18 (1.16, 1.21) 55-64 years - 1.75 (1.72, 1.79)
65-74 years - 1.16 (1.13, 1.19) 65-74 years - 1.55 (1.51, 1.59)
75-84 years - 1.19 (1.15, 1.24) 75-84 years - 1.77 (1.73, 1.82)
»=85 years - 1.23(1.15, 1.31) »=85 years - 1.62 (1.53, 1.71)
Deprivation (quintiles) Deprivation (quintiles)
1 (least deprived) * 1.22(1.19, 1.26) p=0.95 1 (least deprived) * 1.86 (1.82, 1.91) p=0.01
2 - 1.23(1.20, 1.27) 2 . 2.03(1.99, 2.08)
3 - 1.21(1.18, 1.25) 3 . 1.83 (1.79, 1.88)
4 - 1.20 (1.17, 1.24) 4 - 1.86 (1.82, 1.90)
5 (most deprived) * 1.23 (1.20, 1.27) 5 (most deprived) * 1.79 (1.75, 1.83)
Calendar period Calendar period
1988-94 - 1.37 (1.30, 1.45) p<0.001 1988-94 - 1.69 (1.61, 1.78) p<0.001
1995-99 1.30 (1.25, 1.35) 1995-99 *> 1.74 (1.68, 1.80)
2000-04 * 1.24 (1.21, 1.27) 2000-04 * 1.75 (1.72, 1.79)
2005-09 * 1.22 (1.20, 1.25) 2005-09 * 1.75 (1.72, 1.78)
2010-14 * 1.17 (1.14, 1.20) 2010-14 2.12(2.08, 2.16)
2015-18 - 1.16 (1.10, 1.23) 2015-18 2.80(2.72, 2.89)
Follow-up time Follow-up time
0-1 year - 1.19(1.17, 1.22) p<0.001 0-1 year . 3.11(3.08, 3.15) p<0.001
1-2 years - 1.34 (1.31, 1.38) 1-2 years - 1.66 (1.62, 1.71)
2-3 years - 1.27 (1.23, 1.32) 2-3 years - 157 (1.52, 1.62)
3-4 years - 1.17 (1.1, 1.23) 3-4 years - 1.47 (1.41, 1.53)
4-5 years - 1.11 (1.04, 1.19) 4-5 years -~ 1.51(1.44, 1.58)
5-10 years - 1.10 (1.04, 1.16) 5-10 years - 1.33(1.29, 1.38)
Cardiovascular comorbidity Cardiovascular comorbidity
No > 1.22(1.20, 1.24) p=0.91 No * 1.89 (1.88, 1.91) p<0.001
Yes - 1.23 (1.17, 1.30) Yes - 1.62 (1.55, 1.69)
History of pain History of opioid analgesics
No * 1.32(1.29, 1.36) p<0.001 No * 1.95 (1.93, 1.98) p<0.001
Yes - 1.18 (1.16, 1.20) Yes - 1.66 (1.61, 1.71)

I I I I I I I I

5 1 15 2 4 5 1 15 2 3

Figure 6.5A Associations between breast cancer survivorship and cognitive dysfunction,
fatigue, pain and opioid analgesics, by potential effect modifiers.
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Sleep disorder

Sexual dysfunction

Study Study
ID HR (95% Cl) p_int ID HR (95% Cl) p_int
Age at index Age at index
18-34 years > 4.70(4.43,4.99) p<0.001 18-34 years Em— 0.99 (0.60, 1.64) p=0.55
35-44 years - 2.43(2.34,253) 35-44 years — 1.33(1.15, 1.54)
45-54 years * 2.04(1.98,2.10) 45-54 years —— 1.35(1.24, 1.46)
55-64 years R d 1.68(1.63,1.74) 55-64 years 1.16 (1.01, 1.34)
65-74 years L d 1.45(1.39, 1.51) 65-74 years —_— 1.06 (0.72, 1.56)
75-84 years - 1.12(1.04, 1.21) 75-84 years 1.84(0.76, 4.43)
>=85 years — 1.25(1.10, 1.43) >=85 years
Deprivation (quintiles) Deprivation (quintiles)
1 (least deprived) -> 1.79(1.73,1.86) p=0.02 1 (least deprived) — 1.38(1.22,1.56) p=0.81
2 L d 1.81(1.74, 1.88) 2 1.15(0.97, 1.36)
3 L d 1.64(1.58,1.71) 3 — 1.30(1.13, 1.49)
4 - 1.67 (1.61,1.74) 4 — 1.23(1.05, 1.44)
5 (most deprived) -> 1.55(1.49, 1.61) 5 (most deprived) — 1.28 (1.11, 1.47)
Calendar period Calendar period
1988-94 - 1.46 (1.35, 1.57) p<0.001 1988-94 —_—t— 1.13(0.80, 1.60) p=0.20
1995-99 - 1.52(1.44, 1.60) 1995-99 —— 1.32(1.09, 1.59)
2000-04 - 1.53(1.48, 1.59) 2000-04 - 1.09 (0.95, 1.26)
2005-09 * 1.69(1.64, 1.74) 2005-09 —— 1.50(1.37, 1.64)
2010-14 - 1.98 (1.91, 2.05) 2010-14 —_— 1.22(1.05, 1.42)
2015-18 - 2.65(2.50,2.81) 2015-18 —————— 1.13(0.66, 1.94)
Follow-up time Follow-up time
0-1 year * 3.24(3.19,3.29) p<0.001 0-1 year — 1.08(0.90,1.29) p=0.11
1-2 years - 1.44 (1.37, 1.52) 1-2 years — 1.41(1.24, 1.60)
2-3 years - 1.19(1.10, 1.28) 2-3 years — 1.59(1.40, 1.80)
3-4 years —— 1.15(1.05, 1.25) 3-4 years —_— 1.57 (1.34, 1.84)
4-5 years —— 1.17 (1.06, 1.29) 4-5 years —_T—— 1.17 (0.92, 1.49)
5-10 years - 1.11(1.04, 1.18) 5-10 years — 1.09(0.93, 1.28)
Cardiovascular comorbidity Cardiovascular comorbidity
No * 4(1.71,1.77) p<0.001 No 1.26(1.18,1.34) p=0.39
Yes — 1.17 (1.06, 1.29) Yes —_— 1.75(1.22, 2.51)
History of sleep disorder History of sexual dysfunction
No * 1.77(1.74,1.80) p<0.001 No 1.32(1.24,1.41) p=0.10
Yes - 1.41(1.34, 1.49) Yes —_— 0.93(0.64, 1.35)
I I I I I I I
5 1 1.5 2 3 4 5 1 1.5
Fatal and non-fatal self-harm
Study
ID HR (95% Cl) p_int
Age at index
18-34 years p=0.60
35-44 years —_—— 1.12(0.81, 1.55)
45-54 years —_— 1.06 (0.83, 1.36)
55-64 years —_— 0.97 (0.67, 1.40)
65-74 years T 1.32(0.95, 1.83)
75-84 years * 0.63(0.10, 4.05)
>=85 years
Deprivation (quintiles)
1 (least deprived) — 1.02(0.67, 1.54) p=0.94
2 —_—T 1.17 (0.84, 1.64)
3 —_— 0.98 (0.68, 1.41)
4 —_— 0.91(0.62, 1.33)
5 (most deprived) —_—t— 1.06 (0.78, 1.43)
Calendar period
1988-94 -+ 1.42(0.94,2.15) p=0.54
1995-99 0.84 (0.42, 1.67)
2000-04 —_— 0.89(0.62, 1.28)
2005-09 —_—t— 1.03(0.80, 1.32)
2010-14 ——— 1.31(1.00, 1.72)
2015-18
Follow-up time
0-1 year - 1.21(0.93,1.57) p=0.36
1-2 years —_—t— 1.04(0.73, 1.48)
2-3 years _— 1.46 (1.10, 1.93)
3-4 years S B 0.85 (0.45, 1.59)
4-5 years
5-10 years
Cardiovascular comorbidity
No — 1.00(0.85,1.18) p=0.85
Yes *> 1.06 (0.58, 1.94)
History of self-harm
No — 1.00(0.84,1.19) p=0.51
Yes —_— 1.30(0.74, 2.27)
I I I I I

o
N
w
o

Figure 6.5B Associations between breast cancer survivorship and sleep disorder, sexual dysfunction and
fatal and non-fatal self-harm, by potential effect modifiers.
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Sensitivity analyses
Sensitivity analyses yielded generally similar results to the main analyses, with the
exception of an analysis using a more specific definition for anxiety, which moved the

association close to the null (Figure 6.6).

Study

D HR (95% Cl)

Anxiety

Main analysis L 1.33 (1.30, 1.37)

. Only patients with no history of the outcome S g 1.36 (1.31, 1.41)
Read codes only (no drug treatment) L 1.28 (1.24, 1.32)
Read codes for v specific diagnosis —— 1.02 (0.92, 1.13)

. Outcome ascertained in CPRD linked to HES data - 1.39 (1.31, 1.48)

. Adjusted for patient-level IMD (CPRD+HES data only) < 1.32(1.27,1.37)

Depression

Main analysis L 1.35 (1.32, 1.38)
Only patients with no history of the outcome < 1.39 (1.35, 1.43)
Read codes only (no drug treatment) 3 1.38 (1.35, 1.42)
Read codes for v specific diagnosis < 1.31(1.26, 1.36)

. Outcome ascertained in CPRD linked to HES data - 1.46 (1.39, 1.54)

. Adjusted for patient-level IMD (CPRD+HES data only) < 1.36 (1.32, 1.40)

Cognitive dysfunction

Main analysis 1.00 (0.97, 1.04)
Dementia only (Read codes or drug treatment) 0.96 (0.91, 1.02)
Outcome ascertained in CPRD linked to HES data 0.97 (0.91, 1.03)

. Adjusted for patient-level IMD (CPRD+HES data only) 0.98 (0.94, 1.02)

Fatigue

Main analysis L 1.28 (1.25, 1.31)
Only patients with no history of the outcome < 1.32(1.28, 1.36)

. Adjusted for patient-level IMD (CPRD+HES data only) < 1.31(1.27, 1.35)

Sleep disorder

Main analysis L 4 1.68 (1.63, 1.73)
Only patients with no history of the outcome L 2 1.77 (1.71, 1.83)
Read codes only (no drug treatment) L 4 1.67 (1.62, 1.72)

. Adjusted for patient-level IMD (CPRD+HES data only) < 1.70 (1.64, 1.77)

Pain

Main analysis L 1.22 (1.20, 1.24)
Only patients with no history of the outcome g 1.26 (1.22, 1.31)

. Adjusted for patient-level IMD (CPRD+HES data only) L J 1.23 (1.21, 1.26)

Opioid analgesics

Main analysis ¢ 1.86 (1.83, 1.90)
Only patients with no history of the outcome ® 1.96 (1.92, 2.00)
Excluding codeine ® 1.96 (1.92, 2.00)

. Adjusted for patient-level IMD (CPRD+HES data only) L 1.84 (1.80, 1.89)

Sexual dysfunction

Main analysis —— 1.27 (1.17,1.38)
Only patients with no history of the outcome —— 1.33(1.22, 1.44)

. Adjusted for patient-level IMD (CPRD+HES data only) —— 1.22 (1.10, 1.36)

Fatal and non-fatal self-harm

Main analysis (CPRD+HES data only) L 1.15 (0.97, 1.36)

. Only patients with no history of self-harm —r— 1.19 (0.99, 1.43)

. Adjusted for patient-level IMD —— 1.16 (0.98, 1.37)
Self-harm only —— 1.12 (0.94, 1.33)
Self-harm only (adjusted for patient-level IMD) —— 1.13 (0.95, 1.34)
Suicide only L 4 1.46 (0.70, 3.04)
Suicide only (adjusted for patient-level IMD) L 4 1.38 (0.72, 2.65)

| | |
5 1 1.5 2

Figure 6.6 Results of sensitivity analysis.
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Discussion

Compared to women with no history of cancer, breast cancer survivors had higher risks
of anxiety and depression compared to women with no history of cancer. We also
found evidence of raised risks of several secondary mental-health related outcomes,
namely fatigue, pain, sexual dysfunction, sleep disorder, and being prescribed opioid
analgesics. Younger age at diagnosis and more recent diagnosis were strong
determinants of increased risk for most outcomes. The excess risks tended to decline
over time since diagnosis, but risks of depression and anxiety remained significantly
elevated for at least two and four years. Raised risks of fatigue, pain, opioid use and

sleep disorders persisted for at least 5-10 years.

Our findings are consistent with results from previous studies.” Results remained
virtually unchanged in sensitivity analyses, except for an analysis using a highly
specific outcome definition for anxiety; it is plausible that GPs do not use specific codes
for these disorders in cases where there is another medical condition such as breast
cancer. The frequency of anxiety and depression in our sample was higher than other
studies involving EHRs, which have reported incidences below 10%,’ but these studies
often used data from psychiatric registries, which usually include patients with more
severe or persistent symptomatology. Our estimates for secondary outcomes were
consistent with previous literature (e.g. pain and fatigue?'22) but sexual dysfunction was
much lower compared to the 20-50% reported both in breast cancer survivors and in
the general female population.”? Only 21% of the British women with sexual problems

seek help for their condition, which may explain the discrepancy.?

A major strength of this study is the population-based nature of the data, which make
our results representative of the broad population of breast cancer survivors in the UK.
Selection bias is unlikely, as registration with a primary care practice is nearly
universal. The large study size and the wealth of data in the CPRD GOLD primary care
database permitted the study of several outcomes with sufficient power to detect small
effects. We accounted for major confounders such as age and socio-economic status;
matching for GP practice also accounted for practice-level characteristics that are
difficult to measure (e.g. shared environment). We carried out extensive sensitivity
analyses exploring different definitions of outcomes, as well as the impact of the data

sources, to assess the robustness of our results.

However, this study has limitations. The CPRD GOLD primary care database captures

>90% of the cancers compared to the cancer registries,?® which may have resulted in a
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small proportion of women being incorrectly classified as unexposed and biased our
results towards the null. The alternative of obtaining a list of patients from linked cancer
registry data would have restricted our study to the roughly 50% of patients in England
who are eligible for linkage, reducing sample size, power, and generalisability. There is
a potential for misclassification of the outcomes due to the incompleteness of the
information registered in EHRs (e.g. diagnoses in secondary care not fed back to the
GP), or lack of validity of the definitions, even though outcomes defined in our data
source generally showed high positive predictive values (median 83% of cases
confirmed for mental and behavioral disorders).?® We sought to maximize
completeness and validity by conducting a systematic review of outcome definitions
used in previous studies to inform decisions.’ Unmeasured and residual confounding
might also affect our results. We were unable to account for menopausal status,
physical activity and mammography screening, as this information is often not
registered, though age-matching should to some extent have taken account of
menopausal status. Data on smoking and alcohol drinking habits relied on patients self-
reporting accurately to their GP. We censored patients diagnosed with cancer during
follow-up, but we were unable to distinguish between a second primary of the breast
and recurrence in the exposed group. Lastly, breast cancer survivors may have more
regular contact with health services making it more likely for conditions to be recorded

in their records, due to a detection bias.

Symptoms of anxiety and depression are considered a normal response to the
diagnosis, but some patients have traumatic reactions, and symptoms of post-traumatic
stress disorder are not uncommon.?” An increased risk of depression was observed for
longer, possibly because some women struggle to cope in the long-term. Breast cancer
is an ominous diagnosis that brings several changes to the woman’s life, including
concerns over the impact of their disease on significant others, for example their
children and spouses (e.g. carer roles, financial constrains), and for herself, who has to
cope with many physical consequences of the cancer treatments. The drivers of raised
risks of fatigue, sleep disorders, pain and sexual dysfunction cannot be discerned from
this study, but may include physical consequences of breast cancer treatments (e.g.
chemotherapy-induced fatigue,? arthralgias as a side effect of hormone therapy)? and
psychological factors, such as body image concerns for sexual dysfunction,®® or anxiety

for sleep disorders.'

Effective treatments are available for anxiety and depression, and it is important that
these women are diagnosed early, and receive appropriate support and treatment. The

risks were particularly increased during the main treatment period, and screening all
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women at this point could help identify patients struggling to cope. Mental disorders still
carry considerable stigma and not all patients will self-present. It is important that
clinicians at all levels of care are aware of the increased risk of these conditions in
breast cancer survivors, so that they can provide the necessary support if needed.
Breast cancer survivors in the UK had low levels of self-efficacy to manage the
complications of their disease, particularly fatigue and distress.3? Cancer rehabilitation
interventions with focus on potential physical and mental health consequences of
breast cancer might reduce the disease burden by empowering women to better
understand their disease.** Reducing waiting time for mental health services in general

will also benefit breast cancer survivors.

Future studies should explore the possible modifying effect of social support, as
increased social support may buffer some of the negative effects of stress.3*3°
Consequences of breast cancer treatments, such as lymphoedema, may mediate the
association between breast cancer survivorship and mental health outcomes, and

should be the subject of further work.

In conclusion, breast cancer survivorship was associated with raised risks of anxiety
and depression, and several other mental health-related outcomes, persisting for

several years after the cancer diagnosis.
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6.4 Summary

¢ This population-based matched cohort study aimed to estimate the risk of a
range of anxiety and depression (primary outcomes), and seven secondary
mental health-related outcomes, in breast cancer survivors compared to women

with no prior cancer.

e The exposed cohort included all 57,571 women diagnosed with an incident
breast cancer registered in the CPRD GOLD primary care database between
1988 and 2018. The comparison cohort was comprised of 230,067 women with
no previous cancer, randomly selected from the same data source, matched to
exposed women on age and primary care practice. Median follow-up was 4.5
years in the exposed group (inter-quartile range (IQR): 1.9-8.5) and 5.2 years in
the comparison group (IQR: 2.2-9.3).

e Five years after diagnosis, the most common outcomes in breast cancer
survivors were pain (70%), depression (19%) and fatigue (15.2%). Recorded

sexual dysfunction (1%) and fatal and non-fatal self-harm (<1%) were rare.

e Breast cancer survivorship was positively associated with anxiety (adjusted
HR=1.33; 95%CI: 1.29 to 1.36), depression (1.35; 1.32 to 1.38), fatigue (1.28;
1.25 to 1.31), pain (1.22; 1.20 to 1.24), sexual dysfunction (1.27; 1.17 to 1.38),
sleep disorder (1.68; 1.63 to 1.73) and being prescribed opioid analgesics
(1.86; 1.83 to 1.90), but there was no evidence of an association with cognitive
dysfunction (1.00; 0.97 to 1.04) or fatal/non-fatal self-harm (1.15; 0.97 to 1.36).

e Hazard ratios for anxiety and depression reduced over time (p<0.001) but
raised risks persisted for two and four years, respectively, after cancer
diagnosis, while increased levels of pain and sleep disorder persisted for at
least 10 years. Younger age was associated with larger increases in the risks of
depression, cognitive dysfunction, pain, opioid analgesic use and sleep

disorders (p-interaction<0.001 in each case).
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7 Quantification of the associations between breast cancer
survivorship and quality of life and mental health:

a study of patient-reported outcomes

7.1 Introduction

This chapter describes the research conducted to answer Aim 2 (i.e. to investigate
quality of life and mental health in women with a history of breast cancer, compared to
women with no history of cancer). A cross-sectional study was designed, in which two
groups of women (one group of breast cancer survivors and one group of women with
no prior cancer) were asked to complete validated questionnaires that assess HRQoL,
and anxiety and depressive symptoms. Patient recruitment and the rationale for opting

for each scale are described in detail in Chapter 4.

7.2 Study protocol and ethical approvals

The study protocol is provided in Appendix 4. Favourable ethical opinions for this study
were obtained from the NHS East of England - Cambridge South Research Ethics
Committee (Ref: 17/EE/0403; Ethics1 in Appendix 4); the London School of Hygiene &
Tropical Medicine Observation Research Ethics Committee (Ref: 14417; Ethics2 in
Appendix 4); the Health Research Authority and the Health and Care Research Wales
(IRAS Project ID224561: Ethics3 in Appendix 4).

7.3 Article

The manuscript that describes the results of this study is provided in the following

pages. The supplementary tables are provided in Appendix 4.
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Abstract

Background: Breast cancer and its treatment may affect long-term health-related
quality of life (HRQoL) and mental health of survivors, but few studies have quantified
this. We aimed to assess HRQoL, anxiety, and depressive symptoms in breast cancer

survivors (>1 year), compared to women with no prior cancer.

Methods: A matched cross-sectional study of patient-reported outcomes was carried
out among women included in the UK Clinical Practice Research Datalink GOLD
primary care database. Breast cancer survivors and women with no prior cancer,
frequency matched by age and primary care practice, were invited to participate.
Outcomes were measured via postal questionnaire using the Quality of Life in Adult
Cancer Survivors Scale (QLACS) and Hospital and Anxiety Depression Scale (HADS).
Linear and logistic regression models were fitted to estimate adjusted associations
between breast cancer survivorship and HRQoL domains, and anxiety and depressive

symptoms.

Results: 353 BCS (mean time since diagnosis 8.1 years) and 252 women with no prior
cancer were included. Compared to women with no prior cancer, BCS had poorer
HRQoL (higher mean QLACS score) in the domains of cognitive problems (adjusted 3
(aB)=1.4, p=0.01), sexual function (af=1.7, p=0.02) and fatigue (a3=1.3, p=0.01), but
no evidence of difference in negative feelings, positive feelings, pain, or social
avoidance. BCS had non-significantly higher odds of probable anxiety (HADS-anxiety
score 211) than controls (adjusted OR (aOR)=1.40, 0.93-2.10), however there was
strong evidence of a difference when a more sensitive threshold (score 28,
“borderline/probable anxiety”) was used (aOR=1.47, 1.15-1.87). There were no
differences in odds of probable depression (aOR=1.18, 0.52-2.68). Poorer quality of life
and mental health outcomes were more pronounced among women with advanced-

stage cancer at diagnosis, and/or treated with chemotherapy.

Conclusion: BCS had raised risks of problems with cognition, sexual function, fatigue
and borderline/probable anxiety, particularly where their cancer was advanced and/or

treated with chemotherapy.
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Introduction

Breast cancer is the most common malignancy diagnosed in women in most countries,
and incidence is still on the rise [1]. Trends in survival from the disease also markedly
increased in the last decades and five-year age-standardised net survival is now close
to 90% in the United States, Canada, and several European countries [2]. This is
resulting in millions of women worldwide living for several years beyond their disease,
including over 2.7 million in the United States and 500,000 in the United Kingdom (UK)
[3, 4]. In spite of the increasing prevalence of breast cancer survivors, little is known
about the long-term impact of breast cancer on the patients’ mental health and health-
related quality of life (HRQoL).

The National Cancer Research Institute identified several areas related to
psychological wellbeing and quality of life in the top 20 priorities for patients living with
and beyond cancer [5]. A large proportion of breast cancer survivors in England have
been reported to experience issues that may negatively affect HRQoL, such as worries
of family members getting the disease (73%), weight changes (60%), and stress (58%)
[6]. These numbers suggest that breast cancer survivors may have poor HRQoL, but
quantitative data on HRQoL, and its determinants, in this patient population are scarce.
Furthermore, it is unclear whether differences in HRQoL exist between breast cancer
survivors and women with no history of cancer. A recent study using primary care
EHRs showed that breast cancer survivors in the UK were more likely to have anxiety
and depression, as well as sexual dysfunction, sleep disturbance, fatigue, and pain
recorded in their clinical record, compared to women with no cancer (unpublished data;
please refer to Chapter 6 of this thesis). However, recording of some of these
outcomes in routinely collected health records is likely to be incomplete and susceptible
to ascertainment bias if cancer survivors are more likely to have problems recorded
due to more healthcare contact. Collecting data on anxiety and depressive symptoms

directly from cancer survivors and cancer-free controls may overcome these limitations.

This study aimed to quantify HRQoL, and anxiety and depressive symptoms, in breast
cancer survivors (>1 year), compared to women with no prior history of cancer. We
also investigated socio-demographic and clinical determinants of HRQoL among breast

cancer survivors.
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Methods

Study design and sampling frame

We designed a matched cross-sectional study including breast cancer survivors and a
comparison group of women with no prior cancer. Between October 2018 and August
2019, we invited all primary care practices that were actively contributing with data to
the Clinical Practice Research Datalink (CPRD) GOLD primary care database in
August 2018 to participate in the study. CPRD is a UK government research service
that collects, processes, and releases anonymised electronic health records (EHR)
from patients attending the UK National Health Service. Patients registered with
primary care practices that accepted to participate were potentially eligible for the study

(see details below).

Patient eligibility criteria

Inclusion criteria for the breast cancer survivors group were: 1) a prior diagnosis of
invasive breast cancer at least one year before; 2) aged 18-80 years; 3) alive and
registered with the practice. To ensure that the recorded breast cancer was incident,
we required one year of follow-up in CPRD prior to the diagnosis. For the comparison
group, inclusion criteria were: 1) no history of cancer (except non-melanoma skin
cancer); 2) alive and registered with the practice; and 3) at least two years of follow-up
data in CPRD (since we required one year of follow-up before and after cancer to be
included in the breast cancer group). Exclusion criteria for both groups were: 1) inability
to complete a self-reported questionnaire (e.g. due to dementia); 2) having had another

(non-breast) cancer or having been treated for a non-invasive breast tumour.

Patient selection and recruitment

The CPRD GOLD primary care database was used to identify all breast cancer
survivors from the participating practices, as well as a random sample of women with
no prior cancer from the same practice. Women in the comparison group were
frequency-matched on age to breast cancer survivors in the same practice. Initially
controls were matched to exposed women (breast cancer survivors) with a ratio of 1:1,
but this was revised early in recruitment to 2:1 due to ~50% lower response among
controls. The authors had full access to the CPRD GOLD primary care database to
create the list of potentially eligible patients. General practitioners then reviewed the
records of potentially eligible patients, applied the inclusion and exclusion criteria (vide

above), and sent the study materials to the eligible patients’ addresses with a pre-paid
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envelope to return the questionnaires. Patients were recruited between January and
October 2019.

Patient-reported outcomes

Anxiety and depressive symptoms were measured with the Hospital Anxiety and
Depression Scale (HADS) [7]. This is a 14-item self-reported screening tool for anxiety
and depressive symptoms in the past week [7]. The recommended cut-offs were used
to categorise patients as non-case (scores 0-7), borderline (scores 8-10) and probable

case (scores 11-21) [7].

HRQoL was assessed with the Quality of Life in Adult Cancer Survivors Scale
(QLACS) [8]. This tool includes 47 items, divided in seven generic domains (i.e.
negative feelings; positive feelings; cognitive problems; pain; sexual function/interest;
energy/fatigue; and avoidance) and five cancer-specific domains (i.e. financial
problems; benefits of cancer; distress-family; appearance; distress-recurrence).
Women with no history of cancer replied to the generic domains only. Items refer to the
previous four weeks, and responses range between 1 (never) and 7 (always); higher

scores indicate poorer HRQoL, except for positive feelings and benefits of cancer.

Demographic and clinical information

All women were asked to complete a questionnaire with information on education,
ethnicity, and social support by proxy of living arrangements (alone/not alone). Breast
cancer survivors provided information about treatments for their cancer, stage of the
disease at diagnosis, time since last treatment (excluding long-term hormonal therapy),
menopausal status, and status of the disease (active/remission). The patient-reported
outcomes were also linked to the patient’'s EHR and to the practice-postcode Index of
Multiple Deprivation (IMD) quintile, via a patient identifier generated by CPRD. The

research team had no access to patient identifiable information.

Statistical analysis

Descriptive HRQoL and anxiety and depressive symptoms

We calculated domain scores for each patient. When a participant had one missing
response for an item within a domain, we imputed the mean of the responses to the
other items within that same domain; if 22 responses were missing, the domain score
was not calculated [9]. The summary score for generic domains of HRQoL was
calculated by the sum of the domain scores, with reverse scoring for the positive

feelings domain. For the cancer specific domains, we added all domain scores,
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excluding the score for ‘benefits of cancer. Scores were summarised for each group

using means and measures of dispersion.

We also calculated mean and median scores for each subscale of HADS. When there
were three or fewer items missing per subscale, we imputed these as the average of

the responses in that subscale following proposed methods [10].

Comparison of outcomes between breast cancer survivors and controls

We fitted domain-specific multiple linear regression models, using the domain scores
as the dependent variable and the following independent variables: patient group
(exposed vs. control), age group (<60, 60-69, 70-81 years); higher education degree
(yes/no), and practice postcode-linked quintile of IMD. Interactions between the
exposure and socio-demographic variables were tested, but not included in the final

models as these were not significant.

Outcome-specific logistic regression models were used to estimate the association
between breast cancer survivorship and abnormal levels of anxiety (HADS-A211) and
depression (HADS-D211). Models were further adjusted for age (<60, 60-69, 70-81
years), higher education degree (yes/no), and quintile of IMD. In an a priori defined
sensitivity analysis (see protocol, Appendix 4 of this thesis), we used a lower cut-off
(HADS-A=8; HADS-D=8) for caseness, as the standard cut-off 211 was found to have
low sensitivity (50%, 95%CI: 27% to 73%) to detect cases of depression in this patient
population [11].

In a post-hoc analysis, we estimated the effect of stage at diagnosis and chemotherapy
treatment on the HRQoL and HADS scores of the breast cancer survivors compared to
women in the comparison group. For this, we fitted domain-specific multivariate linear
regression models using the scores as the dependent variable, and a three-level
exposure variable as the independent variable (e.g. for chemotherapy: cancer survivors
with prior chemotherapy, cancer survivors without prior chemotherapy, controls),

adjusting for age, education and IMD quintile.

For all models, robust standard errors were computed to account for patient clustering
by primary care practice, and regression coefficients () and 95% confidence intervals
(95%CI) were reported.

Socio-demographic and clinical determinants of HRQoL, and anxiety and
depressive symptoms in breast cancer survivors

We used linear regression models to assess the impact of socio-demographic, clinical

and treatment factors on the generic and cancer-specific domains of HRQoL, and
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HADS-subscales. Socio-demographic variables were age (<60, 60-69 and 70-81),
practice postcode-linked IMD quintile, higher education degree (yes/no), and living
arrangements (alone/not alone). Clinical variables were type of surgery (breast
conserving/mastectomy), breast reconstruction (yes/no), stage at diagnosis
(localised/regional or distant metastases), remission status (yes/no), menopausal
status (pre/postmenopausal), time since diagnosis (<10/210 years), and treatment with
chemotherapy (yes/no), radiotherapy (yes/no), hormone therapy (yes/no) and
immunotherapy (yes/no). For age at diagnosis, education, stage at diagnosis, and
exposure to chemotherapy, we fitted models adjusted for socio-demographic factors
only (age, education, deprivation and country), as well as models adjusted for
chemotherapy (yes/no) and stage at diagnosis (early/advanced). The regression

coefficients (B) and respective 95%Cls were reported.

Ethical approvals

The study protocol was approved by the East of England - Cambridge South Research
Ethics Committee (Ref: 17/EE/0403; Ethics1 in Appendix 4), the London School of
Hygiene and Tropical Medicine Interventions Research Ethics Committee (Ref: 14417;
Ethics2 in Appendix 4) and the Health Research Authority and Health and Care
Research Wales (IRAS Project ID: 224561; Ethics3 in Appendix 4). Implicit patient

consent was obtained when the patient posted the completed questionnaires.
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Results

353 women with a history of breast cancer and 252 women with no history of cancer,
from 40 primary care practices, participated in the study (Figure 7.1). Participants and
non-participants were similarly distributed by country (England, Wales, Scotland,
Northern Ireland) and deprivation, but participants in the control group tended to be
older than those in the breast cancer survivor group (Supplementary Table 1 in
Appendix 4). Mean age was 64.8 years among breast cancer survivors (standard
deviation (SD) 9.0, range 34-81) and 65.5 years in the non-cancer comparison group
(SD=9.4; range 36-81 years) (Table 7.1). Breast cancer survivors were on average 8.1
years post-diagnosis. In both groups, a quarter of the women had a higher education
degree. 99% of the breast cancer survivors had surgery (35% mastectomy), 80%
radiotherapy, 49% hormone therapy, and 41% chemotherapy. Most women had been

diagnosed with localised (54.4%), or locally invasive disease (43.3%).
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254 primary care practices contributing with data to
CPRD GOLD primary care database in August 2018

1 primary care practice’s data stopped meeting the <
quality criteria for acceptability for research

v

253 primary care practices invited to participate in the study by email and post (n=225) or by post
only (n=28) between October 2018 and August 2019

157 primary care practices did not reply 1
41 primary care practices declined to participate =~ €———————
3 accepted to participate but later declined

52 primary care practices expressed interest to participate in the study & were sent lists of
potentially eligible patients to screen for patient’s eligibility

11 primary care practices did not return the |
screening lists
v

| 41 primary care practices completed the screening of the patient lists for eligibility criteria |

1 primary care practice dropped out because of +—
lack of time to send out questionnaires

v
| 40 primary care practices participated in the study |

A
1,116 women with history of breast cancer | yatcheq= | 1:711 Women with no history of cancer

potentially eligible for the study L SRR » | (except for non-melanoma skin cancer)

98 women (8.78%) excluded because the —» 236 women (13.79%) excluded because
GP considered the patient unable to <+— the GP considered the patient unable to
complete a self-reported auestionnaire ¥ complete a self-reported questionnaire ¥

v v
1,018 women with history of breast cancer 1,475 women with no history of cancer
eligible for the study and invited to eligible for the study and invited to
participate participate
6 replied but refused to participate ¢—— —» 6 replied but refused to participate
659 did not reply 1,217 did not reply
A 4 A4

353 women with history of breast 252 women with no history of cancer

cancer included in the study included in the study

(34.7% of those eligible) (17.1% of those eligible)

Figure 7.1 Flowchart of patient recruitment.

CPRD - Clinical Practice Research Datalink.

T 292 reminders were sent; all primary care practices that did not reply to the first invitation were sent at
least one reminder.

* Women in the comparison group included a random sample of women with no history of cancer that had
the same age distribution as the breast cancer survivors in the primary care practice (frequency matching).
Initially matching occurred on a ratio of one case to one control. We later revised this to one case to two
controls, to account for lower participation rate in the control group.

¥ Exclusion criteria included patients with dementia, terminally ill, or with another cancer diagnosis. GPs
also excluded patients who were not able to complete questionnaires in English, or who had died or
transferred out of their practice recently.
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Table 7.1 Characteristics of the study participants.*

Breast cancer

No history of survivors
cancer (N=252) (N=353)
N (%) N (%)
Age at completion of questionnaire
34-59 years 71 28.2 100 28.3
60-69 years 80 31.7 130 36.8
70-81 years 101 401 123 34.8
Highest education level
Up to GCSEs, O levels, or equivalent 78 31.0 127 36.0
A levels or equivalent 29 11.5 35 9.9
Trade or technical training 52 20.6 54 15.3
Undergraduate or post-graduate degree 66 26.2 92 26.1
Did not want to disclose 27 10.7 45 12.7
Ethnicity
White 242 96.0 344 97.5
Asian / Asian British 6 24 1 0.3
Did not want to disclose 4 1.6 8 2.3
IMD deprivation quintile
1 (most deprived) 53 21.0 71 201
2 36 14.3 54 15.3
3 26 10.3 53 15.0
4 98 38.9 140 39.7
5 (least deprived) 39 15.5 35 9.9
Living arrangements
Not alone 185 73.4 270 76.5
Alone 63 25.0 76 21.5
Did not want to disclose 4 1.6 7 2.0
Country
England 64 254 50 141
Northern Ireland 16 6.3 33 9.3
Scotland 74 294 114 32.3
Wales 98 38.9 156 442
Time since breast cancer diagnosis
1-5 years - - 133 37.7
5-10 years - - 111 31.4
10-15 years - - 88 249
15-20 years - - 16 4.5
>20 years - - 5 1.4
Breast cancer treatments
Surgery - - 348 98.6
Lumpectomy - - 225 63.7
Mastectomy - - 122 34.6
Reconstruction - - 42 11.9
Radiotherapy - - 282 79.9
Chemotherapy - - 143 40.5
Hormone therapy - - 174 49.3
Immunotherapy - - 6 1.7
(Continued)
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Table 7.1 Continued

Stage at diagnosis

Localised to the breast - - 192 54.4
Regional metastasis - - 153 43.3
Distant metastasis - - 2 0.6
Unknown - - 6 1.7
Time since last treatment for breast cancer
Undergoing treatment - - 3 0.8
<12 months - - 2 0.6
Between 1 and 5 years - - 123 34.8
More than 5 years - - 217 61.5
Doesn't know - - 8 2.3
Disease status at questionnaire response
In remission - - 319 90.4
Active disease - - 7 2.0
Doesn't know 27 7.6
Menopausal status
Menopausal at breast cancer diagnosis - - 244 69.1
Became menopausal during treatments for
breast cancer ) ) 7 201
Not menopausal - - 31 8.8
Unknown - - 7 2.0

* Information on age at questionnaire completion, time since breast cancer diagnosis, practice postcode level of
deprivation and country were obtained from the EHRs of the participating patients. Information on education,
ethnicity, living arrangements, treatments for breast cancer, stage at diagnosis, time since last treatment for breast
cancer, and disease and menopausal status, were collected directly from the patients using a self-reported
questionnaire.
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HRQoL, anxiety and depressive symptoms in breast cancer survivors and

women with no history of cancer

Table 7.2 shows the mean scores for all HRQoL domains. Fatigue and sexual
dysfunction were the domains for which women in both groups reported poorer
HRQoL (i.e. higher scores); breast cancer survivors also had cognitive dysfunction
amongst the highest scoring domains. The correlation coefficients among HRQoL

domains are shown in Supplementary Table 2 in Appendix 4.

Compared to women with no history of cancer, breast cancer survivors had poorer
HRQoL for cognitive problems (p<0.01), sexual function (p=0.02) and fatigue
(p<0.01) (Table 7.3); the differences for the other domains were compatible with
chance variation. Breast cancer survivors had non-significantly higher odds of
probable anxiety (HADS-anxiety score 211) than controls (adjusted OR (aOR)=1.40,
0.93-2.10), however there was strong evidence of a difference when a more
sensitive threshold (score =8, “borderline/probable anxiety”) was used, (aOR=1.47,
1.15-1.87). There were no differences in odds of probable depression (aOR=1.08,
0.78-1.50) (Table 7.4).

The worse HRQoL and mental health outcomes among breast cancer survivors
appeared to be driven by higher risk in those treated with chemotherapy and/or
diagnosed with more advanced disease (Table 7.3). Breast cancer survivors treated
with chemotherapy reported significantly more negative feelings, cognitive
problems, sexual dysfunction, fatigue, and anxiety than women with no history of
cancer; in contrast, differences between breast cancer survivors with no
chemotherapy exposure and cancer-free controls were smaller and (except for
fatigue) non-significant. Similarly, breast cancer survivors diagnosed with more
advanced disease had significantly more negative feelings, cognitive problems,
sexual dysfunction, and fatigue than women with no history of cancer, while no
significant differences were seen between survivors of localised cancers and

cancer-free controls.
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Table 7.2 Mean scores for HRQoL domains, anxiety and depressive symptoms, in each group of women.

No history of cancer (N=252) Breast cancer survivors (N=353)
0, o, o, o,
(Im;ltﬁ.ed*) gnc?)arg SD Range Flé)or Ceiﬁng (Im;ltﬁ.ed*) gnc?)arg SD Range Flt/:or Ceiﬁng
Quality of Life in Adult Cancer Survivors Scale§
Generic domains
Negative feelings 251 (7) 11.0 49 4-26 3.7 0.0 343 (22) 1.6 53 4-28 4.4 0.3
Positive feelingss 250 (5) 211 5.4 7-28 0.0 9.9 344 (18) 208 57 7-28 0.0 10.8
Cognitive problems 251 (4) 10.5 47 4-28 6.2 0.8 347 (19) 11.7 5.3 4-27 49 0.0
Physical pain 249 (4) 11.1 6.5 4-28 12.0 0.8 344 (19) 11.2 6.2 4-28 9.6 1.5
Sexual interest/function 227 (8) 12.0 6.4 4-28 13.2 2.7 327 (27) 13.7 7.2 4-28 13.2 49
Energy/Fatigue 251 (1) 12.3 438 4-24 4.1 0.0 347 (11) 13.3 5.0 4-25 3.8 0.0
Social avoidance 251 (21) 9.8 5.6 4-28 17.3 0.4 344 (45) 99 59 4-28 25.0 0.6
Summary % 226 (0) 757 277 28-157 - - 315 (0) 80.4 291 29-162 - -
Cancer-specific domains
Financial problems - - - - - - 348 (9) 7.2 51 4-28 46.6 0.6
Distress related to family . . ; - - - 349(4) 123 75 4-28 56 7.8
Appearance concerns - - - - - - 347 (12) 93 &8 4-28 201 4.9
Distress over recurrence - - - - - - 348 (8) 139 6.8 4-28 27.7 0.9
Summary ; ; ; - - - 347(0) 425 195 "8 75 2.9
Benefits of cancers - - - - - - 345 (7) 17.0 6.6 4-28 - -
Hospital Anxiety and Depression Scale
Anxiety 248 (7) 6.4 4.1 0-20 5.0 0.4 348 (14) 6.8 4.6 0-20 8.1 0.3
Depression 249 (4) 3.6 3.3 0-17 14.5 0.0 349 (3) 36 3.6 0-19 17.8 0.0

SD: standard deviation.

* Number of patient with score imputed. When one item was missing out of the four items in the domain, we imputed this item with the arithmetic mean of the values in the
other three items. Mean domain score was not calculated for patients that did not reply to two or more items in a domain.

§ Higher scores represent poorer HRQoL, except for the domains ‘positive feelings’ and ‘benefits of cancer’.

¥ Calculated as the sum of all domain scores except for positive feelings.
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Table 7.3 Comparison of patient-reported outcomes between breast cancer survivors and controls, by chemotherapy and stage at diagnosis.

All breast cancer

Breast cancer survivors by chemotherapy

Breast cancer survivors by stage at diagnosis

Controls survivors No chemotherapy Chemotherapy Localised Advanced

B* b ub B* b ub B* b ub B* b ub B* b ub
Generic domains
Negative feelings Ref. 0.7 -0.41 1.4 02 -0.7 1.0 1.5 0.2 2.7 0.2 -0.6 1.1 1.3 0.2 25
Positive feelings Ref. -04 13 0.5 -0.2 1.2 0.8 -0.7 -1.9 0.6 -0.3 -13 0.6 -0.5 -1.8 0.8
Cognitive problems Ref. 14 04 23 06 -0.3 1.5 26 1.3 3.8 09 -0.1 1.9 2.0 0.9 3.2
Pain Ref. 0.0 -11 1.5 -0.2 -16 1.2 09 -0.8 2.6 -0.6 -2.0 0.8 1.2 -04 2.8
Sexual function Ref. 1.7 04 3.1 1.2 0.0 24 25 0.7 4.4 09 -05 2.2 29 1.3 4.6
Energy/Fatigue Ref. 1.3 04 2.2 1.2 0.2 21 1.5 0.3 2.7 1.0 0.0 2.0 1.7 0.6 29
Avoidance Ref. 0.1 -1.0 1.2 -0.3 -1.5 0.8 0.8 -0.6 22 -02 1.2 0.8 06 -0.9 2.2
Summary Ref. 59 0.0 11.9 22 -37 8.2 1.2 3.8 18.6 1.8 -4.1 7.7 111 3.8 18.3
HADS
Anxiety Ref. 0.5 -01 1.0 0.1 -0.6 0.8 11 0.2 2.0 04 -03 1.0 0.8 -0.2 1.7
Depression Ref. 0.1 -0.5 0.7 01 -0.6 0.7 02 -07 1.0 0.0 -0.7 0.7 03 -05 1.0

* Adjusted for age, education and deprivation.
HADS: Hospital Anxiety and Depression Scale; Ib — lower bound of the 95% confidence interval; ub — upper bound of the 95% confidence interval.
Bold is used to denote statistical significance.
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Table 7.4 Unadjusted and adjusted associations between breast cancer survivorship and anxiety and depression.

Anxiety Depression
Cut-off 211 for caseness Cut-off 28 for caseness Cut-off 211 for caseness Cut-off 8 for caseness
No. of Odds No. of Odds No. of Odds No. of Odds
cases (%) ratio 95% ClI cases (%) ratio 95% ClI cases (%) ratio 95% ClI cases (%) ratio 95% ClI

Univariate analysis

No cancer 43 (17.3) Ref 87 (35.1) Ref 9(3.6) Ref 38 (15.3) Ref

Breast cancer 79 (22.7) 1.36 0.95-1.96 153 (44.0) 145 1.14-1.86 17 (4.87) 1.37 0.69-2.70 54 (15.5) 1.02 0.72-1.42
Multivariate analysis*

No cancer 39 (17.7) Ref 79 (35.8) Ref 8 (3.6) Ref 33 (14.9) Ref

Breast cancer 69 (22.6) 140 0.93-2.10 137 (44.9) 1.47 1.15-1.87 12 (3.9) 1.18 0.52-2.68 46 (15.0) 1.08 0.78-1.50

* Adjusted for age at questionnaire completion (<60 years; 60-69 years; 70+ years), education (university degree vs. no university degree) and quintile of practice-level

postcode linked deprivation. Bold is used to denote statistical significance.
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Determinants of HRQoL, anxiety and depressive symptoms in breast cancer

survivors

Younger age, more advanced disease at diagnosis, receipt of chemotherapy, not being
menopausal were all strongly associated with poorer HRQoL for both generic and
cancer-specific domains (Table 7.5). In addition, women with no higher education, and
who did not live alone had poorer HRQoL for the cancer-specific domains. Symptoms
of anxiety were associated with younger age, receipt of chemotherapy, and not being
menopausal (Table 7.6). For depression, only living in a more affluent area was

associated with more symptoms.

Figures 7.1 and 7.2 show the variation of the summary scores, as well as individual
HRQoL domain scores, by age, education, chemotherapy and stage at diagnosis. After
adjusting for socio-demographic and clinical variables, older women reported
significantly better HRQoL than women in the youngest age group (34-60 years) for all
domains except positive feelings, pain, fatigue, benefits of cancer, and family-related
distress (Table 7.7). Women with higher education had better HRQoL for several
domains, but only pain, family-related distress and distress with recurrence were
significantly lower after adjusting for confounders (Table 7.8). Women treated with
chemotherapy had poorer HRQoL for a number of domains, but significant differences
were only observed for cognitive problems, appearance concerns, and distress with
recurrence after adjusting for confounders (Table 7.9). For stage, in adjusted models,
significantly worse HRQoL in women with more advanced disease, compared to those
diagnosed with localised tumours, was found for cognitive problems, pain, sexual
function, financial problems, distress with appearance and recurrence (Table 7.10).
Anxiety and depression scores did not vary by exposure to chemotherapy, stage at
diagnosis, or education in adjusted models. However, women aged 70-81 years had

significantly less anxiety and depressive symptoms, compared to women aged 34-59.
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Table 7.5 HRQoL in breast cancer survivors by socio-demographic, clinical and treatment
characteristics (N=353).

Generic domains:

summary score

Cancer-specific domains:

summary score

No. Mean SD B 95%Cl No. Mean SD f3 95%Cl

Age group

34-59 years 92 86.4 30.7 Ref. 99 474 213 Ref.

60-69 years 118 81.7 287 -47 -13.41t04.0 129 431 182 -43 -103t01.7

70-81 years 105 736 27.0 -12.8 -229to-2.6 119 379 183 -9.5 -14.8to-4.1
IMD quintile

1 (most deprived) 66 73.6 26.0 Ref. 70 41.3 18.2 Ref.

2 50 81.5 30.7 7.9 -0.3t0 16.2 54 421 188 0.8 -58to7.4

3 48 799 235 6.3 -2.8t0 15.4 52 428 195 15 -41to7.1

4 120 82.6 30.1 9.0 -0.2t0 18.2 137 421 193 0.8 -3.6t0o53

5 (least deprived) 31 851 354 116 -1.9t025.0 34 472 239 59 -29to014.8
Higher education

No 198 82.9 30.3 Ref. 214 444 20.6 Ref.

Yes 85 764 262 -65 -148t01.7 91 385 16.5 -59 -10.5t0-1.3
Living arrangements

Not alone 250 81.6 29.1 Ref. 267 44.0 19.4 Ref.

Alone 59 751 283 -65 -155t02.5 73 386 195 -54 -9.7t0-1.0
Type of surgery

Lumpectomy 188 80.6 28.1 Ref. 207 415 18.1 Ref.

Mastectomy 112 815 316 0.94 -6.41t0 8.2 121 454 213 39 -11t08.9
Reconstruction

No 277 79.3 28.8 Ref. 305 41.8 18.9 Ref.

Yes 38 87.9 30.6 8.6 -1.0to0 18.3 42 478 228 6.0 -0.02to012.1
Radiotherapy

No 59 748 31.3 Ref. 68 40.0 171 Ref.

Yes 256 816 285 6.8 -0.4to 14.0 279 431 200 31 -0.7t07.0
Chemotherapy

No 183 76.6 28.4 Ref. 206 38.1 17.1 Ref.

Yes 132 85.5 294 8.9 3.9t013.9 141 49.0 209 11.0 7.4to14.5
Hormone therapy

No 160 79.3 285 Ref. 177 414 17.8 Ref.

Yes 155 815 29.8 21 -4.1t0 8.4 170 437 210 23 -16t06.3
Immune therapy

No 309 80.3 291 Ref. 341 42.3 19.3 Ref.

Yes 6 82.2 33.8 1.8 -22.41t026.0 6 545 26.2 122 -7.8t032.2
Stage at diagnosis

Early 169 76.7 27.8 Ref. 187 39.8 17.5 Ref.

Advanced 142 85.3 30.1 8.6 2.4to014.9 154 46.5 212 6.7 2.0to11.4
Status of disease

Remission 287 78.8 28.7 Ref. 314 411 18.9 Ref.

Active disease 3 79.3 343 0.5 -34.1to035.1 6 522 215 11.0 -8.3t030.3
Menopausal status

Menopausal 216 77.7 29.1 Ref. 239 40.8 18.6 Ref.

Not menopausal 99 86.2 284 8.5 2.1to 14.9 108 46.4 20.8 56 1.2t010.0
Time since diagnosis

<10 years 215 80.0 28.9 Ref. 242 42.0 19.9 Ref.

>10 years 100 81.1 29.8 1.1 -6.1t0 8.2 105 43.7 185 1.6 -3.6t06.9

No.: number; SD: standard deviation.
Bold text is used to denote that the differences between the two groups were supported by
some statistical evidence.
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Table 7.6 Anxiety and depressive symptoms in breast cancer survivors by socio-
demographic, clinical and treatment characteristics (N=353).

Hospital Anxiety and Depression Scale

Anxiety Depression
No. Mean SD B 95%ClI No. Mean SD B | 95%Cl
Age group
34-59 years 100 7.9 44 Ref 100 4.1 3.8 Ref.
60-69 years 129 6.7 47 -11 -251t00.18 129 36 34 -05 -15t004
70-81 years 119 6.0 45 1.8 -3.1t0-0.5 120 33 36 -08 -21to04
IMD quintile
1 (more deprived) 71 7.2 4.6 Ref. 71 29 34 Ref
2 52 6.3 43 -08 -25t00.8 52 33 3.1 0.3 -04t01.0
3 52 57 40 15 -27t0-0.3 522 33 25 04 -03to1.0
4 138 7.1 47 -0.02 -1.2t01.2 139 4.1 38 12 0.3to21
5 (least deprived) 3% 72 50 006 -16t01.8 35 43 48 14 01to26
Education
No graduate degree 214 6.8 4.7 Ref. 214 3.9 3.7 Ref.
Graduate degree 91 72 40 04 -10to1.8 92 30 30 -08 -1.7t00.02
Living arrangements
Not alone 268 7.0 4.6 Ref. 268 3.7 3.6 Ref.
Alone 73 62 46 -08 -20to04 74 34 35 -03 -13t00.8
Type of surgery
Lumpectomy 209 6.6 4.4 Ref. 210 3.5 3.4 Ref
Mastectomy 119 73 47 07 -04t01.8 119 39 38 04 -06to1.3
Breast reconstruction
No 306 6.7 4.5 Ref. 307 3.6 3.6 Ref
Yes 41 78 48 11 -02to24 42 36 35 0.01 -11to1.1
Radiotherapy
No 67 6.8 4.6 Ref 68 3.7 3.6 Ref
Yes 281 68 46 00 -1.1to11 281 36 36 -01 -10toc0.8
Chemotherapy
No 205 6.4 4.7 Ref. 206 3.6 3.6 Ref.
Yes 143 75 43 11 0.2t02.0 143 37 35 02 -06t00.9
Hormone therapy
No 175 6.8 4.7 Ref. 176 3.6 3.6 Ref.
Yes 173 6.8 44 00 -13to1.2 173 3.7 36 0.04 -0.8t00.9
Immune therapy
No 342 6.8 4.6 Ref. 343 3.6 3.6 Ref
Yes 6 78 52 10 -29t05.0 6 35 40 -0.1 -3.1t029
Stage at diagnosis
Early 187 6.6 4.5 Ref. 188 34 3.3 Ref.
Advanced 155 72 47 05 -0.7t01.8 155 39 38 05 -04to14
Current status of disease
Remission 315 6.5 4.5 Ref. 315 3.3 3.3 Ref
Active disease 7 107 7.0 42 -23t010.7 7 61 48 29 -1.2t06.9
Menopausal status
Menopausal 241 6.3 4.5 Ref. 242 3.5 3.5 Ref.
Not menopausal 107 80 45 1.7 0.5to2.8 107 3.9 37 04 -06to1.5
Time since diagnosis
<10 years 242 6.7 4.6 Ref. 243 36 3.6 Ref.
210 years 106 71 45 04 -08to1.6 106 38 35 02 -0.7t01.1

No.: number; SD: standard deviation. Bold text is used to denote that the differences between
the two groups were supported by some statistical evidence.
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Figure 7.2 Mean scores of HRQoL and anxiety and depression, by age at questionnaire response and education (N=353).
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Figure 7.3 Mean scores of HRQoL and anxiety and depression, by exposure to chemotherapy and stage at diagnosis in breast cancer

survivors (N=353).
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Table 7.7 Associations between age and quality of life, anxiety and depression in breast cancer survivors (N=353).

Age

Unadjusted association

Model 1:

adjusted for socio-demographic

Model 2:

model 1 + stage and chemotherapy

variables’
<60 60-69 70-81 <60 60-69 70-81 <60 60-69 70-81
years years years years years years years years years
B P B P B P B P B P B P
Quality of Life in Adult Cancer Survivors Scale
Generic domains
Negative feelings Ref. -1.0 0.16 -2.1 0.03 Ref. -1.4 0.07 -2.4 0.01 Ref. -1.3 0.10 -22 0.03
Positive feelings Ref. 0.3 0.57 1.3 0.12 Ref. 0.6 0.36 1.8 0.04 Ref. 0.4 0.51 1.6 0.08
Cognitive problems Ref. -1.1 0.13 -2.7 <0.001 Ref. -1.6 0.04 -2.7  0.001 Ref. -1.3 0.1 -2.2 0.01
Pain Ref. 0.1 0.87 -0.5 0.62 Ref. -0.1 0.93 -0.7 0.47 Ref. 0.1 0.87 -0.6  0.58
Sexual function Ref. -2.1 0.08 -3.3  0.002 Ref. -3.5 0.01 -4.5 <0.001 Ref. -3.3 0.01 -4.5 <0.001
Energy/Fatigue Ref. -0.3 0.61 -0.3 0.66 Ref. -0.8 0.28 -0.7 0.38 Ref. -0.7 0.32 -0.8 0.35
Avoidance Ref. -0.6 047 -2.3 0.02 Ref. -1.10.21 -2.4 0.02 Ref. -1.0 0.27 -2.3  0.04
Summary score Ref. -4.7 0.28 -12.8 0.01 Ref. -9.2 0.05 -15.8  0.002 Ref. -8.2 0.08 -14.8  0.01
Cancer specific domains
Financial problems Ref. -2.3 0.01 -3.0 <0.001 Ref. -2.2 0.03 -2.8 <0.001 Ref. -2.1 0.04 -2.6 <0.001
Benefits of cancer Ref. -1.5 0.15 0.7 0.52 Ref. -0.9 0.37 0.5 0.63 Ref. -0.8 0.41 0.5 0.68
Distress-family Ref. 0.3 0.80 -0.3 0.73 Ref. 0.5 0.57 -1.2 0.11 Ref. 0.5 0.57 -1.0  0.21
Appearance Ref. -1.2 0.14 -3.2 <0.001 Ref. -1.6 0.06 -4.1  <0.001 Ref. -1.0 0.26 -3.0 0.001
Distress-recurrence Ref. -1.3 0.22 -3.0 0.002 Ref. -1.5 0.15 -3.4  0.002 Ref. -1.1 0.32 -2.5  0.02
Summary score Ref. -4.3 0.15 -9.5 <0.001 Ref. -4.8 0.12 -11.4 <0.001 Ref. -3.6 0.26 -9.1  0.001
Hospital Anxiety and Depression Scale
Anxiety Ref. -1.1 0.09 -1.8 0.01 Ref. -1.0 0.14 -1.8 0.01 Ref. -0.9 0.20 -1.7  0.03
Depression Ref. -0.5 0.27 -0.8 0.19 Ref. -0.6 0.21 -1.3 0.04 Ref. -0.6 0.28 -1.3  0.04

' Adjusted for education (university degree vs. no degree), practice postcode quintile level of the index of multiple deprivation (IMD), and country (Scotland, Wales, Northern Ireland, England).

196



Table 7.8 Associations between education and quality of life, anxiety and depression in breast cancer survivors (N=353).

Education
Unadjusted association Model 1: adjusted for Model 2:
socio-demographic variables’ model 1 + stage and chemotherapy
No higher . . No higher Higher No higher . .
educagtion Higher education educagtion edugation educagtion Higher education
B P-value B P-value B P-value
Quality of Life in Adult Cancer Survivors Scale
Generic domains
Negative feelings Ref. -0.7 0.32 Ref. -0.8 0.25 Ref. -0.7 0.27
Positive feelings Ref. 0.4 0.62 Ref. 0.4 0.63 Ref. 0.3 0.73
Cognitive problems Ref. -0.7 0.22 Ref. -0.9 0.18 Ref. -1.0 0.13
Pain Ref. -1.8 0.01 Ref. -1.9 0.01 Ref. -2.0 0.01
Sexual function Ref. -1.2 0.25 Ref. -1.4 0.16 Ref. -1.4 0.16
Energy/Fatigue Ref. -1.2 0.08 Ref. -1.3 0.07 Ref. -1.3 0.06
Avoidance Ref. -0.4 0.53 Ref. -0.5 0.47 Ref. -0.4 0.52
Summary score Ref. -6.5 0.12 Ref. -7.3 0.08 Ref. -7.4 0.08
Cancer-specific domains
Financial problems Ref. -0.6 0.32 Ref. -0.7 0.26 Ref. -0.8 0.23
Benefits of cancer Ref. -0.9 0.27 Ref. -1.1 0.20 Ref. -1.5 0.10
Distress-family Ref. -3.0 <0.001 Ref. -3.0 <0.001 Ref. -3.0 <0.001
Appearance Ref. -0.8 0.32 Ref. -1.1 0.18 Ref. -1.2 0.12
Distress-recurrence Ref. -1.4 0.07 Ref. -1.7 0.04 Ref. -1.9 0.02
Summary score Ref. -5.9 0.01 Ref. -6.5 0.01 Ref. -7.0 0.004
Hospital Anxiety and Depression Scale

Anxiety Ref. 0.4 0.57 Ref. 0.3 0.69 Ref. 0.3 0.68
Depression Ref. -0.8 0.06 Ref. -0.8 0.10 Ref. -0.7 0.15

' Adjusted for age (<60, 60-69, 70-81 years), practice postcode quintile level of the index of multiple deprivation (IMD), and country (Scotland, Wales, Northern Ireland, England).
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Table 7.9 Associations between exposure to chemotherapy and quality of life, anxiety and depression in breast cancer survivors (N=353).

Chemotherapy exposure

Model 1:
Unadjusted association adjusted for socio-
demographic variables’

Model 2:
model 1 + stage at diagnosis

No ChT ChT No ChT ChT No ChT ChT
B P-value B P-value B P-value
Quality of Life in Adult Cancer Survivors Scale
Generic domains
Negative feelings Ref. 1.7 0.004 Ref. 1.3 0.05 Ref. 1.0 0.15
Positive feelings Ref. -0.7 0.21 Ref. -0.4 0.49 Ref. -0.6 0.39
Cognitive problems Ref. 2.0 <0.001 Ref. 1.9 0.003 Ref. 1.6 0.03
Pain Ref. 0.8 0.22 Ref. 0.9 0.29 Ref. -0.1 0.90
Sexual function Ref. 1.6 0.01 Ref. 1.1 0.18 Ref. 0.1 0.91
Energy/Fatigue Ref. 0.1 0.77 Ref. 0.3 0.53 Ref. -0.2 0.66
Avoidance Ref. 1.5 0.01 Ref. 1.0 0.09 Ref. 0.8 0.24
Summary score Ref. 8.9 <0.001 Ref. 8.0 0.02 Ref. 4.4 0.25
Cancer specific domains
Financial problems Ref. 20 0.003 Ref. 1.4 0.06 Ref. 1.1 0.20
Benefits of cancer Ref. 0.9 0.24 Ref. 0.5 0.58 Ref. 0.0 0.98
Distress-family Ref. 1.2 0.05 Ref. 1.4 0.06 Ref. 1.0 0.20
Appearance Ref. 4.5 <0.001 Ref. 4.2 <0.001 Ref. 3.6 <0.001
Distress-recurrence Ref. 3.2 <0.001 Ref. 3.2 <0.001 Ref. 29 <0.001
Summary score Ref. 11.0 <0.001 Ref. 10.1 <0.001 Ref. 8.5 <0.001
Hospital Anxiety and Depression Scale
Anxiety Ref. 1.1 0.02 Ref. 0.9 0.10 Ref. 0.8 0.14
Depression Ref. 0.2 0.66 Ref. 0.0 0.92 Ref. -0.2 0.63

' Adjusted for age (34-59, 60-69, 70-81 years), education (graduate degree: yes/no), practice postcode quintile level of the index of multiple deprivation (IMD), and country (Scotland, Wales,
Northern Ireland, England). ChT = Chemotherapy.
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Table 7.10 Associations between stage of at diagnosis and quality of life, anxiety and depression in breast cancer survivors (N=353).

Stage at diagnosis

Model 1:
Unadjusted association adjusted for socio-
demographic variables’

Model 2:
model 1 + chemotherapy

Early Regional or Early  Regional or distant Early Regional or
stage distant metastases stage metastases stage distant metastases
B P-value B P-value B P-value
Quality of Life in Adult Cancer Survivors Scale
Generic domains
Negative feelings Ref. 1.2 0.08 Ref. 1.2 0.07 Ref. 1.2 0.07
Positive feelings Ref. -0.3 0.70 Ref. -0.1 0.85 Ref. -0.1 0.85
Cognitive problems Ref. 1.2 0.01 Ref. 1.2 0.02 Ref. 1.2 0.02
Pain Ref. 2.0 0.003 Ref. 1.9 0.01 Ref. 1.9 0.01
Sexual function Ref. 2.0 0.01 Ref. 20 0.01 Ref. 2.0 0.01
Energy/Fatigue Ref. 0.8 0.16 Ref. 0.9 0.13 Ref. 0.9 0.13
Avoidance Ref. 1.1 0.09 Ref. 1.0 0.12 Ref. 1.0 0.12
Summary score Ref. 8.6 0.01 Ref. 9.7 0.002 Ref. 9.7 0.002
Cancer specific domains
Financial problems Ref. 1.4 0.01 Ref. 1.0 0.04 Ref. 1.0 0.04
Benefits of cancer Ref. 0.4 0.56 Ref. 0.4 0.48 Ref. 0.4 0.48
Distress-family Ref. 0.8 0.38 Ref. 1.2 0.24 Ref. 1.2 0.24
Appearance Ref. 2.7 <0.001 Ref. 29 <0.001 Ref. 29 <0.001
Distress-recurrence Ref. 1.8 0.04 Ref. 1.7 0.05 Ref. 1.7 0.05
Summary score Ref. 6.7 0.01 Ref. 6.7 0.004 Ref. 6.7 0.004
Hospital Anxiety and Depression Scale
Anxiety Ref. 0.5 0.40 Ref. 0.5 0.38 Ref. 0.5 0.38
Depression Ref. 0.5 0.25 Ref. 0.4 0.36 Ref. 0.4 0.36

" Adjusted for age (34-59, 60-69, 70-81 years), practice postcode quintile level of the index of multiple deprivation (IMD), and country (Scotland, Wales, Northern Ireland,
England).
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Discussion

Breast cancer survivors had more cognitive problems, sexual dysfunction, fatigue, and
borderline to abnormal anxiety symptoms compared to women with no history of
cancer. The poorer quality of life in breast cancer survivors compared to controls
appeared to be driven by treatment with chemotherapy, and more advanced disease at
diagnosis. Among breast cancer survivors, younger age, lower education, more
advanced disease at diagnosis, and treatment with chemotherapy, were all

independently associated with poorer HRQoL.

The increased cognitive problems, sexual dysfunction and fatigue in breast cancer
survivors might be partially explained by the distress caused by the diagnosis and
treatment, as well as physical and often permanent side effects of the breast cancer
treatments. The direct toxic effect of chemotherapy regimens to the central nervous
system may be involved in the pathophysiology of cognitive dysfunction [12, 13]. This is
consistent with our results, where chemotherapy was independently associated with
more cognitive problems, compared to both controls and breast cancer survivors not
exposed to chemotherapy. Cognitive problems were also raised in women diagnosed
with more advanced disease, independently of treatment with chemotherapy; this is
also consistent with results from studies showing that post-traumatic stress may also
be involved in the causation of cognitive dysfunction [14]. Fatigue is common during
chemotherapy and radiotherapy, and is probably due to psychological and biological
factors, such as depression and increased pro-inflammatory cytokines [15]. Sexual
problems are often related to breast cancer treatments that lower circulating levels of
oestrogen, and body imagine concerns after a surgery that inevitably changes breast

appearance.

Our results on HRQoL varying by age, education, stage at diagnosis and treatment are
consistent with the previous literature [16-20]. Post-traumatic growth, a phenomenon in
which women appreciate life more after a traumatic event [21], is likely explain the
better HRQoL of older women as they also had the highest scores for positive feelings

and benefits of cancer.

This study has several strengths. We selected patients from the CPRD GOLD primary
care database, which is representative of the UK population in terms of age, sex, and
ethnicity [22]. Matching the groups by primary care practice and age is likely to have
accounted for measurable and some unmeasurable confounding; we further collected

data for education, ethnicity, and proxy of social support, which are known to be
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imperfectly recorded in the patients’ clinical records, and this allowed us to account for
these variables in the analyses. The validity of the tools used to assess outcomes has
been established. QLACS was specifically developed to assess HRQoL in long-term
cancer survivors, and it has high validity and reliability, both in cancer patients early
post-treatment [23] and in long-term survivors [24, 25]. HADS has also been validated
for use in primary care [26]. Finally, our study was sufficiently powered for the main
comparison of HRQoL between breast cancer survivors and controls, as we exceeded

the target sample size.

However, this study also has limitations. The major threat to the validity of our results
comes from the low participation rate (35% in the breast cancer survivors group and
17% in the control group). Even though this participation rate overall surpassed our
estimate at study design of 20%, and is similar to participation rates in HRQoL studies
among other cancer survivors in the UK [27], we cannot rule out selection bias where
psychologically healthier women were more likely to participate. The broad
demographic determinants of participation were similar between breast cancer
survivors and controls, but we cannot rule out differential participation associated with
the outcomes. Another limitation is that clinical information was self-reported, which
may have led to some information bias, but we expect this to have a minor impact on
our results. The QLACS was well accepted but some missing responses were
observed, most often for items related to sexual interest and function, and social
avoidance; our proportion of missing data was similar to another study assessing
HRQoL with QLACS among cancer survivors in the UK [23]. It is unclear whether the
missing responses were related to values themselves, but it is plausible that older
women may not feel comfortable reporting their sexual function. In addition, older
women may have fewer opportunities to engage in partnered sexual activity (e.g.
widowed, erectile dysfunction in partners, etc.), and therefore consider these items not
applicable to them. For the social avoidance domain, one item was left unanswered
particularly often — it related to being ‘reluctant to start new relationships’. We think this
item might have been interpreted by the patients as starting new romantic

relationships, and thus left blank due to no applicability.

The results of this study suggest that selected groups of breast cancer survivors in the
UK may benefit from increased surveillance for mental health and consequences of
treatment that negatively affect HRQoL, such as cognitive problems, sexual problems
and fatigue. Early identification and management of problems related to these domains
is likely to reduce the burden of the disease. In the most recent years, patient

rehabilitation programs have been made available to help patients better understand
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their disease and what can be expected from the cancer treatments. This is likely to
help women to better cope with their disease, as well as raise awareness that help is
available for these issues, and reduce the stigma associated with sensitive topics such
as mental health and sexual function. It is also important to raise awareness among
health care professionals that long-term breast cancer survivors may still experience

important distress related to their history of cancer.

Future research on the HRQoL of breast cancer survivors in the UK should focus on
interventions aimed at preventing declines in HRQoL in the long term after breast
cancer, interventions aimed at improving HRQoL in patients currently reporting low
levels of HRQoL, and assessing trends in HRQoL, as it is unclear whether modern
treatments yield better HRQoL. Studies are also needed to assess whether women
diagnosed with breast carcinomas in situ differ in terms of HRQoL from both breast
cancer survivors and women with no history of cancer, as these tumours are treated

similarly to early stage breast cancer.

In conclusion, breast cancer survivors in the UK reported raised risk of problems with
cognition, sexual function, fatigue and borderline/probable anxiety, particularly where
their cancer was advanced and/or treated with chemotherapy. This information can be
used to tailor increased surveillance for mental health and HRQoL issues in these

groups.
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7.4 Summary

e This cross-sectional study aimed to assess HRQoL, anxiety, and depressive
symptoms in long-term breast cancer survivors (>1 year), compared to women

with no prior cancer.

e The CPRD GOLD primary care database was used to identify all women with
history of breast in the participating practices, and a random sample of women
who have never had cancer. The patient's GP confirmed their eligibility and

posted the questionnaires. Outcomes were measured using QLACS and HADS.

e 353 women with a history of breast cancer (mean time since diagnosis 8.1
years) and 252 women with no prior cancer, from all four UK countries,
participated in the study. These were 35% of the breast cancer survivors and

17% of the women with no history of cancer that were invited to participate.

e Breast cancer survivors had poorer HRQoL (higher mean QLACS score) in the
domains of cognitive problems (adjusted B (ap)=1.4, p=0.01), sexual function
(ap=1.7, p=0.02) and fatigue (ap=1.3, p=0.01), compared to women with no
history of cancer, but we found no evidence of difference in negative feelings,
positive feelings, pain, or social avoidance. Breast cancer survivors treated with
chemotherapy or diagnosed with more advanced disease, also had poorer
HRQoL for the domain of negative feelings (chemotherapy: ap=1.5, 95%CI: 0.2-
2.7; stage: ap=1.3, 95%Cl: 0.2-1.5).

e Breast cancer survivors also had non-significantly higher odds of probable
anxiety (HADS-anxiety score =11) than controls (adjusted OR (aOR)=1.40,
0.93-2.10), however there was strong evidence of a difference when a more
sensitive threshold (score =8, “borderline/probable anxiety”) was used,
(aOR=1.47, 1.15-1.87). There were no differences in the odds of probable
depression (aOR=1.18, 0.52-2.68).

e Poorer HRQoL and mental health outcomes were more pronounced among
women with advanced-stage cancer at diagnosis, and/or prior treatment with

chemotherapy.
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8 Comparison between patient-reported outcomes and data

recorded in the patients’ electronic health record

8.1 Introduction

Objective 6 of this thesis, and s secondary aim of the cross-sectional study described
in Chapter 7, was to assess the feasibility of using EHRs to study aspects of mental
health and quality of life that are more typically captured directly from patients. If such
outcomes could be adequately captured using routinely collected health records data,
this would allow for much larger and lower-cost studies compared to when direct
patient involvement is required. This chapter focuses on the comparison between
information on certain domains of HRQoL that were directly reported by the patients
participating in the study (N=602), and the data registered in their EHRs in the CPRD
GOLD primary care database.

8.2 Methods

8.3 Identifying patients with poor quality of life (patient-reported outcome)

The QLACS includes seven generic domains of HRQoL (i.e. negative feelings, positive
feelings, fatigue, cognitive problems, sexual function, physical pain and avoidance). Of
these, five are particularly suitable for comparison with the data recorded in the EHR
because women with distressing levels for these domains may have visited their GP to
seek help: ‘negative feelings’, ‘cognitive problems’, ‘physical pain’, ‘sexual problems’
and ‘fatigue’. Read codes for the ‘social avoidance’ domain are also available, and
therefore this domain was also included. Data on ‘positive feelings’ were not expected

to be captured in GP records so are not considered further here.

The domains of negative feelings, cognitive problems, physical pain, sexual problems,
fatigue and social avoidance have four items each. Responses to each item are given
on a Likert-type of scale that varies between 1 (never) and 7 (always). To identify
women who had high levels of distress for each domain, | calculated the arithmetic
mean of their responses (i.e. the sum of the individual item scores divided by four;
mean values range between one and seven). | considered as reporting important levels
of distress all women with a mean of =5 (corresponding to average replies of

frequently, very often or always) in the domain. As this is an arbitrary cut-off, two
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sensitivity analyses were conducted: 1) using a lower cut-off of =3 (corresponding to

replies of sometimes and as often as not, in addition to replies of frequently, very often

or always to most questions); 2) considering as exposed to important levels of distress

all women who replied 25 to at least one item in the domain.

8.4 Identifying conditions closely related to specific domains of HRQoL in

electronic health records

The EHRs data from the 602 patients that participated in the cross-sectional study

were extracted from the CPRD GOLD primary care database. As patient-reported

outcomes were collected between January and November 2019, | extracted data from

the January 2019 version of CPRD, which included data from 1987 up to December

2018. In a sensitivity analysis, | used data from the CPRD GOLD primary care

database version of July 2019, which included data collected from primary care

practices up to June 2019.

For each domain of HRQoL being assessed, | produced lists of Read codes closely

related to the QLACS items in the domain (please see Table 8.1 for concepts; lists of

Read codes are provided in Chapter 6).

Table 8.1 Matching between HRQoL domain and information in the EHRSs.

HRQoL domain

QLACS Items

Search in the EHR for Read
codes* related to:

Negative
feelings

Cognitive
problems

Physical pain

Sexual
problems

Fatigue

Social
avoidance

19 Bothered by mood swings
7 Felt blue or depressed

9 Worried about little things
24 Felt anxious

3 Bothered by having a short attention span

4 Had trouble remembering things

2 Difficulty doing things requiring concentration
23 Bothered by forgetting what started to do

13 Bothered by pain preventing activities
17 Mood disrupted by pain or its treatment
27 Pain interfered with social activities

21 Had aches or pains

16 Lacked interest in sex

26 Avoided sexual activity

12 Dissatisfied with sex life

10 Bothered by inability to function sexually

11 Lacked energy to do things wanted to
14 Felt tired a lot

1 Had energy to do things wanted to do
5 Felt fatigued

18 Avoided social gatherings

20 Avoided friends

25 Reluctant to meet new people

15 Reluctant to start new relationships

Depression and/or anxiety
(disorders and symptoms),
antidepressants, or anxiolytic
prescription

Cognitive impairment; cognitive

dysfunction symptoms; dementia*;
dementia-specific drug*.

Pain; painful conditions;
prescriptions of analgesics.

Low libido; anorgasmia;
vaginismus.

Low energy; tiredness.

Social isolation, or social
avoidance.
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* definitions were based on the systematic review provided in Chapter 5 when possible. QLACS — Quality
of Life in Adult Cancer Survivors Scale; EHR — electronic health records.

The lists of Read codes were used to identify women with these codes registered in
their EHR in the 3, 6, 12 and 24 months prior to the date of last data collection from the
practice. The last collection date varied from practice to practice, but was generally
within three weeks of the database version (e.g. in the January 2019 version, the date
of last data collection from the practices was in median 20 days (inter-quartile range:
19-20) prior to 31 December 2018).

8.5 Comparison between patient-reported outcomes and information
recorded in the electronic health records

To compare the two sources of data, | quantified for each domain:

1) of the women who reported high levels of distress in the questionnaires, how
many had similar information in their EHR (sensitivity);
2) of the women who had information about the domain in the EHR, how many

reported distressing levels in the questionnaires (positive predictive value).

Results are shown in tables.
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8.6 Results

8.7 Sensitivity of electronic health data in capturing patient-reported
distress

Of the 605 women that participated in the study, 100 (17%) reported high levels of
distress (mean score =5) for negative feelings (Table 8.2). 36% of these had
information related to anxiety and/or depression recorded in their EHR in the three
months prior to the date of last data collection for the practice, and 50% had a record in
the previous two years. Distress with pain was reported in the questionnaires by 122
(21%) of the women, and 52% and 75% of these had symptoms of pain or an analgesic
prescription recorded the EHR in the previous three and 24 months, respectively. 93
women reported high levels of distress related to cognitive problems, 155 to sexual
dysfunction, 157 to fatigue/energy, and 82 to social avoidance. No codes relevant to
these domains were found in the patients’ EHR up to 24 months prior to the date of last
data collection for the practice. The results of the sensitivity analysis using data of the

July 2019 version of CPRD were not meaningfully different (Table 8.3).

8.8 Positive predictive value of electronic health data for capturing patient-
reported distress

Of the patients that had information about negative feelings recorded in their EHR (20-
30% of all patients, depending on the length of the time-window used to identify codes),
only a minority (20-30%) reported distressing levels of negative feelings in the
questionnaires (Table 8.4). For pain, approximately one-half of the 134 patients who
had pain recorded in their EHR also reported distressing levels for pain in the
questionnaires. The positive predictive value tended to decline when older information
was included in the ascertainment of negative feelings in the EHRs (i.e. when a longer
time-window/look back period was used). For the other four domains, no codes were

identified in the EHRs for in the observation period.
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Table 8.2 Sensitivity analysis using a more recent CPRD data cut: patients scoring above a given threshold in the PRO study that had

domain-related information in the EHRs by time prior to the last data collection for the practice in the CPRD version January 2019 (N=605 §)

Patients scoring above a given threshold in the PRO

PROs study that had domain-related information in EHRs,
by time prior to the last data collection for the practice
Mean 3mo 6mo 12mo 24mo
Domain Items in the QLACS Read codes for ggrgfn No. % No. % No. % No. % No. %
Negative 19 Bothered by mood swings Depression and/or 25 100 16.8 36 36.0 37 37.0 47 47.0 51 51.0
feelings 7 Felt blue or depressed anxiety, 23 383 64.5 89 23.2 90 235 109 285 129 337
9 Worried about little things antidepressants, or 1item25 226 37.4 65 28.8 66 29.2 82 36.3 95 42.0
24 Felt anxious anxiolytic prescription.
Cognitive 3 Bothered by having a short attention span Cognitive impairment; =5 93 15.6 0 0 0 0
problems 4 Had trouble remembering things cognitive dysfunction 23 391 64.6 0 0 0 0
2 leflculty.domg things requiring symptoms, demgntla, 1item=5 192 31.7
concentration dementia-specific
23 Bothered by forgetting what started todo  drug.”
Physical 13 Bothered by pain preventing activities Pain; painful conditions: 25 122 20.6 64 52.5 69 56.6 81 66.4 91 74.6
pain 17 Mood disrupted by pain or its treatment resc,:ri tions of ’ 23 327 551 105 321 115 352 151 46.2 184 56.3
27 Pain interfered w/social activities P P 1item25 229 37.9 85 37.1 93 406 119 52.0 140 61.1
. analgesics.
21 Had aches or pains
Sexual 16 Lacked interest in sex 25 155 28.0 0 0 0 0
dysfunction 26 Avoided sexual activity Low libido; anorgasmia; 23 375 62.0 0 0 0 0
12 Dissatisfied w/sex life vaginismus. 1item25 302 49.9 0 0 0 0
10 Bothered by inability to function sexually
Fatigue 11 Lacked energy to do things wanted to 25 157 26.3 0 0 0 0
14 Felt tired a lot Low energy; tiredness =3 469 77.5 0 0 0 0
1 Had energy to do things wanted to do ’ ' 1item=25 533 88.1 0 0 0 0
5 Felt fatigued
Social 18 Avoided social gatherings 25 82 13.8 0 0 0 0
avoidance 20 Avoided friends Social isolation; social =23 292 48.6 0 0 0 0
25 Reluctant to meet new people avoidance. 1item=5 194 321 0 0 0 0

15 Reluctant to start new relationships

EHRs = electronic health records; HRQoL = Health-Related Quality of Life; mo. = month. PRO = Patient-reported outcomes.* Severe cognitive dysfunction was an exclusion criterion for the study.
§ 605 women participated in the study; due to missing data for some items, the number of women included in the denominator varies slightly by domain.
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Table 8.3 Patients scoring above a given threshold in the PRO study that had domain-related information in the EHRS by time prior to the
last data collection for the practice in the CPRD July 2019 version (N=605 §).

Patients scoring above a given threshold in the PRO

PROs study that had domain-related information in EHRs,
by time prior to the last data collection for the practice
Mean 3mo 6mo 12mo 24mo
Domain Items in the QLACS Read codes for ggrgfn No. % No. % No. % No. % No. %
Negative 19 Bothered by mood swings Depression and/or =5 100 16.8 37 37.0 37 37.0 48 48.0 55 55.0
feelings 7 Felt blue or depressed anxiety (disorders 23 383 64.5 89 232 89 232 113 291 130 33.9
9 Worried about little things and symptoms), 1item25 226 37.4 68 30.1 68 30.1 84 37.2 98 434
24 Felt anxious anti.depressants,. or
anxiolytic prescription
Cognitive 3 Bothered by having a short attention span Cognitive impairment; 25 93 15.6 0 0 0 0
problems 4 Had trouble remembering things cognitive dysfunction 23 391 64.6 0 0 0 0
2 leflculty.domg things requiring symptoms, demgntla, 1item>5 192 31.7
concentration dementia-specific
23 Bothered by forgetting what started todo  drug.”
Physical 13 Bothered by pain preventing activities Pain; painful 25 122 20.6 64 52.5 69 56.6 81 66.4 91 746
pain 17 Mood disrupted by pain or its treatment conditions; 23 327 551 106 324 116 355 152 465 185 56.6
27 Pain interfered w/social activities prescriptions of 1item=5 229 37.9 86 37.6 94 411 120 524 141 61.6
21 Had aches or pains analgesics.
Sexual 16 Lacked interest in sex 25 155 28.0 0 0 0 0
dysfunction 26 Avoided sexual activity Low libido; anorgasm; 23 375 62.0 0 0 0 0
12 Dissatisfied w/sex life vaginismus. 1item25 302 49.9 0 0 0 0
10 Bothered by inability to function sexually
Fatigue 11 Lacked energy to do things wanted to =5 157 26.3 0 0 0 0
14 Felt tired a lot Low energy; 23 469 77.5 0 0 0 0
1 Had energy to do things wanted to do tiredness. 1item25 533 88.1 0 0 0 0
5 Felt fatigued
Social 18 Avoided social gatherings =5 82 13.8 0 0 0 0
avoidance 20 Avoided friends Social isolation; social 23 292 48.6 0 0 0 0
25 Reluctant to meet new people avoidance. 1item=5 194 32.1 0 0 0 0

15 Reluctant to start new relationships

EHR = electronic health records; HRQoL = Health-Related Quality of Life; mo. = month. * Severe cognitive dysfunction was an exclusion criterion for the study. § 605 women participated in the
study; due to missing data for some items, the number of women included in the denominator varies slightly by domain.
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Table 8.4 Proportion of women who had information in the EHR who reported distressing levels when inquired about their HRQoL (N=605).

Patients scoring as distressed,

Patients with info according to patient-reported data

for the domain

. At least
in EHR 25 23 one item 5

Domain Items in the QLACS Read codes related to: Tlmt((e)erllaocr No. % No. % No. % No. %
Negative 19 Bothered by mood swings Depression and/or 3 mo. 115 19.4 36 31.3 88 774 65 55.1
feelings 7 Felt blue or depressed anxiety (disorders and 6 mo. 117 19.7 37 316 90 769 66 550

9 Worried about little things Zﬁ?dpég'rgz)s’ams, o 12 mo. 142 23.9 47 331 109 768 82 56.2

24 Felt anxious anxiolytic prescription. 24 mo. 170 28.6 51 30.0 129 75.9 95 543
Cognitive 3 Bothered by having a short attention span o 3 mo. 0 - - -
problems 4 Had trouble remembering thin Can-IJ-[Ne |mpa|rmlent; 6 0 - - -

g things cognitive dysfunction mo.

2 Difficulty doing things requiring symptoms; dementia; 12 mo 0 ) ) )

concentration dementia-specific drug.* '

23 Bothered by forgetting what started to do 24 mo. 0 - - -
Physical pain 13 Bothered by pain preventing activities ) ) » 3 mo. 134 22.6 64 47.8 105 784 85 62.0

. . . Pain; painful conditions;

17 Mood disrupted by pain or its treatment prescriptions of 6 mo. 146 246 69 473 115 78.8 93 624

27 Pain interfered w/social activities analgesics. 12 mo. 202 341 81 401 151 748 119 57.8

21 Had aches or pains 24 mo. 257 43.3 91 354 184 716 140 534
Sexual 16 Lacked interest in sex 3 mo. 0 - - -
dysfunction 26 Avoided sexual activity Low libido; anorgasm; 6 mo. 0 - - -

12 Dissatisfied w/sex life vaginismus. 12 mo. 0 - - -

10 Bothered by inability to function sexually 24 mo. 0 - - -
Fatigue 11 Lacked energy to do things wanted to 3 mo. 0 - - -

14 Felt tired a lot Low energy: tiredness 6 mo. 0 - - -

1 Had energy to do things wanted to do ’ ) 12 mo. 0 - - -

5 Felt fatigued 24 mo. 0 - - -
Social 18 Avoided social gatherings 3 mo. 0 - - -
avoidance 20 Avoided friends Social isolation; social 6 mo. 0 - - -

25 Reluctant to meet new people avoidance. 12 mo. 0 - - -

15 Reluctant to start new relationships 24 mo. 0 - - -

EHR = electronic health records; HRQoL = Health-Related Quality of Life; mo. = month. * Severe cognitive dysfunction was an exclusion criterion for the study. § 605 women participated in the
study; due to missing data for some items, the number of women included in the denominator varies slightly by domain.
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8.9 Discussion and Conclusions

The results of this study suggest that EHRs have low sensitivity to detect patients
experiencing poor HRQoL at a particular point in time, particularly for the domains of
sexual function, fatigue, cognitive problems and social avoidance; none of the
patients self-reporting distress in these domains in the questionnaires had
corresponding codes present in their electronic data. For pain and negative feelings,
some relevant codes were present in the EHRs, but both sensitivity and positive
predictive values were <50%, which is likely to be too low to justify the use of EHRs

data alone as a proxy for patient-reported outcomes in these domains.

Several factors might have affected the identification of the information in the EHRSs,
and are limitations of this study. First, no data were collected on the date of
questionnaire response. This means that one cannot identify precisely, for each
patient, the data from consultations that would have corresponded to when the
patient-reported outcomes were evaluated. Since the results of the analyses using
the January 2018 and July 2019 were very similar, this probably had little impact in
the results. However, the July 2019 version may not capture distress recently
acquired by patients that replied later in the year. In future follow-up work, | will
conduct analyses using the January 2020 version, allowing me to consider EHRs
across the full period of questionnaire data collection. The validity of the approach
used to identify patients at probably distressed from QLACS scores has been
untested. This limitation was addressed by using different cut-offs, which showed
generally the same patterns. Another limitation of this study is that the database
only captures drugs prescribed to the patients, and widely used drugs for pain and
fatigue are sold over the counter. The comparison for cognitive problems was also
limited by the need to exclude patients unable to reply to a self-reported
guestionnaire, which included patients with dementia, and we cannot rule out that
general practitioners applying the exclusion criteria may have been overly strict in
applying this criterion and also excluded those with codes for milder cognitive

impairment (see below).

The results showed that one in three patients that reported distressing levels of
negative feelings had similar information recorded in their EHR in the previous three
months. This is consistent with patients often not seeking primary care for anxiety
and depressive symptoms, possibly due to stigma associated with mental disorders

and unawareness of the amenability of mental health symptoms to treatment [247].
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Women may have felt more comfortable in disclosing these symptoms in an

anonymous questionnaire.

Approximately one-half of the patients that reported poor HRQoL related to pain
also had information related to pain in the EHR in the previous three months. This
may be partly explained by patients self-treating pain with widely used over-the-
counter treatments such as paracetamol and non-steroidal anti-inflammatory drugs
(e.g. ibuprofen). On the other hand, the higher recording of pain compared to
negative feelings may potentially be explained by patients seeking more often
primary care for distressing concern that they perceive as being amenable to

treatment.

I did not find any records of cognitive dysfunction, social avoidance, sexual
dysfunction or fatigue entered in the EHRs of the participating patients in the last 24
months to the data cut-off. A complete absence of entries for social avoidance and
sexual dysfunction are plausible. Read codes for social avoidance have seldom
been used in the entire CPRD database, so lack of data on this in a relatively small
patient group was expected. The absence of sexual problems in the EHRs was
surprising, but may be explained, at least in part, by the rarity of the outcome
(estimated in Chapter 6) and by the low proportion of subjects who ever contact

their GPs for issues related to sexual function [65].

The lack of recording of cognitive problems and symptoms of fatigue in the EHRs
was also unexpected. Severe cognitive dysfunction was an exclusion criterion for
the study; a review of the motives provided by the GPs to exclude patients showed
a non-negligible frequency of cognitive-related reasons, including cases of dementia
as well as reasons such as ‘memory problems’. It is possible that cases of mild
cognitive dysfunction that had sought primary care with these complains were
excluded, leaving an overrepresentation of women who did not seek primary care
for their concerns. For fatigue, a manual review of all entries in the EHR of a
random sample of patients that reported distressing levels of fatigue in the
questionnaires, revealed a common pattern of multi and complex morbidity, almost
always with diagnoses where fatigue is implicit (e.g. heart failure, chronic
obstructive pulmonary disease), but no explicit codes for fatigue. Fatigue is rarely
seen as an isolated condition, as is more often associated with other diagnoses,
which may explain the absence of codes in the data for this. This warrants further

investigation, however, and follow-up work will be carried out on this topic.
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The comparison of these results to other literature was not possible as, to my

knowledge, no other study has attempted this comparison.

In conclusion, even though EHRs contain substantial data related to general
domains of HRQoL, these do not appear to have good sensitivity and positive
predictive value to capture outcomes that represent subjective experiences and are

traditionally ascertained directly from patients.
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8.10 Summary

e This chapter compares patient-reported outcomes for HRQoL domains, and
information capturing similar constructs in patients’ EHRs.

e Data were compared for six domains (‘negative feelings’, ‘cognitive
problems’, ‘physical pain’, ‘sexual problems’, ‘fatigue’ and ‘social
avoidance’), as patients with high levels of distress for issues related to
these domains may be likely to seek primary care.

e Patients were considered to report high levels of distress for a domain when
they reported an average response of ‘often’ to ‘always’ to items in the
domain (e.g. items for negative feelings shown in Table 8.5, mid-column).

e Read codes lists were defined for concepts closely related to items in each

domain (e.g. last column of Table 8.5).

Table 8.5 Example of the HRQoL domain, its items and information searched in the

EHR.
Search in the EHR for Read
HRQoL domain QLACS Items codes* related to:
Negative feelings 19 Bothered by mood swings Depression and/or anxiety (disorders
7 Felt blue or depressed and symptoms), antidepressants, or
9 Worried about little things anxiolytic prescription

24 Felt anxious

o Of the 100 patients that reported distressing levels of negative feelings, 17%
had Read codes for similar constructs registered in their EHR in the previous
three months.

e Of the 122 patients that reported distress with pain, 50% had Read codes for
similar constructs registered in their EHR in the previous three months.

e Of the 605 women that participated in the study, 16% had high levels of
distress related to cognitive problems, 28% to sexual dysfunction, 26% to
fatigue/energy, and 14% to social avoidance. However, none had a Read
codes related to these domains in their EHRs in the last two years.

e Approximately 30% of the patients with information for anxiety and/or
depression the EHR reported distress with negative feelings. For pain,
approximately 50% of the patients that had symptoms of pain or had been
prescribed analgesics reported distressing levels of pain.

e Further work will include exploring different outcome definitions for EHR-
based outcomes, and more recent versions of the CPRD GOLD primary
care database.

e In conclusion, patient-reported HRQoL outcomes do not appear to be
captured with adequate sensitivity in EHR data.
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9 Discussion

9.1 Introduction

This closing chapter aims to summarise the main discussion issues, focusing on
overarching points that cut across the different chapters. Detailed study-specific

discussion points were previously covered in the relevant individual chapters.

9.2 Summary of key findings

9.2.1 Aim 1: to quantify relative risk of adverse mental health outcomes in

breast cancer survivors, compared to women who never had cancer

Associations between breast cancer survivorship and adverse mental

health outcomes: a systematic review

This systematic review included 66 studies that compared mental health conditions
among breast cancer survivors and women with no history of cancer (Chapter 3).
The most commonly evaluated outcomes were anxiety (n=23 studies) and
depression (n=41). Of the 23 studies of anxiety, 12 observed more anxiety in breast
cancer survivors, including 2/4 studies where ascertainment of anxiety was clinical/
prescription-based, and in 10/19 studies where ascertainment of anxiety was based
on symptoms. Among 41 studies of depression, 22 reported significantly more
depression in breast cancer survivors, compared to controls; this included seven of
eight studies where depression was ascertained clinically, and 15/33 studies that
quantified depressive symptoms. Breast cancer survivors also had statistically
significantly increased symptoms/frequency of neurocognitive dysfunction (21/28
studies), sexual dysfunctions (6/7 studies), sleep disturbance (5/5 studies), stress-
related disorders (2/3 studies), suicide (2/2 studies), somatisation (2/2 studies), and

bipolar and obsessive-compulsive disorders (1/1 study each).

Identification of mental health and quality of life outcomes in primary

care databases in the UK: a systematic review

This study summarised the definitions and combinations of Read and/or ICD codes

used to identify outcomes of anxiety, depression, fatigue, cognitive and sexual
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dysfunction, pain, sleep disorders, and fatal and non-fatal self-harm, in studies of
EHRs from primary care databases in the UK (Chapter 4). 120 studies were eligible.
Depression was most often defined using codes for diagnoses (37/42 studies)
and/or antidepressants prescriptions (21/42 studies); six studies included symptoms
in their definition. Anxiety was defined with codes for diagnoses (12/12 studies); four
studies also included symptoms. Fatal/non-fatal self-harm was ascertained in
primary care data linked to the ONS mortality database in nine studies. Three
studies evaluated domains of cognitive function. Fatigue definitions varied little. No
studies of female sexual dysfunction were found. Sleep disorders included insomnia
and hypersomnia. Lists of Read codes were available for approximately one-half of
the studies, and showed substantial variability; validation of codelists was carried
out for 21/120 studies.

Risk of adverse mental health outcomes in women who had breast
cancer compared to women with no history of cancer in the UK: a

population based study

In this matched-cohort study, the aim was to estimate the risk of anxiety and
depression, as primary outcomes, and fatigue, pain, sexual dysfunction, sleep
disorder, cognitive dysfunction, and fatal and non-fatal self-harm, as secondary
outcomes, in breast cancer survivors compared to women with no prior cancer,
using EHR data routinely collected in primary care (Chapter 6). All women with
history of incident breast cancer in the CPRD GOLD primary care database were
included (n=57,571), and individually matched to women with no prior history of
cancer (n=230,067), on age and primary care practice. Median follow-up time was
approximately five years in both groups. After controlling for diabetes, body mass
index, smoking and drinking status, breast cancer survivorship was found to be
associated with a 33% raised risk of anxiety (HR 1.33 95%CI 1.29-1.36), and a 35%
raised risk of depression (HR 1.35, 95% CI 1.32-1.38), as well as significantly raised
risks of the secondary outcomes of fatigue, pain, sexual dysfunction, sleep disorder
and opioid analgesics. However, there was no evidence of an association with
cognitive dysfunction or fatal and non-fatal self-harm. The strength of the
associations reduced over time but raised risks for anxiety and depression persisted
for two and four years after cancer diagnosis, respectively. Increased levels of pain
and sleep disorder persisted for at least 10 years. Younger age was associated with
larger increases in the risks of depression, pain, opioid analgesic use, sleep
disorders, and cognitive dysfunction (for which there was no association when

considering all ages together).
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9.2.2 Aim 2: to investigate quality of life, anxiety, and depressive symptoms in

breast cancer survivors, compared to women with no history of cancer

Quality of life of women who had breast cancer compared to women

with no history of cancer

A total of 353 breast cancer survivors and 252 women without history of cancer
participated in the study (Chapter 7). Mean time since diagnosis was 8.1 years.
Breast cancer survivorship was significantly associated with poorer HRQoL in the
domains of cognitive problems, sexual function and fatigue, but no evidence of
difference in negative feelings, positive feelings, pain, or social avoidance. Breast
cancer survivors had a non-statistically significant 30% higher odds of probable
anxiety (HADS-anxiety score>10), however there was a statistically significant 46%
increase in breast cancer survivors when a more sensitive threshold (score=8,
“borderline/probable anxiety”) was used. The odds of depression were similar in the
two groups. Quality of life and mental health was poorer among women with more
advanced disease and/or treated with chemotherapy. Similarly, among breast
cancer survivors only, younger age, lower education, more advanced disease at
diagnosis, and/or prior receipt of chemotherapy were associated with poorer
HRQoL. Breast cancer survivors who had advanced disease reported more
cognitive problems, pain, sexual function, financial problems, and distress with
appearance and recurrence compared to localised disease. Cognitive problems,
appearance concerns, and distress with recurrence were more common in younger

women, and in women treated with chemotherapy.

Comparison between patient-reported outcomes and information in the

patients’ electronic health records.

Six hundred and five women participated in the study. One hundred women had
answers consistent with high levels of negative feelings in the patient-reported
outcomes. Of these, only 36% had information related to this in the EHRs in the last
three months before the date of last data collection for the practice, and 50% had a
record in the previous two years. One hundred and twenty two patients reported
distress with pain; 52% and 75% of these had symptoms of pain or an analgesic
prescriptions recorded in their EHR in the previous three and 24 months,
respectively. A total of 93 women reported high levels of distress related to cognitive
problems, 155 to sexual dysfunction, 157 to fatigue/energy, and 82 to social
avoidance. No evidence of this was found in the patients’ EHRs using Read codes

up to 24 months prior to the date of last data collection for the practice. These
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results suggest that electronic GP records did not have sufficient sensitivity to
reasonably capture the subjective experience mental health and HRQoL outcomes

that we obtained directly from patients in this study.

9.3 Explanation of results and comparison with the literature

9.3.1 Anxiety

Breast cancer survivors had increased risk of seeking primary care for anxiety in the
two years after diagnosis (Chapter 6), and increased borderline/abnormal anxiety
symptoms were also found in the study of patient-reported outcomes (Chapter 7).
Similar results found in the studies included in the systematic review (Figure 9.1).
Clinically relevant symptoms of anxiety and stress-related/adjustment disorders are
common shortly after diagnosis [248], and are consistent with the stress induced by
the diagnosis of a life-threatening condition. In Sweden, increased anxiety has been
reported from the cancer diagnostic work-up [249]. This is in line with our findings,
where more women were excluded from the exposed cohort in the study of EHRs
because they had anxiety recorded in the year before the breast cancer diagnosis;

most women went on to have the outcome registered after the index date.

The results of the patient-reported outcomes, which included breast cancer
survivors on average 8.6 years from diagnosis, showed increased risk of anxiety
only when considering a cut-off of borderline/abnormal. The raised anxiety
symptomatology shortly after diagnosis is expected to decrease over time, with
women psychologically adjusting to the new reality [250, 251]. In the long term,
breast cancer survivors may experience distress with anxiety symptoms that do not
meet criteria for formal diagnosis, similarly to what has been described in cancer
patients [252]. Similarly to what has been described elsewhere [253], anxiety
symptoms in breast cancer survivors were particularly raised in younger women.
This may be because younger breast cancer survivors have specific concerns
compared to older ones, such as the impact of their disease and possible death in

their offspring upbringing, and infertility for women who want (more) children.
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Study Time since

1] PRMOR/RR (95% CI) Measure diagnosis
Anxiety, clinical diagnosis
Khan et al, 2010 (36) 1 1.06 (0.97, 1.16) OR =5 yrs
=*Carreira et al, 2020 - 133(1.30,1.37 RR ~5yrs
Hung et al, 2013 (52) - 1.22 (116, 1.29) RR ~2 yrs
Hierl et al. 2002 (51)* S 1.40(0.93, 2.11) SIR ~1.5yrs
Yang et al, 2017 (58) (invasive) —— 2.00(1.69, 2.37) SIR ~15yrs
Anxiety, drug treatment
Khan et al, 2010 (36) e 1.08 (1.01, 1.15) OR =5yrs
YYang et al, 2017 (58) (invasive) - 1.47(1.35, 1.61) SIR ~1.5yrs
Boehmer et al, 2015 (28) (self-reporiedis * 2.92(0.31, 27.08) PR ~4 5yrs
Anxiety, scale
=*Carreira et &, 2020 (HASD=10) +——a— 1.40 (0.93, 2.10) OR 8.1yrs
=*Carreira et &, 2020 (HASD=8) ——— 1.47 (1.15, 1.87) OR 8.1yrs
Boehmer et i, 2015 (28) (HADS=8) —]—— 1.24 (0.86, 1.78) PR ~4.5yrs
McDonald et al, 2010 (78) (STAI-T=65 * 1.25(012,1265) PR ~1.5yrs
Rubino et al, 2007 (38) (HRS-A=15) T * 7.99 (1.06, 60.24) PR =1yr
Saleeba et al, 1995 (40) (STAI-S=85%) +* 3.00 (119, 7.57) PR ~8.5yrs
Weitzner et al, 1997 (43) (STAI-T=18D) . 4 1.80 (0.95, 3.41) PR ~8.5yrs
Depression, clinical diagnosis
Khan et al, 2010 (38) - 1.06 (1.00, 1.12) OR =5 yrs
Earle et al, 2007 (34) —— 1.24 (1.03, 1.50) PR =5 yrs
Kim et al, 2017 (62) —— 1.55(1.24, 1.94) PR ~1yr
=*Carreira et al, 2020 * 1.35(1.32,1.38) RR ~5yrs
Hung et al. 2013 (52) —— 2.00(1.80, 2.22) RR ~2yrs
Suppli et al, 2014 (42) —— 1.48 (119, 1.84) RR ~1.5yrs
Hierl et al. 2002 (51)* —— 1.87 (1.49, 2.35) SIR ~1.5yrs
Yang et al, 2017 (58) (invasive) —— 2.04 (1.76, 2.36) SIR ~15yrs
Depression, drug treatment
Suppli et al, 2014 (42) > 2.06 (1.94, 2.18) RR ~1.5yrs
Khan et al, 2010 (36) * 116 (1.11,1.22) OR 25 yrs
YYang et al, 2017 (58) (invasive) B = 1.92 (1.76, 2.09) SIR ~1.5yrs
Boehmer et ai, 2015 (28) (self-reportad) ——————— 1.61(0.97, 2.67) PR ~4.5yrs
Depression, scale
=*Carreira et &, 2020 (HASD=5) * 1.18 (0.52, 2.68) OR 8.1yrs
=*Carreira et &, 2020 (HASD=10) —t— 1.08 (0.78, 1.50) OR 8.1yrs
Bailey et al, 2010 (46) (CESD=16) — 0.90 (0.80, 1.02) PR ~1yr
Bizetti Pelai et al, 2012 (60) (BDI=10) 1+ 1.49(0.97, 2.28) PR ~3.7yrs
Boehmer et ai, 2015 (28) (HADS=8) * 1.19 (0.56, 2.50) PR ~4.5yrs
Frazzetto et al, 2012 (49) (GDS=10) —_— 2.91(1.69, 5.03) PR =10 yrs
Garcia Torres et al, 2013 (35) (BDIHI=14) s 4 222(0.79,6.21) PR ~8.2yrs
Lee et al, 2011 (61) (SDS=50) —i*— 1.06 (0.89, 1.25) PR ~1yr
McDaonald et al, 2010 (78) (CESD=16) * 2.46 (0.30, 20.20) PR ~1.5yrs
Rubino et al, 2007 (38) (HRS-D=8) T : 376(1.39,10.14) PR =1yrs
Weitzner et al, 1997 (43) (BDI=12) . 1.93 (1.03, 3.61) PR ~B.5yrs
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Figure 9.1 Results for anxiety and depression clinically assessed (Chapter 6), and symptoms
of anxiety and depression (Chapter 7) (Study ID = ***Carreira et al. 2020) compared to the
studies identified in the systematic review (Chapter 3).

Women treated with chemotherapy had exacerbated symptoms of anxiety possible
due to fear of the side effects of chemotherapy and physical changes induced by
the treatment [254]. HRQoL items for anxiety were included in the domain of
negative feelings, alongside depression, which precludes a formal comparison of

the results for anxiety with those for the domain of negative feelings.

9.3.2 Depression

Breast cancer survivors had increased risk of depression, compared to women with
no prior cancer, for up to four years post-diagnosis in the study using primary care
EHRs (Chapter 6). This is consistent with other studies of depression in breast
cancer survivors using clinically assessed outcomes (Figure 9.1). One such study,

by Khan et al [255], that included breast cancer survivors in the UK five or more
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years post diagnosis, did not find higher odds of being diagnosed with anxiety or
depression, compared to controls. The absence of evidence for a raised depression
in the study of patient-reported outcomes (Chapter 7) may represent a lack of effect
on the risk of depression among participants that were on average 8.1 years out of
their breast cancer diagnosis, or could reflect a lack of power to detect small
differences in this outcome. Breast cancer survivors that had a higher education
degree reported fewer symptoms of depression, which is in line with previous
studies suggesting that lower socio-economic status is a risk factor for depression,
possibly due to higher baseline levels of distress and less access and utilization of
mental health services [13, 256]. Similarly to anxiety, younger women had reported
more depressive symptoms compared to older women, suggesting poorer
adjustment amongst this group [253]. This younger group may be more sensitive to
the negative consequences of breast cancer, such as the impact on loved ones, or

the lifestyle changes induced by the cancer, among others [257-259].

9.3.3 Neurocognitive dysfunction

Neurocognitive dysfunction has been widely reported in breast cancer survivors
[150, 268-271], and is thought to arise from the neurotoxic effects of chemotherapy
[155], psychological symptoms such as post-traumatic stress [272], or exposure to
hormone therapy [273]. Impairments are usually observed for domains of cognitive
function such as memory, but these are generally mild and may not completely

impede most daily activities, even though they may cause distress [274].

Study Time since

D PR/OR/RR (95% Cl) Measure diagnosis
Neurccognitive dysfunction
***Carreira et al, 2020 (EHR) L 4 1.00 (0.97, 1.04) RR ~5yrs
Schagen et al, 2006 (Cognitve tests) * 210 (0.51, 8.61) OR ~1yr
Brezden et al, 2000 (Cognitve tests) * 455 (1.71,12.10) PR ~Tyr
Collins et al, 2014 {Cognitve tests) * 367 (1.21,1112) PR ~1yr
Fan et al, 2005 {Cognitve tests) T 1.54 (0.95, 2.49) PR ~1yr
Jenkins et al, 2006 (Cognitve tests) * 1.58 (0.64, 3.90) PR ~1yr
Hermelink et a/, 2017 (Cognitve tests) * 2.43(0.89, 6.64) RR ~1yr
Kreukels et al, 2008 (Cognitve tests) L 5.51(1.86, 16.30) RR ~1yr
Sexual dysfunction
Rubino et al, 2007 (38) t * 2.03 (0.56, 7.42) PR 21yr
***Carreira et al, 2020 - 1.27 (1.17, 1.38) RR ~Eyrs
Boehmer et af, 2014 (47) —_— 1.44 (0.72, 2.89) OR ~4.5yrs
Claus et af, 2006 (48) (in situ) —— 1.25 (1.05, 1.49) PR ~5.8yrs
Safaringjad et al, 2013 (39) — 1.83 (1.42, 2.36) PR ~24yrs
Sleep disorder
***Carreira et al, 2020 (EHR) * 168 (1.63,1.73) RR ~5yrs
Dahl et al., 2011 (Hypnotics) —_—l— 3.75 (2.65, 5.30) PR 39
El Rafihi-Ferreira et al., 2011 (PSQI>5) —_——1 0.80 (0.52, 1.24) PR 38
Suicide
***Carreira et al, 2020 + 1.46 (0.70, 3.04) RR ~Eyrs
***Carreira et al, 2020 (inc. self-harm) —*— 1.15(0.97, 1.36) RR ~Eyrs
Fang et al, 2012 (64) —— 160(1.21,2.12) RR =1yr
Schairer et al, 2006 (41) - 1.37 (1.25, 1.47) SMR ~&.T yrs
T T T T T T

25 5 1 2 4 ] 16

Figure 9.2 Results for cognitive dysfunction, sexual dysfunction, sleep disorder, suicide, and
fatal and non-fatal self-harm reported in Chapter 6 (Study ID = ***Carreira et al. 2020),
compared to the studies identified in the systematic review (Chapter 3).
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The reasons for a lack of association between breast cancer survivorship and
cognitive dysfunction in the study of EHRs (Chapter 6) require further exploration,
but the results of Chapter 8 suggest that EHRs may sub optimally capture cases of
mild cognitive dysfunction (see section 9.4.2 on the ascertainment of the outcomes).
This might be because patients do not seek their GP with cognitive problems as
their chief complaint, or that GPs do not record these symptoms using Read codes.
In the systematic review (Chapter 3), all studies of cognitive dysfunction used
batteries of cognitive tests to assess the outcomes (Figure 9.2). The results
obtained by these very specific tools are unlikely to be comparable to assessments
of cognitive function in everyday clinical practice. In contrast to the results of the
EHR study, the analysis of patient-reported outcomes showed long-term breast
cancer survivors reporting poorer HRQoL related to cognitive problems compared

with controls (Chapter 7), similarly to other studies [275].

9.3.4 Fatigue

Symptoms of fatigue were more common in breast cancer survivors than in women
who never had cancer, and the increased risk persisted for 5-10 years after
diagnosis (Chapter 6). This is consistent with a vast body of research that describes
fatigue as a common side effect of chemotherapy and radiotherapy [140]. Several
biological mechanisms have been postulated, including inflammation, alterations in
leucocytes, anaemia, five hydroxyl tryptophan (5-HT) dysregulation, among others
[276]. Fatigue is highly debilitating and often interferes with normal daily functioning.
This is likely to explain the poorer HRQoL related to this domain among breast

cancer survivors found in Chapter 7, and in other studies [275].

9.3.5 Sexual dysfunction

Even though codes for sexual dysfunction were rarely used in the CPRD GOLD
primary care database, breast cancer survivors had significantly increased risk
compared to non-cancer controls (Chapter 6), similarly to studies included in the
systematic review (Figure 9.2). The study of patient-reported outcomes also found
poorer HRQoL related to this domain in breast cancer survivors (Chapter 7). Sexual
dysfunction in breast cancer survivors has a complex aetiology, often including
vaginal dryness and vaginal atrophy due to oestrogen deprivation, body image

concerns, low self-esteem, depressive symptoms, among others [277, 278].
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9.3.6 Pain

In CPRD, breast cancer survivors had higher frequency of pain compared to
controls. It is possible that breast cancer survivors are more in contact with health
care services, and thus have symptoms more often recorded (Chapter 6). However,
these patients were also found to have increased prescriptions of analgesic opioids,
which suggests that their pain may be more severe, as mild symptoms of pain are
usually managed with paracetamol or nonsteroidal anti-inflammatory drugs. The
increase in the prescriptions of opioid analgesics over calendar time was observed
at the same time as symptoms of anxiety decreased; this may be due to improved
pain management in these patients. No differences in the domain of physical pain
were observed in the study of patient-reported outcomes (Chapter 7), which may be
explained by patients having effective pharmacological management of their pain.
This is also supported by the high proportion of patients reporting poor HRQoL
related to pain and who had similar information recorded in the EHR, which

suggests that patients do seek care for symptoms of pain (Chapter 8).

9.3.7 Sleep disorders

The increased risk of sleep disorders found in the study of EHRs (Chapter 7) is
consistent with the few previous studies on this topic (vide Chapter 3). The
trajectories of sleep disorders after breast cancer diagnosis have seldom been
investigated, and the results in this thesis represent an important contribution to
knowledge in this area. The aetiology of sleep disturbances is also largely unclear,
but may involve comorbid anxiety, vasomotor symptoms may also interfere with
sleep [279], as well as exposure to steroids [280] or chemotherapy [281]. Sleep is
not a dimension captured in the QLACS scale, and no patient-reported information

was available.

9.3.8 Fatal and non-fatal self-harm

Suicide and self-harm are relatively rare outcomes which require studies to include
large samples to have sufficient power to study these associations. Even though we
included all women with history of breast cancer in the CPRD GOLD primary care
database, our study was underpowered to detect differences between the two
groups, should these exist. Similar limitations have affected several locale-specific
studies [260-265], although a statistically significant raised risk of suicide was

demonstrated in a large international study of over 721,000 breast cancer survivors
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[266]. The non-statistically significant raised risk of non-fatal self-harm follows the
expected direction, as only a small proportion of the patients who attempt suicide
actually complete it [2]. Self-harm almost always occurs with other mental health
conditions, as the physical manifestation of the patient’'s psychological distress
[267]. This was the first study, to my knowledge, to address non-fatal self-harm in

breast cancer survivors compared to non-cancer controls.

9.4 Strengths and limitations

9.4.1 Selection of the samples

The systematic assessment of the literature (Chapter 3) showed that nearly one-half
of studies had a high risk of selection bias due to recruitment of convenience
samples and a high proportions of patients refusing to participate in the study. In
addition, studies were heterogeneous in terms of participants’ characteristics,
clinical profile of the patients, and inclusion of patients at different times since
diagnosis. This limited generalisability of results to the broad group of breast cancer
survivors in the source population. In this thesis, population-based data were used
to quantify the association between breast cancer survivorship and adverse mental
health-related outcomes, and to identify patients for the study of quality of life; no
restrictions were applied in terms of time since diagnosis, stage of the disease,
disease progression, or comorbidity, and therefore the results in this thesis are more
likely to apply to the broad population of breast cancer survivors. Selection bias is
unlikely to have affected the results of the study of EHRs (Chapter 6). However, the
participation rate in the study of patient-reported outcomes (Chapter 7) was low, and
this might have introduced bias in the results. Even though participants and non-
participants were similar in age and practice-postcode IMD quintile, they may have
differed in terms of the outcome, as surveys tend to include healthier women. The
results of this study may not be generalisable to the whole UK, as participation rate

was very low in Northern Ireland.

9.4.2 Ascertainment of the exposure

All participants in the research presented in Chapters 6, 7 and 9 were identified from
the CPRD GOLD primary care database, which includes more than 90% of the
cancers registered in the cancer registry (gold standard, as notification is required

by law) [217]. This was considered acceptable for the study using EHRs only

228



(Chapter 6), and preferable to the alternative of using primary care data linked to
data from cancer registries, which is only possible for nearly 50% of the primary
care practices in England, and would limit sample size and power, in addition to limit
the generalisability of the results. In the study involving patient-reported outcomes
(Chapter 7), the lists of potentially eligible patients were selected from the CPRD
GOLD database using the same methods and GPs were asked to confirm each
patient’s eligibility, which largely reduced the potential for misclassification of the
exposure in this study. The results of the exclusions in this study also showed a low
potential for misclassification in the study of EHRs, especially among breast cancer
survivors, as only one of the 98 patients excluded from this group was excluded

because they did not have breast cancer.

9.4.3 Ascertainment of outcomes

The CPRD GOLD primary care database is expected to have good sensitivity to
capture mental health-related clinical diagnoses because of the breadth of the data
available that includes symptoms, diagnoses and drug prescriptions, among others.
This is in contrast to the studies of EHRs identified in Chapter 3, which often used
data from psychiatric registries in the Nordic countries, that are likely to have very
high specificity, but they may lack sensitivity. For example, the Danish Psychiatric
Central Research Register includes data on psychiatric admissions, emergency
room contacts, and outpatient treatments for mental disorders, but does not include
most of the mild and moderate cases diagnosed and treated in primary care [282]. It

reassuring that all results point towards similar conclusions.

A limitation of this thesis is the lack of validation of the outcomes definitions using
the lists of codes produced for this thesis. The protocol of the study in Chapter 6
(available in Appendix 3) included plans to externally validate the results of the
codelists using as gold standard data from the Adult Psychiatric Morbidity Survey
[283]. However, such comparison was deemed unwise upon further assessment
because this survey contains data on the frequency of selected mental disorders
(e.g. generalised anxiety disorder, depressive episodes) in the week before the
interview, evaluated with the revised Clinical Interview Schedule [284], and
classified with the ICD-10 diagnostic criteria [223]. This is by far more specific than
what could be reasonably obtained with EHRs, and thus no comparison was done.
However, | attempted to minimise this limitation by producing codelists using a
systematic approach (described in Appendix 3), and the results of previous

validation studies included in Chapter 5 showed high positive predictive values.

229



The study of patient-reported outcomes (Chapter 7) used questionnaires to collect
data on HRQoL and symptoms of anxiety and depression. While questionnaires are
the preferred method to quantify HRQoL [285], the results for anxiety and
depression should be interpreted as patients being at risk of the disorders, as HADS

is a screening and not diagnostic tool.

9.4.4 Study designs

The study that quantified the risk of adverse mental health outcomes in breast
cancer survivors compared to controls (Chapter 6) had a longitudinal study design
and excluded women with evidence of the disorder in the year prior to the breast
cancer exposure, ensuring that all events were incident. This is an important
advantage of the research in this thesis compared to the previous studies whose
cross-sectional design precluded the unequivocal assertion that the onset of the

mental disorder was posterior to the breast cancer diagnosis (see Chapter 3).

A cross-sectional study design was chosen to evaluate HRQoL and mental health
outcomes in breast cancer survivors and women with no history of cancer (Chapter
7). Unfortunately, resources were not available for a longitudinal study on HRQoL to
ensure temporality. Despite this, the results of the comparison are still of interest for
clinical practice, and they showed that women with breast cancer survivors have

poorer HRQoL for some domains compared to women with no history of cancer.

9.4.5 Control for confounding

The breadth of information available in the CPRD GOLD primary care database
enabled me to estimate the risk of adverse mental health outcomes in breast cancer
survivors (Chapter 6), while controlling for important confounders such as age and
deprivation at study design, and other confounders that have rarely been taken into
account. The confounding effects of body mass index, smoking, and alcohol
drinking, were also adjusted for, which was seldom done in previous studies. One
must acknowledge, however, that the quality of the adjustments depended on the
quality of the data recorded in the EHRs. For some variables, such as smoking
(current, former or never smokers), no detailed data on frequency or quantity were
available for analysis. The broad levels of exposure used may not have been
sufficient to completely remove the effect of smoking or alcohol drinking. In addition,

missing data for these variables is likely to depend on the values (e.g. a patient with
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obesity may be more likely to have this recorded in the EHR than a patient with

normal weight), which precluded multi-imputation of the missing values.

9.4.6 Role of chance

The CPRD GOLD primary care database is one of the largest databases of EHRs of
longitudinal data at patient level, including over 18 million patients, and the study of
the risk of adverse mental health-related outcomes (Chapter 6) was well powered to
detect differences in the risk between the two groups. The sample size calculations
presented in the study protocol showed that the number of breast cancer survivors
(the limiting factor, since controls would be easier to find) would provide sufficient
power to estimate associations of similar magnitude of that reported in previous
studies. The study of patient-reported outcomes (Chapter 7) was also well powered
to compare HRQoL between the two groups, as well as mean scores of anxiety, but
was underpowered to compare the mean scores of depression, and anxiety and
depression categorised with the relevant cut-offs, between the two groups.
Unfortunately, the sample size calculations showed that 26,340 women (13,170 in
each group) would need to be invited to participate in the study to reduce the
potential for an erroneous conclusion in all comparisons. This was not feasible for
this PhD for reasons of time and cost. The study of patient-reported outcomes was
still larger than most studies identified in the systematic review (Chapter 3), and
confidence intervals were reported, when possible, to enable the reader to infer on

the direction and precision of the estimates.

9.4.7 Multiple approaches

A strength of this thesis is the use of multiple approaches (e.g. data routinely
collected as well as patient-reported outcomes) and study designs (i.e. systematic
review, matched cohort study, cross-sectional study) to address the aims. Even
though each approach has limitations, the use of multiple approaches helped to
overcome those inherent to any single approach. For example, selection bias
cannot be ruled out from the study of patient-reported outcomes (Chapter 7), but the
results of the study that used only data from the CPRD GOLD primary care
database (Chapter 6) are unlikely to have been importantly affected by selection
bias. On the other hand, patient-reported outcomes allowed for the capture of
subjective experiences that may negatively affect a patient’'s HRQoL, but are less

likely to be captured in the EHRSs.
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Another strength of the study involving EHRs only (Chapter 6) was that the breadth
of data in the CPRD GOLD primary care database allowed for multiple outcomes to
be studied. This provided a comprehensive picture of the burden of mental health-
related conditions in this patient population. The systematic review of the adverse
mental health outcomes in breast cancer survivors (Chapter 3) included studies
looking at any adverse mental health outcome, which allowed for the identification of
outcomes for which not much is known (e.g. sleep disorders), and their subsequent

study.

9.5 Contribution to knowledge

9.5.1 Summary of the evidence on the associations between breast cancer

survivorship and mental health conditions

The main focus of studies of mental health in breast cancer survivors tend to be on
outcomes of depression and anxiety and as a result systematic reviews on the topic
also narrowly concentrated on these alone. Chapter 3 not only provides an up-to-
date summary of the evidence available on depression and anxiety but included all
mental health outcomes listed in DSM/ICD in the search where data were available.
This added a level of comprehensiveness not previously seen and confirmed the
paucity of evidence on a range of other outcomes including sleep disorders and

sexual dysfunction.

9.5.2 Risk of mental health and quality of life-related outcomes in breast cancer

survivors in the UK, compared to women who have not had cancer

Previously, of the 66 studies investigating mental health outcomes in female breast
cancer survivors compared to those without cancer, only one was conducted in the
UK [255], including data from three years on breast cancer survivors five or more
years into the survivorship period, and focused on two outcomes, anxiety and
depression. The research in this thesis built on this previous work, analysing 31
years of data, from 1988 to 2018, to evaluate the risk of not only anxiety and
depression, but seven other mental health and HRQoL-related outcomes and
investigated associations from as early as the first year after diagnosis. This

generated evidence for outcomes where none existed (cognitive dysfunction,
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fatigue, sexual dysfunction, pain, opioid prescriptions, sleep disorders, and fatal and
non-fatal self-harm), and provided estimates of the risk of anxiety and depression in
the early period of cancer survivorship. In doing this, it was also demonstrated the

feasibility of using the CPRD primary care database to study these outcomes.

9.5.3 Quality of life of breast cancer survivors in the UK compared to women

who did not have cancer

Very few studies are available for the HRQoL of breast cancer survivors in the UK.
Where existing, these most often used tools that only comprised generic domains of
quality of life, or that were created for the treatment period; both of which may not
fully capture the experience of living beyond the acute phases of breast cancer
treatment. In this thesis, HRQoL was measured with a validated tool developed for
long-term cancer survivors, including domains for generic as well as cancer-specific
quality of life. The novel research in this thesis provides robust results on the
comparison of HRQoL in long-term breast cancer survivors in the UK, compared to
women who never had cancer. The results not only highlighted that breast cancer
survivors experienced impaired quality of life in the domains of cognitive function,
fatigue and sexual dysfunction but also identified a high-risk group of the population
(more advanced disease and/or treated with chemotherapy) with poorer quality of

life compared to other breast cancer survivors and those without cancer.

9.5.4 Comparison of data in clinical records and patient-reported outcomes

EHRs hold information for several domains of HRQoL but its use as a proxy for the
patients’ HRQoL had never been assessed. The results of this thesis show that
EHR are unlikely to be a good source of data to study HRQoL. This highlights the
importance of patient reported outcomes, which even though costly or time
consuming to collect, adds much needed insight into those quality of life outcomes

not routinely captured in GP practices.
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9.6 Implications for clinical practice

9.6.1 Patient education on the mental health consequences of their disease

throughout the survivorship continuum

Patient education for prevention and early detection of treatment-related sequelae
should start as early as possible (in the pre-operative period) [286], but current
models focus on physical aspects and overlook mental health [286, 287]. Raising
patient awareness on mental health conditions is needed, particularly as recent
research showed that eight in 10 women with breast cancer were not told about the
potential long-term impact of the cancer on their mental health [288]. Talking about
mental health and common emotional challenges experienced by other patients
may help women to understand better their own emotional journey, reduce stigma,
and encourage patients to raise concerns about their mental health should they
need. Educational interventions for fatigue, for example, have been shown to

decrease anxiety and improve HRQoL [289].

9.6.2 Increased screening of mental disorders in breast cancer survivors

followed in primary care may be needed

The raised risk of several mental disorders in breast cancer survivors calls for
increased surveillance in primary care, especially among younger women (<60
years) and women treated with chemotherapy. For depression, a risk prediction
algorithm is available and may help identify patients at increased risk [290]. NICE
guidelines also recommend opportunistic screening for depression in adults with a
chronic health problem [291]. The optimal screening method will depend on the
specific mental health condition but, when possible, data should be collected using
validated tools to enable progress monitoring [291]. It should be noted that patients
may benefit from being asked about fatigue, cognitive and sexual dysfunction, as
these were shown to negatively affected patients’ HRQoL but were rarely recorded

in the patients’ EHRs.

9.6.3 Increased awareness of mental health-related conditions among health-

care professionals is needed

Increased awareness among health care professionals, particularly primary care

physicians, of the raised risks of anxiety, depression, fatigue, sexual dysfunction,
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sleep disturbance and pain is needed to improve detection of the mental health
conditions. Increased awareness may also help with communication between
patients and clinicians, particularly about fatigue, cognitive problems, and sexual
dysfunction, which negatively influence HRQoL. Communication about sex-related
issues appears to be poor [292], highlighting the need for GPs to raise these issues
[293].

9.6.4 Equipping health care professionals with evidence-based strategies to
identify and manage mental health conditions in breast cancer survivors

may be needed

Identification and management of mental health conditions in breast cancer
survivors can be challenging due to the short consultation times with a panoply of
somatic and psychological manifestations [294], and due to uncertainty about
effectiveness and/or safety of the interventions. For sexual dysfunction, for example,
clinicians tend to have little training on the topic [293, 295], and some may have
concerns over the effect of hormonal vaginal treatments in patients with oestrogen-
receptor positive breast cancer [296] and be unaware of the recommendations for
lubricants and moisturisers [297]. Safety concerns have also been raised for the
treatment of severe anxiety and depression with antidepressants, as per guidelines
[53, 298], due to a possible interaction between antidepressants and tamoxifen.
This is biologically plausible, as both substances are metabolised by cytochrome
P450, and since antidepressants tend to have a better affinity for the enzyme, there
is a potential for preferential binding of tamoxifen [299]. Studies have reported
contradictory results about the increased risk of cancer recurrence in breast cancer
patients taking antidepressants, with some studies finding no effect for any
antidepressant [300], while others found increased risk of recurrence in patients
prescribed paroxetine or trazodone [301]. Whether information is lacking or
available, there is a need to equip health care professionals with clear guidance on
what is safe and unsafe, effective and ineffective, as well as unclear interventions in

these patients.

9.6.5 Encouraging utilization of cancer rehabilitation services, and other forms

of social interaction

Of the variables that were found to be associated with poorer HRQoL (i.e. younger

age, lower education, chemotherapy treatment), none are amenable to change.
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However, there is evidence that factors such as social support and physical activity
exert a protective effect on depression [21-23]. Recently, it has been reported that
75% of breast cancer survivors in the UK felt more socially isolated at the end of
treatment than at diagnosis [288]. Raising awareness about the services available
to patients, and how to access them, cannot be overlooked (e.g. support from
Breast Cancer Care, or Mind, two UK based charities that provide support to breast

cancer patients in need).

9.7 Implications for public health policy

9.7.1 Current provision of post-treatment support

Recognising the need for post-treatment support in cancer survivors, UK countries
set out organised strategies for patients beyond cancer [302-304]. In England, the
cancer strategy ‘Achieving World-Class Cancer Outcomes: A Strategy for Cancer
2015-2020’ includes access to a Recovery Package by 2020 among their goals
[302]. Development of the cancer strategy included a Health and Wellbeing event, in
which an overwhelming 96% of patients supported the idea of a breast cancer-
specific health and wellbeing course at the end of treatment [305]. However, data to
date show that 51% of NHS Hospital trusts do not provide breast cancer-specific
support events. Breast cancer survivors seeking NHS support for mental health will
be affected by the long waiting times currently observed. A survey commissioned by
the Royal College of Psychiatrists revealed that one in four patients with a
diagnosed mental health condition waited more than three months to access

treatment in a NHS mental health service after referral [306].

9.7.2 Current needs and future planning

Public health interventions to tackle the burden of mental health conditions ought to
be comprehensive, including risk reducing and reactive strategies. Preventive
strategies such as improved patient support and patient education during the
continuity of care cannot be overemphasized. Breast Cancer Now has created a
course tailored to breast cancer survivors, which was found to improve patients’
HRQoL, emotional wellbeing, and self-management measures [307]. Public health

organisations should work towards every patient being able to access information
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that meets their needs. Once significant distress is present, strategies are needed
for early diagnosis and treatment of these conditions. As many as 41% of women in
England reported not having received the professional support needed to cope with
the long-term consequences of their disease [308]. This highlights the need for
Cancer Alliances to provide or improve access to personalised support, as outlined
in their priorities for 2019/2020 [308].

Mental health services are burdensome for publicly funded health care services,
and the long-term provision of care that suits patients’ needs is likely to require
substantial investments, both in physical structures and in personnel. Waiting times
for access to treatment for common mental health conditions needs to be shortened
by increasing the supply of services, as current targets (75% of patients referred be
treated within six weeks [309]) are not being met. Long term planning also needs to

consider the need to build capacity in delivering psycho-oncology care.

9.8 Implications for further research

9.8.1 Drivers of the association between breast cancer survivorship and

adverse mental health outcomes

One priority area for future research is to investigate the role of mediators of the
association between breast cancer survivorship and adverse mental health
outcomes, such as the type of surgery (lumpectomy vs. mastectomy, with and
without reconstruction), receipt and type of systemic treatment (chemotherapy,
endocrine and/or immunotherapy), tumour characteristics as well as presence of
lymphedema. The role of having had disease progression, or another cancer
diagnosis, also needs to be explored. The effect of age on the likelihood of cognitive
dysfunction recorded in the EHRs also deserves further attention to ascertain
whether this is a true increased risk, or differential recording of these codes by GPs.
The aetiological components of the disorders also need to be explored further. The
impact of chemotherapy, endocrine therapy and immunotherapy on depression,
fatigue, sexual dysfunction and pain needs clarification, as these conditions
negatively affect the patients’ HRQoL and little is known about the exact
mechanisms by which the risk is increased. Cognitive dysfunction has traditionally
been linked to the cytotoxic effect of chemotherapy, but recent studies suggest that

this might be mediated by post-traumatic stress symptoms [272]. A better
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understanding of the drivers of adverse outcomes would help to identify

opportunities for intervention, prevention and support.

9.8.2 Validation of the list of Read codes used to define mental health

conditions

Recently, the Mental Health Data Set (MHDS) became available for linkage with the
CPRD GOLD primary care database. This data set includes data from adult patients
who accessed mental health services in secondary care and are thought to be
suffering from a mental illness [310]. This could be used as the gold standard in a

validation study aiming to assess the validity of Read codelists.

9.8.3 Longitudinal assessment of HRQoL in breast cancer survivors

Studies should focus on the longitudinal assessment of HRQoL in breast cancer
survivors, as results are likely to change by domain across the survivorship period,
and could help to identify critical periods for intervention (e.g. depression may arise

on discharge from hospital follow-up, when women often feel isolated [288]).

9.8.4 Comparison of mental health outcomes in women who had breast cancer,

women treated for in situ tumours, and women with no history of cancer.

The introduction of mass screening programs for breast cancer in the last decades
resulted in many women being detected with in situ tumours, most often ductal
carcinomas in situ. Patients diagnosed with non-invasive tumours have very good
prognosis (10-year observed survival for patients surgically treated of 98.5% [311]),
however, there is the potential for comparable adverse psychological effects as
treatment modalities are similar to that of early-stage invasive breast cancer. This
should be the subject of future studies. Also, the mental health impact of screening

needs to be considered, particularly of false positive results.

9.8.5 Pressing need for evidence-based interventions for treatment of breast

cancer survivors with mental health conditions

The benefit of most interventions for mental health conditions in breast cancer
survivors needs to be established, including the optimal setting, method, and timing.

There is an important gap in research about effective treatment strategies for
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fatigue, sexual dysfunction and cognitive dysfunction, all of which negatively
affected HRQoL. Trials are also needed to pilot and evaluate the feasibility and
effect of interventions aiming at raising awareness and screening for mental health
conditions. The acceptability of the interventions is likely to vary by age and physical
condition of the patients (e.g. internet-based interventions may have less

acceptability among senior patients).

9.9 Conclusions

In conclusion, breast cancer survivors in the United Kingdom have an increased risk
of anxiety, depression, fatigue, pain, sexual dysfunction, sleep disorder and being
prescribed opioid analgesics compared to women with no history of cancer. The risk
of these disorders was particularly elevated in women within the first few years of
breast cancer survivorship, and more pronounced in younger women. Increased
risks of fatigue and pain were found to persist for 5-10 years post-diagnosis. In
addition, breast cancer survivors had poorer HRQoL in the domains of cognitive
problems, sexual function, and fatigue. Women with advanced-stage cancer at
diagnosis, and/or treated with chemotherapy, had poorer HRQoL and mental health.
It is imperative to raise awareness among patients, health-care professionals, and
policy makers about the specific needs to the largest group of cancer survivors in
the UK.
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Supplementary Materials

Supplementary Table 1. MEDLINE search expression in OVID®.

#

Search

1
2

10
11
12
13

14

exp Breast Neoplasms/

(breast and (cancer* or carcinoma® or tumo?r* or neoplas*)).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier]
1or2

exp catatonia/ or exp depression/ or exp self-injurious behavior/ or exp anxiety/

mental disorders/ or exp anxiety disorders/ or exp "bipolar and related disorders"/ or exp
"disruptive, impulse control, and conduct disorders"/ or exp dissociative disorders/ or "feeding
and eating disorders"/ or anorexia nervosa/ or binge-eating disorder/ or bulimia nervosa/ or
pica/ or exp mood disorders/ or exp motor disorders/ or neurocognitive disorders/ or amnesia/
or cognition disorders/ or auditory perceptual disorders/ or mild cognitive impairment/ or
consciousness disorders/ or delirium/ or dementia/ or exp neurotic disorders/ or exp
personality disorders/ or exp "schizophrenia spectrum and other psychotic disorders"/ or
sexual dysfunctions, psychological/ or exp sleep wake disorders/ or exp somatoform
disorders/ or exp substance-related disorders/ or exp "trauma and stressor related disorders"/
(depressi* or dysthymia or catatonia or self-injur® or self-injury or self-injurious or self-
mutilation or "self mutilation" or suicid* or self-harm or "self harm" or "self injury" or anxious* or
anxiety or (panic adj1 (disorder# or attack#)) or catastrophi* or (mental adj1 (disorder or
disorders)) or phobia or phobic or neurotic or (compulsive adj1 disorder) or bipolar or neurotic
or (personality adj1 disorder) or psychotic or psychosis or paranoid or delusional or (sexual
adj1 (disorder or dysfunction or problem#)) or insomnias or (sleep adj1 (disorder or
dysfunction or problem#)) or somatoform or (substance adj3 (disorder or problem#)) or stress
ajd3 disorder or (adjustment adj3 disorder)).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier]

4or5o0r6

(prevalence# or frequenc* or incidence# or risk or rate* or ratio or odds or epidemiolog* or
percent® or outcomes or hazard).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier]

3and7 and 8

Humans/
Animals/
10 and 11
11 not 12

9 not 13
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Supplementary Table 2. Criteria used to judge the risk of bias in the systematic review studies.

Judgment Selection bias Outcome variable: Design-specific Confounding by age and Statistical Missing data Conflict of
information bias source of bias socio-economic status methods interest
(temporality)
Low risk of Describes the source and Outcome assessed through one of The breast cancer The study attempts to minimise Appropriate use <15% of missing data The study
bias methods of selection of the the following: diagnosis preceded the confounding using one or more of of statistics for (for studies with authors explicitly
participants Psychiatric interviews onset of the mental health the following: primary analysis questionnaires), with or report the
AND OR outcome of effect without multiple existence, or
Eligibility criteria given Evidence of having been prescribed OR Matching for age and for an (specific to each imputation methods for not, of conflicts
AND anxiolytics (for anxiety) and Diagnosis of the relevant indicator of socio-economic status study design missing data of interests
(Participants selected at antidepressants (for depression) outcome prior to the BC (e.g. education, attending the and data) OR OR
random OR population-based OR diagnosis taken into same primary care practice, or >15% of missing data, The study's
study) Record of a diagnostic code for account by restriction, small geographic area) with missing data funding source
AND mental health (for studies including matching or in multivariate AND/OR imputed using multiple is acknowledged
Proportion of participation electronic health records) analysis Multivariate analysis, reporting imputation methods
>50% OR mean scores or association
AND/OR Country's official mortality registry measures, adjusted for age and a
<30% of attrition (for cohort data (for completed suicide) socio-economic status indicator
studies with a pre-defined OR
follow up time for the entire Objective data on the trajectories of
cohort) cognitive function over time (for
neurocognitive dysfunction)
High risk of Participants not selected at Self-reported intake of anxiolytics Unclear whether the onset The study only reports crude Not appropriate >15% of missing data The presence or
bias random (for anxiety) OR antidepressants (for of the mental health measures of frequency or use of statistics (for studies using absence of
OR depression) outcome occurred before association (e.g. univariate for primary questionnaires), with conflicts of
Proportion of participation or after the breast cancer association, or mean scores of the analysis of missing data imputed interest is not
<50% diagnosis instrument) effect with a measure of reported and
OR OR OR central tendency thus unknown
Women selected on the basis Diagnoses of mental (There are differences between the AND
of a the relevant mental health disorders before the onset two the group of breast cancer No study's
outcome for this review of the BC not considered survivors and the women in the funding source
OR comparison group for age OR for is acknowledged
>30% of attrition (for cohort an indicator of socio-economic
studies with a pre-defined status)
follow up time for the entire
cohort)
Unclear Unknown method of Outcome assessed using self- Not applicable The study reports mean scores or Statistical Proportion of missing Not applicable
risk of bias participants' recruitment reported scales measured of associations that methods not data not reported (for
OR were adjusted for an unclear or reported studies involving

Unknown exclusion criteria
OR
Unknown participation rate

unknown list of potential
confounders

questionnaires)

Not applicable if the
study uses data from
diagnoses ascertained

via electronic records, or

if formal statistical
comparisons between
breast cancer survivors

and women who did not

have cancer could not
be done.
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Supplementary Table 3. Anxiety: main characteristics and results of the studies that compared the risk, prevalence or severity of anxiety (disorders or
symptoms) between breast cancer survivors (>1 year) and women who did not have cancer.

First Breast cancer survivors Comparison group Outcome Quantitative measure of the Relative risk P-value or 95% Notes
author, Type of Stage at Breast cancer Time since Type of population assessment outcome estimate confidence
year of population and diagnosis treatments (%) diagnosis/ and Breast cancer Comparison (RR, OR, SIR, PR) interval
publication main (%) treatment in main survivors group
characteristics years: mean/ characteristics
Country median (SD),
range
Electronic health records
Hjerl et al., Population-based All ND 4 (ND), 0-15 Population-based EHR, first ever Cumulative Cumulative SIR=1.3* 95%Cl: 1.1-1.5
2002 [1] psychiatric incidence: incidence: By age: By age:
All 60,431 women (Median Danish female admission, as 0.25% 0.20% 30-34: SIR= 1.93 95%C1:0.69-4.15
Denmark aged >15 years cohort follow population registered in the 35.39: SIR= 1.28 95%Cl:0.58-2.38
with a first primary up: 4 years aged >15 years. Danish Psychiatric 40-44: SIR= 0.91 95%C1:0.48-1.52
invasive breast since Central Registry 45-49: SIR= 0.89 95%C|:0.54-1.37
cancer registered in diagnosis; 50-54: SIR= 1.24 95%C1:0.84-1.76 Standardised incidence ratio
(continues) the national Cancer range: ICD-8 codes: 55-59: SIR= 1.56 * 95%Cl:1.04-2.22 estimated considering all follow
Registry in 010 15) 30081 and 60-64: SIR=1.18  95%Cl:0.69-1.86 up time since diagnosis.
1970-1993. 300.00-300.99, 65-69: SIR=1.42  95%Cl:0.81-2.26
except 300.49 70-74:SIR=1.98*  95%Cl:1.12-3.21
75-79: SIR= 0.47 95%CI:0.08-1.46
80-84: SIR= 1.27 95%Cl:0.21-3.91
85-89: SIR=2.91 95%Cl:0.17-12.8
290: SIR= 8.74 95%Cl:0.50-38.5
By calendar By calendar period: -
period:
1970-74: SIR=1.11  95%CI:0.58-1.91
1975-79: SIR=1.15  95%CI:0.78-1.61
1980-84: SIR=1.04  95%CI:0.72-1.45
1985-89: SIR=1.80* 95%Cl:1.37-2.31
1990-93: SIR=0.89  95%CI:0.55-1.35
Women aged >15 All ND 4 (ND), 0-15 Female population EHR, first ever Standardised incidence ratio
years with first aged >15 years and psychiatric - - SIR=13* 95%Cl: 1.1-1.5 estimated considering all follow
invasive breast living outside admission, as up time since diagnosis.
cancer registered in 1.5 Copenhagen city registered in the - - SIR=1.4 95%Cl: 0.8-2.1
the national Cancer 2.5 area (non- Danish Psychiatric - - SIR=1.1 95%Cl: 0.6-1.8
Registry in 1970- 3.5 metropolitan). Central Registry - - SIR=1.6 95%Cl: 0.9-2.5
1993 and living 4.5 - - SIR=1.5 95%Cl: 0.6-2.4
outside 55 ICD-8 codes: - - SIR=0.7 95%Cl: 0.3-1.6
Copenhagen city 6.5 300.81 and - - SIR=1.3 95%Cl: 0.5-2.6
area (non- 75 300.00-300.99, - - SIR=1.2 95%Cl: 0.4-2.5 Approximate SIR values
metropolitan). 85 except 300.49 _ _ SIR=0.8 95%Cl: 0.3-2.2 estimated from the graphics
95 - - SIR=0.7 95%ClI: 0.2-2.1 provided in the original study.
10.5 - - SIR=0.4 95%Cl: 0.1-1.9
11.5 - - SIR=1.0 95%Cl: 0.3-2.9
12.5 - - SIR=2.6 95%Cl: 0.8-6.0
13.5 SIR=0.5 95%Cl: 0.1-2.1

260



Hjerl et al., Women aged >15 All ND 4 (ND), 0-15 EHR, first ever - - SIR=1.1 95%Cl: 0.8-1.6 Standardised incidence ratio
2002 [1] years with first Female population psychiatric estimated considering all follow
invasive breast aged >15 years and admission, as up time since diagnosis.
Denmark cancer registered in 1.5 living in Copenhagen registered in the - - SIR=1.4 95%Cl: 0.5-2.5
the national Cancer 2.5 city area Danish Psychiatric - - SIR=1.5 95%Cl: 0.4-3.0
(continued) Registry in 1970- 35 (metropolitan). Central Registry - - SIR=0.7 95%Cl: 0.2-2.2 . .
1993 and living in 5.0 ICD-8 codes: - - SIR=0.8 95%Cl: 0.3-1.8 Approximate values estimated
Copenhagen city 65 300.61 and . . SIR=13 05%Cl: 0.4-4.0 from the graphics provided in the
area (metropolitan). 75 300.00-300.99, - - SIR=33 95%Cl: 1.0-7.6 original study.
9.5 except 300.49 - - SIR=0.5 95%Cl: 0.1-1.8
13.0 - - SIR=0.7 95%Cl: 0.1-2.9
Hung et al., Population-based All ND 2.7 (ND), Population-based EHR, recorded in Incidence rate:  Incidence rate:
2013 [2] ND-7 26,629 women the Registry for 49.64 per 40.82 per
Tai 26,629 womzn with (median fO”?W randomly selected ﬁ‘]atastroguic 1,000 person- 1,000 person- Includes patients diagnosed with
aiwan no prior Moo« up years for illi ness with an years years _ N .
disorder and breggt cancer \f:lcr)]r;](;idmrllcl)l?ﬂav:llgmen ICD-9-CM code for RR=1.22 95%Cl: 1.16-1.27 breast cancer at <1yr.
cancer, with breast survivors: 2.7;  breast cancer anxiety Cumulative Cumulative
cancer registered in for matched  registered in the (300-300.3, 300.5, incidence: incidence:
the National Health cohort: 3.2)  same database, 300.7-300.9) 15% 14%
Insurance individually matched Cumulative Cumulative
Database in 2000- for age and Charlson incidence: incidence:
2005. 2 comorbidity score 1% 9% RR=1.22*¢% 95%Cl: 1.16-1.29 Approximate cumulative
(categories of incidence values estimated from
4 matching not 17% 15% RR=1.13* } 95%Cl: 1.09-1.18 the graphics provided in the
reported). original study.
6 22% 20% RR=1.10*+ 95%Cl: 1.06-1.14
Population-based EHR, having . .
Khan et al., Population-based All ND ND (ND), 25 primary care Prevalence: Prevalence: _ o/ 1. Odds ra_tl_o adjusted for _Charlson
2010 [3] 67,649 women who consultations for 5.4% 5.0% OR=1.06 95%CI: 0.97-1.16 c_omorbldlty score, previous
16,938 women did not have breast anxiety history of anxiety and death.
United aged 230 with or colorectal cancer EHR, being
Kingdom breast cancer at beginning of follow  prescribed an
registered in the up; individually anxiolytic at least
UK General matched for age (+ 1 once Preval . Preval . Odds ratio adjusted for Charlson
Practice Research year) and primary reva Z"g;' reva ‘37"70“; OR=1.08* 95%Cl: 1.01-1.15  comorbidity score, number of
Database. care practice (small Rl 7 consultations, and death.
area).
Yang et al., Population based 0 ND 4.7 (4.4),0-10  Population based EHR, ICD-10 SIR=0.99 95%Cl: 0.73-1.34 Standardised incidence ratio
2017 [4] diagnostic codes By age group: By age group: estimated considering all follow
All 4,402 women (median (IQR) 452,507 women for anxiety (F40- Cumulative Cumulative 20-44: SIR= 1.18 95%Cl: 0.59-2.36 up time since diagnosis.
Sweden diagnosed with an duration of  randomly selected F41) at in patient incidence: incidence: 45-54: SIR= 0.97 95%Cl: 0.57-1.64
in situ breast follow up: 4.7  from the respondents  or outpatient 0.9% 0.9% o o 1 '
(continues) (4.4))  to the 1990 census hospital visits 55-64: SIR= 0.95 95%Cl: 0.53-1.72
cancer at the age : 65-80: SIR=0.91  95%Cl: 0.45-1.81
of 20-80 years - — -
between 2001- 0-0.5 <0.1% 0.1% SIR=0.53 95%ClI: 0.13-2.12 Standardised |_nC|dence ratios
2009 0.5-1 0.0% 0.0% _ _ were standardised by (_:alendar
1-2 0.3% 02%  SIR=1.62 95%Cl: 0.02-2.85 _ Period (1-year categories), age
25 . . — . (5-yee_1r categories), and region
0.4% 0.4% SIR=1.09 95%Cl: 0.68-1.73 of residence (North, Stockholm-
5-10 0.2% 0.2% SIR=0.90 95%Cl: 0.47-1.74 Gotland, South, Southeast,

Uppsala-Orebro, West).
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Yang et al., Population based 0 ND 4.7 (4.4),0-10 452,507 women EHR, being Cumulative Cumulative SIR=1.64* 95%Cl: 1.43-1.88 Standardised incidence ratio
2017 [4] randomly selected prescribed an incidence: incidence: B - B - estimated considering all follow
All 4,402 women (median (IQR)  from the respondents  anxiolytic (group 4.5% 2.8% Y agfa groijp. yoage.. up time since diagnosis.
Sweden diagnosed with an duration of  to the 1990 census NO5B of the ATC 20-44: SIR=1.52 95%Cl: 0.96-2.42
in situ breast follow up: 4.7 classification 45-54: SIR=1.69 * 95%Cl: 1.28-2.22 Standardised incidence ratios
cancer at the age (4.4)) system) 55-64: SIR= 1.57 * 95%Cl: 1.22-2.02 were standardised by calendar
(continued) 4 20-80 years 65-80: SIR=1.69 * 95%Cl: 1.34-2.14  period (1-year categories), age
between 2001- 0-0.5 - - SIR=386* 95%Cl: 3.17-4.71 (5-yee.1r categories), and region
2009 0.5-1 - - SIR=0.93 95%Cl: 0.61-1.41 of residence (North, Stockholm-
12 - - SR=128 95%Cl: 0.97-1.70 Gotland, South, Southeast,
2-4.5 SIR: 0.91 95"/OCI: 0.64-1 .28 Uppsala-Orebro, West).
) = = - . (1] . B = 1.
Population based -1V ND 4.5(4.5),0-10  Population based E.HR, ICI;)-1O SIR=1.55* 95%Cl: 1.43-1.68 The following were significant
_ diagnostic codes . ) By age group: By age group: predictors of increased anxiety
All 40,849 women (median (IQR) 452,507 women for anxiety (F40- _Cu!nulatlv.e _Cu!nulatlv.e 20-44: SIR= 1.84 * 95%Cl: 1.54-2.21 among breast cancer survivors:
diagnosed with an ouration of - randomly selected F4f)atinpatient ~ incidence, = Incidence 4564 SIR=156*  95%CL134-1.81  younger age at diagnosis,
invasive breast ollow U?4 5-)) from the respondents  or ou.tpatifar?t R “7° 55.64: SIR= 1.58 * 95%Cl: 1.35-1.84 presence of co-morbidities,
) tote 1990censis - ospiel v
between 2001- 0-0.5 0.2% 0.1% SIR=253* 95%Cl: 2.05-3.13 had chemotherap;/.
2009 0.5-1 0.2% 0.1% SIR=230* 95%Cl: 1.85-2.87
1-2 0.3% 0.2% SIR=2.00* 95%Cl: 1.69-2.38
2-5 0.4% 04% SIR=117* 95%Cl: 1.01-1.36
5-10 0.3% 0.2% SIR=1.18 95%Cl: 0.97-1.42
Population based -1V ND 4.5(4.5),0-10  Population based EHR, being Cumulative Cumulative SIR=2.52"* 95%Cl: 2.43-2.62
prescribed an incidence: incidence: By age group: By age group:
All 40,849 women (median (IQR) 452,507 women anxiolytic (group 6.4% 25% 20-44: SIR=3.96 * 95%Cl: 3.56-4.40
diagnosed with an duration of  randomly selected NO5B of the ATC 45-54: SIR=3.04 * 95%Cl: 2.81-3.30
invasive breast follow up: 4.4  from the respondents  classification 55-64: SIR=2.50 * 95%Cl: 2.33-2.68
cancer at the age (4.5)) tothe 1990 census system) 65-80: SIR=2.04 * 95%Cl: 1.91-2.17
of 20-80 years 0-0.5 - - SIR=6.13* 95%Cl: 5.81-6.47
between 2001- 0.5-1 - - SIR=1.90* 95%Cl: 1.72-2.10
2009 1-2 - - SIR=1.47* 95%Cl: 1.35-1.61
2-4.5 - - SIR=1.38* 95%Cl: 1.26-1.52
Studies involving scales
Cohen et Convenience I-11l (ND%) Srg, C: 48.2% 4.8 (4.2),1-17  Convenience sample
1., 2011 [5 | Srg, M: 51.8% i . .
a (5] sample S:g R 12_5%0 iz;‘;"_“fg:gd Higher levels of anxiety
Israel 56 married Israeli CT:85.7% women iing in associated with higher levels of
Arab breast cancer RT: 85.7% Israel. approached in BSI-18 depression, somatization and
. . o » app . BSI-18 mean emotional distress in both groups
survivors, pOSt HT: 58.9% communlty settlngs; SD): mean score P<0.001
treatment and free individually matched BSI-18 score (SD): (SD): - P<0.05 * (P<0.001).
of disease recruited for age and i i
from one hospital. education (matching 2.7(1.2) 22(0.9) Higher levels of anxiety

categories not
reported).

associated with lower body image
in breast cancer survivors only
(P=0.05).
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Boehmer et  Convenience I-111 (100%) ND 4.5 (ND), 1-10 Convenience sample
al, 2015[6] ~ sample 85 lesbian or bisexual ~ Anxiolytics intake Prevalence: Prevalence:
. women with no history  (self-reported) o : o ’ PR=2.92 95%Cl: 0.31-27.1
ND ES Iesbllag or . of cancer, not using 3.5% 1.2% . .
Isexual breas hormone therapy, Anxiety was more common in
cancer survivors recruited via flyers, women taking any psycho
post-active ] advertisements, etc.; pharmacological medication,
fzga;’;‘fe”rtnr;‘;;‘g;‘ig individually matched ?gr;pgr;eg tg Stg}cgle ;Nf;g ?idsngé )
J for age (+ 3 years) and . . =3.19, oLl 1.76 10 6.09).
flyers, etc. (3.5% of parmger (Statu); ) HADS score 28 Prevalence: Prevalence: PR=1.24 95%Cl: 0.86-1.78
whom had had 45.2% 36.5%
(partnered vs.
cancer recurrence). unpartnered).
Calvio et Convenience 1(36.9%) Srg, ND: 3.1(2.4), 1-10 Convenience sample Higher HADS scores indicate
al., 2010 [7]  sample Il (44.3"/;) 96.7% . 113 women without more anxiety symptoms.
United 122 breast cancer (7.2%) g; %80;0 cancer, working full- Mean scores adjusted for marital
Stnaltgs survivors, working HT: 45.90/0 time for =1 year, with status (cohabitating with partner
fuII-timg for 21 T '13 1'0/ ° _computer and_ ] HADS vs. single/not cohabitating), race
year, with computer - 1070 internet, recruited via HADS mean mean score (Caucasian vs. non-Caucasian),
and internet, advertisements and HADS score (SD): (SD): B P<0.01 * ethnicity (Hispanic vs. non-
recruited via flyers. Hispanic), age (<40, 41-50, 51-65),
advertisements and 7.8(3.0) 7.1(26) income (0-39,000; 40-59,000; 60-
flyers. 79,000; 80-89,000; 80-99,000;
2100,000), and menopausal status
(currently going through,
premenopausal, postmenopausal).
Dahl et al., Convenience 11 (ND) Srg, C: 24% 3.9 (ND), 2.6- Convenience sample
2011 [8] sample n (ND) Srg, M: 76% 6.9 1,685 women Higher HADS score indicates
N 337 tumor free ER? ?goo/?,/ randomly selected more anxiety symptoms.
orway breast car:cert J HT: 81% ° Lrom;) popullatiofn- HADS mean HADS Mean scores adjusted for level
survivors treate ' ased sample o . mean score of education, on disability
g&tr'i‘nr:(:'g;ge;izy \tqlics);gf;ovglct:g:ger who  HADS score (SD): (SD): - P<0.001 * pension and menopausal status.
2002 in one provided 6.3(2.8) 48(3.7) Higher scores of HADS for
hospital. questionnaires with anxiety were associated with
complete data; more insomnia symptoms in
individually matched breast cancer survivors and in
for age (¢ 5 years). controls (p<0.001).
Miao et al., Convenience I-111 (100%) CT: 100% 3(0.3), Convenience sample
2016 [9] sample 26 age-matched
Chi 23 patients with healthy controls
ina breast cancer who selected amongst HRS-A mean HRS-A mean
'\;I?i t;iimf;::py Ea;;?f:]tsl\flz'rztlltY::and HRS-A score (SDY): score (SDY): ; P=0.232 Higher HRS-A score indicates
, more anxiety s toms.
at a local hospital. matched for age 4.96 (1.43) 4.5(1.22) v symp

(matching method
not reported).

263



Rubino et Convenience ND Srg, M: 100% ND (ND), >1 Convenience sample  HRS-A,
al., 2007 sample Srg, R: 100% . ) applied during
[10] 33 consecutive ?:ngjrilfh)sleﬁ%rgzn’ psychiatric PR caloulated by the authors of
o tyth interview the present study. For
patients wno ha amongst the Prevalence: Prevalence: calculation purposes, it was
Italy had breast- personnel of the local o\ o1 242% 0.0% PR=7.99 * 95%Cl: 1.06-60.34  assumed that one person in the
recotr1sttruct|or_1 after university. non-cancer group had the
mastectomy, in outcome.
2001-2002.
Boele etal., Convenience ND Srg, ND: 95% Exposure to Convenience sample HSCL-25 HSCL-25 Hi "
! . gher HSCL-25 score indicates
2015 1] sample g; g:_{z/ :'1;732 (1.9). 44 friends or family rgeDar.1 score rgeDar.1 score more anxiety symptoms.
Post-menopausal : ° > members of the (SDy: (SD: :
The breast cancer HT: 100% / women who had had P a_djusted for age _and
Netherlands survivors with no 0% Unexposed to breast cancer, with HT: 9.92 (10.55) estimated premorbid 1Q.
diagnosis of ;'1;32?? (0.3), no history of breast 11.17 (10.39) Women with higher anxiety
psychiatric illness, .3-3.3. cancer, matched for HSCL-25 No HT- ) P=0 30 levels h':_)d significantly lower
not treated with age and education 1;’57 11,74 ’ processing _speed eva_luated as
adjuvant CT, (method of matching 57 (11.74) part of cognitive function.
selected from the not reported).
medical records of
the Cancer
Institute.
Kreukels et Convenience I-111 (100%) CT: 100% ~1 Convenience sample HSCL-25 HSCL-25
al., 2008 sample HT: 40% 60 friends or family mean score mean score
(2] 63 women who had (follow up at of the patients with (SDy: (SDy:
The non-metastatic 12months o same age who
Netherlands breast cancer, with after CT) never had cancer, HSCL-25 16.3(12.2) 87(7.9) - P<0.001* Higher H$CL'25 score indicates
no history of matched for age more anxiety symptoms.
psychiatric (method of matching
diseases. not reported).
Amir et al., Convenience 1 (46%) Srg, C: 20% 6.5 (ND), =5 Convenience sample
2002 [13] sample ::|(48§;/0) gr'lg E';\Q;L/SO% 39 women who did Higher SCL-90 scores indicate
Israel 39 women free of (8%) BT, 410/0 not experience life- SCL-90 more anxiety symptoms.
cancer symptoms HT: 46"/2 threatening disease, SCL-90 mean mea;1 score Women who had breast cancer
for 23 years and : recruited by unknown :
not un()jler active methods rrs:atched SCL-90 seore (D) (SD): i P<0.001* ﬁng [ﬁp}?rted PT?DI SylelPEﬁmS
: - ' ad higher anxiety levels than
treatment, identified for age and .
through 2 hospitals educ%tion (method of 087(099) 0.49 (0.35) those who did not report PTSD
9 pials. oo } symptoms: 1.81 (1.23) vs. 0.67
:22;@';9; no (0.76), P<0.01.
Garcia- Convenience ND Srg, M: 100% 8.2 (5.6), 1-21 Convenience sample
Tlc>rr2eos1§t sample CT:72.7% 22 women with no
a1.4 22 breast cancer history of cancer who ISRA ISRA
14 survivors, free of volunteered with the ISRA mean score mean score Correlation between anxiety and
Spain relapse, identified same association (trait anxiety) (SD): (SD): - P=0.92 depression: r = 0.46, p<0.05.

by staff of the local
association against
cancer.

against cancer.

155.13 (71.51)

157.29 (82.45)
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Castellon et  Convenience 0-11 (100%) CT: 34% ND (ND), 2-5  Convenience sample
al., 2004 sample CT+HT: 34% STAI mean
[15] 19 Healthy women score (SD), by
) 53 women who had recruited via fl_iers, treatment ’ STAI mean
gtnal :22 E;?grs; ?ﬁ:gg;act)foéo gﬁgzlg\t}:rrﬁzgﬁfsts STAI score (SD): . P=0.075 Higher STAI scores indicate more
with no evidence of ’ or amongst the ’ (trait anxiety) No CT: anxiety symptoms.
disease or acquaintances of the :()’:Irg (73) 38.0(9.3)
recurrence, and no hospital staff. 33 1 ®.1)
history of psychiatric ’ )
disorder.
V\llei%?;r et Conv<|anience :I((165?Z;)) Srg, M: 100% ND (ND), 25 Convenience sample STAI o | o | ((j)uft-ofgto be1identigedda§ case
al., sample o h revalence: revalence: _ . o/ 1. efined as >1 standard deviation
[16] 1 111(22%) 93 employees or gg:'tdafxi’;‘g,‘;erate 27% 15% PR=1.81 95%CL-0.95-341 1 ove the mean.
60 women with age volunteer workers at
United <70 years, the same hospital Adjusted for years of age and
States education 26t with no personal or STAI STAlI mean STAlI mean - P<0.05 * years of education.
g;e;gﬁiarlﬁchistory of Lélrr:;IS)/tTasrt]%gro;ge (trait anxiety) score (SD): score (SD): Women \tN(Ijth stage ”:1 b(;east
5 » A9° cancer at diagnosis had more
e S o leon sy o) vt ity comparea o
free, selected from history of psychiatric ?Pj)r_ogi?_s cancer surivors
those returning to diagnosis. Trait anxiety in breast cancer
the hospital for survivors was predictive of all
long-term follow up domains of quality of life, except
of cancer. family functioning.
Root et al., Convenience 1(58%) Srg, C: 75% 42(1.2) Convenience sample
2015[17] sample ] (O%g Srg, M:°32% 37 health women
United 113 women aged :I\I/ ((?é::’/;) g; 350;0 with no history of
<70 years who had ° Coor cancer or cancer
States breast cancer, were HT: 52% treatment, post- STAIl mean STAIl mean
post-menopausal at menopausal, with no score (SD): score (SD): ) o
diagnosis, receiving neurological or STAI _ P=0.62 ngher STAI scores indicate more
HT at recruitment, psychiatric 32.4 (8.6) 331 (1.4) anxiety symptoms.
with no recurrence, diagnoses, matched
no neurological or for age and
psychiatric education (method of
diagnoses and who matching not
did not report sleep reported).
disturbances.
Castellon et  Convenience 0-11 (100%) CT: 34% ND (ND), 2-5  Convenience sample
al., 2004 sample CT+HT: 34%
[15] 19 Healthy women
53 women who had recruited via fliers, STAl mean
United breast cancer at or newsletter articles score (SD), by
States before the age of and advertisements, STAI treatment STAl mean
50, with no or amongst the (state anxiety) score (SD): P=0.01 * Higher STAI scores indicate more
evidence of acquaintances of the No CT: anxiety symptoms.
disease or hospital staff. 24.6 (3.6) 33.2(8.0)
recurrence, and no CT:
history of 28.6 (8.8)
psychiatric
disorder.
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Conroy et Convenience 1(29%) CT: 100% 6.4 (2.1),3.2- Convenience sample STAl mean STAl mean
al., 2013 sample lla (33%) RT: 79% 10.2 score (SD): score (SD):
[18] IIb (25%) 23 healthy women
24 breast cancer Illa (8%) matched for age and STAI 30.2(7.9) 31.9(9.1)
United survivors with Ilb (4%) education B Higher STAI scores indicate more
) . (state anxiety) - P>0.05 .
States history of non- (categories of anxiety symptoms.
metastatic disease matching not
and chemotherapy reported)
treated.
Convenience 0 (14%) CT: 59% ~1.5(0.15)  Convenience sample STAl mean STAI mean
sample :I((345;;)) RT: 69% 18 healthy controls score (SD): score (SD):
29 female breast ° ‘demographically .
cancer patients 1A (3%) matched’ (method of %TG 88 256(7.2) P>0.05 -
without matching not N : CEI". )
McDonald neurobehavioral reported). o~
etal, 2010  (sk factors 28.3 (11.3)
[19] including STAI
neurologic, (state anxiety)
ND medical, or
psychiatric Prevalence of Prevalence of Cut off for case: STAI-S T-score
conditions, except varence vaence PR=1.25 1 95%Cl: 0.12-12.65 265
history of anxiety: 7% anxiety: 0%
depression or
anxiety.
Population based Population based
652 breast cancer Diagnosed in: .
survivors >5 post : 1,188 women with no Higher STAI scores indicate more
p STAI
active-treatment, ] 0 2000: 5.6 history of cancer mean score anxiety symptoms.
Klein et al randomly selected Srg, C:64.7%  (1.0), 5.0-5.9 randomly selected } STAI M diusted f
2011[20]  from 3 population-  0-IV (ND) Srg, M: 34.6%  1995:10.3 from the electoral STAI (SD): mean score ean scores adjusted for age
based cancer CT: 45.8% (0.6), 10.0- rolls; individually (state anxiety) Diagnosed in: ~ (SD): - P<0.001 * group, marital status, education,
France registries by year of RT:83.0% 109 matched by age (10 2000: 34.4 (ND) employment status, housenold
diagnosi HT: 68.0% 1990: 15.6 years) and place of 1995: 34.7 (ND) 28.5 (ND) monthly income comorbidities and
1agnosis. Py residence (area of Do hospitalization in the last 12
(1.0), 15.0- é 1990: 33.2 (ND) months
15.9 the cancer registry, :
and urban/rural).
52 women aged ) .
STAI . . Cases defined as state anxiety
:chﬁfgs;am sgav:;m\:ﬁ% i%?hd <70 (mild to moderate ;’:E/valence. ;’g/evalence. PR=3.0 * 1 95%CI: 1.19-7.57 scores above the 85th percentile
<! ’ = . (1] o :
ilalizté%et grade, no history of | (13%) grade of education, state anxiety) for respective age group.
211 1 p_sychlatrlc 11 (63%) Srg, C: 0% no hls_tor)_/ of
diagnoses, >5 111(23%) Sra. M: 100% 8.5 (ND), 5-18 psychiatric STAI STAI
United years disease-free, ° g, M ° diagnoses and mean score mean score ) -
States selected from those undergoing routine S-[Pt‘l et (SD): (SD): - P>0.05 Higher STP;I scorest indicate
under long-term low risk breast (state anxiety) more anxiety symptoms.
follow up of breast cancer screening. 33.08 (11.50) 31.82 (8.40)

cancer.

ATC = Anatomic Therapeutic Chemical classification system; BSI-18 = Brief Symptom Inventory 18 [22]; CT = chemotherapy; EHR = electronic health records; HADS =
Hospital Anxiety and Depression Scale [23]; HRS-A = Hamilton Rating Scale for Anxiety [24]; HSCL-25 = The Hopkins Symptom Checklist-25 [25]; HT = hormone therapy;
ICD-8 = The International Classification of Diseases, Eight Revision; ICD-9-CM = The International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10 =
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The International Statistical Classification of Diseases and Related Health Problems, Tenth Revision; IQR = interquartile range; ISRA = Inventory of Situations and Responses
to Anxiety [26]; IT = immunotherapy; ND = not defined; OR = odds ratio; PR = prevalence ratio; RR = relative risk; RT = radiotherapy; SCL-90 = Anxiety subscale of the
Symptoms Checklist-90 [27]; SD = standard deviation; SIR = standardised incidence ratio; Srg, C = Breast conserving surgery; Srg, ND = Surgery, not further specified; Srg, M
= Mastectomy; Srg, R = Breast reconstructive surgery; STAI = State-Trait Anxiety Inventory [28]; yrs = years; 95%CIl = 95% confidence interval.

* There was some statistical evidence (P<0.05) for a different prevalence, risk or severity of anxiety between breast cancer survivors and women who did not have cancer.

T Prevalence ratio calculated by the authors of the present study.

¥ The two studies provided results for different components of anxiety (trait and state) based on the same sample of patients.
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Supplementary Table 4. Depression: main characteristics and results of the studies that evaluated the risk of depression, or the prevalence or severity of
depressive symptoms, in breast cancer survivors (>1 year) and women who did not have cancer.

First Breast cancer survivors Comparison Outcome Quantitative measure of the Relative risk P-value or 95% Notes
author, group assessment outcome estimate confidence interval
year of Type of Stage at Breast cancer Time since Type of Breast cancer Comparison (RR, OR, SIR, PR)
publication population and diagnosis treatments (%) diagnosis/ population and survivors group
main (%) treatment in main
Country characteristics years: mean/  characteristics
median (SD),
range
Electronic health records
Suppli et Population-based All ND 5 (ND), 0-15 Population-based EHR, first Incidence rate: Incidence rate: All patients: All patients: Includes patients diagnosed
al., hospital contact 215 per 100,000 171 per 100,000 RR=1.39 * 95%Cl: 1.27-1.52 with breast cancer at <1yr.
2014 [29] All 44,494 women 1,997,669 women (in- or person-years person-years By age: By age:
born in 1920-1981 born in 1920-1981 outpatient) for 30-39: RR=0.78 95%Cl: 0.39-1.55 RR adjusted for age (5-year
Denmark and living in and living in unipolar Cumulative Cumulative 40-49: RR= 1.56 * 95%Cl: 1.23-1.96 intervals), calendar period
Denmark, who had Denmark, without depression, as incidence: 1.1% incidence: 0.8% 50-59: RR=1.35 * 95%Cl: 1.11-1.63 (1998-2000, 2001-2004,
breast cancer history of cancer or  registered in the 60-69: RR=1.41 * 95%Cl: 1.16-1.71 2005-2008, 2009-2011) and
diagnosed in 1998- major psychiatric Danish 70-79: RR=1.25 * 95%Cl: 1.03-1.51 Charlson comorbidity index
(continues) 2011, without disorder Psychiatric 280: RR=1.56 * 95%Cl: 1.25-1.93 score (0, 1, 22).
history of other Central Registry. By Charlson By Charlson RR adjusted for age (5-year
cancers or major ICD-8 codes: comorbidity index: comorbidity index: intervals), calendar period
P_SYChlat”C 296.09, 296.29: 0: RR=147* 95%Cl: 1.31-1.64 (1998-2000, 2001-2004,
disorder. ICD-10 codes: 1. RR=1.41* 95%Cl: 1.18-1.69 2005-2008, 2009-2011).
F32-33.9 22: RR=1.02 95%Cl: 0.77-1.34
Cumulative Cumulative RR adjusted for age (5-
incidence: incidence: year intervals), calendar
0-1 0.3% 0.2% RR=1.70* 95%Cl: 1.41-2.05 period (1998-2000, 2001-
1-2 0.2% 0.2% RR=1.48* 95%Cl: 1.19-1.83 2004, 2005-2008, 2009-
2-3 0.3% 0.2% RR=1.64* 95%Cl: 1.31-2.06 2011) and Charlson
3-4 0.2% 0.2% RR=1.20 95%Cl: 0.90-1.60 comorbidity index score (0,
4-5 0.2% 02% RR=1.40* 95%Cl: 1.04-1.87 1, 22)._Significant predictors
6-8 0.2% 02% RR=1.13 95%ClI: 0.90-1.41 of depression among breast
cancer survivors: Age at
9-14 0.2% 0.1% RR=1.09 95%Cl: 0.80-1.46 diagnosis and living alone.
Population-based All ND 5 (ND), 0-15 Population based EHR, first Incidence rate: Incidence rate: RR adjusted for age (5-year
redeemed 3,772 per 1,971 per intervals), calendar period
ﬁ‘griﬁﬁgz"gﬂg} 1,860,552 women  prescription of 100,000 person- 100,000 person- (1998-2000, 2001-2004,
and living in born _in_ 19_20-1981 antidepressants years years 2005-2008, 2009-_2_01 _1) and
Denmark, who had and living in (group NOBA of ) ) Charlson comorbidity index
breast cancer D_enmark, without the A_T_C ) _Curnulatlve _Curnulatlve score (0, 1, 22).
diagnosed in 1998- history of cancer o classification |nC|d;ance: incidence: 9.4% Predictors of depression
2011 and did not major psychiatric system) 17.1% RR=1.82 * 95%Cl: 1.77-1.86 among breast cancer

use
antidepressants in
the 3 years before
study entry, without
history of other
cancers or major
psychiatric
disorder.

disorder and who
did not use
antidepressants
during the three
years prior to study
entry.

survivors: age at diagnosis,
living alone, not having
higher education, having
comorbidities, positive
lymph node metastasis.
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Suppli et Population-based All ND 5 (ND), 0-15 Population based EHR, first Incidence rate: Incidence rate: By Charlson By Charlson RR adjusted for age (5-year

al., redeemed 3,772 per 1,971 per comorbidity index comorbidity index intervals), calendar period

2014 [29] All 35,286 women 1,860,552 women prescription of 100,000 person- 100,000 person- score: score: (1998-2000, 2001-2004,
born in 1920-1981 born in 1920-1981 antidepressants years years 0: RR=2.06"* 95%Cl: 2.00-2.12 2005-2008, 2009-2011).

Denmark and living in and living in (group NOBA of 1: RR=1.49* 95%Cl: 1.40-1.58
Denmark, who had Denmark, without the ATC Cumulative Cumulative >2: RR=1.25 * 95%Cl: 1.15-1.36

(continued) breast cancer history of cancer or  classification incidence: incidence: 9.4% By age: By age:
diagnosed in 1998- major psychiatric system) 17.1% Yy g. . . YO 9 3 Includ tients di d
2011 and did not disorder and who 30-39: RR=2.07 95%Cl: 1.77-2.43 n_ct:hubes pta lents |atgg10se
use did not use 40-49:RR=2.12*  95%Cl: 1.98-2.27 with breast cancer at <1yr.
antidepressants in antidepressants 50-59: RR=2.12 * 95%Cl: 2.02-2.23 RR adjusted for age (5-year
the 3 years before during the three 60-69: RR=1.89*  95%Cl: 1.80-1.99 ~head e (oY!

tudy entry, without ears prior to stud - RR= * oL Cl: intervals), calendar peried
sway Y, Yy p y 70-79: RR= 1.59 95%Cl: 1.51-1.68 (1998-2000, 2001-2004
history of other entry. . RR= * o O ’ ’
cancers or major - 280: RR=1.29 95%Cl: 1.19-1.40 2005-2008, 2009-2011) and
psychiatric ! 5 (ND), 0-15 Cumulative Cumulative Charlson comorbidity index
disorder incidence: 17% incidence: 9.4% RR=1.82* 95%Cl: 1.77-1.86 score (0, 1, 22).
' 0-1 6.4% 2.1% RR=3.09* 95%Cl: 2.95-3.22
1-2 4.2% 219% RR=206"* 95%Cl: 1.94-2.18
2-3 3.3% 2.1% RR=1.60* 95%Cl: 1.49-1.72
3-4 3.3% 2.1% RR=1.59* 95%Cl: 1.46-1.72
4-5 2.7% 219% RR=130* 95%Cl: 1.18-1.44
6-8 2.6% 2.1% RR=1.23* 95%Cl: 1.15-1.32
9-14 2.2% 2.0% RR=1.08 95%Cl: 0.98-1.19
Hjerl et al., Population-based All ND 4 (ND), 0-15 Population-based EHR, first ever Cumulative Cumulative
2002 [1 hiatri = * %Cl: -
[] All 60,431 women Danish female Pmissionwith  incidence: 0.7%  incidence: 0.5% SN 149 SO 1.95-1.63

Denmark aged >15 years (Median population affective By calendar By calendar period:
with first invasive cohort follow aged >15 years. disorders, as period:

(continues) breast cancer up: 4 vears registered in the | _ . . Standardised incidence
registered in the P );ince Danish 1970-74: SIR=1.68 95%CI: 1.20-2.27 ratio estimated considering
national Cancer diagnosis; Psychiatric 1975-79: SIR=1.60 * 95%Cl: 1.30-1.94 all follow up time since
ngéstry in 1970- Orta"?g): féegfgaé&i%.stry 1980-84: SIR=1.56*  95%Cl: 1.28-1.88 diagnosis.

. o :

296.19-296.99,
298.09, 301.19,
300.49

1985-89: SIR=1.46
1990-93: SIR=1.25

95%Cl: 1.19-1.77
95%Cl: 0.99-1.55
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Hjerl et al.,
2002 [1]

Denmark

(continued)

Population-based All ND 4 (ND), 0-15 Population-based EHR, first ever By age group: By age group:
psychiatric 15-29: SIR= 3.24 95%Cl: 0.19-14.3
All 60,431 women (Median Danish_female admis_sion with 30-34: SIR= 0.67 95%CI: 0.04-2.94 Ste_zndar(_jised incider)ce_
aged >15 years cohort follow population affective 35.39: SIR= 1.96 95%Cl: 0.98-3.44 ratio estimated considering
with first invasive up: 4 years aged >15 years. disorders, as ’ ’ e ’ all follow up time since
; : ; 40-44: SIR=2.92*  95%Cl: 2.06-4.00 ; ;
breast cancer since registered in the : . oMl & : diagnosis.
registered in the diagnosis; Danish 45-49: SIR=1.46 95%Cl: 1.03-2.00
national Cancer range: Psychiatric 50-54: SIR=2.14 * 95%Cl: 1.69-2.67
Registry in 1970- 0to 15) Central Registry 55-59: SIR=1.39 * 95%Cl: 1.05-1.81
1993. ICD-8 codes: 60-64: SIR=1.46 *  95%Cl: 1.11-1.89
532-83'23%61-91% 65-69: SIR=1.32  95%Cl: 0.99-1.73
300_49’ ’ 70-74: SIR=1.22 95%Cl: 0.90-1.61
75-79: SIR= 1.09 95%Cl: 0.75-1.51
80-84: SIR= 1.00 95%Cl: 0.60-1.53
85-89: SIR= 1.28 95%Cl: 0.59-2.39
290: SIR=2.43 95%Cl: 0.60-6.30
Women aged >15 All ND Female population EHR, first ever Standardised incidence
years with first 4 (ND), 0-15 aged >15 years psychiatric SIR=1.19 95%Cl: 0.95-1.48 ratio estimated considering
invasive breast and living in admission with all follow up time since
cancer registered in Copenhagen city affective diagnosis.
the national Cancer 1.5 area. disorders, as SIR=0.9 95%Cl: 0.5-1.7
Registry in 1970- 25 registered in the SIR=1.2 95%Cl: 0.6-2.0
1993 and living in 35 Danish SIR=09 95%Cl: 0.4-1.9
Copenhagen city : Psychiatric — —
area (metropolitan). 4.5 Central Registry SIR=1.1 95%Cl: 0.4-2.3
55 ICD-8 codes: SIR=1.7 95%Cl: 0.7-3.1 )
6.5 296.19-296.99, SIR=1.3 95%Cl: 0.4-2.8 Approximate values
75 298.09, 301.19, SIR=06 95%C 0.1-1.9 estimated from the graphics
provided in the original
8.5 300.49 SIR=0.7 95%Cl: 0.1-2.2 study.
9.5 SIR=0.4 95%Cl: 0.0-1.9
10.5 SIR=2.5 95%Cl: 0.9-5.4
13.0 SIR=0.2 * 95%ClI: 0.0-0.9
Women aged >15 All ND 4 (ND), 0-15 Female population EHR, first ever SIR=1.57"* 95%Cl: 1.41-1.75 Standardised incidence
years with first aged >15 years psychiatric ratio estimated considering
invasive br_east ) 15 and living outsi_de admis_sion with SIR=21 * 95%Cl: 1.6-2.6 a!l foIIovy up time since
cancer registered in 25 Copenhagen city affective SR=13 95%Cl 09-1.8 diagnosis.
the national Cancer - area. disorders, as - oL Vol
Registry in 1970- 3.5 registered in the SIR=15 * 95%Cl: 1.1-2.1 Approximate values
1993 and living 4.5 Danish SIR=1.4 95%Cl: 0.9-2.0 estimated from the graphics
outside 55 Psychiatric SIR=16 * 95%Cl: 1.1-2.4 provided in the original
Copenhagen city 6.5 Central Registry SIR=14 95‘,/:(:'_ 0.8-1.9 study.
area. : ICD-8 codes: : —
7.5 206.19-296.99 SIR=1.1 95%Cl: 0.6-1.8
8.5 298.09, 301.19, SIR=1.0 95%Cl: 0.5-1.8
9.5 300.49 SIR=0.8 95%Cl: 0.3-1.6
10.5 SIR=0.9 95%Cl: 0.4-1.8
11.5 SIR=0.9 95%Cl: 0.3-1.9
12.5 SIR=1.1 95%Cl: 0.4-2.3
13.5 SIR=1.6 95%Cl: 0.6-3.1
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Hung et al., Population-based All ND 2.7 (ND), Population-based EHR, recorded

2013 [2] ND-7 in the Registry . ) . )
26,629 women with 26,629 women for Catastrophic Incidence rate: Incidence rate:
Taiwan no prior mood (median follow  randomly selected  lliness with an 14.55 per 1,000 7.51 per 1,000 Includes patients diagnosed
disorder and up years for ~ from 1 million women ICD-9-CM code person-years person-years RR=1.94 * 95%Cl: 1.76-2.13 A p 9
) . ) with breast cancer at <1yr.
cancer, with breast breast cancer  who did not have for major Cumulative Cumulative
cancer registered in survivors: 2.7;  breast cancer depressive incid =4.49 incid =269
the National Health for matched  registered in the disorder incidence= 4.4% incidence= 2.6%
Insurance cohort: 3.21) National Health (296.2X-296.3X,
Database in 2000- 2 Insurance Database; 300.4, 311.X) 4% 2% RR=2.0*t 95%Cl: 1.80-2.22 Approximate cumulative
2005. matched for age and incidence values estimated
- Charlson corr_]orbidity _from the_ g_raphics provided
zggso(::aastﬂg?g, 5% 3% RR=17*t 95%Cl: 1.53-1.82 in the original study.
reported). P value for the log-rank test
6 6% 4% RR=15*t 95%Cl: 1.39-1.62 comparing the Kaplan-Meier
curves: P<0.001
Earle et al., Convenience Non- ND ND (ND), 25  Convenience EHR, ICD-9
2007 [30] sample metastatic sample codes for
diagnoses of
United 463 women who 3,108 women psychotic
States had non-metastatic without cancer depression and
cancer registered registered with a dysthymia in an
with a private private health care administrative Breast cancer survivors had
health care insure company; database from a Prevalence:  Prevalence: PR=1.24 * 95%Cl: 1.03-1.50 more visits with mental
insurance company matched for age and health care plan. 22.5% 18.1% ’ P=0.04 health providers compared
and not receiving clinic location to women without cancer.
active treatment; (individual matching,
patients had no categories not
evidence of reported).
recurrence.
Kim et al., Population based All Srg, M: 100% Population based EHR, ICD-10 Prevalence: Prevalence:
2017 [31] codes for o o - " o 1.
2,130 women who 0 8,520 women depression 5.5% 25% PR=2.20"1% 95%Cl: 1.76-2.74
Korea had mastectomy for 1 never diagnosed 4.8% 31% PR=155*+ 95%Cl: 1.24-1.94
breast cancer, - withcancer .
randomly selected 2 randomly selected 4.4% 3.0% PR=147*t 95%Cl: 1.14-1.89
from the National 3 from the same 4.4% 31% PR=142** 95%Cl: 1.08-1.87
Health Insurance database as the
Database 4 cases matched for 4.1% 40% PR=1.03* 95%Cl: 0.76-1.39
age, income,
5 region, pre- 4.4% 35% PR=126+ 95%CI: 0.91-1.75
6 ggﬁ::ts'gfon 4.5% 43% PR=1051 95%Cl: 0.73-1.49
7 (individual 5.0% 39% PR=1281t 95%Cl: 0.86-1.91
matching,
8 9 6.0% 3.9% PR=154+ 95%Cl: 0.99-2.39
categories not
9  reported). 5.4% 47% PR=1.151 95%Cl: 0.67-1.98
10 8.1% 45% PR=180t 95%Cl: 0.93-3.47
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Yang et al.,
2017 [4]

Sweden

Population based 0 ND 4.7 (4.4),0-10  Population based EHR, ICD-10 SIR=1.03 95%Cl: 0.80-1.34
diagnostic codes By age 9roun: By age 9roun: Standardised incidence
All 4,402 women (median (IQR) 452,507 women for depression Cumulative Cumulative 25’_42_ §|R=p1' 48 Qg%%l'% 84?2 61 ratios were standardised by
f"a?’t"otfed ""t'th an . ”d“ra“c?’r;f ;a”dci’}:"y selected (Ff_z":t?’?’) atin - incidence: 1.3% incidence: 1.2%  45-54: SIR=0.84  95%Cl 0.51-1.36 Ca'te”da.r period (15'Vear
in situ breas ollow up: 4. rom the patient or 55.64: SIR= 1.01 95%Cl- 0.61-1.68 ca egor!es), age ( -year
cancer at the age of (4.4)) respondents to the outpatient 65-80: SIR= 1.07 95%Cl: 0.62-1.85 categories), and region of
20-80 years 1990 census hospital visits ) ) - ) residence (North,
between 2001-2009 0-0.5 0.1% 0.1% SIR=0.77 95%Cl: 0.29-2.05 Stockholm- Gotland, South,
0.5-1 0.1% 0.1% SIR=1.14 95%Cl: 0.51-2.54 Southeast, Uppsala-Orebro,
1-2 0.2% 0.2% SIR=0.91 95%Cl: 0.47-1.74 West).
25 0.6% 05% SIR=1.15 95%Cl: 0.78-1.70
5-10 0.3% 0.3% SIR=1.00 95%Cl: 0.57-1.76
4.7 (4.4),0-10 EHR, being SIR=1.58* 95%Cl: 1.36-1.85
prescribed an Standardised incidence
median (IQR antidepressant Cumulative Cumulative By age group: By age group: ratios were standardised by
y age group y age group
duration of (group NOBA of incidence: incidence: 20-44: SIR=1.36 95%Cl: 0.84-2.23 calendar period (1-year
follow up: 4.7 the ATC 3.6% 2.3% 45-54: SIR=1.93 * 95%Cl: 1.48-2.53 categories), age (5-year
(4.4)) classification 55-64: SIR= 1.54 * 95%Cl: 1.15-2.07 categories), and region of
system) 65-80: SIR=1.40 * 95%Cl: 1.05-1.87 residence (North,
0-0.5 - - SIR=2.09 95%Cl: 1.57-2.79 Stockholm- Gotland, South,
0.5-1 - - SIR= 1.49 95%Cl: 1.04-2.13 \?\?:Stgeast, Uppsala-Orebro,
1-2 - - SIR=1.70 95%Cl: 1.30-2.22
2-4.5 - - SIR=1.12 95%Cl: 0.79-1.59
Population based [E\% ND 4.5(4.5),0-10  Population based EHR, ICD-10 SIR=1.57* 95%Cl: 1.46-1.69
diagnostic codes
All 40,849 women (median (IQR) 452,507 women for depression . . By age group: By age group: :
diagnosed with an duration of randomly selected  (F32-F33) atin ﬁ‘é:g;‘:fgg’ﬂ 9% ﬁ‘é{g;‘:fgg’ﬂ g,  20-44:SIR=169  95%Cl: 1.42-2.01 f;iﬁ;i’:d;ﬁfj daz)é and
invasive breast follow up: 4.4 from the patient or s s e 45-54: SIR= 1.70 95%Cl: 1.50-1.93 region ’ ’
cancer at the age of (4.5)) respondents to the outpatient 55-64: SIR= 1.56 95%Cl: 1.36-1.79 '
20-80 years 1990 census hospital visits 65-80: SIR=1.38 95%Cl: 1.19-1.59 Predictors of depression
between 2001-2009 0-0.5 0.2% 0.1% SIR=1.83* 95%Cl: 1.48-2.26 among breast cancer
0.5-1 0.3% 0.1% SIR=2.48* 95%Cl: 2.07-2.97 survivor_s:_ having B
1-2 0.4% 02% SIR=2.04* 95%Cl: 1.76-2.36 comorbidities and positive
25 0.6% 05% SIR=129* 95%Cl: 1.14-1.46 lymph nodes.
5-10 0.3% 0.3% SIR=1.18 95%Cl: 0.99-1.41
EHR, being SIR=1.95* 95%Cl: 1.86-2.04
45(4.5),0-10 prescribed an
. antidepressant . . By age group: By age group:
(meg:i’;ﬂ(c'g%} (group NOBA of ﬁ‘;{g;‘:fgg’_eg 2% ﬁ‘;:g;‘:fgg’ez b0,  20:44:SIR=243*  95%Cl: 214-2.76
follow up: 4.4 the ATC e neen 45-54: SIR=2.23*  95%Cl: 2.02-2.45 SIR standardised b
?4 5) classification 55-64: SIR=2.00*  95%Cl: 1.83-2.18 caloncar cariog aob. and
: system) 65-80: SIR=1.64 *  95%Cl: 1.51-1.77 el period, age,
0-0.5 - - SIR=2.14* 95%Cl: 1.95-2.36 gion.
0.5-1 - - SIR=2.62* 95%Cl: 2.40-2.87
1-2 - - SIR=1.92* 95%Cl: 1.76-2.09
2-4.5 - - SIR=1.34* 95%Cl: 1.20-1.49

272



Khan et al., Population-based All ND ND (ND), 25 Population-based EHR, primary
2010 [3] care . .
16,938 women 67,649 women consultations for Prevalence: Prevalence: 8ﬁgrslsr§rt1lc():§r?{grstt)ﬁ;jit;o;core
United aged 230 with who did not have depression "o ro >, OR=1.06 95%Cl: 1.00-1.14 X ! ’
) . 9.6% 8.9% previous history of
Kingdom breast cancer breast or colorectal  recorded with depression and death
registered in the UK cancer at Read codes p :
General Practice beginning of follow;
Research individual matching  EHR, 21
Database. for age (x 1 year) pre_scrlptlon of Odds ratio adjusted for
a?:czgénérr)r/];:ﬁ)re antidepressants Prevalence: Prevalence: OR=1.16* 95%Cl: 1.11-1.22 Charlson comorbidity score,
p 23.7% 20.2% - ot . number of consultations,
area).
and death.
Cohort studies involving scales
Aerts et al., Convenience ‘Early-stage’  Srg, C: 100% ~1 Convenience
2014 [32] sample (100%) CT:24.7% sample
RT: 76.5% (follow up at BDI BDI
ND 66 women who had HT: 70.3% 1 year) 149 women with
. . mean score (SD)  mean score (SD) _ «
breast-conserving no history of - P=0.02
surgery for early cancer recruited in: Higher CES-D scores
breast cancer and a gynaecology 7.71(8.00) 528 (5.34) indicate more depressive
no recurrence outpatient clinic, an symptoms.
during follow up. organisation for
Convenience ‘Early-stage’  Srg, M: 100% ~1 elderly women and BDI Women who had advanced
sample (100%) CT: 44.1% online; matched for stage or had had relapse
RT: 45.6% (follow up at age (method not were excluded at baseline,
48 women who had HT: 54.4% 1 year) reported). BDI BDI as were those who had
mastectomy for mean score (SD)  mean score (SD) recurrence or a second
early breast cancer - P<0.01 * cancer during follow up.
at one university
hospital and no 8.85 (6.79) 5.28 (5.34)
recurrence during
follow up.
Ancoli- Convenience 1(27.9%) Srg, C: 45.6% ~1 Convenience
Israel et al., sample 11(39.7%) Srg, M: 49.7% sample
2014 [33] n (309%) CT: 100% (fO”OW up at
44 women who had Unknown 1 year after 35 cancer-free
. been diagnosed (1.5%) CT) friends of the
gtmted with breast cancer women who had
ates i
1 year before, and breast cancer with Higher CES-D scores
scheduled to no psychological LS .
f . . CES-D CES-D indicate more depressive
receive 24 cycles of impairments at the mean score (SD) mean score (SD) symptoms
CT, with no time of recruitment; CES-D - P=0.04 * :

psychological
impairments and
not receiving RT at
recruitment.

individual matching
for age (5 years),
ethnicity and
education
(categories of
ethnicity and
education not
reported).

10.0 (ND)

4.8 (ND)

Mean scores adjusted for
age and body mass index.
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Kesler et Convenience -1IA Srg, ND: 100% 4.8 (3.4), Convenience -

al., 2013 sample CT: 100% 1-12 sample

[34]

44 women who had 38 healthy female

United breast cancer controls recruited CAD mean CAD mean

States recruited via support throug_h CAD score (SD): score (SD): _ P=0.08
groups and advertisements
advertisements; 48.8 (8.2) 48.0 (7.2)
patients excluded if
they had had disease
recurrence or
relapse.

Bailey et Convenience 0 (34.4%) Srg, ND: 100% ~1 Convenience

al., 2010 sample 1(51.4%) sample

[35] 1A (14.2%) (follow up at
515 patients with 12 months 496 women who Women with more

. first primary breast after had a A
United cancer, aged >40 surgery) normal/benign afjvance_d disease at
)< diagnosis (stage IIA) had

States years, with no mammogram, CES-D i gificantl more
cognifive . aged >40 years, Prevalence: Prevalence: PR=0.9 * 95%Cl: 0.80-1.02 dgpressionycompared to
impairment or prior with no cognitive Cut-off score for 47.4% 52.6% : -

b ) ] . . those diagnosed at earlier
history of breast impairment or prior  case: 216 stages
cancer, post active history of breast ’
treatment and who cancer, and who
spoke English. spoke English;
frequency matched
for age (40-50, 50-
69, 270 years).

Hermelink Convenience 0 (7%) CT: 100% ~1 Convenience

etal., 2017 sample 1(42%) HT: 73.9% sample

[36] 11(41.4%) vs. (follow up at
150 women aged 111 (%9.6) CT: 0% 1 year after 56 women aged
18-65 years, newly HT: 80.7% diagnosis 18-65 years, who PHQ-D mean PHQ-D mean P=0.03 * .

Germany diagnosed with 9 ) never had cancer, score score _Hldg_he: PHQ-deean scores
breast cancer, with and attended the PHQ-D - (for differences 'Sn |ca:c;amr20re epressive
no previous history same institution as CT:4.7 (4.5) between the three ymp ’
of neurological or cases for breast No CT: 4.2 (4.5) 2.7 (3.0) groups)
psychotic disorders imagining and did
and no previous not require further
systemic treatment tests.
for cancer

Leeetal., Convenience -1IA Srg, C: 82.5% ~1 Population-based Mean scores adjusted for

2011 [37] sample (71.2%) Srg, M: 16.4% age, menopausal status,

1B-111 CT: 86.7% (follow up at Nationally comorbidity, marital status,

Korea 206 patients aged (25.0%) RT: 82.5% 1 year after representative educ_ation_al level, religious
=18 years who had HT: 82.2% diagnosis) sample of 496 SDS mean score  SDS mean score practice, job status, monthly
been diagnosed adult women. SDS P=0.514 income, body mass index,
with breast cancer 38.1(0.94) 38.8 (0.37) smoking status, drinking
1 year before status, regular exercise,

propensity score, and
subscales of social support.
. . 0, .
Zsr)e;/oa/olence. degoa/olence. PR=1.06 * gigg:'60'89'1 25 Cut-off score for case: 250
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Cross-sectional studies involving scales

Bizetti Pelai  Convenience ND (ND) Srg, BCS: 37% 3.7 (ND), =10 Convenience
etal., 2012 sample Srg, M: 50-63% sample
[38] RT: 2-11% b | b |
89 women who had CT: 24-30% 43 women without revalence: revalence: _ o/ 1.
surgery for breast CT+RT: 54-60% breast cancer, or BDI 41.6% 28.0% PR=1.49 ¥ 95%Cl: 0.97-2.28 Cut-off score for case: 210
cancer at <10 years neurological or
orthopaedic
impairments of the
upper limbs
Castellon et  Convenience 0-11 (100%) CT: 34% ND (ND), 2-5 Convenience BDI mean score BDI mean score
al., 2004 sample CT+HT: 34% sample (SD): (SD):
[18]
53 women who had 19 Healthy women No CT: 7.8(7.9)
United breast cancer at or recruited via fliers, 7.0 (4.5)
States before the age of newsletter articles _
50, with no and BDI CT: ” P=0.63 ”
evidence of disease advertisements, or 6.3 (5.1)
or recurrence, and amongst the
no history of acquaintances of
psychiatric the hospital staff.
disorder.
Weitzner et  Convenience 1(15%) Srg, M: 100% ND (ND), 25 Convenience Adjusted for years of age
al., 1997 sample 11(63%) sample and years of education.
[16] 11 (22%)
60 women with age 93 employees or BDI mean score BDI mean score Among breast cancer
United <70 years, volunteer workers (SD): (SD): } P<0.003 * survivors, lower BDI scores,
States education 26t at the same BDI ’ indicating less depression,
grade, no history of hospital with no 7 (ND) 5 (ND) were associated with better
psychiatric personal or family Scale applied as quality of life for all domains
diagnoses, >5 history of breast part of a (P<0.02), except in the
years disease-free, cancer, age <70 psychiatric family one.
selected from those years, education interview
returning to the 26t grade, and no Cut-off score for case: >12
hospital for long- psychiatric history. Prevalence: 29%  Prevalence: 15% PR=1.93 * * 95%Cl: 1.03-3.61 (mild to moderate
term follow up of depression)
cancer.
Garcia- Convenience ND Srg, M: 100% 8.2 (5.6), 1-21 Convenience BDI-Il mean BDI-Il mean
Torres et sample CT:72.7% sample score (SD): score (SD): _ P=0.02 *
al., 2013 13.13(7.83) 8.18 (7.78) :
[14] 22 breast cancer 22 women with no
survivors free of history of cancer Cognitive- Cognitive- . .
Spain relapse identified who volunteered affective affective Correlation petween anxiety
by staff of the local with the same component: component: - P=0.03 * and depression: r = 0.46,
association against association against  BDI-II 5.86 (4.06) 3.72 (3.88) p<0.05;
cancer. cancer.
Motivational- Motivational- th-off seore for case: >1.4
somatic somatic (slight to severe depression)
component: component: P=0.02 *
6.81 (5.07) 3.81(2.92)
Prevalence: 40%  Prevalence: 18% PR=2.22+% 95%Cl: 0.79-6.21
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Nguyen et Convenience -1IA RT: 53% >10 Convenience

al., 2013 sample (100%) CT: 47% sample

[39]

57 women survivors 30 healthy female
United of breast cancer, adults, selected in BDLII BDLI mean BDLI mean _
States aged over 65 years the community for 3 score (SDY: score (SD): P=0.39 i
9 years, ' Y 4.86 (4.07) 4.03 (3.38)
without recurrence, a previous study.
recruited from a
cancer registry
Cohen et Convenience I-11l (ND%) Srg, C: 48.2% 4.8 (4.2),1-17 Convenience
al.,, 2011 [5] sample Srg, M: 51.8% sample Higher levels of depression
Srg, R: 12.5% associated with higher

Israel 56 married Israeli CT:85.7% 66 married and levels of anxiety and
Arab breast cancer RT: 85.7% healthy Arab women somatization, and lower
survivors, post HT: 58.9% living in Israel, BSI-18 mean BSI18 mean levels of support in both
treatment and free approached in BSI-18 score (SD): score (SD): P>0.05 groups (P<0.05).
of disease recruited community settings; 2.0(1.1) ’ 18(0.8) ’ ’
from one hospital. individual matching ’ ’ ’ ’ Higher levels of depression

for age and associated with lower body
education (matching image in breast cancer
categories not survivors (P=0.05).
reported).

Broeckel et Convenience 1(26%) Srg, C: 50% 7.7(2.3),5.2- Convenience

al., 2002 sample 11(62%) Srg, M: 47% 15.2 sample

[40] 11 (10%) CT: 100%

58 breast cancer Unknown RT: 71% 61 women with no Higher CES-D score

United survivors who had (2%) HT: 48% history of cancer g .

States a spouse or who had a spouse indicates more depressive

p P CES-D mean CES-D mean s toms.
partner, free of or partner ymp
recurre’nce for >5 recruited émong CES-D score (SD): score (SDY: P<0.05*
) . 8.01 (6.34) 4.75 (4.12) Correlation between
years, with no the friends of the d .
. epression scores and

known neurological women who had . .

" . problems in sexual function:
disorder, and no breast cancer; =027 P<0.05
history of other individual matching T
cancer. for age (z 6 years).

Claus etal., Population-based 0 (100%) Srg, C: 35.5% 5.8 (1.0), ND Population based CES-D mean CES-D mean Higher CES-D score

2006 [41] Srg, M: 14.0% score (95%Cl): score (95%Cl): P<0.05 * indicates more depressive
All 795 women 702 women selected 8.3 (7.7-8.9) 7.2 (6.6-7.8) ’ symptoms.

United diagnosed with by random-digit-

States DCIS in 1994-1998, Srg, C: 100% 5.7 (1.1) dialling methods, CES-D mean CES-D mean Mean scores adjusted for
with no history of with no history of score (SD): score (SD): P>0.05 age at diagnosis/interview,
invasive breast DCIS or invasive 8.1 (7.2-9.0) 7.2 (6.6-7.8) ’ race (white/non-white),
cancer; breast cancer; education (college
reinterviewed on Srg, C: 100% 57(1.1) frequency matched  CES-D CES-D mean CES-D mean degree/no college)
average 6.2 years RT: 100% for age ( 5 years) score (SD): score (SD): P<0.05 * menopausal status,
after first interview. and geography. 8.7 (7.9-9.5) 7.2 (6.6-7.8) : comorbid conditions

Reinterviewed on (myocardial infarction,
Srg, M: 100% 6.0 (0.9 average at 6.0 (0.6) stroke, cancer), marital
9 ©9 years after first CES-DSrTBe.an CES-DSrTBe.an status (married/living as
interview. ?CEEE(S 8 )g') 502022(6 7 g) P>0.05 married vs. not), time since

diagnosis and case/control
status.
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Conroy et Convenience 1(29%) CT: 100% 6.4 (2.1), 3.2- Convenience
al., 2013 sample lla (33%) RT: 79% 10.2 sample
18 IIb (25% CES-D mean CES-D mean .
el 24 breast cancer Illa((S%)) 23 healthy women CES-D score (SD): score (SD): P>0.05 _Hldg_her CES-D sdcore .
survivors with Ilb (4%) matched for age and - >0. indicates more depressive
history of non- education (matching 7.5(5.8) 8.7 (6.9) symptoms.
metastatic disease method not
and CT treated. reported).
Koppelmans Convenience I-111 (100%) HT: 0% 21 (4.4),ND Convenience
etal, 2012 sample CT: 100% sample
[42]
196 women who had All 1,509 women
The been treated for without a history of Mean score adjusted for
Netherlands  preast cancer cancer who were age (format of the variable
between 1976 and between 50 and 80 CES-D mean CES-D mean not reported).
1995, were aged ears of age at the score (SD): score (SD): .
between 50 a%d 80 zme of theg CES-D D) D) i P<0.05 Higher CES-D score
years in 2008, did not assessments, 4.7 (8.0) 6.7 (8.4) indicates more depressive
have recurrence or a selected from a symptoms.
second primary larger population-
cancer and never based cohort.
used adjuvant
hormone therapy.
Convenience 0 (14%) CT: 59% ~1.5(0.15) Convenience CES-D mean
sample 1(35%) RT: 69% sample score (SD):
11 (48%) CES-D mean Higher CES-D score
29 female breast 1A (3%) 18 healthy controls CT: score (SD): P>0.05 indicates more depressive
cancer patients ‘demographically 6.8 (6.2) ’ symptoms.
McDonald without matched’ 4.7 (8.9)
etal., 2010 neurobehavioral (matching method No CT:
[19] risk factors not reported). CES-D 7.5(10.4)
including
ND neurologic,
medic_al, or Prevalence of Prevalence of
psychiatric depression: depression: PR= 2.46 * 95%Cl:0.30 - 20.20 ~ Cutoff forcase: CES-D
conditions, except 13.8% 5.6% score 216
. . (1] . (1]
history of
depression or
anxiety
Otte et al., Convenience 1 (ND) Srg, C: 42% 5.6 (2.0), 2-10 Convenience
2010 [43] sample 11 (ND) Srg, M: 59% sample
11 (ND) CT: 89%
United 246 breast cancer RT: ND 246 women in
States survivors free of HT: 33% general good Higher CES-D score
cancer at ] hgalth with no CES-D mean CES-D mean indicates more depressive
recruitment, with no history of breast score (SD: score (SD): symptoms.
history of other cancer recruited by  CES-D ’ ’ - P<0.01 *
cancers and able to acquaintance 11.53 (9.60) 9.00 (9.20) Depressive scores were

speak, read and
write English

referral, self-
referral or from
corporative group;
individual matching
for age (5 years).

correlated with sleep-wake
disturbances (p<0.05).
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Root et al., Convenience 1(58%) Srg, C: 75% 42(1.2) Convenience
2015 [17] sample 11 (0%) Srg, M: 32% sample
11 (33%) CT: 52%
113 women aged IV (8%) RT: 78% 37 health women
<70 years who had HT: 52% with no history of
breast cancer, were cancer or cancer
p_ost-me_nopaus_a! at treatment, postf CES-D mean CES-D mean Hiaher CES.D
diagnosis, receiving menopausa!, with score (SD): score (SD): ~ Higher -D score
HT at recruitment, no neurological or CES-D P=0.59 indicates more depressive
with no recurrence, psychiatric 8.6 (8.2) 7.8 (6.5) symptoms.
no neurological or diagnoses,
psychiatric matched for age
diagnoses and who and education
did not report sleep (matching method
disturbances. not reported).
Von Ah et Convenience I-11 (50%) Srg, C: 66% 4.6 (2.8), 1.2- Convenience
al., 2009 sample 1l (ND) Srg, M: 33% 15.8 sample
[44] CT: 55.8%
52 women aged RT: 80.8% 52 women aged
United 240 years, who had HT: 79% 240 years, with no
States breast cancer and history of cancer,
had completed no history of
primary treatment psychiatric
21 year ago, no ilinesses, recruited
cancer relapse, no from cancer
metastatic disease support groups, CES-D mean CES-D mean Higher CES-D score
or other cancer, advertisements in CES-D score (SD): score (SD): P=0.415 indicates more depressive
and no history of churches and symptoms.
psychiatric community 10.8 (8.1) 9.5(8.2)
ilinesses, recruited centres, or by
from cancer referral of enrolled
support groups, participants;
advertisements in individual matching
churches and for age (5 years)
community centres, and education (3
or by referral of years).
enrolled
participants.
Von Ah et Convenience I-1IB Srg, C: 0% 5.0 (2.7), 2-10 Convenience
al., 2012 sample (85.7%) Srg, M: 60.3% sample
[45] B (14.3%) CT & RT: 54.6%
62 non-Hispanic HT: ND 78 African .
United African American American women _Hldg_he; CES-D sdcore .
States women diagnosed with no history of CES-D Indicates more depressive
. . -D mean CES-D mean symptoms.
with non-metastatic breast cancer, SD): SD):
breast cancer and recruited through CES-D score (SD): score (SD): P=0.757 Mean scores adjusted for
able to read and community 12.2 (11.7) 116 (11.0) age, income, years of
write English, advertisements education and body mass
recruited by and events.

medical record
review and by self-
referral.

index.
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Frazzettoet = Convenience ND ND ND (ND), 210 Convenience ) ) Cut-off score for case: 10-
aé]2012 sample sample Peaence: Poemence: PR= 1.67 1 95%Cl: 0.73-3.80 19
. (1] . (1]
ild d i
32 women aged 66- 35 women in ‘good (let ﬁepress;on) 20
Italy 75 years, with health’ previously Prevalence: Prevalence: _ . Jt-olt score for case: -
breast cancer recruited in a GDS 50.0% 8.6% PR=581"1* 95%Cl: 1.87-18.08 30 d .
recurrence 210 hospital for a study (severe depression)
years after initial on health-related
diagnosis, recruited quality of life . . .
. N Prevalence: Prevalence: _ . o 1. Cut-off score for case: 210
in one hospital. 83.3% 28.6% PR=291*+ 95%Cl: 1.69-5.03 (mild to severe depression)
Calvio et Convenience 1(36.9%) Srg, ND: 96.7% 3.1(2.4), 1-10 Convenience Higher scores indicate more
al.,, 2010 [7] sample 11 (44.3%) CT: 82.8% sample depressive symptoms.
N (17.2%) RT: 73.0%
United 122 breast cancer HT: 45.9% 113 women Mean scores adjusted for
States survivors 21 year IT: 13.1% without a previous marital status (cohabitating
post treatment, cancer diagnosis, with partner vs. single/not
working full-time for working full-time cohabitating), race
21 year, with for 21 year, with (Caucasian vs. non-
termet. reonited Inernet recrited HADS mean  HADS mean (Lispanic . non-Hispanic)
via advertisements via advertisements HADS score (SD): score (SD): - P<0.001 * age (<40, 41-50, 51-65),
and flyers. and flyers. 46 (3.3) 3.2(2.7) :;)cc(;gga (600-_37%’0008)6;4806_
89,000; 80-99,000;
>100,000), and menopausal
status (currently going
through, premenopausal,
postmenopausal).
Boehmer et  Convenience I-111 (100%) ND 4.5 (ND), 1-10 Convenience
al.,, 2015[6] sample sample
ND 85 lesbian or 85 lesbian or
bisexual breast bisexual women
cancer survivors with no history of Antidepressants
ot . Prevalence: Prevalence: _ o/ (. .
fost active ) cancer, no intake 341% 21.0% PR=1.61t 95%ClI: 0.97-2.67 Depressm_)n was more
reatment recruited prophylactic (self-reported) common in women taking
via advertisements, mastectomy or any psychopharmacological
flyers, etc. (3.5% of oophorectomy, and medication, compared to
whom had had not using hormone those who did not
cancer recurrence) therapy, recruited (OR=2.29, 95%CI: 1.02 to
via flyers, 5.15), and less common in
advertisements, women with higher levels of
etc.; individual physical activity (OR= 0.31,
matching for age 95%Cl: 0.11-0.84).
(£ 3 years) and
HADS Prevalence: Prevalence: _ .
partner status score 28 15.3% 12.9% PR=1.19 * 95%Cl: 0.56-2.50

(partnered vs.
unpartnered).
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Dahl et al., Convenience 11 (ND) Srg, C: 24% 3.9 (ND), 2.6- Convenience
2011 [8] sample 1l (ND) Srg, M: 76% 6.9 sample
CT: 82% Mean scores adjusted for
Norway 337 tumor free RT: 100% 1,685 women level of education, on
breast cancer HT: 81% randomly selected disability pension and
survivors treated from a population- menopausal status.
with radiotherapy based sample with HADS HADS mean HADS mean .
during 1998 and no history of score (SD): score (SD): - P<0.001 * Higher scores of HADS for
2002 in one cancer and had 3.1(3.3) 37 (3. depression were associated
hospital. complete data for in univariate analysis with
questionnaires; more insomnia symptoms in
individual matc’hing breast cancer survivors and
for age (¢ 5 years). in controls (P<0.05).
Miao et al., Convenience I-111 (100%) CT: 100% 3(0.3), Convenience
2016 [9] sample sample
23 patients with 26 age matched
breast cancer who healthy controls
had been treated selected amongst
with chemotherapy patients relatives HRS-D Mean score (SD)  Mean score (SD) } P=0.650 Higher score indicates more
at a local hospital anq Ioc_a_l 5.04 (1.19) 4.88 (1.23) anxiety symptoms
universities
(matching method
not reported).
Rubino et Convenience ND Srg, M: 100% ND (ND), >1 Convenience
al., 2007 sample Srg, R: 100% sample
[10] . A P-value of 0.02 was
33 consecutive 33 women, reported in the article, for
italy patients who had randomly se_lecte_d HRS-D t Prevoalence: Prevoalence: PR=3.76 * + 95%CI: 1.39-10.14 the chi-square test of
had breast- amongst university 45.4% 12.1% differences in depression
reconstruction after staff. Score 28 bet p
mastectomy, in etween groups.
2001-2002.
Boele etal., Convenience ND Srg, ND: 95% Exposure to Convenience
2015 [11] sample CT: 0% HT: 3.2 (1.9), sample
RT: 65% 1.5-7;
The Post-menopausal HT: 100% / 0% 44 friends or family
Netherlands breast cancer Unexposedto ~ members of the HSCL-25 mean
survivors with no HT: 2.8 (0.3), women who had score (SD): Higher HSCL-25 score
psychiatric history, 2.3-3.3. had breast cancer, HT: HSCL-25 mean indicates more depressive
who did not receive with no history of : score (SD): symptoms.
CT, selected from breast cancer; HSCL-25 12.89 (8.40) (SD) - P=0.43 yme
medical records. 20 matched for age 11.92 (10.97) P-value adjusted for age
exposed to HT, 43 and education and premorbid 1Q
in the Srg+RT (method of No HT: 15.46 '
group. matching not (15.82)
reported).
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Kreukels et Convenience I-111 (100%) CT: 100% ~1 Convenience
al., 2008 sample HT: 40% sample
[12]
63 women who had 60 friends or family HSCL-25 mean
The non-metastatic of the patients with score (SD): HSCL-25 rr)ean Higher HSCL-25 score
Netherlands . score (SD) o ;
breast cancer, with the same age who HSCL-25 ’ P<0.001 * indicates more depressive
no history of never had cancer; 17.1 (13.6) 9.6 (9.2) symptoms.
psychiatric matched for age ’ ’
diseases. (matching method
not reported).
Min et al., Convenience 0 (15.4%) Srg, M: 100% 3.1(1.3), ND Convenience
2010 [47] sample 1(40.4%) Srg, R: 100% sample
11(30.7%)
Korea 52 women who had 11 (13.5%) 104 ‘healthy
breast cancer IV (0%) female volunteers’
treated with matched for age Mean SDS scores in breast
mastectomy and (matching method SDS mean score SDS mean score cancer survivors were
followed up not reported). (SD): (SD): significantly higher in
immediate SDS ’ - P<0.001 * women who had neo
reconstruction with 48.5 (11.6) 39.9(9.1) adjuvant chemotherapy
latissimus dorsi ’ ’ compared to those who did
myocutaneous flap, not.
recruited in one
cancer center (3%
had disease
recurrence).
Amir et al., Convenience 1 (46%) Srg, C: 20% 6.5 (ND), =5 Convenience . }
2002[13]  sample 11 (46%) Srg, M: 80% sample m322[esﬁtr2%2°fgizive
111 (8%) CT: 66% symptoms P
L 449 ; .
Israel 39 women free of RT: 410/0 39 women who did SCL-90 mean SCL-90 mean
cancer symptoms HT: 46% not experience any SD)- SD): W ho had b t
for 23 years and life-threatening score (SD): score (SD): omen who had breas
’ - ; SCL-90 - P<0.001 * cancer and reported PTSD
not under active disease; matched
. - 0.99 (1.07) 0.66 (0.55) symptoms had more
treatment, identified for age and depressive s toms than
through two education thcf)se who di()jlnr:gt' 213
hospitals. (matching method (1.22) vs. 0.75 (0 75)
not reported). P<.O 01 e e
ATC = Anatomic Therapeutic Chemical classification system; BC = breast cancer; BDI = Beck Depression Inventory [48]; BDI-Il = Beck Depression Inventory-II [49]; BSI-18 = Brief

Symptom Inventory-18 [22]; CAD = Clinical Assessment of Depression [50]; CES-D = The Center for Epidemiologic Studies, Depression Scale [51]; CT = chemotherapy; EHR =
electronic health records; GDS = Geriatric Depression Scale [52]; HADS = Hospital Anxiety and Depression Scale [23]; HRS-D = Hamilton Rating Scale for Depression [53]; HSCL-25 =
Hopkins Symptom Checklist-25 [25]; HT = hormone therapy; ICD-8 = The International Classification of Diseases, Eight Revision; ICD-9-CM = The International Classification of
Diseases, Ninth Revision, Clinical Modification; ICD-10 = The International Statistical Classification of Diseases and Related Health Problems, Tenth Revision; ND = not defined; OR =
odds ratio; PHQ-D = Patient Health Questionnaire - Depression [54]; PR = prevalence ratio; RR = relative risk; RT = radiotherapy; SCL-90 = Depression subscale of Symptoms Checlist-
90 [27]; SD = standard deviation; SDS = Zung’s self-rating depression scale [55]; SIR = standardised incidence ratio; Srg, C = Breast conserving surgery; Srg, ND = Surgery, not further
specified; Srg, M = Mastectomy; Srg, R = Breast reconstructive surgery; yrs = years.

* There was some statistical evidence (P<0.05) for a different prevalence, risk or severity of anxiety between breast cancer survivors and women who did not have cancer.
T Prevalence ratio calculated by the authors of the present study.
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Supplementary Table 5. Neurocognitive dysfunction: main characteristics and results of the studies that evaluated the cognitive dysfunction or its
domains in breast cancer survivors (>1 year) and women who did not have cancer.

First Breast cancer survivors Comparison group Outcome assessment Quantitative measure of the outcome Relative P-value or 95% Notes

author, Type of Stage at Breast cancer Time since Type of population Breast cancer Comparison group risk

year of population and diagnosis treatments (%) diagnosis/ and survivors estimate

publication  main (%) treatment in main (RR, OR,
characteristics years: characteristics SIR, PR)

Country mean/median

(SD), range

Cohort studies involving neurocognitive assessment batteries

Ahles etal., Convenience 0 (16.7%) CT: 100% ~1.5 Convenience sample Change in the Mean score (SD) Mean score (SD) Domain scores adjusted

2010 [56] sample 1(47.0%) standardised scores for for age, education, and

11(28.0%) (follow up at 39 women without processing speed since Processing speed Processing speed baseline score.

United 46 women, aged 1A (8.3%) 18 months cancer recruited baseline assessment -0.01 (0.45) 0.25 (0.52)

States 18-70 years, after through community prior to CT. Verbal ability Verbal ability The linear mixed-methods
newly diagnosed treatment) advertisements; 0.17 (0.87) 0.17 (0.71) model indicated that older
with breast frequency matched Processing speed: Verbal memory Verbal memory patients who received
cancer, without for age and Digit Symbol-Coding 0.68 (0.80) 0.69 (0.69) chemotherapy had lower
history of education (categories  (WAIS-III), Visual memory Visual memory post-treatment processing
neurologic of matching not Trail Making Test (D- 1.04 (0.69) 1.05 (0.80) speed performance
disorders or axis reported). KEFS), Working memory Working memory - (z-score difference,-0.16
| psychiatric Color-Word Interference 0.69 (0.65) 0.64 (0.92) per 10 years increase in
disorders, Test (D-KEFS), and Sorting Sorting age; 95%Cl: -0.29 to -
consecutively Grooved Pegboard. 0.52 (0.91) 0.55 (0.73) 0.04) compared with
recruited from Distractibility Distractibility healthy controls.
one centre. Verbal ability: 0.20 (0.45) 0.16 (0.81)

Vocabulary [WASI, Verbal  Reaction time Reaction time
Fluency Test (D-KEFS)]. -0.57 (1.14) 0.16 (0.88)
Block design Block design
Verbal memory: 0.11 (0.84) 0.18 (0.76)
Convenience 0 (16.7%) CT: 0% ~1.5 Convenience sample CVLT-II, Mean score (SD) Mean score (SD) Domain scores adjusted
sample 1(47.0%) Logical Memory | and Il for age, education, and
11(28.0%) (follow up at 39 women without (WMS-II). Processing speed Processing speed baseline score.
64 women, aged IlIA (8.3%) 18 months cancer recruited -0.09 (0.65) 0.25 (0.52)
18-70 years, after through community Visual memory: Verbal ability Verbal ability
newly diagnosed treatment) advertisements; Faces | and Il (WMS-IIl). -0.04 (0.73) 0.17 (0.71) The linear mixed-methods
with breast frequency matched Verbal memory Verbal memory model indicated that older
cancer, without for age and Working memory: 0.38 (0.93) 0.69 (0.69) patients not exposed to
history of education (categories ~ PASAT. Visual memory Visual memory chemotherapy had lower
neurologic of matching not 1.02 (0.71) 1.05 (0.80) post-treatment
disorders or axis reported). Sorting: Working memory Working memory . Processing Speed
| psychiatric Sorting Test (D-KEFS). 0.44 (0.95) 0.64 (0.92) performance
disorders, Sorting Sorting (z-score difference, -0.11;
consecutively Distractibility: CPT. 0.21 (0.86) 0.55 (0.73) 95%Cl, -0.21 to -0.001).
recruited from Distractibility Distractibility
one centre. Reaction time: CPT. -0.02 (1.05) 0.16 (0.81)
Reaction time Reaction time
-0.28 (0.95) 0.16 (0.88)
Block design Block design
-0.07 (0.82) 0.18 (0.76)
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Collins et Convenience I-111 (100%) CT: 100% ~1 Convenience sample Processing Speed:
al., 2014 sample Digit-Symbol Coding &
[57] (follow up at 60 women recruited Symbol Search (WAIS-
60 women, aged 12 months through hospital Il); TMT-A; TMT-B;
Canada 18-65 years, after CT) advertisements and Processing speed &
with at least the peer nomination, with Reaction time indices
8t grade of at least the 8th grade (CNS-VS).
education, newly of education; :
h Vo ’ Working Memory:
diagnosed W|_th matchgd on age, Digit Span & Letter- Cut off for case:
non-metastatic education and first Number-S f -
breast cancer language (categories e Sequencing A standardised-
’ ” WAIS-IIl); PASAT; . 9290 . 69 - N o - _ )
( ) ) Prevalence: 22% Prevalence: 6% PR=3.67* + 95%Cl: 1.21-11.12 regression based score of
scheduled to of matching not . . il
. ACTT; COWA; FIeX|b|I|ty >-2.0 on 3 or more of the
receive CT, reported). & working memory ;g . i
ad i cognitive measures
recruited in one indices (CNS-VS). 9
hospital; patients )
who had disease Visual Memory
progression Visual memory index
during follow up (CNS-VS).
were excluded. Verbal Memory
HVLT-; verbal memory
index (CNS-VS).
Fanetal., Convenience ND CTE 1000% ~1 Convenience sample  HsCS, mild dysfunction Prevalence: 30.8% Prevalence: 19.3% PR=1.60 t 95%Cl: 0.93-2.73
2005[58) sample E$ ggof HSCS, moderate to Prevalence: 4.4% . 369 = o Cl-
91 women with : o (follow up at 102 heatlthy women, severe dysfunction i Prevalence: 3.6% PR=1.22 1 95%Cl: 0.28-5.31
Canada 1 year after acquaintances or - - -
\Tifi?c?ttjtcsa?:g;e cT) relatives of the TMT-A Median score: 44.0 Median score: 45.0 - P=0.25
with no psychiatric patients; individual TMT-B Median score: 49.0  Median score: 54.0 - P=0.0005 *
p psy matching for age (+ 5
glfs;c;%sgg;gcuse ~2  years). HSCS, mild dysfunction Prevalence: 21.3% Prevalence: 11.1% PR=1.921  95%Cl:0.91-4.04
medications other (follow up at FISCS, moderate to Prevalence: 3.8% Prevalence: 0.0% PR=3.881  95%Cl: 0.33-28.77
than 2 year after severe dysfunction
benzodiazepines cT) TMT-A Median score: 47.0 Median score: 49.0 - P=0.61
for nausea, sleep, .
or anxiety. TMT-B Median score: 50.0 Median score: 53.0 - P=0.048 *
Hermelink Convenience 0 (7%) CT: 100% ~1 Convenience sample Composite z-score: Composite z-score: Composite score of overall
etal., 2017 sample 1(42%) HT: 73.9% 56 women a . . - P=0.01* performance calculated as
) ged 18- . No CT: 0.04 (0.45); .
[36] 150 women with I (tt1 4%) VS.. . (follow up at 65 years, who never Atter.mon CT:-0.10 (0.42) 0.10 (0.38) the mean across _aII age-
breast cancer, 111 (%9.6) CT: 0% . 1 year after had cancer, and TAP; TMT-A, Composite score, and g(_juc?thn-adjusted
Germany aged 18-65 HT:80.7% diagnosis)  attended the same M Composite score, change in the first year ngmt't\.’e |nd|tces (age ar:;]j
years, with no institution as cases D_er_rt10ry WSM-R): change in the first of diagnosis € udcal on ;;a egotm(ajs In the
history of for breast imagining igit span ( -R); year of diagnosis: - P=0.02 * mode’s not reporte ):
! - h VLMT. 0.11(0.35) - Cognitive change scores
neurological and did not require No CT: -0.01 (0.38 further adiusted f
disorders and no further tests. . . C% 0'0-7 y 0 3(7' ) were lurther acjusted tor
previous Executive function :-0.07 (0.37) cognitive scores at
systemic TMT-B; lexical and baseline.
treatment semantic search (RWT). 95% CI: 0.89 - 25 scores below 1.5
' Prevalence: 17.7% Prevalence: 5.3% RR=2.43 6 65: T SD and/or 24 scores below

2 SD.
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Jenkins et Convenience ‘early breast  Srg, M: 26% ~1 Convenience sample  Verbal memory
al., 2006 sample cancer’ CT: 66.4% Logical memory (WMS);
[59] (follow up at 49 healthy women Immediate & delayed
128 women 12 months who were friends or recall (AVLT).
United diagnosed with after CT) family of the patients, ;¢ | memory
Kingdom early breast or from‘the local Complex figure task. Prevalence of decline b | ¢ decli
cancer across women’s support ) ) on =2 measures as revalence or decline
the UK, with no group Executive function measured by the on 22 measures as
disease The Stroop task reliable change mgasured bythg Reliable change in_dex
progression Working memory index: reliable change index: PR=1.58 t 95%CI: 0.64-3.90 corrected for practice
Spatial span, 10.6% effects.
letter/number sequencing 16.8% 7
& digit span (WMS-III)
Processing speed
Letter cancellation task.
Phillips et Convenience 0 (10%) Srg, M: 91.5% 3 Convenience sample  Attention Score Means (SE) Score Means (SE)
al., 2012 sample 1(53%) Srg, C: 8.5% Trial 1 Color Trails Test; CT group:
[60] 11(37%) HT: 62% (follow up at 184 women with no Digit & Spatial Span Attention ’ Attention
129 women 26 months history of cancer, (WAIS-II). 53.55 (0.72) 51.78 (0.41)
United diagnosed with after RT) individual matching Executive functioning Executive functioning
States breast cancer for age (5 years) Executive functioning 51.87 (0.81) 54.63 (0.46)
and scheduled and ZIP code. Digit Symbol _Coding Nonverbal memory Nonverbal memory
to r.ecelye CT or (WAIS-III);.TrlaI 2 Color 56.24 (0.95) 55.90 (0:54) Score means are
RT; patients with Trails Test; COWAT. Processing speed Processing speed adjusted for age, T1
recurrence were 49.90 (0.84) 51.38 (0.48) National Adult Reading
excluded N_onverbal memory Verbal memory Verbal memory Test scores, and time
Visual Reproduction test 50.67 (1.11) 51.26 (0.63) from T1 to T2
(WMS-l). RT group: - P<0.05 * assessments.
;Lc#gszlggTzﬁed gﬁt%'g'(%”_ 68) Significant group x time
Executive functioning |nteract|_on detected for
Verbal memory 52.30 (0.77) p;ci%eggéng speed
CVLT. Nonverbal memory (P=0.009).
54.97 (0.90)
Processing speed
49.03 (0.80)
Verbal memory
50.75 (1.05)
Schagenet  Convenience 1(100%) RT: 100% ~1 Convenience sample 24 test indices, covering
al., 2006 sample CT: 0% the following domains: Odds ratio adjusted for
[61] HT: 0% 60 healthy women, focused-sustained age and IQ
57 women who friends of the attention, working-verbal- .
The had breast articipants in the visual memory, I .
Netherlands cancer treated Study P processing sp{aed, Prevalence: 22.8% Prevalence: 6.7% OR=21 95%Cl: 0.5-8.4 Cognitive impairment

with RT but not
CT, and no
relapse

executive function, and
verbal/motor function

defined as scoring 2 SD
below the mean of the
control group for 23 of the
24 tests.
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Cross-sectional studies involving neurocognitive assessment batteries

Boele etal., Convenience ND Srg, ND: 95% Exposure to Convenience sample  Verbal memory Domain z-scores by Domain z-scores:
2015 [11] sample CT: 0% HT: 3.2 (1.9), ; ; AVLT,; Visual association treatment group:
RT: 65% 1.5-7; 4m4e$f)2?:‘ cc)’frfem"y test. Verbal memory
The Post- HT: 100% / 0% women who had had ] HT: -0.49 (0.66) Verbal memory
Netherlands menopausal Unexposed breast cancer. with Visual memory Srg+RT: -0.01 (0.63) -0.001 (0.81)
brea_st cancer to HT: 2.8 no history of breast WMS. . e ’ ) Verbal
survivors with no (0.3), 2.3- . Visual memory Visual memory erbal memory
S cancer; matched for . P=0.009 *
psychiatric 3.3. age and education Working memory HT: 0.136 (0.80) 0.000 (0.95) =0.
history, who did . Letter-number Srg+RT: -0.25 (1.09) Visual memor
. (method of matching . . y
not receive CT, not reported) sequencing (WAIS-III) Worki Working memory P=0.339
selected from ’ orking memory 0.001 (1.00) ]
medical records. Executive functioning HT:-0.144 (0.82) W_orklng memory
Stroop; TMT-B. Srg+RT: 0.08 (1.06) Executive functioning P_O'%.S
) Executive functioning ~ 0-000 (0.88) Executive P-value for the three-
Processing speed HT:-0.10 (0.92) ) functioning group comparison.
Stroop; TMT-A Srg+RT: 0.07 (0.93) grgggjglr;g)speed P=0.444
Reaction speed Processing speed ’ ' Pr_ocessing speed Z-scores corrected for
N . . P=0.554 age and estimated
Fepsy reaction times HT: -0.06 (0.65) Reaction speed premorbid 1Q
Srg+RT:-0.01 (0.82)  0.000 (0.91) Reaction speed )
Fluency Reaction speed P=0.529
Category fluency, HT: 0.24 (0.79) Fluency Fluency
letter fluency Srg+RT: -0.12 (1.07) 0.000 (0.88) P=0.012 *
Motor functioning Fluency Motor functioning
Fepsy tapping HT:-0.41 (0.78) Motor functioning P=0.667
Srg+RT: -0.31 (0.70) 0.000 (0.96)
Motor functioning
HT: 0.29 (0.70)
Srg+RT: 0.14 (0.84)
Brezden et Convenience I-11 (ND) CT (100%) 2 (ND), >1 Convenience sample When adjusted for age,
al., 2000 sample menopausal status, and
[62] 40 h 36 healthy female level of education
women who relatives of the ’ . h . (categories not reported),
Canada had completed CT patients or hospital Median score: 34.5 Median score: 26.0 P>0.05 the difference was
for breast ca?hcer, personnel who significant (P=0.046).
at least the 8 volunteered for the
grade of study.
education, with no
history of cognitive HSCS

dysfunction or
psychiatric
ilinesses and with
no clinical
evidence of
recurrence or
metastases.

Prevalence of
moderate and severe
cognitive impairment:
50%

Prevalence of
moderate and severe
cognitive impairment:
11%

95%Cl: 1.71-12.11
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Calvio et Convenience 1(36.9%) Srg, ND: 96.7% 3.1(2.4), 1- Convenience sample CNS-VS battery Composite memory: Composite memory: Executive function: Lower scores indicate
al.,, 2010 [7] sample 11 (44.3%) CT: 82.8% 10 : 101.7 (18.1) 97.1 (19.8) P<0.001 * poorer functioning.
(17.2%)  RT:73.0% ;::V;"c’)ﬁg“zgn"gg?o“t & Composite memory
United 122 breast HT: 45.9% diagnosis, working Verbal memory Verbal memory: Verbal memory: Attention: Mean scores adjusted for
States cancer survivors IT: 13.1% fulltime fc’>r 21 year Visual memory 99.8 (16.6) 96.0 (20.0) P<0.05 * marital status
21 year post with computer and ’ Executive function (cohabitating with partner
treatment, Internet. recruited via Attention Visual memory: Visual memory: All other domains vs. single/not
working full-time advertis’ements and 102.8 (17.1) 99.3 (17.1) P>0.05 cohabitating), race
for 21 year, with flyers (Caucasian vs. non-
computer and ’ Executive function: Executive function: Caucasian), ethnicity
internet, 98.6 (9.2) 94.5 (16.4) (Hispanic vs. non-
recruited via Hispanic), age (<40, 41-
advertisements Attention: Attention: 50, 51-65), income (0-
and flyers. 83.8 (10.3) 80.2 (17.7) 39,000; 40-59,000; 60-
79,000; 80-89,000; 80-
99,000; 2100,000), and
menopausal status
(currently going through,
premenopausal,
postmenopausal).
Castellon et  Convenience 0-11 (100%) CT: 34% 2-5 Convenience sample  Verbal Fluency z-scores, no CT nor
al., 2004 sample CT+HT: 34% COWA. HT:
[15] 19 Healthy women Fluency: -0.36
53 women who recruited via fliers, Verbal Learning Verbal Learning: 0.54
United had breast newsletter articles CVLT. Verbal memory: 0.21
States cancer at or and advertisements, Visual memory: 0.45

before the age of

50, with no
evidence of
disease or
recurrence, and
no history of
psychiatric
disorder.

or amongst the
acquaintances of the
hospital staff.

Verbal Memory
Logical memory (WMS-
R).

Visual Memory
Visual Reproduction
(WMS-R); RCFT.

Visuospatial Function
Block Design (WAIS-III);
Copy Trial (RCFT).

Psychomotor Speed
Digit Symbol (WAIS-11I);
TMT-A; TMT-B.

Reaction Time
CCAP

Executive Attention
PASAT; Stroop Test.

Visuospatial: 0.42
Reaction time: -0.20
Psychomotor speed:
0.22

Executive attention:
-0.01

z-scores, CT (with or
without HT):
Fluency: -0.64
Verbal learning: 0.03
Verbal memory:
-0.35

Visual memory: -0.39
Visuospatial: -0.51
Reaction time: -0.49
Psychomotor speed:
0.03

Executive attention:
-0.41

Ref the mean scores of
the healthy women
used to calculate the z-
scores.

Verbal Fluency:
P=0.007 *

All other domains:
p>0.05
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Conroy et Convenience 1(29%) CT: 100% 6.4 (2.1), Convenience sample  Learning
al., 2013 sample lla (33%) RT: 79% 3.2-10.2 AVLT; BLT.
[18] IIb (25%) 23 healthy women;
24 breast cancer  llla (8%) matched for age and Memory
United survivors with b (4%) education (matching ~ AVLT; BLT.
States history of non- method not )
metastatic reported)_ At_te_ntlon i i i .
disease and Digit span (WAIS-III); Age-adjusted domain  Age-adjusted domain z-
chemotherapy PASAT. z-scores: scores:
reated. Language Learning: -0.2 (0.7) Learning: 0.1 (0.7)
WRAT-4; Word Reading Memory: -0.3 (0.6) Memory: 0.2 (0.7)
test; Vocabulary (WASI). Attention: 0.4 (0.6) Attention: 0.03 (0.5) Memory: P<0.05 *
Language: 0.3 (0.8) Language: -0.03 (0.9)
Visuospatial Visuospatial: -0.5 Visuospatial: 0.1 (0.9) . All other domains:
Block Design (WASI) (1.0) P>0.05
Executive: -0.04 (0.7)  Executive: 0.04 (0.6)
Executive Psychomotor: -0.1 Psychomotor: 0.04
Digit span; COWA; Color-  (0.4) (0.4)
Word Test, Sorting Test, Average: -0.1 (0.5) Average: 0.1 (0.4)
& Trail Making Test (D-
KEFS).
Psychomotor
Symbol Digit, and
Grooved Pegboard.
Ernstetal,,  Convenience ‘localised HT: 100% 4.4 (1.7), Convenience sample  Digit symbol substitution Nr of correct Nr of correct
2002 [63] sample breast‘ Srg, l\iD: 100% 2-10 33 women with no test substitutions (SD): substitutions (SD): _ P>0.05
16 women aged ~ ©ancer CT-0% history of breast 7531 7.2(2.1) ’
United 65-80_ years, cancer; maFched for
States recruited via age (matching TMT-A
advertisements. method not . . . . . .
reported). Time required (SD): Time required (SD): P>0.05
44.2 (12.2) 36.9 (10.4)
Inagaki et Convenience 0-1(27.5%) Srg, C: 49% 1 Convenience sample
al., 2006 sample CT: 100%
[64] 105 women who HT: 39% 55 healthy subjects Mean domain score Mean domain score
S had breast RT: 48% who lived in th(tah (SD): (SD):
apan same area as the
ggn;aee:r:gsv(ijt; ?1'0 patients recruited via Attention Attention
history of advertisements in the 99.4 (12.5) 99.6 (13.0)
neurological or local newspaper, Verbal memory Verbal memory } For all domains:
psychiatric matched for region WMS-R 96.9 (13.0) 99.2 (14.4) P>0.05
disorders other (matching method Vi i
0 not reported). isual memory Visual memory
than affective or 101.9 (12.1) 101.4 (10.3)
anxiety; tumor
free at Delayed recall Delayed recall
recruitment. 100.3 (10.4) 100.7 (12.6)
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Kesler et Convenience -1IA Srg, ND: 100% 4.8 (3.4), Convenience sample
al., 2013 sample CT: 100% 1-12
[34] 38 healthy female
44 women who controls recruited Mean scores (SD): Mean score (SD):
United had breast through HVLT-R total recall: HVLT-R total recall:
States cancer recruited advertisements 49.3 (8.0) 57.1(9.6) P=0.03 *
via support HVLT-R delayed HVLT-R delayed recall:
groups and MMQ; HVLT-R; WAIS recall: 49.8 (6.4) 56.0 (8.1) - P=0.02 * -
advertisements;
patients MMQ: 42.2 (11.2) MMQ: 59.3 (7.4) P<0.001 *
excluded if they
had had disease WAIS-IQ: 112 (11) WAIS-IQ: 115 (13) P=0.29
recurrence or
relapse
Koppelmans Convenience I-111 (100%) HT: 0% 21 (4.4),ND Convenience sample Trial 1: 5.5 (2.2) Trial 1: 5.9 (2.4) P=0.008 *
eiza'-' 2012 sample CT: 100% Trial 2: 8.6 (2.4) Trial 2: 9.0 (2.7) P=0.02 *
(42) All 1,509 women Learning and memory Trial 3: 10.3 (2.6) Trial 3: 10.6 (2.9) i P=0.17
™ 196 women who without a history of (15-WLT) Total: 24.3 (6.2) Total: 25.5 (6.9) P=0.02 *
Net?\erlan s had been treated cancer who were 50- Delayed recall: 8.0 (2.9 Delayed recall: 8.7 (3.2) P=0.002 *
for breast cancer 80 years of age at Recognition: 13.8 (1.8) Recognition: 13.8 (2.0) P=0.76
between 1976 the time of the
and 1995, were assessments, Processing speed (LDST)  Total correct: 31.8 (6.7) Total correct: 32.5 (7.5) - P=0.14
aged 50-80 selected from a
years in 2008, larger population- Word card: 16.8 (3.3)  Word card: 16.5 (3.7
did not have based cohort. ora car e (3.3) ord car o (3.7) P=0.14
recurrence or a Stroop color-word test Color card: 23.3 (4.4)  Color card: 22.2 (4.9) - P=0.001*
second primar Color-word card: Color-word card: P-0.02 , Adjusted for age and
p . Y 45.8 (12.6) 435 (14.0) = education (categories of
E:CZ?L:gd the variables used in the
h Total: 24.1 (6.1) Total: 24.2 (6.8) P=0.89 models not reported).
adjuvant Verbal fluency (WTF) 15sec: 13.8 (4.8) 15sec: 13.8 (5.4) - P=0.95
hormone
therapy. . .
Visuospatial (DOT) ggtg'(gozr;e"t' ggtg'(go;;e"t' - P=0.99
Both hands: Both hands: _
11.1 (1.6) 11.2(1.8) P=0.56
Dominant hand: Dominant hand: P=0.81
Motor speed (PPB) 13.8 (1.9) 13.8 (2.1) - ’
Nondominant hand: Nondominant hand: P=0.001 *
12.9 (1.8) 13.4 (2.0) )
Kreukels et~ Convenience I-111 (100%) CT: 100% ~1 Convenience sample
a1|5 2008 sample HT: 40% 60 Female friends or ~ TMT-A; Digit Symbol Cognitive impairment
(12] 63 women who relatives of the (WAIS); Stroop Color defined as 2 standard
Th had been treated patients with the Word Test; Eriksen Task, » deviations below the
N i and with CT for non- same approximate Working-Memory Prevalence of Prevalence of cognitive mean of the healthy
etherlands i h had Updating, CVLT, Visual cognitive impairment:  impairment: RR=5.51* 95%Cl: 1.86-16.28
metastatic age who never ha control group on = 3 tests
Reproduction of the 33.3% 10% - ’

breast cancer,
with no history of
psychiatric
diseases

cancer; matched for
age (matching
method not
reported).

WMS, AFM Task,
TMT-B, Word Fluency,
Fepsy Finger Tapping.

RR adjusted for age and

premorbid 1Q.
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Lejbak et Convenience 1(100%) HT: 100% 3(1),2-5 Convenience sample Immediate verbal Mean score (SD): Mean score (SD)
al., 2010 sample Srg, ND: 83% memory: List Learning, . . . .
[65] RT:67% 37 age-equivalent Story Memory. List Learning List Learning P=0.24
28 post controls recruited 29.0(5.1) 30.3(3.8) ’
Canada menopausal through mailed Delayed verbal memory ) )
women with invitations List Recall, Story Recall. List Recall List Recall P=058
3§:ittric\)/get?reast Complex visuomotor 71@2) 68(22)
cancer, aged 40 attention: Coding Story Memory Story Memory =015
and 80 years, Letter fluency: COWA 17.1(3.6) 18.4 (3.3) ’
recruited from
the local cancer Object location memory Story Recall Story Recall P=0 23
registry and task 9.0 (2.3) 9.7 (2.1) :
oncology centre _ _ Higher scores indicate
Speeded manual Coding Coding . better performance.
dexterity: Grooved 42.9 (9.5) 49.3(9.2) P=0.01
Pegboard
Gomplex working memory Letter Fluency Letter Fluency P=003 *
Verbal n-Back 40.0 (10.8) 44.3 (11.2)
Object-Location Object-Location
475 (21.1) 44.4 (20.0) P=0.55
Grooved Pegboard Grooved Pegboard .
80.9 (17.1) 67.76 (12.7) P<0.01
Verbal n-Back Verbal n-Back
119.9 (9.7) 123.0 (9.5) P=0.23
Miao et al., Convenience I-111 (100%) CT: 100% 3(0.3), Convenience sample
2016 [9] sample
China EG E;t%e mat(t::h?d Mean score (SD) Mean score (SD)
23 patients with ela tydcon rols t Stroop interference test; P=0.04 * Higher score in the Stroop
breast cancer Set(.acf arln?ngs d MoCA Stroop: 35.04 (8.96) Stroop: 30.17 (6.49) interference test indicates
who had been Ipa “Tn S e a_l\_/es.an P>0.05 worse performance.
treated with ocal universities; MoCA: 26.00 (1.34) MoCA: 26.58 (1.74)
chemotherapy at matche_d for age
a local hospital (matching method
not reported).
Myers et Convenience 1(26%) CT: 100% 1-2 Convenience sample Mean score (SD): Mean score (SD): P<0.05 *
al., 2015 sample 11 (47%) RT: 71.2% PCI: 48.6 (17.2) PCI: 61.1 (9.4) P>005
[66] 156 breast 111 (14%) HT: 49.4% 46 healthy controls FACT-COG, PCA: 17.6 (7.2) PCA: 19.1 (8.8) :
reast IV (5%) 25  recruited using flyers  Perceived cognitive PCI: 41.7 (18.3) PCI:61.1(9.4) P<0.05 * Higher scores indicate
United cancer patients impairments (PCI) PCA: 15.9 (6.8) PCA: 19.1 (8.8) P<0.05 * higher cognitive function
States recruited across >5 Perceived cognitive PCI: 50.4 (18.2) PCI:61.1(9.4) 9 9 :
24 states using abilities (PCA) PCA: 19.0 (6.9) PCA: 19.1 (8.8) P<0.05 *
newsletters and T ’ T ’ P<0.05 *

flyers
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Nguyen et
al., 2013
[39]

United
States

Convenience
sample

57 women
survivors of
breast cancer,
aged over 65
years, without
recurrence,
recruited from
the cancer
registry

1A
(100%)

RT: 53%
CT: 100%

Convenience sample

30 healthy female
adults, selected in
the community for a
previous study

Intelligence and mental
status

WASI; Wide Range
Achievement Test-lll
reading subtest;

Folstein mini mental state
examination.

Attention and working
memory

Digit Span, Letter-
Number Sequencing, and
Arithmetic subtests
(WAIS-IIT)

Psychomotor speed
TMT-A.

Language
COWA,; Boston Naming
Test

Visuospatial
RCFT-Copy Condition;
Benton Facial;
Recognition Test.

Memory

AVLT; RCFT-Delay
Condition.

Benton Visual Retention
Test-Revised.

Executive functioning
Wisconsin Card Sorting
Test. TMT-B.

WASI
Vocabulary:
64.5 (7.8)
Block design:
33.9 (12.3)
Similarities:
36.8 (4.8)
Matrix design:
20.6 (6.5)

Wide Range
Achievement Test-lll
Reading: 48.1 (4.7)

Digit span: 15.5 (3.4)

Letter—Number Seq
9.1(2.1)

Arithmetic total
12.4 (2.8)

T™T
Atime: 37.8 (8.9)
B-time: 97.0 (35.5)

COWA: 39.4 (15.1)

Boston Naming Test
57.0 (2.5)

Rey-Osterrieth

Complex Figure
Copy: 33.3 (2.0)
Delay: 15.9 (5.1)

Benton Faces total
44.4 (3.4)

Benton Visual
Retention Test total
5.3(2.2)

Rey Auditory-Verbal
Learning Test
Total: 48.6 (8.3)
Delay: 10.2 (2.6)

IED: 3.2 (4.2)

Wisconsin:
Perseverative: 12.5
(6.9)

Errors: 11.0 (5.7)
Categories: 2.9 (1.6)

WASI
Vocabulary:
63.7 (6.9)
Block design:
34.8 (11.9)
Similarities:
36.6 (3.0)
Matrix design:
21.8 (6.8)

Wide Range
Achievement Test-lll
Reading: 50.2 (5.0)

Digit span: 16.9 (4.4)

Letter—Number Seq
11.0 (2.0)

Arithmetic total
13.7 (3.2)

T™T
Atime: 29.3 (8.7)
B-time: 72.4 (26.6)

COWA: 38.8 (11.1)

Boston Naming Test
56.1 (3.0)

Rey-Osterrieth

Complex Figure
Copy: 32.0 (2.9)
Delay: 15.6 (5.6)

Benton Faces total
45.5 (3.8)

Benton Visual
Retention Test total
4.4(2.8)

Rey Auditory-Verbal
Learning Test
Total: 49.4 (8.7);
Delay: 10.6 (2.3).

IED: 1.3 (1.0)

Wisconsin:
Perseverative: 16.6
(12.2)

Errors: 14.9 (11.0)
Categories: 5.0 (1.9)

P<0.05 *:
Letter—Number
Seq; Trail making
test A and B;
Boston naming
test; Rey—
Osterrieth
Complex Figure;
Benton Visual
Retention; Rey
Auditory-Verbal
Learning; IED;
Wisconsin Card
Sorting categories.

P>0.05
All other tests.
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Root et al., Convenience 1(58%) Srg, C: 75% 42(1.2) Convenience sample Mean score (SD) Mean score (SD):
20150171  sample Il (0%) Srg, M: 32% . Memory: 20.4 (5.9)  Memory: 23.5 (3.2)
11 (33%) CT: 52% 37 health women with Verbal 18.5 (4.8) Verbal: 19.2 (3.6)
United 113 women aged IV (8%) RT: 78% no history of cancer or T T P=0.003 *
States <70 years who HT: 52% cancer treatment, post- Congentration 12.4 Congentration: 13.6 P=0.42
had breast cancer, menopausal, with no (3-2) . (2.4) . P=0.04 *
post-menopausal neurological or FACT-COG Mental acuity 12.0 Mental acuity: 13.4 . P=0.02 * -
at diagnosis, with psychiatric diagnoses; (3.4) (2.0) P=0.27
no recurrence, no matched for age and QoL impact 13.7 QoL impact: 14.3 (2.4) P=0.20
neurological or education (method of (3.0) P=0.005 *
psychiatric matching not PCI: 56.5 (12.7) PCI: 59.4 (8.3)
diagnoses. reported). PCA: 19.5 (6.3) PCA: 22.7 (4.5)
Silverman Convenience ND CT+HT: 52% ND (ND), Convenience sample
et al., 2007 sample CT: 24% 5-10
67 10 healthy controls
o7l 24 women who who had L{ndergone RCFT I Mean (SD): Mean (SD): Lower scores represent
United had breast PET studies before, - recall test ” P>0.05 worse functioning.
States cancer and were free of cognitive 20.6 (4.8) 23.8(6.3)
g
right handed. impairments.
Von Ah et Convenience I-11 (50%) Srg, C: 66% 4.6 (2.8), Convenience sample Memory: Sum recall: 48.5 (7.2)  Sum recall: 52.4 (8.1)
al., 2009 sample 111 (ND) Srg, M: 33% 1.2-15.8 AVLT ’ Delayed recall: 9.6 Delayed recall: 10.9 P=0.01* -
[44] CT: 55.8% 52 women aged 240 (2.8) (2.8)
52 women aged RT: 80.8% years, with no history  Attention: _
United 240 years, who HT: 79% of cancer, no history of _Digit span (WAIS-III) 17.8(4.0) 177@41) P=0.89 .
States had breast psychiatric illnesses, Attention:
cancer, recruited recruited from Symbol digit modalities 53.6 (8.2) 54.1 (10.4) P=0.79 -
from cancer advertisements in test .
support groups, churches and Executive function: 38.2 (10.9) 42.2 (12.4) - P=0.08 ;
advertisements community centres, or COWA
in the community by referral of enrolled
centres, or by participants; individual
referral of matching for age (¢5 ~ Subjective memory 92.9 (17.9) 102.9 (22.6) P=0.01 * -
enrolled years) and education ~ function: Squire SRS

participants.

(£3 years).

ACTT = Auditory Consonant Trigrams Test [68]; AFM = Additive factors method task [69]; AVLT = Rey Auditory Verbal Learning Test [70]; BC = breast cancer; BLT = Brown Learning Test [71]; CCAP -

California Computerized Assessment Package [72]; CNS-VS = CNS vital signs battery [73, 74]; COWA = Controlled Oral Word Association [75]; CPT = Continuous Performance test [76]; CT =
chemotherapy; CVLT = California Verbal Learning Test [77]; D-KEFS = Delis-Kaplan Executive Function System [78]; DOT = Design organization test [79]; EORTC-QLQ-CF = the European

Organization for Research and Treatment of Cancer [80]; FACT-COG = Functional Assessment of Cancer Therapy for Cognition [81]; HSCS = High Sensitivity Cognitive Screen [82]; HT = hormone
therapy; HVLT-R = Hopkins verbal learning test revised [83]; IT = immunotherapy; LDST = Letter Digit Substitution Test [84]; MoCA = Montreal Cognitive Assessment Test [85]; Multifactorial Memory
Questionnaire Ability Scale [86]; ND = not defined; OR = odds ratio; PASAT = Paced Auditory Serial Addition Test [87]; PCA = Perceived cognitive abilities; PCl = Perceived cognitive impairments; PPB
= Purdue Pegboard test [88]; PR = prevalence ratio; RCFT = Rey-Osterrieth Complex Figure Test, Copy Condition [89-91]; RT = radiotherapy; RWT = Regensburg word fluency test [92]; SD = standard
deviation; Srg, C = Breast conserving surgery; Srg, ND = Surgery, not further specified; Srg, M = Mastectomy; Srg, R = Breast reconstructive surgery; SRS = Squire self-report scale [93]; TAP = Test of

Attentional Performance [94]; TMT-A = Trail Making Test-A [95]; TMT-B = Trail Making Test-B [95]; WAIS-IIl = Wechsler Adult Intelligence Scale-lll [96]; WASI = Wechsler Abbreviated Scale of

Intelligence [97]; 15-WLT = 15-Word Learning Test [98]; WMS-R = Wechsler Memory Scale-Revised [99]; WRAT = Wide Range Achievement Test [100]; WTF = Word Fluency Test [101]; yrs = years;
95%Cl = 95% confidence interval.

* There was some statistical evidence (P<0.05) for a different prevalence, risk or severity of anxiety between breast cancer survivors and women who did not have cancer.
+ Prevalence ratio calculated by the authors of the present study.
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Supplementary Table 6. Sexual dysfunction: main characteristics and results of the studies that provided data on the frequency and/or severity of
sexual dysfunction in breast cancer survivors (>1 year) and women who did not have cancer.

First Breast cancer survivors Comparison Outcome Prevalence / cumulative incidence of the Relative risk P-value or 95% Notes
author, group assessment outcome estimate confidence
year of (RR, OR, SIR, PR) interval
publication Type of Stage at Breast cancer Time since Type of Breast cancer survivors  Comparison
population and diagnosis treatments: % diagnosis/ population and group
Country main (%) treatment in main
characteristics years: mean/ characteristics
median (SD),
range
Cross-sectional studies
Boehmer et  Convenience 0 (16.5%) Srg C:41.2% 4.5(2.3),1-10 Convenience All women: All women:
al., 2014 sample 1(28.2%) Srg, M: 40.0% sample OR=1.44 95%Cl: 0.72-2.90
[102] 11(37.7%) CT:61.2% 85 lesbian or Scale: FSFI Prevalence: 52.5% Prevalence: 4.3%
85 lesbian or 111 (8.2%) RT: 58.8% bisexual women Sexually active: Sexually active:
United bisexual breast Unknown HT: 45.9% with no history of OR=1.79 95%CI 0.78-4.07
States cancer survivors, (9.4%) cancer, not using Scale: FSE
\gr';ggfcr;fé:?ts:w hormone @ e.OveraII score Mean score (SD): Mean score (SD): - P=0.08
secondary Cancers rﬁplacement ted 24.0(7.2) 26.0 (5.3) 40% of the cases and
reoruited Xia ’ therapy, recruite Subscales: Desire 4.3(2.0) 57(2.2) - P<0.01 * 31% of the controls
via flyers, . .
advertisements, advertisements, Arousal 13.2(5.3) 14.9 (4.5) - P=0.07 were sexually inactive.
flyers, and other etc.; individual Lubrication 13.5(6.0) 11.6 (1.1) - P=0.03 *
promotional matching for age Orgasm 11.1 (4.1) 12.6 (3.2) - P=0.04 *
materials distributed (% 3 years) and Satisfaction 11.0 (3.2) 11.8 (3.2) - P=0.22
online and in print partner status
media (<5% had (partnered vs. Pain 12.8 (3.2) 14.1 (1.8) - P=0.03 *
cancer recurrence). unpartnered)_
Safarinejad Convenience 1(62.4%) Srg, C: 100% 2.4 (ND),>1  Convenience Prevalence of Prevalence: of
etal., 2013 sample 11(37.6%) Srg, M: 0% sample Scale: FSFI dysfunction: 52.5% dysfunction: PR=1.81 * t 95%Cl: 1.40-2.34
[103] CT:.67.7% 204 women without By treatment: By treatment: By treatment:
186 women cancer RT: 46.2% cancer aged 25-45 RT+CT: 44.6% 28.7% PR= 1.55 * 95%Cl: 1.13-1.98
Iran survivors aged 25- HT: 79.6% in a relationship, CT+HT: 46.2% PR=1.61* 95%Cl: 1.32-1.90
45, with BMI<30 who attempted CT+RT+HT: 66.7% OR=82* 95%Cl: 6.5-14.2
(continues)  kg/m?, in a intercourse weekly, FSFI Subscales: All treatments: 41.9% PR=1.50 * 95%Cl: 1.13-1.98  Odds ration adjusted
relationship and in same . By treat " o By freat " By treat " for age, body mass
attempted geographical area of Desire RHSET-”;?/ 28.0% O);_{Iefénen : ggo/r(e:? rgznz. 2 index, occupational
intercourse weekly, cases, with Pest PN ftab ey status, educational
: CT+HT: 42% OR=3.6 95%Cl: 2.6-6.8 : .
with no breast BMI<30kg/m2, no CT+RT+HT- 53% OR=47* 95%0: 2.8-8.7 level, smoking history,
cancer recurrence, hopathology, no —— == P L serum hormonal levels
psychopathology, Arousal Al treatments: 33.9% PR=1.36 1 95%Cl: 0.99-1.85 :
no other cancer, no relationship Rt : oml P : tumour stage and
psychopathology, no disturbances, no By treatment: 2500, DY lreatment: By treatment: grading. The
relationship diabetes or cardiac, RT+CT: 31% e OR=1.6 95%ClI: 0.8-2.8 Categorization of the
disturbances, no renal, neurological, CT+HT: 30% OR=15 95%ClI: 0.8-2.8 variables included in
diabetes or cardiac, or liver disease, CT+RT+HT: 50% OR=42"* 95%Cl: 2.6-8.2 the model were not
renal, neurological, among others, Orgasm Al treatments: 41.9% PR=1.44 * 1 95%Cl: 1.10-1.90  reported.
or liver disease, recruited from a
among others; private clinic; Bytreatmer;t: 20.0% By treatment: Byotreatment:
e ogE mean
cancer registry. i : ° o oLl
sty (matching method CT+RT+HT: 56% OR=52* 95%Cl: 3.7-10.2

not reported).
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Safarinejad
etal., 2013
[103]

Iran

(continued)

Convenience 1(62.4%) Srg, C: 100% 2.4 (ND), >1
sample 11(37.6%) Srg, M: 0%
CT:67.7%
186 women cancer RT: 46.2%
survivors aged 25- HT: 79.6%

45, with BMI<30
kg/m?,in a
relationship and
attempted
intercourse weekly,
with no breast
cancer recurrence,
no other cancer,
no
psychopathology,
no relationship
disturbances, no
diabetes or
cardiac, renal,
neurological, or
liver disease,
among others;
identified from the
cancer registry.

Convenience
sample

204 women
without cancer
aged 25-45ina
relationship, who
attempted
intercourse
weekly, in same
geographical area
of cases, with
BMI<30kg/m2, no
psychopathology,
no relationship
disturbances, no
diabetes or
cardiac, renal,
neurological, or
liver disease,
among others,
recruited from a
private clinic;
matched for age
(matching method
not reported).

Pain  All treatments: 39.2% PR=1.31 1 95%Cl: 0.99-1.72 Odds ratio adjusted for
By treatment: Prevalence: By treatment: By treatment: age, body mass index,
RT+CT: 31% : OR=1.2 95%CI: 0.96-1.8 occupational status,
CT+HT: 36% 30.0% OR=22* 95%CI: 1.5-3.8 educational level,
CT+RT+HT: 59% ~7%  OR=56* 95%Cl: 3.2-11.4 smoking history, serum
hormonal levels, tumour
Lubrication  All treatments: 58.1% PR=1.87 * t 95%Cl: 1.48-2.38 stage and grading. The
By treatment: By treatment: By treatment: categorization of the
RT+CT: 56% 31.0% OR=42"* 95%Cl: 3.4-8.7 variables included in the
CT+HT: 55% 7% OR=4.1* 95%Cl: 3.2-8.4 model were not reported.
CT+RT+HT: 61% OR=64"* 95%Cl: 4.6-12.6
Satisfaction  All treatments: 53.8% PR=1.86 * t 95%Cl: 1.44-2.39
By treatment: By treatment: By treatment:
RT+CT: 50% 29.0% OR=34"* 95%Cl: 1.8-5.8
CT+HT: 53% 7% OR=38* 95%Cl: 2.2-6.1
CT+RT+HT: 59% OR=5.7"* 95%Cl: 3.4-11.4
Mean score (95%Cl): Mean score P<0.05 *
3.7 (3.1-4.3)  (95%Cl):
By treatment: By treatment:
Desire RT+CT: 4.4 (3.8-4.7) 4.8 (3.6-5.6) - P>0.05
CT+HT: 3.6 (2.9-4.4) P<0.05 *
CT+RT+HT: 3.1 (2.6-3.6) P<0.05 *
4.0 (3.3-4.3) P<0.05 *
By treatment: By treatment:
RT+CT: 4.4 (3.6-4.6) P>0.05
Arousal o1y HT. 43 3.6-4.6() 49(3554) - P>0.05
CT+RT+HT: 3.3 (2.7-3.7) P<0.05 *
Women who had
2.8 (2.4-3.3) P<0.05 *
By treatment: By treatment: EZ:GC!;XI:L reported
Lubrication ER;L(E g] gg:gg; 51(3.5-58) - E:ggg . dysfunction problems
T oA 4 A than women who had
CT+RT+HT: 2.4 (1.9-2.8) P<0.05 RT+CT for all domains,
. and more impairments
. 37(3.1-41) P<0.05 . than women who had
By treatment: By treatment: CT+HT f |
RT+CT: 4.3 (3.6-4.7) P>0.05 " forarousal,
Orgasm CT+HT: 3.6 (3.1-3.9) 4.7 (3.8-5.8) - P<0.05 * IubrlcaFlon, satisfaction
CT+RT+HT: 3.2 (2.7-3.6) P<0.05 * and pain.
3.3(2.9-3.7) P<0.05 *
By treatment: By treatment:
; : RT+CT: 3.4 (3.0-3.9) . } P<0.05 *
Satisfaction CT+HT- 3.5 (3.1-4.0) 5.1 (3.7-5.7) P<0.05 *
CT+RT+HT: 2.9 (2.5-3.3) P<0.05 *
4.6 (3.8-4.7) 5.1(3.8-56.5) - P>0.05
By treatment: By treatment:
Pain  RT+CT: 4.9 (4.5-5.0) P>0.05
CT+HT: 4.4 (4.1-4.6) P<0.05 *
CT+RT+HT: 3.1 (2.7-3.5) P<0.05 *
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Claus etal., Population-based 0 (100%) Srg, C: 35.5% 5.8 (1.0), ND Population based Prevalence: 27.9% PR=1.25*1¢ 95%Cl: 1.05-1.49
2006 [41] Srg, M: 14.0% By treatment: By treatment: By treatment:
All 795 women in 702 women Scale: MOS-SES Srg, C: 25.6% PR=1.151 95%Cl: 0.90-1.46
United Connecticut selected by Lac.k of interes; Srg, C + RT: 31.0% Prevalence: 22.3% PR=1.39 * t 95%Cl: 1.14-1.70
States diagnosed with random-digit- Srg, M: 22.6% PR=1.01 1 95%Cl: 0.70-1.47
DCIS in 1994- dialling methods,
1998, with history with no history of
of invasive breast DCIS or invasive Prevalence: 19.2% PR=1.50 * t 95%Cl: 1.16-1.91
cancer breast cancer; By treatment: By treatment: By treatment:
frequency matched Srg, C: 20.1% PR=1.57 * t 95%Cl: 1.16-2.12
by age (+ 5 years) Unable torelax  Srg, C + RT: 18.6% Prevalence:12.8% PR=1.45*1 95%Cl: 1.10-1.93
and geography. Srg, M: 18.7% PR=1.46 95%Cl: 0.95-2.25
Cut-off for case:
Prevalence: 23.0% PR=151 " 95%CI: 1.22-1.88 ?g’g}gx?itr?{; much
By treatment: By treatment: By treatment: gf a problem” 4
Difficulty with Srg, C: 25.6% PR=1.68 * t 95%Cl: 1.29-2.19 p :
arousal Srg, C + RT: 22.3% Prevalence:15.2% PR=1.47* ¢t 95%CI: 1.14-1.89
Srg, M: 18.7% PR=1.23 t 95%Cl: 0.80-1.87
Prevalence: 20.4% PR=1.38 * 95%Cl: 1.10-1.73
By treatment: By treatment: By treatment:
Difficulty with Srg, C: 21.3% PR=1.44 * t 95%Cl: 1.08-1.92
orgasm Srg, C + RT: 20.8% Prevalence:14.8% PR=1.41*¢ 95%CI: 1.08-1.83
9 Srg, M: 16.8% PR=1.14 t 95%Cl: 0.72-1.78
Broeckel et Convenience 1(26%) Srg, C: 50% 7.7(2.3),5.2- Convenience . .
al., 2002 sample 11 (62%) Srg, M: 47% 152 sample Scale: MOS-SFS Mean score (SD):  Mean score (SD): P<0.01 *
[40] 11 (10%) CT: 100% Overall 1.95 (1.05) 1.50 (0.70) Sexual dysfunction
Sﬁrs{fcisstv?/agcﬁe:d Unknown RT: 71% 61 women with no positively correlated
United a spouse or (2%) HT: 48% history of cancer Interest 2.06 (1.16) 1.67 (0.83) - P<0.05 * with vaginal dryness in
States partner, free of who had a spouse breast cancer
recurre’nce for >5 or pa_rtner, Enjoyment 1.72 (0.94) 1.38(0.74) - P<0.01 * survivors.
years, with no :ﬁcrfu_lte(fjam?tr;]g -
known neurological € rien ioh j Arousal 1.87 (1.08) 1.40(0.83) - P<0.01
disorder, and no \g/ometn who .a
history of other breast cancer,
cancer individual matching
: for age (z 6 years). Orgasm 1.78 (1.01) 1.44 (0.80) - P<0.05 *
Rubino et Convenience ND Srg, M: 100% ND (ND), >1  Convenience
al., 2007 sample Srg, R: 100% sample
10
(1ol 33 consecutive 33 healthy women,
italy patients who had randomly selected
had breast- amongst the Psychiatric Prevalence: 185%  Prevalence: 9.1%  PR=2.03 95%Cl: 0192126 -
reconstruction after personnel of the interview

mastectomy, in
2001-2002, in one
hospital.

local university.
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- i 0, . 0, A
Vazguez Convenience 1(13.3 éo) Srg, M: 100% ND (ND), Convenience Scale: SAIE Mean score (SD): Mean score (SD): ~
Ortizetal.,, sample 11(60.0%) 2-5 sample A | 68.5 (239 726 (23.7 P=0.690
2010 [104] 1A rousa 5(23.9) 6(23.7)
30 women aged (26.7%) 30 women without Scale: SAI-E . .
Spain 25-59 years who breast cancer cale: Satisfaction Mean 87?39((233%))' Mean 8705239((233?)' - P=0.524
had mastectomy aged 25-59, : : : :
>1 year ago, were assistants to talks Scale: WSQ
free of disease, in and workshops Sex frequency
ﬁ Sttab'e | ﬁbOELWO}Tag,'g . per month: 0 10.0% 3.3% PR=3.33t 95%Cl: 0.33-33.27
eterosexua ealth, who did no 13 _ -
relationship, able have an 20.0% 13.3% PR=1.50t 95%Cl: 0.47-4.80
to read and write incapagcitating or 4-6 33.3% 30.0% PR=1.111 95%Cl: 0.53-2.34
and with no severe disease. 7.9
psychological or 13.3% 20.0% PR=0.67 t 95%Cl: 0.21-2.12
psychiatric >9 23.3% 33.3% PR=0.70 1 95%Cl: 0.31-1.59
It;i?t%e;é;?sthe Orgasm frequency
recruited from during sex
hospitals. Never (0%) 7.1% 3.3% PR=2.151% 95%Cl: 0.21-22.11
Sometimes (1-29%)
14.3% 10.0% PR=1.43+t 95%Cl: 0.36-5.72
Often (30-58%)
17.9% 23.3% PR=0.77 t 95%Cl: 0.28-2.10
Most of the time
(60-89%) 21.4% 16.7% PR=1.28 1 95%Cl: 0.45-3.67
Almost always
(90-100%) 39.3% 46.7% PR=0.84 t 95%Cl: 0.47-1.51

BC = breast cancer; CT = chemotherapy; FSFI = Female Sexual Functioning Index [105];

HT = hormone therapy; MOS-SFS = MOS Sexual Functioning Scale [106]; ND = not defined; PR = prevalence ratio; RT = radiotherapy; SAI-E = Sexual Arousal and
Satisfaction Scale - Expanded [107]; SD = standard deviation; Srg, C = Breast conserving surgery; Srg, M = Mastectomy; Srg, R = Breast reconstructive surgery; WSQ =
Women’s Sexuality Questionnaire [108].

* There was some statistical evidence (P<0.05) for a different prevalence, risk or severity of anxiety between breast cancer survivors and women who did not have cancer.
T Prevalence ratio calculated by the authors of the present study.
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Supplementary Table 7. Other outcomes: characteristics and results of the studies that provided data on the frequency and/or severity of bipolar
disorders, obsessive-compulsive problems, post-traumatic stress, sleep-wake disturbances, somatization and suicide in breast cancer survivors (>1

year) and women who did not have cancer.

First Breast cancer survivors Comparison group Outcome Prevalence / cumulative incidence Relative risk P-value or 95% Notes
author, assessment of the outcome estimate confidence
year of Type of population Stage at Breast cancer Time since Type of population Breast cancer Comparison (RR, OR, SIR, PR) interval
publication and diagnosis treatments (%) diagnosis/ and survivors group
main (%) treatment in main
Country characteristics years: mean/  characteristics
median (SD),
range
Bipolar disorder
Hung et al., Population-based All ND 2.7 (ND), Population-based EHR, recorded
2013 [2] ND-7 in the Registry
26,629 women with 26,629 women for Catastrophic
Taiwan no prior mood (median randomly selected lliness with an . .
disorder and cancer, follow up from 1 million women  ICD-9-CM code Cumulative Cumulative Approximate cumulative
with primary breast years for with no history of for anxiety incidence: incidence: |fnmd(;r:ce vaIL:]gs estlmlzte(;j‘
cancer registered in breast breast cancer in the (ICD-9-CM : o ’ o _ N o/ 1. g rom the graphics provided in
the National Health cancer same database; codes: 296.0X- 0.3% 0.1%  RR=2.06 95%Cl: 1.37-3.15 the original study.
Insurance Database survivors: individual matching 296.1X,
in 2000-2005. 2.7:for  forage and Charlson  296.4X-296.8X) P value for the log-rank test
matched comorbidity score comparing the Kaplan-Meier
cohort: 3.21) (categories of curves: P<0.001
2 matching not 0.3% 01% RR=3.0*t 95%Cl: 2.56-3.39
4 reported). 0.4% 02% RR=2.0*t 95%Cl: 1.82-2.19
6 0.6% 0.3% RR=20*t 95%Cl: 1.86-2.16
Obsessive-compulsive problems
Amir et al., Convenience sample 1 (46%) Srg, C: 20% 6.5 (ND),=5 Convenience sample . -
200213 6% g M a0
39 women free of 111 (8%) CT: 66% 39 women without any ¢ p
Israel cancer symptoms for RT: 41% life-threatening SCL-90 mean SCL-90 mean Symptoms.
23 years and not HT: 46% disease, recruited by score (SD): score (SD):
under active unknown methods; Scale: SCL-90 - P<0.001 * \é\;?]r:;na\xgcg_}asdt)b;easttoms
treatment, identified matched for age and 0.92 (0.70) 0.68 (0.42) had more obsessive)imp
in 2 hospitals. education; matched for compulsive problems than
(ar?]((aatig?j i(fjlrjr?:tté%?ng those who did not have PTSD
not reported). symptoms (P<0.01).
Post-traumatic stress
Gurevichet  Convenience sample Local (61%)  Srg: 96.6% 6.6 (4.5), 21 Convenience sample Scale: SASRQ SASRQ mean SASRQ mean
al., 2004 . Regional CT: 48% scores (SD): scores (SD): N
[109] 66 women ""'tlhg goofd (30.5%) RT: 71% 69 ‘healthy’ women Dissociative 1.07 (1.05) 0.45 (0.80) g:g-gg?l
‘I'E"OFI.'”E>;‘°W edge f Distant (2%) HT: 48% undergoing Re-experiencing 1.23 (1.25) 0.58 (0.95) P<0.02 *
Canada bng 'i =1 year pos Unknown surveillance Avoidance 1.34 (1.21) 0.83(1.17) - P<0.0001 * -
treis Catnce.rth (11%) mammography in the Arousal 1.96 (1.40) 1.00 (1.21) P<0.003 *
rea ’pe" s wi same hospital. Impairment 1.29 (1.30) 0.66 (1.10) P<0.0001 *
negative Total acute 1.37 (1.05) 0.69 (0.91) :
mammography before. stress
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of ethnicity and
education not
reported).

Voigt et al., Convenience sample 0 (7%) Srg, M: 26% ~1 Convenience sample P | ;
) . 749 revalence o
2016 [110] 150 women aged 18- :I(?421{04)%) gr-lg 5%0/34 % 56 women aged 18- PTSD related to grﬁs\lglfglc;ecg o Mean number of PTSD
65 years, ne\_NIy llic (%9.6) 65 years, who never BC: 2.0% strossors ofher symptoms (.SD) in breast
Germany diagnosed with had cancer, who SCID, number of o o cancer survivors: 1.7 (2.3);
breast cancer at attended the same PTSD symptoms  Prevalence of than BC: 0% PR=1511 95%CL 0171320 & nificantly different from the
’ h P ymp g y
recruitment, with no institution as cases PTSD related to mean number of symptoms in
history of psychotic for breast imagining stressors other controls (P<0.001).
disorders and did not require than BC: 0.7%
further tests
Yang et al., Population based -1V ND 4.5(4.5),0-10  Population based EHR, ICD-10 SIR=1.77"* 95%Cl: 1.60-1.95
2017 [4] diagnostic codes Standardised incidence ratios
All 40,849 women (median (IQR) 452,507 women for stress-related . . By age group: By age group: were standardised by
Sweden diagnosed with an duration of  randomly selected disorders (F430- _Cu!nulatlve _Cu!nulatlve 20-44: SIR= 1.68 * 95%Cl: 1.36-2.08 calendar period (1-year
invasive breast follow up: 4.4  from the respondents 2, F438-9) at in incidence: incidence: 45-54: SIR= 1.78 * 95%Cl: 1.52-2.09 categories), age (5-year
cancer at the age of (4.5)) tothe 1990 census patient or 0.9% 0.5% 55-64: SIR= 1.89 . 95%CI: 1.56-2.28 categories), and region of
2980 years between ﬁggﬁfﬁ?}isits 65-80: SIR=1.64 *  95%Cl: 1.23-2.19 residence (North, Stockholm-
Gotland, South, Southeast,
0-0.5 - - SIR=4.22* 95%Cl: 3.44-5.19 Uppsala-Orebro, West).
0.5-1 - - SIR=2.73* 95%Cl: 2.11-3.52
1-2 - - SIR=1.72* 95%Cl: 1.36-2.17
2-5 - - SIR=1.36* 95%Cl: 1.14-1.63
5-10 - - SIR=0.98 95%Cl: 0.73-1.32
Population based 0 ND 4.5(4.5),0-10  Population based EHR, ICD-10 Cumulative Cumulative SIR=1.02 95%Cl: 0.70-1.50
diagnostic codes  incidence: incidence:
All 40,849 women (median (IQR) 452,507 women for stress-related  0.6% 0.5% By age group: By age group:
diagnosed with an duration of ~ randomly selected disorders (F430- 20-44: SIR=0.38 95%Cl: 0.09-1.51
invasive breast follow up: 4.4  from the respondents 2, F438-9) at in 45-54: SIR= 1.06 95%Cl: 0.60-1.87
cancer at the age of (4.5)) tothe 1990 census patient or 55-64: SIR= 1.46 95%Cl: 0.76-2.81
20-80 years between outpatient 65-80: SIR= 1.15 95%Cl: 0.37-3.56
2001-2009 0-05 hospital visits - - SIR=2.76 * 95%Cl: 1.31-5.79
0.5-1 - - SIR=0.78 95%Cl: 0.20-3.14
1-2 - - SIR=1.04 95%Cl: 0.43-2.51
2-5 - - SIR=0.88 95%Cl: 0.46-1.69
5-10 - - SIR=0.57 95%Cl: 0.18-1.76
Sleep-wake disturbances
Ancoli- Convenience sample | (27.9‘7/00) Srg, C:. 45.6‘2/0 ~1  Convenience sample Noct | total Mean time (SD), Mean time (SD),
Israeletal., 44\ omen who had It (39.7 ?) Srg, M: ‘297 % 35 cancer-free IOC u:_na ota hours: hours: - P>0.05
201433]  peen newly 'l'J' (so_g %)  CT:100% (fO”OWﬁ“P ?;%1 friends of the women ~ SI®€P time 7.01(0.74) 7.07 (0.66)
diagnosed with (1n5;c>)wn yearafter CT)  \ho had breast - -
United breast cancer 1 year o cancer, or Daytime total Mean.tlme (SD). Mean.tlme (SD). _
States before, and ‘volunteers’, with no nap time hours: hours: P=0.63
scheduled to receive psychological 049 (0.47) 0.36 (0.44) Sleep measure by wrist
24 cycles of CT, with impairments at the activity, using an actigraph
no psychological time of recruitment during 72 consecutive hours.
impairments and not individual matching
receiving RT at for age (5 years), PSQI mean PSQIl mean
recruitment. ethnicity and Scale: PSQlI scores (SD): scores (SD): - P=0.02 *
education (categories 7.4 (ND) 5.0 (ND)
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El Rafihi- Convenience sample I-11 (100%) Srg, ND: 40% 3.8(2.8), 1-10 Convenience sample

Ferreira et CT: 66% Scale: PSQI Prevalence:40% Prevalence: 50% PR=0.8 + 95%Cl: 0.52-1.24 Cut-off for case: score >5

al., 2011 50 women with a RT: 54% 50 women without a C

[111] previous diagnosis of HT: 77% previous cancer | a"'.‘ogget 0 prevalence: 42%  Prevalence: 38% PR=1.1+ 95%Cl: 0.68-1.79
breast cancer without diagnosis, sleep in 5H min

Brazil encephalopathies or encephalopathies or Wake up in the
severe psychiatric severe psychiatric middle of the ) . _ .
disorders. Patients disorders. night or early 40% 22% PR=182+t 95%Cl: 0.98-3.39 Cut-off for case: reported
were all disease free morning problems three or more times
at enrolment. a week.

Get up to use o 0 _ . 0
the bathroom 52% 26% PR=20*t 95%Cl: 1.17-3.43 Worse sleep quality
Cannot breathe associated with poorer quality
comfortably 8% 8% PR=1.0* - of life for the social domain,
Gouah and domains of physical and
ough or snore i
9 loudlly 16% 16% PR=101t ) psychological health (P<0.05).
W ho had had b t
Feel too cold 4% 6% PR=067 1 95%Cl: 0.12-3.82 Caﬁ':;na:d%as Wofse ;ﬁiﬁty
Feel too hot 36% 14% PR=257*t 95%Cl: 1.18-5.61 of sleep_reported higher
- depressive symptomatology
Pain 14% 20% PR=0.70 t 95%Cl: 0.29-1.69 compared to those with good
Sleep quality of sleep (SDS mean
medication 12% 16% PR=0.75t 95%Cl: 0.28-2.00 scores 20.8 (7.12) vs. 16.6
(3.76), P<0.05).
Daytime
sleepiness 2% 4% PR=0.50 t 95%Cl: 0.05-5.34
<6h of sleep 18% 14% PR=129t 95%Cl: 0.52-3.18

Otte et al., Convenience sample 1 (ND) Srg, C: 42% 5.6 (2.0), 2-10 Convenience sample Scale: PSQlI PSQI mean PSQI mean - P<0.01 * Adjusted for race (minority vs.

2010 [43] 11 (ND) Srg, M: 59% Overall score scores (SD): scores (SD): not minority) and menopausal
246 breast cancer 11 (ND) CT: 89% 246 women in general 7.31 (3.80) 5.80 (3.45) status (pre or post menopausal).

United survivors free of RT: ND good health with no Sleep quality 1.20 (ND) 0.85(ND) - P<0.01*

States cancerat HT: 33% history of breast Sleep latency 1.39 (ND) 1.00 (ND) - P<0.01 * Determinants sleep-wake
recruitment, with no cancer recruited by Slee disorders in women who had
history of other acquaintance referral, disturb P 1.50 (ND) 1.31(ND) - P<0.01* breast cancer: race other than
cancers and able to self-referral or from IStur Sﬁgge Caucasian, having hot flashes
Z?]eﬁlghread and write I‘iﬂﬁfgig;’?ﬂgzgr‘:ﬁ] or medicatioﬁ 0.65 (ND) 0.61(ND) - P=0.70 poor physical functioning and

& age (+5 years) 9 Sleep efficiency 0.59 (ND) 0.57 (ND) - P=0.77 depression.
- ' Sleep duration 0.98 (ND) 0.84 (ND) - P=0.03 * Adjusted for race.
Daytime "
dysfunction 0.96 (ND) 0.70 (ND) - P<0.01 -

Dahl et al., Convenience sample 11 (ND) Srg, C: 24% 3.9 (ND), 2.6- Convenience sample

2011 [8] 11 (ND) Srg, M: 76% 6.9
337 tumor free breast CT: 82% 1,685 women

. randomly selected

Norway cancer survivors RT: 100% from a population- .
treated with HT: 81% pop Adjusted for level of
radiotherapy during based sample of Prevalence of Prevalence: Prevalence: education, on disability
1998 and 2002 in women with no history  regylar use of 15% ’ 49 ’ PR=3.75* t 95%Cl: 2.65-5.30 pension and menopausal
one hospital. of cancer whose hypnotics ° ° status.

questionnaires had
complete data;
matched individual
matching for age (+ 5
years).
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Von Ah et Convenience sample I-1IB Srg, C: 0% 5.0 (2.7), 2-10 Convenience
al., 2012 (85.7%) Srg, M: 60.3% sample
[45] 62 non-Hispanic B (14.3%) CT & RT: 54.6%
African American HT: ND 78 African
United women diagnosed American women PSQl mean PSQIl mean Mean scores adjusted for
States with non-metastatic with no history of s . . . _ . age, income, years of
breast cancer and breast cancer cale: PSQ scores (SD): scores (SD): . P=<0.001 education and body mass
> ' 9.0 (4.2) 6.1 (4.0) ¢ Y
able to read and recruited through index.
write English, community
recruited by medical advertisements
record review and by and events.
self-referral.
Somatization
Cohen et Convenience sample I-11l (ND%) Srg, C: 48.2% 4.8 (4.2),1-17 Convenience sample
al., 2011 [5] Srg, M: 51.8% 66 married and More somatic symptoms in
56 married Israeli Srg, R: 102'5% ‘healthy’ Arab women breast cancer survivors were
Israel Arat? breast cancer CT: 85.70/0 living in northern Israel, BSI-18 mean BSI-18 mean associated with lower
survivors, post RT: 85.7% a . score (SD): score (SD): ducati ligiosit
treatment and free of HT: 58.9% pproachted mtt' Scale: BSI-18 - P<0.001 * ge:?:sgghrz:?;i?t;/y’(amotionaI
h ] community settings; ) f
?rlc?r(ra]asseri%r:pl)tifgl individual matching for 2.6(1.2) 1.8(0.8) distress and lower body image
’ age and education (P<0.05).
(matching categories
not reported).
Amir et al., Convenience sample 1(46%) Srg, C: 20% 6.5 (ND), =5 Convenience sample Hiaher SCL-90 indicat
2002 [13] 11 (46%) Srg, M: 80% : igher -vU scores indicate
39 women free of 111 (8%) CT: 66% 2;&&;";@ ﬁ'fg_"c’t more somatic symptoms.
Israel cancer symptoms for RT: 41% threatening disease SCL'QO mean SCL'QO mean Women who had breast cancer
23dyears and not HT: 46% recruited by unknown  SCL-90 score: score: - P<0.001 * and reported PTSD symptoms
under active . had more somatic symptoms
treatment, identified e sosation " 0.92 (0.86) 0.51(0.47) than women who did not have
through two (method of matching PTSD symptoms: 1.61 (1.06)
hospitals. not reported). vs. 0.77 (0.60), P<0.01.
Suicide
Schairer et Population based All ND 8.7 (ND), 1-49 Population-based Official mortality Incidence rate: Incidence rate: SIR=1.37"* 95%Cl: 1.28-1.47
al., 2006 databases in 1.5 per 10,000 1.09 per 10,000 -
[112] 723,810 one-year (mean follow  General female each country. person-years person-years By country By country
breast cancer up duration:  population in each of ICD-7 codes: US: SIR=1.49 * 95%Cl: 1.32-1.70
Denmark, survivors diagnosed 7.7 years, the countries E963 and E970-  Cumulative Sweden: SIR= 1.27 * 95%Cl: 1.12-1.45
Finland, between 1953 and range <1 979; ICD-8 and incidence of Denmark: SIR= 1.25* 95%Cl: 1.07-1.46 -
Norway, 2001. month to 49 ICD-9: E950 - suicide by time Finland: SIR= 1.53 * 95%Cl: 1.28-1.83
Sweden, years) E959; and ICD- since diagnosis: Norway: SIR= 1.40 * 95%Cl: 1.07-1.81
United 10: X60 - X84. 5 yrs: 0.05%
States 10 yrs: 0.10% By calendar period By calendar period

(continues)

20 yrs: 0.16%
30 yrs: 0.20%

1953-59: SIR=1.86*
1960-69: SIR=1.72*
1970-79: SIR=1.31*
1980-89: SIR=1.29*
1990-2001:
SIR=1.36™

95%Cl: 1.20-2.78
95%Cl: 1.42-2.07
95%Cl: 1.15-1.49
95%Cl: 1.15-1.46

95%Cl: 1.18-1.57
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Schairer et
al., 2006
[112]

Denmark,
Finland,
Norway,
Sweden,
United
States

(continued)

Population based All

723,810 one-year
breast cancer
survivors diagnosed
between 1953 and
2001.

ND

8.7 (ND), 1-49

Population-based

General female
population in each of
the countries

Official mortality
databases in
each country.
ICD-7 codes:
E963 and E970 -
979; ICD-8 and
ICD-9: E950 -
E959; and ICD-
10: X60 - X84.

Incidence rate:
1.09 per 10,000
person-years

Incidence rate:
1.5 per 10,000
person-years

Cumulative
incidence of
suicide by time
since diagnosis:
5 yrs: 0.05%

10 yrs: 0.10%
20 yrs: 0.16%
30 yrs: 0.20%

By race

White: SIR=1.36 *
Black: SIR=2.88 *
Other: SIR=1.02

By race

95%Cl: 1.27-1.46
95%Cl: 1.44-5.17
95%Cl: 0.44-2.01

By age

<40: SIR=1.34 *
40-49: SIR=1.42 *
50-59: SIR=1.50 *
60-69: SIR=1.26 *
270: SIR=1.24 *

By age
95%Cl:
95%Cl:
95%Cl:
95%Cl:
95%Cl:

a A a A
NOOWN

4-
2.
9-
4-
4-

a A aaa
DDA NOD
N o ~N-=N

By time since
diagnosis, years

By time since
diagnosis, years

1: SIR=1.51* 95%Cl: 1.25-1.82

2:SIR=1.49* 95%Cl: 1.22-1.82

3: SIR=1.57* 95%Cl: 1.27-1.93

4:SIR=1.31* 95%Cl: 1.02-1.66

5-9: SIR=1.30 * 95%Cl: 1.14-1.49

10-14: SIR=1.28 * 95%Cl: 1.07-1.54

15-19: SIR=1.25 95%Cl: 0.95-1.62

20-24: SIR=1.32 95%ClI: 0.89-1.90

225: SIR=1.35 95%Cl: 0.82-2.12

By stage at By stage at

diagnosis diagnosis

Local: SIR=1.38 * 95%Cl: 1.24-1.53 Includes only patients from the
Regional: SIR=1.55* 95%ClI: 1.34-1.79 US, Demark, Finland and
Distant: SIR=2.11 * 95%Cl: 1.16-3.55 Norway.

Unknown: SIR=1.05*  95%CI: 0.73-1.50

By treatment By treatment Refers to initial course of
Surgery only treatment only;
SIR=1.40"* 95%Cl: 1.24-1.58

Radiotherapy, no Includes only patients from the
chemotherapy US, Demark, Finland and
SIR=1.46"* 95%Cl: 1.27-1.67 Norway.

Chemotherapy, no

radiotherapy

SIR=1.12 95%Cl: 0.80-1.55

Radiotherapy and

chemotherapy

SIR=1.50* 95%Cl: 1.09-2.02

Other/none/unknown

SIR=1.84"* 95%Cl: 1.14-2.96

Breast conserving
surgery

SIR=1.22

Radical mastectomy
SIR=1.30*

95%Cl: 0.89-1.64

95%Cl: 1.04-1.63

US women only, 1983-2001.
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Fang et al.,
2012 [113]

Population based All ND >1  Population based
74,977 women (Mean follow  Women not
diagnosed with up time of the  diagnosed with
primary breast all cancer  cancer during follow
cancer between 1991 cohorts was  up.
and 2006 4.07 years
(median 2.65,
range 0 to
15.99)

ICD-9 codes
E950-E959 and
ICD-10 codes
X60-X84 and
Y870

RR=1.6"*

95%Cl: 1.2-2.1

RR adjusted for age at follow-up
(=49 years, 5-yr groups for 50 to
74 yrs, 275 yrs), calendar period
at follow-up (5-year groups),
civil status (cohabitation or non-
cohabitation), socioeconomic
status (blue-collar, white-collar,
self-employed, or unclassified),
and education (29 years, <9
years, or missing).

BC = breast cancer; BSI-18 = Brief Symptom Inventory-18 [22]; CT = chemotherapy; EHR = electronic health records; HT = hormone therapy; ICD-9-CM = The International
Classification of Diseases, Ninth Revision, Clinical Modification; IRR = incidence rate ratio; ND = not defined; PR = prevalence ratio; PSQI = Pittsburgh Sleep Quality Index
[114]; RR = relative risk; RT = radiotherapy; SASRQ = Stanford Acute Stress Reaction Questionnaire [115]; SCL-90 = Somatization subscale of Symptoms Checklist-90 [27];
SD = standard deviation; Srg, C = Breast conserving surgery; Srg, M = Mastectomy.
* There was some statistical evidence (P<0.05) for a different prevalence, risk or severity of anxiety between breast cancer survivors and women who did not have cancer.

T Prevalence ratio calculated by the authors of the present study.
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Supplementary Appendix 1.

MEDLINE search expression, applied via OVID, 28 June 2018

1. CPRD.mp.

. Clinical Practice Research.mp.

. GPRD.mp.

. General Practice Research Database.mp.

. The Health Improvement Network.mp.

. QRESEARCH.mp.

. DIN-LINK.mp.

. VAMP.mp.

. Value Added Information Medical.mp.

10. (THIN adj1 (database or dataset or data)).mp.

11. (Read adj1 (term* or code# or codification)).mp.

12. (diagnostic adj1 (term* or code#)).mp.

13. Disease Analyzer.mp.

14. Primary care clinical informatics unit.mp.

15. PCCIU.mp.

16. (optimum patient care adj4 data*).mp. [mp-=title, abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading word, protocol supplementary concept word, rare
disease supplementary concept word, unique identifier, synonyms]

17. OPCRD.mp.

18. health information network.mp.

19. health improvement network.mp.

20. Q research.mp.

21. (ResearchOne or (Research One adj2 data*)).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms]

22. Doctors Independent Network.mp.

23. SAIL.mp.

24. (SAIL adj4 data*).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

25. mediplus.mp.

26. ((general practice or primary care or primary health care) adj4 data*).mp.

27. longitudinal patient database.mp.

28. ((EHR or eletronic health record*) adj4 data*).mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms]

29. health care database*.mp.

30. exp "mental disorders"/

31. exp "behavior and behavior mechanisms"/

32. exp "behavioral disciplines and activities"/

33. exp Psychological Phenomena/

34. exp fatigue/

35. exp pain/

36. exp "Sleep Wake Disorders"/

37. exp central nervous system depressants/

38. exp muscle relaxants, central/

39. exp psychotropic drugs/

40. exp sleep aids, pharmaceutical/

41. (anxiety or anxious* or panic or anxiolytic* or (stress not oxidat*) or depressi* or dysthymia or antidepress* or
sexual or erectile or suicid* or self-harm or hopeless* or sleep or insomnia or hypnotic* or cognit* or chemo-fog or
chemo-brain or pain or fatigue or (mental adj1 (disorder or disorders)) or antipsychotic).mp.

42.30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41

43. exp United Kingdom/

44. (UK or Britain or British or England or English or Scotland or Scottish or Wales or Welsh Ireland).mp.
45.43 or 44

46. or/1-29

47. 42 and 45 and 46

Co~NoOOhWN

309



EMBASE search expression, applied via OVID, 28 June 2018
1. CPRD.mp.

. Clinical Practice Research.mp.

. GPRD.mp.

. General Practice Research Database.mp.

. The Health Improvement Network.mp.

. QRESEARCH.mp.

. DIN-LINK.mp.

. VAMP.mp.

. Value Added Information Medical.mp.

10. (THIN adj1 (database or dataset or data)).mp.

11. (Read adj1 (term* or code# or codification)).mp.

12. (diagnostic adj1 (term* or code#)).mp.

13. Disease Analyzer.mp.

14. Primary care clinical informatics unit.mp.

15. PCCIU.mp.

16. (optimum patient care adj4 data*).mp.

17. OPCRD.mp.

18. health information network.mp.

19. health improvement network.mp.

20. Q research.mp.

21. (ResearchOne or (Research One adj2 data*)).mp.

22. Doctors Independent Network.mp.

23. SAIL.mp.

24. (SAIL adj4 data*).mp.

25. mediplus.mp.

26. ((general practice or primary care or primary health care) adj4 data*).mp.
27. longitudinal patient database.mp.

28. ((EHR or eletronic health record*) adj4 data*).mp.

29. health care database*.mp.

30. or/1-29

31. UK.mp.

32. United Kingdom.mp.

33. England.mp.

34. Wales.mp.

35. Scotland.mp.

36. Northern Ireland.mp.

37.31 or 32 or 33 or 34 or 35 or 36

38. exp central depressant agent/

39. exp central muscle relaxant/

40. exp psychotropic agent/

41. antidepress*.mp.

42. antipsychotic.mp.

43. anxiolytic.mp.

44. exp mental capacity/ or exp mental compliance/ or exp mental concentration/ or exp mental deficiency/ or exp
mental deterioration/ or exp mental development/ or exp mental development assessment/ or exp mental
disease/ or exp mental disease assessment/ or exp mental dissociation/ or mental function/ or exp mental health/
or exp mental health care/ or exp mental health center/ or exp mental health organization/ or exp mental health
research/ or exp mental health service/ or exp mental hospital/ or exp mental stress/
45. depressi*.mp.

46. dysthymia.mp.

47. catatonia.mp.

48. self-injur*.mp.

49. self injury.mp.

50. self mutilation.mp.

51. suicid*.mp.

52. self-harm.mp.

53. anxious*.mp.

54. anxiety.mp.

55. panic.mp.

56. catastrophi*.mp.

57. phobia.mp.

58. phobic.mp.

59. neurotic.mp.

60. compulsive.mp.

61. bipolar.mp.

62. neurotic.mp.

CoO~NOOTAWN
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63.
64.
65.
. paranoid.mp.
67.
68.
69.
70.
. exp sleep/ or exp sleep disorder/
72.
73.
. exp stress/
75.
76.

personality.mp.
psychotic.mp.
psychosis.mp.

delusional.mp.
sexual.mp.
insomnia.mp.
exp insomnia/

exp somatoform disorder/
exp substance abuse/ or exp "substance use"/

or/38-74
30 and 37 and 75

311



Supplementary Appendix 2. Template email sent to corresponding authors of the studies

for which a list of codes wasn’t provided in the publication.

Dear [corresponding author],

I'm currently doing a PhD about mental health and quality of life in breast cancer survivors.
As part of my PhD, I'm conducting a systematic review of the studies that assessed mental
health outcomes using electronic health records. The aim of the review is to summarise how
studies have identified these outcomes in primary care databases in the UK; the review will
be part of my PhD thesis and we are also planning to publish it in a peer-reviewed journal in
due course.

I'm writing to you because a study in which you are the corresponding author was identified
as eligible (please see title below), and | would kindly ask if you could be of assistance with

the issues described below.

[title]
[description of the list of codes needed]

I look forward to hearing from you and thank you in advance for your help.

Best wishes,

Helena
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Supplementary appendix 3, table 1.

Main characteristics of the eligible studies: anxiety.

Author, Study title Type of study Database(s) Study Outcome description List of Validation = EHR-related Handling of Notes
year of period codes of list of eligibility criteria outcomes
publication (years) available codes for the study occurring prior
1 to exposure
Follow up
requirements
Bouras, Linked and primary care ~ Cohort study CPRD, 1997-2012  “Diagnosis code [for anxiety] in Yes None Data available for Study quantified -
2016 [1] database analysis of the HES CPRD or HES, or a prescription stated >3 years before the psychiatric
incidence and impact of code [for Diazepam or Lorazepam] the index date morbidity before
psychiatric morbidity between 36 months before and 12 I and after the
following gastrointestinal months after surgery.” Follow up index date.
cancer surgery in duration: 1 year
England after index date
Fardet, 2012  Suicidal behavior and Cohort study THIN 1990-2008 Read and Multilex list of codes for No None 26 months of Hazards ratios Outcome was
[2] severe neuropsychiatric diagnoses of panic disorder or panic stated registration with adjusted for past  eligible if there
disorders following attack excluding ¢ odes for anxiety the primary care history of was no record of
glucocorticoid therapy in practice neuropsychiatric ~ the outcome in
primary care disorders the previous 6
(yes/no) months
Granerod, Increased rates of Cohort study CPRD 1998-2012  “Anxiety disorders (including both Yes None None stated Analysis -
2016 [3] sequelae post- symptom codes and diagnoses such stated I restricted to
encephalitis in as generalised anxiety disorder, At least one those at risk of a
individuals attending panic disorder, post-traumatic stress contact with the new-onset
primary care practices in disorder and obsessive compulsive GP practice in the outcome,
the United Kingdom: a disorder)” two years after the  defined as no
population-based index date code in the year
retrospective cohort prior to the index
study date.
Hesdorffer, Epilepsy, suicidality, and  Matched cohort CPRD 1990-2008  Anxiety, not further specified No None At least 3 years of  Excluded -
2012 [4] psychiatric disorders: a study stated data before the subjects with a

bidirectional association

index date, 1 year
after the index
date, and at least
1 code for a
medical or drug
code in the 6
months before the
index

I

Follow up 3 years
after index date

record of the
outcome before
the study date.
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Khan, 2010 Consulting and Cohort study CPRD 2003-2006  Consultations for anxiety and No None None stated History of Outcomes
[5] prescribing behaviour for prescriptions of benzodiazepines stated anxiety prior to occurred within
anxiety and depression and Buspirone the analysis a 3-year period
in long-term survivors of period included chosen for the
cancer in the UK in the models study
Kurd, 2005 The risk of depression, Cohort study CPRD 1987-2002 “clinician diagnosis of anxiety and No None None stated Patients with -
[6] anxiety, and suicidality related disorders in which anxiety stated history of anxiety
in patients with symptoms are common” (refers using in the 6 months
psoriasis: A population- the same before the index
based cohort study codes of date were
previous excluded in a
studies) sensitivity
analysis.
Lurie, 2015 Antibiotic exposure and Nested case THIN 1995-2013  Anxiety, including codes for Yes None Only records from Patients who Patients with
[7] the risk for depression, control study diagnosis of generalised anxiety stated patients that had had mixed anxiety
anxiety, or psychosis: A disorder and phobic anxiety been registered pharmacological and depression
nested case-control with the GP for treatment for a were excluded
study more than 183 specific from the
days psychiatric analysis
I diagnosis more
Outcomes were than 90 days
considered before the
incident if diagnosis was
occurring at more first recorded
than 183 days were excluded.
after the index
date.
Martin- Prevalence, incidence, Cohort study THIN 2002-2004  “Identification codes included all Yes Yes Enrolled for at Patients with -
Merino, morbidity and treatment Read codes describing anxiety. least 2 years with previous anxiety
2010 [8] patterns in a cohort of These included codes ranging from Record the practice and diagnoses were
patients diagnosed with mild anxiousness symptoms to other review/ have received one  excluded, as
anxiety in UK primary disorders such as phobia, panic questionna  prescription in the well as those
care attack and generalized and mixed ires previous year; who had 5 or

anxiety disorders”

patients aged =70
years had to have
at least 2 visits
registered in the
follow up period of
>1 year.

more
prescriptions of
anxiolytics
before the
diagnosis.
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Meier, 2004 The risk of severe Cohort study CPRD 1990-1999  First time diagnosis of panic attack, No Yes 21 year of data “The base -
[9] depression, psychosis or regardless of referral or treatment, available before population for
panic attacks with identified by OXMIS- and/or- ICD-8- ‘reviewed index date and person-time
prophylactic codes a list of all “some GPRD analyses
antimalarials cases to activity (diagnoses  consisted of all
determine or prescriptions) subjects free of
inclusion/ recorded after the (...) panic
exclusion’ index date” // attacks at the
Patients were start of follow
censored 18 up.”
months after
exposure date
Schneider, Antimalarial Nested case CPRD 2001-2009 Incident diagnosis of anxiety, not No None At least 1 year of Excluded -
2013 [10] chemoprophylaxis and control study further specified stated date before the patients with the
the risk of index date // outcome of
neuropsychiatric some activity interest
disorders (diagnoses or observed before
prescriptions) the index date
recorded after the
index date
Sheehan, Mental iliness, Cohort study THIN 1999-2013  Anxiety, including codes for Yes None Entry in the cohort ~ None stated Excludes cases
2015 [11] challenging behaviour, symptoms and diagnoses stated at least one year of mixed anxiety
and psychotropic drug after registration and depression
prescribing in people with the practice
with intellectual
disability: UK population
based cohort study
Walters, Recent trends in the Cohort study THIN 1998-2008  Anxiety, including symptoms, No None 21 year of data Excluded Participants
2012 [12] incidence of anxiety diagnosis, mixed anxiety and stated since registration patients with an could have had

diagnoses and

symptoms in primary

care

depression, panic attacks and panic
disorder

Results were also provided
separately for:

- anxiety disorders (eg. chronic
anxiety, generalised anxiety
disorder, anxiety state);

- anxiety symptoms (e.g.
‘anxiousness’);

- mixed anxiety and depression;

- panic attacks and panic disorder.

with the practice
and ‘consistent recorded in the
recording of at least previous year.
one medical record

(e.g. a diagnostic

entry), one

additional health

data record (e.g.

blood test result)

and >1 prescriptions

on average for the

practice per patient

per year.

entry for anxiety

more than one
episode during
the follow up,
provided that
they were
separated for
more than 12
months.

CPRD - Clinical Practice Research Datalink; HES — Hospital Episodes Statistics; ICD-10 — International Classification of Diseases, edition 10; ND — not defined; OXMIS — Oxford
Medical Information System; PCCIU — Primary Care Clinical Informatics Unit Research; THIN — The Health Improvement Network.
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Supplementary appendix 3, table 2. Main characteristics of the eligible studies: depression.

Author, Study title Type of study Database(s) Study Outcome description List of Validation = EHR-related Handling of Notes
year of period codes of list of eligibility criteria outcomes
publication (years) available codes for the study occurring prior
1 to exposure
Title Follow up
requirements
Becker, Risk of incident Nested case- CPRD 1994-2005 ‘To be included in the analysis as a Yes Yes At least 3 years of  Cases who had -
2011 [13] depression in patients control study valid depression case, a patient had computer EHR depression
with Parkinson disease to have a code recorded for an Pharmacol  prior to the index diagnosed prior
in the UK affective disorder (depression, manic ogical date to the index date
disorders, bipolar disorders, or treatment I were excluded;
unspecified affective disorders) with None stated.
during follow-up.’ antidepres
sive drugs
Booth, 2015 Impact of bariatric Controlled CPRD 2000-2012  Clinical depression was identified Yes None At least one year Not applicable -
[14] surgery on clinical interrupted time- through medical diagnoses for stated of registration with
depression. Interrupted series study depression recorded in clinical or the practice prior
time series study with referral records as well as through to the index date
matched controls prescriptions for anti-depressant
drugs.
Bornand, The risk of new onset Nested case- CPRD 2000-2013  Minimum of three prescriptions for Yes None A minimum of Excluded Provides data
2016 [15] depression in control study one or more antidepressant drugs stated three years of patients with for depression

association with
influenza - A population-
based observational
study

recorded after the incident major
depression diagnosis (i.e. the index
date), identified by READ-codes
based on ICD-10 codes (F32), if
they started the antidepressant
therapy within 90 days of the
depression diagnosis

history before the
index date.

more than two
prescriptions for
antidepressants
at any time prior
to the index
date.

Adjusted for
history of
affective
disorders in the
models.

severity: general
depression; mild
depression;
moderate
depression;
severe
depression;
other.

316



Bouras, Linked Hospital and Cohort study CPRD 1997-2012  “Codes for the diagnoses of (...) Yes None Data available for Not applicable -
2016 [1] Primary Care Database HES depression were measured in CPRD stated >3 years before
Analysis of the (...) In HES, ICD-10 codes recorded the study index
Incidence and Impact of in the first position of a hospital date
Psychiatric Morbidity episode (signifying the main
Following condition treated) for the diagnoses I
Gastrointestinal Cancer of depression. (...) Prescription data
Surgery in England (...) including antidepressants Follow up
(Fluoxetine, Paroxetine, Sertraline, duration: 1 year
Citalopram, Escitalopram, post diagnosis
Mitrazapine, and Venlafaxine), (...)
anxiolytics (Diazepam and
Lorazepam).”
Claxton, Selective serotonin Cohort study MediPlus 1993-1995 Re-initiation of any antidepressant Yes None Only patients with Not applicable Patients
2000 [16] reuptake inhibitor after a gap of at least 6 months with stated contact with the (all patients had dementia,
treatment in the UK: no antidepressant prescription; services during the  been treated schizophrenia,
Risk of relapse or suicide attempt, referral to previous 2 years with SSRI) psychosis and
recurrence of psychotherapy or psychiatrist, of the index date; manic
depression admission to a mental health facility, I depression were
emergency room use related to Follow up duration excluded.
mental disorders, or of 18 months post
electroconvulsive therapy and re- index date
initiation of antidepressant one of the
above.
Depression first defined as treatment
with a SSRI and a Read code within
1 month of the prescription.
Clifford, Drug or symptom- Nested case- CPRD 1992-1999  Proxy of antidepressant prescription No None Registered in None stated -
2002 [17] induced depression in control study (first prescription of antidepressant) stated CPRD for at least

men treated with apha1-
blockers for benign
prostatic hyperplasia? A
nested-case control
study

12 months
I
ND
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Dave, 2010
[18]

Incidence of Maternal
and Paternal Depression
in Primary Care

Cohort study

THIN

1993-2007

“Read code entry for unipolar
depression and/or a prescription for
an antidepressant at the appropriate
therapeutic dose for treatment of
depression on a given consultation
date (...) we eliminated those who
had an entry for anxiety or panic
disorder but had no entry for
depression in their entire
computerized medical record.”

New episode was considered when
no diagnosis or prescription had
been registered in the past year.

No None
stated

Available on

request

None stated

Results stratified
by history of
previous mental
disorder

Mixed anxiety
and depression
was included.

Fardet, 2012
2]

Suicidal behavior and
severe neuropsychiatric
disorders following
glucocorticoid therapy in
primary care

Cohort study

THIN

1990-2008

‘Read code for unipolar depression,
for symptoms of depression, or for a
prescription for an antidepressant.
Diagnoses were considered first;
pr