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Abstract:  
Background and purpose:  

Most studies on stroke-related dementia have challenges regarding patient recruitment. Often 

the sickest patients, who are also those with highest incidence of post stroke dementia (PSD), 

are excluded, and the consequence may be an underestimation of PSD in previous research. 

The aim of this study was to investigate if there was any selection bias in the Norwegian 

cognitive impairment after stroke (Nor-COAST) study, and to assess if the patients included 

in the Nor-COAST study differ from the patients not included.  

 

Methods:  

Patients with the diagnosis of acute stroke, admitted to one of the five participating hospitals 

were screened for inclusion in the Nor-COAST study. The inclusion criteria was 1) diagnosis 

of stroke according to the established WHO criteria, or with MRI findings compatible with 

acute infarction or intracerebral haemorrhage, 2) admitted to one of the 5 participating 

hospitals within one week after start of symptoms, 3) speak Norwegian, and 4) have a carer 

who was able to give supplementary information about cognition. In the present study, 

baseline data from the participants in the Nor-COAST study was compared to corresponding 

data from patients recruited to the Norwegian Stroke Registry (NHR) in the same period and 

who were not participating in Nor-COAST. Baseline characteristics in the two groups were 

investigated, to see if the participants in Nor-COAST differed from non-participants. 

 

Results:  

Altogether, 738 patients were included as participants and 1516 patients were included as 

non-participants. The following factors were associated with not participating in the Nor-

COAST study: severe stroke, impaired function prior to stroke, living in institutions prior to 

stroke, cerebral haemorrhage, atrial fibrillation and recurrent stroke. At some of the hospitals, 

patients with left hemisphere stroke and older age tended to be excluded. 

 

Conclusions:  

The patients participating in the Nor-COAST study tended to have better general health 

condition, and milder strokes, compared to the patients not participating, and selection bias 

has most likely occurred in the Nor-COAST study. This must be taken into account when 

interpreting the future results of this study.   
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1. Introduction  
 

1.1 The burden of stroke 

Vascular disease, usually due to atherosclerosis, is the most prevalent chronic disease in the 

developed world (GBD, 2017). Estimates from the Global Burden of Diseases, Injuries, and 

Risk Factors Study (GBD 2010) ranked stroke as the second most common cause of death 

(Lozano et al., 2012), and the third most common cause of disability-adjusted life-years 

(DALYs) worldwide in 2010 (Murray et al., 2012). Even though the age-standardised 

incidence of stroke is decreasing in high-income countries, it is still increasing in low- and 

middle-income countries (Feigin et al., 2014; Yusuf, Reddy, Ounpuu, & Anand, 2001).  

Improved primary prevention, and improved acute stroke treatment over the last years have 

given milder strokes and reduced mortality (Feigin et al., 2014; Meschia et al., 2014; 

Mijajlovic et al., 2017). In addition, we currently see a change in population demographics, 

with increased life expectancy and increased amount of elderly in the population that will 

potentially suffer from a stroke (Helsetilsyn, 1999; Mijajlovic et al., 2017). Hence, the 

absolute number of people having a stroke every year, stroke survivors, related deaths, and 

the overall global burden of stroke (DALYs lost) are therefore great and increasing (Feigin et 

al., 2014).  

In Norway, about 12 000 people suffer from stroke every year (Fjærtoft et al., 2017). The 

incidence is stable, but in line with the global trends, the amount of elderly in the population 

is increasing, and the absolute number of strokes will most likely increase in Norway as well 

(Ellekjær & Selmer, 2007; Helsetilsyn, 1999). To reduce the burden of stroke to the 

Norwegian health system, an improvement in the health service and treatment for these 

patients are necessary. The Norwegian national guidelines for treatment and rehabilitation 

recommend all stroke patients to have acute treatment and rehabilitation in stroke units 

(Helsedirektoratet, 2010). The changes in clinical practice, and the lack of studies on long-

term outcome for these patients, emphasize the importance of future studies. The research 

carried out in this field should be as accurate as possible, and should be able to be generalized 

to the whole population. 
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1.2 The burden of dementia 

Dementia is described as a silent epidemic, with a duplicate in prevalence for every 20 years 

(Wortmann & Acosta, 2009). In 2010 the estimated prevalence of Alzheimer’s disease or 

other dementias worldwide was 35.6 million people (Wortmann & Acosta, 2009). Because of 

the rising prevalence, and lack of effective curative treatment options, dementia is a major 

public health concern (Brookmeyer, Gray, & Kawas, 1998; Ritchie, Terrera, & Quinn, 2015). 

Around one in three people will develop stroke, dementia or both, and the incidence of both 

diseases rises exponentially with age (Mijajlovic et al., 2017; Seshadri et al., 2006). Stroke is 

a risk factor for dementia, and dementia predisposes to stroke. They also share many of the 

same risk factors (Appelros, Nydevik, & Viitanen, 2003; Zhu, Fratiglioni, Guo, Winblad, & 

Viitanen, 2000). Prevalence of dementia in subjects with a history of stroke is comparable 

with that seen in subjects 10 years older without a history of stroke (De Ronchi et al., 2007). 

This increase in prevalence cannot be explained by demographic or cardiovascular risk factors 

alone, or by cognitive impairment prior to the stroke (De Ronchi et al., 2007).  

Predictors for post stroke dementia (PSD) are higher age, cognitive decline prior to the stroke, 

premorbid disability, previous stroke, diabetes mellitus, atrial fibrillation, cerebral atrophy 

and white matter disease (Henon, Pasquier, & Leys, 2006; Pendlebury, 2012). Characteristics 

of the stroke are also of importance for development of PSD (e. g. left hemisphere stroke, 

dysphasia, stroke severity, cortical vs. brainstem or lacunar infarcts, infarct volume, and the 

presence of multiple strokes separated in space and time, like recurrent stroke) (Henon et al., 

2006; Pendlebury, 2012; Pendlebury & Rothwell, 2009). Certain complications of stroke 

including incontinence, early seizures, acute confusion, hypoxic ischemic episodes and 

hypotension are also strongly associated with PSD (Pendlebury, 2012). An improvement in 

primary prophylaxis and acute treatment of stroke is important, because it will lead to milder 

strokes with less complications, and reduce the risk of PSD. One of the strongest risk factors 

for PSD is recurrent stroke, and efficient secondary prophylaxis is for that reason very 

important (Pendlebury & Rothwell, 2009). Cognitive impairment after stroke is also 

associated with increased mortality rate, institutionalization, disability, dependency, delayed 

discharge and higher costs of care. For that reason, a stroke will not only affect each 

individual, but also the relatives, the health service and the society (Barba et al., 2002; 

Desmond, Moroney, Sano, & Stern, 2002; Pasquini, Leys, Rousseaux, Pasquier, & Henon, 

2007). The prevention of PSD is for that reason very important. 
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A systematic review by Pendlebury and Rothwell has been looking at prevalence and risk 

factors of pre-stroke and post-stroke dementia (Pendlebury & Rothwell, 2009). They 

identified 22 hospital-based and 8 population-based cohorts described in 73 papers. After 

study methods and case mix were taken into account, they reported an estimate of dementia 

prevalence with about 10% of stroke patients suffering from dementia prior to their first 

stroke, 10% developing PSD during the first year after their first ever stroke, while more than 

30% developed PSD after recurrent stroke (Pendlebury & Rothwell, 2009). The risk was 

highest immediate after the event, however, the findings indicated a long-term increased risk 

of PSD about 2-4 times as compared to the non-stroke population (Henon et al., 2006; 

Pendlebury, 2012; Pendlebury & Rothwell, 2009; Savva & Stephan, 2010). In addition, mild 

cognitive impairment (MCI) is at least as frequent as PSD (Brainin et al., 2015). A Norwegian 

study published in 2011 on first ever stroke showed PSD in about 20% of patients during the 

first year, and MCI in about 40% (Ihle-Hansen et al., 2011). Most likely, the prevalence of 

PSD and MCI is higher than first presumed (Delavaran et al., 2017; Desmond, Bagiella, 

Moroney, & Stern, 1998; Pendlebury, Chen, Bull, et al., 2015). The need to investigate this 

further is great.  

 

1.3 Validity and reliability 

In clinical research, reliability refers to the consistency and stability of research 

measurements. Measurements that are highly reliable are accurate, and the results remain the 

same after a number of repeated measurements, under precisely the same conditions (Sijtsma 

& van der Ark, 2015). Validity on the other hand refers to whether the findings have any 

value in the real world, and if the assertions made in a research study are likely to be true 

(Supino, 2012). There are two different types of validity that need to be considered, internal 

and external validity (Supino, 2012). The internal validity refers to the possibility that the 

findings in a study can be explained through the hypothesis. High internal validity means that 

the study design effectively control for competing explanations, which means there is small 

amount of bias and error of measurement (Supino, 2012). Reliability is an important 

presumption to good internal validity. The external validity in a study refers to the 

generalizability, which means whether the study findings can be extrapolated to subjects, 

contexts, and times other than those where the findings were obtained (Supino, 2012). Internal 

validity is a presumption for external validity. The ability to draw valid inferences from data 

is a very important aspect of research, and the basis for understanding the new knowledge 

represented by research results (Supino, 2012). 
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1.4 Selection bias   

To increase validity, effectively control for bias is important (Supino, 2012). If the selection 

of individuals, groups or data for analysis is not entirely random, and the sample obtained is 

not representative of the population intended to be analyzed, it is called selection bias. 

Selection bias may also occur in the process of including participants into the study (Weuve et 

al., 2015), or when it comes to attrition, if the group of patients dropping out between follow-

ups is not random. In addition, bias due to mortality may occur if the patients who died prior 

to baseline inclusion had a higher amount of PSD than the included patients (Weuve et al., 

2015).  

 

1.4.1 Factors associated with selection bias 

A limitation in many studies of stroke and transient ischemic attack (TIA) is that even though 

the goal is to include all patients, some groups will unintentionally fall out of the study 

(Pendlebury, Chen, Bull, et al., 2015). Many studies on dementia after stroke have strict 

inclusion criteria, often excluding patients with poor general health condition, dysphasia, poor 

vision and hearing impairment, but also older age, comorbidity, dependency or a combination 

of these (Delavaran et al., 2017; Pendlebury, Chen, Bull, et al., 2015). In order to improve 

generalizability, the inclusion criteria should be as wide as possible (Supino, 2012). Even 

though some studies are aiming to make the inclusion criteria wider, there will still be 

problems, both for ethical and practical reasons, as it often will feel unethical to include 

patients with severe stroke and short lifetime expectancy into a study. Furthermore, inclusion 

into clinical studies often requires the patient to meet at several follow-ups, which can be 

challenging for the oldest and most frail patients. In addition, the patients are often required to 

complete both physical and cognitive tests. Some patient groups will for that reason be more 

difficult to assess. If the risk factors for the condition we want to investigate are related to the 

process of inclusion into the study, the risk of selection bias will increase (Weuve et al., 

2015). That is, if patients with pre-stroke cognitive impairment or poor health for other 

reasons are at higher risk of developing PSD, they are more likely to be excluded from 

studies, which may give an underestimation of PSD. There is still need for more research on 

characteristics of patients being excluded, and to what degree this contributes to an 

underestimation of PSD (Weuve et al., 2015).  

 

Several previous studies have been investigating methodological challenges in stroke and 

TIA-associated dementia, and the impact selection bias at baseline may have on the result. 
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The groups that often were excluded from studies were older patients (especially > 80 years 

old) (Paganini-Hill, Ducey, & Hawk, 2013; Pendlebury, Chen, Bull, et al., 2015), patients 

with impaired function prior to the stroke (modified Rankin Scale score > 3) (Pendlebury, 

Chen, Bull, et al., 2015), patients with comorbidities, especially dementia (Pendlebury, Chen, 

Bull, et al., 2015; Ritchie et al., 2015), and patients suffering from severe stroke (Pendlebury, 

Chen, Bull, et al., 2015). Other factors making assessment difficult seemed to include 

impaired vision, hemiparesis (especially if dominant arm is affected) and problems with the 

language (e.g. dysphasia) (Pendlebury, Chen, Bull, et al., 2015). These are also factors 

associated with an increased risk of developing PSD (Henon et al., 2006; Pendlebury, 2012). 

In a study by Pendlebury et al. (2015) the surviving patients not included in the studies were 

investigated, and a higher incidence of PSD was shown in these patients, especially among 

patients > 80 years, with impaired pre-stroke function (mRS > 3). A higher prevalence of PSD 

was also found in patients with comorbidities or/and dysphasia (Pendlebury, Chen, Bull, et 

al., 2015). Therefore, previous studies may have given an underestimation of stroke-

associated dementia (Desmond et al., 1998; Pendlebury, Chen, Bull, et al., 2015), and 

interventions introduced to prevent PSD will most probably be ineffective on population 

level, because they are based on results from this “highly selected groups”.  

 

1.4.2 Bias due to attrition 

Bias due to attrition can be a huge challenge in dementia research, since the patients can only 

be diagnosed with dementia at occasional follow-ups. If the patient were free of dementia at 

the last clinical assessment, PSD status will remain unknown. This can potentially result in 

underestimation of PSD, because these patients are listed as free of dementia (Weuve et al., 

2015). Several studies have been investigating reasons for study attrition, both looking at 

early patient attrition (Desmond et al., 1998), and attrition up to 5 years after stroke 

(Pendlebury, Chen, Welch, et al., 2015). The two main independent factors related to 

increased attrition were older age and cognitive impairment (Chatfield, Brayne, & Matthews, 

2005; Desmond et al., 1998; Pendlebury, Chen, Welch, et al., 2015; Weuve et al., 2015). 

Other factors associated with unavailability for follow-up included very ill or frail patients, 

patients with comorbid medical disorders, major dominant hemisphere syndrome, left and 

right hemisphere infarct locations and a history of recurrent stroke (Chatfield et al., 2005; 

Desmond et al., 1998; Pendlebury, Chen, Welch, et al., 2015). In addition, some patients were 

unavailable due to severe stroke, or due to early death (Desmond et al., 1998). The factors 

associated with loss to follow-up were similar to the risk factors of PSD. The research group 
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of Desmond et al. (1998) tested the patients who were lost to follow-up in their study, and 

found a significantly higher prevalence in of PSD the group not assessed. Exclusion of 

patients unavailable for clinical follow up will most likely reduce the measured rate of PSD 

(Desmond et al., 1998; Pendlebury, Chen, Welch, et al., 2015).  

 

Factors associated with death prior to baseline inclusion or prior to follow-up were older age 

and cognitive impairment prior to the stroke (Chatfield et al., 2005; Desmond et al., 1998; 

Matthews, Chatfield, Freeman, McCracken, & Brayne, 2004; Pendlebury, Chen, Welch, et al., 

2015).  

 

1.4.3 How to reduce selection bias? 

To increase validity of the results, future studies are recommended to offer alternatives to 

clinical assessment. Examples are phone calls with participants and/or their caregivers and 

home visits to be able to investigate the oldest and most frail patients, and to hand search 

primary care records in patients difficult to get in touch with (Paganini-Hill et al., 2013; 

Pendlebury, Chen, Welch, et al., 2015). In addition to try to minimize bias, future studies 

should also investigate attrition and selection, and take the findings into consideration when 

analysing the results, to avoid misleading results due to attrition and bias (Chatfield et al., 

2005; Coley et al., 2008; Matthews et al., 2004). A minimum set of confounding factors 

should be considered, including age, education and baseline cognitive function. Attrition rates 

should always be evaluated (Coley et al., 2008). Future studies should also provide data on 

non-available patients together with risk factor-adjusted estimation of probability of dementia 

in those not assessed (Pendlebury, Chen, Welch, et al., 2015).  

 

1.5 Nor-COAST 

The Norwegian COgnitive impairment After STroke (Nor-COAST) study is a large national 

multicentre study on acute stroke, aiming to quantify and measure levels of cognitive 

impairments in a Norwegian general stroke cohort and to identify risk-profiles and factors 

associated with overall prognosis for early and late onset cognitive disorders following 

incident stroke. The hospitals participating in the study are St. Olavs hospital (the stroke unit 

and the neurological department), Ålesund hospital, Haukeland university hospital, Bærum 

hospital and Ullevål hospital. 
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Assessments were performed during the initial hospital stay with follow-ups at 3 and 18 

months. The results from the Nor-COAST study will be taken into consideration when the 

researchers in the future will develop new guidelines on how to prevent and treat PSD and 

MCI, both nationally and internationally. For that reason, it is very important to consider if 

these results are representative for the whole Norwegian stroke population.  

 

Therefore it is of great importance to investigate to which extent the Nor-COAST study 

suffers from selection bias. This can be done by comparing baseline data from Nor-COAST 

with corresponding data on patients not included from the Norwegian Stroke Registry. 

 

1.6 The Norwegian Stroke Registry  

The Norwegian Stroke Registry (NHR) is a national medical quality registry for stroke care. 

The aim is to improve the quality of health care for people with cardiovascular disease. The 

registry is part of the Norwegian Cardiovascular Disease Registry (NCDR) (Fjærtoft et al., 

2017). NHR contains data on the patient’s background prior to the stroke, treatment during 

hospital stay, and data on follow-up three months after hospital admittance. Annual reports 

are available, and contain quality indicators essential for evidence based treatment and care, 

and descriptive statistics on the Norwegian stroke population (Fjærtoft et al., 2017).  

All stroke patients hospitalized within 28 days after onset of symptoms are included in NHR 

(Fjærtoft, Skogseth-Stephani, Mørch, & Indredavik, 2015). Reporting of patients is a legal 

obligation, and does not require the patients consent (Fjærtoft et al., 2017). NHR is the first 

Norwegian quality registry to fulfil the criteria of stadium 4, which is the highest level, with 

coverage of 84% of the patients in 2016 (Nilsen, 2017). Hence, the registry should be 

regarded as representative to the Norwegian stroke population.  

 

By utilizing data from NHR we have a unique opportunity to compare baseline data from 

patients included with those not included in stroke studies, and thereby assess the possibility 

of selection bias. 

 

1.7 Objectives 

The aim of this student thesis was to investigate to what extent patients participating in the 

Nor-COAST study differs from the patients not participaing. Data from Nor-COAST will be 

compared with corresponding data from the NHR.  
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The following research question will be enlightened: When it comes to well-known baseline 

variables, are there differences between participants and non-participants in the Nor-COAST 

study?  

 

The primary hypothesis was that participants in the Nor-COAST study were younger 

compared to non-participants. A secondary hypothesis was that the participants in the Nor-

COAST study suffered from less severe strokes compared to non-participants. 
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2. Methods 
 

2.1 Study design 

In this study a descriptive, cross-sectional study design was used. Patients included in the 

Nor-COAST study represented the participants while patients admitted to the participating 

hospitals (as shown in Figure 1) registered in the Stroke Registry (NHR) represented the non-

participants. Due to the quality check of data in NHR, only data from patients admitted to the 

participating hospitals between 5. May 2015 and 31. December 2016 was available for this 

assignment. 

 

According to instructions given by the Regional Committee for Medical and Health Research 

Ethics (REK), the national identity numbers of all cases were handed over to a member of the 

NHR board who extracted the participants in Nor-COAST from the data-file at NHR. 

Subsequently, an anonymous file including data on the non-participants only, was returned to 

the project leader. The study was approved by REK-Nord (2015/171/REK north) and the 

Norwegian Institute of Public health. 

 

Figure 1 shows the study design, with this assignment encircled with a black line.  
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Figure 1. Study design.  

 

2.2 Study participants 

The inclusion criteria for participants in the Nor-COAST study were 1) diagnosis of stroke 

according to the established WHO criteria (WHO-MONICA, 1988), or with MRI findings 

compatible with acute infarction or intracerebral haemorrhage, 2) admitted to one of the 5 

participating hospitals within one week after start of symptoms, 3) speak Norwegian, and 4) 

have a carer who was able to give supplementary information about cognition. Patients with 

expected lifetime less than 3 months were for ethical reasons excluded from the study.  
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The inclusion criteria for the non-participants recruited from NHR were patients admitted to 

one of the 5 participating hospitals, within the same period of time and not included in the 

Nor-COAST study.  

 

2.3 Variables 

The following variables were available in both datasets and were used to compare baseline 

characteristics between participants and non-participants: 

• Age  

• Gender  

• Modified Rankin Scale (mRS) score were used to assess the level of disability prior to the 

stroke (van Swieten, Koudstaal, Visser, Schouten, & van Gijn, 1988). This is a commonly 

used scale for measuring the degree of disability or dependence in the daily activities of 

people who have suffered a stroke. The score ranges from 0 (indicating no symptoms at 

all), to 5 (which indicates severe disability, and the patient requires constant nursing care 

and attention), while a score of 6 means death (van Swieten et al., 1988). In this study, the 

mRS was merged into two categories, to distinguish between independent (score 0-2) and 

dependent (score 3-5) subjects. 

• Stroke severity at admission and after 24 hours were assessed using the National Institutes 

of Health Stroke Scale (NIHSS) (Brott et al., 1989). This is a 15-item neurologic 

examination stroke scale, to quantify severity of neurological deficits e.g. hemiparesis, 

level of consciousness, aphasia etc. High score indicates severe stroke. The maximum 

possible score is 42, and the minimum score is 0. NIHSS categories were merged into 

mild stroke (score 0-4), moderate stroke (score 5-15), moderate to severe stroke (score 16-

20) and severe stroke (score > 20) (Ellekjær, 2016). 

• Housing conditions prior to the stroke was listed with the following categories: in their 

own residence (with or without community care), residential care home, nursing home and 

unknown. The categories were merged and dichotomised as subjects living in their own 

residence versus those living in institution/care home. The unknown category was 

maintained.   

• Home situation was categorised into the categories: alone, together with someone, 

institution/nursing home and unknown. These categories were merged and dichotomised 
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into the following categories: alone versus institution/living together with someone. The 

unknown category was maintained.  

• Side location of symptoms was categorised into right, left, bilateral, not relevant and 

unknown. 

• Stroke diagnosis was categorised into cerebral infarction, haemorrhage or not classified. 

• Previous cerebrovascular disease; stroke or TIA. 

• Comorbidities  

o Previous heart attack (yes or no). 

o Atrial fibrillation, confirmed on ECG at present hospital stay or prior to the stroke 

(including paroxysmal atrial fibrillation) (yes or no).  

o Diabetes, diagnosed at present hospital stay or prior to the stroke (yes or no). 

• Smoking habits prior to the stroke were initially categorised into the following categories: 

never, smoker, ex-smoker (non-smoking > 1 month) or unknown. Only the smokers 

versus those never smoking were analysed. Due to uncertainty about the data quality of 

the ex-smokers, these were categorized as “missing” together with those with unknown 

smoking status. 

 

The variables used in this study were recoded and given equal names, then they could be 

compared in our analyses. Previous names and categories, and corresponding new name and 

category, are listed in table 1 (attached). The two questionnaires used in the Nor-COAST 

study and the NHR are also attached. 

 

2.4 Power calculation 

Patients included in the Nor-COAST study were expected to be in average 2 years younger 

than patients who not were included. In the light of data from the NHR and previous studies at 

the stroke unit at St. Olavs Hospital (Ellekjaer et al., 2016; Hokstad et al., 2015), an average 

age in the participating group was estimated to be 72.4 years, and in the non-participating 

group 74.2 years. The standard deviation was presumed to be 11.2 in both groups. With a 

strength of 80%, and a p-value at 0.05, at least 607 participants will be required in each group. 

 

2.5 Ethics 

In this study, patients with acute cerebral stroke were included, which leads to some important 

ethical considerations. These patients are newly diagnosed with a severe disease. Many of the 
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patients are also old and in poor health condition, and some may have poor prognosis and 

short life expectancy. Some participants may be defeated if they don’t manage the tests that 

they previously would have managed, or if they have to give up because they are exhausted. 

To meet some of these challenges, it is important to take breaks, and try to make the testing 

situation a positive experience.  

 

There are also some positive side effects of being included in this study. The patients and 

relatives will get a lot of information on the patient’s cognitive and physical health condition 

after the stroke, and any possible irregular findings will be closely followed up. No 

assessments will bring along any risk for the patient, and the project will give a lot of valuable 

information, which will be useful for this patient group in the future.  

 

In this study, the data from the patients not included were collected from the NHR. The 

dataset also contains information on patients who have refused to participate in the Nor-

COAST study. However, the data material was anonymized to comply with the Norwegian 

legislation on research ethics. 

 

2.6 Statistical analysis 

In this study, all statistical calculations were performed using IBM SPSS Statistics version 24. 

Baseline characteristics were compared between the participants and the non-participants, 

both for all hospitals in total, and for each hospital isolated. For all nominal variables, number 

of patients and percent (of total number of patients) in the different categories were calculated 

by using crosstabs. To analyse the differences between groups for nominal variables, Pearson 

Chi-Square test was used. For all continuous variables, the mean value and standard 

deviations were calculated. To analyse the differences between groups, the independent-

samples T-test were used. P-values < 0,05 were considered statistical significant.   
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3. Results  
 
Out of the 818 patients included from May 5th, 2015, until March 31st, 2017 in the Nor-

COAST study, 739 were included by the end of December 2016 and included in the present 

study accordingly. One patient resigned from the study before data collection, and was for 

that reason taken out of our study. The remaining number of patients included from Nor-

COAST was 738 (figure 2).  

 

The non-participating group consisted of 1516 patients from the Norwegian Stroke Register 

(figure 2). In total, 2254 patients were included in this study. 

 
Figure 2. The patients included in this study.  

 

The number of patients from each hospital and the percentage of total number of patients 

included in the two respective groups are presented in table 2. The last column shows 

proportion of stroke patients included in the Nor-COAST study (participation rates) from each 

of the participating hospitals.  
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Table 2. Hospital name and proportion of patients. Values are n (%). 
Hospital  NHR  

(n=1516) 

Nor-COAST  

(n=738) 

Total  

(n=2254) 

Proportion of stroke 
patients included in 

Nor-COAST 
 

St. Olavs Hospital 555 (36.6) 352 (48.8) 907 (40.3) 352/907 (38.8) 

Haukeland university hospital 403 (26.6) 142 (19.4) 545 (24.2) 142/545 (26.1) 

Ullevål hospital 271 (17.9) 78 (10.7) 349 (15.5) 78/349 (22.3) 

Bærum hospital 248 (16.4) 143 (19.5) 391 (17.4) 143/391 (36.6) 

Ålesund hospital 39   (2.6) 17   (2.3)  56   (2.5) 17/56 (30.4) 

 
!
3.1 Results for all hospitals in total 

Comparisons of baseline characteristics between participants and non-participants from all 

hospitals in total are presented in table 3. Our findings show that a higher amount of the 

participants in the Nor-COAST study were classified with “mild stroke” compared to the 

patients not included, and they also had a lower mean NIHSS score (4.6 (SD = 6.0) compared 

to 7.2 (SD = 8.5)). The participants tended to have a lower modified Rankin Scale (mRS) 

score prior to the stroke than the non-participants (650 subjects (86.3%) compared to 1167 

subjects (78.1%) of the non-participants had score 0-2, which is considered the independent 

group). Furthermore, the participants were more likely to still live in their own residence, 

rather than a residential care home or nursing home. There were a higher number of patients 

with unclassified diagnosis, and a smaller number of patients with the stroke diagnosis 

cerebral haemorrhages in the participating group. Also, fewer of the participants had 

experienced a previous cerebral stroke. The study participants had a lower prevalence of atrial 

fibrillation, compared to the non-participants.  

 

When looking at all hospitals in total, mean age among participants were close to the mean 

age among non-participants, and the differences were not considered significant. 
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Table 3. Results for all hospitals in total. 
Variables Non-participants 

from NHR  
(n = 1516) 

Participants 
from Nor-

COAST  
(n = 738) 

 

P-value* 

Age, mean (SD) 74.0 (14.6) 73.8 (11.8) 0.665** 
Gender, n (%)    
 Female: 716 (47.2) 337 (46.0) 0.596 
 Male: 800 (52.8) 395 (54.0)  
Modified Rankin Scale prior to 
stroke1, n (%) 

   

 0-2: 1167 (78.1) 630 (86.3) < 0.001 
 3-5: 327 (21.9) 100 (13.7)  
Housing conditions prior to stroke, n 
(%) 

   

 In their own residence: 1343 (88.6) 715 (97.7) < 0.001 
 Institution/care home:  167 (11.0) 17  (2.3)  
 Unknown: 6   (0.4) 0  (0.0)  
Side location of symptoms2, n (%)    
 Right: 590 (38.9) 292 (40.1) 0.093 
 Left:  604 (29.8) 314 (43.1)  
 Bilateral: 64   (4.2) 24   (3.3)  
 Not relevant***: 196 (12.9) 82 (11.2)  
 Unknown:  62   (4.1) 17   (2.3)  
Stroke diagnosis3, n (%)    
 Haemorrhage:  236 (15.6) 76  (10.5) < 0.001 
 Infarction:  1269 (83.7) 587 (81.3)  
 Unclassified: 11   (0.7) 59   (8.2)  
NIHSS score at admission4, mean (SD) 7.2 (8.5) 4.6 (6.0) < 0.001** 

NIHSS score at admission4, divided 
into categories, n (%) 

   

 Mild stroke (0-4): 678 (55.5) 487 (69.3) < 0.001 
 Moderate stroke (5-15): 347 (28.4) 164 (23.3)  
 Moderate to severe stroke 

(16-20):  
80   (6.5) 33   (4.7)  

 Severe stroke (> 20): 117 (9.6) 19 (2.7)  
Previous cerebrovascular disease, n 
(%) 

   

 Cerebral stroke: 350 (23.1) 140 (19.1) 0.038 
 TIA5:  144 (9.5) 75 (10.4) 0.157 
Comorbidities, n (%)    
 Previous heart attack: 216 (14.2) 95 (13.0) 0.220 
 Atrial fibrillation: 407 (26.8) 128 (17.5) < 0.001 
 Diabetes6: 231 (15.2) 118 (16.1) 0.161 
Smoke status prior to the stroke7, n 
(%) 

   

 Never: 588 (69.8) 313 (70.7) 0.760 
 Smoker:  254 (30.2) 130 (29.3)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected. 
1) n=1494 and n=736 in the non-participating and the participating group respectively 
2) n=735 in the participating group 
3) n=728 in the participating group  
4) n=1222 and n=709 in the non-participating and the participating group respectively 
5) n=727 in the participating group 
6) n=737 in the participating group 
7) n=842 and n=443 in the non-participating and the participating group respectively 
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3.2 Results for each hospital isolated 

When comparing baseline characteristics between the two groups for each hospital at a time, 

the main finding was that the results were in line with the results from all hospitals in total. 

 

3.2.1 St. Olavs Hospital 

The results for St. Olavs hospital are shown in table 4. As for all hospitals in total, the NIHSS 

score was lower among participants from St. Olavs hospital, compared to the non-

participating group, and a higher amount of the participants had a “mild stroke”. The results 

also showed that the participants were more likely to live in their own residence, and they had 

a lower prevalence of atrial fibrillation. Among the participants from St. Olavs, there was a 

high amount of unclassified stroke diagnoses. As distinct from all hospitals in total, the results 

from St. Olavs Hospital showed significant differences in pre-stroke mRS scores between the 

two groups, and a significantly higher mean age among the participants, compared to the non-

participating group. Finally, the results showed a significant difference when it came to side 

location; with a higher number of patients with symptoms located to their left side among the 

participants in Nor-COAST.  
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Table 4. Results for St. Olavs hospital. 
Category NHR  

(n = 555) 
 

Nor-COAST 
(n = 352) 

P-value* 

Age, mean (SD) 72.9 (13.4) 75.1 (10.7) 0.005** 

Gender, n (%)    
 Female: 252 (45.4) 165 (46.9) 0.665 
 Male: 303 (54.6) 187 (53.1)   
Modified Rankin Scale prior to stroke, n 
(%) 

   

 0-2: 409 (73.8) 273 (78.0) 0.156 
 3-5: 145 (26.2) 77 (22.2)  
Housing conditions prior to stroke, n (%)    
 In their own residence: 499 (89.9) 336 (95.5) 0.010 
 Institution/care home:  55   (9.9) 16  (4.5)  
 Unknown: 1   (0.2) 0  (0.0)  
Side location of symptoms, n (%)    
 Right: 238 (42.9) 146 (41.8) 0.031 
 Left:  208 (37.5) 160 (45.8)  
 Bilateral: 28   (5.0) 12   (3.4)  
 Not relevant***: 42   (7.6) 16   (4.6)  
 Unknown:  39   (7.0) 15   (4.3)  
Stroke diagnosis, n (%)    
 Haemorrhage:  91 (16.4) 43 (12.5) < 0.001 
 Infarction:  459 (82.7) 253 (73.5)  
 Unclassified: 5   (0.9) 48 (14.0)  
NIHSS score at admission, mean (SD) 9.3 (10.6) 5.2 (6.4)  < 0.001** 

NIHSS score at admission, divided into 
categories, n (%) 

   

 Mild stroke (0-4): 215 (50.0) 217 (65.2) < 0.001 
 Moderate stroke (5-15): 111 (25.8) 85 (25.5)  
 Moderate to severe stroke (16-

20):  
42   (9.8) 19   (5.7)  

 Severe stroke (> 20): 62 (14.4) 12 (3.6)  
Previous cerebrovascular disease, n (%)    
 Cerebral stroke: 120 (21.6) 75 (21.3) 0.849 
 TIA:  59 (10.6) 48 (13.6) 0.064 
Comorbidities, n (%)    
 Previous heart attack: 89 (16.0) 52 (14.8) 0.332 
 Atrial fibrillation: 142 (25.6) 66 (18.8) 0.002 
 Diabetes: 85 (15.3) 62 (17.6) 0.192 
Smoke status prior to the stroke, n (%)    
 Never: 219 (69.1) 146 (67.0) 0.606 
 Smoker:  98 (30.9) 72 (33.0)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected. 
 
 

3.2.2 Haukeland university hospital 

Results from Haukeland university hospital are presented in table 5. In line with the results 

from St. Olavs Hospital, participants from Haukeland also had a lower NIHSS score, and a 

higher amount of mild strokes compared to the group not included. 100.0% of the participants 

lived in their own residence, compared to 91.8% in the non-participating group, and the 

results also showed a lower prevalence of atrial fibrillation in the participating group.  
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Table 5. Results for Haukeland university hospital. 
Category NHR  

(n = 403) 
 

Nor-COAST 
(n = 142) 

P-value* 

Age, mean (SD) 73.9 (15.3) 70.5 (12.7) 0.010** 

Gender, n (%)    
 Female: 187 (46.4) 58 (40.8) 0.252 
 Male: 216 (53.6) 84 (59.2)  
Modified Rankin Scale prior to stroke, n 
(%) 

   

 0-2: 300 (74.6) 133 (93.7) < 0.001 
 3-5: 102 (25.4) 9 (6.3)  
Housing conditions prior to stroke, n (%)    
 In their own residence: 370 (91.8) 142 (100.0) 0.002 
 Institution/care home:  31   (7.7) 0     (0.0)  
 Unknown: 2   (0.5) 0     (0.0)  
Side location of symptoms, n (%)    
 Right: 151 (37.5) 55 (38.7) 0.005 
 Left:  184 (45.7) 57 (40.1)  
 Bilateral: 21   (5.2) 1   (0.7)  
 Not relevant***: 43 (10.7) 29 (20.4)  
 Unknown:  4   (1.0) 0   (0.0)  
Stroke diagnosis, n (%)    
 Haemorrhage:  52 (12.9) 10   (7.0) 0.093 
 Infarction:  348 (86.4) 132 (93.0)  
 Unclassified: 3   (0.7) 0   (0.0)  
NIHSS score at admission, mean (SD) 7.2 (7.3) 3.4 (4.2) < 0.001** 

NIHSS score at admission, divided into 
categories, n (%) 

   

 Mild stroke (0-4): 207 (54.2) 109 (76.8) < 0.001 
 Moderate stroke (5-15): 115 (30.1) 30 (21.1)  
 Moderate to severe stroke (16-

20):  
24   (6.3) 2   (1.4)  

 Severe stroke (> 20): 36 (9.4) 1 (0.7)  
Previous cerebrovascular disease, n (%)    
 Cerebral stroke: 91 (22.6) 24 (16.9) 0.092 
 TIA:  30   (7.4) 10   (7.0) 0.239 
Comorbidities, n (%)    
 Previous heart attack: 65 (16.1) 18 (12.7) 0.153 
 Atrial fibrillation: 126 (31.3) 21 (14.8) 0.001 
 Diabetes: 63 (15.6) 21 (14.8) 0.812 
Smoke status prior to the stroke, n (%)    
 Never: 124 (58.2) 54 (65.1) 0.280 
 Smoker:  89 (41.8) 29 (34.9)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected. 
 

Like for all hospitals in total, we found a lower pre-stroke mRS score among study 

participants. As opposed to St. Olavs hospital, we found a significantly lower mean age 

among study participants (70.5 compared to 73.9 in the control group), and the results showed 

a higher number of participants with side location “not relevant” compared to the patients not 

included in Nor-COAST.  
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3.2.4 Ullevål hospital 

Results for Ullevål hospital are shown in table 6. At this hospital, no significant differences in 

pre-stroke mRS score or NIHSS score at admission were found. However, we found a 

significantly higher mean age among participants in Nor-COAST compared to the non-

participating group (78.6 years compared to 72.4 years). 100.0% of the participants lived at 

home, compared to 85.2% in the non-participating group. In line with the results from St. 

Olavs hospital, the participants were more likely to have symptoms located to their left side of 

the body. Also, there was a lower prevalence of cerebral haemorrhage among participants, 

and a higher amount of unclassified stroke diagnoses.  
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Table 6. Results for Ullevål hospital. 
Category NHR  

(n = 271) 
 

Nor-COAST 
(n = 78) 

P-value* 

Age, mean (SD) 72.4 (15.7) 78.6 (7.9) < 0.001** 

Gender, n (%)    
 Female: 120 (44.3) 39 (50.0) 0.371 
 Male: 151 (55.7) 39 (50.0)  
Modified Rankin Scale prior to stroke, n 
(%) 

   

 0-2: 225 (89.6) 75 (96.2) 0.076 
 3-5: 26 (10.4) 3 (3.8)  
Housing conditions prior to stroke, n (%)    
 In their own residence: 231 (85.2) 78 (100.0) 0.002 
 Institution/care home:  37 (13.7) 0     (0.0)  
 Unknown: 3   (1.1) 0     (0.0)  
Side location of symptoms, n (%)    
 Right: 98 (36.2) 27 (34.6) 0.042 
 Left:  95 (35.1) 35 (44.9)  
 Bilateral: 9   (3.3) 6   (7.7)  
 Not relevant***: 57 (21.0) 10 (12.8)  
 Unknown:  12   (4.4) 0   (0.0)  
Stroke diagnosis, n (%)    
 Haemorrhage:  43 (15.9) 5   (6.4) < 0.001 
 Infarction:  228 (84.1) 68 (87.2)  
 Unclassified: 0   (0.0) 5   (6.4)  
NIHSS score at admission, mean (SD) 4.1 (5.0) 3.5 (4.9) 0.381** 

NIHSS score at admission, divided into 
categories, n (%) 

   

 Mild stroke (0-4): 120 (66.7) 57 (76.0) 0.324 
 Moderate stroke (5-15): 52 (28.9) 14 (18.7)  
 Moderate to severe stroke (16-

20):  
7   (3.9) 4   (5.3)  

 Severe stroke (> 20): 1 (0.6) 0 (0.0)  
Previous cerebrovascular disease, n (%)    
 Cerebral stroke: 64 (23.6) 17 (21.8) 0.168 
 TIA:  19   (7.0) 6   (9.0) 0.600 
Comorbidities, n (%)    
 Previous heart attack: 31 (11.4) 16 (20.5) 0.104 
 Atrial fibrillation: 58 (21.4) 15 (19.2) 0.365 
 Diabetes: 47 (17.3) 15 (19.5) 0.692 
Smoke status prior to the stroke, n (%)    
 Never: 90 (65.7) 31 (68.9) 0.694 
 Smoker:  47 (34.3) 14 (31.1)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected 
 

3.2.5 Bærum hospital 

Results for Bærum hospital are presented in table 7. The results showed that the participants 

in Nor-COAST had a lower pre-stroke mRS score compared to the group not included, 

however, no significant differences in NIHSS score at admission were found. The results 

showed a significantly higher amount of study participants living in their own residence 

(100.0% compared to 84.3% in the non-participating group). We also found a lower mean age 

among the participants (71.0 compared to 77.9 in the non-participating group).  
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Table 7. Results for Bærum hospital. 
Category NHR  

(n = 248) 
 

Nor-COAST 
(n = 143) 

P-value* 

Age, mean (SD) 77.9 (14.5) 71.0 (13.7) < 0.001** 

Gender, n (%)    
 Female: 133 (53.6) 69 (48.3) 0.305 
 Male: 115 (46.4) 74 (51.7)  
Modified Rankin Scale prior to stroke, n 
(%) 

   

 0-2: 204 (82.3) 136 (95.1) < 0.001 
 3-5: 44 (17.7) 7   (4.9)  
Housing conditions prior to stroke, n (%)    
 In their own residence: 209 (84.3) 143 (100.0) < 0.001 
 Institution/care home:  39 (15.7) 0     (0.0)  
 Unknown: 0   (0.0) 0     (0.0)  
Side location of symptoms, n (%)    
 Right: 88 (35.5) 58 (40.6) 0.867 
 Left:  105 (42.3) 54 (37.8)  
 Bilateral: 4   (1.6) 3   (2.1)  
 Not relevant***: 47 (19.0) 26 (18.2)  
 Unknown:  4   (1.6) 2   (1.4)  
Stroke diagnosis, n (%)    
 Haemorrhage:  43 (17.3) 17 (12.1) 0.213 
 Infarction:  202 (81.5) 120 (85.1)  
 Unclassified: 3   (1.2) 4   (2.8)  
NIHSS score at admission, mean (SD) 5.9 (6.9) 4.7 (6.7) 0.128** 

NIHSS score at admission, divided into 
categories, n (%) 

   

 Mild stroke (0-4): 130 (59.1) 97 (69.3) 0.089 
 Moderate stroke (5-15): 66 (30.0) 31 (22.1)  
 Moderate to severe stroke (16-

20):  
7   (3.2) 7   (5.0)  

 Severe stroke (> 20): 17 (7.7) 5 (3.6)  
Previous cerebrovascular disease, n (%)    
 Cerebral stroke: 61 (24.6) 22 (15.4) 0.072 
 TIA:  30 (12.1) 9   (6.3) 0.069 
Comorbidities, n (%)    
 Previous heart attack: 24   (9.7) 7   (4.9) 0.105 
 Atrial fibrillation: 70 (28.2) 25 (17.5) 0.056 
 Diabetes: 29 (11.7) 18 (12.6) 0.793 
Smoke status prior to the stroke, n (%)    
 Never: 133 (89.9) 76 (88.4) 0.722 
 Smoker:  15 (10.1) 10 (11.6)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected. 
 

 

3.2.6 Ålesund hospital 

None of the results for Ålesund hospital were considered statistically significant. Results for 

Ålesund hospital are shown in table 8. 
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Table 8. Results for Ålesund hospital. 
Category NHR  

(n = 39) 
 

Nor-COAST 
(n = 17) 

P-value* 

Age, mean (SD) 78.1 (12.2) 74.2 (12.1) 0.276** 

Gender, n (%)    
 Female: 24 (61.5) 6 (35.3) 0.070 
 Male: 15 (38.5) 11 (64.7)  
Modified Rankin Scale prior to stroke, n 
(%) 

   

 0-2: 29 (74.4) 13 (76.5) 0.867 
 3-5: 10 (25.6) 4 (23.5)  
Housing conditions prior to stroke, n (%)    
 In their own residence: 34 (87.2) 16 (94.1) 0.440 
 Institution/care home:  5 (12.8) 1   (5.9)  
 Unknown: 0   (0.0) 0   (0.0)  
Side location of symptoms, n (%)    
 Right: 15 (38.5) 6 (35.3) 0.385 
 Left:  12 (30.8) 8 (47.1)  
 Bilateral: 2   (5.1) 2 (11.8)  
 Not relevant***: 7 (17.9) 1   (5.9)  
 Unknown:  3   (7.7) 0   (0.0)  
Stroke diagnosis, n (%)    
 Haemorrhage:  7 (17.9) 1   (5.9) 0.055 
 Infarction:  32 (82.1) 14 (82.4)  
 Unclassified: 0   (0.0) 2 (11.8)  
NIHSS score at admission, mean (SD) 5.4 (7.9) 7.6 (9.4) 0.556** 

NIHSS score at admission, divided into 
categories, n (%) 

   

 Mild stroke (0-4): 6 (60.0) 7 (53.8) 0.839 
 Moderate stroke (5-15): 3 (30.0) 4 (30.8)  
 Moderate to severe stroke (16-

20):  
0   (0.0) 1   (7.7)  

 Severe stroke (> 20): 1 (10.0) 1 (7.7)  
Previous cerebrovascular disease, n (%)    
 Cerebral stroke: 14 (35.9) 2 (11.8) 0.066 
 TIA:  6 (15.4) 2 (11.8) 0.363 
Comorbidities, n (%)    
 Previous heart attack: 7 (17.9) 2 (11.8) 0.124 
 Atrial fibrillation: 11 (28.2) 1   (5.9) 0.082 
 Diabetes: 7 (17.9) 2 (11.8) 0.562 
Smoke status prior to the stroke, n (%)    
 Never: 22 (81.5) 6 (54.5) 0.087 
 Smoker:  5 (18.5) 5 (45.5)  
*Pearson chi-square test unless stated otherwise, **Independent-samples T-test, ***Denotes no significant side 
affected. 
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4. Discussion  
The main results from the present student thesis including more than 2200 patients with stroke 

from a defined population showed that patients included in the Nor-COAST study did not 

differ significantly according to age, but suffered from less severe strokes compared to the 

patients not included. Hence, the secondary hypothesis was confirmed while the primary 

hypothesis was not confirmed.  

 

4.1 Discussion of results  

Older age is a risk factor of severe stroke, pre stroke dementia and comorbidity (Appelros et 

al., 2003; Pendlebury, 2012; Ritchie et al., 2015), and previous studies show that older people 

for that reason often are unavailable for assessment (Chatfield et al., 2005; Desmond et al., 

1998; Paganini-Hill et al., 2013; Pendlebury, Chen, Bull, et al., 2015; Ritchie et al., 2015). 

We therefore assumed that the participants in Nor-COAST would be younger than the non-

participating group. When comparing participants and non-participants for all hospitals in 

total, no significant age differences were found. However, some age differences were found 

when comparing the two groups for each hospital at a time. 

 

One of the main differences between the two groups were the severity of the stroke. The 

participants in Nor-COAST had on average 2.6 points lower NIHSS score compared to the 

non-participating group, and a higher amount of patients with mild strokes (69.3% compared 

to 55.5% in the control group). The annual report from NHR showed that 59.8% of the 

patients had mild strokes in 2016 (Fjærtoft et al., 2017). When comparing the patients from 

Nor-COAST to the numbers from the annual report, the differences were smaller than first 

assumed. Anyhow, the result indicates that patients with the most severe strokes have not 

been included in the Nor-COAST study. Because severe stroke is a risk factor of PSD (Henon 

et al., 2006; Pendlebury, 2012), there is high risk of underestimating PSD in the Nor-COAST 

study. 

 

Patients included in the Nor-COAST study also tended to have a lower mRS score and a 

higher amount of people living in their own residence prior to the stroke. People living at 

home are in general in better health condition than those living in institutions, which implies 

younger age, less comorbidity and lower mRS score. The mRS score is a measurement on 

functional impairment (van Swieten et al., 1988), and may be heightened by cognitive or 

physical causes, or a combination of both. Previous research indicates that comorbidities prior 
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to stroke, cognitive decline and older age lead to more severe stroke, with worse outcome 

(Appelros et al., 2003; Pendlebury, 2012; Renoux et al., 2017). Severe stroke and cognitive 

decline are risk factors of PSD (Henon et al., 2006; Pendlebury, 2012), which means that 

patients with high mRS score are in a higher risk of developing PSD. The housing condition 

in it self is not necessarily a risk factor, but can give an indication of the patient’s health 

condition. Exclusion of patients with high mRS score and patients living in institutions will 

most probably contribute to an increased risk of underestimating stroke related dementia. 

Among the participants from Nor-COAST, 86.3% were self-reliant (score 0-2) prior to the 

stroke, compared to 78.1% among the non-participants. Numbers from the annual report show 

that 85% of patients in the stroke registry were self-reliant prior to stroke (Fjærtoft et al., 

2017). This indicates that the participants from Nor-COAST may not differ as much from the 

Norwegian stroke population as first assumed when it comes to mRS score prior to stroke.  

 

When looking at comorbidities like atrial fibrillation and previous stroke, patients included in 

the Nor-COAST study had a lower prevalence of both conditions. Only 17.5% of participants 

were diagnosed with atrial fibrillation compared to 26.8% in the non-participating group. 

Further on, 19.1% of the participants had experienced a previous stroke, compared to 23.1% 

in the non-participating group. In the annual NHR report prevalence of atrial fibrillation 

among stroke patients was close to the prevalence in the non-participating group, from that it 

seems that the lower prevalence of atrial fibrillation among study participants is real. 

Recurrent stroke is a major risk factor of PSD (Henon et al., 2006; Pendlebury, 2012; 

Pendlebury & Rothwell, 2009). Atrial fibrillation is a condition seen in a higher prevalence 

among patients with poor health and older age (Krahn, Manfreda, Tate, Mathewson, & 

Cuddy, 1995). Atrial fibrillation is also a risk factor to stroke (Lip, 2014). Some studies 

indicate a higher risk of developing PSD if the patient has atrial fibrillation prior to the stroke 

(Barba et al., 2000; Henon et al., 2006; Pendlebury, 2012). At the same time, atrial fibrillation 

is a risk factor of severe and recurrent stroke, with multiple lesions and a worse outcome 

(Appelros et al., 2003; Pendlebury, 2012). These are also risk factors to PSD, so they might 

be confounding factors. Regardless, exclusion of patients with atrial fibrillation and previous 

stroke can potentially lead to bias.  

 

Our findings show that a higher part of the patients with cerebral haemorrhage were excluded 

from the study, which may have ethical reasons, since these patients often are in worse health 

condition in the acute stage compared to those with cerebral infarction. Patients with 
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haemorrhage often have more severe stroke with poorer prognosis, compared to infarction 

(Gjerstad, 2016). The risk of developing dementia after stroke does not seem to be influenced 

by the stroke type (Barba et al., 2000; Henon et al., 2001), but the severity of the stroke can of 

course affect the outcome. The results in this student thesis show that 10.5% of the patients 

included in Nor-COAST had cerebral haemorrhage as stroke diagnosis, while 15.6% of the 

controls had cerebral haemorrhage. When comparing to the numbers from the annual report 

from NHR, 13.5% had cerebral haemorrhage, which may indicate that the differences were 

not as large as first assumed. Another important point is that the stroke diagnoses of the Nor-

COAST participants were classified with the Oxford classification system, while the ICD-10 

system was used in non-participants from NHR. This may have lead to a higher amount of 

unclassified stroke diagnoses in the Nor-COAST study, which also means that the numbers 

above should be interpreted with caution. 

 

Even though there were differences between the two groups, many of the characteristics were 

the same in both participants and non-participants. The distribution of gender seemed to be 

equally distributed, with a slightly higher amount of men compared to women in both groups. 

The presence of well-known risk factors like diabetes mellitus, previous TIA and smoking 

habits were approximately the same in the two groups. In addition, the amount of participants 

with previous heart attack did not significantly differ from the patients in the non-

participating group. Even though there were differences between the two groups at some of 

the hospitals, when looking at all hospitals in total there were not significant differences when 

it came to mean age and side location.  

 

When interpreting the future results from the Nor-COAST study, it will be important to have 

these differences in baseline characteristics in mind.  

 

4.2 Hospital differences 

The two baseline variables that differed at some of the hospitals, and not in the total, were age 

and side location. At Haukeland and Bærum hospital, the mean age was significantly lower in 

the participating group, indicating a selection bias toward younger patients. However, at St. 

Olavs and Ullevål, we found the opposite, a higher mean age among study participants 

compared to the non-participants. There are several possible reasons for this result. At St. 

Olavs patients from both the neurological department and the stroke unit were included. All 

stroke patients under 60 years old are admitted to the neurological department, which means 
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that the stroke unit have a higher average age. There has been a higher recruitment to the Nor-

COAST study from the stroke unit, compared to the neurological department, which may 

explain why St. Olavs had high mean age. At Ullevål, another study including stroke patients 

less than 70 years old with light symptoms took place at the same time. This may have lead to 

a higher mean age among stroke patients recruited to the Not-COAST study. In total, the 

average age was close to each other in both groups. Because increasing age is a risk factor of 

PSD (Henon et al., 2006; Pendlebury, 2012) the future results have to be interpreted with 

caution when looking at these respective hospitals.  

 

At St. Olavs and Ullevål hospital, patients with symptoms on the right side of the body (i.e. 

left hemisphere stroke) tended to be excluded from the study. Typically symptoms associated 

with left hemisphere stroke are hemiparesis on right side of the body and dysphasia (both 

impressive and expressive), which can make testing situation challenging (Pendlebury, Chen, 

Bull, et al., 2015). Some studies indicate that left hemisphere stroke and dysphasia are 

associated with higher risk of PSD (Lin et al., 2003; Pendlebury, 2012; Pohjasvaara et al., 

1998). Hence, exclusion of patients with left hemisphere stroke may lead to underestimation 

of PSD. However, when looking at all hospitals in total, there are no significant differences in 

side location between participants and non-participants. 

 

When the future results from each hospital are going to be presented it will be important to 

have the differences in baseline characteristics for that particular hospital in mind.  

 

4.3 Methodological aspects 

The cognitive assessments in the Nor-COAST study consisted of a number of tests to 

investigate the patient’s cognitive function after stroke. To obtain data, medical records, 

telephone interview or interview of the patient, relatives or health professionals were used. 

The assessment included a comprehensive questionnaire, several tests like the Montreal 

Cognitive Assessment (MoCA), trail-making tests, and physical tests. The assessment was 

estimated to last around 2 hours, which unquestionably can be challenging for many of the 

stroke patients. Even though there were offered alternatives to patients not able to complete 

the test, one can imagine that the process of inclusion into the study somehow was affected by 

an unintentional selection towards patients with a better health condition, who were more 

likely to finish the test.  
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Common causes of exclusion from studies are older age, impaired function, comorbidities, 

severe stroke, hemiparesis, dysphasia and cognitive impairment prior to the stroke (Paganini-

Hill et al., 2013; Pendlebury, Chen, Bull, et al., 2015; Ritchie et al., 2015). In the Nor-COAST 

study, the following factors seemed to make the patients unavailable for assessment: severe 

stroke, impaired function prior to stroke, living in institutions prior to stroke, cerebral 

haemorrhage, atrial fibrillation and recurrent stroke. In addition, it may seem that patients 

with left hemisphere stroke and older age were excluded at some of the hospitals.  

 

Patients with life expectancy < 3 months were excluded from the Nor-COAST study, which 

may have resulted in exclusion of stroke patients with poor health condition and severe 

stroke. This may have lead to an underestimation of PSD. On the other hand, these patients 

would most likely be lost to follow-up, and the diagnosis of PSD would remain unknown at 

the time of death.  

 

At Haukeland hospital, a high amount of the patients had side location “not relevant”, which 

may be caused by methodological reasons. In the operating manual, the category “not 

relevant” is defined as; “no side differences are found”, which also in some cases can be 

interpreted as “unknown”. Even though the researchers who have been working with the Nor-

COAST study have used the same operating manual as the NHR, we don’t know if the 

alternatives have been interpreted differently. For that reason, it is unknown whether there are 

real side location differences between the two groups at Haukeland.  

 

The questionnaire used by NHR was slightly different from the questionnaire used by Nor-

COAST. Although they contained mostly the same questions, some of the variables had 

different categories. The two respective questionnaires are attached.  

 

In contrast to the NHR questionnaire, the Nor-COAST questionnaire was lacking an option 

for responding “no” on the items for previous diseases. The question was whether the patient 

has had previous cardiovascular/endocrine disease, with several diseases listed as alternatives. 

It’s conceivable that the two different forms have been leading to different interpretations. If 

the box was empty (not marked with a cross) there is difficult to say whether the answer is 

“no”, “unknown” or if the examiner had just forgotten to mark the box with a cross. All of 

these alternatives were defined as “no” in this study, which may lead to an underestimation of 

previous diseases among the participants.  
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In contrast to the NHR questionnaire, the Nor-COAST questionnaire was lacking the options 

“yes” and “no” on the item, previous cerebral stroke/TIA. The question was whether the 

patient has had cerebrovascular disease, with several alternatives, like “infarction”, 

“haemorrhage”, “TIA” etc. Because TIA is not defined as stroke, patients with “previous 

cerebrovascular disease, but unknown whether it was infarction, haemorrhage or TIA” was 

categorized as “previous stroke unknown” in the present study. The findings in this study 

showed that the Nor-COAST participants had a lower prevalence of previous stroke, which 

may have been a result of underestimation of stroke cases due to this methodological 

challenge. 

 

To prevent the results of being too comprehensive, we chose to exclude some of the variables 

of little importance to the result. That included NIHSS score 24 hours after admission, home 

situation prior to stroke, what type of previous stroke the patient has had and when the patient 

had a previous TIA.  

 

Smoke status was categorised into “never” and “smoker”. The reason why “ex-smoker” and 

“unknown” were excluded is that there was a high amount of unknown subjects in the stroke 

registry, leading to statistically significant results for all hospitals. When the categories 

“unknown” and “ex-smoker” were excluded, none of the hospitals had significant differences 

between the two groups. Hence, the differences found in the first analyses were most likely 

due to methodological bias.  

 

In general, there was a small amount of missing values, which strengthen this study. 

However, about 15% of NIHSS scores were missing, which may lead to systematic error if 

the missing values mostly included the healthiest or the sickest patients. There are several 

potential reasons for the high number of missing values, e.g. that patients with vague 

symptoms may not be diagnosed with stroke right away, and for that reason NIHSS score is 

not completed. Missing values can be found in table 3. 

 

There are some limitations to this study. One is that none of the variables from the stroke 

registry had data on cognitive ability prior to stroke or education level. Education level and 

cognitive ability prior to stroke is important to determine the patient’s risk of developing 

PSD. Moreover, the questionnaire used in Nor-COAST differed from the ones used in NHR 

for some of the variables. In the process of interpreting the data from the two forms, 
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methodological bias may have occurred. However, the forms were alike in most of the 

variables used, and the same operating manual was used. We presume the bias to be minimal. 

In a future study, some of the Nor-COAST variables should be validated against the 

corresponding variables from the stroke registry. Comparing the NHR data with the 

corresponding Nor-COAST data for patients included in the study only could do this. 

 

The major strength of the Nor-COAST study is the high number of participants. Another 

strength is that the study material of the control group is collected from the Norwegian Stroke 

Registry (NHR). The register fulfils the criteria of the highest level of quality, and had a 

coverage of 84% in 2016 (Nilsen, 2017). In addition, the hospitals participating in this study 

had an even higher coverage than 84% (except for Haukeland hospital), which means the data 

material used in the study represent values closer to the Norwegian stroke population 

(Fjærtoft et al., 2017). Most of the variables in NHR have substantial to excellent reliability, 

and serve as valuable source of data for epidemiological, clinical and healthcare studies (T. 

Varmdal et al., 2016; Torunn Varmdal et al., 2015).  

 

4.3.1 External validity 

When interpreting the results from the present study, it is important to have in mind that the 

control group consists of patients from NHR, where data from the patients included in Nor-

COAST were extracted. None of these groups should be regarded as the general stroke 

population. However, data from the annual report (2016) by NHR, with its coverage of 84%, 

were used to compare the results against the stroke population in whole (Fjærtoft et al., 2017). 

Nevertheless, in future research a third group representing the unselected Norwegian stroke 

population should be included.  

 

4.4 Conclusion 

The participants included in the Nor-COAST study did not differ significantly from those not 

included with respect to age, however the participants included in Nor-COAST seemed to be 

slightly healthier prior to the stroke, with a lower modified Ranking Scale score, and a smaller 

prevalence of atrial fibrillation and previous stroke. They also tended to have milder strokes, 

expressed by a lower mean NIHSS score among the study participants. At some of the 

hospitals, we could see age differences between participants and non-participants, and also 

differences when it came to side location of symptoms. In summary, these results indicate that 

selection bias most likely has occurred in the Nor-COAST study, increasing the risk of 
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underestimating post stroke dementia in this population. Hence, the future results have to be 

interpreted with these results in mind. 
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Appendix 4. REK acceptance 
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