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Thesis Portfolio Abstract 

Aims: This portfolio reviews the concept of Post-Stroke Depression (PSD) by exploring differences 

in the symptoms of depression between stroke survivors and members of the general population. The 

portfolio focuses on concerns that other stroke symptoms, such as fatigue, might be misinterpreted as 

depression, or vice versa.  

 

Structure: This portfolio includes a systematic review of existing studies that investigated symptom 

differences between PSD and general population depression. An empirical paper follows, which 

examined a commonly used depression questionnaire, the Patient Health Questionnaire-9 (PHQ-9) 

and how it might unintentionally measure stroke symptoms other than depression. This involved 

Confirmatory Factor Analysis (CFA), a statistical method. The portfolio finishes by reflecting on this 

research.  

 

Results: The systematic review found many similarities in the symptoms of depression between 

stroke and the general population. It found that loss of interest or pleasure in activity was less 

common in PSD. It found that problems with changeable emotions and disruption to working were 

more common in PSD. The empirical paper found that the PHQ-9 measures depression in stroke 

without problematic effects of other stroke symptoms, but that post-stroke fatigue might raise 

people’s scores on the question relating to tiredness. Researchers should therefore not compare PHQ-

9 scores between stroke and non-stroke groups without accounting for this.  

 

Conclusions:  We found evidence for similarities and differences in experiences of depression 

between stroke and non-stroke. Depression measurement was robust to other physical consequences 

of stroke in both papers, but questionnaire items concerning tiredness and fatigue may be more prone 

to measuring these problems as well as depression. PSD may therefore be treated similarly to 

depression in other populations, but with consideration of a person’s experiences of  loss, changes to 

personal roles and work, their mood and well-being, and changes to how quickly their emotions 

change.  
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Chapter 1. Introduction to the Thesis Portfolio 

This thesis portfolio presents research that critically examines the construct of Post-Stroke Depression 

(PSD) and contemporary approaches to its measurement (Burton and Tyson, 2015). The systematic 

review appraised existing literature relevant to this debate and presents specific hypotheses for future 

research. Factor analysis and measurement invariance testing were applied in the subsequent 

empirical paper, with the aim of providing novel insights into phenomenological and measurement 

differences between PSD and depression in the general population. 

Background and Rationale 

Significant advancements to neuroimaging in the 1980s and 1990s supported improved understanding 

of the interactions between neurovascular diseases and depression, leading to an explosion of research 

interest in the phenomenology of PSD (Alexopoulos et al., 1997; Gainotti et al., 1997; Lipsey et al., 

1986; Robinson et al., 1983). It was through these seminal research papers that the complexity of PSD 

became clear. Many predictors of elevated distress after a stroke were identified: lesion location 

(Lipsey et al., 1983),  stroke severity (Lipsey et al., 1983; Pohjasvaara et al., 1998; Robinson et al., 

1983), neurochemical ‘endogenous’ factors (Grasso et al., 1994; Starkstein and Robinson, 1989), 

cognitive dysfunction (Kauhanen et al., 1999), physical impairment (Kauhanen et al., 2000), 

residential setting and available support (Burvill et al., 1997), post-stroke emotionalism (House et al., 

1989), and psychological adjustment to loss (Gainotti et al., 1997).   

These observations generated competing viewpoints regarding the potential mechanisms for 

both the formation and maintenance of PSD: (1) that PSD is primarily endogenous, as indicated by the 

‘vascular depression hypothesis’ (Alexopoulos et al., 1997), (2) that PSD should be considered similar 

in phenomenology and aetiology to depression in the general population (Lipsey et al., 1986), and/or 

(3) that cognitive and physical impairments of stroke contribute to the maintenance of depressed 

mood and negative cognitions in a biopsychosocial model (Broomfield et al., 2011). Notably, these 

perspectives span several philosophical stances, from the assumed Realism and implications of a 

fundamental context-independent biological reality implied by pure alignment to the vascular 

depression hypothesis, to Critical Realist and contextualist standpoints, which indicate that depression 
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exists but that its expression depends on individual context, implicit in the arguments of Broomfield et 

al. (Pilgrim, 2013).  

This lack of clarity in the literature about the underlying ontology and epistemology of PSD, 

as well as previous limitations to methodological capabilities, means that many previous attempts to 

understand the phenomenology are subject to criticism. For example, some researchers may have 

assumed the applicability of depression measurement to stroke populations (Gainotti et al., 1997), 

prompting concerns that the adopted methods were biased by possible measurement interference of 

post-stroke emotionalism and psychological adjustment to loss, which have been posited as distinct 

processes that nonetheless load onto measures of depressed mood (Calvert et al., 1998; Taylor et al., 

2011). Others have conceptualised elevated distress relating to, for example, emotion dysregulation or 

emotionalism, to exist within the construct of post-stroke depression, and designed new measures to 

incorporate this (Gainotti et al., 1997). Furthermore, there have been frequent concerns among 

clinicians and researchers that the numerous physical and cognitive sequelae may be mistaken for the 

somatic symptoms of depression (Cumming et al., 2010; De Coster et al., 2005), obfuscating our 

ability to differentiate depression-related experiences from extraneous sources. Such comorbid 

difficulties are, however, also likely to covary with depression because they can be formulated as part 

of the psychological maintenance of depression (Broomfield et al., 2011).  

Since this early flurry of interest in the phenomenology of PSD, there have been considerable 

advancements in methodological tools that support greater potential to differentiate depression 

phenomenology from measurement bias. These include Factor Analysis (Picardi et al., 2008), 

Differential Item Functioning (DIF) and Item Response Theory (IRT) methods (Katzan et al., 2021), 

and latent class sub-group analysis (Ulbricht et al., 2018). This thesis portfolio, therefore, aimed to 

provide an updated examination of the PSD construct through phenomenological comparisons with 

depression in the general population.  

Philosophical Position 

As outlined above, there exists substantial diversity of opinion about the ontology and epistemology 

of depression after stroke, which carries implications for methodological choice and interpretation of 
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findings (Alexopoulos et al., 1997; Lipsey et al., 1986; Broomfield et al. 2011). Because of the 

contextual influences on depression measurement between populations (Maul et al., 2016) and 

evidence that the development and maintenance of depression after stroke is complex, multifactorial, 

and person-specific (Broomfield et al., 2011), we moved away from Positivist philosophical 

orientations in this portfolio.  

In pursuit of the aim of understanding the phenomenology of PSD, an acknowledgement of 

some real construct of symptoms that tend to cluster together following a stroke has been adopted 

(Dong et al., 2022; Katzan et al., 2021). As such, the ontological position of this portfolio was Realist. 

This reality, though, is conceptualised in a more nuanced way than typical psychiatric definitions, 

which tend to view depression as a mental disorder, whose existence in an individual is often binary 

and dependent on the categorical presence of presupposed symptoms (Pilgrim, 2013). In this thesis, 

depression has been conceptualised as the presence of relevant affective, behavioural, cognitive, 

interpersonal and social experiences (symptoms) whose expression in any given individual is 

determined by an immeasurable set of predictive factors, including reciprocal or circular relationships, 

spanning biological, psychological, and social levels. Under this view, the superficial ‘truth’ of 

depression to those observing it would vary between individual, social, and cultural contexts because 

of inevitable differences in the immeasurable list of factors that influence its expression between such 

contexts. Concretely, individuals across nations may conceptualise the symptom profile of depression 

differently based on how depression is locally expressed (Juhasz et al., 2012), but these local truths 

can nonetheless be conceptualised as different expressions of the same underlying reality, simply with 

different inputs. Thus, the underlying reality of depression is seen as a metraphorical blueprint of how 

symptoms will be expressed depending on the context. 

Because of concerns about the fundamental limitation of measurement tools as indicators of 

an inaccessible internal reality, the dependency of the expression and perception of post-stroke 

depression on individual, social, and cultural context (i.e. Broomfield et al., 2011), and concerns about 

a taken-for-granted equivalence of the depression construct between populations, a Contextualist 

epistemological position was adopted (Annis, 1978). Questionnaire items were interpreted only as 
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indicators of an unobservable reality and the interface between the person and the measure was seen 

as inevitably influenced by individual, group-level, and cultural characteristics. This combination of 

ontological and epistemological positions is captured by the Critical Realist philosophical stance 

(Pilgrim, 2013).  

Thesis Outline 

The systematic review is presented first, followed by an extended methodology chapter that outlines 

the numerous methodological considerations employed in the review. A brief bridging chapter 

summarises the limitations with existing research and outlines the rationale for the subsequent 

empirical paper. The thesis portfolio concludes with a critical discussion chapter, which integrates the 

findings of the two papers, outlines methodological strengths and weaknesses, engages with wider 

issues in PSD phenomenology research, and outlines avenues for future research.  
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Abstract 

Previous research into the differences in the phenomenology of Post-Stroke Depression (PSD) has 

typically focused on comparisons of symptom profiles between stroke groups and general population 

controls. This systematic review aimed to synthesize these findings with results from other 

methodologies that contributed comparisons of PSD phenomenology.  Articles were identified via a 

search of seven databases and a manual search of references from relevant articles.  Twelve articles 

comparing the symptomatology of PSD between stroke and non-stroke healthy controls were 

included. Three distinct methodological approaches, relevant to the aim, were identified: comparisons 

of profiles among groups with similar overall depression severity, comparisons of the strengths of 

correlations between a symptom and depression, and comparisons of latent symptom severity. A 

narrative synthesis approach was adopted because of high methodological heterogeneity. The 

symptomatology of depression was found to be broadly similar between groups. The stroke groups 

presented with comparatively less severe/prevalent anhedonia and more severe/prevalent 

emotionalism and disruption to work.  The prevalence and severity of somatic symptoms appeared 

similar between groups, despite the hypothesised interference of comorbid physical stroke effects. 

Possible mechanisms for observed differences and similarities are explored, and areas for future 

research outlined. 
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Introduction 

Depression is a common consequence of stroke, occurring in approximately one-third of survivors 

(Mitchell et al., 2017). Depression after stroke is associated with poorer functional outcomes, reduced 

social engagement, and higher rates of mortality. Accordingly, Post-Stroke Depression (PSD) must be 

assessed accurately so that effective and targeted intervention is made available (Deng et al., 2017; 

Robinson and Jorge, 2016).  

 The provision of accurate assessment and support for PSD arguably requires a clear and 

grounded conceptualization of how depression manifests in this population. However, attempts to 

understand the phenomenology and etiology of PSD have been complicated by the wide range of 

morbidities after strokes, such as physical and cognitive disability, functional impairment, fatigue, 

personality changes, and neurovascular alterations (Duncan, 1994; Hu et al., 2017; Teasdale and 

Engberg, 2010). Broomfield et al. (2011) outlined four examples of how these factors can interact to 

heighten the complexity of PSD assessment and conceptualization: 1) the impact of physical 

impairment on activity engagement and social participation, 2) the depressogenic effect of medical 

comorbidities and neurobiological alterations, 3) the presence of stroke-specific negative attributions, 

and 4) the impact of cognitive dysfunction in biasing information processing in favor of depression-

reinforcing appraisals. PSD must, therefore, be understood as complex and multi-faceted, with unique 

interactions between the biological, psychological, and social levels (Dowswell et al., 2000; Mitchell 

et al., 2017; Newberg et al., 2009; Shi et al., 2017).   

 Despite the presence of these additional complexities, significant debate in the literature as to 

whether symptomatology and phenomenology of PSD differ significantly from depression in non-

stroke populations has remained. For example, proponents of the vascular depression hypothesis have 

argued that the etiology of depression in populations with neurovascular diseases may be distinct from 

major depression in the general population (Aizenstein et al., 2016; Alexopoulos et al., 1997), 

stemming from findings that neurovascular changes are independent predictors of depressive 

experiences (Pan et al., 2012; Thomas et al., 2004) and associated with poorer response to treatment 

(Aizenstein et al., 2014). Furthermore, qualitative studies of depression in stroke populations have 
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outlined experiences and narratives that appear to be unique to this group; such studies have 

highlighted themes of identity loss, aloneness in post-stroke experience, self-blame, guilt and burden-

related beliefs, when reflecting on life before and after their stroke (Crowe et al., 2016; Taule and 

Råheim, 2014).  

 The view that PSD should be considered clinically distinct from major depressions is, 

however, not without criticism. While qualitative studies have indicated the presence of narratives and 

meanings that are unique and specific to the experience of stroke recovery (Crowe et al., 2016; Taule 

and Råheim, 2014), such studies are unable to indicate population-level differences. Differences in 

narrative or cognitive accounts of, for example, guilt between stroke and non-stroke depression might 

not be indicative of differences in the frequency, severity, and functional impact of guilt-related 

cognitions more broadly, and several studies have found evidence of similarities in depression profiles 

(de Man-van Ginkel et al., 2015; Gainotti et al., 1999; Lipsey et al., 1986).  Furthermore, despite 

concerns that responses to somatic depression items are primarily caused by bias from extraneous 

sources, such as post-stroke fatigue (Acciarresi et al., 2014), comparisons of profiles between 

depressed and non-depressed stroke groups indicate that somatic items capture substantial variance 

attributable to depression, suggesting that somatic depression symptoms also exist in PSD (de Man-

van Ginkel et al., 2015; Robinson, 2006). 

Studies that compare symptom profiles in this way are, however, only one of many possible 

methodological approaches to the comparison in symptomatology between depressed and non-

depressed groups. With a high diversity of methodologies that could provide insights into 

phenomenological differences associated with PSD, a systematic review affords a unique opportunity 

to synthesize the respective insights provided by each methodology and develop a clearer picture of 

whether PSD should be considered a distinct clinical phenomenon.   

As far as we know, no systematic review or meta-analysis has so far investigated the 

comparative phenomenology of PSD and depressed mood in the general population. This review was, 

therefore, conducted to answer the following research question: are there population-level differences 

in symptomatology between PSD and depression in the general population? 
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Methods 

A scoping search indicated significant heterogeneity in methodology, because of variation in the 

stroke measures used, the time elapsed since the index stroke event, methods of comparison, 

nationality, residential setting, and other factors. Accordingly, a narrative synthesis approach, 

following guidance provided by Popay et al. (2006), was adopted. 

The search was conducted in September 2021, followed by an update search in January 2022. 

The review was registered to Prospero on 18th August 2021 (ID: CRD42021272862). At the time of 

registration, no similar reviews were registered on Prospero or the Cochrane database.  

Eligibility Criteria 

Eligibility criteria were generated using the PICOS (Population, Intervention, Comparison group, 

Outcomes, and Study design) framework for systematic review design (Methley et al., 2014; Pollock 

and Berge, 2018). This review did not focus on clinical intervention, so this criterion was removed.   

Population 

Inclusion Criteria. Articles examining adults with a current diagnosis or history of stroke or 

strokes, of both ischemic and hemorrhagic origin.  

Exclusion Criteria. Studies examining people with Transient Ischemic Attacks (TIAs) with 

or without the presence of a stroke. Articles examining populations with separate or additional 

acquired or progressive neurological conditions, such as hemorrhages secondary to traumatic brain 

injury, small vessel disease, or vascular dementia. Articles that were not written in English were 

excluded because translation services were not available.  

Study Outcome 

Inclusion Criteria. Articles that used validated quantitative measures. Decisions about 

sufficient measure validity were based on the quality of initial validation studies and whether the 

measure has specific stroke or ABI validity evidence. 

Exclusion Criteria. Studies that did not contain quantitative data on depressive symptoms. 

Social factors, such as social isolation, were not of interest to the current study because these factors 
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have been adequately investigated by previous reviews and meta-analyses of predictors of PSD (e.g. 

Hackett and Anderson, 2005).  

Comparison Group  

Inclusion Criteria. Studies that used a comparison group of healthy individuals without 

neurological impairment.  

Exclusion Criteria. Studies that focused on specific health conditions, such as heart disease 

or orthopedic injury. 

Study Design and Analysis 

Inclusion Criteria. Any studies that utilized quantitative analyses that could provide valid 

insight into phenomenological between-group differences. 

Exclusion Criteria. Studies that statistically compared overall depression scores or compared 

depressive symptoms without accounting for differences in overall depression severity; secondary 

sources, such as book chapters, systematic reviews or meta-analyses; studies with unextractable data. 

Search Strategy 

The search was completed on EBSCOhost, using the following databases: Academic Search Complete, 

AMED (The Allied and Complementary Medicine Database), APA PsycArticles, APA PsycInfo, 

CINAHL Complete (Cumulative Index of Nursing and Allied Health Literature), MEDLINE Complete, 

and OpenDissertations. The search was conducted on each database separately, and the terms were 

applied to article subject, keyword, title and abstract (see Appendix B for search strategy). The search 

terms, which included a mixture of keywords and MESH terms, were as follows: 

(“stroke” or “cerebrovascular accident*” or “post-stroke” or “subarachnoid hemorrhage” 

or “cerebral infarct*” or “lacunar infarct*” or “lacunar stroke” or “cerebral hemorrhage” 

or “Hypoxia-ischemia, Brain” or “brain infarction”) AND (“low mood” or “depress*” or 

“mood” or “wellbeing” or “distress*” or “affect” or “psychological distress” or “Stress, 

psychological” or “psychological distress” or “mental depression”) AND (“phq-9” or “phq-

2” or “phq9” or “patient health questionnaire-9” or “patient health questionnaire” or 
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“patient health questionnaire-2” or “Geriatric Depression Scale” or “GDS” or “GDS-15” 

or “hospital anxiety and depression scale” or “HADS” or “Center for Epidemiologic Studies 

Depression Scale” or “CES-D” or “Beck Depression Inventory” or “Beck Depression 

Inventory-II” or “BDI-II” or “BDI” or “Structured Clinical Interview for DSM-IV” or 

“SCID” or “SCID-II” or “The Structured Clinical Interview for DSM-5” or “Composite 

International Diagnostic Interview” or “CIDI” or “Diagnostic Interview Schedule” or 

“Mini-International Neuropsychiatric Interview” or “MINI” or “M.I.N.I” or “Aphasia 

Depression Rating Scale” or “ADRS” or “Brief Assessment Schedule Depression Cards” or 

“BASDEC” or “Montgomery–Asberg Depression Rating Scale” or “MADRS” or 

“Psychiatric Assessment System” or “Schedule for Affective Disorders and Schizophrenia” 

or “SADS” or “Schedules for Clinical Assessment in Neuropsychiatry” or “Signs of 

Depression Scale” or “SODS” or “Visual Analogue Mood Scale” or “VAMS” or “Hamilton 

Depression Rating Scale” or “HAM-D”). 

A manual search was completed by screening reference lists of included articles, reviews, or 

book chapters that were relevant to the review question (Robinson, 2006; Robinson and Spalletta, 

2010).  Relevant papers were combined with articles from the above search. Duplicated articles were 

removed using Mendeley’s removal function (Reiswig, 2010) and exported to Rayyan for screening 

(Ouzzani et al., 2016).  

Screening and Selection 

Articles were first screened for relevance to the criteria by title, followed by abstract and full text. A 

second reviewer was allocated 10% of the total and followed the same iterative process, blind to the 

ratings of the primary author. After each stage, the primary and second authors reviewed and resolved 

incidences of conflict. In cases where the primary author had not considered potentially relevant 

constructs or methods, the primary author re-screened the excluded articles under the refined criteria.  

Quality Rating 

Quality assessment was employed primarily to assess the risk of bias. There is considerable variation 

of opinion about the most appropriate quality assessment tool for observational studies (Ma et al., 
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2020; Protogerou and Hagger, 2018). The National Heart, Lung, and Blood Institute (NHLBI) Quality 

Assessment Tool for the Quality Assessment of Observational Cohort and Cross-sectional Studies 

was selected for the present study (National Heart Lung and Blood Institute, 2013) because of its 

focus on methodological quality and bias, consideration of the validity of outcome measures, and 

flexibility to variation in methodology.  

The assessment tool consists of fourteen items, with nominal responses of ‘Yes’, ‘No’, or 

‘Other (cannot determine, not reported, not applicable)’. An overall quality rating of ‘Good’, ‘Fair’, or 

‘Poor’ is determined based on the judgment of the reviewers, rather than by computation, which 

supports flexibility in weighting items that are important for the specific methodology of the study.  

Each shortlisted paper, after full-text screening, was rated for quality using the same criteria.   

Data Extraction and Analysis 

Studies meeting all criteria were extracted for participant and sample characteristics, study design, 

stroke characteristics (e.g. time since index stroke event, type of stroke), outcome measures used, 

method of analysis, and key findings. For each study, the findings for each symptom were coded in 

the direction of significance; studies that found greater prevalence, severity, or correlation of a 

symptom with depression in the stroke group were coded as ‘more’, studies that found the reverse 

were coded as ‘less’, and non-significant findings were coded as ‘no difference’. Significance was 

based on the method of significance testing reported by the study, or similar studies if significance 

testing was not conducted; in this latter case, recommendations of significance criteria from other 

papers (e.g. de Man-van Ginkel et al., 2015) were applied by the reviewers of the current paper to 

determine effect direction. 

 For studies that investigated multiple groups or used multiple measures, comparisons of 

symptom differences were extracted separately for each group and each measure used. For example, a 

study that sampled stroke groups at three different timepoints post-stroke and compared each to the 

non-stroke group would have three sets of extracted data. Each study could, therefore, contribute 

multiple findings.  
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Categorization of the time since the index stroke event of the stroke group(s) was made for 

each comparison. The four categories were: ‘<6 weeks’, ‘6 – 12 weeks’, ‘12 weeks to 1 year’, and ‘>1 

year’. These categories were based on approximate thresholds for recovery stages reported in the 

literature. Most stroke recovery is observed before 12 weeks (Wade et al., 1985) and approaches a 

flattening of trajectory beyond one year (Kotila et al., 1999). 

 Many symptoms were extracted because of the variability of measures used and different 

symptoms assessed by each measure (Cumming et al., 2010; de Man-van Ginkel et al., 2015; House et 

al., 1991).  Dimension reduction was, therefore, performed on the extracted symptoms to consolidate 

them into a manageable set of broader symptom domains and to support comparisons of similar or 

overlapping symptoms between measures. In cases where findings for multiple symptoms loaded onto 

the same domain, a scoring method was used to determine the overall significance category of that 

new higher-order domain; all symptoms within the domain were scored +1 for a ‘more’ finding, -1 for 

‘less’, and 0 for ‘no difference’. The summed score was divided by the number of symptoms in that 

category with reported findings. Combined scores between -.5 and +.5 were assigned ‘no difference’ 

and scores greater than ±.5 were assigned the category ‘more’ or ‘less’. This ensured that the presence 

of only one ‘more’ or one ’less’ finding amidst multiple ‘no difference’ findings did not overstate the 

level of overall difference within that domain. This approach is consistent with the methods outlined 

by Thomson and Thomas (2013).  

 The analysis involved explorations of patterns of ‘more’, ‘less’, and ‘no difference’ findings 

relating to explanatory variables, such as time since stroke. The main analysis of phenomenological 

differences involved analysing the proportions of ‘more’, ‘less’, and ‘no difference’ findings for each 

symptom domain.  

Because of many possible methodological approaches capable of answering the research 

question, the feasibility of aggregating ‘more’, ‘less’, and ‘no difference’ findings across these 

approaches was considered. For example, whether a finding of greater prevalence of a symptom in 

stroke could be aggregated with a study reporting a stronger correlation of a symptom with 

depression. In both cases, a ‘more’ rating would be ascribed but judgement about the compatibility of 



 

21 

 

combining these findings was required for analyses that examined patterns in the proportion of 

‘more’, ‘less’, and ‘no difference’ findings. In cases of incompatibility, proportional differences in 

effect direction between groups were analysed separately for each methodology. Such judgments were 

made with the review team and are reported in the following section.  

Results 

Study Inclusion 

The identification and screening process is summarised in Figure 1. From 4462 original articles 

identified, 58 articles were selected for full-text screening. Most articles were ineligible, most 

frequently because of the non-reporting of statistics that allowed a valid comparison of depressive 

symptomology between groups. References for excluded articles at the full-text screening stage are 

outlined in Appendix C. Twelve eligible studies were included in this review.  

Quality Assessment and Risk of Bias 

Results of the quality assessment of each study are summarised in Table 1. Details of item-level 

responses are provided in Appendix D. Two studies were rated as ‘good’ in quality, and 9 studies as 

‘fair’. Two studies were allocated a ‘fair to poor’ rating, primarily because they featured a newly 

designed depression measure, the Post-Stroke Depression Rating Scale (PDRS) with limited 

validation evidence (Gainotti et al., 1999; Gainotti et al., 1997). Despite these weaknesses, these 

studies were included in the analysis because the methodology was otherwise of high relevance to the 

research question.  

Study Details 

Characteristics of each of the final studies are provided in Table 1.   

Design and Methodology 

Three distinct methodologies for indicating symptomatologic differences in depressed mood between 

stroke and non-stroke participants were identified: (1) comparisons of depression symptom profiles, 

where depression severity is approximately controlled between groups, (2) comparisons of correlation 

strengths between a depression symptom and general depression, and (3) Differential Item 

Functioning (DIF) analysis using Item Response Theory (IRT). Profile comparison studies 
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investigated either between-groups differences in percentage prevalence of positive endorsement of a 

depression symptom, or differences in mean symptom score (symptom severity). Comparative 

correlation studies investigated the correlation between a symptom measure, such as a self-esteem 

questionnaire, and scores on a depression measure (Vickery et al., 2008). IRT DIF studies offer 

different insights into phenomenology to profile comparisons or differences in association strengths 

by comparing differences in the latent symptom severity of items/symptoms, the underlying 

depression severity to which they are sensitive. In other words, positive responses to some items 

occur, on average, with only minimal depression, and items are endorsed only in severe depression. 

IRT arranges items in order of the range of the average underlying depression severity that they are 

sensitive to, and DIF assesses differences in these latent severities between groups.  

Most studies were cross-sectional, except for House et al. (1991), who explored longitudinal 

changes in depression profiles. Because several studies examined multiple groups (Gainotti et al., 

1999; House et al., 1991; Schramke et al., 1998), and therefore contributed multiple comparisons, 

there were twenty between-group comparisons extracted from twelve studies; Vickery et al. (2008) 

contributed two findings, Gainotti et al. (1999) three findings, House et al. (1991) three, and 

Schramke et al. (1998) contributed four. All other studies contributed one finding each.   

Participants 

The combined studies featured 1024 stroke-group and 1741 comparison-group participants, with a 

total sample of 2765. Participants were sampled from seven countries, all Western developed nations. 

Ethnicity was inconsistently reported and, therefore, could not be analysed. 

The time elapsed since the index stroke event varied considerably between studies, from two 

weeks to many years. Stroke participants were sampled from inpatient settings, which were generally 

associated with earlier recovery time points, and the community. Most studies did not investigate 

lateralisation, except for Schramke et al. (1998). Five studies included only participants who 

experienced a first stroke. Stroke severity was rarely reported; three studies reported scores on Barthel 

Index for Activities of Daily Living (de Man-van Ginkel et al., 2015; House et al., 1991; Stokes et al., 

2011), but none used a specific indicator of stroke severity, such as the Stroke Impact Scale  (Duncan 
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et al., 1999). Stroke sample sizes ranged from 22 (Schramke et al., 1998) to 149 (Cumming et al., 

2010); sample size justification was infrequently reported  (Pickard et al., 2006).  

Study comparison groups were mostly community-based (9/12). The remaining three papers, 

all profile comparison studies, sampled depressed psychiatric inpatients (Gainotti et al., 1999; Gainotti 

et al., 1997; Lipsey et al., 1986). Substantial between-groups demographic differences were reported 

in two studies: de Man-van Ginkel et al. (2015) reported significant differences in several 

demographic categories, including age, gender, and education level, and Pickard et al. (2006) also 

reported substantial differences in age, gender, and nationality of included participants. Demographic 

comparisons were not reported in two studies (Bennett et al., 2006; Gainotti et al., 1999). Control 

group sample sizes ranged from 24 (Schramke et al., 1998) to 745 (Cumming et al., 2010).  
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Figure 1 A flowchart of the article identification, screening and selection process, adapted from 

guidelines and templates published by Page et al. (2021) 

 

 
 

 

From:  Page,et al. (2020). The PRISMA 2020 statement: an updated guideline for reporting 

systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

 

For more information, visit: http://www.prisma-statement.org/ 
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Table 1 Study characteristics of included articles 

Authors 

(year) 

Methodological 

category and 

design 

Quality 

rating 

Participant characteristics Setting Outcome 

measures 

How was 

significance 

decided? 

Main findings (reported as 

questionnaire items/depression 

symptoms before dimension 

reduction) 

Gainotti 

et al. 

(1999) 

Category: 

profile 

comparisons 

(symptom 

severity) 

 

Design: cross-

sectional 

between-groups 

Fair to 

poor 

Stroke group: Three groups 

with single first-time 

monohemispheric stroke. 

Three groups based on time 

since stroke: <2 months (N = 

58), 2-4 months (N = 52), > 4 

months (N = 43). Only 

depressed people included, 

selected from the above 

samples. 

 

Control group: 30 mental 

health inpatients for 

endogenous depression. 

Demographic comparisons 

between the control and 

stroke groups were not 

reported. Only depressed 

people included. 

 

Stroke 

group: 

Italian 

citizens. 

Unclear 

residence. 

 

Control 

group: 

Italian 

inpatients 

Post-Stroke 

Depression 

Rating Scale 

(PDRS) 

No significance 

test in source 

paper. The source 

paper authors used 

> 1 PDRS score 

point difference in 

a symptom 

between groups as 

the criterion for 

difference 

Findings depend on each timepoint 

since the index stroke. Data entered 

separately during synthesis.  

 

Symptoms consistently (≥2/3 

stroke groups) more severe in 

stroke: catastrophic reactions, 

hyper-emotionalism, diurnal 

variations 

 

Symptoms consistently (≥2/3 

stroke groups) more severe in 

controls: mood, suicidal ideation, 

anhedonia 

 

Symptoms with no consistent 

difference: vegetative disorders, 

apathy, anxiety, guilt 

Gainotti 

et al. 

(1997) 

Category: 

profile 

comparisons 

(symptom 

severity) 

 

Design: cross-

sectional 

between-groups 

Fair to 

poor 

Stroke group: Three groups 

with single first-time 

monohemispheric stroke 

(N=124). The time elapsed 

since the onset of stroke was 

between two weeks and six 

months. Stroke patients were 

sorted into post-stroke major 

Stroke 

group: 

Italian 

residents. 

Unclear 

residence. 

 

Control 

group: 

Post-Stroke 

Depression 

Rating Scale 

(PDRS) 

Duncan Test for 

symptom-level 

comparisons in 

source paper.  

 

Only comparisons 

made between 

post-stroke major 

depression and the 

Symptoms more severe in stroke: 

anxiety, catastrophic reactions, 

hyper-emotionalism, diurnal 

variations 

 

Symptoms more severe in 

controls: mood, suicidal ideation, 

anhedonia 
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depression, minor depression, 

and no depression.  

 

Control group: 17 mental 

health inpatients for 

endogenous depression, 

matched to the stroke group 

by age and education. Only 

depressed people included. 

Italian 

psychiatric 

inpatients 

control group were 

extracted, not the 

‘post-stroke minor 

depression’ or ‘no 

depression’ 

samples, as only 

this had broadly 

similar overall 

depression severity 

 

Symptoms with no difference: 

vegetative disorders, apathy 

House et 

al. (1991) 

Category: 

profile 

comparisons 

(symptom 

prevalence) 

 

Design: 

longitudinal 

between-groups 

Good Stroke group: 128 first-

stroke patients assessed at 

two-to-three time points post-

stroke: 1 month (n=78), 6 

months (n = 107), and 12 

months (n =88). Additional 

participants were recruited 

between 1 and 6 months. 

45% had less than maximum 

Barthel ADLs immediately 

post-stroke. Severity difficult 

to determine.  

 

Control group: 111 

participants randomly 

sampled from general 

practice, using stratified 

random sampling 

approximately matched for 

age and sex.  

 

Stroke 

group: 

English 

people 

living in 

the 

community. 

 

Control 

group: 

English 

people 

living in 

the 

community 

Beck 

Depression 

Inventory 

(BDI); 

positive 

ratings 

defined a 

symptom as 

present.  

No significance 

test or other 

criteria for 

difference was 

used in the source 

paper; a 

prevalence ≥10% 

was used by the 

authors of the 

current paper as a 

criterion for 

significance, based 

on the 

methodology of de 

Man-van Ginkel et 

al. (2015), to 

maximise 

consistency of 

significance 

appraisal  

Findings depend on each timepoint 

since the index stroke. Data entered 

separately during synthesis.  

 

Symptoms consistently (≥2/3 

stroke groups) more prevalent in 

stroke: work inhibition/inability to 

work 

 

Symptoms consistently (≥2/3 

stroke groups) more prevalent in 

controls: sleep problems, loss of 

libido 

 

Symptoms with no consistent 

difference: guilt, depressed mood, 

loss of interest, tiredness, suicidal 

ideation, sense of failure, self-hate, 

irritability, social withdrawal, 

indecisiveness, self-accusation, 

crying, body image 

 

Lipsey et 

al. (1986) 

Category: 

profile 

comparisons 

Fair Stroke group: 43 ischaemic 

or haemorrhagic stroke 

patients assessed less than six 

Stroke 

group: US 

citizens in 

Present State 

Examination 

(PSE) 

Chi-square test of 

significance, used 

in the source paper 

Symptoms more prevalent in 

stroke: slowed down 
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(symptom 

prevalence) 

 

Design: cross-

sectional 

between-groups 

months following their 

stroke. All stroke patients 

were depressed accordingly 

to DSM-III criteria for major 

depression 

 

Control group: 43 

‘functionally depressed’ 

participants. Control 

participants did not differ in 

any key demographic. 

Significantly fewer 

poststroke patients reported 

previous psychiatric disorder 

 

the 

community 

or inpatient 

wards 

 

Control 

group: US 

psychiatric 

inpatients 

Symptoms more prevalent in 

controls: loss of interest and 

concentration 

 

Symptoms with no difference: 

simple depression, general anxiety, 

affective flattening, hypomania, 

overactivity, special features of 

depression, agitation, self-neglect, 

ideas of reference, tension, lack of 

energy, worrying, irritability, social 

unease, other symptoms of 

depression 

 

Cumming 

et al. 

(2010) 

Category: 

profile 

comparisons 

(symptom 

prevalence) and 

factor score 

comparisons 

 

Design: cross-

sectional 

between-groups 

Good Stroke group: 149 ischaemic 

or haemorrhagic stroke 

patients assessed eighteen 

months post-stroke, 

diagnosed with post-stroke 

depression 

 

Control group: 745 age- and 

sex-matched general 

population controls. 

Recruited from previous 

studies. Because they were 

general population samples, a 

small percentage (9%) had a 

history of stroke. Controls 

had a diagnosis of a major 

depressive episode 

 

Stroke 

group: 

Swedish 

citizens in 

the 

community 

 

Control 

group: 

Swedish 

citizens in 

the 

community 

Montgomery

-Asberg 

Depression 

Rating Scale 

(MADRS) 

Mann Whitney U 

significance test, 

used in the source 

paper 

Symptoms more prevalent in 

stroke: none 

 

Symptoms more prevalent in 

controls: inability to feel, disturbed 

sleep 

 

Symptoms with no difference: 

sadness, suicidal thoughts, observed 

sadness, inner tension, disturbed 

appetite, concentration difficulties, 

loss of energy, pessimistic thoughts 
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de Man-

van 

Ginkel et 

al. (2015) 

Category: 

profile 

comparisons 

(symptom 

prevalence) 

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 54 depressed 

ischaemic or haemorrhagic 

stroke patients assessed six to 

eight weeks post-stroke, 

selected from a sample of 382 

stroke patients. Median 

Barthel score was 97.5, 

indicating mild stroke 

severity 

 

Control group: 150 

depressed general practice 

patients, selected from a 

wider pool of 1160 general 

practice patients. 

Uncontrolled demographic 

differences reported.  

 

Stroke 

group: 

Dutch 

citizens in 

the 

community 

 

Control 

group: 

Dutch 

citizens in 

the 

community 

Patient 

Health 

Questionnair

e-9 (PHQ-9) 

No significance 

test used in the 

source paper; the 

source paper 

authors used a 

prevalence of  

≥10% an indicator 

of significance 

Data presented for non-depressed 

groups too, but data were only 

extracted for depressed groups.  

 

Symptoms more prevalent in 

stroke: concentration, motor 

retardation, suicidal ideation 

 

Symptoms more prevalent in 

controls: anhedonia, appetite 

disruption, guilt 

 

Symptoms with no difference: 

depressed mood, sleep problems, 

tiredness/low energy 

 

Bennett 

et al. 

(2006) 

Category: 

comparative 

correlation 

strengths  

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 79 stroke 

inpatients assessed two to 

four weeks post-stroke. 

 

Control group: 49 healthy 

older adults, recruited via 

convenience sampling  

 

Stroke 

group: UK 

subacute 

stroke 

inpatients 

 

Control 

group: UK 

older adults 

in the 

community 

Depression 

measure: 

Hospital 

Anxiety and 

Depression 

Scale 

depression 

subscale 

(HADS-D) 

 

Associated 

symptom 

and 

measure: 

Self-esteem 

using the 

Visual 

Correlation 

coefficient 

(Spearman rho), 

used in the source 

paper.  

 

A Fisher r to z 

transformation was 

performed by the 

current reviewers 

to test differences 

in correlation 

strengths 

Correlation coefficients between 

depression (HADS-D) and symptom 

measure (VASES). Fisher r to z 

supports a significance test between 

two correlation strengths.  

 

Stroke correlation: r = -.52, p<.001 

 

Control correlation: r= -.54, 

p<.001 

 

Fisher r to z: non-significant, z = -

.15 p =. 88 
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Analog Self-

esteem Scale 

(VASES) 

 

Fleming 

et al. 

(2021) 

Category: 

comparative 

correlation 

strengths  

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 69 stroke 

participants, recruited via 

convenience sampling. 

Participants were >3 months 

post-stroke 

 

Control group: 63 healthy 

older adults, recruited via 

convenience sampling. 

Controls were similar in age 

and sex.  

 

Stroke 

group: UK 

residents in 

the 

community 

 

Control 

group: UK 

residents in 

the 

community 

Depression 

measure: 

Hospital 

Anxiety and 

Depression 

Scale 

depression 

subscale 

(HADS-D) 

 

Associated 

symptom 

and 

measure: 

Sleep 

quality/inso

mnia using 

the Sleep 

Condition 

Indicator 

(SCI) 

 

A regression of 

SCI to HADS-D 

scores was 

reported in the 

source paper. If 

the variable of 

stroke status 

contributed to the 

model r squared, 

this would be 

interpreted as an 

indicator of 

different 

association 

strength 

The non-stroke control group 

independent variable did not 

contribute significantly to the 

model, indicating a non-specific 

difference between groups in the 

relationship between insomnia and 

depression. The authors concluded 

that the relationship between 

insomnia and depression was not 

specific to stroke. 

Schramke 

et al. 

(1998) 

Category: 

comparative 

correlation 

strengths  

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 22 

participants with a single 

Right Hemisphere (RH) 

stroke and 22 participants 

with a single Left 

Hemisphere stroke (LH), 

recruited via convenience 

sampling. The mean time 

since stroke for the RH group 

Stroke 

group: US 

residents in 

the 

community 

 

Control 

group: US 

residents in 

Depression 

measures: 

Centre for 

Epidemiolog

ic Studies- 

Depression 

Scale (CES-

D) and the 

Hamilton 

Correlation 

coefficient with  

Fisher r to z 

transformation, 

reported by the 

source paper. 

RH stroke correlation of the BAI 

with CES-D: r2 = .57, p=.13 

LH stroke correlation of the BAI 

with CES-D: r2 = .72, p<.01 

Control correlation of the BAI 

with CES-D: r2 = .85, p<.01 

 

R to z comparison RH to control 

for the BAI and CES-D: 
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was 3.6 (SD: 3.41) and LH 

was 3.5 (SD: 2.98). 

 

Control group: 24 controls, 

recruited via friends and 

family of stroke participants. 

Controls were similar in age, 

sex, and education level.  

 

the 

community 

Depression 

Rating Scale 

(HDRS) 

 

Associated 

symptom 

and 

measure: 

Anxiety 

using the 

Beck 

Anxiety 

Inventory 

(BAI) 

Significant difference (less 

associated in stroke) 

R to z comparison LH to control 

for the BAI and CES-D: Non-

significant 

 

RH stroke correlation of the BAI 

with HDRS: r2 = .47, p=.05 

LH stroke correlation of the BAI 

with HDRS: r2 = .44, p=.05 

Control correlation of the BAI 

with HDRS: r2 = .80, p<.01 

 

R to z comparison RH to control 

for the BAI and HDRS: Significant 

difference (less associated in stroke 

) 

R to z comparison LH to control 

for the BAI and HDRS: Significant 

difference (less associated in stroke) 

 

 

Stokes et 

al. (2011) 

Category: 

comparative 

correlation 

strengths  

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 69 first stroke 

participants, recruited via 

convenience sampling. 

Participants were <3 years 

post-stroke. Barthel index 

mean score: 86 (moderate 

impairment) 

 

Control group: 63 age- and 

gender-matched controls.  

 

Stroke 

group: 

Irish 

residents in 

the 

community 

 

Control 

group: 

Irish 

residents in 

the 

community 

Depression 

measure: 

Geriatric 

Depression 

Scale (GDS) 

 

Associated 

symptom 

and 

measure: 

Fatigue 

using the 

Multidimens

A comparison of 

differences in the 

average effect of a 

one-point increase 

in GDS score on 

MFI general 

scores, reported by 

the source paper. 

Higher relative 

increases in MFI 

scores caused by 

higher GDS scores 

are indicative of a 

Stroke group: a one-point increase 

in GDS score corresponds with a 0.1 

increase in MFI general score. This 

is a non-significant relationship (p 

=.5) 

 

Control group: a one-point increase 

in GDS score corresponds with a 0.4 

increase in MFI general score, 

reaching significance (p <.05) 

 

Comparison: the difference in 

effect of a one-point increase in 
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ional Fatigue 

Inventory 

(MFI) 

general 

domain  

 

stronger 

correlation.  

GDS between the two groups 

reached statistical significance (p 

<.05). Fatigue is less correlated with 

depression in the stroke group.  

  

Vickery 

et al. 

(2008) 

Category: 

comparative 

correlation 

strengths  

 

Design: cross-

sectional 

between-groups 

Fair Stroke group: 80 stroke 

inpatients, recruited via 

convenience sampling. 

Patients were assessed 

approximately two weeks 

post-stroke 

 

Control group: 80 

volunteers recruited via 

convenience sampling, 

matched for age and 

education.  

 

Stroke 

group: US 

inpatients 

 

Control 

group: US 

citizens in 

the 

community 

Depression 

measure: 

Geriatric 

Depression 

Scale (GDS) 

 

Associated 

symptom 

and 

measure: 

Self-esteem, 

using the 

Visual 

Analogue 

Self-Esteem 

Scale 

(VASES), 

and the 

Rosenberg 

Self-Esteem 

Scale 

(RSES) 

 

Correlation 

coefficient with 

Fisher r to z 

transformation, 

reported by the 

source paper.  

Stroke RSES/GDS correlation: r = 

-.75 

Control RSES/GDS correlation: r 

= -.51 

R to z comparison RSES/GDS: 

Significant difference (more 

associated in stroke) 

 

Stroke VASES/GDS correlation: r 

= -.77 

Control VASES/GDS correlation: 

r = -.65 

R to z comparison RSES/GDS: No 

significant difference p = .064 

 

 

Pickard 

et al. 

(2006) 

Category: Item 

Response 

Theory (IRT) 

Differential 

Item 

Fair Stroke group: 32 depressed 

stroke inpatients, recruited 

from secondary sources. 

Patients were assessed 

approximately three months 

post-stroke. Health Utilities 

Stroke 

group: 

Canadian 

inpatients 

 

Depression 

measure:  

Centre for 

Epidemiolog

ic Studies- 

Depression 

DIF t-test statistic 

of latent item 

severity between 

groups, reported 

by the source 

paper. T-statistics 

Broadly similar hierarchies in latent 

symptom severity of the items as 

indicators of depression (r = .75). 

Significant item misfit was found in 

the stroke group for the ‘unfriendly’, 

‘crying’, and ‘restless’ items.  
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Functioning 

(DIF) analysis  

 

Design: cross-

sectional 

between-groups 

Index Mark 3 mean score is 

.45, indicating ‘severe 

disability’ (Feng, 2009). 

 

Control group: 366 primary 

care depressed adults living 

in the community. No 

evidence of demographic 

matching; substantial age 

differences reported  

 

Control 

group: 

US 

residents 

living in 

the 

community 

Scale (CES-

D) 

relate to a 

significance test of 

logit differences 

between groups. P 

values not 

provided, but 

items with p <.05 

are highlighted.  

 

Items with an infit 

Mean Squares 

(MNSQ) >1.4 

were deemed to 

have poor fit to the 

Rasch model, as 

specified by the 

source paper 

authors. 

 

Higher latent symptom severity in 

stroke: ‘I felt disliked by others’ 

(logit diff = .77), restlessness (logit 

diff = .61).  

 

Higher latent symptom severity in 

primary care: Crying (logit diff = 

.48), appetite disruption (logit diff = 

.65) 

 

Items with no significant 

difference: Unfriendly, failure, 

fearful, blues, effort, talked less, sad, 

as good as, concentration, 

depressed, get going, bothered, 

hopeful, happy, lonely, enjoy life. 
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Measures and Symptoms 

Symptom-level data were extracted from five depression measures: the PHQ-9, MADRS, BDI, PSDS, 

and PSE, resulting in 38 symptoms. Some symptoms were combined before dimension reduction 

because of overlaps in questionnaire wording: (1) depressed mood and sadness; and (2) fatigue, 

tiredness, and low energy.  Clustering decisions were made by judgment of the reviewers and 

informed by evidence and theory. The results of the dimension reduction are summarised in Table 2.   

The PSE items ‘hypomania’ and ‘overactivity’ were excluded from the selection because 

these are symptoms not typically included in diagnostic criteria of unipolar depression (Bell, 1994; 

UK National Collaborating Centre for Mental Health, 2010), and because they exhibited low 

prevalence in both groups in the study that used this measure (Lipsey et al., 1986).  

Table 2 A summary of the dimensions analysed and the constituent symptoms 

Dimension Composite symptoms and measures Rationale for clustering 

Negative 

affect 

PHQ-9 (down/depressed) 

MADRS (observed and reported sadness, 

inner tension) 

BDI (sadness) 

PSDS (depressed mood) 

PSE (simple depression, agitation, irritability, 

tension) 

Negative affect is seen as a core symptom of 

depression (Bell, 1994). It is formulated 

separately to cognitions in Cognitive-

Behavioural Therapy (CBT; Fenn and Byrne, 

2013).  

 

Factor analysis studies have generally found 

that these symptoms cluster together (Clara 

et al., 2001; González-Blanch et al., 2018; 

Steer et al., 1999; Storch et al., 2004). 

 

Anhedonia 

and apathy 

PHQ-9 (loss of interest in doing things) 

MADRS (inability to feel) 

BDI (lack of satisfaction, loss of interest in 

others) 

PSDS (anhedonia, 

apathy/abulia/indifference) 

PSE (affective flattening, loss of interest and 

concentration) 

 

Emotional flatness is understood as a core 

symptom of depression (Bell, 1994).  

 

Clara et al. (2001) found that anhedonia 

loaded onto a separate factor to negative 

affect.   

 

Anhedonia and apathy appear correlated and 

often causally linked (Ang et al., 2017). 

Apathy was therefore added to this 

dimension  

 

Negative 

cognitions  

PHQ-9 (feeling bad about yourself) 

MADRS (pessimistic thoughts) 

BDI (guilt, pessimistic thoughts, sense of 

failure, self-hate, self-blame, punishment, 

body image) 

PSDS (guilt feelings) 

PSE (special features of depression, ideas of 

reference) 

Negative cognitions are identified as a core 

component in CBT (Beck, 1979).  

 

Negative cognitions have been found to form 

a latent factor in factor analytic studies of the 

BDI (Steer et al., 1999) 
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Somatic 

features 

PHQ-9 (sleep, tiredness, appetite, slowed 

down) 

MADRS (sleep, reduced appetite, lassitude) 

BDI (sleep, tiredness, appetite, weight, libido. 

somatic preoccupation) 

PSDS (vegetative disorders) 

PSE (other symptoms of depression, 

slowness, energy) 

 

Somatic features of depression are 

documented in common depression criteria 

(Bell, 1994).  

 

Somatic symptoms have consistently formed 

a latent factor across multiple depression 

measures and covary highly (Boothroyd et 

al., 2019; Cumming et al., 2010; González-

Blanch et al., 2018)  

 

Behavioural 

features of 

depression 

BDI (work inhibition) 

PSE (self-neglect) 

Behavioural responses to emotional 

experiences are understood in CBT to be a 

primary factor in the maintenance of 

depressive symptoms and a moderating 

factor of outcome (Ludman et al., 2003; 

Moorey, 2010).  

 

Cognitive 

features of 

depression 

PHQ-9 (concentration) 

MADRS (concentration) 

BDI (indecisiveness) 

Cognitive impairment is a commonly 

reported symptom of depression (Bell, 

1994), and is associated with structural brain 

changes in neuroimaging studies (Marazziti 

et al., 2010) 

 

Symptoms of cognitive impairment have 

been found to cluster as a latent factor 

(Adams et al., 2004) 

 

Emotional 

dysregulation 

PSDS (catastrophic reactions, hyper-

emotionalism, diurnal variations) 

Emotion dysregulation, defined here as 

significant and rapid changes to emotional 

state, are not typically included in criteria for 

depression diagnosis (Bell, 1994; UK 

National Collaborating Centre for Mental 

Health, 2010). However, the authors 

hypothesized that elevated emotional 

variation is part of post-stroke major 

depression experience (Gainotti et al., 1997) 

  

Anxiety BAI total score 
PSDS (anxiety) 

PSD (social unease, worrying) 

Worrying, anxiety, and social phobia have 
been found to load onto a common factor on 

multiple measures (Lovibond and Lovibond, 
1995; Smith et al., 2002) 

 

Suicidal 

ideation 

PHQ-9 (thoughts about harming yourself) 

MADRS (suicidal thoughts) 

BDI (suicidal thoughts/intent) 

PSDS (suicidal thoughts/intent) 

Maintained as a separate factor because of 

the importance of understanding differences 

in this experience as part of informing safe 

clinical practice (Simon et al., 2013) 
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Main Findings  

For analysis of moderating variables, such as time since stroke, and their potential link to results, 

comparative correlation and profile comparison studies were combined. The results of these two 

methodologies were expected to broadly correspond because a trait with a higher degree of correlation 

with depression in one group might also be expected to have greater prevalence and severity in a 

depressed sample. The single DIF study (Pickard et al., 2006) was excluded from this analysis because 

differences in latent symptom severity were judged to be conceptually distinct from the association of 

symptoms with depression or their prevalence.  

Analyses of phenomenological differences were, by contrast, completed separately for each 

methodology because, despite broad epistemological similarities, methodological differences might 

obscure more nuanced and detailed relationships.  See Chapter 3 for more detailed explanations of 

these decisions.  

Moderation of Study Characteristics 

Nineteen comparisons were extracted from the 11 profile comparisons and comparative correlation 

studies. The proportions of ‘more’ (severe, prevalent, or associated), ‘less’, and ‘no difference’ 

findings were stratified across each level of the predictor variables of interest, for example, for each 

quality rating category. These results are summarised in Figure 2.  

 Methodology. Comparative correlation studies reported broadly consistent results to severity-

based profile comparison studies. By contrast, prevalence-based profile studies found ‘no differences’ 

between groups more often and ‘less’ findings (i.e., less prevalent, severe, or associated in the stroke 

group) less often. 

Comparative association studies contributed fewer results, providing only one symptom 

domain per study group comparison, versus an average of seven symptom domains for profile studies. 

Comparative association studies also reported a narrower spectrum of symptoms, with findings only 

extracted for anxiety, somatic features and negative cognitions.  
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Study Quality. Higher rated studies were less likely to report significant differences in either 

direction. Amongst poorer quality studies, findings of ‘less’ increased substantially, from 10% to 

46.4%. Poorer quality studies, therefore, potentially underestimated symptom severity, prevalence, or 

association with depression in the stroke groups. This could be explained by the fact that all four ‘fair 

to poor’ comparisons sampled psychiatric inpatients for their comparison group.  

The possible effects of uncontrolled or non-reported demographic differences, a risk factor for 

bias, was explored. Like findings for overall quality, studies with uncontrolled demographic 

differences reported more ‘less’ findings, 39.3% versus 23.5%, but a similar proportion of ‘more’ 

findings, 17.9% versus 17.7%.  

Time Since Stroke.  The proportion of ‘more’ findings progressively decreased with increased 

time since stroke.  There was no discernible pattern for ‘less’ or ‘no difference’ findings.  

Comparison Group Setting. Studies sampling psychiatric inpatients in their non-stroke 

comparison groups were twice as likely to report findings of less prevalence, severity, or association 

with depression in the stroke group than studies with community-based samples (41.2% versus 20%). 

All comparisons of suicidal ideation in the inpatient samples were categorised as ‘less’, compared 

with 0% in the community-based samples.  Studies featuring inpatient comparison groups may have 

reflected profile differences at the more severe end of post-stroke and non-stroke depression. The 

residential setting of the stroke group was not analysed because this had high correspondence with 

time since stroke.  

Depressed-only Versus Mixed Groups.   Four profile comparison studies featured groups of 

only depressed participants, and the remaining two had samples with a mixture of depressed and non-

depressed participants (Cumming et al., 2010; de Man-van Ginkel et al., 2015; Gainotti et al., 1999; 

Lipsey et al., 1986). Depressed-only samples provide greater specificity at identifying depression 

symptomatologic differences, rather than differences in general population characteristics. The 

frequency of ‘no difference’ findings between groups was similar, but studies with depressed-only 

samples were 14% more likely to find ‘less’ results and reported 13% fewer ‘more’ results. 
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Figure 2 Between-group differences in ‘more’, ‘less’, and ‘no difference findings, according to each moderating factor, for profile comparisons and 

comparative associations.  

The number of studies at each level of comparison (e.g. ‘good’, ‘fair’, and ‘fair to poor’ for quality) is summarised in brackets. The number of comparisons 

for each ‘more’, ‘less’, and ‘no difference’ finding is also provided in brackets. 
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Profile Comparison Studies 

Inferences relating to phenomenological differences were drawn by determining the percentage of 

‘more’, ‘less’, and ‘no difference’ findings for each of the nine domains (see Figure 3).  Ten profile 

comparisons were extracted from the six profile comparison studies.  

Negative Affect.  There were mixed findings for negative affect, with 50% of comparisons 

yielding non-significant differences. Forty percent of comparisons found that negative affect was less 

severe in the stroke group, but these findings came from two papers that used psychiatric inpatients as 

a comparison group and compared severity, not prevalence (Gainotti et al., 1999; Gainotti et al., 

1997). Therefore, it appeared that the prevalence of problems with negative affect was broadly similar 

between post-stroke and non-stroke depression groups. 

Anhedonia and Apathy. Seventy percent of comparisons indicated less prevalence/severity 

of anhedonia and apathy in the stroke group, and no studies indicated greater prevalence or severity. 

The three ‘no difference’ findings were extracted from one of the two papers with mixed depressed 

and non-depressed groups. This indicated that, amongst those meeting criteria for depression, stroke 

participants experience less anhedonia and apathy.  

Somatic Features. In most (80%) cases, no difference between groups was found. When 

exploring individual symptom differences, ‘less’ findings in the stroke group were generally due to 

less prevalent/severe sleep disruption and lost libido. Sleep disruption was less prevalent in stroke in 

three of the five comparisons that featured a sleep item, and no different in the remaining two. The 

single ‘more’ finding was due to a finding of more prevalent appetite disruption and somatic 

preoccupation in the 1-month post-stroke group (House et al., 1991). 

Negative Cognitions. The groups did not significantly differ in the presence/severity of 

indicators of negative cognitions in most cases. Both ‘less’ findings were explained by a greater 

prevalence/severity of guilt-related cognitions in the comparison group. Pessimism was more 

prevalent in two of the three House et al. (1991) stroke groups, but overall negative cognition 
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prevalence/severity was balanced out by ‘no difference’ findings of other symptoms, and a ‘less’ 

finding for self-blame in one group.  

Cognitive Difficulties. Cognitive complaints were more frequently reported in two of the five 

comparisons, and no different in the remaining three. This indicated a slight trend towards a greater 

prevalence of difficulties with concentration and indecisiveness post-stroke.  

Behavioural Features. Three-quarters of comparisons of behavioural symptoms indicated 

that negative behavioural features of depression are more common after stroke than in comparison 

groups. All three ‘more’ findings were due to the ‘work inhibition’ item in the BDI (House et al., 

1991). In the one study investigating self-neglect, no difference was observed (Lipsey et al., 1986). 

Exaggerated Emotions/Emotional Dysregulation. Greater severity and prevalence of 

symptoms of emotional dysregulation were found in the stroke group in most comparisons. All ‘more’ 

findings were attributable to the PSDS measure (Gainotti et al., 1999; Gainotti et al., 1997). 

Surprisingly, House et al. (1991) found a lower prevalence of crying in the 1-month post-stroke group, 

compared to healthy controls, despite suspected loading of post-stroke emotionalism and adjustment 

processes onto this item. 

Suicidal Ideation/Intent. Suicidal ideation was less prevalent in the stroke group in 44% of 

cases, and no difference was found in the same proportion. All four ‘less’ findings were attributable to 

studies that used psychiatric inpatients as comparison groups (Gainotti et al., 1999; Gainotti et al., 

1997). Given that significant risk of suicide is often a criterion for referral to inpatient mental health 

care, the generalisability of these findings is limited. Excluding these findings, the data indicated no 

clear difference in the prevalence of suicide between populations.  

Anxiety/Worry. Anxiety was found to be more severe in one comparison (Gainotti et al., 

1997), but there was no evidence for a significant difference in severity or prevalence in the remaining 

four comparisons. It appeared, therefore, that experiences of comorbid worry/anxiety were broadly 

similar between groups, according to profile comparison methodology.  

 



 

40 

 

Figure 3 The proportion of ‘more’, ‘less’, and ‘no difference’ findings (absolute number in brackets) for each symptom domain. The number of studies 

contributing data to each domain is also listed in bracket
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Comparative Correlation Strength Studies 

Comparative correlation studies reported findings for insomnia (Fleming et al., 2021), fatigue (Stokes 

et al., 2011), self-esteem (Bennett et al., 2006; Vickery, Sepehri, et al., 2008), and anxiety (Schramke 

et al., 1998). A stronger degree of correlation was interpreted to indicate that a symptom is a greater 

predictor of depressive experience, and therefore more central to the phenomenology of depression in 

that population.  

 Somatic Features. The single study investigating comparative correlation strengths for 

insomnia found no evidence of a group effect, indicating no differences in association with depression 

(Fleming et al., 2021). This provided tentative evidence for similarities in the centrality of insomnia to 

depressive experience between healthy older adults and people > 1-year post-stroke. 

 A single study found a weaker association between depression and domain-general fatigue in 

the stroke group (Stokes et al., 2011), by comparing differences in the effect of a one-point increase in 

fatigue scores on depression. The stroke group were > 1-year post-stroke.  

 Negative Cognitions (Self-esteem). Two studies investigated comparative correlation 

strengths of self-esteem with depression (Bennett et al., 2006; Vickery, et al., 2008). Vickery et al. 

contributed two separate comparisons using two separate self-esteem measures, the RSES and the 

VASES. Vickery found a greater relationship of self-esteem with depression in the stroke group, using 

the RSES, but no difference in association when using the VASES. Bennett et al. reported no 

difference in correlation strength, also using the VASES. The findings, therefore, suggested measure 

dependence. 

 Anxiety. Schramke et al. (1998) contributed four comparisons for anxiety, based on two 

depression measures, the CES-D and the HDRS, and two stroke groups, a right-hemisphere and left-

hemisphere stroke group. In three of the four comparisons, anxiety was less related to depression in 

the stroke groups than in the control group. There was a non-significant difference in association in 

the comparison featuring left-hemisphere stroke patients and the CES-D as a measure. Overall, it 

appeared that there was a trend towards a weaker association between anxiety and depression in 
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stroke, which indicated that anxiety featured less centrally in post-stroke depressive experience, > 1-

year post-stroke, than non-stroke depressive experience.  

Item Response Theory 

Pickard et al. (2006) used Rasch modelling, an IRT technique, to provide phenomenological insights 

into differences in post-stroke depressive experience. Pickard et al. found that feeling disliked by 

others, and feelings of restlessness were indicative of more severe depression in the stroke group, and 

the presence of crying and appetite disruption were indicative of more severe depression in the 

primary care group. No differences were found in the remaining CES-D items. Poor model fit was 

found for ‘unfriendly’, ‘crying’, and ‘restless’ items in the stroke group only, which suggested that 

these symptoms might have been less specific to depressive experience in this group.  

Discussion 

This narrative review aimed to identify similarities and differences in depression phenomenology 

between stroke survivors and people in the general population. Three distinct methodologies, capable 

of contributing to this aim, were identified by this review: profile comparisons, comparisons of 

correlation strengths of depression symptoms with depression, and Differential Item Functioning 

(DIF). Broad similarities between groups were found, with specific areas of difference that require 

careful analysis to determine possible causes.  

Each methodology contributed unique strengths; profile comparisons contributed rich 

information for multiple domains but are vulnerable to the effects of extraneous factors. For example, 

the finding of greater behavioural impairment in the stroke group was affected by the BDI ‘work 

inhibition’ item, which might be explained by factors other than depression. Comparisons of 

correlation strengths had the advantage of identifying the degree of ‘closeness’ of a symptom to 

depressive experience and were more robust to the confounds of profile comparisons, despite 

contributing less information per study. Finally, DIF offered powerful insights into differences in the 

relative severity of depression symptoms, a different perspective to that offered by the other 

methodologies.  
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Which Characteristics Influence Symptomatology Findings? 

Study quality was found to be a significant influencing factor of symptomatologic differences, with 

lower-quality studies generally finding lower severity, prevalence, and symptom-depression 

association in the stroke group in these studies. This finding might be partially explained by the 

presence of uncontrolled demographic differences in lower-rated studies. 

We found tentative evidence to support a trend of fewer ‘more’ findings with increased time 

since stroke.  This trend may be explained by methodological factors, such as the absence of profile 

comparison studies in the > 1-year post-stroke range and the observation that comparative correlation 

strength studies found fewer ‘more’ results than prevalence-based studies. Stroke-related factors, such 

as elevated emotion during early adjustment (Taylor et al., 2011), stroke recovery (Wade et al., 1985), 

or recovery of post-stroke emotionalism (Morris et al., 1993), are also possible. The results of the 

single longitudinal study (House et al., 1991) suggest that somatic symptoms are more prevalent in 

early recovery and become less prevalent by one-year post-stroke, which might be indicative of 

recovery or adjustment-based processes. Unexpectedly, House et al. (1991) found that crying was less 

prevalent in their early recovery group, contrary to theories of the natural course of emotionalism 

(Fitzgerald, 2021; Morris et al., 1993).  

The residential setting of the comparison group appeared relevant; studies investigating 

psychiatric inpatients in their control groups generally reported reduced symptom severity of negative 

affect and suicidal ideation in stroke. This difference was somewhat expected, given that inpatient 

admissions are commonly related to managing clinical risk (Hunt et al., 2012).   

Is the Phenomenology of PSD Different? 

Clear interpretation of patterns was obscured by the high degree of heterogeneity between studies but 

apparent relationships are summarised here. Profile comparison studies indicated broad similarities 

between depressed stroke and non-stroke participants in the prevalence/severity of somatic symptoms, 

negative cognitions, and anxiety. Findings of significantly less severe suicidal ideation and negative 

affect were reported in a sizeable minority of cases (40% and 44.4%, respectively). When accounting 

for the observation that these findings all used psychiatric inpatients as comparison groups and that 
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some had unmatched demographics, the severity and prevalence of negative affect and suicidal 

ideation appeared to be generally equal between groups.  

 The absence of consistent differences in prevalence or severity of somatic items between 

groups is intriguing, given the often-assumed interference of physical health consequences, such as 

post-stroke fatigue and physical disability, on the reliable measurement of the somatic features of 

depression (Cumming et al., 2010). This finding supports previous evidence that depression 

contributes unique variance to these items in both groups (de Man-van Ginkel et al., 2015; Robinson, 

2006). One possible explanation for this observed similarity is that somatic depression items are less 

biased by physical disability than often assumed, and instead primarily capture depression variance. 

Another possibility is that there is a weaker correlation between depression and somatic problems in 

stroke, but that this reduced correlation is offset by the presence of elevated baseline somatic 

symptoms, leading to a cancelling out between groups. Cumming et al., (2010) suggest that stroke 

patients may, on average, experience less sleep impairment because their fatigue leads to improved 

sleep, which would also lead to an offsetting effect of overall somatic impairment and post-stroke 

insomnia (Tang et al., 2015).  

 A clearer picture emerged for anhedonia and apathy, with 70% of profile comparisons 

indicating lower severity and prevalence in PSD groups. This finding is surprising, given the evidence 

in support of apathy as a stroke sequela (Jorge et al., 2010). By contrast, the stroke groups presented 

with greater severity of problems with emotional dysregulation in 57% of comparisons. Combined, 

these findings suggest that depression in the general population is more associated with dulled affect 

and low motivation, and PSD is associated more with greater emotional dysregulation. This picture is, 

of course, complicated by the distinct phenomena of post-stroke emotionalism (Calvert et al., 1998; 

Fitzgerald, 2021) and processes of emotional adjustment to loss (Taylor et al., 2011). It is possible that 

the presence of elevated emotions from adjustment and emotionalism negatively load onto items of 

anhedonia because strong or changeable emotions might counteract the perception or experience of 

emotional flatness. Alternatively, it could be that the focus on physical recovery and return to ‘normal 
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life’ after stroke protects against loss of interest or reduced sense of accomplishment (Townend, 

2005).   

The findings of more prevalent cognitive complaints in the stroke groups in two out of five 

studies might be confounded by the loading of neuropsychological cognitive deficits post-stroke 

(Vataja et al., 2003). Care must be taken when interpreting causality, given the observed association 

between depression and executive dysfunction post-stroke (Jaywant et al., 2022). Studies that 

compared depressed and non-depressed stroke patients have evinced an overlay of depression onto 

cognitive items, such as impairment to concentration, but the interaction between these two sources of 

impairment requires future investigation (de Man-van Ginkel et al., 2015).   

Greater prevalence of self-reported negative behavioural features was reported in the stroke 

group in 75% of comparisons. In all three cases where a ‘more’ finding was reported, it was due to the 

‘work inhibition’ item, which may have been confounded by post-stroke cognitive and physical 

impairment, rather than directly because of depression.  

Reliable inferences were difficult to draw from correlation comparison studies because of the 

relatively scarce number of comparisons contributed by this methodology. Findings were mixed for 

the relative association of self-esteem with depression between groups, meaning it is unclear whether 

self-esteem can be understood as more intertwined with depressive experience after a stroke.  No 

difference in the association between sleep disruption and depression was found, but this finding 

should not be overly generalized because this result is derived from only one regression-based study. 

We found a preliminary indication of a reduced connection between fatigue and depression in the 

stroke group, but further evidence is required before potential causes are speculated.  

The findings of Schramke et al. (1998) suggest that, across left hemisphere and right 

hemisphere stroke populations, anxiety is generally less associated with depression in stroke. The 

sample sizes used in this study were small, however. If this finding were to be replicated, anxiety 

would be less associated with depression in stroke but no more or less prevalent or severe between 

groups, as indicated by profile comparison studies. A possible explanation for this contrast in findings 
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might be that depression and anxiety may be more likely to form a maintenance cycle, such as the 

mechanism proposed by Fennell (2005), for people in the wider population, but that the sources of 

anxiety and depression might be more independent in stroke.  

 Despite the presence of only one DIF study, the preliminary findings of Pickard et al. (2006) 

are intriguing. The observed lower latent severity of crying in the stroke group might be explained by 

a greater likelihood of reported crying, even in milder cases of low mood, because of the common 

presence of post-stroke emotionalism (Calvert et al., 1998). It is unclear why feeling disliked was 

indicative of more severe depression in the stroke group. Misfit of the unfriendliness item might be 

explained by interference from experiences of hospital care (Kitson et al., 2013), crying from post-

stroke emotionalism (Calvert et al., 1998), and restlessness from cognitive difficulties and being in 

hospital (Douiri et al., 2013). However, the sample size was small for IRT modelling (Jiang et al., 

2016), and there appeared to be no control of demographic differences between groups, meaning that 

these findings must be interpreted with caution.  

Clinical Implications 

The findings of this review suggest that depression phenomenology is similar in stroke and the general 

population, except for possible reduced severity and prevalence of anhedonia and/or apathy. Based on 

these findings, we recommend an augmented approach to therapeutic support for depression, with 

consideration of additional stroke-specific factors and mechanisms, such as the influence of 

adjustment and emotionalism (Broomfield et al., 2011).  For example, in their seminal review 

outlining the need for an augmented approach to CBT in stroke, Broomfield et al. (2011) 

recommended consideration of additional grief work and motivational interviewing in the context of 

personal loss and psychological adjustment. Our findings of increased difficulty with high self-

reported emotion dysregulation after stroke support the rationale for this approach.  Similarly, findings 

of specific differences in work dysfunction might be of significant psychological relevance, if 

withdrawal from work was previously a source of value and/or coping (Laidlaw et al., 2008). It may, 

therefore, be beneficial to augment CBT support for depressed stroke patients, where such processes 

exist, with Selective Optimisation with Compensation, which aims to support the selection of value-
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driven goals that consider the reduced resources associated with stroke-related disability (Baltes, 

1997; Broomfield et al., 2011; Grove et al., 2009).  

Furthermore, we recommend that a curious approach is taken to somatic and cognitive 

symptoms, given that the interaction of the physical and cognitive consequences of stroke with 

depression remains unclear. Similarly, there should be due consideration of the impact of cognitive 

impairment post-stroke, and its possible role in the maintenance of PSD (Broomfield et al., 2011). 

This review also touches on the ongoing debate about whether emotionalism after stroke 

should be considered part of PSD. Gainotti et al. (1997), who designed the PSDS, hypothesised that 

emotionalism and adjustment were significant components of ‘major’ and ‘minor’ PSD diagnoses. 

However, this contrasts with evidence for post-stroke emotionalism as a distinct and separate clinical 

phenomenon to PSD with specific neurological correlates (Andersen et al., 1995; Fitzgerald, 2021), 

and evidence for ‘catastrophic’ emotional reactions as an expected process in adjusting to potentially 

long-term disability (Taylor et al., 2011). Despite the observed relationship between emotionalism and 

depression (Andersen et al., 1995) and reported narratives of distress associated with emotion 

dysregulation after stroke (McAleese et al., 2021), emotional dysregulation is, at best, a non-specific 

indicator of PSD and clinicians should interpret any presentation involving strong or changeable 

emotions with cautious clinical curiosity.  

Strengths and Limitations of this Review 

A strength of this review is that it is the first paper to synthesise multiple distinct methodologies to 

identify phenomenological differences in PSD, while considering the myriad of extraneous factors that 

might load onto commonly used indicators of depression experience, such as post-stroke 

emotionalism (Calvert et al., 1998). Another strength was the openness of our search strategy, which 

enabled the identification of many relevant methodological approaches. Previous reviews often focus 

only on profile comparison studies (e.g. Llorca et al., 2015).  

Despite these strengths, several limitations should be highlighted. First, we acknowledge that 

our specific strategy for coding symptoms, such as during symptom reduction and effect direction 
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scoring, was one of many possible alternatives. Second, though judgments were agreed across the 

review team, we must acknowledge that interpretation of symptom similarities and differences and the 

significance of moderating factors were based on qualitative judgments, and alternative conclusions 

from the same findings are possible. Furthermore, confidence in our conclusions was evidently 

confounded by the quality of the studies reviewed, as well as the significant heterogeneity in design 

and methodology. We included studies rated ‘fair to poor’ for risk of bias, several studies did not 

control for demographics, source paper determinants of significance varied substantially, and large 

between-study variation in factors such as patient setting, time since stroke, and specificity of 

depressed status, obfuscated possible inferences. The observational, not experimental, nature of the 

included articles means that any cause of differences in symptoms, such as fatigue or concentration 

problems, is likely to be a multi-directional consequence of biological, psychological, and social 

factors, not a linear pathway of depression to symptoms. These abovementioned factors mean that 

confidence in our conclusions is compromised and therefore interpreted cautiously. 

 An additional limitation stems from an acknowledgement of the social construction of 

depression and its developmental context within western medicine. Those adopting constructionist 

perspectives might argue that there are limitations to comparing broad symptoms between groups if 

the fundamental way in which these symptoms are understood and constructed is different between 

populations. For example, self-blame in the context of requiring physical health care from family 

members may be seen by some as fundamentally incomparable to self-blame or guilt experienced in 

the context of adult mental health and complex attachment histories. Furthermore, we endeavoured in 

this review to compare groups with ‘like for like’ depression severity, but if there is loading from 

extraneous non-depression-related factors, such as post-stroke emotionalism, this might also mean that 

the underlying depression severity is not similar between groups, limiting comparability. If the stroke 

group were, on average, less depressed than observed from the data, because of such interference, then 

this could explain the findings of less prevalent/severe anhedonia/apathy.  

 

 



 

49 

 

Future research 

As outlined above, the findings of this review have generated new research questions about the nature 

of some of the observed between-groups differences and similarities: are findings of similar somatic 

profiles related to the robustness of these items to extraneous sources of variance, or because of other 

mechanisms? How might findings of less association of anxiety with depression in stroke be 

integrated with broad similarities in severity/prevalence of anxiety between groups?  

As demonstrated by the presence of only one such study (Pickard et al., 2006), the use of IRT 

and DIF methodology as a means of deriving phenomenological insights into depression has been 

under-utilised. Clinicians could use such insights to identify whether the presence of certain symptoms 

should be interpreted as more concerning than others and if this varies between populations. 

Finally, the difficulties associated with determining ‘like for like’ depression, robust to the 

loading of distinct phenomena onto items, could be overcome in future research using Structural 

Equation Modelling (SEM) techniques. For example, Confirmatory Factor Analysis could be used to 

derive depression factor scores, which would be more robust to loading caused by extraneous sources 

and observed as differences in intercepts (Kim and Yoon, 2011; Meredith and Teresi, 2006). 

Comparisons of factor loadings could also be used as an alternative to comparing association strengths 

of a symptom with depression. 

Conclusions 

Here, we have presented the first synthesis of phenomenological comparisons of depression between 

stroke and the general population. We identified three unique methodologies that can contribute to this 

research question. This indicates that phenomenological comparisons cannot be understood from 

comparisons of profiles alone and that we must consider differences in symptom prevalence, severity, 

‘closeness’ to the construct of depression, and differences in the latent severity of symptoms as 

indicators of depressive experience.  Broad similarities were found, but a more detailed understanding 

of observed differences, and of mechanisms that help to integrate findings between each methodology, 

requires future research.  
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Chapter 3. Systematic Review Extended Methodology 

Inclusion and Exclusion Criteria 

Studies exclusively investigating Transient Ischaemic Attacks (TIAs) or that mixed TIA and stroke 

samples were excluded because we were interested in capturing the complexities of the post-stroke 

experience in the context of permanent neurological injury.  

The decision to include only studies with control groups, as opposed to studies investigating 

each population separately, was made as a means of controlling for demographic variables, such as 

nationality and the year of study. Studies featuring control groups with physical health difficulties 

were excluded with the justification of reducing heterogeneity.  

Studies comparing symptom prevalence or severity were excluded if overall depression 

severity was not approximately controlled between groups. If depression was substantially different in 

severity between groups, it would have been difficult to determine if the difference in any individual 

symptom was caused by differences in depression phenomenology or more severe overall depression. 

Comparisons of overall depression scores were excluded because we aimed to focus on 

symptomology; differences in depression prevalence and overall severity are well documented in the 

literature (e.g. Desmond et al., 2003; Lindén et al., 2007; Mitchell et al., 2017). In general, we limited 

the scope of our analysis to symptoms or domains that were contained within commonly used 

depression measures or diagnostic criteria (Bell, 1994), meaning other domains, such as quality of life 

or life satisfaction, were excluded; an exception was made for anxiety because of its theoretical links 

with the maintenance of depression and the high degree of comorbidity in stroke (Fennell, 1997; 

Schöttke and Giabbiconi, 2015). Specific measures were included in the search terms as a means of 

excluding articles without quantitative analysis of validated depression measures.  

Quality Appraisal and Risk of Bias 

The NHLBI case-control checklist was also considered in the review, but this checklist lacked an item 

relating to outcome measure validity, which was deemed to be important because of the dependence 

of our findings on accurate assessment and the high variability of outcome measures used.  
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The item relating to sufficient timeframe between exposure (the stroke event) and outcome 

(the emergence of depression) in the cross-sectional NHLBI checklist was also deemed to be highly 

relevant, in light of the evidence for the poor predictive value of early stroke assessment for predicting 

the development of depression later in recovery (Lees et al., 2014) and processes of normal 

adjustment (Taylor et al., 2011). There needed to be some consideration of elapsed time since stroke 

so that the likelihood of capturing the presence of longer-term mood disorders was maximised. For 

these reasons, the more general cross-sectional checklist was selected, despite all included studies 

featuring control groups.   

Additional Scoring Information 

Because the risk of bias was the primary reason for quality assessment, ratings were applied to studies 

only for methods extracted, and not the quality or impact of the paper in its entirety. As such, quality 

ratings should not be interpreted as an indicator of the quality of the research, but as an indicator of 

the risk of bias for the specific analyses extracted.  

For item 4 of the NHLBI checklist, relating to samples from similar populations, ‘no’ ratings 

were generally given to studies that reported uncontrolled demographic differences between groups. 

Gainotti et al. (1999) did not report demographic features of the control group, so a ‘not reported’ 

rating was given. Non-reporting contributed negatively to the overall appraisal.  

For item 7, relating to sufficient timeframe between the exposure, the stroke event, and 

outcome (the emergence of mood disorders), studies that sampled patients under 2-4 weeks post-

stroke were given ‘no’ ratings for the reasons outlined above. Studies that only provided vague 

indications of time since stroke were rated ‘cannot determine’ for this item.  

For item 10, relating to the assessment of exposures more than once over time, this item was 

adapted to focus on the outcome, depression, being assessed on multiple occasions. This decision was 

made because stroke diagnosis does not generally require multiple assessments, unless degenerative 

processes are suspected, and repeated longitudinal measures of depression would reduce bias by 

supporting the separation of emotional adjustment processes and acute medical illness with long-term 
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depression. Only House et al. (1991) used a longitudinal design, and Gainotti et al. (1999) were the 

only authors to investigate multiple distinct groups at separate time points since the index stroke.  

Consistency of rating for item 14, which related to the statistical adjustment for confounding 

variables, was challenging because several studies controlled for some demographic differences but 

not others (Lipsey et al., 1986). ‘Yes’ responses were generally given to studies that used some form 

of matching or adjustment for key demographic differences, and ‘no’ responses were given to studies 

that had significant population differences without any clear evidence of control for the specific 

analysis that was extracted. de Man-van Ginkel et al. (2015) controlled for demographic differences in 

some of their analyses, but not for the extracted profile comparison, resulting in a ‘no’ rating for item 

14. 

Two studies were given overall ‘fair’ ratings, despite performing well on the NHLBI checklist 

(Fleming et al., 2021; Stokes et al., 2011). Each of these papers used analyses that provided imprecise 

indications of the relationship between the symptom and depression; Fleming et al. reported only that 

group membership was not a significant contributor to the regression model, and Stokes et al. reported 

data relating to the point increase in fatigue scores caused by one-point changes in depression scores. 

These analyses offered less information and precision than correlations and did not support direct 

significance testing of correlation strengths. The imprecision of these analyses concerning the specific 

research question of the review was suspected to increase the risk of bias, despite the NHLBI not 

containing an item relating to the informativeness of the statistical approach adopted.  

Measures Included  

There was high heterogeneity of measures utilised by the included studies. Data from eight depression 

measures were synthesised in this review: the Centre for Epidemiologic Studies- Depression Scale 

(CES-D; Radloff, 2016), Geriatric Depression Scale (GDS; Sheikh and Yesavage, 1986), the 

Hamilton Depression Rating Scale (HDRS; Hamilton, 1960), the Hospital Anxiety and Depression 

Scale (HADS; Zigmond and Snaith, 1983), the Patient Health Questionnaire-9 (PHQ-9; Kroenke et 

al., 2001), the Montgomery-Asberg Depression Rating Scale (MADRS; Montgomery and Asberg, 

1979), the Post-Stroke Depression Rating Scale (PDRS; Gainotti et al., 1997), and diagnostic 

interviews using the Present State Examination (PSE; Cooper, 1985). The abovementioned tools have 
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generally demonstrated adequate psychometric properties in stroke (Burton and Tyson, 2015), except 

for the PDRS, which has limited validity evidence.  

The following additional measures were used in the analyses of comparative correlation 

strengths: the Visual Analogue Self-Esteem Scale (VASES; Brumfitt and Sheeran, 1999), the 

Rosenberg Self-Esteem Scale (RSES; Rosenberg, 1979), the Multidimensional Fatigue Inventory 

(MFI; Smets et al., 1995), the Beck Anxiety Inventory (BAI; Beck et al., 1988), and the Sleep 

Condition Indicator (SCI; Espie et al., 2014). The VASES and MFI have been validated in stroke 

populations (Bennett et al., 2006; Christensen et al., 2008), while only general population validity 

evidence exists for the BAI (Fydrich et al., 1992), SCI (Palagini et al., 2015), and RSES (Tinakon and 

Nahathai, 2012).  

Results 

Combining Studies Across Different Methodologies 

Grouping Variables. For analyses of grouping variables, such as time since stroke, and their 

potential link to results, comparative correlation and profile comparison studies were combined. The 

results of these two methodologies were judged to broadly correspond because a trait with a higher 

degree of correlation with depression in one group might also be expected to have greater prevalence 

and severity in a depressed sample. Combining these studies at this stage was also necessary because 

neither methodological category alone could cover each of the levels of certain characteristics, such as 

time since stroke categories. The single DIF study (Pickard et al., 2006) was excluded from this 

analysis because differences in latent symptom severity were judged to be conceptually distinct from 

the association of symptoms with depression or their prevalence. For example, a symptom can be 

equally correlated with depression between groups, but it might be more sensitive to a higher band of 

depression severity in one group. It was, therefore, suspected that the inclusion of this study was 

suspected to add noise to the analysis because “more”, “less”, or “no difference” codes would have 

been potentially incompatible or conflicting between these design types, obscuring patterns of effect 

direction. 

Furthermore, a finding of lower symptom severity of an item, such as the crying item, in the 

stroke group might be associated with greater prevalence of that symptom in the stroke population in 
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a profile comparison study, if its lower latent severity is an indicator of ease to endorse. This might 

have led to conflicts, whereby the DIF study would lead to a ‘less’ code and a profile comparison 

study leading to a ‘more’ code, despite an internally consistent underlying mechanism. DIF findings 

were therefore not combined with other methodologies for the analysis of grouping variables.  

Main Analyses of Symptom Differences. Analyses of phenomenological differences were 

completed separately for each methodology because, despite broad epistemological similarities, 

methodological differences might have obscured more nuanced and detailed relationships.  

Comparisons of profiles are unable to indicate the relative degree of association of a symptom with 

depression, and therefore its specificity as an indicator of depressed mood, because greater prevalence 

and/or severity could, at least partially, be explained by causes other than depression; fatigue might be 

more prevalent after stroke, because of post-stroke fatigue (Ellis, 2014), but not necessarily due to the 

presence of depression or the correlation between the two.  
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Chapter 4. Bridging Chapter 

The systematic review identified similarities and differences in the phenomenology of depression 

between stroke and non-stroke controls.  Differences were found in some domains, such as indicators 

of apathy, but, contrary to expectations, were not demonstrated in the somatic depression domain.  It 

was hypothesised that extraneous bias caused observed differences in emotionalism and inhibition of 

return to work between groups and the influence of undetected bias for other symptom domains could 

not be ruled out.  

 A concern that arose from these findings was that, if measurement bias was indeed present, 

then the assumed general equivalence of latent (underlying) depression severity between groups in 

profile comparison studies might have been violated. Inflated work inhibition and emotionalism 

scores may, therefore, have led to an overestimation of general depression severity scores in the stroke 

group, making the groups appear equal in depression severity even if the non-stroke group had greater 

underlying severity.  In cases where participants were specifically matched for depression severity by 

inspecting total scores or observing broadly overlapping profiles, there may have been significant 

differences in true depression if those overall scores are biased, as suspected.  

 Between-groups measurement invariance analysis is one method for compensating for this 

problem (Kim and Yoon, 2011). If item scores are significantly biased by extraneous sources, this can 

result in a) differences in measure dimensionality, b) the latent positioning of thresholds from which a 

person endorses a higher item category, c) the degree of depression predicted by the item, d) the 

baseline score of the item when controlling for latent depression severity, and e) the variance of the 

item (Yang et al., 2008). Confirmatory Factor Analysis (CFA) can model these above parameters and 

identify the presence of differences between groups using measurement invariance analysis (Wu and 

Estabrook, 2016). Furthermore, it has the capability of estimating differences in latent depression, 

which is the true underlying severity of depression, more free from bias from differences in the above 

parameters (Kim and Yoon, 2011).  CFA can, therefore, directly address the above-mentioned 

concern by identifying whether these biases exist and if these biases influence depression total scores 

on measures. The empirical paper that follows, therefore, aimed to apply CFA and measurement 
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invariance analysis to a commonly used depression tool, the Patient Health Questionnaire-9 (PHQ-9), 

and identify whether stroke comorbidities lead to measurement bias.  
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Abstract 

Objectives: This paper aimed to investigate the factor structure of the Patient Health Questionnaire-9 

(PHQ-9) depression measure in stroke, benchmarked against a non-stroke comparison sample, 

because of concerns that comorbid stroke sequelae may bias the measurement of somatic items. 

 

Materials and Methods: Data were obtained from authors contributing to the DEPRESSD secondary 

data project. The sample constituted 787 stroke and 12,016 non-stroke participants. A subsample of 

1,574 more demographically aligned non-stroke participants was selected via propensity matching. 

Dimensionality was assessed by comparing fit statistics of one-factor, two-factor, and bi-factor 

models. Measurement invariance analysis was performed to identify between-group differences in 

factor structure.  

 

Results: A two-factor model, consisting of somatic and cognitive-affect latent variables, had a 

superior fit to a unidimensional model (CFI = .984 versus CFI =.974), but the high between-factor 

correlations indicated unidimensionality (r = .866). Configural invariance between stroke and non-

stroke was supported (CFI = .983, RMSEA = .080), as were invariant item thresholds (p = .092) and 

loadings (p = .103). Strong invariance was violated (p < .000, ΔCFI = -.003), indicating non-invariant 

item intercepts. Follow-up analysis indicated between-group differences in tiredness and appetite 

intercepts, and latent depression was significantly overestimated in the stroke group using a summed 

score approach.  

 

Conclusions: The PHQ-9 performed well in the stroke samples and was generally robust to 

interference from extraneous stroke comorbidities. However, the presence of non-invariant intercepts 

meant that stroke PHQ-9 total scores using a summed score approach were incomparable with non-

stroke equivalents. Directions for future research are outlined. 
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Introduction 

Depression is a prevalent consequence of stroke, occurring in approximately 33% of survivors 

(Hackett and Pickles, 2014; Mitchell et al., 2017). Post-stroke depression is not only a concern 

because of its clear wellbeing implications, but also its interference with functional recovery 

(Pohjasvaara et al., 2001). It is, therefore, important that post-stroke depression is assessed accurately 

so that appropriate support can be provided.  

For depression assessment post-stroke, screening tools are recommended because of their 

speed of administration and generally sufficient psychometric properties (Burton and Tyson, 2015). 

Accordingly, their usage is commonly recommended in national accreditation guidelines, such as 

Sentinel Stroke National Audit Programme (SSNAP; King’s College London, 2020). 

The Patient Health Questionnaire-9 (PHQ-9) is one of the most widely used depression 

screening tools in stroke (Burton and Tyson, 2015; Kroenke et al., 2001). Its popularity in stroke 

populations most likely rests on its ubiquity as a depression measure more broadly (Levis et al., 2019; 

Moriarty et al., 2015), the fact that it is free to use, its favourable reliability and validity in stroke (De 

Man-Van Ginkel et al., 2012b), and its generally acceptable diagnostic accuracy (Burton and Tyson, 

2015; Levis et al., 2019). 

Despite evidence for favourable diagnostic accuracy and convergent validity, concerns about 

the applicability of the PHQ-9 in stroke remain (Burton et al., 2013). A primary criticism suggests that 

several items contained within the PHQ-9, such as tiredness and difficulties with concentration, may 

capture experiences caused by the extraneous physical health complications that are common in stroke 

recovery, rather than by depression symptomology (Chilcot et al., 2013; Langhorne et al., 2000). For 

example, items relating to tiredness and sleep disruption may be heavily influenced by the presence of 

the clinically distinct phenomena of post-stroke fatigue (Acciarresi et al., 2014) and post-stroke 

insomnia (Baylan et al., 2020). Conversely, it is also possible that these items are a valid measure of 

depression, even if there is some degree of overlay attributable to such biasing factors (de Man-van 

Ginkel et al., 2015; Robinson, 2006). 
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Failure of PHQ-9 unidimensionality has been demonstrated in other health populations, such 

as spinal cord injury and palliative care (Chilcot et al., 2013; Krause et al., 2010, 2011). A two-factor 

solution, consisting of a somatic cluster and a cognitive-affective cluster, was favoured over a one-

factor solution in both populations. Inspection of factor correlations indicated that a large proportion 

of variance could not be accounted for by a second-order depression factor in these groups. The 

findings of a two-factor solution in populations with health conditions contrasts with a primary care 

population, where unidimensionality has generally been indicated (Kim and Lee 2019; Boothroyd, 

Dagnan, and Muncer 2019; González-Blanch et al. 2018; Huang et al. 2006). These findings 

collectively indicate a possible vulnerability of the PHQ-9 to compromised construct validity in 

populations with health conditions, because of the interference of physical health symptoms.  

Multidimensionality, if not accounted for, could undermine the psychometric effectiveness of 

the measure. For example, it may add noise to optimal cut-off estimations if there is a general pattern 

of score inflation because of background physical comorbidity. This, in turn, could result in inaccurate 

diagnosis and inappropriate treatment in subpopulations with significant physical health complaints 

(Kang, 2013). Similarly, multidimensionality may impact clinical trials that use the PHQ-9 as an 

outcome measure. 

A recent publication found evidence that somatic symptoms may not substantially undermine 

the psychometric performance of the PHQ-9 in stroke (Katzan et al., 2021). The authors used 

Differential Item Functioning (DIF) to assess differences in item responses between three levels of 

disease severity in stroke, Parkinson’s disease, migraine, and Amyotrophic Lateral Sclerosis (ALS) 

populations in a high-powered study. The authors found a negligible impact of stroke severity on item 

responses, indicating the possible robustness of PHQ-9 items to the sequelae of cerebrovascular 

accidents.  

However, there are two limitations with these findings. First, the Stroke Impact Scale 

(Duncan et al., 1999) was used as an indicator of disease severity; while this is a valid scale of stroke 

severity, its scope is broad and it may not be a sensitive indicator of the particular hypothesised 

factors, such as fatigue, that could be problematic for the factor structure of the PHQ-9. Indeed, with 
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post-stroke fatigue so commonly reported in stroke (Acciarresi et al., 2014), fatigue-related 

interference could have been present in each of the three levels of stroke severity featured in the 

study. Second, the authors assessed DIF in only a one-factor model and did not perform a comparison 

with a two-factor model; therefore, the optimal factor structure of PHQ-9 in stroke remained unclear.  

Another recently published paper investigated the dimensionality of the PHQ-8, with the 

suicide item removed, and found evidence for unidimensionality (Dong et al., 2022). The authors also 

assessed longitudinal measurement invariance concerning time since stroke, at 3-, 6-, and 12-months 

post-stroke and found evidence for non-invariance of loadings, attributable to the appetite item. Model 

fit of the single-factor model at 12 months, according to Root Mean Square Error of Approximation 

(RMSEA) values, approached insufficiency. The finding of poorer fit of the unidimensional model 

with increased time since stroke is surprising because, if somatic stroke symptoms indeed interfere 

with accurate depression measurement, the presence of functional recovery after a stroke (Kotila et 

al., 1999; Wade et al., 1985) might be expected to reduce the presence of somatic symptom 

complaints, and consequential interference of such symptoms with the unidimensional measurement 

of depression, rather than increase such interference in the direction of multidimensionality. The 

finding of borderline insufficient fit at 12 months post-stroke substantiates the need for further 

assessment of dimensionality, and there remains a clear rationale for assessing dimensionality of the 

full PHQ-9 measure with the suicide item included.  

Even if unidimensionality was found to hold in stroke, it is possible that population factors, 

such as the elevated presence of fatigue in stroke (Acciarresi et al., 2014), interfere with measurement 

accuracy in more subtle ways, such as causing differences in item category thresholds, factor 

loadings, item intercepts and/or residual variances (Yang and Jones, 2008). Differences in these 

parameters between stroke and other populations could invalidate statistical comparisons between 

these groups (Meredith and Teresi, 2006). For example, unequal intercepts between populations can 

bias depression estimates using the traditional summed score approach, and potentially lead to a 

greater likelihood of type I errors (Kim and Yoon, 2011). Such differences for individual items would 
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also be of importance to clinicians that wish to interpret individual item scores. Therefore, any 

confound to measurement accuracy and comparability between groups must be understood. 

In addition to concerns about the dimensionality of the PHQ-9, there has been considerable 

debate within the literature about the optimal factor positioning of certain items. For example, 7 and 8, 

pertaining to problems with concentration and slowed movement, respectively, have commonly been 

loaded onto the affective factor by some authors (Chilcot et al., 2013; González-Blanch et al., 2018) 

and onto the somatic factor by others (Villarreal-Zegarra et al., 2019). Direct comparisons of the two 

alternatives have rendered inconsistent results (Elhai et al., 2012; Patel et al., 2019). It remains 

unclear which factors account for these differences, given that one Peru-based study found evidence 

for measurement invariance for sex, age, education, socioeconomic status, marital status, and area of 

residence, although this study did not compare between-country differences (Villarreal-Zegarra et al., 

2019).  

In stroke, there are several additional factors that might be captured by items 7 and 8 and 

cause it to load onto the somatic factor; such factors include neurologically predicted executive 

dysfunction, attention deficits, slowed processing, dysphasia, dysarthria, post-stroke-fatigue, 

insomnia, and motor disruption (Baylan et al., 2020; Flowers et al., 2013; Loetscher and Lincoln, 

2013; Low et al., 2017; Olney and Richards, 1996; Pohjasvaara et al., 2002; Rahamatali et al., 2021). 

Though there is likely to be an interdependence between these additional stroke sequelae and 

depression (Broomfield et al., 2011), undue influence from these other factors, which potentially load 

onto items 7 and 8 even in the absence of depression (de Man-van Ginkel et al., 2015), may result in 

these items covarying more strongly with somatic items.  Understanding this optimal positioning in 

stroke could support the theoretical understanding of the measurement orientation of certain items by 

indicating whether problems with, for example, slowed movement or concentration difficulties covary 

more with cognitive-affective or somatic experiences of depression.    

Based on the literature outlined above, it is therefore important that the dimensionality of the 

PHQ-9 in stroke is further appraised. Furthermore, it is important that the factor structure of the PHQ-
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9 in stroke is compared with other populations to understand population-level effects. We, therefore, 

address the following aims in the present study: 

1) To provide an assessment of the dimensionality of the PHQ-9 in a stroke population 

2) To identify differences in factor structure that might be attributable to stroke via 

measurement invariance comparison with non-stroke samples 

3) To identify the optimal positioning of items 7 and 8 in a two-factor model 

Methods 

Design 

We conducted a cross-sectional study, using secondary data from multiple investigators contributing 

to the DEPRESSD individual participant meta-analysis (The DEPRESSD Project, 2021). All studies 

contained item-level PHQ-9 data, pseudonymised demographic characteristics, and binary stroke 

presence status. Studies spanned multiple nations and languages (Table 3).  

Participants 

The stroke group was composed of data from five studies (De Man-Van Ginkel et al., 2012b; Prisnie 

et al., 2016; Simning et al., 2018; Thombs et al., 2008; Quinn, 2022). These data produced a 

combined sample of 796 stroke participants. The non-stroke group was comprised of data from eight 

studies (Hobfoll et al., 2011; Janssen et al., 2016; Kim et al., 2017; Levin-Aspenson and Watson, 

2018; Liu and Wang, 2015; Santos et al., 2013; Simning et al., 2012; Volker et al., 2016), with a total 

of 12,016 participants. The non-stroke comparison group were recruited from a variety of settings, 

generally free of significant health morbidities. Most used random sampling of the general population 

( Kim et al., 2017; Levin-Aspenson and Watson, 2018; Liu and Wang, 2015; Santos et al., 2013), but 

three of the smaller samples were recruited from specific groups or contexts (Hobfoll et al., 2011; 

Simning et al., 2012; Volker et al., 2016). These participants are, therefore, referred to as the non-

stroke or comparison group.  

Demographic data for each cluster, the stroke group, and the non-stroke comparison group, 

are summarised in Table 3. Substantial differences were found between stroke and non-stroke 
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comparison samples in sex, X2 (1, N=12,798) = 56.9, p < .001, w = .067; nationality, X2 (6, 

N=12,798) = 2669.6, p < .001, w = .46; language, X2(5, N=12,798) = 347.8, p < .001, w = .17; age, 

t(12,796) = -39.3, p< .001, d= 1.46; and PHQ-9 total score, t(12,796) = -14.9, p< .001, d= .62.  

Data relating to stroke characteristics, such as type, location, and elapsed time since index 

stroke were not available at the individual level. However, where available, the broad range of elapsed 

time since the index stroke event for each cluster is provided in Table 3. Participants from Prisnie et 

al. (2016) and de Man-van Ginkel et al. (2015) were sampled within one-year post-stroke, and 

participants from Quinn et al. (2022) were sampled within the first two weeks of stroke. The data 

were insufficient for between-groups analyses of different post-stroke timepoints.  

Measures 

The PHQ-9 consists of nine items, which correspond to the nine criteria for depression in the DSM-IV 

(Bell, 1994). Participants respond based on their experiences of mood problems over the previous two 

weeks on a four-point ordinal scale, with higher ordinal categories denoting the increased frequency 

of the respective symptom. The selection of a higher-level ordinal category, therefore, does not 

indicate increased symptom intensity directly, but increased depression severity is commonly 

assumed from higher overall scores. Item scores were added to calculate a measure total, with a 

maximum overall score of 27. Suggested cut-off scores for depression categorisation in stroke vary in 

the literature, but many studies agree on an optimal cut-off of ≥10 (Burton and Tyson, 2015; De Man-

Van Ginkel et al., 2012b; Levis et al., 2019; Williams et al., 2005). The PHQ-9 has demonstrated high 

classification accuracy in stroke and primary care (Burton and Tyson, 2015; Levis et al., 2019). 

Ethics 

The Research Ethics Committee of the Jewish General Hospital recommended that the DEPRESSD 

project did not require research ethics approval because all data are from secondary sources. In 

keeping with local university ethical policy, an application for ethical approval was made to the 

University of East Anglia Faculty of Medicine and Health Research Ethics Committee (UEA FMH 

REC) on 10th November 2020 and approval was confirmed on 11th August 2021. Data transfer 

procedures required that the original authors send their respective DEPRESSD formatted de-identified 
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data to the authors directly. Documentation of ethical approval and an explanation of the data transfer 

process is provided in Appendix F.  



Factor of the PHQ-9 in Stroke 

79 

 

Table 3 Demographic data, stratified by cluster 

 

Study n 
% 

female 

Age 

(SD) 
Country Language Population description 

Mean PHQ-9 

(SD) 

Approximate time 

since stroke 

(months) 

 Stroke  

De Man-Van 

Ginkel (2012) 
382 45.8 

69.2 

(14.5) 
Netherlands Dutch 

Community stroke patients 

 
6.6 (5.6) 0.3 – 2.6 (M: 1.58) 

Prisnie (2016) 114 56.1 
59.6 

(15.5) 
Canada English 

Outpatient community stroke 

 
4.8 (5.2) 2.2 – 10.6 (M: 3.6) 

Quinn (2022) 135 47.7 
68.4 

(12.7) 
UK English 

Inpatient acute stroke 

 
6.7 (6.3 0 – 0.45 

Simning (2018) 21 47.6 
70.0 

(6.5) 
US English 

Older adults in public housing 

 
4.7 (4.4) Unavailable 

Thombs (2008) 144 16.7 
69.7 

(10.1) 
US English People with Coronary Artery Disease in the community 5.8 (5.6) Unavailable 

Total 796 42.3 
67.8 

(13.9) 
   6.1 (5.6)  

 Non-stroke Comparison Samples  

Hobfoll (2011) 144 57.7 
41.6 

(15.2) 
Israel 

Hebrew 

and Arabic 

Jewish and Palestinian residents of Jerusalem exposed to 

war 
5.9 (5.9)  

Kim (2017) 3071 56.6 
38.8 

(12.2) 

South 

Korea 
Korean Randomly selected adults, via S. Korean census 2.2 (2.2)  

Liu (2015) 4182 55.0 
44.7 

(10.0) 
Canada English Working population 3.2 (4.0)  

Janssen (2016) 3502 55.3 
59.5 

(8.6) 
Netherlands Dutch 

Population-based cohort study, recruited from multiple 

sources 
2.7 (3.2)  

Levin-Aspenson 

(2018) 
408 68.6 

45.0 

(13.4) 
US English General population community-based adults 6.5 (6.6)  

Santos (2013) 447 NA 
43.8 

(15.1) 
Brazil Portuguese General population via random household sampling 5.0 (5.1)  

Simning (2012) 169 59.2 
67.3 

(6.6) 
US English Older adults in public housing 5.1 (4.3)  

Volker (2016) 93 50.5 
46.4 

(10.9) 
Netherlands Dutch 

Employees on sickness leave in an occupational health 

setting 8.5 (7.6)  

Total 12016 56.0 
47.8 

(13.5) 
   3.1 (4.0)  
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Analysis 

Initial Data Processing and Demographic Matching 

Stroke clusters were combined into one set because each cluster had an insufficient sample size to be 

modelled separately. Statistically, accounting for clustering was impractical because of the number of 

clusters, the small size of each cluster, and the limitations of current software capabilities (Yang, 

2019). 

Because of the large demographic differences between stroke and non-stroke comparison 

clusters, propensity score matching was used to select a sample from the non-stroke dataset that was 

more demographically aligned to the stroke sample (Caliendo and Kopeinig, 2008). Propensity score 

matching is commonly used in observational designs to compare intervention and control groups, 

where non-random sampling exists (Muruet et al., 2018). The procedure involves the logistic 

regression of specified covariates, such as gender and age, onto group membership. Propensity scores, 

the percentage likelihood of a person to be categorised into the target group based on their covariate 

profile, are calculated for the target and control groups. Individuals are subsequently matched between 

the groups, based on their propensity scores.  

Propensity score matching was conducted using the MatchIt package in R (Ho et al., 2011). 

Matching was completed with differing ratios of control to target participants, and the most closely 

matched sample was selected. Matching was completed for age, sex, country, and PHQ-9 total score.  

The DEPRESSD datasets contained only complete PHQ-9 records, but demographic data 

were missing in a small percent of cases.  Propensity matching required complete data for all 

demographic variables selected for matching. Participant data that contained missing values for these 

variables were, therefore, excluded listwise from any analysis after the matching process.  

Assessment of Dimensionality 

Confirmatory Factor Analysis (CFA) was modelled in R using Lavaan (Rosseel, 2012) and SEMTools 

(semTools Contributors, 2016) packages. A single-factor CFA model, which represented one latent 

factor of generalised depression, was evaluated alongside two variations of a two-factor model and a 
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bi-factor model, consistent with previous dimensionality research (Chilcot et al., 2013; Krause et al., 

2010). The two-factor models consisted of a somatic factor and cognitive-affective factor (Chilcot et 

al., 2013; Krause et al., 2010). Because of inconsistencies in the literature about the optimal 

specification of the two-factor model (Chilcot et al., 2013; Elhai et al., 2012; Krause et al., 2010; Patel 

et al., 2019), we fitted two alternative two-factor models with items 7 and 8 loaded onto each factor.  

The bi-factor model consisted of a general factor and two specific factors, cognitive-affective 

and somatic (Fischer et al., 2021). The factor location of items seven and eight in the bifactor model 

was determined by examining which of the two-factor models had a superior fit in each group (Elhai 

et al., 2012). Bifactor models specify uncorrelated factors; this means that the global factor should 

measure latent depression, and each specific factor should measure covariance between the items 

contained within each specific factor that is not explained by latent depression (Fischer et al., 2021). 

Bifactor models can be used to test for dimensionality by comparing latent depression scores between 

the bifactor and one-factor models. In the case of unidimensionality, a high degree of correlation 

would be expected between latent depression scores from the one-factor model and latent depression 

scores (the global factor) from the bi-factor model, because each respective factor would act as a 

specific measure of depression (Dunn & McCray, 2020). If multidimensionality were present, the 

global depression factor in the bifactor model would lose significant variance to the specific, 

uncorrelated, factors because a large proportion of somatic item variance would not be due to 

depression (Reise et al., 2007). In this case, the bifactor global depression factor would vary less than 

the latent factor in the one-factor model, and a poorer correlation would be observed (Dunn & 

McCray, 2020).   

Each CFA model was fitted using Diagonally Weighted Least Squares (DWLS) estimation, 

which is suitable for ordinal-level data and cases where multivariate normality is violated (Forero et 

al., 2009). Robust standard errors, and mean and variance adjusted test statistics, were computed by 

Lavaan using the full weight matrix (Rosseel, 2012). Robust equivalents of Root Mean Square Error 

of Approximation (RMSEA; values of <.08 interpreted as acceptable fit) and Comparative Fit Index 

(CFI; >.96 interpreted as acceptable fit) were used to evaluate model fit (Li, 2016). Model fit of the 
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single, two-factor and bifactor models was compared to identify whether one or two latent factors best 

described the covariances in item responses in the stroke sample (Chilcot et al., 2013; Fischer et al., 

2021; Krause et al., 2010).  

Measurement Invariance 

The stroke and comparison groups were assessed for measurement invariance, using the procedures 

proposed by Wu and Estabrook (2016) for ordinal measures, to evaluate possible differences in factor 

structure. This involved equality testing of four parameters between groups: item thresholds, loadings, 

intercepts, and residual variances. Item thresholds can be understood as the point on the item’s latent 

continuum in which people, on average, start to endorse each higher ordinal category, loadings as the 

degree of association of an item with its respective factor, item intercepts as the expected value of the 

item if the latent factor (depression) is set to 0, and residual variances as variance that is not accounted 

for by the latent factors (Finch and French, 2015).  If the groups do not significantly differ in any of 

these parameters, the groups are considered to be invariant (Schmitt and Kuljanin, 2008). Invariance 

of thresholds is henceforth referred to as ‘threshold invariance’, invariance of loadings as ‘weak 

invariance’ or ‘metric invariance’, invariance of item intercepts as ‘strong invariance’ or ‘scalar 

invariance’, and invariance of item residuals as ‘full invariance’ (Putnick and Bornstein, 2016).  

The procedure for measurement invariance testing, using the Wu and Estabrook (2016) 

methodology, is as follows: 1) a baseline multi-group CFA model, referred to as a configural model, 

is fit to the data. The configural model constrains factor means to 0 and item intercepts to 0, and factor 

and residual variances to 1. Providing the configural model has sufficient fit, referred to as configural 

invariance, progressive restraints are applied and tested against the previous model. Thresholds are 

constrained to be equal across the groups first, followed by loadings, intercepts and residual variances. 

Unnecessary constraints are progressively dropped as new constraints are added. This methodology is 

described in more detail, in a similar clinical context, by Fischer et al. (2018).  

Each model was compared to the previous, to identify whether the imposition of the new 

constraint was responsible for a significant reduction in model fit. In cases of non-invariance, a 

change in the direction of poorer fit would be expected because the model specifies equivalences that 



Factor of the PHQ-9 in Stroke 

83 

 

are not reflected in the data. Thus, changes to fit after each stage were examined, via two methods: a 

one-way ANOVA significance test in chi-square fit statistics, using the Satorra (2000) method, and by 

inspecting changes to the CFI and RMSEA. Increases in X2 and RMSEA values and decreases in CFI 

values are indicative of reduced model fit. Changes in CFI >.001 are commonly interpreted as an 

indicator of measurement non-invariance (Khademi et al., 2021).  

Chi-square difference tests are sample-size dependent and likely to find significant 

differences among small non-meaningful effects in large samples (Davidov et al., 2014).  However, 

caution is also advised with interpreting changes to CFI and RMSEA when using ordered data and 

DWLS estimation (Sass et al., 2014). A pragmatic approach was, therefore, adopted; non-significant 

changes to chi-square values were assumed to be robust indicators of invariance, given the large 

samples. In cases where a significant p-value of chi-square difference was observed, detailed 

exploration of invariance violation was explored to identify the meaningfulness of the observed 

differences.  

Sample Size  

There is divided opinion about the minimum sample requirements for accurate CFA modelling in the 

literature, and the accuracy of parameter estimations depend on the number of estimated parameters, 

degrees of freedom, number of items, the scale of measurement, and other factors (Kyriazos, 2018). 

MacCallum et al. (1999) suggest sample sizes of 300-500 are robust to low communalities and 

loadings, with a minimum of 200. Based on the data available in the present study, our sample size in 

each group was therefore sufficient for accurate and robust parameter estimation.  

Results 

See Appendix G for R code used in the below analyses.  

Data Processing and Matching 

Eight cases of missing data were identified in the stroke sample and removed before propensity 

matching, resulting in a final stroke sample of 787. Equally, five missing cases from the non-stroke 

comparison sample were identified and removed prior to matching. Missing cases constituted just 

.11% of the original dataset and were, therefore, not anticipated to bias findings.  
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Propensity score matching was modelled with a 1:1 and 2:1 ratio of non-stroke to stroke 

participants, respectively. Inspection of demographic differences between each non-stroke sample and 

the stroke sample indicated that the 2:1 ratio sample had similar differences in age, gender, and 

country, but smaller differences in PHQ-9 total score. Accordingly, the 2:1 ratio sample was selected 

for analysis.  

Demographic details of the stroke group and propensity-matched comparison group, 

including significance tests of demographic differences, are summarised in Table 4. Compared with 

the pre-matched sample, the demographic differences in the matched sample were substantially 

reduced for each variable, with non-significant gender and PHQ-9 total score differences. Significant 

differences remained for nationality, language, and age, with medium to large effect sizes. Despite 

findings of significant differences in nationality, most participants in both groups were from western 

developed nations (94.9% in non-stroke and 100% in stroke) and may, therefore, have represented 

broadly similar cultural backgrounds.  

Post-hoc significance testing, using adjusted residual statistics (Sharpe, 2015), indicated 

significant proportional differences in nationality between stroke and comparison groups for the UK, 

Canada, Brazil, Israel, and South Korea. Significant proportional language differences were only 

observed for Portuguese and Korean.   
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Table 4 Demographic overview of the matched sample 

 

The Dimensionality of the PHQ-9 in Stroke 

Fit statistics of the one-factor model, each two-factor model, and the bifactor model are summarised 

in Table 5 for stroke and non-stroke groups. All models had sufficient fit to the data, based on CFI 

values >.96 in both groups. All stroke group models had sufficient RMSEA fit of <.08, but the non-

stroke one-factor model did not. 

Of the two alternate forms of the two-factor model, the model that specified problems with 

concentration and moving slowly in the somatic factor, two-factor A, had a superior fit in both groups, 

which suggests that items 7 and 8 covary more strongly with the somatic items 3, 4, and 5. A high 

    

Comparison 

Group 

(n = 1574) 

Stroke  

(n = 787) Diff 

Test 

statistic p 

Effect 

statistic 

Effect size  

descriptor 

% Female 
 

41.4% 42.3% -0.9% .17 (Χ2) .679 .01 (ϕ) 
Non-

significant 
 

 
       

Age 
 

61.8 (SD 

11.3) 

67.8 (SD 

13.9) 
6.04 

-10.56 

(t) 
< .000 .48 (d) Medium 

Country UK 0.0% 16.0% -16.0% 
349.37 

(Χ2) 
< .000 .39 (V) Large 

 US 17.1% 21.0% -3.9%     
 Canada 30.3% 14.5% 15.8%     
 Netherlands 47.5% 48.5% -1.0%     
 Brazil 2.8% 0.0% 2.8%     
 Israel 1.2% 0.0% 1.2%     
 South Korea 1.1% 0.0% 1.1%     
 Total 100% 100%      
         

Language English 47.4% 51.5% -4.1% 
42.41 

(Χ2) 
< .000 .13 (V) Medium 

 Dutch 47.5% 48.5% -1.0%     
 Portuguese 2.8% 0.0% 2.8%     
 Hebrew 0.7% 0.0% 0.7%     
 Arabic 0.5% 0.0% 0.5%     
 Korean 1.1% 0.0% 1.1%     
 Total 100% 100%      
         
         

PHQ-9 

total   
5.9 (6.0) 6.1 (5.6) .24 -.95 (t) .343 .04 (d) 

Non-

significant 
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degree of correlation was observed between factors in each two-factor model for each group, which is 

indicative of unidimensionality.  

The bifactor model was the best-fitting model in both groups. Superior fit was expected 

because the specific factors (cognitive/affective and somatic) in bifactor models are designed to 

capture additional variance not explained by the global depression factor. To further assess 

dimensionality in the stroke group, global depression factor scores were calculated from the bifactor 

model and plotted against latent depression scores from the one-factor model (see Appendix H). The 

correlation between latent depression scores was .99 in the stroke group, which indicated substantial 

shared variance in factor-derived scores. This provided strong support for the unidimensionality of the 

PHQ-9 in stroke.
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Table 5 Specification and fit statistics of stroke CFA models 

    
Stroke group  Comparison group 

Model Factors Model specification 
Model 

parameters 
X2 (df) 

Robust 

CFI 

Robust 

RMSEA 

Factor 

correlation 
 

X2 

(df) 

Robust 

CFI 

Robust 

RMSEA 

Factor 

correlation 

One-factor 1 
All items onto a single 

factor 
36 

129.04 

(27) 
.974 .069   

355.9 

(27) 
.982 .088  

Two-factor 

A 
2 Cognitive/affective: 1,2,6 9 37 

88.61 

(26) 
.984 .055 .866  

212.1 

(26) 
.990 .067 .910 

  Somatic: 3, 4, 5, 7, 8           

Two-factor 

B 
2 

Cognitive/affective: 1,2,6, 

7, 8, 9 
37 

108.27 

(26) 
.979 .063 .865  

252.1 

(26) 
.988 .074 .908 

  Somatic: 3, 4, 5  
          

Bifactor 3 
Global depression: all 

items 
45 

39.36 

(18) 
.995 .039 Set to 0  

121.8 

(18) 
.994 .061 Set to 0 

 

 Cognitive/affective: 1,2,6 9  
          

 

 Somatic: 3, 4, 5, 7, 8  
   

  

 

    

 

 Factor variances are freely estimated. Correlations between factors 

set to 0   

 

    
X2= Chi-squared, df = degrees of freedom, CFI = Comparative Fit Index, RMSEA = Root Mean Square Error of Approximation
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Measurement Invariance Testing 

With unidimensionality established in the stroke group, measurement invariance testing between 

stroke and comparison groups was performed to identify the existence of subtler differences in factor 

structure. Findings are summarised in Table 6.  A unidimensional multi-group configural model was 

first specified, which was found to have sufficient model fit (CFI > .96, RMSEA = .080). This 

indicated a similar overall factor structure between the groups.  

Table 6 Unstandardised X2 fit statistics of multi-group CFA at each level of constraint 

X2= Chi-squared, df = degrees of freedom, CFI = Comparative Fit Index, RMSEA = Root Mean Square Error 

of Approximation, Δ= change in the associated fit statistic, the p-value corresponds to the significance of change 

of chi-square of model fit.  

The constraining of item thresholds and loadings to be equal between groups led to non-

significant increases in unstandardised chi-square statistics and only marginal changes to CFI and 

RMSEA values, which indicated that such impositions did not substantially reduce model fit. Metric 

invariance was, therefore, found, which implied equal thresholds and that each item contributed to the 

latent construct to a similar degree across groups.  

 A statistically significant reduction of model fit was observed after the constraint of item 

intercepts, as indicated by the p-value for the chi-square difference. This finding indicated the 

presence of significant between-group differences in intercepts and, therefore, scalar non-invariance.  

 To identify the intercepts responsible for the violation of scalar invariance, nine CFA models 

were specified with item intercept constraints released one by one. See Appendix I for a summary of 

intercept differences. Inspection of intercepts indicated substantial between-group differences for item 

4, relating to tiredness, and 5, relating to appetite. The tiredness intercept was substantially greater in 

the stroke group, with a relative difference of .446, and the appetite intercept was significantly greater 

Model X2 (df) 
CFI 

scaled 

RMSEA 

scaled 

ΔX2  

(Δ df) 
p ΔCFI ΔRMSEA 

 

Configural model 
268.6 

(54) 
.983 .080      

Constrained 

thresholds 

272.3 

(63) 
.981 .077 15.0 (9) .092 -.001 -.003 

 

Constrained 

loadings 

284.2 

(71) 
.982 .072 13.2 (8) .103 .000 -.005 

 

Constrained 

intercepts 

403.8 

(79) 
.979 .074 57.8 (8) <.000* -.003 .001 
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in the matched comparison group, with a relative difference of .346. By contrast, the average absolute 

magnitude of intercept differences of the remaining items was .07. These findings indicated that 

tiredness scores were higher in the stroke group and appetite disruption scores were higher in the 

comparison group when controlling for latent depression severity. 

A partially invariant model was specified to confirm that between-groups differences in 

intercepts for items 4 and 5 were responsible for failed scalar invariance. The partially invariant 

model estimated the intercepts of items 4 and 5 freely and maintained constraints for the remaining 

intercepts. The fit of the partially constrained model (X2=296.2, CFI= .985, RMSEA = .064) was 

statistically compared to the constrained loadings model (X2 = 284.2, CFI = .982, RMSEA = .072), 

with no significant reduction in model fit observed, X2 diff = 7.69, df diff = 6, p = .262. This finding 

confirmed the responsibility of items 4 and 5 for failed scalar invariance.  

To identify the meaningfulness of the scalar invariance violation, the effect sizes of between 

groups comparisons using a traditional summed score approach and using model-derived scores were 

compared (see Table 7). The stroke and non-stroke groups did not significantly differ when using the 

traditional summed score approach, because of group matching. However, model-implied depression 

scores indicated significantly greater latent depression in the non-stroke group. The observed effect 

size was .117 larger for the partially invariant model than for the fully invariant model, which 

suggested that falsely assumed scalar invariance would have resulted in moderate underestimation of 

between-groups differences. 

Table 7 Between-groups differences in depression scores, derived from a sum score approach and 

model-derived latent factor estimations for fully and partially invariant models 

 

Negative signs indicate higher estimated depression in the stroke group, and positive signs indicate higher depression 

in the non-stroke group. 

Scoring approach 
Stroke 

M 

Non-stroke 

M 
t/z statistic p 

Effect size 

(Cohen’s d) 
Descriptor 

Sum score   
6.141 5.9 -0.94 (t) .255 -.045 Non-significant 

Fully invariant model  0 .272 4.80 (z) < .000 .272 Small 

Partially invariant 

model 
0 .389 5.91 (z) <.000 .389 Small 
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The effect size of between-groups comparisons of depression scores derived from the 

partially invariant model was .434 larger than that observed when using the summed score method, 

which is a difference that equates to a small-to-medium effect. The effect of unequal intercepts was, 

therefore, substantial, which indicated that depression scores, using a summed score approach, were 

incomparable between groups.  

Discussion 

This study aimed to assess the dimensionality of the PHQ-9 in stroke, to identify possible differences 

in factor structure to those in the wider population and identify whether items 7 and 8 fit better onto 

the somatic or cognitive-affective latent factors. Despite two-factor models demonstrating better fit 

than the one-factor model, we found there to be a strong indication of unidimensionality in stroke. A 

high correlation between latent factors was observed, with a strong association of bifactor model-

derived global depression scores with one-factor derived scores. This finding contributes further 

evidence for PHQ-9 in favour of good psychometric performance in stroke (Burton and Tyson, 2015) 

and general robustness to the sequelae of stroke (Katzan et al., 2021). 

 Items 7 and 8, relating to difficulties with concentration and moving slowly/feeling restless, 

respectively, were found to load better onto the somatic factor. This finding was also observed in the 

comparison group; for this reason, we did not interpret the superior fit of two-factor model A to be 

caused by stroke-specific factors, such as the interference of physical health consequences. A superior 

model fit of two-factor A is consistent with findings from some studies (Elhai et al., 2012; Krause et 

al., 2011; Villarreal-Zegarra et al., 2019) but inconsistent with the optimal factor structure reported by 

other authors (Chilcot et al., 2013; Kocalevent et al., 2013; Patel et al., 2019). This finding indicated 

that in both our stroke and non-stroke samples, the items relating to feeling slowed down and having 

difficulties concentrating covaried more strongly with somatic depression symptoms. 

From the comparisons of factor structure with the non-stroke sample, the two groups were 

found to possess invariant thresholds and factor loadings. This implies that the factor correlations of 

items are broadly equivalent between populations and that the thresholds in which patients move to 
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endorse a higher response rating occur at approximately equal points on the items’ latent continuous 

severity scales.  

Differences in intercepts were, however, observed; specifically, a large positive intercept of 

tiredness was observed in the stroke group and a large positive intercept of appetite disruption in the 

comparison group. This finding implies that stroke patients are more likely to positively endorse the 

tiredness item, and non-stroke participants the appetite item, even when latent depression is 0.  

The violation of scalar invariance was substantial, with measurable implications. A small-to-

medium between-groups difference in latent depression was obscured by the inequalities in intercepts, 

which suggests that the two intercept differences do not cancel out and that the tiredness intercept 

significantly inflates the stroke PHQ-9 total score. This, in turn, suggests that depression scores 

between stroke and non-stroke populations cannot be reliably compared using a summed score 

approach. Even though group-matching for PHQ-9 total scores made depression severity appear 

similar between groups, the non-stroke sample was, on average, more depressed.  

There are several possible explanations for the greater tiredness intercept in the stroke group. 

First, it is possible that, as hypothesised, post-stroke fatigue and other relevant stroke sequelae lead to 

greater loading onto the tiredness item, even when latent depression is 0 (Acciarresi et al., 2014; Lai 

et al., 2002). It is also possible that the difference can be explained by imperfect matching, such as 

age or nationality-related effects. If the tiredness item is, indeed, biased by the presence of post-stroke 

fatigue, this might add noise to optimal cut-off points for depression in stroke samples, and potentially 

lead to an overdiagnosis of depression for those with post-stroke fatigue and an underdiagnosis for 

those without. 

 The possible explanations for the greater appetite intercept in the non-stroke group are 

unclear. One possibility is the observed age differences between groups, as a negative association 

between age and appetite disruption on the PHQ-9 in primary care has been previously reported by 

the primary authors of one of the included data clusters (de Man-van Ginkel et al., 2015). The 

intercept for appetite disruption may, therefore, be age-dependent, although this was not identified by 
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previous measurement invariance studies (Villarreal-Zegarra et al., 2019). It is also possible that 

differences in nationality and language are relevant, but sample sizes were too small within each 

country and each stroke status group to assess measurement invariance of these factors. Identifying 

possible causes for this finding should, therefore, be a focus of future research.  

Strengths and Limitations 

A major strength of this research is that it was one of the first studies to compare the factor structure 

of the PHQ-9 between stroke and non-stroke comparison groups. We have provided additional 

confirmation of the general robustness of the measure’s overall dimensionality to physical health 

problems and other stroke sequelae (Dong et al., 2022; Katzan et al., 2021). The finding of 

noninvariant intercepts is also of importance because it suggests that comparisons of PHQ-9 scores 

between stroke and other groups might be invalid, even if valid for comparisons within these groups.  

Despite these strengths, there are several limitations inherent in the current study. First, it was 

difficult to statistically account for nested data because this would have required multiple 

measurement invariance calculations between groups and because Lavaan has limited functionality 

for completing measurement invariance on nested data. Unaccounted clustering can lead to biased 

parameter estimations and standard errors because of the presence of item covariations within clusters 

that are not accounted for by the latent variable (Dyer et al., 2005). Second, the large demographic 

variation between clusters and groups meant that demographic matching was imperfect, which placed 

limitations on the interpretation of measurement invariance testing. Finally, data on the amount of 

time elapsed since the index stroke event were not available. As such, the stroke participants were 

likely to have a substantial variance in their position in stroke recovery. Time since the stroke event 

may also be important because a recent publication has demonstrated metric non-invariance of the 

appetite item loading as a factor of time since stroke (Dong et al., 2022) and because significant 

improvement in physical functioning can be observed after six months and sometimes up to one year 

(Kwakkel et al., 2004; Studenski et al., 2001) in addition to the emergence of cognitive decline and 

greater impairment in some (Mijajlović et al., 2017). The variability in time since stroke may, 

therefore, have introduced noise to the analysis. These abovementioned limitations mean that 
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confidence in the conclusions is compromised by the quality of available evidence and highlight 

avenues for future research. 

Clinical Implications 

Based on our findings of unidimensionality, clinicians are encouraged to continue using the PHQ-9 in 

stroke practice. However, clinicians should be mindful that stroke patients may report higher baseline 

tiredness on item 4 of the PHQ-9, and that those with significant post-stroke fatigue may have inflated 

total scores compared to those who do not. This may lead to reduced accuracy of the cut-off point for 

depression if optimal cut-offs are indeed based on samples that include a mixture of both sub-groups. 

Clinicians should also be mindful of recent findings of measurement non-invariance associated with 

time since stroke, which implies that the measure may function less as a unified measure of global 

depression for those later in the recovery trajectory. Caution in the interpretation of patient scores near 

the boundary of cut-off points is, therefore, advised until a sensitive analysis of sub-groups and 

interaction with stroke recovery, is completed.  

Future Research 

Several avenues for future research emerge from the current study. The causes of the differences in 

intercepts must be investigated in more detail; new hypotheses have now been raised for why the 

appetite intercept may have been greater in the non-stroke group. It is also important that 

measurement invariance is assessed between people with post-stroke fatigue and those without and if 

non-invariance is observed, the impact on diagnostic accuracy should be explored. Further 

investigation into the effects of age on factor structure is also needed; while Villarreal-Zegarra et al. 

(2019) found measurement invariance of age, there may be an interaction between age and 

nationality, so it is important that this finding is replicated in other countries.  

The recent findings of only partial invariance in factor structure with increased time since 

stroke, with notable loading non-invariance for the appetite item, and the possible failure of 

unidimensionality above 12 months post-stroke (Dong et al., 2022) warrant further investigation into 

the effects of stroke recovery. It is important that a mixed two-factor approach to measurement 
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invariance is adopted, whereby group-level and longitudinal-level measurement invariance are 

simultaneously assessed so that the reasons for changes to factor structure can be better understood.  

Finally, a future analysis of the item structure of the PHQ-9 using Item Response Theory 

(IRT) techniques is recommended because it would provide greater insights into the ability of items to 

discriminate between mild and severe depression, as well as provide a clearer picture of the latent 

severity of items.  

Conclusion 

The results of the current study provide strong support for unidimensionality in a stroke population. 

Differences in intercepts between stroke and non-stroke groups were observed, with a higher tiredness 

intercept in the stroke group and a higher appetite disruption intercept in the comparison group. This 

violation of measurement invariance is clinically significant. Researchers should interpret mean 

differences in PHQ-9 total scores between stroke and other groups with extreme caution and consider 

using CFA model-derived depression scores as an alternative. Further research is needed to identify 

whether there are differences in factor structure throughout stroke recovery. 
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Chapter 6. Discussion and Critical Analysis 

This thesis portfolio aimed to critically examine the concept of post-stroke depression and explore the 

evidence for (Aizenstein et al., 2014, 2016; Crowe et al., 2016; Gainotti et al., 1999; Pan et al., 2012), 

and against (Cumming et al., 2010; de Man-van Ginkel et al., 2015) its distinct phenomenology. Two 

approaches were adopted to address this aim: (1) a systematic review and synthesis of studies that 

compared the symptomatology of post-stroke depression with depression in the general population, 

and (2) an exploration of the factor structure of one of the most used depression screening tools, the 

Patient Health Questionnaire-9 (Kroenke et al., 2001). 

 In this chapter, the findings of each paper are briefly summarised, followed by a broader 

discussion of the significance of the portfolio in its entirety. A critical analysis follows, with 

considerations of alternative ontological and epistemological perspectives. Finally, areas for future 

research are outlined.  

Research Summary 

Systematic Review 

Results of profile comparison studies have been commonly cited in papers that reviewed the construct 

of post-stroke depression (Llorca et al., 2015; Robinson, 2006; Robinson and Jorge, 2016). However, 

no systematic approach to synthesising these results, alongside evidence available from alternative 

methodologies, had yet been conducted. We identified two additional methodologies: comparisons of 

correlation strengths between a symptom and depression, and Differential Item Functioning (DIF) of 

latent symptom severity, but both were underutilised. Longitudinal explorations of changes in 

symptomatology over the recovery span, which offer powerful insights into the moderating influences 

of adjustment and physical recovery (House et al., 1991), were also underutilised.  

 High heterogeneity of included studies obscured any clear patterns, and analysis of between-

groups differences in the time since stroke, study quality, choice of methodology and comparison 

group setting were all found to influence findings substantially. Despite this limitation, we found 

evidence of broad similarities in symptom profiles, with comparable symptom prevalence and severity 
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found for negative affect, somatic features of depression, negative cognitions, cognitive difficulty, 

anxiety, and suicidal ideation between the stroke and non-stroke general populations.  

Anhedonia/apathy appeared to be more prevalent in the general population, and correlation 

studies provided tentative indication for a greater relatedness of anxiety and fatigue in the depressive 

experience of people in the general population. Positive responses to appetite disruption and crying 

were indicative of more severe depression in primary care than in stroke (Pickard et al., 2006). Higher 

latent symptom severity of crying in primary care might be indicative of the interference of post-

stroke emotionalism, which causes uncontrollable crying in stroke patients without depression 

(Broomfield et al., 2021; Calvert et al., 1998; Fitzgerald et al., 2021). Reasons for differences in 

appetite remain unclear.  

Greater work inhibition and emotional variation were observed in the stroke samples. No 

other consistent findings emerged in support of greater prevalence, severity, or construct “closeness” 

of a symptom in the stroke group. The biasing of emotional variation and work inhibition symptoms 

by post-stroke emotionalism and physical and cognitive barriers to working was hypothesised 

(Calvert et al., 1998; Wolfenden and Grace, 2009).  

The possible presence of extraneous bias made it difficult to compare ‘like for like’ 

depression between groups. In other words, the appearance of similar profiles when visually plotted, 

or with matched total scores, does not mean that latent depression is indeed the same if biasing factors 

exist. This problem established a clear rationale for using a methodology, such as factor analytic 

techniques, that would be more robust to this effect. 

Empirical Paper 

The aims of the empirical paper were three-fold: (1) to test the hypothesis that post-stroke sequelae 

sufficiently bias the PHQ-9 so that it measures two latent factors, (2) to identify the optimal 

positioning of items 7 and 8, relating to problems with concentration and slowed movement, and (3) 

to identify differences in factor structure with a general population group. As above, factor analysis 
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has the capability of capturing incidences where items are biased by other sources, via item intercepts, 

and measuring a latent depression while accounting for this problem.  

 Though a two-factor model had a superior fit to the one-factor model, the correlation between 

factors was sufficiently high that a clear second order of depression was indicated. This conclusion 

was buttressed by the near-perfect correlation of global depression on a bifactor model with 

depression scores from the one-factor model. This means that the PHQ-9 does not measure depression 

and physical disability as two uncorrelated clusters in stroke, it measures depression.  

 However, the presence of unidimensionality does not mean that the measure is free from the 

influence of the effects of stroke. While factor loadings and thresholds were broadly similar, the 

intercept for tiredness was significantly greater in the stroke group than the general population group, 

indicating higher baseline tiredness/energy complaints, independent of depression. The effects of 

post-stroke fatigue (Acciarresi et al., 2014) and insomnia (Baylan et al., 2020; Nguyen et al., 2019) 

were hypothesised explanatory factors for the intercept differences in tiredness. The intercept of the 

tiredness item was large enough that it biased PHQ-9 total scores to the extent that a difference of 

small-to-medium effect size, in the direction of primary care being more depressed, was masked. 

Therefore, the PHQ-9 does, indeed, appear to be biased by stroke but only for the tiredness item but 

not to the extent that it forces multidimensionality. A surprising finding was that the intercept for 

appetite was higher in the general population sample. Reasons for differences in the appetite intercept 

remain unclear, but age and ethnicity could be factors (de Man-van Ginkel et al., 2015).  

 We found evidence that concentration difficulties and slowed movement covary more with 

somatic symptoms of depression than cognitive-affective. This was observed in both groups, 

suggesting that this observation is not specific to stroke.  

Synthesis of Findings 

Combined, the findings of the two papers presented in this portfolio suggest that there are broad 

similarities in the phenomenology of depression after stroke compared to non-stroke general 

population. Profile comparison studies indicated that most symptoms, except for anhedonia and 
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apathy, have comparable prevalence and severity, and the factor structure of the PHQ-9 in stroke is 

comparable to the general population, with only the intercepts of two items differing between groups. 

 Partial agreement between the two papers was found for comparative correlation strengths of 

depressive symptoms with depression. Factor loadings, which share theoretical similarities to 

correlations between a symptom and a depression measure, were found to be invariant between 

groups. This, in turn, indicates similarities between groups in the “closeness” of each respective 

symptom to the depression construct. Loading non-invariance was consistent with factor correlation 

studies investigating insomnia, but not fatigue. The PHQ-9 does not directly measure self-esteem or 

anxiety, meaning these comparative correlation findings from the systematic review cannot be 

compared with the factor loading findings of the empirical paper. It must be considered that the non-

invariance of factor loadings is only an indication of overall difference and does not provide a detailed 

and sensitive evaluation of differences at the symptom level. 

Extraneous Bias 

A core focus of this thesis portfolio has been to consider the relationship between post-stroke 

depression and numerous other post-stroke sequelae, such as physical and cognitive disability, 

functional impairment, personality changes, neurovascular alterations, fatigue, insomnia, and post-

stroke emotionalism (Duncan, 1994; Hu et al., 2017; Teasdale and Engberg, 2010). In each of the two 

original papers presented in this portfolio, evidence in support of the loading of these factors onto 

depression items has been found. Concluding that between-group differences are the result of 

extraneous bias is, however, challenging because such difficulties are also likely to be relevant to the 

psychological maintenance of depression and potentially covary with depression severity (Broomfield 

et al., 2011).  

Examples of suspected bias were potential interference attributable to post-stroke 

emotionalism and psychological adjustment in emotional variation measures  (Calvert et al., 1998; 

Townend et al., 2010) and the interference of physical and cognitive barriers to returning to work, 

unaccounted age differences, or decisions to refocus priorities and take early retirement as factors 
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hypothesised to interfere with work inhibition items (Saeki et al., 1995; Wang et al., 2014; Wolfenden 

and Grace, 2009). 

Somatic symptoms of depression were of particular interest and scrutiny in each respective 

paper. The finding of a high correlation between somatic and affective factors in the empirical study, 

indicating the absence of significant bias of somatic symptoms post-stroke, is consistent with broadly 

equal prevalence and severity of the somatic domain between groups reported in the systematic 

review. This indicates that somatic items are less influenced by extraneous sources than hypothesised. 

Exceptions were noted for fatigue/tiredness and appetite.  

In the systematic review, the severity and prevalence of tiredness appeared broadly equal 

between groups, but fatigue was found to correlate more weakly with depression. In the empirical 

paper, we found evidence for a biasing of the tiredness item in the stroke group, as indicated by 

intercept differences, which would suggest higher scores on the tiredness item when controlling for 

latent depression.  

A possible explanation for these findings might be that there is, indeed, a weaker association 

between fatigue and depression in stroke, but higher baseline fatigue leads to a cancelling out effect, 

leading to observations of no overall difference in prevalence or severity of fatigue between groups. 

An overlay of depression-related fatigue onto an elevated baseline of fatigue in stroke populations 

has, indeed, been observed (de Man-van Ginkel et al., 2015). This hypothesis would require an 

insensitivity of the measurement invariance testing to specific differences in tiredness item loadings.  

Another possibility is that stroke patients exhibit significantly more variance/noise because 

post-stroke fatigue does not affect all stroke survivors and has varying severity in those who do 

experience it. The presence of elevated variance in fatigue in stroke might lead to weaker observed 

correlations with depression (Field, 2014), and heteroskedasticity in between-groups analyses. The 

relationship between fatigue and depression, and the interaction of the experiences of post-stroke 

fatigue in some, but not all, stroke survivors is complex, and further study is warranted to fully 

understand it.  
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Differences in the intercepts for appetite disruption were observed in the empirical paper, 

indicating a higher baseline prevalence of appetite disruption in the general population group, but no 

clear differences in severity or prevalence were observed for this symptom in the profile comparison 

studies. Interestingly, the single IRT DIF study included in the review suggested that appetite 

disruption had significantly higher latent symptom severity in the general population, meaning that 

positive endorsement of this item was indicative of more severe depression (Pickard et al., 2006). 

Synthesising these findings is challenging because a higher intercept might lead to the expectation of 

lower relative symptom severity, given that higher intercepts suggest higher endorsement of appetite 

disruption when depression is set to 0. It could be that stroke events may protect against appetite 

disruption in some way, perhaps through the careful regulation of dietary intake during hospital-based 

rehabilitation or the comorbidity of diabetes (Chen et al., 2016; Sami et al., 2017), but this remains a 

hypothesis. It must be noted that demographic differences existed in both the IRT DIF study and the 

empirical paper, so explanations extraneous to stroke status cannot be ruled out.  

The presence of differences in intercepts and their consequences for the accurate estimation of 

overall depression severity was suspected from the results of the systematic review and confirmed by 

the findings of the empirical paper. It is, therefore, important that any analyses with an assumed 

equivalence of depression severity between stroke and the general population are interpreted with 

caution.  

Summary and Theoretical Relevance 

In summary, evidence for both similarities and differences in the phenomenology of depression 

between stroke and the general population was found. Though the groups were invariant for item 

thresholds and loadings, and non-significant differences in most depression symptom domains were 

found in the review, subtler differences in phenomenology, such as the prevalence and severity of 

anhedonia, have been highlighted and greater exploration of this is warranted. The biasing effects of 

other sequelae do appear to be relevant, but perhaps less dominating than hypothesised.  

Given the adoption of a critical realist position and acknowledgement that differences in the 

expression of depression are inevitable between contexts, establishing a cut-off point for concluding 
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overall similarity or difference in phenomenology between groups would have been logically 

incoherent. Under the adopted perspective, differences between groups are inevitable consequences of 

changes in context, not as bias to be removed. Instead, the value of big-data approaches to 

phenomenological comparison, such as those employed in the two papers presented here, is in 

commenting on the nature and magnitude of any observed contextual differences and how this may 

support understanding of human experiences in different contexts.  

When integrating current findings with findings from previous studies that compare stroke 

depressed to stroke non-depressed patients (de Man-van Ginkel et al., 2015; Robinson, 2006), there is 

evidence that, even in cases where stroke comorbidities load onto depression items, substantial item 

variance is captured by depression and there is a significant overlay of mood on even somatic items. It 

is also possible that some additional variance is explained by an interaction between depression and 

these comorbid factors; for example, post-stroke fatigue induced ‘boom and bust’ cycles leading to 

reduced activity, stamina, and mood (Goudsmit et al., 2012; King et al., 2020).   

A finding of critical significance to researchers is that there appears to be a violation of strong 

invariance between the general population and our stroke sample. This indicates that total PHQ-9 

scores are not comparable between groups when using the traditional summed score methods. 

Researchers using between-populations testing of PHQ-9 total scores are, therefore, recommended to 

interpret any with extreme caution.   

It is hoped that this portfolio will highlight a broader range of methodological tools available 

to researchers for investigating this fascinating research area. It has been shown that factor analysis 

and IRT DIF have utilities far broader than psychometric validation, and can provide distinct 

phenomenological insights, such as the hierarchical positioning of latent symptom severity, the 

presence of intercepts, factor correlations, and the correlations/discrimination of symptoms as 

indicators of depression. The symptomatology of any psychological construct is far more complex 

than simply the relative severity and prevalence of its component symptoms, and researchers must 

grapple with concepts such as the theoretical “closeness” of a symptom to depressive experience to 

engage with the complexity. The complexity of this topic, of course, goes far deeper still and 
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engagement with issues of ontology and epistemology must be demonstrated. Such issues will be 

discussed in the following section.  

Implications for Clinical Practice 

Assessment and Formulation 

Based on the findings of unidimensionality in the empirical paper, clinicians can be reassured that the 

PHQ-9 measures depression and that each item sufficiently captures depression variance and 

continued use of the measure is recommended. Despite recommended use, clinicians are advised to 

interpret cut-off points with caution, because item 4 scores, relating to tiredness could be inflated by 

post-stroke fatigue. This does not mean that the item or the measure is invalid as a measurement of 

depressed mood or to monitor intervention outcomes, only that cut-off points may be less reliable. 

Though an optimal cut-off of 10 has been established in stroke (de Man-van Ginkel et al., 2012a; De 

Man-Van Ginkel et al., 2012b), the existence of noise relating to post-stroke fatigue and other sources 

may result in overdiagnosis in patients with severe post-stroke fatigue and patients and underdiagnosis 

in those with mild or no post-stroke fatigue, using the PHQ-9. Cautious interpretation is, therefore, 

advised in cases where scores are close to this cut-off, particularly if this cut-off is the basis of any 

healthcare decision, such as the decision to prescribe or not prescribe antidepressants (Gillham et al., 

2011). Of course, if accuracy of cut-off points is a priority, then another measure should be considered 

until further research evaluates this issue.  

Clinicians are recommended to be careful not to overly attribute presentations of significant 

fatigue or other depression symptoms to neurological origins alone, as it is likely that high scores on, 

for example, the tiredness items are indicative of mood disturbance, at least to some extent, 

particularly if other item scores are also high. Similarly, the role of depression should not be 

overlooked if there is positive endorsement of the concentration difficulty item from a patient 

presenting with mild-to-moderate cognitive difficulty.  An overlay (Bhome et al., 2019; Kay et al., 

1992) or biopsychosocial (FitzGerald et al., 2012; Ormstad and Eilertsen, 2015) model of 

understanding and formulating a person’s presentation is, therefore, recommended, because these 
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approaches are consistent with the evidence presented in this thesis. Further exploration of 

measurement invariance concerning varying levels of cognitive disability is, however, still warranted.  

Intervention 

The interpretation that the many comorbid effects of stroke are relevant and will bring individual 

significance to a person, but with broadly similar symptomatology to other populations, corroborates 

the rationale for an augmented form of Cognitive Behavioural Therapy (CBT) after stroke 

(Broomfield et al., 2011). Given the potential loading of psychological adjustment processes onto 

items relating to emotion dysregulation (Gainotti et al., 1999; Gainotti et al., 1997; Pickard et al., 

2006), our findings also buttress the importance of facilitating psychological adjustment in stroke 

populations (Gracey et al., 2009; Taylor et al., 2011), which has previously been recommended as part 

of an augmented approach (Broomfield et al., 2011).  

Furthermore, techniques such as values-based Behavioural Activation (Hooker et al., 2020; 

Okifuji et al., 2015) and Selective Optimisation with Compensation (Baltes, 1997; Broomfield et al., 

2011; Grove et al., 2009) may be appropriate interventions for patients presenting with low mood in 

the context of occupation or role loss (Laidlaw et al., 2008). Third-wave CBT approaches that 

consider personal values may also be relevant to people undergoing a period of significant personal 

transformation (Harris, 2009; Majumdar and Morris, 2019).  

Critical Evaluation 

In this section, specific strengths and weaknesses of this research will be briefly considered, followed 

by an exploration of the wider issues faced by phenomenology research.  

Strengths 

A key strength of the systematic review was its open search criteria regarding study methodology, 

which permitted the identification of a greater diversity of sources of evidence in examining the 

research questions than previous non-systematic reviews (e.g. Llorca et al., 2015). Another strength of 

this work was the engagement with the complexity associated with identifying evidence for and 

against the extraneous influence of stroke sequelae and the consideration of depression alongside 
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other psychological phenomena, such as emotional adjustment. The empirical paper held strengths in 

its novelty, its sufficient sample size and the importance of its findings for understanding 

phenomenology, the influence of other stroke sequelae, and the incomparability of PHQ-9 total scores 

between stroke and general population groups.  

 A core strength of this portfolio more broadly is its methodological harmony.  The empirical 

study was able to examine and test a methodological weakness of the review; that is, concerns about 

whether latent depression was truly equal between groups in the review, despite similar profiles, could 

be addressed by the ability of factor analysis to estimate latent depression. The empirical paper indeed 

found that summed depression scores are incomparable between groups. The methodologies also 

complement each other by assessing phenomenology in two distinct ways, which supported a rich 

synthesis of the findings. 

Weaknesses 

The systematic review had several limitations. To obtain a sufficient focus for the scope of the 

project, comparison groups with other health populations and studies that compared people with post-

stroke depression to people without depression after stroke were excluded. Such studies would have 

supported a larger sample and provided richer information about the unique variance contributed by 

depression. Furthermore, the high heterogeneity forced several analytical decisions, among multiple 

valid alternatives. These decisions are likely to have influenced findings and the number of 

influencing factors was likely to be disproportionately high for the available data. 

 The empirical paper also had several limitations. Despite a large pool of general population 

data, the matching process was imperfect and medium effect sizes were observed for age, nationality, 

and language. The presence of these differences limited the ability to attribute findings to stroke 

status.  Furthermore, accounting for the clustered nature of the data was impractical, meaning model 

accuracy may have been compromised.  
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 Both papers featured samples primarily from Western developed nations and was unable to 

investigate hypotheses relating to ethnicity or culture. Accordingly, the findings of this thesis may not 

be generalisable to populations outside of the demographics and ethnicities.  

Wider Issues in Phenomenology Research 

As outlined in the introduction, a Critical Realist philosophical orientation was adopted, which means 

that a fundamental reality of post-stroke depression was assumed, but that the social contextual nature 

of this reality means that observing it directly and achieving a fundamental context-independent 

understanding is not possible. In the two studies presented in this portfolio, the assumption that 

depression can be measured equally between contexts, and that depression itself is independent of 

context, was rejected. The attempts to investigate between-group measurement differences and 

differences in symptomatology exemplify this stance.  

By demonstrating the contextual dependence of symptomatologic experiences, such as 

through the observation that indicators of anhedonia severity/prevalence differed between groups, the 

existence of depression as a fundamental construct, independent of human context, has therefore been 

rejected. The validity of the assumption that depression can be measured in the same way for all 

people in all contexts has, therefore, also been rejected. This rejection was made despite the common 

assumption that, for example, diagnostic interviews are considered the “gold standard” of depression 

diagnosis in stroke and other health populations (de Man-van Ginkel et al., 2015; Gainotti et al., 1999; 

Gainotti et al., 1997; House et al., 1991) and that questionnaires can be validated simply by testing 

their agreement with said standard (Burton and Tyson, 2015). Indeed, because the findings of the 

systematic review were dependent on papers that made this assumption, the review also possessed this 

limitation. Factor analytic and IRT tools are important to phenomenology research for those adopting 

a contextualist approach because they support the testing of assumptions of equivalence of a broader 

construct by deconstructing it into its component symptoms and exploring differences between human 

contexts. The implications of this thesis were, therefore, directed at those who adopt a general 

acceptance of the depression construct, but acknowledge that there is a need to refine how it is 

understood between contexts.  For example, this perspective has been reflected in cognitive-
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behavioural models of depression in older people, which acknowledge contextual differences inherent 

in this population (Laidlaw et al., 2008). Attempts in this thesis, therefore, to compare groups whose 

reports indicate similar overall distress experiences, so that context-related differences in the 

experiences within this broader construct could be identified, are viewed as consistent with this 

perspective.  

Despite the critical stance regarding depression as a context-independent construct adopted 

here, an acceptance of the existence of some form of construct of depressive experience has still been 

assumed. The methodologies utilised in the research presented assumed that there exist covarying 

clusters of depression symptoms and that there is, therefore, likely a biopsychosocial reality to the 

phenomenon of depression (Alexopoulos et al., 1997; Castanheira et al., 2019; Zeng et al., 2021).  

Though the Critical Realist stance adopted in this portfolio embraced variation in the 

presentation of depression between contexts, this raises the issue of the arbitrary point in which the 

variations in expression become so large that the term “depression” becomes broad to the point of 

meaninglessness. Indeed, many psychotherapeutic models reject the existence of depression as a 

diagnostic entity and support the notion that depressive symptoms are idiosyncratic, person-specific, 

and transcend the bounds of any depression diagnostic category (Johnstone, 2018; Johnstone and 

Dallos, 2006). For example, an influential model of low self-esteem offers a transdiagnostic 

mechanism by which depressive and anxious symptoms interact (Fennell, 1997). In such a model, the 

concept of depression is de-emphasised in favour of a formulation-driven model for the maintenance 

of distress, with no clear boundary between when depression ends and other difficulties start. Within 

this perspective, attempts to control for overall depression severity between contexts, as was present 

in the systematic review and empirical paper, are undermined in validity because the set of symptoms 

used to identify group-level differences is arbitrary.  

Similarly, a stance that there are clear and well-defined bounds between when stroke sequelae 

might be relevant and intertwined with depressive experience and when their loading onto depression 

items is purely extraneous has been assumed. It is probable that, in reality, there is a fuzzy boundary 

between these two positions and that there are complex and obfuscated interactions between these 
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numerous effects of stroke, the psychological internalisation of them, and the interface between them 

and the depression measure (Broomfield et al., 2011). Even in cases where there was no observation 

of bias or item loading from stroke sequelae, it is possible that these effects existed but remained 

unobserved, because of epistemological limitations. For example, if post-stroke fatigue interacts with 

physical disability (Cuesta, 2013), negative cognitions (Telfer, 2014), interpersonal attachment style 

(Bifulco et al., 2002; Li et al., 2008), personality traits (Klein et al., 2011), coping mechanisms 

(Visser et al., 2015), caregiver support and coping (Boerboom et al., 2014; Jaracz et al., 2012), 

cultural attitudes to disability and mental health (Sheikh and Furnham, 2000), cohort beliefs (Laidlaw 

et al., 2008), rapport with the assessor (Thompson and McCabe, 2012), response biases (Wetzel et al., 

2016), and the context of hospital rehabilitation (Walker et al., 2013), it would not be unexpected for 

this complex system of exchanges to remain undetected by a simple between-groups symptom 

prevalence comparison, factor loading, or item intercept. Thus, it is acknowledged that the attempt to 

make clear distinctions between genuine population-level differences in phenomenology versus 

differences that result purely from extraneous bias should be considered a limitation.  

This perspective, of course, has implications for the meaningfulness of the methodology in 

the systematic review and empirical paper; if the separation of somatic distress, such as problems with 

fatigue, from psychological distress, such as guilt, is meaningless, then the concepts of depression 

being overestimated by extraneous factors in stroke were also meaningless. Instead, higher average 

fatigue scores could be viewed as a distressing experience that itself can be formulated with the 

individual and, regardless of whether this experience mechanistically interacts with other depressive 

symptoms, may benefit from focus of psychological support.  

Finally, if this research were to be critically appraised through a relativistic or social 

constructionist lens, as is more commonly adopted in qualitative research (Welch and Patton, 1992), 

the comparison between groups at even the symptom level, a step closer to relativism than 

investigations of the disorder level, could be considered a limitation. Qualitative research affords rich 

narratives into the phenomenology of person-centred experiences, which is lost by quantitative 

attempts at measurement (Braun and Clarke, 2013). Those adopting social constructionist perspectives 
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might argue that there are limitations to comparisons of broadly defined symptoms between groups if 

the fundamental way in which these symptoms are understood and constructed is specific to an 

individual’s context, and dependent on individual, group, cultural, and historical factors. For example, 

self-blame or guilt in the context of requiring physical health care from family members, which can be 

mediated by cultural concepts of familism, collectivism, and traditions of care responsibility (Crowe 

et al., 2016; Knight et al., 2002; Losada et al., 2007), may be seen by some as fundamentally 

incomparable to guilt experienced in the context of adult mental health and complex attachment 

histories (Unthank, 2019). Attempts to measure guilt in such different contexts are, therefore, 

arguably invalid if these experiences, and the ways in which individuals between contexts interact 

with any form of measurement, are different. This, of course, would mean that ‘controlling’ for 

overall severity in order to measure differences in specific symptoms, as performed in this thesis, is 

also invalid. 

Furthermore, the low ethnic and socioeconomic diversity of the samples included in this 

portfolio and absence of specific analysis exploring the role of ethnicity may have resulted in findings 

that are potentially incompatible with, or even damaging to, individuals from cultures that construct 

depression or problems with low mood in different ways and should therefore be applied to different 

cultures with caution.  While the methodologies in this portfolio have been adopted to try and bridge 

this gap between broad and arbitrary diagnostic categories and the richness of individual 

phenomenological narratives by understanding symptom-level relationships, this gap remains large 

and epistemologically limited.  

Future Research 

Many questions remain unanswered in post-stroke depression phenomenology research. Regarding 

profile comparison studies, we have highlighted a greater need for the use of more longitudinal 

studies in symptomatology, so that effects of stroke recovery and adjustment can be better tested 

(House et al., 1991). Preferably, this study would use a measure with a large diversity of items, such 

as the Beck Depression Inventory-II (BDI-II; Beck and Steer, 1984), and compare profiles of 
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depressed and non-depressed stroke and general population participants, similar to de Man-van Ginkel 

et al. (2015).  

 It is also important that further research aims to compare associations of symptoms with the 

latent construct of depression and investigates differences in the latent severity of those symptoms as 

indicators. Item Response Theory (IRT) modelling can accomplish both aims, via the assessment of 

item discrimination and the analysis of DIF (Pickard et al., 2006). So far, this aspect of 

phenomenology research in stroke is greatly underutilised.  

 The factor analysis methodology used in the empirical paper has been available for less than a 

decade (Wu and Estabrook, 2016), and development in the area of measurement invariance testing is 

ongoing. As advancements are made, a replication of this empirical paper using multilevel modelling, 

and with a greater statistical understanding of the accuracy of fit statistics in the context of categorical 

variables, will be required (Sass et al., 2014). Furthermore, there remains a need to combine a 

between-groups measurement variance approach of stroke and non-stroke, as has been completed 

here, with a longitudinal within-subjects approach of assessing measurement invariance with 

increased time since the index stroke (Dong et al., 2022). This combined approach would offer greater 

insights into reasons behind findings of measurement non-invariance and reduced unidimensional 

model fit with increased time since stroke.  

 Regarding particular symptoms, unexpected findings were reported for tiredness and appetite 

disruption. Hypotheses about the differences in tiredness and appetite intercepts, in the context of an 

absence of differences in the somatic domain reported in the systematic review, warrant careful 

investigation so that a mechanism can be identified. For example, an exploration of whether 

neurologically implied post-stroke fatigue accounts for differences in intercepts, and whether there is 

measurement non-invariance between post-stroke fatigue groups, is recommended.  

 Group differences in indicators of emotional expression and tearfulness (Gainotti et al., 1999; 

Gainotti et al., 1997; Pickard et al., 2006) should also be explored to identify the differential 

contribution of emotionalism (Calvert et al., 1998), depression (Vingerhoets et al., 2007), and 
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psychological adjustment to loss (Townend, 2005). Recent developments in the assessment of post-

stroke emotionalism (Broomfield et al., 2021), and the use of longitudinal designs (House et al., 

1991), will support such differentiation.  

Conclusion 

This thesis portfolio aimed to consolidate existing research into the comparative phenomenology of 

post-stroke depression and contribute new understanding by applying methodologies that aim to 

address previous research limitations. This portfolio has found evidence in support of a broad 

similarity of the symptomatology of post-stroke depression with depression in the general population. 

There is some evidence that post-stroke depression is characterized by comparatively less severe and 

prevalent experiences of anhedonia. Contrary to expectation, assessment of depression in stroke, using 

a commonly utilised screening tool, was robust to measurement interference attributable to the 

numerous stroke sequelae and demonstrated unidimensionality. However, there does appear to be 

moderate bias in the assessment of tiredness/fatigue, emotional variability, and work inhibition 

attributable to post-stroke fatigue, post-stroke emotionalism, psychological adjustment, and physical 

and cognitive impairment. Avenues for future research are outlined.  
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Appendix B: Full Search Strategy for the Systematic Review 

Search strategy  

Academic Search Complete, AMED (The Allied and Complementary Medicine Database), APA 

PsycArticles, APA PsycInfo, CINAHL Complete (Cumulative Index of Nursing and Allied Health 

Literature), MEDLINE Complete, OpenDissertations.  

S1. “stroke” OR “cerebrovascular accident*”OR “post-stroke” OR “subarachnoid hemorrhage” OR 

“cerebral infarct*” OR “lacunar infarct*” OR “lacunar stroke” OR “cerebral hemorrhage” OR 

“Hypoxia-ischemia, Brain” OR “brain infarction” 

S2. “low mood” OR “depress*” OR “mood” OR “wellbeing” OR “distress*” OR “affect” OR 

“psychological distress” OR “Stress, psychological” OR “psychological distress” OR “mental 

depression” 

S3 “indicators” OR “predictors” OR “correlate*” OR “factors” or “control-group” OR "control group" 

OR “non-stroke” OR "healthy control" OR "neurotypical" 

S4. S1 OR S2 

This search produced high sensitivity and low precision. Too many articles were identified to 

reasonably consider 

S5. S1 AND S2 

This search had improved precision but still produced too many results, most of which appeared 

irrelevant 

S6. S1 AND S2 AND S3 

The addition of the design constraint narrowed results considerably, with concerns of poor sensitivity 

S7. “phq-9” OR “phq-2” OR “phq9” OR “patient health questionnaire-9” OR “patient health 

questionnaire” OR “patient health questionnaire-2” OR “Geriatric Depression Scale” OR “GDS” OR 

“GDS-15” OR “hospital anxiety and depression scale” OR “HADS” OR “Center for Epidemiologic 

Studies Depression Scale” OR “CES-D” OR “Beck Depression Inventory” OR “Beck Depression 

Inventory-II” OR “BDI-II” OR “BDI” OR “Structured Clinical Interview for DSM-IV” OR “SCID” 

OR “SCID-II” OR “The Structured Clinical Interview for DSM-5” OR “Composite International 

Diagnostic Interview” OR “CIDI” OR “Diagnostic Interview Schedule” OR “Mini-International 

Neuropsychiatric Interview” OR “MINI” OR “M.I.N.I” OR “Aphasia Depression Rating Scale” OR 

“ADRS” OR “Brief Assessment Schedule Depression Cards” OR “BASDEC” OR “Montgomery–

Asberg Depression Rating Scale” OR “MADRS” OR “Psychiatric Assessment System” OR 

“Schedule for Affective Disorders and Schizophrenia” OR “SADS” OR “Schedules for Clinical 

Assessment in Neuropsychiatry” OR “Signs of Depression Scale” OR “SODS” OR “Visual Analogue 

Mood Scale” OR “VAMS” OR “Hamilton Depression Rating Scale” OR “HAM-D” 

A scope of results from S4 and S5 indicated that many irrelevant articles did not use quantitative 

assessment of depression measures. As this was a requirement for the review, constraining articles to 

include mention of psychometric depression measures was judged to be a valid way of improving 

precision with low cost to sensitivity. Depression measures were selected from the extensive review of 

depression measures in stroke (L.-J. J. Burton & Tyson, 2015). 

S7. S1 AND S2 AND S7 
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Appendix D: Quality rating by study for the Systematic Review 
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1. Was the study question or objective clearly stated? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

2. Was the study population clearly specified and defined? 

 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

3. Was the participation rate of eligible persons at least 50%? Yes NR Yes NR Yes NR NR Yes NR NR NR NR 

4. Were all the subjects selected or recruited from the same or similar populations (including 

the same time period)? Were inclusion and exclusion crtieria for being in the study 

prespecified and applied uniformly to all participants? 

NR Yes Yes Yes Yes No No Yes Yes Yes Yes No 

5. Was the sample size justification, power description, or variance and effect estimates 

provided? 

 

No No No No No No No No No No No Yes 

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the 

outcome(s) being measured? [Exposure = Stroke] 

 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

7. Was the timeframe sufficient so that one could reasonably expect to see an association 

between exposure and outcome if it existed? 
Yes Yes Yes Yes Yes Yes No Yes CD Yes No Yes 

8. For exposures that can vary in amount or level, did the study examine different levels of the 

exposure as related to the outcome (e.g., categories of exposure, or exposure measured as 

continuous variable)? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and 

implemented consistently across all study participants? 

 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

10. Was the exposure(s) assessed more than once over time? [replaced with outcome assessed 

over time] 
No Yes Yes No No No No No No No No No 
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11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and 

implemented consistently across all study participants? 
No No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

12. Were the outcome assessors blinded to the exposure status of participants? Yes NR NR NR NR NR NR NR NR NR NR Yes 

13. Was loss to follow-up after baseline 20% or less? N/a N/a Yes N/a N/a N/a N/a N/a N/a N/a N/a N/a 

14. Were key potential confounding variables measured and adjusted statistically for their 

impact on the relationship between exposure(s) and outcome(s)? 
No No Yes Yes Yes No No Yes Yes Yes Yes No 

Quality rating (Good, Fair, Poor) 
Fair to 
Poor 

Fair to 
Poor 

Good Fair Good Fair Fair Fair Fair Fair Fair Fair 

 Yes 

 No 

 CD (cannot determine) 

 NA (not applicable) 

 NR (not reported) 
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Guidance for Assessing the Quality of Observational Cohort and Cross-Sectional Studies 

(National Heart Lung and Blood Institute (NHLBI; 2013) 

The guidance document below is organized by question number from the tool for quality assessment 

of observational cohort and cross-sectional studies. 

Question 1. Research question 

Did the authors describe their goal in conducting this research? Is it easy to understand what they were 

looking to find? This issue is important for any scientific paper of any type. Higher quality scientific 

research explicitly defines a research question. 

Questions 2 and 3. Study population 

Did the authors describe the group of people from which the study participants were selected or 

recruited, using demographics, location, and time period? If you were to conduct this study again, 

would you know who to recruit, from where, and from what time period? Is the cohort population free 

of the outcomes of interest at the time they were recruited? 

An example would be men over 40 years old with type 2 diabetes who began seeking medical care at 

Phoenix Good Samaritan Hospital between January 1, 1990 and December 31, 1994. In this example, 

the population is clearly described as: (1) who (men over 40 years old with type 2 diabetes); (2) where 

(Phoenix Good Samaritan Hospital); and (3) when (between January 1, 1990 and December 31, 1994). 

Another example is women ages 34 to 59 years of age in 1980 who were in the nursing profession and 

had no known coronary disease, stroke, cancer, hypercholesterolemia, or diabetes, and were recruited 

from the 11 most populous States, with contact information obtained from State nursing boards. 

In cohort studies, it is crucial that the population at baseline is free of the outcome of interest. For 

example, the nurses' population above would be an appropriate group in which to study incident 

coronary disease. This information is usually found either in descriptions of population recruitment, 

definitions of variables, or inclusion/exclusion criteria. 

You may need to look at prior papers on methods in order to make the assessment for this question. 

Those papers are usually in the reference list. 

If fewer than 50% of eligible persons participated in the study, then there is concern that the study 

population does not adequately represent the target population. This increases the risk of bias. 

Question 4. Groups recruited from the same population and uniform eligibility criteria 

Were the inclusion and exclusion criteria developed prior to recruitment or selection of the study 

population? Were the same underlying criteria used for all of the subjects involved? This issue is 

related to the description of the study population, above, and you may find the information for both of 

these questions in the same section of the paper. 

Most cohort studies begin with the selection of the cohort; participants in this cohort are then 

measured or evaluated to determine their exposure status. However, some cohort studies may recruit 

or select exposed participants in a different time or place than unexposed participants, especially 

retrospective cohort studies–which is when data are obtained from the past (retrospectively), but the 

analysis examines exposures prior to outcomes. For example, one research question could be whether 

diabetic men with clinical depression are at higher risk for cardiovascular disease than those without 

clinical depression. So, diabetic men with depression might be selected from a mental health clinic, 

while diabetic men without depression might be selected from an internal medicine or endocrinology 

clinic. This study recruits groups from different clinic populations, so this example would get a "no." 
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However, the women nurses described in the question above were selected based on the same 

inclusion/exclusion criteria, so that example would get a "yes." 

Question 5. Sample size justification 

Did the authors present their reasons for selecting or recruiting the number of people included or 

analyzed? Do they note or discuss the statistical power of the study? This question is about whether or 

not the study had enough participants to detect an association if one truly existed. 

A paragraph in the methods section of the article may explain the sample size needed to detect a 

hypothesized difference in outcomes. You may also find a discussion of power in the discussion 

section (such as the study had 85 percent power to detect a 20 percent increase in the rate of an 

outcome of interest, with a 2-sided alpha of 0.05). Sometimes estimates of variance and/or estimates of 

effect size are given, instead of sample size calculations. In any of these cases, the answer would be 

"yes." 

However, observational cohort studies often do not report anything about power or sample sizes 

because the analyses are exploratory in nature. In this case, the answer would be "no." This is not a 

"fatal flaw." It just may indicate that attention was not paid to whether the study was sufficiently sized 

to answer a prespecified question–i.e., it may have been an exploratory, hypothesis-generating study. 

Question 6. Exposure assessed prior to outcome measurement 

This question is important because, in order to determine whether an exposure causes an outcome, the 

exposure must come before the outcome. 

For some prospective cohort studies, the investigator enrolls the cohort and then determines the 

exposure status of various members of the cohort (large epidemiological studies like Framingham used 

this approach). However, for other cohort studies, the cohort is selected based on its exposure status, 

as in the example above of depressed diabetic men (the exposure being depression). Other examples 

include a cohort identified by its exposure to fluoridated drinking water and then compared to a cohort 

living in an area without fluoridated water, or a cohort of military personnel exposed to combat in the 

Gulf War compared to a cohort of military personnel not deployed in a combat zone. 

With either of these types of cohort studies, the cohort is followed forward in time (i.e., prospectively) 

to assess the outcomes that occurred in the exposed members compared to nonexposed members of the 

cohort. Therefore, you begin the study in the present by looking at groups that were exposed (or not) 

to some biological or behavioral factor, intervention, etc., and then you follow them forward in time to 

examine outcomes. If a cohort study is conducted properly, the answer to this question should be 

"yes," since the exposure status of members of the cohort was determined at the beginning of the study 

before the outcomes occurred. 

For retrospective cohort studies, the same principal applies. The difference is that, rather than 

identifying a cohort in the present and following them forward in time, the investigators go back in 

time (i.e., retrospectively) and select a cohort based on their exposure status in the past and then follow 

them forward to assess the outcomes that occurred in the exposed and nonexposed cohort members. 

Because in retrospective cohort studies the exposure and outcomes may have already occurred (it 

depends on how long they follow the cohort), it is important to make sure that the exposure preceded 

the outcome. 

Sometimes cross-sectional studies are conducted (or cross-sectional analyses of cohort-study data), 

where the exposures and outcomes are measured during the same timeframe. As a result, cross-

sectional analyses provide weaker evidence than regular cohort studies regarding a potential causal 

relationship between exposures and outcomes. For cross-sectional analyses, the answer to Question 6 

should be "no." 
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Question 7. Sufficient timeframe to see an effect 

Did the study allow enough time for a sufficient number of outcomes to occur or be observed, or 

enough time for an exposure to have a biological effect on an outcome? In the examples given above, 

if clinical depression has a biological effect on increasing risk for CVD, such an effect may take years. 

In the other example, if higher dietary sodium increases BP, a short timeframe may be sufficient to 

assess its association with BP, but a longer timeframe would be needed to examine its association with 

heart attacks. 

The issue of timeframe is important to enable meaningful analysis of the relationships between 

exposures and outcomes to be conducted. This often requires at least several years, especially when 

looking at health outcomes, but it depends on the research question and outcomes being examined. 

Cross-sectional analyses allow no time to see an effect, since the exposures and outcomes are assessed 

at the same time, so those would get a "no" response. 

Question 8. Different levels of the exposure of interest 

If the exposure can be defined as a range (examples: drug dosage, amount of physical activity, amount 

of sodium consumed), were multiple categories of that exposure assessed? (for example, for drugs: not 

on the medication, on a low dose, medium dose, high dose; for dietary sodium, higher than average 

U.S. consumption, lower than recommended consumption, between the two). Sometimes discrete 

categories of exposure are not used, but instead exposures are measured as continuous variables (for 

example, mg/day of dietary sodium or BP values). 

In any case, studying different levels of exposure (where possible) enables investigators to assess 

trends or dose-response relationships between exposures and outcomes–e.g., the higher the exposure, 

the greater the rate of the health outcome. The presence of trends or dose-response relationships lends 

credibility to the hypothesis of causality between exposure and outcome. 

For some exposures, however, this question may not be applicable (e.g., the exposure may be a 

dichotomous variable like living in a rural setting versus an urban setting, or vaccinated/not vaccinated 

with a one-time vaccine). If there are only two possible exposures (yes/no), then this question should 

be given an "NA," and it should not count negatively towards the quality rating. 

Question 9. Exposure measures and assessment 

Were the exposure measures defined in detail? Were the tools or methods used to measure exposure 

accurate and reliable–for example, have they been validated or are they objective? This issue is 

important as it influences confidence in the reported exposures. When exposures are measured with 

less accuracy or validity, it is harder to see an association between exposure and outcome even if one 

exists. Also as important is whether the exposures were assessed in the same manner within groups 

and between groups; if not, bias may result. 

For example, retrospective self-report of dietary salt intake is not as valid and reliable as prospectively 

using a standardized dietary log plus testing participants' urine for sodium content. Another example is 

measurement of BP, where there may be quite a difference between usual care, where clinicians 

measure BP however it is done in their practice setting (which can vary considerably), and use of 

trained BP assessors using standardized equipment (e.g., the same BP device which has been tested 

and calibrated) and a standardized protocol (e.g., patient is seated for 5 minutes with feet flat on the 

floor, BP is taken twice in each arm, and all four measurements are averaged). In each of these cases, 

the former would get a "no" and the latter a "yes." 

Here is a final example that illustrates the point about why it is important to assess exposures 

consistently across all groups: If people with higher BP (exposed cohort) are seen by their providers 
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more frequently than those without elevated BP (nonexposed group), it also increases the chances of 

detecting and documenting changes in health outcomes, including CVD-related events. Therefore, it 

may lead to the conclusion that higher BP leads to more CVD events. This may be true, but it could 

also be due to the fact that the subjects with higher BP were seen more often; thus, more CVD-related 

events were detected and documented simply because they had more encounters with the health care 

system. Thus, it could bias the results and lead to an erroneous conclusion. 

Question 10. Repeated exposure assessment 

Was the exposure for each person measured more than once during the course of the study period? 

Multiple measurements with the same result increase our confidence that the exposure status was 

correctly classified. Also, multiple measurements enable investigators to look at changes in exposure 

over time, for example, people who ate high dietary sodium throughout the followup period, compared 

to those who started out high then reduced their intake, compared to those who ate low sodium 

throughout. Once again, this may not be applicable in all cases. In many older studies, exposure was 

measured only at baseline. However, multiple exposure measurements do result in a stronger study 

design. 

Question 11. Outcome measures 

Were the outcomes defined in detail? Were the tools or methods for measuring outcomes accurate and 

reliable–for example, have they been validated or are they objective? This issue is important because it 

influences confidence in the validity of study results. Also important is whether the outcomes were 

assessed in the same manner within groups and between groups. 

An example of an outcome measure that is objective, accurate, and reliable is death–the outcome 

measured with more accuracy than any other. But even with a measure as objective as death, there can 

be differences in the accuracy and reliability of how death was assessed by the investigators. Did they 

base it on an autopsy report, death certificate, death registry, or report from a family member? Another 

example is a study of whether dietary fat intake is related to blood cholesterol level (cholesterol level 

being the outcome), and the cholesterol level is measured from fasting blood samples that are all sent 

to the same laboratory. These examples would get a "yes." An example of a "no" would be self-report 

by subjects that they had a heart attack, or self-report of how much they weigh (if body weight is the 

outcome of interest). 

Similar to the example in Question 9, results may be biased if one group (e.g., people with high BP) is 

seen more frequently than another group (people with normal BP) because more frequent encounters 

with the health care system increases the chances of outcomes being detected and documented. 

Question 12. Blinding of outcome assessors 

Blinding means that outcome assessors did not know whether the participant was exposed or 

unexposed. It is also sometimes called "masking." The objective is to look for evidence in the article 

that the person(s) assessing the outcome(s) for the study (for example, examining medical records to 

determine the outcomes that occurred in the exposed and comparison groups) is masked to the 

exposure status of the participant. Sometimes the person measuring the exposure is the same person 

conducting the outcome assessment. In this case, the outcome assessor would most likely not be 

blinded to exposure status because they also took measurements of exposures. If so, make a note of 

that in the comments section. 

 

As you assess this criterion, think about whether it is likely that the person(s) doing the outcome 

assessment would know (or be able to figure out) the exposure status of the study participants. If the 

answer is no, then blinding is adequate. An example of adequate blinding of the outcome assessors is 
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to create a separate committee, whose members were not involved in the care of the patient and had no 

information about the study participants' exposure status. The committee would then be provided with 

copies of participants' medical records, which had been stripped of any potential exposure information 

or personally identifiable information. The committee would then review the records for prespecified 

outcomes according to the study protocol. If blinding was not possible, which is sometimes the case, 

mark "NA" and explain the potential for bias. 

Question 13. Followup rate 

Higher overall followup rates are always better than lower followup rates, even though higher rates are 

expected in shorter studies, whereas lower overall followup rates are often seen in studies of longer 

duration. Usually, an acceptable overall followup rate is considered 80 percent or more of participants 

whose exposures were measured at baseline. However, this is just a general guideline. For example, a 

6-month cohort study examining the relationship between dietary sodium intake and BP level may 

have over 90 percent followup, but a 20-year cohort study examining effects of sodium intake on 

stroke may have only a 65 percent followup rate. 

Question 14. Statistical analyses 

Were key potential confounding variables measured and adjusted for, such as by statistical adjustment 

for baseline differences? Logistic regression or other regression methods are often used to account for 

the influence of variables not of interest. 

This is a key issue in cohort studies, because statistical analyses need to control for potential 

confounders, in contrast to an RCT, where the randomization process controls for potential 

confounders. All key factors that may be associated both with the exposure of interest and the 

outcome–that are not of interest to the research question–should be controlled for in the analyses. 

For example, in a study of the relationship between cardiorespiratory fitness and CVD events (heart 

attacks and strokes), the study should control for age, BP, blood cholesterol, and body weight, because 

all of these factors are associated both with low fitness and with CVD events. Well-done cohort 

studies control for multiple potential confounders. 

Some general guidance for determining the overall quality rating of observational cohort and 

cross-sectional studies 

The questions on the form are designed to help you focus on the key concepts for evaluating the 

internal validity of a study. They are not intended to create a list that you simply tally up to arrive at a 

summary judgment of quality. 

Internal validity for cohort studies is the extent to which the results reported in the study can truly be 

attributed to the exposure being evaluated and not to flaws in the design or conduct of the study–in 

other words, the ability of the study to draw associative conclusions about the effects of the exposures 

being studied on outcomes. Any such flaws can increase the risk of bias. 

Critical appraisal involves considering the risk of potential for selection bias, information bias, 

measurement bias, or confounding (the mixture of exposures that one cannot tease out from each 

other). Examples of confounding include co-interventions, differences at baseline in patient 

characteristics, and other issues throughout the questions above. High risk of bias translates to a rating 

of poor quality. Low risk of bias translates to a rating of good quality. (Thus, the greater the risk of 

bias, the lower the quality rating of the study.) 

In addition, the more attention in the study design to issues that can help determine whether there is a 

causal relationship between the exposure and outcome, the higher quality the study. These include 

exposures occurring prior to outcomes, evaluation of a dose-response gradient, accuracy of 
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measurement of both exposure and outcome, sufficient timeframe to see an effect, and appropriate 

control for confounding–all concepts reflected in the tool. 

Generally, when you evaluate a study, you will not see a "fatal flaw," but you will find some risk of 

bias. By focusing on the concepts underlying the questions in the quality assessment tool, you should 

ask yourself about the potential for bias in the study you are critically appraising. For any box where 

you check "no" you should ask, "What is the potential risk of bias resulting from this flaw in study 

design or execution?" That is, does this factor cause you to doubt the results that are reported in the 

study or doubt the ability of the study to accurately assess an association between exposure and 

outcome? 

The best approach is to think about the questions in the tool and how each one tells you something 

about the potential for bias in a study. The more you familiarize yourself with the key concepts, the 

more comfortable you will be with critical appraisal. Examples of studies rated good, fair, and poor are 

useful, but each study must be assessed on its own based on the details that are reported and 

consideration of the concepts for minimizing bias 



 

172 

 

Appendix E: Submission Guidelines for the Journal of Stroke and Cardiovascular Diseases 

Introduction 

Editors: 

José Biller, MD, FACP, FAAN, FAHA 

Journal of Stroke and Cerebrovascular Diseases 

Loyola University Chicago 

Stritch School of Medicine 

Department of Neurology, Bldg. 105 

2160 S. 1st Avenue 

Maywood, IL 60153 

 

The goal of the Journal of Stroke and Cerebrovascular Diseases is to provide its readership with the 

highest quality material possible through a process of careful peer review and editorial comment. The 

Journal seeks to publish original papers on basic and clinical science related to the fields of stroke and 

cerebrovascular disease including review articles, controversies, methods and technical notes, selected 

case reports, and other original articles of a special nature. Our editorial mission is to focus on 

prevention and management of cerebrovascular disease. Thus, the scientific disciplines welcomed for 

publication will span from epidemiology to rehabilitation medicine. Another mission is to publish 

experimental studies from the test tube to the in vivo model whenever these approaches are applied to 

an understanding of the mechanisms of injury or repair of the brain and its circulation. The Journal 

will emphasize the physiopathology and molecular mechanisms of ischemia and hemorrhagic cell 

damage. Clinical papers will emphasize medical, surgical, and endovascular aspects of stroke, clinical 

trials and design, epidemiology, stroke care delivery systems and outcomes, imaging sciences, and 

rehabilitation of stroke. 

 

Submissions 

Authors should adhere to the following instructions for submission of manuscripts to the Journal of 

Stroke and Cerebrovascular Diseases. All manuscripts should be submitted electronically, uploading 

documents to the submission website (https://www.editorialmanager.com/jscvd). The system will 

convert documents to PDF files. Authors are encouraged to submit manuscripts in Microsoft Word. 

Any manuscript determined to be improperly prepared or edited can be returned to the authors without 

review. 

 

All correspondence, including the Editor's decision and request for revisions, will be by e-mail. 

Authors may send queries concerning the submission process, manuscript status, or journal 

procedures to the Editorial Office at jscvd.rbiller@gmail.com. Authors unable to submit an electronic 

version should contact the Editorial Office to discuss alternatives. 

 

Ethics in publishing 

Please see our information on Ethics in publishing. 

 

Studies in humans and animals 

If the work involves the use of human subjects, the author should ensure that the work described has 

been carried out in accordance with The Code of Ethics of the World Medical 

Association (Declaration of Helsinki) for experiments involving humans. The manuscript should be in 

line with the Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly 

Work in Medical Journals and aim for the inclusion of representative human populations (sex, age and 

ethnicity) as per those recommendations. The terms sex and gender should be used correctly. 

https://www.editorialmanager.com/jscvd
mailto:jscvd.rbiller@gmail.com
https://www.elsevier.com/about/policies/publishing-ethics#Authors
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
http://www.icmje.org/recommendations/
http://www.icmje.org/recommendations/
https://www.who.int/gender-equity-rights/understanding/gender-definition/en/


Factor of the PHQ-9 in Stroke 

173 

 

Authors should include a statement in the manuscript that informed consent was obtained for 

experimentation with human subjects. The privacy rights of human subjects must always be observed. 

All animal experiments should comply with the ARRIVE guidelines and should be carried out in 

accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU 

Directive 2010/63/EU for animal experiments, or the National Research Council's Guide for the Care 

and Use of Laboratory Animals and the authors should clearly indicate in the manuscript that such 

guidelines have been followed. The sex of animals must be indicated, and where appropriate, the 

influence (or association) of sex on the results of the study. 

 

Informed consent and patient details 

Studies on patients or volunteers require ethics committee approval and informed consent, which 

should be documented in the paper. Appropriate consents, permissions and releases must be obtained 

where an author wishes to include case details or other personal information or images of patients and 

any other individuals in an Elsevier publication. Written consents must be retained by the author but 

copies should not be provided to the journal. Only if specifically requested by the journal in 

exceptional circumstances (for example if a legal issue arises) the author must provide copies of the 

consents or evidence that such consents have been obtained. For more information, please review 

the Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. 

Unless you have written permission from the patient (or, where applicable, the next of kin), the 

personal details of any patient included in any part of the article and in any supplementary materials 

(including all illustrations and videos) must be removed before submission. 

 

Declaration of interest 

All authors must disclose any financial and personal relationships with other people or organizations 

that could inappropriately influence (bias) their work. Examples of potential competing interests 

include employment, consultancies, stock ownership, honoraria, paid expert testimony, patent 

applications/registrations, and grants or other funding. Authors must disclose any interests in two 

places: 1. A summary declaration of interest statement in the title page file (if double anonymized) or 

the manuscript file (if single anonymized). If there are no interests to declare then please state this: 

'Declarations of interest: none'. 2. Detailed disclosures as part of a separate Declaration of Interest 

form, which forms part of the journal's official records. It is important for potential interests to be 

declared in both places and that the information matches. More information. 

 

Use of inclusive language 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, 

and promotes equal opportunities. Content should make no assumptions about the beliefs or 

commitments of any reader; contain nothing which might imply that one individual is superior to 

another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health 

condition; and use inclusive language throughout. Authors should ensure that writing is free from 

bias, stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek 

gender neutrality by using plural nouns ("clinicians, patients/clients") as default/wherever possible to 

avoid using "he, she," or "he/she." We recommend avoiding the use of descriptors that refer to 

personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health 

condition unless they are relevant and valid. When coding terminology is used, we recommend to 

avoid offensive or exclusionary terms such as "master", "slave", "blacklist" and "whitelist". We 

suggest using alternatives that are more appropriate and (self-) explanatory such as "primary", 

"secondary", "blocklist" and "allowlist". These guidelines are meant as a point of reference to help 

identify appropriate language but are by no means exhaustive or definitive. 

https://www.nc3rs.org.uk/arrive-guidelines
https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://www.elsevier.com/about/policies/patient-consent
https://service.elsevier.com/app/answers/detail/a_id/286/supporthub/publishing/


Factor of the PHQ-9 in Stroke 

174 

 

 

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting their 

manuscript and provide the definitive list of authors at the time of the original submission. Any 

addition, deletion or rearrangement of author names in the authorship list should be made 

only before the manuscript has been accepted and only if approved by the journal Editor. To request 

such a change, the Editor must receive the following from the corresponding author: (a) the reason 

for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they 

agree with the addition, removal or rearrangement. In the case of addition or removal of authors, this 

includes confirmation from the author being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of 

authors after the manuscript has been accepted. While the Editor considers the request, publication of 

the manuscript will be suspended. If the manuscript has already been published in an online issue, any 

requests approved by the Editor will result in a corrigendum. 

 

Registration of clinical trials 

Registration in a public trials registry is a condition for publication of clinical trials in this journal in 

accordance with International Committee of Medical Journal Editors recommendations. Trials must 

register at or before the onset of patient enrolment. The clinical trial registration number should be 

included at the end of the abstract of the article. A clinical trial is defined as any research study that 

prospectively assigns human participants or groups of humans to one or more health-related 

interventions to evaluate the effects of health outcomes. Health-related interventions include any 

intervention used to modify a biomedical or health-related outcome (for example drugs, surgical 

procedures, devices, behavioural treatments, dietary interventions, and process-of-care changes). 

Health outcomes include any biomedical or health-related measures obtained in patients or 

participants, including pharmacokinetic measures and adverse events. Purely observational studies 

(those in which the assignment of the medical intervention is not at the discretion of the investigator) 

will not require registration. 

 

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' 

(see more information on this). An e-mail will be sent to the corresponding author confirming receipt 

of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version 

of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for 

internal circulation within their institutions. Permission of the Publisher is required for resale or 

distribution outside the institution and for all other derivative works, including compilations and 

translations. If excerpts from other copyrighted works are included, the author(s) must obtain written 

permission from the copyright owners and credit the source(s) in the article. Elsevier has preprinted 

forms for use by authors in these cases. 

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 

'License Agreement' (more information). Permitted third party reuse of gold open access articles is 

determined by the author's choice of user license. 

 

Author rights 

As an author you (or your employer or institution) have certain rights to reuse your work. More 

information. 

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals. 

http://www.icmje.org/
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/about/policies/copyright
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article


Factor of the PHQ-9 in Stroke 

175 

 

Role of the funding source 

You are requested to identify who provided financial support for the conduct of the research and/or 

preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in 

the collection, analysis and interpretation of data; in the writing of the report; and in the decision to 

submit the article for publication. If the funding source(s) had no such involvement then this should 

be stated. 

 

Open access 

Please visit our Open Access page for more information. 

Elsevier Researcher Academy 

Researcher Academy is a free e-learning platform designed to support early and mid-career 

researchers throughout their research journey. The "Learn" environment at Researcher Academy 

offers several interactive modules, webinars, downloadable guides and resources to guide you through 

the process of writing for research and going through peer review. Feel free to use these free resources 

to improve your submission and navigate the publication process with ease. 

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a mixture of 

these). Authors who feel their English language manuscript may require editing to eliminate possible 

grammatical or spelling errors and to conform to correct scientific English may wish to use 

the English Language Editing service available from Elsevier's Author Services. 

 

Peer review 

This journal operates a single anonymized review process. All contributions will be initially assessed 

by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a 

minimum of two independent expert reviewers to assess the scientific quality of the paper. The Editor 

is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision 

is final. Editors are not involved in decisions about papers which they have written themselves or have 

been written by family members or colleagues or which relate to products or services in which the 

editor has an interest. Any such submission is subject to all of the journal's usual procedures, with 

peer review handled independently of the relevant editor and their research groups. More information 

on types of peer review. 

 

Submission Requirements 

Cover letter 

The author(s) should provide the aforementioned written assurances. In addition, author(s) are 

welcome to suggest three to five referees for their paper whom have expertise on the topic. Full names 

and professional/academic email addresses are required. Suggested reviewers may not have any 

conflict of interests or be affiliated with any of the authors' institutions. Editors cannot guarantee 

assignment of a particular reviewer to a paper. Any unusual circumstances surrounding the research or 

explanations for deviations from standard procedures or format should be explained in the cover 

letter. 

 

Abbreviations 

When using abbreviations, write the full name of the abbreviated item followed by the abbreviation in 

parentheses at the point of first mention within the body of the manuscript. Do not use abbreviations 

in the abstract or title of the manuscript. 

 

Title page 

https://www.elsevier.com/journals/journal-of-stroke-and-cerebrovascular-diseases/1052-3057/open-access-options
https://researcheracademy.elsevier.com/
https://webshop.elsevier.com/language-editing-services/language-editing/
https://www.elsevier.com/reviewers/what-is-peer-review
https://www.elsevier.com/reviewers/what-is-peer-review


Factor of the PHQ-9 in Stroke 

176 

 

The title page should contain the following information: (1) Full title of the manuscript, not to exceed 

120 characters. (2) Full name, degrees, professional email, academic affiliation, and phone number for 

each author. Authors should be limited to those individuals who contributed in an important manner 

to the study design, data collection and analysis, or writing of the paper. (3) Department and 

institution where work was performed. (4) Grant support. (5) In addition, one author should be 

designated as a Corresponding Author to whom all communications regarding the manuscript should 

be directed. A full postal address should also be provided for the Corresponding Author. (6) A 

shortened version of the title that is 45 characters or less to be used as a running title. (7) Keywords 

(between 4 and 8). 

 

Abstract 

Original Articles, Reviews, Short Communications, and Case Studies should include a structured 

abstract with the following headings: Objectives, Materials and Methods, Results, Conclusions (max 

250 words). 

 

Tables and Figures 

Figures, Graphics, and Photos should not be embedded in the manuscript text file. Please upload 

separate figure files. Preferred formats are EPS, TIFF, and JPEG. Please exclude it from the 

manuscript text file or it will appear twice in the PDF. For each Figure and Table, please include the 

appropriate Figure/Table number in the description field. This will allow the Editor to identify the 

Figure/Table in the PDF. 

 

Tables 

Tables must be cited in text and numbered according to order of appearance. Explanatory matter and 

source notations for borrowed or adapted tables should be placed in a table footnote, not in the title or 

table body. 

 

Figure legends 

Figure legends should allow interpretation of the figures without reference to the text. 

Figures 

Figures—All figures must be cited in the text and numbered in order of appearance. Computer-

generated figures should use solid fills or cross-hatching, not tonal shading. Figure legends should be 

presented separately and placed in the manuscript after the list of references. Figure legends should be 

brief and not repetitive of description in the text. 

 

Highlights 

Highlights are optional yet highly encouraged for this journal, as they increase the discoverability of 

your article via search engines. They consist of a short collection of bullet points that capture the 

novel results of your research as well as new methods that were used during the study (if any). Please 

have a look at the examples here: example Highlights. 

Highlights should be submitted in a separate editable file in the online submission system. Please use 

'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including 

spaces, per bullet point). 

 

Artwork 

Electronic artwork 

General points 

• Make sure you use uniform lettering and sizing of your original artwork. 

https://www.elsevier.com/authors/journal-authors/highlights


Factor of the PHQ-9 in Stroke 

177 

 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or 

use fonts that look similar. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the published version. 

• Submit each illustration as a separate file. 

• Ensure that color images are accessible to all, including those with impaired color vision. 

A detailed guide on electronic artwork is available. 

 

You are urged to visit this site; some excerpts from the detailed information are given here. 

Formats 

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then 

please supply 'as is' in the native document format. 

Regardless of the application used other than Microsoft Office, when your electronic artwork is 

finalized, please 'Save as' or convert the images to one of the following formats (note the resolution 

requirements for line drawings, halftones, and line/halftone combinations given below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 

dpi. 

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 

500 dpi. 

 

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a 

low number of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content. 

Color artwork 

 

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or 

MS Office files) and with the correct resolution. If, together with your accepted article, you submit 

usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear in 

color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations are 

reproduced in color in the printed version. For color reproduction in print, you will receive 

information regarding the costs from Elsevier after receipt of your accepted article. Please 

indicate your preference for color: in print or online only. Further information on the preparation of 

electronic artwork. 

 

Illustration services 

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but 

concerned about the quality of the images accompanying their article. Elsevier's expert illustrators can 

produce scientific, technical and medical-style images, as well as a full range of charts, tables and 

graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve them 

to a professional standard. Please visit the website to find out more. 

https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://webshop.elsevier.com/illustration-services/


Factor of the PHQ-9 in Stroke 

178 

 

 

References 

Cite references in text in order of appearance using Arabic numerals in parentheses for citations. Place 

the reference list at the end of the final text page. References should be listed in text citation number 

order and must be double spaced. Include the names of all authors up to a total of three before 

resorting to the use of "et al." All published material, including brief communications and Letters to 

the Editor, must be cited in the References section. References to unpublished material, such as 

personal communications and unpublished data, must be placed within the text and not cited in the 

References section. Personal communications and unpublished data must include the individual's 

name, location, and month and year of communication as appropriate. In the reference list, use only 

abbreviations approved for use in the latest edition of Index Medicus and conform style and 

punctuation to the requirements listed below: 

 

Journal article: 

Bontia R, Ford MA, Stewart AW. Predicting survival after stroke: A three-year follow-up. Stroke 

1988;19:669-673. 

Book chapter: 

Whyte J, Robinson KM. Pharmacologic management. In: Glenn MB, Whyte J, eds. The practical 

management of spasticity in children and adults. Philadelphia: Lea & Febiger, 1990:201-226. 

Complete book: 

Brooks VB. The neural basis of motor control. New York: Oxford University Press, 1986. 

Special type of article: 

Schmidt R, Fazekas F, Horner S, et al. Lipoprotein (a) serum levels of normals are not associated with 

carotid atherosclerosis and microangiopathy-related cerebral damage. J Stroke Cerebrovasc Dis 

1995;5:116 (abstr). 

 

Supplementary material 

Supplementary material such as applications, images and sound clips, can be published with your 

article to enhance it. Submitted supplementary items are published exactly as they are received (Excel 

or PowerPoint files will appear as such online). Please submit your material together with the article 

and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to 

supplementary material during any stage of the process, please make sure to provide an updated file. 

Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option in 

Microsoft Office files as these will appear in the published version. 

 

Special Sections 

Special sections in the Journal of Stroke and Cerebrovascular Diseases 

Short Communications: A Short Communication is any short, concise report which contributes 

significantly to the existing literature. Please note that it differs from a Rapid Communication in that it 

is not expedited for peer review or publication. The length is generally 2,500 words, and should be no 

more than 3,500 words. There should be only a few figures or tables, and references should average 

around 10. There is no structured abstract required, and the Methods, Results and Discussion may be 

combined in a single section to help stay within the word limitation. This differs from an Original 

Article which requires a structured abstract, a specific format with sections, and has no specific word, 

reference, or figure/table limit. 

 

Controversies: When appropriate, a Controversies Section will appear several times yearly and serve 

as a medium for communicating controversy in the field of stroke and cerebrovascular disease. 



Factor of the PHQ-9 in Stroke 

179 

 

Authors will be selected for their expertise or outspoken positions or for their objectivity and analysis 

of a chosen subject. The Editor of the Controversy Section will oversee the preparation of the 
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Appendix F: Details of Ethical Approval for the Empirical Paper 

Original approval was given to access data from DEPRESSD and Greater Glasgow and Clyde (GGC) 

NHS Foundation Trust. Data were not collected from GGC for the purpose of this thesis, because of 

COVID disruption and time limitations, but this will be considered in future. Nonetheless, evidence of 

this approval is included below because UEA Faculty of Medicine and Health Research Ethics 

Committee (FMH REC) make mention of this in the amendment and approval letters.  

 

Greater Glasgow and Clyde (GGC) Clinical Audit Approval 

Provided as PDF. Available on request.  

 

 

Dr Joanne Robertson Data Protection Officer  
Joanne.Robertson@ggc.scot.nhs.uk Information Governance Department  
NHS Greater Glasgow & Clyde  
2nd Floor, 1 Smithhills Street  
Paisley PA1 1EB  
Date: 28/08/2020  
Enquiries to: Isobel Brown  
Tel: 0141 355 2020  
 
Email: Isobel.Brown@ggc.scot.nhs.uk  
 
Dear Dr Robertson  
 
Re: Evaluation of the psychometric properties of the Patient Health Questionnaire-9 in a 
stroke population, using Item Response Theory (IRT) and Factor Analytic techniques  
 
Thank you for your Caldicott application received on 27/08/2020 regarding your proposed 
Service Improvement.  
 
I have reviewed this application and can confirm that I am happy to approve this application on 
behalf of the Caldicott Guardian.  
 
Please note that this approval only covers access to NHSGGC patients.  
 
Please find attached a signed copy of your application for your records.  
 
Yours sincerely  
 
Isobel Brown  
 
Data Protection Officer  

Information Governance 

mailto:Isobel.Brown@ggc.scot.nhs.uk
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FMH Preliminary Approval Subject to Amendments 

 

 

 

Joshua Blake 

Norwich Medical School 

University of East Anglia 

Norwich Research Park 

Norwich  

NR4 7TJ 

 

4th December 2020 

 

Dear Joshua 

Title: Evaluation of the psychometric properties of the Patient Health Questionnaire-9 in a stroke 

population, using Item Response Theory (IRT) and Factor Analytic techniques 

Reference:  2020/21-046 

The submission of your research proposal was considered by the Faculty Research Ethics Committee 

at its meeting on 26th November 2020. 

The Committee is happy to approve your application in principle but has the following concerns which 

it would like you to address please: 

1. The Committee needs to see the ethics approvals for both studies – Greater Glasgow and 
DEPRESSED. 

2. The statement from the DEPRESSED data controllers as to the status of the data is insufficient, 
please provide further detail. 

Please write to me once you have addressed the above issues.  The Committee has requested that 
you detail the changes below the relevant point on the text in this letter and also include your 
amendments as tracked changes within your application. The revisions can be considered by Chair’s 
action so please email them to fmh.ethics@uea.ac.uk at any time.  

As your project does not have ethics approval until the above issues have been resolved, I want to 
remind you that you should not be undertaking your research project until you have ethical approval 
from the Faculty Research Ethics Committee.  Planning on the project or literature-based elements 
can still take place but not the research involving these ethical issues.  This is to ensure that you and 
your research are insured by the University and that your research is undertaken within the 
University's 'Guidelines on Good Practice in Research' approved by Senate in July 2015. 

NORWICH MEDICAL SCHOOL 

Bob Champion Research & Educational 

Building 

Rosalind Franklin Road 

University of East Anglia 

Norwich Research Park 

Norwich NR4 7UQ 

Email: fmh.ethics@uea.ac.uk 

www.med.uea.ac.uk 

Faculty of Medicine and Health Sciences Research Ethics Committee 

mailto:fmh.ethics@uea.ac.uk
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Yours sincerely 

 
Dr Jackie Buck 
Chair, FMH Research Ethics Committee 
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Confirmation from Dr Levis of the DEPRESSD Team that Ethical Approval was not Required 

04/08/2021 Email - Josh Blake (MED - Postgraduate Researcher) - Outlook 

https://outlook.office.com/mail/id/AAMkADVkYWM1YjM2LWI0NTItNDMyMC05YjlmLTMwNTNjNDAwNzU4NwBGAAAAAAC4U

RbdYTEjTpVjNypR23… 1/12  

 
Re: PHQ-9 validity in stroke query  

Brooke Levis <brooke.levis@mail.mcgill.ca>  
Mon 01/03/2021 22:33  

To:  

Josh Blake (MED - Postgraduate Researcher) <Joshua.Blake@uea.ac.uk>  

 

Cc:  

Brett Thombs, Dr. <brett.thombs@mcgill.ca>;  

Sheryl Sun <ying.sun2@mail.mcgill.ca>;  

Andrea Benedetti, Dr. <andrea.benedetti@mcgill.ca>;  

Fergus Gracey (MED - Staff) <F.Gracey@uea.ac.uk>;  

Niall Broomfield (MED - Staff) <N.Broomfield@uea.ac.uk>;  

Theresa Munyombwe <T.Munyombwe@leeds.ac.uk>  

 

1 attachments (132 KB)  

McGill PHQ-9 Research Protocol final_BL.docx;  

 

Hi Josh,I started to make some comments in the protocol (attached), but before we proceed with more detailed 

feedback, we would like to clarify a few points. Firstly, regarding ethics: On our end, we have ethics for large 

pooled analyses (i.e. IPDMAs). See this statement from a recent manuscript using DEPRESSD data: 

 

As this study involved secondary analysis of anonymized previously collected data, the Research Ethics 

Committee of the Jewish General Hospital declared that this project did not require research ethics 

approval. However, for each included dataset, we confirmed that the original study received ethics 

approval and that all patients provided informed consent.  

 

Based on our understanding, you are seeking data from 15 PHQ studies with stroke participants, 14 PHQ studies 

with participants recruited from non-medical settings, and 11 HADS studies with stroke patients. If you are indeed 

intending to pool the data in these 3 sets of studies, then we can treat it like an IPDMA. If your institution requires 

additional ethical approval for each study beyond our general waiver, however, then you will have to contact the 

primary study authors directly to request this.  

 

On a related note, it is important that the data be analyzed as an IPDMA, accounting for study clustering in the 

models, which I did not see in the protocol. This needs to be addressed.Second, regarding the specific data 

requested, we are still unclear as to which specific variables you need (e.g., PHQ-9 items, diagnostic classification, 

other variables (e.g., country)), and which variables are to be included in which analytic models. For instance, you 

mentioned in the protocol that our databases have major depression diagnoses, but it is unclear whether and 

how they are intended to be included in any analyses.  

 

Thank you for clarifying these points.  

 

Best wishes,  

-Brooke  

--Brooke Levis, PhD 

Postdoctoral Research Fellow 

Centre for Prognosis Research 

School of MedicineRoom 1.103,  

David Weatherall Building 

Keele University 

Staffordshire,  

UK ST5 5BG 
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Confirmation of Full Ethical Approval from FMH REC 

 

 

 
 
Joshua Blake 
Trainee Clinical Psychologist 
Department of Clinical Psychology and Psychological Therapies (CPPT) 
Norwich Medical School 
University of East Anglia, Norwich Research Park 
Norwich, United Kingdom 
NR4 7TJ 
 
11 Aug 2021 
 
Dear Josh 
 

Project Title:  Evaluation of the psychometric properties of the Patient Health Questionnaire-9 in a 
stroke population, using Item Response Theory (IRT) and Factor Analytic techniques 
 
Reference:   2020/21-046 
 
Thank you for your email of 04 Aug 2021 notifying us of the amendments you would like to make to 
your above proposal.  These have been considered and I can confirm that your amendments have 
been approved.  
 
Please can you ensure that any further amendments to either the protocol or documents submitted 
are notified to us in advance, and that any adverse events which occur during your project are 
reported to the Committee.  
 
Approval by the FMH Research Ethics Committee should not be taken as evidence that your study is 
compliant with GDPR and the Data Protection Act 2018.  If you need guidance on how to make your 
study GDPR compliant, please contact your institution’s Data Protection Officer. 
 
Please can you arrange to send us a report once your project is completed. 
 
 
Yours sincerely  

 
Dr Jackie Buck 
Chair  
FMH Research Ethics Committee 

NORWICH MEDICAL SCHOOL 

Bob Champion Research & Educational 

Building 

Rosalind Franklin Road 

University of East Anglia 

Norwich Research Park 

Norwich NR4 7UQ 

Email: fmh.ethics@uea.ac.uk 

www.med.uea.ac.uk 

Faculty of Medicine and Health Sciences Research Ethics Committee 
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Explanation of Data Transfer Process 

The DEPRESSD IPDMA exists as a ‘harmonised’ dataset, whereby data contributed by multiple 

primary authors has been processed and formatted onto a single database. This harmonised dataset is 

owned by the DEPRESSD team, based at McGill University.  

The DEPRESSD team only had permission from the primary authors in their data sharing agreements 

to send their harmonised  dataset to those employed by the team and those who contributed data. As 

such, data transfer required the primary authors to send their respective DEPRESSD-harmonised  

samples directly to our research team.  Some authors required the signing of data transfer agreements, 

which we obliged with and signed. Others freely shared their data without  this requirement. All data 

were sent transferred via email. The data do not contain directly identifiable information, such as 

names or dates of birth, but they do contain age, a participant ID number, sex, and PHQ-9, country of 

origin, and other personal information. It is highly unlikely that any intercepting party would be able 

to identify the individuals involved in the study. The transfer of these data was deemed to be of low 

ethical risk because of assurances from the DEPRESSD team that all primary data had third-party 

sharing permission. UEA FMH ethics were aware of this agreement and approved data transfer.  

No incidences of data breach have occurred since transfer, and there has been no concern of any 

personal data breach of the primary author. The data have only been sent to Dr Theresa Munyombwe, 

one of the research team, via email, and have otherwise not been sent elsewhere. The data will be 

permanently deleted upon the project’s completion and will only be used for the purposes set out in 

our ethical application and for this project.  It is possible that further analysis using IRT modelling 

will be completed after this portfolio is submitted, but this has already been approved by UEA FMH 

REC. 
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Appendix G: R Code for Analyses in the Empirical Paper 

Some inspection of data was performed in SPSS and Excel. Below are all analyses performed in R.  

Propensity Score Matching 

library(lavaan) 

library(semPlot) 

library(tidyverse) 

library(haven) 

library(MatchIt) 

library(dplyr) 

library(ggplot2) 

devtools::install_github("simsem/semTools/semTools") 

library(semTools) 

library(writexl) 

library(WriteXLS) 

 

PHQ_Stroke_Patten <- read_sav("PHQ_Stroke_Patten.sav") 

PHQ_Stroke_Quinn <- read_sav("PHQ_Stroke_Quinn.sav") 

PHQ_Stroke_Simning <- read_sav("PHQ_Stroke_Simning.sav") 

PHQ_Stroke_Whooley <- read_sav("PHQ_Stroke_Whooley.sav") 

PHQ_Stroke_Janneke<- read_sav("PHQ_Stroke_Janneke.sav") 

PHQ_Stroke_Yamada<-read_sav("PHQ_Stroke_Yamada.sav") 

 

PHQ_GenPop_Jeon <- read_sav("PHQ_GenPop_Jeon.sav") 

PHQ_GenPop_JianLiWang <- read_sav("PHQ_GenPop_JianLiWang.sav") 

PHQ_GenPop_LevinAspenson <- read_sav("PHQ_GenPop_LevinAspenson.sav") 

PHQ_GenPop_Santos <- read_excel("PHQ_GenPop_Santos.xlsx") 

Simning_Stroke_and_non_med_combined <- read_sav("Simning Stroke and non med combined.sav") 

PHQ_GenPop_VanDerWeltz <- read_sav("PHQ_GenPop_VanDerWeltz.sav") 

PHQ_GenPop_Koehler <- read_sav("PHQ_GenPop_Koehler.sav") 

PHQ_GenPop_Hobfoll<-read_sav("PHQ_GenPop_Hobfoll.sav") 

 

PHQ_GenPop_Simning<-

Simning_Stroke_and_non_med_combined[!(Simning_Stroke_and_non_med_combined$STROKE==

1),] 

PHQ_GenPop_Koehler<-PHQ_GenPop_Koehler[!(PHQ_GenPop_Koehler$DIABETES==1),] 

remove(Simning_Stroke_and_non_med_combined) 

 

########## Reducing datasets into lists for a tidy environment 

 

### Stroke whole dataset 

PHQ_Stroke_Patten <- PHQ_Stroke_Patten %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Patten") 

PHQ_Stroke_Quinn<- PHQ_Stroke_Quinn %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Quinn") 

PHQ_Stroke_Whooley<- PHQ_Stroke_Whooley %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Whooley") 

PHQ_Stroke_Simning<- PHQ_Stroke_Simning%>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Simning Stroke") 

PHQ_Stroke_Janneke<- PHQ_Stroke_Janneke %>% add_column(Group="Janneke") 

 

PHQ_Stroke_Combined<-rbind(PHQ_Stroke_Janneke,PHQ_Stroke_Patten,PHQ_Stroke_Quinn, 

PHQ_Stroke_Whooley, PHQ_Stroke_Simning) 
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### GenPop Whole dataset 

PHQ_GenPop_Jeon<-PHQ_GenPop_Jeon %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Jeon") 

PHQ_GenPop_JianLiWang<-PHQ_GenPop_JianLiWang %>% add_column(TimeStr_Diag=NA) 

%>% add_column(Group="JianLiWang") 

PHQ_GenPop_LevinAspenson<-PHQ_GenPop_LevinAspenson %>% 

add_column(TimeStr_Diag=NA) %>% add_column(Group="LevinAspenson") 

PHQ_GenPop_Santos<-PHQ_GenPop_Santos %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Santos") 

PHQ_GenPop_Simning<-PHQ_GenPop_Simning %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Simning") 

PHQ_GenPop_VanDerWeltz<-PHQ_GenPop_VanDerWeltz %>% add_column(TimeStr_Diag=NA) 

%>% add_column(Group="VanDerWeltz") 

PHQ_GenPop_Koehler<-PHQ_GenPop_Koehler %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Koehler") 
PHQ_GenPop_Hobfoll<- PHQ_GenPop_Hobfoll %>% add_column(TimeStr_Diag=NA) %>% 

add_column(Group="Hobfoll") 

 

PHQ_GenPop_Combined<-rbind(PHQ_GenPop_Jeon, PHQ_GenPop_JianLiWang, 

PHQ_GenPop_LevinAspenson, PHQ_GenPop_Santos, 

PHQ_GenPop_Simning,PHQ_GenPop_VanDerWeltz, PHQ_GenPop_Koehler, 

PHQ_GenPop_Hobfoll) 

 

### Whole dataset for PHQ 

PHQ_All_Combined<-rbind(PHQ_Stroke_Janneke,PHQ_Stroke_Patten,PHQ_Stroke_Quinn, 

PHQ_Stroke_Whooley, PHQ_Stroke_Simning, PHQ_GenPop_Jeon, PHQ_GenPop_JianLiWang, 

PHQ_GenPop_LevinAspenson, PHQ_GenPop_Santos, 

PHQ_GenPop_Simning,PHQ_GenPop_VanDerWeltz, PHQ_GenPop_Koehler, 

PHQ_GenPop_Hobfoll) 

 

## Replace stroke NAs with 0 - performed in excel for manual inspection 

writexl::write_xlsx(PHQ_All_Combined, path="C:/Users/Josh/Desktop/DClinPsy/Thesis/Empirical 

paper/Data/Primary R directory/Primary R Directory/PHQ_All_Combined.xlsx") 

PHQ_All_Combined<-read_xlsx(path="C:/Users/Josh/Desktop/DClinPsy/Thesis/Empirical 

paper/Data/Primary R directory/Primary R Directory/PHQ_All_Combined.xlsx") 

 

## Demographic Inspection 

library(ggplot2) 

Plot <- ggplot(PHQ_All_Combined, aes(fill = factor(STROKE))) +  

  geom_bar(position = "dodge") +  

  scale_fill_discrete("STROKE") 

Plot + aes(x = EDUCATION_LEVEL) 

Plot + aes(x = SEX) 

Plot + aes(x = NUMBER_MEDICAL_DX) 

Plot + aes(x = MARITAL_STATUS) 

Plot + aes(x = COUNTRY) 

 

 

#PHQ_CombinedData$STROKE<-dummy_cols(PHQ_CombinedData$STROKE) 

 

ggplot(PHQ_All_Combined, aes(x = AGE_CONT, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 

  scale_fill_discrete("STROKE") 

 



Factor of the PHQ-9 in Stroke 

189 

 

ggplot(PHQ_All_Combined, aes(x = TOTAL, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 

  scale_fill_discrete("STROKE") 

 

## Removing cases with NAs 

PHQ_All_Combined_Removed_NAs<-PHQ_All_Combined %>% drop_na(AGE_CONT,SEX) 

colSums(is.na(PHQ_All_Combined_Removed_NAs )) 

 

### Matching ratio 1 

MatchedWholeData <-matchit(STROKE ~ AGE_CONT + SEX + TOTAL + COUNTRY, data = 

PHQ_All_Combined_Removed_NAs) 

 

## Ratio 2 matching  

MatchedWholeData_Ratio2 <-matchit(STROKE ~ AGE_CONT + SEX + TOTAL + COUNTRY, 

data = PHQ_All_Combined_Removed_NAs, ratio=2) 

 
## Match Ratio 1 summary statistics 

MatchedWholeDataSum<-summary(MatchedWholeData,standardize = TRUE) 

plot(MatchedWholeData, type = "jitter", interactive = FALSE) 

plot(MatchedWholeData, type = "hist") 

 

plot(MatchedWholeDataSum) 

plot(MatchedWholeData, which.xs = c("AGE_CONT","TOTAL")) 

 

## Match Ratio 2 summary statistics 

MatchedWholeDataSum_Ratio2<-summary(MatchedWholeData_Ratio2,standardize = TRUE) 

plot(MatchedWholeData_Ratio2, type = "jitter", interactive = FALSE) 

plot(MatchedWholeData_Ratio2, type = "hist") 

 

plot(MatchedWholeDataSum_Ratio2) 

plot(MatchedWholeData_Ratio2, which.xs = c("AGE_CONT","TOTAL")) 

 

## Converting to matched dataframe 

Matched_Data_Final<-match.data(MatchedWholeData) 

Matched_Data_Final_Ratio2<-match.data(MatchedWholeData_Ratio2) 

 

## Examining matched dataset (Ratio 1) 

library(ggplot2) 

Plot <- ggplot(Matched_Data_Final, aes(fill = factor(STROKE))) +  

  geom_bar(position = "dodge") +  

  scale_fill_discrete("STROKE") 

Plot + aes(x = EDUCATION_LEVEL) 

Plot + aes(x = SEX) 

Plot + aes(x = NUMBER_MEDICAL_DX) 

Plot + aes(x = MARITAL_STATUS) 

Plot + aes(x = COUNTRY) 

 

ggplot(Matched_Data_Final, aes(x = AGE_CONT, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 

  scale_fill_discrete("STROKE") 

 

ggplot(Matched_Data_Final, aes(x = TOTAL, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 

  scale_fill_discrete("STROKE") 
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writexl::write_xlsx(Matched_Data_Final, path="C:/Users/Josh/Desktop/DClinPsy/Thesis/Empirical 

paper/Data/Primary R directory/Primary R Directory/Matched_Data_Final.xlsx") 

 

## Examining matched dataset (Ratio 2) 

library(ggplot2) 

Plot <- ggplot(Matched_Data_Final_Ratio2, aes(fill = factor(STROKE))) +  

  geom_bar(position = "dodge") +  

  scale_fill_discrete("STROKE") 

Plot + aes(x = EDUCATION_LEVEL) 

Plot + aes(x = SEX) 

Plot + aes(x = NUMBER_MEDICAL_DX) 

Plot + aes(x = MARITAL_STATUS) 

Plot + aes(x = COUNTRY) 

 

ggplot(Matched_Data_Final_Ratio2, aes(x = AGE_CONT, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 
  scale_fill_discrete("STROKE") 

 

ggplot(Matched_Data_Final_Ratio2, aes(x = TOTAL, fill = factor(STROKE))) +  

  geom_histogram(position = "identity") + 

  scale_fill_discrete("STROKE") 

 

writexl::write_xlsx(Matched_Data_Final_Ratio2, 

path="C:/Users/Josh/Desktop/DClinPsy/Thesis/Empirical paper/Data/Primary R directory/Primary R 

Directory/Matched_Data_Final_GenPop_Ratio2.xlsx") 

 

###### Separating datasets for individual group analysis 

## GenPop group only 

Matched_Data_Final_GenPop<-Matched_Data_Final[Matched_Data_Final$STROKE==0,] 

Matched_Data_Final_Stroke<-Matched_Data_Final[Matched_Data_Final$STROKE==1,] 

 

Matched_Data_Final_GenPop_Ratio2<-

Matched_Data_Final_Ratio2[Matched_Data_Final_Ratio2$STROKE==0,] 

Matched_Data_Final_Stroke_Ratio2<-

Matched_Data_Final_Ratio2[Matched_Data_Final_Ratio2$STROKE==1,] 

 

Dimensionality of Each Group Separately 

library(lavaan) 

library(semPlot) 

library(tidyverse) 

library(haven) 

library(MatchIt) 

library(dplyr) 

library(ggplot2) 

devtools::install_github("simsem/semTools/semTools") 

library(semTools) 

library(writexl) 

library(WriteXLS) 

 

#######creating the models 

## One factor 

CFA_Models$GlobalDepression<-' 
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Depression=~PHQ9_Q1+PHQ9_Q2+PHQ9_Q3+PHQ9_Q4+PHQ9_Q5+PHQ9_Q6+PHQ9_Q7+PH

Q9_Q8+PHQ9_Q9 

' 

## 2 FACTOR MODEL 

CFA_Models$TwoFactor<-' 

      somatic=~PHQ9_Q3+PHQ9_Q4+PHQ9_Q5+PHQ9_Q7+PHQ9_Q8 

      cognitive.affective=~PHQ9_Q1+PHQ9_Q2+PHQ9_Q6+PHQ9_Q9 

' 

## 2 alternative factor 

CFA_Models$AlternateTwoFactor<-' 

      somatic=~PHQ9_Q3+PHQ9_Q4+PHQ9_Q5 

      cognitive.affective=~PHQ9_Q1+PHQ9_Q2+PHQ9_Q6+PHQ9_Q7+PHQ9_Q8+PHQ9_Q9 

' 

## Bifactor model 

CFA_Models$BiFactor<-' 

global=~PHQ9_Q1+PHQ9_Q2+PHQ9_Q3+PHQ9_Q4+PHQ9_Q5+PHQ9_Q6+PHQ9_Q7+PHQ9_Q
8+PHQ9_Q9 

      somatic=~PHQ9_Q3+PHQ9_Q4+PHQ9_Q5+PHQ9_Q7+PHQ9_Q8 

      cognitive.affective=~PHQ9_Q1+PHQ9_Q2+PHQ9_Q6+PHQ9_Q9 

      global ~~ 1*global 

      cognitive.affective ~~ 1*cognitive.affective 

      somatic ~~ 1*somatic 

      global ~~ 0*somatic 

      global ~~ 0*cognitive.affective 

      somatic ~~ 0*cognitive.affective 

' 

 

###### Running each model in stroke group to identify best fit 

PHQ_Matched_R2_Stroke_OneFactor<-cfa(CFA_Models$GlobalDepression ,data = 

Matched_Data_Final_Stroke_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_R2_Stroke_OneFactor,fit.measures=TRUE, standardized=T) 

 

PHQ_Matched_R2_Stroke_TwoFactor<-cfa(CFA_Models$TwoFactor ,data = 

Matched_Data_Final_Stroke_Ratio2, ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_R2_Stroke_TwoFactor,fit.measures=TRUE, standardized=T) 

 

PHQ_Matched_R2_Stroke_AlternateTwoFactor<-cfa(CFA_Models$AlternateTwoFactor ,data = 

Matched_Data_Final_Stroke_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_R2_Stroke_AlternateTwoFactor,fit.measures=TRUE, standardized=T) 

 

PHQ_Matched_R2_Stroke_BiFactor<-cfa(CFA_Models$BiFactor ,data = 

Matched_Data_Final_Stroke_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_R2_Stroke_BiFactor,fit.measures=TRUE, standardized=T) 

 

############  Stroke predicted scores 

Unidimensional_stroke_scores<-predict(PHQ_Matched_R2_Stroke_OneFactor)# Produces scores for 

uni model 

Two_factor_stroke_scores<-predict(PHQ_Matched_R2_Stroke_TwoFactor)# Produces scores for 

two-factor model 
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Bifactor_stroke_scores<-predict(PHQ_Matched_R2_Stroke_BiFactor)# Produces scores for two-

factor model 

 

Model_predicted_stroke_scores<-

cbind(Unidimensional_stroke_scores,Two_factor_stroke_scores,Bifactor_stroke_scores) 

column_names<-c("One_factor", "Two_Factor_Somatic", "Two_Factor_Affective", 

"BiFactor_Global","BiFactor_Somatic","BiFactor_Affect") 

 

colnames(Model_predicted_stroke_scores)<-column_names 

 

plot(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,4])# Scatter plot association 

uni vs bifactor_global 

 

cor.test(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,4]) # r association 

 

plot(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,5])# Scatter plot association 
uni vs bifactor somatic 

 

cor.test(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,5]) # r association 

 

plot(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,6])# Scatter plot association 

uni vs bifactor affect 

 

cor.test(Model_predicted_stroke_scores[,1],Model_predicted_stroke_scores[,6]) # r association 

 

########## Testing matched GenPop 

PHQ_Matched_Data_GenPop_OneFactor_R2<-cfa(CFA_Models$GlobalDepression ,data = 

Matched_Data_Final_GenPop_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_Data_GenPop_OneFactor_R2,fit.measures=TRUE, standardized=T) 

 

PHQ_Matched_Data_GenPop_TwoFactor_R2<-cfa(CFA_Models$TwoFactor ,data = 

Matched_Data_Final_GenPop_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_Data_GenPop_TwoFactor_R2,fit.measures=TRUE, standardized=T) 

 

PHQ_Matched_Data_GenPop_AlternateTwoFactor_R2<-cfa(CFA_Models$AlternateTwoFactor 

,data = Matched_Data_Final_GenPop_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, 

std.lv = TRUE) 

summary(PHQ_Matched_Data_GenPop_AlternateTwoFactor_R2,fit.measures=TRUE, 

standardized=T) 

 

PHQ_Matched_Data_GenPop_BiFactor_R2<-cfa(CFA_Models$BiFactor ,data = 

Matched_Data_Final_GenPop_Ratio2,  ordered = paste0("PHQ9_Q", 1:9), std.ov = TRUE, std.lv = 

TRUE) 

summary(PHQ_Matched_Data_GenPop_BiFactor_R2,fit.measures=TRUE, standardized=T) 
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Measurement Invariance Testing 

##### Run propensity matching script to obtain "Matched_Data_Final_Ratio 2" 

 

### configural model 

fit.config.uni_r2<- measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", return.fit=TRUE) 

 

sum.fit.config.2<-summary(fit.config.uni_r2, fit.measures=TRUE, standardized=T) 

 

### threshold invariance  

 

fit.thresh.uni_r2<- measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = "thresholds", 
return.fit=TRUE) 

 

summary(fit.thresh.uni, fit.measures=TRUE, standardized=T) 

anova(fit.config.uni_r2,fit.thresh.uni_r2) # MI test  ## ANOVA test of configural vs threshold 

 

## metric invariance (weak invariance) 

 

fit.metric.uni_r2<- measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings"), 

return.fit=TRUE) 

 

summary(fit.metric.uni_r2, fit.measures=TRUE, standardized=T) 

 

anova(fit.thresh.uni_r2,fit.metric.uni_r2) # Measurement Invariance  (MI)ANOVA test 

anova(fit.config.uni_r2,fit.metric.uni_r2) 

 

## scalar invariance (equal intercepts) 

 

fit.scalar.uni_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), return.fit=TRUE) 

 

summary(fit.scalar.uni_r2, fit.measures=TRUE, standardized=T) 

 

anova(fit.metric.uni_r2,fit.scalar.uni_r2) # MI test  

 

 

## Measurement invariance failed at scalar level - unequal intercepts 

Measurement_Invariance_Output.uni_r2<-

compareFit(fit.config.uni_r2,fit.thresh.uni_r2,fit.metric.uni_r2, fit.scalar.uni_r2) 

Measurement_Invariance_Output_Summary.uni_r2<-

summary(Measurement_Invariance_Output.uni_r2) 

 

MI_fit_table<-as.tibble(Measurement_Invariance_Output_Summary.uni_r2[[4]]) 

write_xlsx(Measurement_Invariance_Output_Summary.uni_r2[[5]], 

path="C:/Users/Josh/Desktop/DClinPsy/Thesis/Empirical paper/Data/Primary R directory/Primary R 

Directory/Measurement_invariance_ouput_unidimensional.xlsx") 
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###############  Invariant intercepts analysis 

 

Intercepts_1_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q1 ~ 1", return.fit = T) 

summary(Intercepts_1_r2, fit.measures=TRUE, standardized=T) 

 

Intercepts_2_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q2 ~ 1", return.fit = T) 

summary(Intercepts_2_r2, fit.measures=TRUE, standardized=T) 

 

Intercepts_3_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 
Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q3 ~ 1", return.fit = T) 

summary(Intercepts_3_r2, fit.measures=TRUE, standardized=T) 

 

Intercepts_4_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q4 ~ 1", return.fit = T) 

summary(Intercepts_4_r2, fit.measures=TRUE, standardized=T)  ### might be suspect 

 

Intercepts_5_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q5 ~ 1", return.fit = T) 

summary(Intercepts_5_r2, fit.measures=TRUE, standardized=T) ## might be suspect 

 

Intercepts_6_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q6 ~ 1", return.fit = T) 

summary(Intercepts_6_r2, fit.measures=TRUE, standardized=T)  

 

Intercepts_7_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q7 ~ 1", return.fit = T) 

summary(Intercepts_7_r2, fit.measures=TRUE, standardized=T)  

 

Intercepts_8_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q8 ~ 1", return.fit = T) 

summary(Intercepts_8_r2, fit.measures=TRUE, standardized=T)  

 

Intercepts_9_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, data = 

Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), ID.fac = 

"std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", "loadings", 

"intercepts"), group.partial = "PHQ9_Q9 ~ 1", return.fit = T) 
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summary(Intercepts_9_r2, fit.measures=TRUE, standardized=T)  

 

summary(Interceptscompare) 

 

Suspect_Intercepts_Free_r2<-measEq.syntax(configural.model = CFA_Models$GlobalDepression, 

data = Matched_Data_Final_Ratio2, parameterization = "theta", ordered = paste0("PHQ9_Q", 1:9), 

ID.fac = "std.lv", ID.cat="Wu.Estabrook.2016", group="STROKE", group.equal = c("thresholds", 

"loadings", "intercepts"), group.partial = c("PHQ9_Q4 ~ 1","PHQ9_Q5 ~ 1"), return.fit = T) 

summary(Suspect_Intercepts_Free_r2, fit.measures=TRUE, standardized=T)  

 

anova(fit.metric.uni_r2,Suspect_Intercepts_Free_r2)  ## MI test to test the partial model against the 

constrained loadings model 

 

Measurement_Invariance_Output.uni_r2<-

compareFit(fit.config.uni_r2,fit.thresh.uni_r2,fit.metric.uni_r2, fit.scalar.uni_r2, 

Suspect_Intercepts_Free_r2) 
summary(Measurement_Invariance_Output.uni_r2) 

 

 

#### Model implied scores 

 

group_names<-c("Stroke","GenPop") 

 

Partial_Invariant_Scores<-predict(Suspect_Intercepts_Free_r2)# Produces scores for partial model 

names(Partial_Invariant_Scores)<-group_names  

 

Partial_Invariant_Scores_Df_Stroke<-Partial_Invariant_Scores[[1]] %>% 

as_tibble(Partial_Invariant_Scores_Df_Stroke)# Partial scores Stroke only 

colnames(Partial_Invariant_Scores_Df_Stroke)<-"Partial_Scores" 

 

Partial_Invariant_Scores_Df_GenPop<-Partial_Invariant_Scores[[2]] %>% 

as_tibble(Partial_Invariant_Scores_Df_GenPop) # Partial scores GenPop only 

colnames(Partial_Invariant_Scores_Df_GenPop)<-"Partial_Scores" 

 

Fully_Invariant_Scores<-predict(fit.scalar.uni_r2) # Produces scores from fully invariant model 

names(Fully_Invariant_Scores)<-group_names  

 

Fully_Invariant_Scores_Df_Stroke<-Fully_Invariant_Scores[[1]] %>% 

as_tibble(Fully_Invariant_Scores_Df_Stroke)# Fully inv scores Stroke only 

colnames(Fully_Invariant_Scores_Df_Stroke)<-"Fully_Scores" 

Fully_Invariant_Scores_Df_GenPop<-Fully_Invariant_Scores[[2]] %>% 

as_tibble(Fully_Invariant_Scores_Df_GenPop)# Fully inv scores GenPop only 

colnames(Fully_Invariant_Scores_Df_GenPop)<-"Fully_Scores" 

 

Partial_and_Fully_Stroke<-

cbind(Partial_Invariant_Scores_Df_Stroke,Fully_Invariant_Scores_Df_Stroke) # Stroke partial and 

fully 

plot(Partial_and_Fully_Stroke) # Scatter plot association 

 

Partial_and_Fully_GenPop<-

cbind(Partial_Invariant_Scores_Df_GenPop,Fully_Invariant_Scores_Df_GenPop) # GenPop partial 

and fully 

plot(Partial_and_Fully_GenPop)# Scatter plot association 

cor(Partial_and_Fully_GenPop) # r association 

 



Factor of the PHQ-9 in Stroke 

196 

 

 

## adding data to the main dataset 

Tempgenpop<-Matched_Data_Final_Ratio2[Matched_Data_Final_Ratio2$STROKE==0,] 

Tempstroke<-Matched_Data_Final_Ratio2[Matched_Data_Final_Ratio2$STROKE==1,] 

 

Tempgenpop<-Tempgenpop %>% add_column(Partial_Invariant_Scores_Df_GenPop) %>% 

add_column(Fully_Invariant_Scores_Df_GenPop) 

Tempstroke<-Tempstroke %>% add_column(Partial_Invariant_Scores_Df_Stroke) %>% 

add_column(Fully_Invariant_Scores_Df_Stroke) 

 

Matched_R2_New<-bind_rows(Tempstroke,Tempgenpop) 

 

######## Testing differences in model-implied depression scores between groups for each model - t 

test 

library(effsize) 

?effsize 
 

## Partial 

t.test(Matched_R2_New$Partial_Scores ~ Matched_R2_New$STROKE, var.equal=F) 

cohen.d(Matched_R2_New$Partial_Scores ~ Matched_R2_New$STROKE) 

## Fully 

t.test(Matched_R2_New$Fully_Scores ~ Matched_R2_New$STROKE, var.equal=F) 

cohen.d(Matched_R2_New$Fully_Scores ~ Matched_R2_New$STROKE) 

## Sum score 

t.test(Matched_R2_New$TOTAL ~ Matched_R2_New$STROKE, var.equal=F) 

cohen.d(Matched_R2_New$TOTAL ~ Matched_R2_New$STROKE) 

 

 

with(Matched_Data_Final_Ratio2, sd(TOTAL[STROKE==0])) 

with(Matched_Data_Final_Ratio2, sd(TOTAL[STROKE==1])) 

cohen.d(Matched_Data_Final_Ratio2$TOTAL ~ Matched_Data_Final_Ratio2$STROKE) # d= -

.04054242 

 

## Partial model testing and effect size 

t.test(Partial_Invariant_Scores[[1]],Partial_Invariant_Scores[[2]], var.equal = F) 

cohen.d(d=Partial_Invariant_Scores[[1]],f=Partial_Invariant_Scores[[2]]) # d= -.1935826 

 

## Fully inv model testing and effect size 

t.test(Fully_Invariant_Scores[[1]],Fully_Invariant_Scores[[2]], var.equal = F) 

cohen.d(d=Fully_Invariant_Scores[[1]],f=Fully_Invariant_Scores[[2]]) # d= -.1125794 

 

## Sum score difference 

t.test(Matched_Data_Final_Ratio2$TOTAL ~ Matched_Data_Final_Ratio2$STROKE, var.equal=F) 

with(Matched_Data_Final_Ratio2, sd(TOTAL[STROKE==0])) 

with(Matched_Data_Final_Ratio2, sd(TOTAL[STROKE==1])) 

cohen.d(Matched_Data_Final_Ratio2$TOTAL ~ Matched_Data_Final_Ratio2$STROKE) # d= -

.04054242
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Appendix H: Scatter Plot of One-factor and Bi-factor Depression scores in the Empirical Paper 

r = .9898 (CI: .9882 - .9911), p < .001,  
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Appendix I: Printouts for Free-loaded Intercept CFA Models in the Empirical Paper 

Only Intercept of group 2 included due to length of printouts 

 

 

### PHQ_9 Q1 Intercept Freed 

 

Group 2 [0]: 

 

Intercepts: 

                                    Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (n.1.)     0.073        0.075    0.968    0.333    0.073    0.044 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 
   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)         0.053        0.055    0.959    0.338    0.052    0.052 

 

 

### PHQ_9 Q2 Intercept Freed 

 

Group 2 [0]: 

 

Intercepts: 

                                    Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (n.3.)     0.072        0.051    1.419    0.156    0.072    0.081 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)         0.040        0.055    0.723    0.469    0.039    0.039 

 

 

## PHQ_9 Q3 Intercept Freed 

 

Group 2 [0]: 

 

Intercepts: 

                                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (n.3.)     0.072        0.051    1.419    0.156    0.072    0.081 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 
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   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)         0.040        0.055    0.723    0.469    0.039    0.039 

 

 

### PHQ_9 Q4 Intercept Freed 

> summary(Intercepts_4_r2, fit.measures=TRUE, standardized=T)  ### might be suspect 

 

Group 2 [0]: 

 

Intercepts: 

                                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (n.4.)    -0.426       0.061   -7.031    0.000   -0.426   -0.446 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 
   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)    0.205    0.054    3.799    0.000    0.221    0.221 

 

PHQ-9 Q5 Intercept Freed 

 

> summary(Intercepts_5_r2, fit.measures=TRUE, standardized=T) ## might be suspect 

 

Group 2 [0]: 

 

Intercepts: 

                                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (n.5.)     0.358        0.068    5.278    0.000    0.358    0.346 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)    0.034    0.054    0.630    0.529    0.034    0.034 

 

PHQ-9 Q6 Intercept Freed 

 

> summary(Intercepts_6_r2, fit.measures=TRUE, standardized=T)  

 

Group 2 [0]:  

 

Intercepts: 

                                    Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (n.6.)     0.203        0.082    2.477    0.013    0.203    0.134 
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   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)         0.049        0.054    0.899    0.368    0.049    0.049 

 

 

## PHQ-9 Q7 Intercept Freed 

 

> summary(Intercepts_7_r2, fit.measures=TRUE, standardized=T)  

 

Group 2 [0]: 

 

Intercepts: 

                             Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 
   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (n.7.)    -0.143       0.072   -1.989    0.047   -0.143   -0.140 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)         0.074        0.054    1.365    0.172    0.073    0.073 

 

 

## PHQ-9 Q8 Intercept Freed 

> summary(Intercepts_8_r2, fit.measures=TRUE, standardized=T)  

0.693    1.000 

 

 

Group 2 [0]: 

 

Intercepts: 

                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (n.8.)   -0.017        0.099   -0.177    0.859   -0.017   -0.017 

   .PHQ9_Q9 (nu.9)    0.000                                               0.000    0.000 

    Deprssn (a.1.)             0.062    0.054    1.139    0.255    0.061    0.061 

 

 

 

PHQ-9 Q9 Intercept Freed 

 

> summary(Intercepts_9_r2, fit.measures=TRUE, standardized=T)  

 

Group 2 [0]: 

 

Intercepts: 
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                                   Estimate  Std.Err  z-value  P(>|z|)   Std.lv  Std.all 

   .PHQ9_Q1 (nu.1)    0.000                                               0.000    0.000 

   .PHQ9_Q2 (nu.2)    0.000                                               0.000    0.000 

   .PHQ9_Q3 (nu.3)    0.000                                               0.000    0.000 

   .PHQ9_Q4 (nu.4)    0.000                                               0.000    0.000 

   .PHQ9_Q5 (nu.5)    0.000                                               0.000    0.000 

   .PHQ9_Q6 (nu.6)    0.000                                               0.000    0.000 

   .PHQ9_Q7 (nu.7)    0.000                                               0.000    0.000 

   .PHQ9_Q8 (nu.8)    0.000                                               0.000    0.000 

   .PHQ9_Q9 (n.9.)    -0.037       0.166   -0.224    0.823   -0.037   -0.027 

    Deprssn (a.1.)         0.061        0.054    1.128    0.259    0.060    0.060 

 

 

 

 

 

 


	Thesis Portfolio Abstract
	List of Figures
	List of Tables
	Acknowledgements
	Chapter 1. Introduction to the Thesis Portfolio
	Background and Rationale
	Philosophical Position
	Thesis Outline

	Chapter 2. A Phenomenological Comparison of Post-Stroke Depression with Depression in the General Population: A Systematic Review
	Abstract
	Introduction
	Methods
	Eligibility Criteria
	Population
	Study Outcome
	Comparison Group
	Study Design and Analysis

	Search Strategy
	Screening and Selection
	Quality Rating
	Data Extraction and Analysis

	Results
	Study Inclusion
	Quality Assessment and Risk of Bias
	Study Details
	Design and Methodology
	Participants
	Measures and Symptoms

	Main Findings
	Moderation of Study Characteristics
	Profile Comparison Studies
	Comparative Correlation Strength Studies
	Item Response Theory


	Discussion
	Which Characteristics Influence Symptomatology Findings?
	Is the Phenomenology of PSD Different?
	Clinical Implications
	Strengths and Limitations of this Review
	Future research
	Conclusions

	References

	Chapter 3. Systematic Review Extended Methodology
	Inclusion and Exclusion Criteria
	Quality Appraisal and Risk of Bias
	Additional Scoring Information
	Measures Included
	Results
	Combining Studies Across Different Methodologies


	Chapter 4. Bridging Chapter
	Chapter 5. The Factor Structure of the Patient Health Questionnaire-9 in Stroke: A Comparison with a Non-Stroke Population
	Abstract
	Introduction
	Methods
	Design
	Participants
	Measures
	Ethics
	Analysis
	Initial Data Processing and Demographic Matching
	Assessment of Dimensionality
	Measurement Invariance
	Sample Size


	Results
	Data Processing and Matching
	The Dimensionality of the PHQ-9 in Stroke
	Measurement Invariance Testing

	Discussion
	Strengths and Limitations
	Clinical Implications
	Future Research
	Conclusion

	References

	Chapter 6. Discussion and Critical Analysis
	Research Summary
	Systematic Review
	Empirical Paper

	Synthesis of Findings
	Extraneous Bias

	Summary and Theoretical Relevance
	Implications for Clinical Practice
	Assessment and Formulation
	Intervention

	Critical Evaluation
	Strengths
	Weaknesses

	Wider Issues in Phenomenology Research
	Future Research
	Conclusion

	References
	Appendices
	Appendix A: Submission Guidelines for Neuropsychological Rehabilitation
	Appendix B: Full Search Strategy for the Systematic Review
	Appendix C: References of Articles that were Examined in Full-text Screening and Excluded (N=46) for the Systematic Review
	No Interpretable Comparisons Between Groups
	Comparison Group Had Physical Or Neurological Health Problems
	Pooled Stroke and Non-Stroke Data
	Data Impossible to Extract
	No Control Group
	No Control for Depression Severity
	No Stroke Participants
	Unavailable Full Text

	Appendix D: Quality rating by study for the Systematic Review
	Appendix E: Submission Guidelines for the Journal of Stroke and Cardiovascular Diseases
	Appendix F: Details of Ethical Approval for the Empirical Paper
	Greater Glasgow and Clyde (GGC) Clinical Audit Approval
	FMH Preliminary Approval Subject to Amendments
	Confirmation from Dr Levis of the DEPRESSD Team that Ethical Approval was not Required
	Confirmation of Full Ethical Approval from FMH REC
	Explanation of Data Transfer Process

	Appendix G: R Code for Analyses in the Empirical Paper
	Propensity Score Matching
	Dimensionality of Each Group Separately
	Measurement Invariance Testing

	Appendix H: Scatter Plot of One-factor and Bi-factor Depression scores in the Empirical Paper
	Appendix I: Printouts for Free-loaded Intercept CFA Models in the Empirical Paper


