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Abstract 
 

Background  

Stroke is the foremost medical condition responsible for acquired disability and 

dependency.  The initial psychological and physical deficits should arguably be 

identified early to allow interventions to be put in place if potential long-term 

sequelae are to be minimised.   

Physical impairments within stroke cohorts have been extensively researched and 

reported.  We have access to numerous scales that describe general physical 

functioning during daily activities and its effects on independence and quality of 

life.  Deficits in movement are easily identified and attributes of physical 

movements can be associated with such obvious measurement terms as strength, 

speed, co-ordination and task completion.  As these attributes can be graded, it is 

simple to compare patients over time, within stroke cohorts and against the general 

population:  controlled studies are straightforward, even if natural biological 

variation demands large samples. 

However, though physical impacts on a patient may be easily observed and 

measured, corresponding deficits in cognition and mood are less easily detected 

and quantified.  Psychological problems are common within stroke populations, and 

exert both short and long term effects throughout all stages of rehabilitation.  

Despite our awareness of the potentially critical effects of psychological factors on 

patient outcome, there is a dearth of high quality research in this area.  Although 

many cognitive and mood assessments are available, including some that were 

developed specifically for use in stroke, these are neither regularly administered 

nor have been convincingly shown to be accurate and reliable in identifying specific 

deficits.  Thus, it is understandable that research available to us that describes 

prevalence and effects of cognitive and mood problems post-stroke is sparse in 

comparison to our knowledge of physical deficits.   
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Methodology 

In order to begin to understand the effects that cognition and mood have on patient 

outcome post-stroke, a way of identifying prominent issues is required.  Knowing 

that their effects can have both short and long term impact, reliable screening 

beginning early after stroke onset could offer opportunities to improve patient 

outcome through early implementation of interventions.   

Before an appropriate screening tool can be selected, evidence is required to 

support its feasibility and accuracy within acute stroke cohorts.  In this thesis, I 

investigate cognitive and mood-screening assessments in stroke, across a series of 

linked projects.   

I carried out a review of the current research and I surveyed stroke units to identify 

which cognitive and mood assessments are commonly implemented. I collated and 

offer synthesis of the published data on accuracy of cognitive assessment 

instruments.  I used these results to inform a diagnostic test accuracy study, 

examining selected measures that are commonly used in UK practice to screen for 

cognitive and mood problems.  Based on these results, I designed (and was awarded 

grant funding for) a clinical study to assess test properties of cognitive and mood 

screening instruments in a rehabilitation setting and to describe potential obstacles 

affecting patient assessment.  

  

Findings 

There is heterogeneity in the choice of cognitive and mood tests employed across 

research and clinical practice.  There was some overlap in assessment choice within 

these domains but no clear consensus on a preferred assessment tool.  This is in 

part explained by the substantial number of tests available, it is telling that the 

most popular assessments accounted for only a fraction of the tool assessments 

employed.  My literature based work also points to a relative lack of published 

science employing a cognitive or mood assessment tool.  
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My review of diagnostic test accuracy found that properties of cognitive tools 

commonly used in practice and research (Folstein’s Mini Mental State Examination: 

MMSE, the Montreal Cognitive Assessment: MoCA, the Addenbrookes’ Cognitive 

Examination Revised: ACE-R and the Cambridge Cognitive Examination revised: R-

CAMCOG) were susceptible to changing populations and purpose of assessment, with 

test properties differing when screening tools are used in acute and chronic stage of 

stroke. Depending on the cut-offs that are used to define “screen positive” cases, 

these tools would have varying ability to identify multi=domain cognitive 

impairment or dementia.  Generally when applying standard (i.e. the traditional 

cut-off described for test use in an unselected population) cut-offs, sensitivity was 

good but specificity was low.  Specificity could be improved when the cut-offs were 

altered while maintaining reasonable sensitivity and this suggests that screen 

positive thresholds may need to be altered to suit a stroke population	
  	
  	
  The need for 

lowering our standard cut-offs suggests that there may be factors present in typical 

acute stroke patients which affect assessment accuracy compared to the 

populations and purpose for which these scales have been developed.   

Using the MOCA in the acute setting of my clinical study, confirmed that stroke 

cohorts require altered cut-offs to improve accuracy in cognitive impairment 

detection.  A stroke cognitive assessment that can be derived from a standard 

neurological examination *the Cog4) has been described.  Cross sectional 

comparison of MoCA and Cog 4 suggest that Cog4 has questionable validity and 

stroke specific cognitive measures are required since scores derived from other 

types of measures are not necessarily testing the most appropriate domains for 

stroke deficits.   

A lack of published data on cognitive and mood screening in the first days post-

stroke suggested that describing the feasibility of assessing stroke patients in an 

acute setting would be a useful topic for research.  My subsequent clinical study 

incorporated verbal and non-verbal assessments for mood and the MOCA.  As well as 

usual test accuracy outcomes I considered feasibility issues such as proportion of 

patients suitable for initial approach, acceptance of assessment, prevalence of 

common stroke related impairments that mandate assistance or cause difficulty in 
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completing assessments, or that preclude assessment altogether.  A moderate 

proportion of patients who were approached declined to take part and several 

others required external assistance to complete the assessments.  Shorter, less 

cognitively demanding assessments required less assistance and appeared to offer 

higher accuracy for predicting mood problems at follow-up.  These results suggest 

that delaying cognitive and mood assessments until later during the post-stroke 

period may reduce the interference from acute stroke deficits.   

The final piece of work generated from my PhD studies, and that is ongoing, 

continues the theme of feasibility of cognitive and mood assessments.  Cognitive 

and mood assessments are performed in stroke rehabilitation centres.  The 

rehabilitation setting was chosen, as it will include varying patterns of physical and 

cognitive impairment.  By comparing brief assessments and more lengthy measures 

of cognition, I hope to identify the most appropriate testing scheme that minimises 

patient burden.  As part of this work I will describe the impact of stroke deficits on 

assessment and quantification of the patient’s psychological capabilities. 

 

Conclusions 

In conclusion, these studies have demonstrated a lack of guidance and of protocols 

for cognitive and mood assessment post-stroke.  The evident heterogeneity in 

choices of assessment in research and usual practice indicated a need for evidence 

based accuracy studies.  In conducting these I found that usual measures are 

susceptible to the population, timing, and cut-off used to define test positive cases, 

together indicating undesirable sources of variation.  Transient stroke-related 

problems may lead to overestimation of persistent impairments.  Although acute 

screening of cognition and mood would be possible, such screening may not be 

widely acceptable to patients and would require a high level of assistance from 

health professionals.  Acute screening should only be performed if there are 

potential benefits that could impact on the patient from identification of cognitive 

or mood problems at this early stage.  With the transient changes in cognition and 

mood that the majority of stroke survivors experience, screening is best left until 

later in the patient journey.  However, there may still be potential feasibility issues 
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of administration and assessment completion during later stages.  Therefore, I 

suggest that studies that investigate what assessments are feasibly administered to 

stroke patients in later stages are required.  This will inform future trial 

recruitment for complete data requirements as well as provide clearer picture of 

stroke survivors’ affected cognitive domains and or mood problems.     
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Chapter 1 Introduction 

1.1. Epidemiology of stroke and stroke related disability 

Stroke is the second highest cause of death in the developed world (10% of 

deaths)(1), and the main cause of adult disabilities in Europe and the USA(2).  Each 

year, 15 million people worldwide have a stroke.  Of these 5 million die and 5 

million suffer lasting impairment.(1) Frequency of ischaemic stroke ranges between 

85-90% of all strokes versus 10-15% for haemorrhagic stroke (hospitalised and 

community settings).(3-5)  

In a community sample, 88% of stroke survivors had some form of motor deficit.(6) 

It is estimated that six million Europeans are living with a stroke related 

impairment(7).  The greatest rate of functional recovery takes place by 3 to 6 

months post-stroke.(6, 8) At least half of survivors experience significant functional 

disability a year after their stroke(9).  More motor deficits are present in stroke 

survivors greater than 75 years old, but recovery is associated with stroke severity 

and not age (6).  

Common impairments are weakness in limbs (especially in the upper limb 

77.4%)(10) with long term arm movement difficulties affecting 40%, sensation 

changes about 80%, and visual disturbances around 66% (11).  Other physical 

problems include: incontinence (48.2%)(10)- 15% continuing to suffer with 

incontinence at 1 year post-stroke.(11)   

Haemorrhagic stroke patients have a higher incidence of severe headaches, 

convulsions(4) as well as an (up to four times) increase in mortality in the first 3 

months post-stroke(5), but lower incidence of paresis and sensory deficits than 

ischaemic stroke survivors.(4) 

Physical impairments are well described within the epidemiology of stroke but this 

is not true for cognitive and mood impairments.  
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1.1.1. Post-stroke cognitive impairments  

Cognitive and mood impairments are common after stroke affecting around one 

third of survivors.(11-13) Cognitive domains commonly affected are: attention, 

orientation, language and memory (14, 15) with a general cognitive impairment 

profile of more pronounced deficits in executive function and attention processing 

assessment.(16)  

Stroke is a major risk factor for developing dementia, the risk increasing with age 

from 15% at 60-69 years to 36% in those over 80 years; and it increases over time 

with an incidence of 9-17% at 1 year to 33% by 5 years.  However, 7-16% of survivors 

had pre-stroke dementia that only becomes apparent post-stroke. (13, 17)  

 

1.1.2. Mood impairments post-stroke  

Prevalent mood problems are depression and anxiety.(18) Mood disorders post-

stroke, especially depression, are associated with previous strokes, social activity 

decline and living alone.  There are four main stroke related features that render 

survivors susceptible to developing depression.  These are: physical impairments 

and fatigue which reduce involvement in activities; other medical problems which 

can add to the stress independent of the stroke; experience of a stroke can lead to 

a more negative way of thinking; cognitive impairments affecting the way in which 

information is processed.(19) Post-stroke cognitive problems, however, are a main 

risk factor, accounting for 42% of mood changes.(20, 21) 

 

1.2. Nosology of post-stroke cognitive problems 

Cognitive impairments post-stroke are integrated in nature and have overlapping 

features; this poses difficulty for clinical assessment and to distinguish criteria for 

classification.(22, 23)   This had led to broad terminology being used to cover all 
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types of dysfunction.  In an attempt to clarify the various cognitive problems that 

can be seen post-stroke, I have provided definitions of the most common problems. 

Figure 1-1 attempts to illustrate the various cognitive impairments found post 

stroke and how they overlap.   
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Figure 1-1 Venn diagram of post-stroke cognitive complications 

 

MCI= Mild Cognitive Impairment, VCI=Vascular Cognitive Impairment 
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1.2.1. Delirium 

Delirium is a cause of cognitive impairment. It is defined as a “multifactorial 

neuropsychiatric syndrome with numerous predisposing and precipitating 

factors”.(24) In acute stroke patients this occurs within 13-48% compared to 10-25% 

patients in general medical wards.(25)  

The main difference between post-stroke delirium - when delirium is occurring 

alone and not leading to further cognitive decline- and cognitive decline is that 

delirium is temporary; however the strong links between vascular conditions and 

the exacerbation these have on any pre-existing dysfunction makes this difficult to 

distinguish from other common post-stroke cognitive impairments.(25, 26)  

Furthermore, disruption from stroke leading to delirium has been associated with 

long-term cognitive impairment.  It is thought that delirium may increase the 

neurodegenerative processes and thus have more than a temporary impact on 

cognition.(27) 

Delirium has three forms: hypoactive/hypoalert, hyperactive/hyperalert and a mix 

of these syndromes.(28) Different symptoms are associated with each.  Hypoactive 

(most common post-stroke)(28) corresponds with: facial inexpression, motor 

retardation, speech retardation, decreased reactions, perplexity and mental 

slowness.  In patients with hyperactive type delirium: increased and incoherent 

talking (logorrhoea), aggression, motor hyperactivity, increased reactivity and 

delusions are common.(29) Mixed delirium presents with a combination of 

hypo/hyperactive symptoms or signs with no clear pattern described.(30, 31) 

Delirium is not only associated with increased negative outcomes (including: poor 

functional outcome, time in inpatient care, increased risk of mortality and medical 

complications)(25, 32, 33) but can also be the beginning of developing/underlying 

dementia(26) and cognitive decline(34, 35) in some patients. 
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1.2.2. Vascular cognitive impairment 

Vascular Cognitive Impairment (VCI) is a term used to group the variety of cognitive 

impairments that occur due to vascular abnormalities.(22) Common types of VCI 

post-stroke include: Post-stroke cognitive impairment (any deficit in any cognitive 

domain following a stroke)(36); post-stroke dementia (the development of any type 

of dementia after having a stroke) including Alzheimer’s, multi-infarct and mixed 

dementias (36); and vascular cognitive impairment with or without dementia 

(cognitive decline in the context of any cranial vascular abnormalities).(37) The 

level of cognitive impairment post-stroke varies between individuals, stroke type 

and domains.(14, 17, 38)  With severe impairments the risk for developing dementia 

increases.   

 

1.2.3. Mild cognitive impairment  

Mild cognitive impairment (MCI) is a syndrome where “cognitive decline is greater 

than expected for an individual’s age and education level but does not interfere 

notably with activities of daily life”.(39) MCI can impair a variety of domains.(16, 

40, 41)  There are two subtypes that have been described: amnesic and non 

amnesic(42).  These are cognitive impairments that either affect or spare the 

memory domain.  Each of these subtypes can also affect a single or multiple 

cognitive domains.(42) The criteria for diagnosis include: individual and others 

noticing memory loss (in the presence of amnesic MCI), no other area of cognitive 

function with apparent impairment, able to be independent in daily activities, no 

other medical condition that could be underlying memory loss, do not meet the 

criteria for dementia.(43-45)   

People who develop MCI are more likely to have cerebrovascular problems.(46) 

Those with MCI are at risk of progressing in cognitive decline and developing 

dementia.  Annually, 9.6% progressed to dementia(47), between 8.1 and 8.3% to 

Alzheimer’s Dementia (47, 48), 1.9% to vascular dementia(47) within clinical 
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settings (e.g. memory clinics).  This decreased to 4.9%, 6.8% and 1.6% respectively 

within community settings.(47)    

 

1.2.4. Dementia  

Dementia differs from MCI by dysfunction affecting several cognitive domains more 

severely and impairs daily functioning reducing the individuals’ independence.(39)   

Dementia prevalence within the population is high, which could be due to an aging 

population, but the majority affected are in under-developed countries.(49) In 

2005, 24.3 million were diagnosed with a form of dementia and this is expected to 

double every 20 years.(50) Recent global estimates suggest an overall increase in 

incidence.(49) However, there is some evidence suggesting that annual prevalence 

may have begun to decrease within England and Wales.(51) This discrepancy could 

be due to the improvement of early life education and health explanatory factors as 

well as an aging population living longer.(49, 51) 

Dementia contributes to 11.2% of disabilities in the over 60s.(52) The prevalence of 

post-stroke dementia varies across different settings: around 30% in the community 

and 6-32% in hospitals.(17) In patients who are experiencing their first stroke, 

around 10% develop dementia with this increasing to one in three patients who 

suffer from recurrent strokes.(53)    

     

1.2.4.1. Pathology of dementia  

There are many types of dementia, each with different characteristics and causes: 

Alzheimer’s disease, vascular dementia, other degenerative cause dementia, mixed 

dementia.  The most common subtypes are Alzheimer’s disease (54% of all causes of 

dementia) and vascular dementia (16%).(54)    
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Alzheimer’s disease dementia (AD) is characterised by the presence of plaques in 

the brain.(55, 56)  Research suggests that the presence of these causes irreversible 

neurodegeneration.(57-60)     

Vascular dementia brings about cognitive decline through the lack of blood flow 

from the cerebral arteries.(61) Unlike AD, vascular dementia does not follow 

specific neuroanatomical patterns(62).  However, it is thought that cerebrovascular 

ischemia may provoke the production of precursors (proteins that bring on 

formation of plaques) of AD in the ischemic areas.(63) 

 

1.2.4.2. Risk factors for dementia 

The main independent risk factors for Alzheimer’s dementia are; apolipoprotein E 

(ApoE), increasing age, sex (higher risk in females), smoking, diabetes mellitus, 

vascular disease, hypertension, head trauma, low educational level and (in certain 

parts of the world) exposure to chemicals such as fertilizers and pesticides.(61)   

Risk factors for vascular dementia are; history of cerebrovascular disorders, stroke, 

hypertension, diabetes, high levels of low-density lipoproteins, smoking, cerebral 

white matter lesions, exposure to chemicals, alcohol and genetic diseases.(61, 63) 

Although there are some differences in risk factors between Alzheimer’s and 

vascular dementia, there is also a large level of overlap of risk factors that is 

reflected in the similar pathology.(60,62) 

There is also some evidence for a relationship between depression and development 

of dementia but the underlying process is unclear.(64, 65) 
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1.3. Impact of cognition on stroke recovery 

1.3.1. Cognitive impact on physical ability  

Patients with attention or global cognitive deficits have more severe functional 

disabilities than those with isolated memory impairments(66) and have a 

significantly reduced ability to recover even when cognition itself does not feature 

in the activity performance.(67) Furthermore, cognitive abilities on entering 

rehabilitation services have a significant positive correlation to end of 

rehabilitation functional outcome and are negatively correlated both with the 

length of stay in services(68) and independent living.(14) Specifically, it is the 

‘higher order’ cognitive abilities (comprehension, judgement, short term verbal 

memory and abstract thinking) that generally seem to have a larger influence when 

determining the length of stay in services, referral to outpatient therapies and use 

of therapies at home post discharge.(69) There is also evidence that comprehension 

levels impact on walking ability.(70) Attention deficits have also been found 

negatively to affect performance of daily activities and social interactions.(71) 

Problems with attention are also related to higher levels of accidents and falls.(72)   

 

1.3.2. Domain differences and changes 

1.3.2.1. Timing  

Research has shown that various cognitive domains are affected depending on the 

area of the cortex damaged and the time after the stroke.(15, 73, 74)  At the acute 

stage (<1 month) common areas affected are: executive function (particularly 

speed and attention, 72%)(15); visuo-perception/construction and numerical ability, 

affecting approximately 34-39%; 30-38% and 30%, respectively.(15, 74)  Recognition 

memory is the least affected area overall.(75) 

Attention and speed of information processing are the most prominent 

impairments.  They affect performance in all other domains, which may give false 

representations of the patient’s true capabilities.  Under assessment time 
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constraints, 70% of patients have difficulties and this is reduced to 50% when timing 

is no longer a factor.(75)    

Post-stroke impairments, however, are not stable in severity or expression.  

Patients between acute stage and 3 months post-stroke show significant 

improvement across executive functions especially within: speed and attention 

(number of patients with impairment halved); numerical ability and perception.(15) 

Transient impairments are most prevalent in the first week post-stroke (39%) 

compared with after this week (19%).(76) The dynamic nature of post stroke 

impairments can be illustrated by visual and verbal memory impairments compared 

to speed and attention. Generally visual and verbal memory are at a lower level of 

severity than other impairments at the acute stage but unlike other deficits, they 

do not improve over the first 3 months.(15) For speed and attention impairments 

improve rapidly over the first few months post stroke are the most persistent; more 

patients have impairment in this area after 3 months despite rapidly improving over 

the first few months.(15)   

There is some evidence of cognitive impairment stabilising from 3 months to at 

least 2 years post-stroke: those that have no/some/vast impairment generally 

maintain this level with few improving or declining.(73) This suggests that if we can 

predict a patient’s stabilised outcome from screening or acute assessments, then a 

patient’s long-term cognitive outcome could be identified and management 

adapted during the acute stage.  However, there is a lack of research into domain 

impairment stabilisation thus our understanding of post-stroke impairments must 

improve before this goal can be achieved.  

 

1.3.2.2. Classification of impairment 

As mentioned before, there is a lot of overlap between the subtypes of cognitive 

impairment.  Vascular cognitive impairment (VCI) and Vascular Dementia (VaD) both 

affect the majority of cognitive domains (less impact on verbal retention).(77, 78)  

Frequencies of impairment across domains (in descending order) include: 
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information processing speed, praxis-gnosis, visual memory, mental flexibility, 

abstraction, attention and visuo-construction.  They are distinguished by severity 

and level of impairment present within each population, measured using 

neuropsychological batteries and other cognitive domain specific assessments.  Key 

distinguishing areas are attention and concentration.  In order to classify patients 

into impaired (VaD or VCI) and no cognitive impairment (NCI), domains including 

abstraction, mental flexibility, processing speed and working memory are 

compared.  Using these domains 84% of patients can be correctly classified into 

impaired (VaD and VCI) or NCI groups.(78) The important component that can 

correctly distinguish 76.6% (of the VCI sub domain) of VaD patients is the severity of 

concentration impairment.(78)  

 

1.4. Impact of stroke on mood 

1.4.1. Mood changes associated with stroke  

Mood responses associated with stroke include anxiety(18), depression(79, 80), 

emotionalism (unprovoked, unfitting and uncontrollable emotional response), 

catastrophic reaction (inability to complete tasks or feeling inappropriately 

pressured during a task) and indifference (characterised by apathy and a lack of 

motivation).(81, 82)  At the acute stage, post-stroke major depression is estimated 

to occur in 25% of patients.(83) Studies show the prevalence of depression and 

anxiety symptoms post-stroke is high(79) and negatively impacts on mortality and 

recovery.(84-86) However, it is important to draw a distinction between depressive 

or anxiety symptoms (found for example on a psychometric mood scale such as 

HADS) and a clinical diagnosis of anxiety or depression.  These are not the same and 

arguably, some prevalence studies may over estimate the prevalence of depression 

(the clinical syndrome) by conflating it with the presence of depressive symptoms. 

In a recent systematic review of the incidence and prevalence of post-stroke mood 

problems, pooled analysis suggested that at anytime post-stroke prevalence was 

about 29% and was stable overall within ten years post-stroke.  There was no 
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significant difference found in prevalence across the various stages post-stroke: up 

to one month 28%; one to six months 31%; six months to a year 33%; and over one 

year 25%.  Prevalence also was not significantly different depending on the setting.  

Hospital and rehabilitation settings post-stroke each had a prevalence of 30% and 

community settings only 22%.  From pooled analysis, depression incidence post-

stroke within the first 5 years varied from 39% to 52%.  There was significant 

heterogeneity across study findings but this demonstrated the instability of 

development and recovery from depression.(87)   

Although poorly researched in comparison, anxiety is thought to occur between 4-

28%(88) and 3% for adjustment disorder.(89)  

Pooled prevalence of any type of anxiety disorder after stroke is 20%.  At the acute 

stage anxiety prevalence is 20% versus 23% up to five months and 24% from six 

months and after stroke.  Like depression, there is a slight variation in prevalence 

across different settings: 25% in hospitals, 21% in rehabilitation and 22% within the 

community.(90) Compared to general hospital inpatients, mood disorders are higher 

in stroke cohorts.(91, 92)  

The most common types of anxiety disorders post-stroke are phobias and 

generalised anxiety disorders. There is however, no significant difference in anxiety 

prevalence between patients suffering from first ever stroke and recurrent 

stroke.(90)   

Another common symptom is fatigue.  This is defined as “a sense of exhaustion, 

lack of perceived energy or tiredness that is distinct from sadness or 

weakness”.(93) This occurs in around 24% of stroke survivors at the acute stage 

(within the first few weeks) post-stroke.(93) There is a lot of overlap between these 

emotional responses, which increases the difficulty of distinguishing each affect in 

terms of epidemiology and impact on recovery, in both the long and short term.(81, 

94)   
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1.4.1.1. Depression 

There are predisposing factors that make stroke patients more susceptible to 

developing depression and for it to be maintained at one year post-stroke.  These 

include a previous history of depression, prior strokes, impairment in 

communication, low level of functional independence, perceived stress, low levels 

of reasoning capability and a low level of internal locus of control (the belief that 

the individual has control over what happens in life events).(20, 95-98)  

Other factors that can predict post-stroke depression at any stage include: post-

stroke disability, pre-stroke history of depression, cognitive impairment, stroke 

severity, anxiety and a lack of support from family or social circle.(87)   

There is also some evidence that suggests that ischemic strokes in the left 

hemisphere increase the possibility of depression with cognitive impairment, which 

increases the persistence of the depression compared to depression alone.(99, 100)   

Early neuroimaging studies suggested a relationship between stroke lesion location 

and mood disorder. Subsequent reviews have found significant heterogeneity among 

lesion study findings.   Overall, there was no significant association between lesion 

location and development of PSD in all type depression, major depression or various 

depression types within the first month post stroke.(87, 101)  

 

1.4.1.2. Emotionalism 

Post-stroke Emotionalism (PSE) is characterised by an “increase in the frequency of 

crying or laughing episodes” compared to the pre-stroke state of the patient.  It is 

characterised by having a sudden onset, with the emotions feeling like they are 

beyond the patient’s control.(82) PSE has now been described as being on a 

continuum with two main levels of severity.  The first is pathological laughter and 

crying (PLC).  Brought about through emotionally nonspecific stimuli, it has no 

effect on patients’ mood after the episode of laughter or crying.  The patient does 

however lose control of their facial expressions during an episode. The less severe 
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end of the continuum is emotional lability (EL).  Unlike PLC, this is triggered 

through stimuli that have an emotional context.  Feelings and expression are also 

experienced as unexpected and uncontrollable.  EL however, can affect the 

patient’s mood after an episode.(102)  

The prevalence of PSE in stroke survivors is between 10 and 20%. PSE has a large 

overlap with post-stroke depression (PSD) with between 30-50% of PSE patients also 

suffering from PSD.(103) The difference is that PSE is a ‘dysfunctional expression of 

emotion’ and depression an ‘abnormal formulation of emotion’.(103) In addition 

PSD has been shown to decrease over the first 3 months post-stroke and PSE 

increases in prevalence.(104) Nevertheless, unlike PSD, PSE has some evidence that 

significantly relates occurrence to lesion location.  The evidence suggests that 

microbleeds in the anterior and paramedian regions of the thalamus lead to a poor 

thalamofrontal connection which is the route of the out of control feelings and 

emotional symptoms.(105) As it is well known that executive functions (such as 

emotional control) are mainly within the frontal regions of the cortex, PSE has been 

found to correlate with microbleeds in the frontal cortex alongside executive 

function impairment.(106, 107)  This again supports the idea that emotional 

problems likely have a strong association with cognitive impairments.  

 

1.4.1.3. Anxiety 

Post-stroke anxiety, like depression, is common in community dwelling stroke 

survivors, especially in younger patients with a lower level of education.(108) 

Around 30% of patients are in the borderline category (above normal range but 

below cut-off for a problem) and 16% reported as having anxiety problems.(108) 

There is a high level of co-morbidity between PSD and post-stroke anxiety 

(PSA).(88) It is therefore difficult to distinguish the factors that put patients at risk 

of anxiety alone.  PSA is less well researched than PSD, but it is also known to 

impact on quality of life(109) and engagement with rehabilitation.(110) Patients 

debilitated by uncontrollable worry may avoid physical therapy sessions for fear of 
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failure (due to setting themselves unrealistic goals)(111) and/or falling.(112) Fear 

of stroke recurrence can be a further problem.(113) 

However, some evidence has been found comparing characteristics of stroke 

patients with various levels of worry and anxiety with and without depression.  The 

results suggest that unlike depression, anxiety is not as vulnerable to the patients’ 

background or stroke severity but the structures damaged by the stroke.  These 

tend to be more posterior than depression related lesion areas.(114) A common 

anxiety disorder in stroke (Generalised Anxiety Disorder) has been found to be 

associated with lesions in the right hemisphere and the left when co-morbid 

hemisphere with depression.(115-117) However, as previously mentioned for PSD, 

there are mixed findings in relation to mood disorders and lesion location.    There 

may be a significant relationship between anxiety and depression and the location 

of the lesion.  However, the heterogeneity within mood assessment methods, 

research design and patient demographics suggests this relationship requires further 

work to be established.(118)   

 

1.4.1.4. Adjustment disorder 

Stroke not only leads to disruptions in mood, it can also be difficult for stroke 

survivors to accept and come to terms with the disabilities they have been left with 

and how this now impacts on their way of living.(119) Adjustment is: “the process 

of adaptation that occurs over time as the individual manages, learns from and 

accommodates the multiple changes which have been precipitated by changed 

circumstances in their lives”.(120) Adjustment disorder is defined by the DSM-IV as 

“marked distress that is in excess of what would be expected given the nature of 

the stressor or by significant impairment in social or occupational functioning”(121) 

It can be acute (symptoms resolving within 6 months of the stressful trigger) or 

chronic (symptoms persisting past 6 months).(122) In an adult (non-stroke) 

psychiatric population, occurrence is between 5 and 21%.(123) Depending on the 

difficulties the patient encounters, the adjustment process has to be flexible, 

especially in stroke survivors where there is a wide variety of severity and type of 
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challenges to cope with.(119, 124)  Stroke survivors with aphasia have described 

obstacles such as: the impairment itself, how they feel, isolated from others, 

inaccessibility to help and poor knowledge of their condition.  The strategies in 

which these are challenged include: new ways of communication, interacting and 

sharing experiences with others in similar situations, help provided to make 

interacting easier as well as information on their disability and how to feel more in 

control.(125)    

For stroke patients in general, there are four main themes that contribute to 

adjustment.  These are: personal attributes (determination, perseverance, positive 

attitude, hopefulness and inner strength); adjustment strategies which are either 

practical (adapting activities, relearning old skills, goal setting) or mental 

(considering alternatives i.e. “what could have happened”); social support 

combining practical, emotional or moral help; and environmental changes such as 

structural modifications of home to accommodate for disability, provision of health 

care either locally or directly to home.(124)  

Before a patient adjusts to their new situation, coping strategies can either be 

unhelpful or beneficial.  Unhelpful or negatively orientated techniques include: 

avoiding situations, worrying, fantasising that things will be different, thinking that 

it is their fault and inappropriate use of harmful substances such as drugs or 

alcohol.  These cause the patient to experience higher levels of anxiety, 

depression, dysfunctional thinking as well as impacting negatively on their self-

esteem.(126) Beneficial methods are the individual being proactive in finding 

solutions to the problem(s), ability to successfully manage stress through finding 

the funny side of situations and getting involved in activities.  This approach tends 

to be implemented by those with a higher level of self-esteem and pre-stroke 

intelligence.(126) Coping strategies are linked to adjustment, which suggests that 

adjustment is improved with fewer maladaptive coping strategies.(126, 127)  A 

cohort of acquired brain injury patients demonstrated this.  Through a significant 

increase of adaptive coping strategies (seeking support and cognitive processes to 

adapt), patients showed a significant decline in depressive symptoms and an 

increase in reaching goals of therapy.(128)  
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1.4.1.5. Fatigue         

As described previously, post-stroke fatigue (PSF) is a subjective feeling of tiredness 

and exhaustion.  It can be brought about in relation to maintaining effort for a task, 

poor motivation or lack of effectiveness in performance.(129) Like cognitive 

impairment, fatigue prevalence varies with post-stroke timing.  Overall prevalence 

across all times is between 30-72% of stroke survivors.(129-133) It has been shown 

to be a persistent and relatively stable problem after stroke, with around 30% 

having PSF at 6 months and 34% one year after stroke.(134) There is a strong 

association between PSF, PSD and PSA at one year post-stroke.(134, 135) This 

association suggests it might be possible that PSD, PSA and PSF could contribute to 

maintaining each other, however association of such variables does not imply any 

causality.(131, 134) The converse relationship has also been described, with 

depression influencing the effect that fatigue had on physical ability.(132) 

However, this may only be true for some stroke survivors.  The relationship 

between fatigue and mood may be even more complex, one review found that 

although severe fatigue is regularly interpreted as a sign of depression, only a small 

proportion of these patients have higher depression assessment scores.  In addition, 

depressive symptom variance in patient groups was explained by lack of physical 

activity.(133)    

 

Fatigue also negatively affects post-stroke recovery in the long and short term.  PSF 

is linked to; cognitive impairment especially in attention and executive function 

domains(134), feeling of loss of control(135), speech impairments, feeling of poor 

health, attendance or living in a rehabilitation centre, low level of independence in 

activities of daily living and an increased mortality rate after 3 years.(131) These 

effects are likely to have a reciprocal relationship with a low mood(129, 136) and 

overall poor outcome i.e. feeling unwell will prevent or reduce attempts at 

activities of daily living independently.(131, 135)   

Characteristics that have been shown to predispose stroke survivors to PSF include: 

older adults, low levels of self motivation, pre-stroke rehabilitation care, pre-

stroke dependency on activities of daily living as well as prior stroke history.(131)        
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1.4.2. Effect of mood on stroke outcomes 

PSD and PSA lead to an increase in mortality.  Patients with PSD have been found to 

be three times higher chance of mortality within ten years post stroke than non 

depressed survivors independent of other risk factors.(137) There is a high risk of 

suicide with stroke cohorts making up 7.2% of annual incidence of all suicides in one 

area of a community sample(138) and a significant association between higher 

ratings of depressed mood and mortality at 12 and 24 months post-stroke.(139) 

Although suicide is an important aspect as it is potentially preventable, in absolute 

numbers, suicide as a cause of death in stroke has modest effects. 

Quality of life(109, 140) and engagement with rehabilitation are also affected.(110) 

Anxiety is also associated the level of pain a patient is in, their emotional reaction, 

ability to sleep as well as how socially isolated they become.  Co-morbid anxiety 

and depression are related to a decline in energy levels thus making it harder for 

patients to benefit from interventions (140) and have the motivation to participate 

in physical activities and engage with others.(141) PSE has also been found to be 

associated with features of distress, negative psychological states and relationships 

which affect quality of life post-stroke.(142)   

Furthermore PSD present while the patient is within hospital settings negatively 

impairs activities of daily living.  Although functional abilities improve after 

depression is treated (143), patients who suffered from depression have a slower 

rate of recovery even after PSD has depleted.  These effects have been found up to 

two years post stroke.(144) Low levels of functional outcome at 15 months post 

stroke are independently related to depression at 3 months post-stroke but this 

relationship is not present when using physical ability at 3 months to relate to 

depression status at 15 months.(145)   
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1.5. Assessing cognition and mood impairment in stroke survivors  

Stroke survivors with cognitive or mood deficits may have better outcomes if 

diagnosis is made at an early stage and appropriate management is started 

promptly (67, 146).  A recent national priority setting exercise identified 

“psychological problems” (particularly cognitive impairment and depression) as the 

most important but under-researched issues for stroke survivors and carers.(147) As 

they have potential effects on all aspects of function, some have argued that 

cognitive measures themselves may be a useful “global outcome” measure for 

stroke trials.(148) The gold standard for diagnosis of clinically significant cognitive 

impairment is measured through a detailed neuropsychological battery and a 

structured psychological interview for mood disorders. The gold standard for 

dementia is a clinical diagnosis using the DSM-IV criteria.  These vary depending on 

the subtype but the two most common are vascular and Alzheimer’s dementia.  

Vascular dementia is diagnosed if the following are met:(121) 

A. The development of multiple cognitive deficits manifested by both: 

1. Memory impairment (impaired ability to learn new information or to recall 
previously learned information) 

2. One or more of the following cognitive disturbances: 
(a) Aphasia (language disturbance) 

(b) Apraxia (impaired ability to carry out motor activities despite intact motor 

function) 

(c) Agnosia (failure to recognize or identify objects despite intact sensory 

function) 

(d) Disturbance in executive functioning (i.e., planning, organizing, 

sequencing, abstracting) 

B. The cognitive deficits in criteria A1 and A2 each cause significant impairment in 
social or occupational functioning and represent a significant decline from a 
previous level of functioning. 

C. Focal neurological signs and symptoms (e.g., exaggeration of deep tendon 
reflexes, extensor plantar response, psuedobulbar palsy, gait abnormalities, 
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weakness of an extremity) or laboratory evidence indicative of cerebrovascular 
disease (e.g., multiple infarctions involving cortex and underlying white matter) 
that are judged to be etiologically related to the disturbance. 

D. The deficits do not occur exclusively during the course of a delirium. 

 

The patient is diagnosed with Alzheimer’s disease dementia the following criteria 

are met: 

A. The development of multiple cognitive deficits manifested by both  

(1) Memory impairment (impaired ability to learn new information or to recall 
previously learned information)  

(2) One (or more) of the following cognitive disturbances:  

(a) Aphasia (language disturbance)  
(b) Apraxia (impaired ability to carry out motor activities despite intact 
motor function)  
(c) Agnosia (failure to recognize or identify objects despite intact 
sensory function)  
(d) Disturbance in executive functioning (i.e., planning, organizing, 
sequencing, abstracting) 

B. The cognitive deficits in Criteria A1 and A2 each cause significant impairment in 
social or occupational functioning and represent a significant decline from a 
previous level of functioning.  

C. The course is characterized by gradual onset and continuing cognitive decline.  

D. The cognitive deficits in Criteria A1 and A2 are not due to any of the following:  

(1) Other central nervous system conditions that cause progressive deficits in 
memory and cognition (e.g., cerebrovascular disease, Parkinson's 
disease, Huntington's disease, subdural hematoma, normal-pressure 
hydrocephalus, brain tumour)  
(2) systemic conditions that are known to cause dementia (e.g., 
hypothyroidism, vitamin B or folic acid deficiency, niacin deficiency, 
hypercalcemia, neurosyphilis, HIV infection)  
(3) substance-induced conditions  

E. The deficits do not occur exclusively during the course of a delirium.  

F. The disturbance is not better accounted for by another Axis I disorder 
(e.g., Major Depressive Episode, Schizophrenia).  
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These are time consuming and stretch the already limited resources of 

psychological services.  Therefore, the use of accurate screening tests is the best 

strategy to be employed in an attempt to reduce such a burden and implement 

early intervention.  UK national dementia strategy emphasises the need for good 

quality, early diagnosis to facilitate evidence based intervention and discussions 

around management and prognosis. However, many people with dementia remain 

undiagnosed or are diagnosed late in their disease journey. The importance of 

cognition and mood is recognised in International guidelines, where routine 

assessment is recommended for all stroke survivors but no direction is offered as to 

the preferred strategy.(149, 150)  Despite the importance of measurement of these 

areas post-stroke, there are arguments that screening may be causing more harm 

than good. Without evidence for effective interventions screening may overwhelm 

psychological and other services as well as cause distress to patients and 

family.(151, 152)  This is discussed in more detail later.  

In clinical stroke trials, outcomes are usually based around domains of: physical 

function; quality of life and mortality.(153) There is however potential benefit in 

including cognitive/mood assessments in trials.  For intervention trials, stroke 

survivors with substantial cognitive or mood deficits are often excluded.  However, 

lesser problems with mood and cognition may still impact on activity and 

participation outcomes.   

 

1.5.1. Assessments 

Health professionals have developed many tools to measure both cognition (with 

its’ various domains) and mood.  Despite having tools developed specifically for use 

in stroke, these are not regularly administered.(154) Instead, measurement choice 

is based on the popular clinical assessments used in unselected older adults and on 

opinion and preference of the health professional. There is a large overlap in 
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assessments chosen for the older adults, those with suspected dementia and those 

suggested for stroke patients.(22, 49, 51)  

Assessments can be directly administered to the patient or indirectly to a proxy 

(usually a family member or caregiver).  Depending on the assessment, timing and 

the intended impairment to be measured the choice of available tool differs.  In 

patients with frontal temporal dementia (FTD) and AD, indirect assessments appear 

to be better at quantifying the capability of patients’ day-to-day 

independence.(155) However, in general, proxy assessments of patients’ are not 

always valid.  For example, proxy measured patient quality of life had poor 

correlation with other measures (proxy estimates of health related quality of life 

scales, the Health Utilities Index) when assessed early post-stroke.(156) This finding 

was similar in a study of pain reporting in cognitively impaired children.  Parents 

tended to overestimate pain levels of their child early on.(157) The variations in 

proxy assessment validity could be because of the potential temporary impairments 

of stroke patients, or stress, anxiety and getting used to changes caused by the 

stroke that the proxy might experience affecting judgement of patient ability.  In 

light of this, we would assume that direct assessment would be more accurate in 

the early stages, using indirect assessments for severe cognitive impairments that 

have developed or changed over a reasonable amount of time.      

Below I describe some of the direct and indirect tools administered in both hospital 

and community settings for testing cognition and mood.   

 

1.5.1.1. Cognitive assessments  

Selection of cognitive assessment tends to be based around time required for 

completion, patient burden and requirement for specialist training.  Popular 

assessments include: 

1. Folstein’s Mini Mental State Examination (MMSE) 
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The MMSE is a short 30 point questionnaire to screen and grade cognitive 

impairment.  It was developed to replace lengthy batteries with a shorter more 

efficient assessment.(158) It has 6 sections that include; orientation, registration, 

attention and calculation, recall, language and commands.  It is scored out of 30 

with ≥25 being normal, mild between 21-24, moderate 10-20 or ≤9 indicating severe 

impairment.  It takes between 5-10 minutes to administer.(158) MMSE has been 

used in several seminal research papers.(22) Copyright is now being enforced and 

continued used of the MMSE has financial implications.  The MMSE demonstrates 

good sensitivity to correctly identify people with suspected dementia in specialised 

settings.  However it does not show the same capabilities for diagnosing MCI and 

AD, or distinguishing one from the other.  Furthermore, the components of the 

MMSE are unable to provide a measure of executive function.(159) For these 

reasons many centres are exploring, and are recommended to seek, alternative 

screening tools.(160) 

 

2. Montreal Cognitive Assessment (MoCA) 

The MoCA was originally developed as a brief screening tool to identify older adults 

with MCI that score in ‘normal range’ on other commonly used assessments.(161) 

MoCA has many properties that make it attractive for use with stroke survivors, 

however normative data are derived from community dwelling older adults and 

traditional MoCA score cut-offs were designed to distinguish mild cognitive 

impairment.(162) It is a 30-point test (≥26 is normal), taking about 10 minutes to 

complete.  It assesses several domains; short-term memory-recall; visuospatial 

ability; executive functions; language and orientation.  It is recommended for use 

in stroke by specialist societies.(22)   

There are mixed reports regarding validity of the MMSE and MoCA in identifying 

post-stroke cognitive impairments depending on the setting.(138, 163)  Despite the 

MoCA having a higher sensitivity than the MMSE overall, they both appear to be 

equally as efficient at identifying impairment at the acute stage post-stroke.(164, 

165)  However, there is an argument that with a change of cut-off, the MoCA is the 



	
  

24	
  

better choice of test as the MMSE is highly focussed towards orientation rather than 

executive function which, as previously discussed, are the telling areas of 

functionally debilitating cognitive impairment.(154, 166) 

 

3. Adenbrookes’ Cognitive Examination –Revised (ACE-R) 

The ACE-R was developed to fulfil the need for a bedside assessment that would 

diagnose and differentiate AD and other dementias, especially FTD.  It encompasses 

items that assess the key cognitive domains involved in AD and FTD not included in 

other measures without the use of expensive clinical equipment.  As the MMSE is 

widely used and validated as a brief mental status assessment, it was included 

within the ACE-R.(167) The ACE-R was validated as a good screening tool for 

cognitive impairment in rehabilitation settings of brain injury patients(155) and the 

language component appropriate to assess for aphasia in non-acute post-stroke 

patients(168) and some cognitive domains (i.e. visuospatial, attention and 

executive function) in acute stroke patients.(169) In post-acute stroke, the ACE-R is 

an effective tool to identify mild cognitive impairment.(166) Nevertheless, it has 

been found to be inappropriate for acute screening for overall cognitive impairment 

post-stroke due to confounding factors of acute stroke affecting performance on a 

lengthy and complex assessment.(169) There is however, a lack of research into the 

use and validity of the ACE-R post stroke. 

Due to the changes in copyright with MMSE a revised ACE the ACE-III has been 

developed.  ACE-III includes items similar to the MMSE but does not allow for a full 

MMSE score to be calculated.  Like the ACE-R, ACE-III is still scored out of 100 and 

assesses five domains: orientation/attention (out of 18), verbal fluency (14), 

memory (26), language (26) and visuospatial function (16).(168, 170)  Research has 

shown that the ACE-R can differentiate between AD and FTD and organic brain 

disease vs. psychiatric states.(171) Therefore, it is suggestive that the ACE-III will 

be able to do the same.  The ACE-R cut-off values vary in accuracy and validity; <88 

gives 94% sensitivity and 89% specificity and <82 gives 84% sensitivity and 100% 

specificity for dementia within community samples.(167) The same cut-off points 
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will be applied to the ACE-III.  Despite the ACE-III showing high sensitivity and 

specificity,(172) it takes around 30 minutes to complete in the general population 

and likely longer in stroke cohorts due to other impairments.  Stroke patients, as 

mentioned previously, have poor attention and concentration as well as reduced 

cognitive processing speed.  These alongside any other physical or speech 

impairments are likely to result in the patient struggling to complete the 

assessment.    

   

4. Hodkinson’s Mental Test and Abbreviated Mental Test (AMT) 

The AMT is a 26 item direct patient assessment.  It was developed to measure 

cognitive impairment in the elderly population.(173) Shortened versions, the AMT-

10(173) and AMT-4(174, 175), have been developed to further reduce clinician and 

patient burden.  Questions are a combination of orientation, recognition, memory 

and attention domains.  Dementia screening tests are preferred that do not require 

reading, writing, drawing and do not rely on a certain education level(176) which is 

something that the AMT provides.  It has been validated for detecting cognitive 

impairment across community and hospital populations.(177-179) However, 

although the AMT is validated across patient cohorts and is quick to complete, it is 

very heavily focussed on orientation and relies on verbal responses.  Thus it is 

unlikely to be suitable for many patients with aphasia.(180)  

 

5. Confusion Assessment Method (CAM) 

The Confusion Assessment Method (CAM) is the most commonly used delirium 

assessment system and has been validated for use in hospital inpatients.(181) The 

CAM is a two part clinical questionnaire to screen for delirium. A main advantage of 

this assessment is that it requires little formal training in comparison to other 

delirium assessments.(44) The first section contains 11 items that assesses overall 

cognitive impairment: acute onset; inattention – presence and abnormality; 

disorganised thinking; altered level of consciousness; disorientation; memory 
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impairment; perceptual disturbances; psychomotor agitation and retardation; 

altered sleep-wake cycle.  The second section comprises of four main features 

found to distinguish delirium from other cognitive impairments: acute onset and 

fluctuation course; inattention; disorganised thinking; altered level of 

consciousness.  Diagnosis of delirium is the presence of the first two features plus 

one of the others.(182) It takes around 5 minutes to administer.  

Although the CAM has not been specifically validated in acute stroke cohorts, it has 

been validated to identify delirium within ‘critically ill’ hospitalised patients.  

Moreover, the CAM-ICU format has been validated in post-stroke patients within 

intensive care units.(157, 183)  It is therefore limited in identifying global cognitive 

impairment. 

 

6. Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE) 

The Informant Questionnaire for Cognitive Decline in the Elderly (IQCODE) is a 

questionnaire filled out by a caregiver/relative to determine the cognitive status of 

the person in question.  It assesses change in ability as a screen for cognitive 

decline or dementia.  It has 26 or 16 items relating to everyday tasks.  The 

informant has to rate the person in question in each task from 1 (much improved) 

to 5 (much worse).(184) It takes about 5 minutes to complete. 

The IQCODE has had mixed reviews in detecting post-stroke dementia(185, 186), 

but has been suggested to be used as supplementary information to complement 

patient based clinical assessments.(156, 187)  It has, however, been recommended 

and used as a good measure of pre-morbid stroke cognitive status(188, 189) and 

correlated with other cognitive assessment that can be administered post-

stroke.(190) However, an indirect assessment does not give a true measure of a 

patient’s performance and may over or under exaggerate a person’s cognitive 

capabilities. 
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1.5.1.2. Mood assessments 

Mood assessments are generally self-reporting questionnaires that rate feelings over 

a recent period of time.  Again these require usually little training in 

administration.  The favoured mood assessments include: 

1. The Centre for Epidemiologic Studies Depression Scale (CES-D) 

The CES-D assesses depressive symptoms over the previous week using negatively 

and positively phrased statements about behaviour and feelings.(191) It is a self-

report questionnaire that was designed for use in the community.  There are 20 

phrases scored on a likert scale of how often they have experienced this statement 

(rarely or none of the time - less than 1 day to most or all of the time – 5 to 7 days), 

each is rated 0-3.  There are 4 positively phrased statements, which are scored 

backwards in their regularity of occurrence.  Higher scores are representative of a 

lower mood.  There are 9 areas of symptoms covered by the questionnaire.  These 

include: sadness, loss of interest, appetite, sleep, thinking or concentration, guilt, 

tiredness, movement and suicidal ideation.  The categories for depression are based 

on the cut-offs: less than 16 for low depression, 16-25 for mild depression and 26 

and over for major depression.(48) It has been validated in community (60, 70, 192) 

and stroke populations.(193-196)  

2. Hospital Anxiety and Depression Scale (HADS) 

HADS(197) is a validated screen for depression and anxiety in acute hospital settings 

and stroke (198, 199), reports of accuracy are mixed.(200-202) HADS comprises 14 

multiple-choice items (7 for depression and 7 for anxiety) each scored 0-3 giving a 

total score of 42 (21 per subscale).  HADS is designed to not be influenced by 

somatic problems.  This is achieved through items relating more to feelings of 

enjoyment towards activities rather than physical ability, and avoidance of items 

relating to somatic symptoms of medical illnesses e.g. insomnia or fatigue. This 

design means HADS is not influenced by somatic problems, making it more suitable 

as a mood symptom screen for all types of physically impaired or ill patients.(198) 

HADS can be administered verbally.  Conventional scoring defines “definite 
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abnormal mood” as HADS≥11/21 for each subscale; scores of 8-10 are “possible 

abnormal mood”.  However, it has been suggested that in stroke cohorts cut points 

should be lowered to improve accuracy especially in cases where there are 

communication problems.(51, 201, 203)  Cut-offs as low as >4 or >5 have been 

found to be reasonable in detecting mood problems.(202, 204)  Although, when a 

higher cut off for depression subscale (≥7 or ≥8) and lower for anxiety (≥5 or ≥7) is 

implemented, accuracy increases.(49, 199)  

 

3. Geriatric Depression Scale (GDS) 

The GDS was developed specifically for screening an older adult population for 

depression.  There are 3 versions of GDS: 30, 15 and 4 point scales.(71) The 30-

point version of the scale has been validated in stroke cohorts but research suggests 

it is likely to require a complementary, more specific instrument used in tandem 

(i.e. Becks Depression Inventory).(193, 205, 206)  It is a self-rating questionnaire 

comprising of 30 statements about feelings over the past week with a binary answer 

(yes or no) for each.  The statements are phrased in a positive or negative way with 

the corresponding ‘depressive’ answer representing 1 point.  Scored out of 30, 

normal range is considered between 0 to 9 (inclusive), mildly depressed between 10 

to 19 (inclusive) and very depressed 20 to 30.(71) This has been validated in 

hospital populations(207) and as a shorter version.(72)   

The CES-D, HADS and GDS all require a certain degree of concentration in order to 

process and choose a response to a multiple choice answer. Stroke patients with 

poor attention may struggle even when supported and the scales are verbally 

administered. Furthermore, each scale likely requires a degree of intact executive 

function.  As there is a high proportion of cognitive impairment within stroke 

patients, especially with executive function, responses to such scales could be 

affected and thus may provide a less than accurate assessment of mood symptom 

presence. Simplified measures such as DISCS and Yale Single Question may be more 

appropriate.(208, 209)  
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1.5.2. Identification of post-stroke cognitive and mood impairment 

Before an abnormality can be treated we require a clear way of identifying it.(210) 

By gathering information on abnormalities across patients, disorders can be 

described and defined.  In order for disorders to be identified, an accurate form of 

assessment is needed.  Health professionals require tools that can distinguish 

presence or absence of a disease before an intervention can be attempted.(211, 

212) 

Assessment in the first few days after stroke may be complicated by impairments of 

communication, physical function and medical illness.  Aphasia, common in 

stroke(213),  can lead to depression post-stroke(96) but also can limit measures 

used and provide inaccurate diagnosis.(214, 215)    Stroke severity and resulting 

physical impairment may complicate assessments that require motor skills.  Stroke 

severity (motor impairment) is related to depression(216, 217) and likely to be 

related to anxiety(218).    

In order to decide what is and is not a good identifier, statistical measures are used 

to describe the capability of the measurement tool and compare it against others.  

Assessments are generally compared to the best way of identifying the disease, also 

known as the ‘reference standard’, to determine test accuracy.(219)      

 

1.5.3. Precision 

Commonly used clinical accuracy descriptors are: sensitivity, specificity, likelihood 

ratios and predictive values.  These relate to the probability and performance of 

the assessment being analysed (index test) giving a correct disease positive or 

disease negative classification base on the reference standard outcome and disease 

prevalence.(211) 

Sensitivity is a measure of the assessment ability to identify subjects with a 

specified disease.  In other words it is the probability of the subject getting a 
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positive index test result when they have the disease in question.  Specificity 

complements sensitivity in that it describes the proportion of subjects that get a 

negative index test result that do not have the disease in all of those without the 

disease in the cohort being assessed.  It is the probability that a negative test result 

will be found in a non-diseased subject.(220) There is generally a trade off between 

sensitivity and specificity.  If the test involves a graded score then the probabilities 

associated with sensitivity and specificity can be made to vary depending on the 

diagnostic threshold.  By increasing the threshold, sensitivity decreases and 

specificity increases and vice versa when threshold is lowered.(221) This is 

illustrated in Figure 1-2.(211) 

TN FN FP TP

specificity=99% sensitivity=69%

diseasednon-diseased

0 40 80 120 160

test measurement

diagnostic threshold

	
  

Figure 1-2 Effect of varying diagnostic threshold on test accuracy 

Taken from the Cochrane handbook for systematic reviews of diagnostic test accuracy (chapter 10 

p12)(211) 
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Likelihood ratios are the ratio of an expected index test result in those with a 

disease to those without disease.  It links the probability of the subject’s pre and 

post test disease presence i.e. how likely is it that a certain test result will occur in 

those with or without the disease.  There are two different ratios calculated from 

accuracy data.  The first, positive likelihood ratio (LR +), is how likely it is that a 

positive index test result will occur in a subject with the disease than a subject 

without.  This is usually >1. Second is the negative likelihood ratio (LR -), which is 

the ratio of probability that an index negative test result will occur in a diseased 

subject to the probability that it will occur in a non-diseased subject. Therefore it 

is how much less likely that a diseased subject will be classified as negative than 

someone without the disease.  This is usually <1.  Each of these ratios are 

calculated from sensitivity and specificity of the index test: LR+ = sensitivity/(1-

specificity) and LR- = (1-sensitivity)/specificity.(220)  

Predictive values, also a measure of accuracy, differ in that they take into account 

sensitivity and specificity along with the prevalence of the disease.  The positive 

predictive value (PPV) is the proportion of patients that have a positive index test 

result in the total number of subjects with the disease i.e. the probability that a 

positive test result will be in a subject with the disease.  Negative predictive value 

(NPV) is the opposite, the probability that subjects without the disease will have a 

negative test result.  These probabilities are dependent on the prevalence of the 

disease within the cohort being tested i.e. in a population with a high prevalence of 

the disease will have a high PPV and low NPV.(220)   

Calculation of these measures are illustrated through a 2x2 table.(127, 183) (Table 

1-1). 



	
  

32	
  

 

 

Table 1-1 2X2 table to calculate sensitivity and specificity 

 REFERENCE STANDARD  

 

INDEX 
TEST 

 Disease Present Disease Not 
Present 

 

Test Positive True Positive  

(TP) 

False Positive    

(FP) 

PPV 

TP/(TP+FP) 

Test Negative False Negative   

(FN) 

True Negative   

(TN) 

NPV 

TN/(FN+TN) 

 Sensitivity 

TP/(TP+FN) 

Specificity 

TN/(FP+TN) 

 

 

 

PPV= Positive Predictive Value, NPV= Negative Predictive Value 
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From the 2x2 table the positive and negative predictive values can also be 

calculated.  These are probability calculations.  They measure the probability that 

a positive or negative disease outcome on the index test is a true positive or 

negative disease presence.  These values are a measure of how well the test can 

identify those with and without the disease in comparison to the gold 

standard.(194) 

Interpretation of what is good sensitivity/specificity is subjective.  In statistics 

arbitrary values of ‘poor’ and ‘good’ sensitivity and specificity have been 

described, but these values are of limited utility in practice as the threshold at 

which we define acceptable test accuracy is fundamentally dependent on the 

clinical meaning of false positive and false negative results.  

For example false positives could lead to invasive and painful follow-up procedures 

if testing for cancer. Unnecessary cancer treatment carries risks.  Alternatively, if 

the patient were given a false negative they would be missing out on potential 

treatments that they could benefit from.  In this work, I am trying to determine if 

the patient is at risk of dementia or other multiple domain cognitive impairments 

that could infringe on their recovery post stroke.  Unlike my example of cancer, 

there is a lack of established beneficial treatments or therapies.  Mood problems 

are similar in that not all stroke patients respond well to antidepressants or anti-

anxiety medications.  Some psychological therapies are available but again vary in 

effectiveness depending on the patient.  However, both cognitive and mood 

problems can lead to a lack of independence, reduce activities of daily living and 

thus quality of life.   

False positives could inflict psychological distress on the patient and family, 

generate unnecessary stigma of a mental health diagnosis, increase costs for future 

planning, incur direct costs and burden from further tests, place strain on 

relationships and force inappropriate lifestyle changes yet with no guaranteed 

beneficial treatment.  False negatives from screening could prevent the patient 

from receiving help when it would have the biggest beneficial impact.  They would 

not gain access to educational or supportive resources, would incur increased 
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financial costs as their condition deteriorates, may become a danger to themselves 

and or others, and loose the opportunity to plan for implementation of their wishes 

when they lose capacity to make their own decisions.  They also suffer from 

adjustment issues from being given the wrong information from screening test.  

For a measure to be valid it must also be reliable along with accurate.  Reliability is 

defined as ‘the ratio of variance of the true values between individuals to the 

variance of the observed values (combination of individual variation and 

measurement error)’.(222) An assessment must be able to perform in the same way 

across a population.  There are three overlapping terms that cover assessment 

reliability.  These are: interrater – ability for the assessment to be administered by 

different people and perform in the same way; intrarater – ability of the assessment 

to be consistent when administered over several occasions by the same person; 

test-retest reliability – for the assessment itself to be consistent with measurement 

when administered to the same patient.(223) Inconsistencies across these can lead 

to assessment validity decreasing.(224, 225)  

Validity describes how well an assessment measures what it claims to test.  There 

are five types of validity: construct validity – does the test assess what it is meant 

to; concurrent validity – does the assessment correlate with other similar tests 

overall and in individual components; face validity – if the test seems to measure 

what it is meant to; localisation validity – does the assessment tap into different 

domains accurately; ecological validity – can the assessment predict actual 

capabilities of the individual assessed.(223) 

 

1.5.4. Prognosis 

An important component of valid identification of deficits is distinguishing between 

transient problems and those that have a long-term impact.  The most important 

problems are those that will persist.  In addition to cross sectional descriptions of 

test accuracy (i.e. comparing and index test and gold standard at a single time 

point) there is an argument for describing ability of a screening test at a certain 
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time point to predict development or persistence of a problem.  This approach is 

often referred to as delayed verification accuracy.(226) Therefore in screening 

tools, sensitivity is generally favoured over specificity so that those with a potential 

issue can be properly assessed after a positive screening result.  This discussion is 

continued in section 1.5.6.  

 

1.5.5. Feasibility and acceptability 

In order for problems to be detected the tests not only have to be accurate but 

able to be administered/completed by the patients.  If the assessment cannot be 

completed by the majority of patients within a certain population then resulting 

data will be biased.(227) Feasibility can be determined by describing proportions of 

patients who are able to complete assessments against the total population that 

would be tested.  It can be useful to describe to what extent extra assistance is 

required to attempt/complete measures.  Acceptability can be estimated from 

those that refused/withdrew compared to those that consented.  Potential 

strategies to improve feasibility and acceptability include explanation of the 

screening tool by the test administrator(195); protocols in place for when a positive 

result is found(196); proper training in the use of assessments to improve 

confidence of the administrator and to reduce assessment time.(200)    

 

1.5.6.   Cognitive and mood screening debate 

Guidelines recommend that all stroke survivors are assessed for cognitive and mood 

dysfunction(150, 228, 229) However, lack of evidence for interventions having a 

positive effect on outcomes questions the benefits of screening measures.(230) It 

has been argued that early diagnosis with no available effective interventions or 

treatment for cognitive problems could cause more harm than good, leading to 

overburdening of medical resources and unnecessary testing.(152) Furthermore 

there is evidence of negative psychological effects on patients diagnosed with 

dementia.  The diagnosis can lead to patient distress, frustration, anger as well as 
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affecting close relationships and even increasing the risk of suicide.(231, 232)  

Research suggests that this issue is more apparent in cognitive screening and not 

mood.(233) 

      

In order to make recommendations regarding neuropsychological assessments, 

especially in screening for cognitive impairment, their needs to be development in 

several areas.  Research is required in diverse patient groups to identify the 

benefits and possible harmful effects of assessment and if this differs between 

patient cohorts.  Investigations into the characteristics and natural development of 

cognitive impairment and mood problems (e.g. depression and anxiety disorders) is 

needed to improve our understanding of potential diagnostic benefits as well as 

development of accurate screening and diagnostic tools across a variety of 

populations.(234) In clinical practice, if we are to offer screening we must have 

robust strategies to deal with any potential problems detected by the assessments, 

this could include training and educated of healthcare staff and improved access to 

support services.(229, 235)     

 

1.6. Main research aim 

This research therefore aims to identify: what, if, when and how cognitive and 

mood screening can be implemented at certain stages in the stroke patient journey.  

A good screening test should: not require specialist training to administer or 

interpret; be as short as possible to reduce patient burden, administration and 

interpretation time; have good sensitivity and specificity; be able to be completed 

by the majority of patients and not vary in performance depending on patient co-

morbidities or administrator.  I will describe certain of these properties for tools 

used in stroke research and practice.   

I will do so by: identifying the assessments used in research and clinical practice 

and how valid they are in stroke cohorts; investigating the accuracy of these 
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commonly used assessments in identifying multi-domain cognitive impairment, 

dementia and clinically persistent mood problems; determine the feasibility and 

accuracy of cognitive and mood assessments in the acute stroke stage.  

 

1.7. Research strategy  

To investigate these research questions I present a series of projects that follow a 

common thread to describe cognitive and mood assessments in stroke.  I first 

established the prevalent cognitive and mood assessments in the literature and in 

usual practice. In establishing common assessments I carried out diagnostic test 

accuracy reviews and original research of preferred assessments (direct strategies) 

and describe their test accuracy (sensitivity, specificity).  In addition I assessed the 

feasibility of preferred assessments at the acute stage post- stroke.  

I hope that this work will inform treating teams on how to effectively detect 

clinically important cognitive and mood impairments, overcoming obstacles within 

the hospital settings and common physical impairments experienced by stroke 

survivors.   

This should allow for the identification of when post-stroke is it possible to screen 

to provide meaningful information.  Through this, I hope to provide the foundation 

for developing guidance of valid assessment of cognition and mood following stroke.   
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Chapter 2 Investigation of cognitive and 
mood assessments used in research and 
usual practice 

2.1. Introduction 

As discussed in chapter one, clinical research tends to focus on physical function, 

quality of life and mortality as main outcomes post-stroke.(153) With cognition and 

mood impairments impacting on recovery it is important that these are considered 

in research endpoints to give a more detailed view of patient recovery.  With 

evidence of cognition and mood impacting on all aspects of function, some have 

argued that cognitive measures themselves may be a useful “global outcome” 

measure for stroke research.  

Many cognitive/mood assessment instruments are available to researchers, but at 

present there is no consensus on optimal measure(s) for use in stroke practice or 

research.  Literature around the properties of stroke trial assessments is emerging, 

although to date there has been limited research on the properties of common 

cognitive/mood assessments in stroke.  Screening and assessment tools that are 

validated and popular in non-stroke settings may not be appropriate in stroke 

survivors, who are more likely to have language, physical and cognitive impairments 

or to be medically unwell in the acute phase (74, 169, 236).  Training and 

educational resources can improve application of assessments for clinical 

studies(153) however we first have to know which tools are commonly employed.  

At present there are no specific hospital protocols in place for cognitive and mood 

assessment post-stroke despite strategies for rehabilitation assessment and the 

route of care stroke patients should go through.(237, 238)  Thus I sought to describe 

the cognitive/mood assessments used in contemporary published stroke trials in 
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study one and usual clinical practice across Scottish stroke care settings in study 

two. 

 

2.2. Study One: Cognitive and mood assessment in stroke research – 

focussed review of contemporary studies 

There are many measures available to assess for various post-stroke deficits.  

Stroke affects a range of functions at various stages.  Therefore choice of test most 

appropriate to a research study is likely to vary.  For recommendations to be made 

it is useful to describe current practice.  I chose to perform a literature review to 

gather information on which assessments in cognition and mood are used in 

research to guide my later work. 

 

2.2.1. Methods 

I used a sensitive, focussed bespoke literature search strategy.  Following informal 

review of similar research pertaining to functional assessments(153), a cognitive 

screening diagnostic test accuracy review(239) and stroke neuropsychological 

recommendations(22), along with knowledge of journal publication themes, I chose 

to restrict analysis to 16 journals selected based on relevance to stroke; impact 

factor and proportion of clinical studies. The journals selected were: the British 

Medical Journal (BMJ Publishing Group), The Journal of the American Medical 

Association (American Medical Association), The Lancet (Elsevier), The New England 

Journal of Medicine (Massachusetts Medical Society), Age and Aging (Oxford 

Journals), Journal of the American Geriatrics Society (The American Geriatrics 

Society), Lancet Neurology (Elsevier), Neurology (American Academy of Neurology), 

Journal of Neurology, Neurosurgery and Psychiatry (BMJ Publishing Group), 

American Journal of Psychiatry (American Psychiatric Publishing), Archives of 

Clinical Neuropsychology (Oxford Journals), Journal of the International 

Neuropsychological Society (Cambridge Journals), International Journal of  Geriatric 
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Psychiatry (International College of Geriatric Psychoneuropharmacology), Stroke 

(American Heart Association), Cerebrovascular Diseases (Karger) and the 

International Journal of Stroke (World Stroke Organisation). 

Following external peer review advice, a further 6 journals were added to broaden 

the scope of the search.  These were: Neurorehabilitation and Neural Repair (Sage 

Journals), American Journal of Geriatric Psychiatry (Elsevier), Brain (Oxford 

Journals), International Psychogeriatrics (Cambridge Journals), European Journal of 

Neurology (Blackwell Publishing), Neuropsychologia (Elsevier).  Journals 

representing general medicine; geriatric medicine/rehabilitation; neurology; 

psychology; psychiatry and stroke were included. (Figure 2-1) 
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General Medical: British Medical Journal, Journal of the American Medical Association, Lancet,                           
New England Journal of Medicine

Gerontology/Rehabilitation: Age and Ageing, Journal of the American Geriatric Society, 
Neurorehabilitation and Neural Repair 

Neurology: European Journal of Neurology; Lancet Neurology, Neurology,                                                        
Journal of Neurology, Neurosurgery and Psychiatry

Psychiatry: American Journal of Psychiatry, American Journal of Geriatric Psychiatry;                                
International Psychogeriatrics; International Journal of Geriatric Psychiatry, 

Psychology: Archives of Clinical Neuropsychology, Brain; Journal of International Neuropsychology, 
Neuropsychologica

Stroke: Stroke, Cerebrovascular Diseases, International Journal of Stroke 

Total papers screened n=80988

Total papers describing stroke survivors n=8826

Stroke papers with cognitive/mood measures n=485

Total stroke papers Total with cognitive/mood measures
General Medicine 316 9
Gerontology/Rehabilitation 475 25
Neurology 838 111
Psychiatry 75 41
Psychology 129 62
Stroke 6993 237

Stroke survivor studies with cognitive assessment n=330                              
(82% of all papers with cognitive/mood assessments)

Number differing tests used n=300 

Stroke survivor studies with mood assessment n=246                                   
(64% of all papers with cognitive/mood assessments)

Number differing tests used n=67

 

Figure 2-1 Search Strategy for assessing cognitive/mood measures in 

contemporary stroke trials 

*Total papers with a cognitive or mood assessment had overlap and were counted 

in the number of papers with a cognitive assessment as well as those with a mood 

measure. 
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Journals were hand searched for relevant articles January 2000 to October 2011 

inclusive, reviewing all content, including letters and short reports.  Inclusion 

criteria were: original research in adult, human stroke survivors.  From these 

studies, I extracted details on any cognitive or mood assessments employed 

(including inclusion/exclusion criteria; primary outcome and secondary 

outcome(s)).  Selection was deliberately inclusive.  Where additional methodology 

was described in on-line or paper supplement this was accessed.  I did not contact 

authors of manuscripts.  Where a dataset was used more than once, with the same 

outcomes, the primary paper only was considered. 

I used inclusive definitions of cognitive measures (any aspect of cognitive function 

including language and visuospatial/constructional skills) and mood. Where a 

neuropsychological battery was employed I listed the individual test components.  

Quality of life or global measures were included if they included a specific cognitive 

or mood component.  Carer assessments and proxy assessments were included if 

they related to mood/cognition.  Fatigue scales were not included. 

Two researchers (a clinician, Dr Jennifer Harrison and myself) independently hand 

searched journals and compared results.  Resulting lists of cognitive and mood 

measures were checked for relevance by an independent clinician (Dr Terrence 

Quinn) and a clinical psychologist (Dr Niall Broomfield).  Final decision on inclusion 

was by group discussion and consensus.  As a further validity check, an 

independent, blinded researcher (Dr Patricia Fearon) hand searched a random 

selection of four journals and four years.  This search did not reveal any new 

studies, suggesting validity of the original searches.  I described outcomes as 

absolute numbers of assessments and proportions. 

 

2.2.2. Results  

Across 22 journals, the total number of papers was 80988, with 8,826 (11%) papers 

detailing stroke survivor original research.  Of these 485 (5%) had employed 

cognitive or mood assessment scales: 246 papers employing cognition measurement 
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only, 51 mood assessment only and 188 using both.  Where cognitive/mood 

assessments were used, the median number of tests was 2 (IQR 1-3, range 1-21).  A 

cognitive/mood measure was used as primary outcome in 353 (72% of papers with 

cognitive/mood measure); secondary outcome in 56 (11%) and as 

inclusion/exclusion criteria in 59 (12%).  Psychiatry journals were most likely to 

detail cognitive/mood outcomes in stroke survivors (n=41 studies), although 

absolute number of stroke studies was modest (n=75 studies). 

Total number of different cognitive/mood assessments was 367.  Of 67 mood 

assessment scales used in 246 papers, the most prevalent were the Hamilton Rating 

Scale for Depression (n=43 [9% of all papers with cognitive/mood assessment]) and 

short form-36 health survey (n=40 papers [8%]). Where authors used their own 

cognitive assessments or did not specify what measure was used, these were 

excluded from total scale calculations. (Table 2-1)    

Of 300 cognitive assessment scales used in 330 papers, 15 (5%) were clinical 

diagnostic criteria tests (i.e. the DSM-IV); 86 (29%) were neuropsychological test 

batteries or assed multiple cognitive domains the remainder assessed single 

domains.  The most prevalent assessments were Folstein’s mini-mental state 

examination (n=180 [37%]) and Wechsler Adult Intelligence Scale (n=84 [16%]). 
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Table 2-1 prevalent cognitive/mood assessment modalities in 

contemporary published stroke research 

Test Number of papers 

% of total papers with 
cognitive/mood assessment 

(n=485) 

Cognitive Measures † 

Mini Mental State Examination 180 (37%) 

Wechsler Adult Intelligence Scale* 84 (17%) 

Wechsler Memory Scale*  44 (9%) 

Informant Questionnaire on Cognitive Decline in the Elderly 32 (7%) 

Trail Making Tests A and B 28 (6%) 

Mood Measures 

Hamilton Rating Scale for Depression 43 (9%) 

Short Form-36 Health Survey 40 (8%) 

Hospital Anxiety & Depression Scale 29 (6%) 

Beck Depression Inventory 27 (6%) 

Geriatric Depression Scale 25 (5%) 

 

† “Authors own”; unspecified scales excluded 

*subscales of battery 

Included: vocabulary, similarities, information, comprehension, arithmetic, digit span, 

letter-number sequencing, picture completion, block design, matrix reasoning, digit 

symbol-coding and symbol search in various combinations or individually.  
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2.3. Study Two: Questionnaire assessment of usual practice in mood 

and cognitive assessment in Scottish stroke units.  

This study was designed to determine if cognitive and mood assessments are being 
used in usual practice and if they are, do the assessments implemented correspond 
to the lack of consensus we found in study one.  

 

2.3.1. Methods  

2.3.1.1. Piloting  

Questionnaire design and piloting was based on published guidance: The Canadian 

Medical Association Journals guide for self administered surveys; The Journal of 

Internet Medical Research web survey checklist (CHERRIES) and The International 

Journal for Quality; The International Journal for Quality in Health Care Good 

practice in conduct and reporting of survey based research (240-242) and the first 

part of this study demonstrating which cognitive/mood assessments are used in 

stroke research.  I developed the questionnaire to assess key themes: Do 

practitioners assess mood/cognition? When and how are these assessments 

performed?  How do these assessments inform management? A particularly 

challenging scenario is assessment of patients with communication impairments and 

I added a specific question on this.   

I performed pilot work in two sites (Glasgow Western Infirmary and Glasgow Royal 

Infirmary) using a two-stage method.  A draft template was circulated to 

representatives from stroke medicine; nursing and clinical psychology and discussed 

with individuals (in a focus group setting and through written comments collated by 

the authors).  Content was revised using an informal discussion process, combining 

opinions of various members of the stroke multidisciplinary team (professors, 

consultants, registrars, nurses, occupational therapists and physiotherapists).  The 

revised questionnaire was distributed to a wider group and allowed free-text 
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Appendix D Chapter 3 search strategy 
Concept a) Stroke 

1.Brain Ischemia.ti,ab (exploded) 

2.Cerebrovascular*ti,ab (exploded) 

3.Stroke.ti,ab (exploded) 

4. or/1-3 

Concept b) Cognitive disorders and tests 

1.3-stage commands.ti,ab 

2.Abbreviated mental test.ti,ab 

3.AMT.ti,ab 

4.Addenbrooke’s cognitive examination revised.ti,ab  

5.ACE-R.ti,ab 

6.Arizona battery for communication disorders of dementia.ti,ab  

7.Assessment of motor and processing skills.ti,ab  

8.AMPS.ti,ab 

9.Block tapping.ti,ab 

10.Brixton tests.ti,ab  

11.California verbal learning test.ti,ab  

12.CVLT.ti,ab 

13.Cambridge cognitive examination revised.ti,ab 

14.CAMCOG.ti,ab 

15.Chessington occupational therapy Neurological assessment battery.ti,ab 

16.COTNAB.ti,ab 

17.Clock drawing.ti,ab  

18.Cognitive linguistic quick tester.ti,ab 

19.CLQT.ti,ab 
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20.Cognistat.ti,ab 

21.Doors and people test.ti,ab  

22.Galveston orientation and amnesia test.ti,ab  

23.GOAT.ti,ab 

24.Hayling test.ti,ab  

25.Intersecting pentagons.ti,ab  

26.Loewenstein occupational therapy cognitive assessment.ti,ab  

27.LOTCA-G.ti,ab 

28.Lothian aphasia stroke cognitive assessment.ti,ab  

29.LASKA.ti,ab 

30.Mental status questionnaire .ti,ab 

31.MSQ.ti,ab 

32.Mini mental state examination.ti,ab 

33.MMSE.ti,ab 

34.Montreal cognitive assessment.ti,ab 

35.MoCA.ti,ab 

36.Measure of cognitive linguistic ability,ti,ab 

37.MCLA.ti,ab 

38.OT cognitive screening tool.ti,ab  

39.Perceive, recall, Plan and Perform.ti,ab 

40.PRPP.ti,ab 

41.Picture cards.ti,ab  

42.Repeatable battery for the assessment of the neuropsychological status.ti,ab 

43.RBANS.ti,ab 

44.Rivermead behavioural memory test.ti,ab 

45.RBMT.ti,ab 

46.Rivermead perceptual assessment battery.ti,ab 

47.RPAB.ti,ab 
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48.Screening Instrument for neuropsychological Impairments in Stroke.ti,ab 

49.SINS.ti,ab 

50.Short orientation memory and concentration test.ti,ab 

51.SOMC.ti,ab 

52.Verbal fluency test .ti,ab 

53.Wessex head injury matrix.ti,ab 

54.WHIM.ti,ab 

 

55..Alzheimer Disease.ti.ab (exploded) 

56..Cognition.ti.ab 

57..Cognition Disorders.ti,ab (exploded) 

58..Dementia.ti,ab (exploded) 

59.Memory.ti,ab (exploded) 

60.Vascular dementia.ti,ab 

 

61. or/1-54 

62. or/55-60 

63. 61 or 62 

Concept c) cognitive screening 

1.Mass Screening.ti,ab (exploded) 

2.Mental Status Schedule.ti,ab 

3.Neuropsychological Tests.ti,ab (exploded) 

4.Predictive Value of Teststi,ab 

5.Psychiatric Status Rating Scales.ti,ab (exploded) 

6.Psychological Tests.ti,ab 

7.Reproducibility of Results.ti,ab  

8.ROC Curve.ti,ab 

9.Sensitivity.ti,ab (exploded)  
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10.Specificity.ti,ab (exploded) 

11.Severity of Illness Indexti,ab (exploded) 

12. or/1-11 

 

(Concept b OR concept c) AND concept a 
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Appendix E – STARDdem reporting 
guidance  

(For studies with a dementia/cognitive impairment 

reference standard) 

Section and 

Topic and item 

No. 

STARD checklist item Points of particular relevance to dementia 

Title/Abstract/ 

Keywords 

  

1 Identify the article as a study of 

diagnostic accuracy (recommend 

MeSH heading 'sensitivity and 

specificity') 

Studies reporting a sensitivity/specificity or 2x2 

data derivable, fall within the scope of 

STARDdem and should be indexed accordingly. 

Introduction   

2 State the research questions or 

study aims, such as estimating 

diagnostic accuracy or comparing 

accuracy between tests or across 

participant groups 

Some studies describing aims related to 

'prognosis' or 'prediction' may also fall within the 

remit of STARDdem. 

  

Report test purpose: 'stand-alone' test or as an 

addition to other tests or clinical criteria. 

Methods   

Participants:   
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3 The study population: The 

inclusion and exclusion criteria, 

setting and locations where data 

were collected 

 

See also Item 4 on recruitment 

and Item 5 on sampling 

Key inclusion criteria: (a) demographic, 

especially age; (b) cognition- or disease-related 

criteria. 

 

Report referral pathways, precise locations of 

patient recruitment, where index test and 

reference standard were performed. For 

secondary/tertiary settings helpful to report the 

medical subspecialty or hospital dept (e.g. 

psychiatry, neurology). 

 

Diagnostic accuracy studies in dementia are 

often nested within larger cohort studies. If this 

is the case, then the targeted population for the 

cohort study and the method of cohort selection 

should be described and/or the parent study 

cited. 

4 Participant recruitment: Was 

recruitment based on presenting 

symptoms, results from previous 

tests, or the fact that the 

participants had received the 

index tests or the reference 

standard? 

 

See also Item 5 on sampling and 

Item 16 on participant loss at 

each stage of the study 

For case-control design, report whether those in 

intermediate categories (e.g. possible AD or 

possible DLB) were excluded.  

5 Participant sampling: Was the 

study population a consecutive 

series of participants defined by 

the selection criteria in item 3 

and 4? If not, specify how 

participants were further selected 

 

See also Item 4 on recruitment 

and Item 16 on participant loss 

Planned analyses showing how characteristics of 

the subgroup entering the study differ from the 

eligible population are strongly recommended 

(i.e. if a convenience sample has been used due 

to invasive nature of test/s). 
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6 Data collection: Was data 

collection planned before the 

index test and reference standard 

were performed (prospective 

study) or after (retrospective 

study)? 

Authors should report the timing of the analysis 

plan with respect to data collection: was the 

analysis plan set out in a protocol before index 

and reference standards were performed? If not, 

when was the analysis plan created? 

Test methods:   

7 The reference standard and its 

rationale 

For neuropathological and clinical reference 

standards the diagnostic criteria used should be 

specified. Where relevant, reference should be 

made to studies validating the criteria. 

 

Report if standard consensus clinical criteria 

incorporate the index test (incorporation bias 

rendering blinding of index test impossible). 

8 Technical specifications of 

material and methods involved 

including how and when 

measurements were taken, 

and/or cite references for index 

tests and reference standard 

 

See also Item 10 concerning the 

person(s) executing the tests 

Use of scales: specify details of administration, 

which version. 

 

Clinical diagnostic criteria: what information was 

available to inform the diagnoses; how the 

criteria were applied (e.g. by individual 

clinicians, by consensus conference, by semi-

automated algorithm). 

   

Imaging and laboratory tests: specify materials 

and instruments, including sample handling and 

concordance with any harmonisation criteria. In 

new assays describe all steps in detail. Any 

particular preparation of participants should be 

described. 

9 Definition of and rationale for the 

units, cut-offs and/or categories 

of the results of the index tests 

and the reference standard 

Explanation of any cut-off used is warranted; 

depending on clinical setting a more sensitive or 

more specific test is required.  
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10 The number, training and 

expertise of the persons 

executing and reading the index 

tests and the reference standard 

 

See also Item 8 

 

Especially where subjective judgments are 

involved, e.g. the interpretation of neuroimaging 

results. 

 

Report inter- and intra-rater agreement.  

 

Reference or describe the content of training 

materials used. 

 

Reference or describe details of lab certification 

and harmonised biomarker assays. 

11 Whether or not the readers of the 

index tests and reference 

standard were blind (masked) to 

the results of the other test and 

describe any other clinical 

information available to the 

readers 

 

See also Item 7 

Also, the index test may form a part of the 

reference standard. This is often referred to as 

incorporation bias and renders blinding of the 

index test impossible.  

 

 

Statistical 

methods: 

  

12 Methods for calculating or 

comparing measures of diagnostic 

accuracy, and the statistical 

methods used to quantify 

uncertainty (e.g. 95% confidence 

intervals) 
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13 Methods for calculating test 

reproducibility, if done 

Applies to the reference standard as well as to 

the index test. Both should be 

reported/adequately referenced.  Recommend 

reporting inter-rater and test-retest reliability of 

reference standard as applied in the study being 

reported, rather than simply referring to other 

studies where reproducibility has been 

established. 

 

The training which image readers receive should 

be carefully described.  Studies in which the 

accuracy of ‘majority’ judgements are reported 

should also report data for the minority 

judgements.  Reports of the impact of training 

should clearly describe the population 

characteristics of the training group and whether 

it is representative of the group to which the test 

will be applied. 

Results   

Participants:   

14 When study was performed, 

including beginning and end dates 

of recruitment 

Pertinent particularly to longitudinal (delayed 

verification) studies, authors should report 

recruitment dates of the study (not to be 

confused with recruitment dates of the wider 

cohort study from which it might be drawn), and 

the beginning (first participant) and end (last 

participant) dates of the periods during which 

index test/s and reference standard were 

performed. 

 

Report the period for the index test and period 

for the reference standard separately if it is not 

clear. 
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15 Clinical and demographic 

characteristics of the study 

population (at least information 

on age, gender, spectrum of 

presenting symptoms) 

 

See also Item 18 

Report key demographic variables: age, sex and 

education. 

 

Report age distribution of sample in detail.  

Ethnicity and genetic factors (e.g. APOE 

genotype) may also be particularly important. 

The cognitive characteristics are covered in Item 

18. 

 

16 The number of participants 

satisfying the criteria for inclusion 

who did or did not undergo the 

index tests and/or the reference 

standard; describe why 

participants failed to undergo 

either test (a flow diagram is 

strongly recommended) 

 

See also Item 3, Item 4 and 

Item 5 

 

Test results:   

17 Time-interval between the index 

tests and the reference standard, 

and any treatment administered 

in between 

Specify the follow-up period for all subjects in 

relation to their outcomes. It should be specified 

whether or not participants had received any 

treatments which might affect disease 

progression. 

18 Distribution of severity of disease 

(define criteria) in those with the 

target condition; other diagnoses 

in participants without the target 

condition 

Include a description of the severity of the target 

condition at the time the index test is 

performed. Usually captured by a cognitive score 

and/or duration of symptoms. 

 

For delayed verification studies report 

distribution of severity of disease and the degree 

of certainty (such as probable/possible) about 

the diagnosis at time of case ascertainment.  

 

Report other diagnoses (not target condition). 



	
  

188	
  

19 A cross tabulation of the results 

of the index tests (including 

indeterminate and missing 

results) by the results of the 

reference standard; for 

continuous results, the 

distribution of the test results by 

the results of the reference 

standard 

 

20 Any adverse events from 

performing the index tests or the 

reference standard 

Report all adverse events, even if unlikely to be 

related to the diagnostic test performed. 

Estimates:   

21 Estimates of diagnostic accuracy 

and measures of statistical 

uncertainty (e.g. 95% confidence 

intervals) 

 

See also Item 12 

 

22 How indeterminate results, 

missing data and outliers of the 

index tests were handled 

 

23 Estimates of variability of 

diagnostic accuracy between 

subgroups of participants, readers 

or centers, if done 

 

24 Estimates of test reproducibility, 

if done 

 

See also Item 13 

 

Discussion   
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25 Discuss the clinical applicability 

of the study findings 

Key to clinical applicability are differences in age 

and comorbidity between the study population 

and the patients typically seen in clinical 

practice. 

 

Discuss issue of the 'added’ or ‘incremental’ 

value of the index test if appropriate. 

 

Emphasise: 1. Stage of development of the test 

(e.g. proof of concept; defining accuracy in a 

typical spectrum of patients); 2. The further 

research needed to be done to make test 

applicable to population in whom likely to be 

applied in practice; 3. Whether sample was 

representative of the population in whom the 

test would be applied in practice. 
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Appendix F Methodology for developing 
dementia diagnosis QUADAS-2 anchoring  
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Appendix G Local ethics committee 
approval – Chapter 5  
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Appendix H – Caldlcott Gardian 
approval: audit data collection – 
Chapter  5 
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Appendix I – Email correspondence for 
use of audit data for another project – 
Chapter 5 
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Appendix J - National ethics committee 
approval – Chapter 6 rehabilitation 
study 
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Appendix K – Patient Information sheet 
and consent form – Chapter 6  
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Appendix L – Preferred carer/friend 
information sheet and consent form – 
Chapter 6 
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Appendix M – Legal representative 
information sheet and consent form – 
Chapter 6 
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Appendix N - Opinion article 

Stroke cognitive screening: The good, 
the bad and the unknown 

 
This	
  opinion	
  article	
  was	
  commissioned	
  by	
  the	
  editors	
  of	
  the	
  journal	
  International	
  Journal	
  of	
  

Therapy	
   and	
   Rehabilitation,	
   in	
   response	
   to	
   an	
   original	
   research	
   article	
   on	
   cognitive	
  

assessments	
   in	
   stroke	
   settings.	
   	
   In	
   the	
   context	
   of	
   rising	
   publicity	
   surrounding	
   dementia	
  

assessment	
  and	
  polarised	
  opinion	
  on	
  the	
  utility	
  of	
  cognitive	
  screening	
  for	
   impairments,	
  this	
  

article	
  was	
  written	
   to	
  point	
  out	
   the	
   issues	
   and	
  potential	
   benefits	
   of	
   cognitive	
   screening	
   as	
  

well	
   as	
   what	
   is	
   missing	
   from	
   research.	
   	
   With	
   multi-­‐domain	
   cognitive	
   impairment	
   and	
  

dementia	
   prevalent	
   in	
   stroke	
   survivors	
   and	
   a	
   push	
   for	
   screening	
   in	
   guidelines	
   despite	
   few	
  

interventions	
  available,	
  this	
  article	
  attempts	
  to	
  help	
  clarify	
  our	
  current	
  understanding	
  of	
  the	
  

role	
  of	
  cognitive	
  screening	
  in	
  stroke.	
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Opinion

Post-stroke cognitive screening:  
The good, the bad and the unknown

Cognitive impairment is highly 
prevalent following stroke 
and has significant func-
tional impact (Tatemichi et al, 

1994; Patel et al, 2003). Implementing 
an early cognitive screening strategy 
to identify problematic patients and 
implement interventions should reduce 
the long-term impact of cognitive def-
icits on functional recovery (Duits et 
al, 2008). Stroke cognitive screening 
can therefore provide invaluable data to 
improve stroke rehabilitation.  

A number of organisations recom-
mend routine cognitive screening 
of all stroke survivors (e.g. National 
Stroke Strategy, Scottish Intercollegiate 
Guideline Network, National Institute 
for Health and Care Excellence. 
Hospitals are increasingly implementing 
stroke cognitive screening and it may 
become a UK national audit standard. 
However, a lack of consensus remains 
around when and how to screen for cog-
nitive function (Lees et al, 2012). This 
piece discusses five of the main ques-
tions around screening.  

Should stroke cognitive 
screening occur?
Cognitive deficits following stroke 
are associated with negative treatment 
response and functional outcome. Stroke 
cognitive screening should help deter-
mine the presence (and nature) of cog-
nitive impairments, to enable a more 
individualised stroke rehabilitation 
approach that accounts for specific cog-
nitive deficits (Green et al, 2013). 

However, care must be taken. Stroke 
patients often have a variety of disabili-
ties that affect the cognition assessment 
process and the chosen screening tool’s 
value; this includes cognitive function 
itself (Quaranta, 2008). Many stroke 
patients suffer from impaired atten-
tion, executive function, mental speed 
and language. Achieving a true measure 
of cognitive function can be problem-
atic when the assessment itself requires 

a high level of cognitive demand and/
or verbal response. Transient cognitive 
dysfunction, aphasia and physical dis-
ability can give false positives for long-
term cognitive impairment. Due to these 
disabilities, patients screened early could 
score poorly on assessments, despite 
higher levels of actual cognitive function 
(Lees et al, 2013). Thus, it is important 
that cognitive screening programmes are 
carefully designed, to ensure early co-
morbid stroke disabilities do not signifi-
cantly interfere with the process. 

When should stroke cognitive 
screening occur?
Following stroke, cognitive func-
tion often improves over time, and 
across domains (Hurford et al, 2013). 
Depending on stroke severity, patients 
may reach peak cognitive performance 
early or later post ictus, with recovery 
occurring in peaks and troughs or more 
gradually and continuously. 

Two questions surround the implemen-
tation of an early stroke cognitive screen-
ing programme: (i) can it accurately 
measure the level of cognitive function 
post-stroke? (ii) can it accurately predict 
the peak functional level in recovery? 

The best way to determine an opti-
mum assessment point for stroke cogni-
tive screening is for research to assess 
cognition at regular intervals over the 
first year in stroke cohorts to describe 
trends. If we can clarify when the major-
ity of stroke survivors reach cognitive 
potential, we can then prospectively 
determine the most accurate timing for 
prediction. If this issue is not addressed 
and an early approach adopted then the 
majority of stroke survivors could screen 
positive for cognitive impairment. This 
could overload stroke services with 
patients who are not suitable for follow-
up neuropsychological assessment.

While an early screening strat-
egy aimed at implementing early 
intervention(s) might seem appealing, it 
may be impracticable and confer unfa-

vourable psychological and organisa-
tional outcomes. An inaccurate early 
diagnosis of cognitive impairment that 
spontaneously improves could be dis-
tressing to the patient and family. It 
could also lead to unnecessary medi-
cal investigations and treatments with 
unknown side effects, added organisa-
tional costs, and resources diverted from 
patients in actual need (Le Couteur et al, 
2013). Arguably, until we better under-
stand how patients’ cognition improves 
over time, and until an accurate, reliable 
cognitive impairment measure is identi-
fied, cognitive screening after transient 
problems resolve may be preferable. 

The majority of stroke patients are fol-
lowed up medically after a few months, 
either by a specialised stroke service or 
their general practitioner. In the author’s 
opinion, this would be an opportune time 
for screening assessments as the patient 
is likely back to a routine and more 
aware of what they can and cannot do.

Which psychometric measure(s) 
should be used?  
Patients may be screened either directly, 
or indirectly using proxy questionnaires. 
Direct assessments tend to be favoured 
as it is assumed these provide a more 
accurate measure of specific cognitive 
domains. However, debate remains over 
which assessment approach is most reli-
able. Very few published works include 
neuropsychological measures and those 
that do are often not recognised as suit-
able for the stroke population. The lack 
of data surrounding norms across stroke 
patients at various stages in recovery in 
assessments makes it difficult to select 
a clinically appropriate assessment tool. 

Available domain-based meas-
ures that show promise include the 
Repeatable Battery for the Assessment 
of Neuropsychological Status (RBANS)
(Green et al, 2013), the Montreal 
Cognitive Assessment (MoCA) (Doong 
et al, 2010) and the Oxford Cognitive 
Screen (OCS). Difficulties can occur in 
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determining appropriate cut-off points 
that distinguish ‘normal’ cognitive func-
tion from a long-term cognitive deficit, 
even with detailed batteries, due to the 
lack of data on norms (Green et al, 2013). 

Indeed, the long-term effect of cog-
nitive impairment following stroke, 
although associated with negative out-
come and poor recovery, is still under 
researched. Difficulties surrounding 
administration of cognitive assessment, 
poor understanding of the potential of 
the data collected, and time restraints in 
practice lie behind this lack of research.

If direct patient early screening is inap-
propriate due to transient or other issues 
interfering, a proxy screening strategy is 
necessary. Informant questionnaires pro-
vide details on patients’ pre-stroke cog-
nitive function and the extent of change 
post-stroke. Proxy questionnaires: are 
observational; can be more forgiving in 
the presence of other disabilities, such 
as aphasia; may reduce patient burden; 
and can be observed over time. A good 
assessment to determine patient cogni-
tion that accounts for previous capa-
bilities is the Informant Questionnaire 
of Cognitive Decline in the Elderly 
(IQCODE). This short questionnaire can 
be filled in by any proxy in regular con-
tact with the patient and gives a good 
feel for patient cognitive change over 
time, and it can screen for dementia.   

Who should be responsible for 
stroke cognitive screening?
Although cognitive screening is impor-
tant, uncertainty remains over the impli-
cations of gathered information for 
further care and personal responsibility. 
Cognitive assessment has to be consist-
ent in its application to provide meaning-
ful and comparable results across stroke 
cohorts. NHS improvement reports state 
that cognitive assessments have to be 
administered by an assessor with spe-
cific training in using those tool(s). This 
is a reasonable request but a lack of guid-
ance, training and protocols for cognitive 
screening has left clinical teams with-
out recommended assessments. Lack of 
available, trained assessors can lead to 
inaccurate administration or may result 
in the absence of screening. 

Individual stroke services should 
ensure several members of the treat-

ing clinical team are trained in selected 
cognitive screening tools and have a 
protocol in place stating who is respon-
sible for administering assessment(s). 
Training and oversight of cognition 
screening is arguably best handled by 
a clinical psychologist/neuropsycholo-
gist specialising in stroke although such 
individuals remain scarce. Clear defini-
tion by services of who is responsible 
for supervising and delivering cognition 
assessments should ensure more patients 
are screened. Stroke cognitive screening 
should, of course, involve all patients.

 
How should stroke screening 
data be interpreted?
Information extrapolated from cognitive 
screening can be useful to inform reha-
bilitation and/or grounds for referral to 
specialised services. It may allow thera-
pists to modify a patient rehabilitation 
programme, and can provide useful data 
to help explain to patients and their fami-
lies why some patients, while progress-
ing physically, may still be struggling to 
complete basic activities of daily living. 

It is important to understand that stroke 
cognitive screening data not only cap-
tures problematic areas requiring stroke 
rehabilitation team focus. Findings may 
also have significant implications for 
long-term care plans, support, and educa-
tion to caregivers to enable a patient to 
live a maximally independent life post-
discharge (Duits et al, 2008). Stroke cog-
nitive screening assessments can be used 
to distinguish patients at high risk of fur-
ther cognitive decline (vascular dementia) 
from those likely to make a reasonable 
cognitive recovery and resume pre-stroke 
function. By establishing which patients 
are at high risk of further cognitive 
decline, interventions to improve qualiy 
of life, allow planning and to slow down 
the rate of decline can be made available. 

CONCLUSIONS

Stroke cognitive screening is complex 
and much remains to be determined. 
Domain-based cognitive measures that 
show promise are available (Doong et al, 
2010; Green et al, 2013) and can help 
guide rehabilitation. However, the opti-
mum point in the care pathway at which 
to introduce stroke cognitive screen-

ing is unknown and longitudinal obser-
vation research is needed to determine 
this. Over-diagnosis due to screening too 
early could overload services and prove 
financially, medically, psychologically, 
and socially detrimental. There is sparse 
evidence currently that early neuropsy-
chological interventions assist although 
inter-disciplinary cognitive rehabilitation 
frameworks for stroke now exist (Taylor 
and Broomfield, 2013).   

Better implementation of consistent 
cognitive assessments in research and 
practice should extend our understand-
ing of which cognitive domains are usu-
ally affected early following stroke and 
which domain deficiencies predict long-
term cognitive decline.  
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Appendix O – The National Institutes of 
Health Stroke Scale 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 = no stroke, 1-4 = minor stroke, 5-15 = moderate Stroke, 15-20 = moderate to severe stroke, 21-42 
= severe stroke 
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Appendix P – The Cog-4 assessment, 
domains and scoring 

Cog-­‐4 Score

1(b) Level	
  of	
  consciousness	
  -­‐ questions	
  (month	
  and	
  age)
Answers	
  both	
  correctly	
  
Answers	
  one	
  question	
  correctly
Answers	
  neither	
  questions	
  correctly	
  

0
1
2

1	
  (c) Level	
  of	
  consciousness	
  – commands	
  (open	
  and	
  close	
  eyes;	
  grip	
  and	
  release	
  hand)	
  
Performs	
  both	
  task	
  correctly
Performs	
  one	
  task	
  correctly	
  
Performs	
  neither	
  task	
  correctly	
  

0
1
2

9 Best	
  language
No	
  aphasia	
  
Mild	
  to	
  moderate	
  aphasia
Severe	
  aphasia
Mute	
  and	
  global	
  aphasia

0
1
2
3

11 Extinction	
  and	
  inattention
No	
  inattention
Mild	
  inattention
Severe	
  inattention

0
1
2
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Appendix Q – The 4 ‘A’s Test (4AT) for 
delirium screening 
 Assessment Domain  Domain Subsections Score 

ALERTNESS 

This includes patients who may be markedly 
drowsy (e.g. difficult to rouse and/or 
obviously sleepy during assessment) or 
agitated/hyperactive.  Observe the patient.  
If asleep attempt to wake with speech or 
gentle touch on shoulder.  Ask the patient to 
state their name and address to assist rating. 

 

Normal (fully alert, but not agitated, 
throughout assessment) 

Mild sleepiness for <10 seconds after 
waking, then normal 

Clearly abnormal 

 

0 

0 

4 

AMT 4 

Age, date of birth,place (name of the 
hospital or building), current year. 

 

No mistakes  

1 mistake 

2 or more mistakes/untestable 

 

0 

1 

2 

ATTENTION 

Ask the patient: “Please tell me the months 
of the year in backwards order, starting at 
December.”  To assist initial understanding 
one promt of “what is the month before 
December?” is permitted. 

 

Achieves 7 months or more correctly 

Starts but scores <7months/refuses to 
start 

Untestable (cannot start because 
unwell, drowsy, inattentive) 

 

0 

1 

2 

ACUTE CHANGE OR FLUCTUATING COURSE 

Evidence of significant change or fluctuation 
in: alertness, cognition, other mental 
function (e.g. paranoia, hallucinations) 
arising over the last two weeks and still 
evident in the last 24 hours. 

 

Yes 

No 

 

0 

4 

4AT SCORE TOTAL  

 

4 or above: possible delirium +/- 
cognitive impairment 

1-3: possible cognitive impairment  

0: delirium or severe cognitive 
impairment unlikely (but delirium still 
possible if [4] information incomplete) 
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GUIDANCE NOTES    Version 1.1. Information and download: www.the4AT.com 

The 4AT is a screening instrument designed for rapid initial assessment of delirium and cognitive 

impairment. A score of 4 or more suggests delirium but is not diagnostic: more detailed assessment 

of mental status may be required to reach a diagnosis. A score of 1-3 suggests cognitive impairment 

and more detailed cognitive testing and informant history-taking are required. A score of 0 does 

not definitively exclude delirium or cognitive impairment: more detailed testing may be required 

depending on the clinical context. Items 1-3 are rated solely on observation of the patient at the 

time of assessment. Item 4 requires information from one or more source(s), e.g. your own 

knowledge of the patient, other staff who know the patient (e.g. ward nurses), GP letter, case 

notes, carers. The tester should take account of communication difficulties (hearing impairment, 

dysphasia, lack of common language) when carrying out the test and interpreting the score.  

Alertness: Altered level of alertness is very likely to be delirium in general hospital settings. If the 

patient shows significant altered alertness during the bedside assessment, score 4 for this item. 

AMT4 (Abbreviated Mental Test - 4): This score can be extracted from items in the AMT10 if the 

latter is done immediately before. Acute Change or Fluctuating Course: Fluctuation can occur 

without delirium in some cases of dementia, but marked fluctuation usually indicates delirium. To 

help elicit any hallucinations and/or paranoid thoughts ask the patient questions such as, “Are you 

concerned about anything going on here?”; “Do you feel frightened by anything or anyone?”; “Have 

you been seeing or hearing anything unusual?” 
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Appendix R – The Abbreviated Mental 
Test (AMT) 
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Appendix S – The Short form of the 
Informant Questionnaire on Cognitive 
Decline in the Elderly (IQCODE) 
 

Short Form of the Informant Questionnaire On Cognitive Decline in the Elderly 

(IQCODE) 

 

Informant ID:  

Date Completed:       Researcher: 

 

Now we want you to remember what your friend or relative was like 10 years ago and to 
compare it with what he/she is like now.  
 
On the next page are situations where this person has to use his/her memory or 
intelligence and we want you to indicate whether this has improved, stayed the same or 
got worse than in that situation over the past 10 years. Note the importance of comparing 
his/her present performance with 10 years ago.  
 
So if 10 years ago this person always forgot where he/she had left things and he/she still 
does this, then this would be considered ‘Not much change’. Please indicate the changes 
you have observed by ticking the appropriate box. 
 

 



	
  

224	
  

   

Much 

improved 

 

A bit 

improved 

 

Not 

much 

change 

 

A bit 

worse 

 

Much 

worse 

1 Remembering things about family and 

friends, e.g. occupations, birthdays, 

addresses 

     

2 Remembering things that have 

happened recently 

     

3 Recalling conversations a few days 

later 

     

4 Remembering her/his address and 

telephone number 

     

5 Remembering what day and month it 

is 

     

6 Remembering where things are 

usually kept 

     

7 Remembering where to find things 

which have been put in a different 

place from usual 

     

8 Knowing how to work familiar 

machines around the house 

     

9 Learning to use a new gadget or 

machine around the house 

     

1

0 

Learning new things in general      

1

1 

Following a story in a book or on TV      
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1

2 

Making decisions on everyday matters      

1

3 

Handling money for shopping      

1

4 

Handling financial matters, e.g. the 

pension, dealing with the bank 

     

1

5 

Handling other everyday arithmetic 

problems, e.g. knowing how much 

food to buy, knowing how long 

between visits from family or friends 

     

1

6 

Using his/her intelligence to 

understand what’s going on and to 

reason things through 
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Appendix T – The Montreal Cognitive 
Assessment (MoCA) 
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Appendix U – The Confusion Assessment 
Method (CAM) 
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Appendix V – Depression Inventory Scale 
Circles (DISCS) 
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Appendix W - Addenbrookes’ Cognitive 
Examination III (ACE-III) 
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Appendix X - Good clinical practice 
certificate 
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Appendix Y – Rankin scale clinical trials 
1st training certification 
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Appendix Z - Addenbrokes’ Cognitive 
Examination-III training certificate 
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