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1. Background of the research project 

People of all ages can improve their health and quality of life through a lifelong practice of 

moderate physical activity1. A regular, preferably daily regimen of at least 30-45 minutes of 

brisk walking, bicycling, or even working around the house or yard can reduce the risks of 

coronary heart disease, hypertension, colon cancer, and diabetes1. Physical activity is also 

important for the integrity of muscles, bones and joints1. In addition to physical benefits, 

mental health is improved by physical activity1 and therefore positively affects quality of life.  

Unfortunately, stroke survivors are often deconditioned2 and predisposed to a sedentary 

lifestyle that limits performance of activities of daily living3, increases the risk of falls4, and 

may contribute to a heightened risk of recurrent stroke and cardiovascular disease5-6. 

Objective, easy to use instruments providing stroke patients information on their level of 

physical activity are important. Such instruments might stimulate stroke survivors to start a 

more active lifestyle.  On the other hand, these instruments are relevant for the clinician to 

measure physical activity and to better understand the relation between physical activity and 

physical fitness.  

The reduced cardiovascular fitness2, along with the increased energy demands7-8, may 

contribute to low ambulatory activity levels and to poor rehabilitation outcomes in stroke 

survivors.  Even modest increases in the fitness levels of stroke patients could result in 

significant functional gains2. This supports a strong rationale for exercise-based interventions 

of sufficient frequency, intensity and duration to provoke adaptation in peak aerobic fitness. 

Although recently stroke rehabilitation aims at improving physical fitness, it is unclear if this 

goal is achieved and if long-term benefits are retained. To our knowledge, the longitudinal 

evolution of physical fitness over the first year post-stroke has not been previously studied. A 

recent meta-analysis9 supports the use of aerobic exercise to improve aerobic capacity in 

stroke survivors, but data are lacking on long-term exercise training and follow-up. To better 

delineate interventions and maintain long-term benefits, identification of the factors that are 

associated with cardiorespiratory fitness is crucial. 

The first part of this general introduction describes the definitions of stroke, physical activity 

and physical fitness. The second part focuses on the physical activity and cardiorespiratory 

fitness in patients with stroke. Finally, the objectives of the doctoral project are outlined.  
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2. Stroke, physical activity and cardiorespiratory fitness 

2.1  Definitions 

According to the World Health Organisation (WHO), stroke or cerebrovascular accident 

(CVA) is defined as ‘rapidly developing clinical signs of focal or global disturbance of 

cerebral function, with symptoms lasting 24 hours or longer or leading to death, with no 

apparent cause other than of vascular origin’10. This definition includes ischemic stroke, 

intracerebral and subarachnoid haemorrhage but excludes subdural haematomas as well as 

transient ischemic attacks11. The rapidly developing loss of brain function(s) is caused by the 

interruption of the blood supply (oxygen and nutrients) to the brain. This can be due to 

ischemia (lack of blood flow) caused by blockage (thrombosis, arterial embolism), or a 

hemorrhage (leakage of blood). The most common impairments seen after a stroke are motor 

and sensory deficits of the face, arm and/or leg, most often on one side of the body. Other 

symptoms include visual, cognitive, perceptual, psychological and communicative deficits.  

The degrees of impairments vary greatly among patients and are related to the site and extent 

of lesion in the brain.  

Worldwide in 2000-08, averaged age-adjusted annual incidence of stroke per 100,000 

population in high income countries was 94 and 117 in low to middle income countries12. 

Early (21 day to 1 month) case fatality was 17 to 30% in high income countries and 18 to 35% 

in low to middle income countries, in 2000-0812. Stroke is a leading cause of long-term severe 

disability13. More than 50% of stroke survivors have residual motor and functional deficits 

which have an impact on their participation and quality of life14.  Motor recovery occurs 

predominantly within the first 12 weeks after stroke15,16 and may be the result of spontaneous 

recovery17, whereas functional outcome (handicap and quality of life) may still improve after 

six months18,19. The time course of recovery is related to initial stroke severity15,16,20.  

 

Physical activity (PA) is defined as: ‘any bodily movement produced by skeletal muscles that 

result in caloric expenditure’21.  This includes several domains of activities: home and 

household activities, personal care, transportation and occupational, leisure and sporting 

activities. PA is commonly quantified using the following four dimensions: (1) frequency - 

‘the number of events of PA during a specific time period’; (2)   duration - ‘time of 

participation of a single bout of PA’; (3) - intensity which refers to ‘the physiological effort 

associated with participating in a special type of PA’; and (4) – type of activity21.  
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Exercise (or exercise training), a type of PA is defined as: ‘a planned, structured and 

repetitive bodily movement done to improve or maintain one or more components of physical 

fitness’21. Physical inactivity denotes a level of activity less than that needed to maintain good 

health.  
 

Health-related fitness comprises physical capacities that contribute to health: cardiorespiratory 

endurance, muscular strength, muscular endurance, flexibility and body composition. 

Cardiorespiratory fitness (CRF) is defined as: ‘the ability of the body to perform large-

muscle, dynamic exercise at moderate to high levels of intensity for a prolonged period’22. 

The performance of such exercises depends on the functional state of the cardiovascular, 

respiratory, and skeletal muscle systems. The peak oxygen uptake obtained during a maximal 

incremental exercise test (ergometer cycling or treadmill walking) is widely used as an 

indicator of aerobic capacity. Muscular strength  refers to the maximal force that can be 

generated by a specific muscle or muscle group. Body mass index, skinfolds preferably taken 

at several sites on the limbs and trunk, and waist and hip circumferences are used to quantify 

body composition. 
 

2.2 Physical activity post-stroke 

More than 50% of stroke survivors suffer from a great range of impairments and disabilities 

with a negative impact on patients’ independency in activities of daily living and self-care23. 

Nonetheless, approximately 80% of people with stroke live at home24. This indicates the 

support of informal caregivers. Residual motor and functional deficits also affect the level of 

participation and quality of life. Providing services in which stroke patients can participate, 

such as social activities, leisure and sport related activities could prevent social isolation of 

the patient and enhance their quality of life. Moreover, emotional and practical support of a 

caregiver is known to affect the functional and psycho-social outcome of the stroke 

patient25,26. However, caring for persons with a disability is associated with a high risk of 

disrupting a caregivers’ work and leisure, family life and quality of life24,27,28, and can 

represent a physical as well as a psychological burden. Because of the importance of support 

from an informal caregiver to enhance active participation in the community of stroke 

patients, prevalence and determinants of stroke caregivers’ strain was first examined in 

chapter 1 of this doctoral project. 
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To give stroke patients feedback on their achieved level of daily PA, a valid, objective, 

affordable and simple to use device is needed.  Heart rate and activity monitoring in the form 

of pedometers or accelerometers are readily available, inexpensive, unobtrusive and objective 

methods of measuring PA. Heart rate (HR) is a physiological variable that closely reflects 

changes in intensity of PA. However, HR is influenced by non-intensity related factors such 

as emotion, posture, environmental conditions, medication, and fitness level29. Therefore 

mechanical devices, such as accelerometers and pedometers may be a good alternative. 

Accelerometers are able to determine the duration and intensity of movement as well as the 

total amount of activity accumulated. A pedometer is an inexpensive and simple device that 

counts the number of steps taken (walking, running or stairs). Although providing limited 

detailed information, this simple device may be of interest in the stroke population as 

moderate to severe stroke survivors are often restricted to walking activities of short duration.  

Numerous studies have found heart rate monitors, accelerometers and pedometers to provide 

valid, accurate and/or reliable data for assessing physical activities in healthy populations. 

Gait difficulties, movement abnormalities and the low intensity of activity may compromise 

the validity of these devices in the stroke population. To our knowledge, no study used heart 

rate monitors for assessing PA in the stroke population. The RT3 accelerometer provided a 

stable measure of free-living PA and was found to distinguish between people with varying 

levels of mobility in adults with neurologic dysfunction30. Haeuber et al31, however, found 

that the Caltrac accelerometer was not accurate and not highly reliable for quantifying 

ambulatory activity levels in stroke patients. In view of these contradictory results, the 

validity of heart rate monitoring versus RT3-accelerometry against the criterion measure, 

oxygen consumption was subject of chapter 2 of this doctoral project. Validity and reliability 

of the ankle-placed Microprocessor-linked Step Watch Activity Monitor (SAM) to measure 

steps in both clinical and natural environments have also been established31-34, however, this 

device is rather expensive for wide spread clinical use by patients. This is not the case for the 

Yamax Digiwalker SW-200, but underestimated counts in subjects with neurological 

conditions35. Accuracy of this pedometer in the stroke population was also investigated in 

chapter 2. 

Previous studies4,31,36,37,38 have shown low step counts in the stroke population. Mean 

steps/day measured by the Step Activity Monitor (SAM) post discharge ranged from 138937 to 

619538 versus 5000-6000 reported in sedentary older adults39. Two studies31,40 used 

accelerometers to estimate more accurately the PA level and found mean energy expenditures 



General introduction 
 

6 
 

above the recommended 142 kcal/day for elderly persons. Nevertheless, 17% respectively 

58% of the participants did not achieve the recommended 142 kcal/day31,40.  Ambulatory 

activity measured in steps per day and energy expenditure measured in kcal/day are absolute 

measures tracking the volume of daily activity and do not account for the variability in 

impairment and fitness in people with stroke. Therefore, a measure assessing the activity 

intensity relative to the maximal exercise capacity may be more valuable. Based on HR 

reserve or peak oxygen consumption from a maximal incremental exercise test, daily activity 

can be divided in light, moderate and vigorous intensity22. So far, this has not been done in the 

stroke population. The correlation between absolute measures of PA using activity monitors 

and self-reported questionnaires is poor in stroke patients41,42, but it is unclear whether both 

techniques explain different aspects of the variance in PA. Due to the unique attributes of 

each measure, multiple measures (absolute and relative objective measures and self-reported 

questionnaires) to quantify PA in chronic stroke patients and investigation of their mutual 

associations was addressed in chapter 3 of this doctoral project. 

Furthermore, to encourage stroke patients towards a more active lifestyle, identification of the 

impediments to such a lifestyle is needed. Physical, psychological as well as environmental 

barriers may limit PA in stroke survivors. Therefore, functional mobility and physical fitness, 

as well as, depression, fatigue, family support and social integration need to be evaluated1. 

Almost all previous studies focussed on physical barriers. So far, psychological or 

environmental barriers were scarily explored. The identification of barriers to PA also 

requires further investigation. In chapter 3 of this doctoral project, determinants of PA were 

examined one year after stroke. 

 

2.3  Cardiorespiratory fitness post-stroke 

Cardiorespiratory fitness (CRF) is poor in persons with stroke2, with previous studies 

reporting a mean VO2 peak (an indicator of aerobic capacity) that ranged from 11.4±3.743 to 

17.3±7.0 ml/kg/min44. This is 50-60% of the age- and sex-matched normative values in 

healthy persons. Low exercise capacity may be compounded by the increased energy cost of 

movement associated with residual functional deficits and may therefore contribute to low 

social participation45 and poor quality of life. In addition to disease prevention, enhanced 

aerobic capacity also has beneficial effects on functional abilities and independent living3. A 

recent meta-analysis9 supported the use of aerobic exercise training to improve CRF in mildly 



General introduction 

7 
 

or moderately impaired stroke survivors and suggested that aerobic exercise is an important 

component of stroke rehabilitation. It is nevertheless unclear if current stroke rehabilitation 

programs induce an aerobic training effect and if long-term benefits are retained. To optimally 

understand effects of interventions, insight in CRF at different phases of the recovery process 

is important. Although previous studies2 have documented the reduced CRF, studies were 

mostly interventions and focused either on the subacute or chronic phase. To our knowledge, 

the longitudinal evolution of physical fitness over the first year post-stroke has not been 

previously studied.  

A further challenging question is whether pre-stroke health-related conditions and stroke-

related factors (such as stroke type, area and initial severity) influence recovery of CRF. 

Knowledge of the influencing factors on CRF would enable identification at intake in the 

rehabilitation center of those at higher risk of (further) deconditioning. As a consequence, 

cardiovascular exercise training should surely be a therapeutic goal for these patients at risk 

and be started as early as possible. In the healthy population, CRF has been related to several 

factors, such as age, gender, level of PA, smoking, obesity, cardiovascular diseases, chronic 

diseases and resting heart rate46,47. It is unclear whether these factors, many of which are also 

risk factors for stroke, are of similar importance in the stroke population. Only a few studies 

have looked into determinants of CRF post-stroke4,48,49,50. Age was found to be negatively 

associated with VO2 peak48,49. Significant positive relationships were also found between VO2 

peak and measurements of disability4,48,50. None examined factors influencing the evolution of 

CRF. Furthermore factors such as gender, clinical history, stroke type, stroke area and side of 

lesion have never been investigated. Therefore, examining changes in CRF between 3, 6 and 

12 months post-stroke and exploring the effect of pre-stroke patients’ characteristics and 

stroke-related factors on this evolution was the focus of chapter 4 of this doctoral project.  

To better delineate interventions and maintain long-term benefits, knowledge of the factors 

that are associated with physical fitness is crucial. The International Classification of 

Functioning, Disability and Health (ICF)51 provides a useful framework for understanding the 

impact of impairments, activity limitations, participation restrictions, personal and 

environmental factors. Some studies investigated determinants of physical fitness post-stroke. 

These studies were performed early after stroke (< 1 months post-stroke) or > 6 months post-

stroke. However, the impact of impairments and activity limitations on CRF has not been 

fully examined. Moreover, the influence of participation restrictions, environmental factors 

and mental status was never investigated. The majority of the studies evaluated only a small 
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number of variables and mostly used univariate analyses. None of the studies used repeated 

measurements to differentiate the impact of influencing factors in the different phases of 

recovery. A prospective predictive study with a great number of independent variables along 

the several levels of the ICF-model to clarify eventual association with physical fitness was 

addressed in chapter 5. 

 

3. Aim of the doctoral project 

The overall aim of this project was to evaluate PA and physical fitness after stroke by 

measuring the level of PA and CRF, and determining their influencing factors. Objectives 

were: 

1) to emphasize the importance of maximal physical recovery and optimal reintegration in 

the community by describing the prevalence and determinants of stroke caregivers’ strain 

in the first six months after stroke; 

2) to examine if inexpensive and easy to use instruments could be used to evaluate PA level 

in stroke survivors; 

3) to determine the quantity of PA one year after stroke and its influencing factors; 

4) to investigate the evolution of CRF during the first year post-stroke and to explore the 

influence of pre-stroke patients’ characteristics and stroke-related factors on this 

evolution; 

5) to identify determinants of CRF at 3, 6 and 12 months post-stroke. 

Chapter 1 describes the prevalence and determinants of strain experienced by stroke patients’ 

caregivers at 2, 4 and 6 months post-stroke. Ninety patients/caregiver pairs were included. 

The strain of caregivers was measured at 2, 4 and 6 months post-stroke using the Caregiver 

Strain Index (CSI). Demographic characteristics, physical and emotional performance of 

patients, caregivers’ characteristics and service input were documented to identify 

determinants of the caregivers’ strain. The differences over time in the CSI at the three 

measurement points were evaluated using the Friedman test for the total score and the 

Cochran test for the 13 items. Nonparametric correlation analysis (Spearman rank correlation 

coefficients) preceded multiple regression analyses to identify factors being predictive for 

strain at 2, 4 and 6 months post-stroke.  
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Chapter 2 examines if inexpensive and easy to use instruments could be used to evaluate PA 

for stroke survivors. Nine stroke patients and eight age and gender matched healthy 

participants performed a standardized activity protocol in a laboratory setting including 

treadmill walking (slow speed, fast speed and uphill) and ergometer cycling (at 30, 50 and 80 

Watt) during which they wore a Cosmed  K4b2 for gas exchange and heart rate measurement, 

a RT3-accelerometer and two Yamax SW-200 pedometers (hip- and knee-positioned). 

Spearman correlation coefficients were computed between oxygen consumption and heart 

rate, and oxygen consumption and RT3 output (total used calories) respectively. Analyses 

were computed for the activity walking and cycling separately. Differences between the 

number of steps recorded by the pedometer and actual step counts were analysed using the 

Wilcoxon Signed Rank test. Additional Spearman correlations between actual and pedometer 

recorded step counts were computed. Percentage agreement was calculated as: (pedometer 

step counts/ actual step counts)*100.  Analyses were performed for the knee and hip 

placement separately. 

Chapter 3 quantifies daily PA one year after stroke by several assessments and explored its 

determinants. PA was measured in 16 stroke patients using a heart rate monitor, a pedometer, 

the Baecke Physical Activity Questionnaire (BPAQ) and the Physical Activity Scale for 

Individuals with Physical Disabilities (PASIPD). Outcome measures were steps/day, minutes 

per day spent in activities of at least light intensity, minutes per day spent in activities of at 

least moderate intensity, BPAQ sport index, BPAQ leisure index, PASIPD score (METs 

hr/day). Influencing factors were age, gender, functional mobility (Rivermead Motor 

Assessment gross function (RMA-GF) and timed 10m walk at comfortable speed), peak 

exercise capacity (VO2 peak), mood (Beck Depression Inventory-II (BDI-II)), participation 

(Stroke Impact Scale version 3.0 (SIS 3.0)) and hours of daylight. Data were analysed using 

correlation analyses. 

Chapter 4 examines the evolution of CRF after stroke in a 1-year follow-up study and the 

influence of pre-stroke patients’ characteristics and stroke-related factors on this evolution. 

Thirty three patients performed a symptom-limited graded cycle ergometer test at 3, 6 and 12 

months post-stroke. Peak oxygen consumption (VO2 peak) was determined. Although this 

parameter is most frequently used as measure of CRF, it is influenced by the patient’s 

motivation. Therefore, the Oxygen Uptake Efficiency Slope (OUES) developed by Baba and 

co-workers52 was used as a second outcome measure. Patients’ characteristics were age at 

stroke onset, gender, pre-morbid PA level and clinical history. The pre-morbid PA level was 
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assessed with the BPAQ. The clinical history of each participant was recorded, noting 

smoking habits and co-morbidities such as diabetes mellitus, chronic pulmonary diseases (e.g. 

COPD), cardiovascular diseases (myocardial infarction, atrial fibrillation, or/and coronary 

heart disease), overweight (BMI > 25) and hypertension. Stroke severity at intake in the 

rehabilitation centre was assessed by the National Institute of Health Stroke Scale (NIHSS), 

Mini Mental State Examination (MMSE), Trunk Impairment Scale (TIS), RMA-GF, 

Functional Ambulation Categorie (FAC) and the Barthel Index (BI). Type of stroke (bleeding 

or ischemic), stroke area (cortical, subcortical, cerebellum-brainstem or subarachnoidal) and 

side of lesion (left, right or both) were also recorded. Repeated-measures regression models 

(proc mixed) were used to evaluate the differences for change. To determine which variables 

had an effect on the evolution of CRF, the interaction between time and covariates were 

univariately entered in the model. Multivariate analyses were then applied to evaluate if 

combinations of factors have an influence on the evolution of CRF. 

Chapter 5 determines the best subset of predictors of CRF at 3, 6 and 12 months post-stroke. 

Forty patients were assessed at 3, 6 and 12 months post-stroke. A symptom-limited graded 

cycle ergometer test was used to determine VO2 peak and OUES. Impairments (body 

composition, knee muscle strength, BDI-II), activity limitations (RMA-GF, FAC, BI, 

Nottingham Extended Activities of Daily Living (NEADL), timed 10m walk), participation 

restriction (SIS 3.0, Modified Rankin Scale (MRS)), environmental (time weekly spent on 

PT/OT/sport) and personal factors (age, gender) were assessed to determine predictive factors. 

Correlation coefficients and multiple regression analyses (stepwise selection followed by 

adjusted R2) were used. 

In the final chapter, the main conclusions and discussion are summarized; clinical 

implications and directions for future research are presented.  
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Abstract 

Purpose – Many disabled stroke survivors live at home supported by informal caregivers.  

Research has revealed that these caregivers are experiencing strain. This study aims to 

examine the prevalence and differences over time of caregivers’ strain in the first 6 months 

post-stroke and to predict caregiver strain based on patients’ and caregivers’ characteristics 

and service input.  

Method – Ninety consecutive patients and their caregivers were assessed at 2, 4 and 6 months 

post-stroke. The Caregiver Strain Index was used to evaluate strain. Patients’ motor function, 

functional ability, health status, emotion and participation, and caregivers’ gender and relation 

to the patient, and service input after discharge were measured to determine the predictive 

factors. 

Results – Nearly one out of three caregivers experienced strain. No differences were seen 

between 2, 4 and 6 months post-stroke. Correlation and multiple regression analyses revealed 

that in predicting strain, the patients’ functional and activity level plays an important role in 

the subacute phase while the participation level gets more important over time.  

Conclusions –These findings emphasize the importance of maximal physical recovery and 

optimal reintegration in the community. This is not only essential for the patients themselves 

but also a prerequisite to reduce the strain of their caregivers.  
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Introduction 

Stroke is the major cause of long-term disability in Europe. After an inpatient rehabilitation 

period, most stroke survivors return to their own home. Anderson et al1 found that 79% of the 

1-year stroke survivors were living outside a nursing home or hostel.  Most of these patients 

need long-term instrumental and emotional support from informal caregivers2,3. Caregivers of 

stroke patients often have to cope with patients’ physical and cognitive impairments, 

communication and behavioral changes, and emotional problems4. Caring for disabled people 

is associated with a high risk of disrupting a caregivers’ work and leisure, family life and 

quality of life1,5,6 and can represent a physical as well as a psychological burden.  In a study of 

Blake et al7 40% of the spouses indicated that they were under stress at 6 months post-stroke. 

Bugge et al8 reported that 37% of caregivers were under strain at 6 months. In the long-term 

follow-up study (5 years) of Wilkinson et al4, 21% of caregivers experienced strain. The 

burden of caring seems to be influenced by the characteristics of the patient as well as the 

caregiver, and also by the quality and extent of formal community care8-12. 

Still, emotional and practical support of the caregiver is known to affect the functional and 

psychosocial outcome of the stroke patient13,14 and has an important impact on the benefit 

from home-based rehabilitation4. However, nearly all caregivers experience adverse effects on 

their emotional health one year after a stroke1. Caregivers’ strain can reduce the quality of 

care given to patients14. Early recognition of caregivers at risk and early support may prevent 

or alleviate caregivers’ problems and consequently may help stroke patients living in the 

community to remain home as long as possible.  

In previous studies different measurement tools have been used to appraise well-being, 

depression, anxiety and caregivers’ stress2. Also variables affecting the caregivers’ strain 

varied largely2. This makes comparisons between studies rather difficult. Sample bias may 

also have an important bearing on the generalization of outcome data.  Other methodological 

issues to consider are differences in the definition of the caregiver, insufficient number of 

variables studied, use of non-standardized outcome measures and differences in the timing of 

measurements taken2,15. In some studies only spouses where included7,10,16, whereas others 

used a more general definition of caregiver1,4,5. All these issues make it difficult to know the 

extent and specific nature of the emotional and physical problems associated with caring and, 

from a public health perspective, to determine whether practical interventions can be applied 
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cost-effectively. Consistent findings in several studies are needed to ensure that the 

associations found between a risk factor and an outcome are not an artifact of one study17.  

The objectives of this study were: (1) to describe the prevalence of strain experienced by 

stroke patients’ caregivers at 2, 4 and 6 months post-stroke, (2) to analyse the differences in 

strain over time, and (3) to predict caregivers’ strain on the basis of patients’ and caregivers’ 

characteristics and service input. This would enable early identification of those caregivers 

who are most at risk suffering from strain.   

 

Methods 

Subjects 

This study is part of a larger project, Collaborative Evaluation of Rehabilitation in Stroke 

across Europe (CERISE). In this project, the complete package of stroke rehabilitation is 

compared between four European rehabilitation centres. For this study, the 127 consecutive 

patients recruited in the stroke rehabilitation unit in the University Hospital, Leuven, Belgium 

were retained. Patients receiving support from an informal caregiver and their caregivers were 

included. The inclusion criteria for the patients were: (1) first-ever stroke as defined by 

WHO18, (2) aged 40 to 85 years, (3) score on Gross Motor function of the Rivermead Motor 

Assessment (RMA-GF)19 ≤ 11 and/or a score on Leg and Trunk function ≤ 8 and/or a score on 

Arm function ≤ 12 on admission to the rehabilitation centre. The exclusion criteria were: (1) 

other neurological impairments with permanent damage, (2) stroke-like symptoms due to 

subdural haematoma, tumour, encephalitis or trauma, (3) pre-stroke Barthel Index20 <50, (4) 

admitted in the rehabilitation centre more than six weeks post-stroke, (5) no informed consent. 

The informal caregiver was defined as “the person who helps you the most but who is not 

paid to do so”. The study was approved by the ethics committee of the University Hospital. 

 

Assessments 

The strain of caregivers was measured at 2, 4 and 6 months post-stroke using the Caregiver 

Strain Index (CSI). This index is a brief and easily administered screening instrument for the 

identification of strain of informal care providers and is reported as the best instrument for 

diagnosis of the burden of informal caregivers21. The CSI contains 13 items, each scored on a 
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dichotomous scale. Caregivers who score equal or greater than 7 on the CSI are considered to 

be under strain22. The scale has established reliability and validity22.  

Demographic characteristics, physical and emotional performance of patients, caregivers’ 

characteristics and service input were documented to identify determinants of the caregivers’ 

strain. The patient’s age, gender, current residence as well as the caregivers’ gender and the 

relationship of the caregiver to the patient were recorded. It was also documented if the 

patient was continent or not. The Rivermead Motor Assessment (RMA)19, Barthel Index 

(BI)20, Nottingham Extended Activities of Daily Living (NEADL)23, Euroquol (EQ-5D)24, 

Modified Rankin Scale (MRS)25 and Sickness Impact Profile (SIP)26,27 were used to assess the 

activity and participation level of the patient. Patients’ emotional status was measured using 

the Hospital Anxiety and Depression Scale (HADS)28. All measures were performed at 2, 4 

and 6 months, with exception of the Sickness Impact Profile (SIP) and Modified Rankin Scale 

(MRS). At 2 and 4 months these scales are less relevant if patients are still in the 

rehabilitation centre. Service input was calculated as the sum of frequencies per week of all 

used disciplines at 6 months. Disciplines could include physiotherapy, nursing care, 

occupational therapy, speech therapy, psychology, general practice, cleaning help, and others. 

Additionally the National Institute of Health Stroke Scale (NIHSS)29 was assessed at intake. 

All assessments were performed by a trained physiotherapist who was familiar with the 

guidelines of the scales.  

 

Data analysis 

Descriptive statistics of median and interquartile range (IQR) were used to document the 

patients’ and caregivers’ characteristics, service input and the strain at 2, 4 and/or 6 months. 

Some patients were lost during further follow-up. The significance of difference between the 

drop-outs and the rest of the group was verified with the Mann-Whitney test. The differences 

over time of the CSI on the 3 measurement points was evaluated using the Friedman test for 

the total score and the Cochran test (post-hoc Mc Nemar tests) for the 13 items. 

Nonparametric correlation analysis (Spearman rank correlation coefficients) preceded 

multiple regression analyses to identify factors being predictive for strain at 2, 4 and 6 months 

post-stroke. For multiple regression analyses, the forward stepwise method was used with the 

total score on the CSI as the dependent variable. Independent variables were Gross Motor 

function of the Rivermead Motor Assessment (RMA-GF), Leg and Trunk function of the 
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Rivermead Motor Assessment (RMA L&T), Arm function of the Rivermead Motor 

Assessment (RMA-arm), Barthel Index (BI), Nottingham Extended Activities of Daily Living 

(NEADL), Euroquol (EQ) health state, Euroquol Visual Analogue Scale (EQ-VAS), Hospital 

Anxiety and Depression Scale (HADS anxiety and depression), Sickness Impact Profile (SIP), 

Modified Rankin Scale (MRS), patients’ age, service input, urinary incontinence, relation of 

the caregiver with the patient, caregivers’ gender and current residence. For all models, the 

assumptions underlying multiple regression were tested by inspecting the distribution of the 

error term and the data set was examined for possible problems involving outliers, influential 

points, and multicollinearity.  In all analyses, a p-value < 0.05 was considered significant. 

Data were analyzed with STATISTICA 6.0. 

 

Results 

Participants  

Of the 127 patients who were recruited, 3 (2%) died before the 4 months follow-up, 7 (6%) 

withdrew from the study, 1 did not have a caregiver. Eleven (9%) caregivers refused to 

participate or did not return the CSI. Fifteen (12%) patients had a different caregiver over 

time. On admission to the rehabilitation centre, there were no significant differences between 

the 90 stroke patients that remained in the study and the 37 excluded patients with respect to 

Gross Motor function of the Rivermead Motor Assessment (RMA-GF), Leg and Trunk 

function of the Rivermead Motor Assessment (RMA L&T), Arm function of the Rivermead 

Motor Assessment (RMA-arm), Barthel Index (BI), National Institute of Health Stroke Scale 

(NIHSS) or age. Therefore it seems reasonable to assume that the results based on the 90 

patients/caregiver pairs are still representative for this cohort of patients. 

Most caregivers were women (67%) and nearly all caregivers were family members (66% 

partners and 33% relatives). The mean age of the patients was 67.3 years (SD 11.2 years) and 

49% (n=44) were male. Pre-stroke Barthel Index varied between 85 and 100 (median 100). 

The median score of the Barthel Index (BI) on admission to the rehabilitation centre was 40 

(IQR 25-60).  On admission the median score for the Gross Motor function of the Rivermead 

Motor Assessment (RMA-GF) was 3 (IQR 1-6). The median score of the National Institute of 

Health Stroke Scale (NIHSS) was 7 (IQR 3-11). The outcome of patients at 2, 4 and 6 months 

post-stroke is summarized in table 1. 
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Table 1: Outcome of patients at 2, 4 and 6 months post-stroke onset (n=90)

score
variable range

RMA-GF 0-13
RMA-L&T 0-10
RMA-arm 0-15
BI 0-100
NEADL 0-22
EQ health state 0-100
EQ VAS 0-100
HADS (anxiety) 0-21
HADS (depression) 0-21
SIP 0-100
service input /

incontinence (%) no
yes

current residence (%) home
other

MRS (%) independent
dependent

IQR: Interquartile Range

Measures presented are Rivermead Motor Assessment Gross Motor function (RMA-GF), Leg and Trunk (RMA
L&T) and Arm subscale (RMA-arm), Barthel Index (BI), Nottingham Extended Activities of Daily Living
(NEADL), Euroquol (EQ) health state and Visual Analogue Scale (VAS), Hospital Anxiety and Depression Scale
(HADS), Sickness Impact Profile (SIP), Modified Rankin Scale (MRS)

2 months 4 months 6 months

27
29
71 69

31
83

7 (1-12)

/

78
22
68

//
/

73 32 17

86
14

median (IQR) median (IQR) median (IQR)

8 (3-10) 10 (6-11) 10 (7-11)
6 (3-9)

63 (47-69)
60 (50-70)

4 (2-7)
6 (3-9)

72.5 (45-85)
3 (1-7)

64 (55-74)
60 (50-70)

9 (5-10)
9 (1-12)

80 (60-95)
7 (2-12)

4 (2-7)
5 (3-8)

8 (4-10)
9 (1-13)

80 (55-95)
5 (2-10)

27 (20-36)
8.33 (5.38-14.5)

63 (54-71)
60 (50-75)

4 (1-6)
4 (3-9)

 

Caregiver strain 

The median score on the CSI was 3 at 2 months after stroke (IQR 1-7) and 4 at 4 and 6 

months (IQR 1-7). There were no significant differences over time for the total score on CSI 

(Friedman Test, p=0.45). The analysis of strain at item level revealed a significant change for 

the item ‘behavioural upsetting’ (Cochran Test, p=0.01). Post-hoc Mc Nemar Tests indicated 

a higher percentage of ‘behavioural upsetting’ at 4 months (33%) compared to 2 months 

(22%, p=0.03) and 6 months (21%, p=0.02). 
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Figure 1: Percentages of caregivers’ positive responses to each of the 13 CSI items at 2, 
4, and 6 months post-stroke (n=90) 

* p <0.05
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Caregivers who scored 7 or higher on the CSI were considered to be under strain22. In this 

cohort 28%, 31% and 29% of the caregivers were under strain at 2, 4 and 6 months 

respectively.  Percentages of caregivers’ positive responses to each of the CSI items at 2, 4 

and 6 months are shown in figure 1. At 2 months, ‘feeling overwhelmed’ was reported by the 

highest percentage of caregivers (42%), followed by ‘changes in personal plans’ (41%) and 

‘confining’ (40%). At 4 months, the items indicated by the highest percentage of caregivers 

were ‘confining’ (50%), ‘feeling overwhelmed’ (42%) and ‘family adjustments’ (37%) and at 

6 months ‘confining’ (43%), ‘feeling overwhelmed’ (41%) and ‘changes in personal plans’ 

(40%). The least frequently reported items were ‘behavioural upsetting’, ‘work changes’ and 

‘sleep disturbance’ (between 21% and 33%). 
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Table 2: Spearman rank correlations coefficients between total CSI score at 2, 4 and 6 
months post-stroke and the independent variables (n=90) 

variables 2 months 4 months 6 months
RMA-GF -0.25* -0.25* -0.38*
RMA-L&T -0.28* -0.25* -0.36*
RMA-arm -0.11 -0.18 -0.29*
BI -0.12 -0.16 -0.28*
NEADL -0.11 -0.22* -0.28*
EQ health state -0.13 -0.19 -0.34*
EQ VAS -0.12 -0.17 -0.41*
HADS (anxiety) 0.18 0.19 0.08
HADS (depression) 0.04 0.10 0.28*
age -0.06 -0.16 -0.08
incontinence 0.20 -0.15 -0.001
current residence 0.18 0.26* 0.17
SIP / / 0.48*
OHS / / 0.29*
caregivers' relation 0.12 0.01 -0.02
caregivers' gender 0.14 0.09 0.06
service input / / 0.11

* p<0.05

Measures presented are Rivermead Motor Assessment gross motor function (RMA-GF), leg and trunk
(RMA L&T) and arm subscale (RMA-arm), Barthel Index (BI), Nottingham Extended Activities of
Daily Living (NEADL), Euroquol (EQ) health state and VisualAnalogue Scale (VAS), Hospital
Anxiety and Depression Scale (HADS), Sickness Impact Profile (SIP), Oxford Handicap Scale (OHS)

 

 

Prediction of caregiver strain 

Correlation coefficients 

The Spearman rank correlation coefficients between total CSI score and the independent 

variables are shown in table 2. At each time point, the Gross Motor function (RMA-GF) and 

the Leg and Trunk function of the Rivermead Motor Assessment (RMA L&T) were 

significantly correlated with the CSI. Caregivers of more disabled patients experienced a 

greater strain. At 2 months, no other significant correlations were found. Patients who were 

more disabled (RMA-GF and RMA L&T), more dependent in extended activities of daily 

living (NEADL) and not living at home were associated with a significantly increased 

caregivers’ strain at 4 months, but correlation coefficients were rather low. At 6 months, the 

correlation coefficients between CSI and many outcome variables became significant, with 
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values varying between 0.28 and 0.48.  The highest correlation was found for Sickness Impact 

Profile (SIP) and Euroquol Visual Analogue Scale (EQ-VAS). The subscale anxiety of the 

Hospital Anxiety and Depression Scale, age, incontinence, caregivers’ relation, caregivers’ 

gender and service input were not significant correlated at any measurement point. 

 

Table 3: Regression models to predict caregiver strain at 2, 4 and 6 months post-stroke

time after stroke n R2 p-level predictors β SE t p-level
2 months 89 31.73 <0.001 RMA-L&T -0.88 0.18 -4.78 <0.001

BI 1.19 0.23 5.13 <0.001
incontinence 0.52 0.12 4.23 <0.001

NEADL -0.33 0.13 -2.62 0.01
age -0.22 0.10 -2.24 0.03

4 months 88 16.79 0.002 age -0.32 0.11 -2.94 0.00
NEADL -0.28 0.12 -2.35 0.02
constant 4.43 <0.001

6 months 80 29.26 <0.001 SIP 0.57 0.16 3.68 <0.001
NEADL 0.31 0.15 2.15 0.04
EQ-VAS -0.23 0.11 -2.11 0.04

RMA-L&T: Leg and Trunk Function of the Rivermead Motor Assessment; BI: Barthel Index; NEADL: Nottingham
Extended Activities of Daily Living; SIP: Sickness Impact Profile; EQ-VAS: the Visual Analogue Scale of the
Euroquol  

Multiple regression 

Table 3 presents the results of the multiple regression analyses used to predict caregivers’ 

strain at 2, 4 and 6 months post-stroke. The model which best predicted the level of 

caregivers’ strain at 2 months included five variables: Barthel Index (BI), Leg and Trunk 

function of the Rivermead Motor Assessment (RMA L&T), incontinence, Nottingham 

Extended Activities of Daily Living (NEADL) and age. This combination explained 32% of 

the variance of the outcome measure. Four months after stroke, 17% of variance of the CSI 

was explained by age and the Nottingham Extended Activities of Daily Living (NEADL) and 

at 6 months the variables Sickness Impact Profile (SIP), Nottingham Extended Activities of 

Daily Living (NEADL) and Euroquol Visual Analogue Scale (EQ-VAS) explained 29% of 

the variance. 
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Discussion 

The first aims of this study were to determine the prevalence of strain experienced by stroke 

patients’ caregivers in the first 6 months post-stroke and to analyze the differences in strain 

over time (2, 4 and 6 months post-stroke). In this cohort of caregivers, the prevalence of strain 

was considerably high with 28% under strain at 2 months, 31% at 4 months and 29% at 6 

months. Van Exel et al21 also reported that 29% of the caregivers were under strain at 6 

months. Bugge et al8 found similar proportions at 1 month (25%) and at 3 months (28%), but 

a slightly higher proportion at 6 months (37%). In the study of Blake et al7 also higher 

prevalence rates of 39% at 3 months and 40% at six months were reported. In our study, no 

differences over time was found. This is consistent with the study of Blake et al7 who used the 

CSI at 3 months to predict caregivers’ strain at 6 months. They concluded that the majority of 

caregivers who will be strained at 6 months can be identified early on. 

As the 4 most common factors of strain, caregivers reported ‘confining’, ‘feeling 

overwhelmed’, ‘changes to personal plans’ and ‘family adjustments’ (between 37 and 50%). 

These items were also withheld in the work of Bugge et al8 in an even higher percentage. The 

‘confining nature’ of caregiving might be reduced by the provision and use of support 

services. ‘Feeling overwhelmed’ indicates a need for emotional support. Health and social 

services have virtually no control over ‘changes to personal plans’ and ‘family adjustments’. 

Services cannot alleviate all the problems associated with stroke. Their goal should be to help 

families cope with their altered circumstances. In the studies of Blake et al7 and Wilkonson et 

al4 also the factor ‘person has changed’ was reported frequently (49% at 6 months and 58% at 

4.9 years respectively). In our study ‘behavioral upsetting’ was significantly more reported at 

4 months than at 2 and 6 months. At 2 months, nearly all patients were still in the 

rehabilitation centre and therefore caregivers might not have been fully aware of this problem. 

At 4 months practically all patients were at home so that the problem became more obvious. It 

seems likely that caregivers adapt to the new situation and as a result this specific aspect of 

strain was less frequently reported at 6 months. 

 

The second aim of this study was to predict caregiver strain on the basis of patients’ and 

caregivers’ characteristics and service input. Correlation and regression analyses provides 

insight in the factors associated with the CSI and as such it may give an indication which 

forms of intervention might be most successful in reducing strain. Univariate analyses 
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revealed that at the 3 time points, patients’ severity of motor and functional disability was 

related with strain experienced by their caregivers. Two other factors, level of dependence in 

extended activities of daily living and current residence of the patient, were also associated 

with the CSI at 4 months. Nearly all physical and neuropsychological outcome measures were 

significantly correlated with the CSI at 6 months. These findings reflect the increasing 

importance of patients’ physical recovery and feeling of well being on the caregivers’ strain 

over time. Previous studies documented that patients’ functional ability exert some influence 

on strain7,10,11,19. Even 3.5 years post-stroke, a correlation coefficient of 0.36 between the CSI 

total score and the short version of the Sickness Impact Profile (SIP-68) was found9. The 

impact of patients’ Euroquol (EQ) health state and Modified Rankin Scale (MRS) on 

caregivers’ burden was also found by van Exel et al21 and Scholte op Reimer et al11. 

McCullagh et al12 found positive correlations between patients’ anxiety and depression 

(HADS) and caregivers’ burden score (CBS) at 3 months and 1 year post-stroke. This 

correlation was less obvious in our study. 

Multiple regression revealed that at 2 months post-stroke, caregivers taking care of younger 

stroke patients with more severe motor impairment who were incontinent and dependent in 

their activities of daily living experienced most strain. Also at 4 months, young age and high 

dependency in activities of daily living enhanced caregivers’ strain. At 6 months, the major 

predictors of strain were the Sickness Impact Profile (SIP), Nottingham Extended Activities 

of Daily Living (NEADL) and Euroquol Visual Analogue Scale (EQ-VAS). The results of the 

correlation and regression analyses indicate that in predicting the caregivers’ strain, the 

patients’ age and activity level play an important role in the subacute phase of stroke but the 

patients’ participation level gets more important over time. This finding has not been reported 

previously. Although patients’ dependence7,10 and SIP-689 were also predictors of the CSI in 

previous studies, the evolution of the predictive factors over time was not revealed so far. 

Contrary to our findings Mc Cullagh et al12 showed that caregiver burden (CBS) at 3m post-

stroke was determined by patients’ anxiety rather than by the level of disability or age. 

Patients in this study however were more anxious, older and less severe disabled, which may 

explain the different findings.  

Our regression analyses showed that only patients’ characteristics were associated with 

caregivers’ strain. No association was found between the caregivers’ characteristics (gender 

and relationship to the patient) and strain. The caregivers’ gender was not significant in the 

study of van den Heuvel et al either9. However Scholte op Reimer et al11 found that female 
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caregivers were more anxious. In the study of McCullagh et al12 caregivers’ age, gender and 

disability were not independent predictors of caregiver burden, but caregivers’ anxiety was. 

Other caregivers’ characteristics, such as age and health state were reported to be significantly 

associated with strain. In the study of van den Heuvel et al9 younger caregivers experienced 

more strain and Dennis et al5 found that older caregivers were more depressed. A conflicting 

picture emerges when the caregivers’ general health was taken into account. Some researchers 

reported that it has a significant effect on the caregivers’ strain8,10, others found no 

relationship9. 

The expectation that service input has an alleviating impact on caregivers’ strain was not 

confirmed by our results. Additional correlation coefficients between service input and 

Sickness Impact Profile (rs=0.54), Nottingham Extended Activities of Daily Living      (rs= -

0.54) revealed a moderate correlation. A low correlation (rs= -0.12) was found between 

service input and the Visual Analogue Scale of the Euroquol (EQ-VAS). Severely affected 

patients are more likely to appeal on services. This might be an explanation why service input 

is not necessarily a good predictor of strain. Previous studies came to the same conclusion. 

Bugge et al8 found that making use of 2 types of services explained 11% of the variance at 1 

month after stroke but did not significantly affect the strain at 3 and 6 months. Another study 

revealed that despite the significant correlations between strain and support from formal 

services, strain was not predicted by support10.  

Although several significant correlations were found especially at 6 months, our regression 

models only explained a small proportion of the variance in CSI scores. Previous studies 

showed that a caregivers’ strain also depends on other factors, such as the amount of time 

caregivers spent helping the patient8, caregivers’ mood and health state7, patients’ cognitive 

impairment6,9 and satisfaction with support9. Also, in these studies less than 50% of the 

variance could be explained. This indicates that so far vital contributing factors may not have 

been identified. As a consequence accurate prediction of caregivers’ strain seems to be 

difficult and therefore limits clear indications for clinical interventions and prevention. These 

findings point to the necessity of periodic assessments of caregivers’ strain from the early 

onset after stroke. 

 

In this study 2, 4 and 6 months follow-up assessments were chosen. At 2 months most 

patients were still in the rehabilitation centre. At 4 months nearly all patients returned home or 
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were institutionalized which involved adaptation to the new situation. At 6 months the 

caregivers were aware of the full impact of all the problems that occurred. Each time point 

requires other demands of the caregiver which seem to influence the caregivers’ strain. As a 

consequence, support should be adapted over the time. A follow-up assessment at one year 

post-stroke would be useful as by then, the maximal level of patient’s functional recovery is 

achieved and the patient and caregiver are probably more settled in their new role. 

 

Some methodological issues have to be considered when interpreting our data. Of the 127 

recruited patients only 90 were included for further analysis. All 11 non-responders to the CSI 

were relatives of the patients. This factor is unlikely to have biased our results, as ‘the relation 

of the patient with the caregiver’ was not associated to strain. There was also no control group 

and therefore we can not comment on whether our caregivers had different outcomes than 

caregivers of other types of patients or age matched non-caregivers in the general population. 

Comparison with results of studies in other patient groups may help to clarify the specific 

impact of stroke on the strain of caregiving. 

 

Further research in this domain is required for various reasons. First of all, there is an 

increasing financial constraint on the health care system, which has prompted a shift from 

institutional care to community care. Secondly, a concern about a reduction in the 

contribution of caregivers to the management of chronic diseases arises because of the 

increasing proportion of elderly in the population, the growing number of women in the 

workforce, and possible reluctance on the part of some family members to provide care. 

Finally, further studies are needed to develop interventions designed to prevent or alleviate 

caregivers’ problems. However before going along that road, we need to know far more about 

the factors that are associated with caregivers’ strain. The fact that in this and many other 

studies only less than half of the variance of the CSI is explained implies that we still have a 

long way to go. Based on of our results, we suggest to create more opportunies for a better 

reintegration of stroke patients in the community. Providing services in which patients can 

participate, such as social activities, leisure and sport related activities could help to reduce 

caregivers’ strain and to prevent social isolation of the patient. 
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In conclusion, nearly one out of three caregivers is under strain and no differences could be 

seen between 2,4 and 6 months post-stroke. Our results indicate that in predicting strain, the 

patients’ functional and activity level plays an important role in the subacute phase while the 

participation level gets more important over time. These findings emphasize the importance of 

maximal physical recovery and optimal reintegration in the community. This is not only 

essential for patients themselves but also a prerequisite to reduce the strain of their caregivers.  
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Abstract 

Background – Stroke patients are deconditioned, remain at high risk for recurrent stroke and 

cardiac death, and most assume a sedentary lifestyle. Providing an assessment instrument may 

promote physical activity. This study compared criterion validity of heart rate monitoring 

versus RT3-accelerometry and examined the accuracy of Yamax-pedometers, in a stroke and 

healthy group. 

Method – Nine stroke and eight healthy participants performed a standardised activity 

protocol wearing a Cosmed K4b² measuring oxygen consumption and heart rate (HR), a RT3-

accelerometer and two Yamax SW-200 pedometers (hip- and knee-positioned).  

Results – In stroke patients, correlations with the criterion measure, oxygen consumption, 

were significant, however low during walking (0.37 for HR, 0.26 for RT3) and little to none 

during cycling (0.21 for HR, 0.003 for RT3). In healthy participants, correlations were 

significant moderate for walking (0.63 for HR, 0.55 for RT3) and significant low to moderate 

for cycling (0.67 for HR, 0.38 for RT3). Pedometer counts (knee-positioned) were within -8% 

and -2% of the actual steps counts during walking for stroke and healthy groups respectively. 

Conclusions – Based on the criterion measure oxygen consumption, accelerometry was not a 

good alternative to HR monitoring in measuring physical activity in stroke patients. A 

pedometer provided accurate information if knee-positioned, but needs validation in free-

living situations.  

 

 

Abbrevations 

HR: heart rate 

IQR: interquartile range 

SAM: StepWatch Activity Monitor 

VO2: oxygen consumption  

EE: energy expenditure 

RT3: Triaxial Research Tracker  

Totcal: total amount of energy used with the resting metabolism included 
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Introduction 

Stroke is the second most common cause of death and a major cause of disability worldwide1. 

Because of the ageing population, stroke prevalence (i.e., the burden of patients living with 

the consequences of stroke) will increase greatly during the next 20 years, especially in 

developing countries1. Stroke patients have a high risk of recurrent stroke or cardiac 

problems. Long-term stroke recurrence rates range from 4% to 14% annually2. Cardiac 

mortality rates post-ischemic stroke, range from 0.5% to 5.4% in the first six months alone3. 

These cardiovascular health risks are associated with predetermined risk factors such as 

genetics, age and gender as well as several lifestyle factors. A low level of physical activity is 

one of these. Stroke survivors are often deconditioned and predisposed to a sedentary lifestyle 

that limits performance of activities of daily living, and may contribute to a heightened risk 

for recurrent stroke and cardiovascular disease4. Therefore, physical activity and exercise 

training for stroke survivors can be seen as an important component of a comprehensive 

recurrent stroke- and cardiac event-risk reduction programme. Objective, easy to use 

instruments providing stroke patients information on their level of physical activity are 

important. Such instruments are relevant for the clinician to measure physical activity and to 

better understand the relation between physical activity and heatlh-related fitness. On the 

other hand, this might stimulate stroke survivors to start a more active lifestyle.   

 

Several methods are available to quantify physical activity. The most accurate measurements 

are oxygen consumption rate and double-labelled water5. The first method impedes activities 

of daily living; the second is known to be expensive and therefore not well suited for large-

scale investigations. Moreover, double-labelled water can only measure total energy 

expenditure, consequently it cannot make a distinction between energy expenditure due to 

physical activity and resting metabolism. Questionnaires and diaries have practical 

shortcomings, especially in a stroke population with possible cognitive problems, and are 

non-objective measurements6. On the other hand, heart rate and activity monitoring in the 

form of pedometers or accelerometers are readily available, inexpensive, unobtrusive and 

objective methods of measuring physical activity.  

Heart rate (HR) is a physiological variable that closely reflects changes in intensity of 

physical activity. The relationship between HR and oxygen consumption (VO2) can be used to 

estimate energy expenditure (EE) based on the caloric equivalent of oxygen. HR is 
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influenced, however, by non-intensity related factors such as emotion, posture, environmental 

conditions, medication, and fitness level7. Therefore mechanical devices, such as 

accelerometers and pedometers may be a good alternative. Several types of accelerometers are 

commercially available. These are able to detect and record the actual magnitude of 

acceleration, permitting the determination of duration and intensity of movement as well as 

the total amount of activity accumulated. The advantages of these devices include their small 

size, which allows participants to wear the monitor for long periods without interfering with 

normal movement, and the ability to store data continuously over these long periods. This 

information can then be analyzed to examine patterns of activity over the course of several 

days or weeks. Recognized limitations include the inability to discern increases in energy cost 

due to walking up an incline, static work, upper-body movements and load carrying8,9,10. A 

second mechanical device is the pedometer, which is an inexpensive and simple device that 

counts the number of steps taken (walking, running or stairs). Although providing limited 

detailed information, this simple device may be of great interest in the stroke population as 

moderate to severe stroke survivors are often restricted to walking activities of short duration. 

As a result the device can be used to estimate total daily activity. On the other hand, 

pedometers underestimate the number of steps taken at a walking speed slower than 60m/min 

and are considered inappropriate for assessing the physical activity of persons with shuffling, 

slow gaits11.  

 

Numerous studies have examined the validity of heart rate monitors, accelerometers and 

pedometers for assessing physical activities in healthy populations. With appropriate methods 

heart rate monitoring can provide a valid and reliable means of assessing physical activity and 

energy expenditure, particularly for moderate to vigorous activity12. Previous studies have 

found accelerometers to provide valid and reliable data9,13 and pedometers have been shown 

to be accurate in measuring step counts in healthy individuals14,15.  

Gait difficulties, movement abnormalities and the low intensity of activity may compromise 

the validity of these devices in the stroke population. To our knowledge, no study used heart 

rate monitors for assessing physical activity in the stroke population. A limited number of 

studies used activity monitors16-19,20-24. The RT3 accelerometer provided a stable measure of 

free-living physical activity and was found to distinguish between people with varying levels 

of mobility in adults with neurologic dysfunction22. Haeuber et al17, however, found that the 
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Caltrac accelerometer was not accurate and not highly reliable for quantifying ambulatory 

activity levels in stroke patients. In view of these contradictory results, the validity of the RT3 

will be subject of this study. Validity and reliability of the ankle-placed Microprocessor-

linked Step Watch Activity Monitor (SAM) to measure steps in both clinical and natural 

environments have also been established16-19, however, this device is rather expensive for 

wide spread clinical use by patients. This is not the case for the conventional pedometer16,20. 

Elsworth et al20 found that the Yamax Digiwalker SW-200 significantly underestimated 

counts in subjects with neurological conditions. Some degree of error (<30%) in pedometer 

counts could be explained by walking speed. Therefore, in our study two Yamax pedometers 

were used, one worn on the hip in accordance with the manufacturer’s guidelines and one 

worn on the lateral side of the knee (fibula), as accelerations of the knee are greater than the 

hip during walking and climbing stairs. 

The purpose of this study was therefore to determine if inexpensive and easy to use 

instruments could be used to evaluate physical activity for stroke survivors. The aims were 1) 

to compare the validity of heart rate monitoring versus RT3-accelerometry against the 

criterion measure, oxygen consumption, 2) to investigate the accuracy of a pedometer (Yamax 

digiwalker SW-200) and to examine possible differences in knee and hip placement. Validity 

was measured in participants with stroke and healthy participants. 

 

Method 

Participants 

Nine stroke patients and eight age and gender matched healthy participants took part in this 

study. The stroke patients were recruited from the patient records of the University Hospital 

Pellenberg. Their partners or other healthy persons were asked to perform as controls. The 

inclusion criteria for the stroke patients were: 1) stroke according to the WHO definition, 2) 

able to walk (if needed with stand-by-help, splint or walking aid), 3) able to understand and 

execute simple instructions. Healthy participants with a severe medical history were excluded. 

The medical ethical committee of the Leuven University Hospital approved the study, and all 

participants gave written informed consent. 

 



Measures of PA 

38 
 

Test protocol 

Before testing, motor ability was assessed with the Rivermead Mobility Index25. Age, gender 

and date of stroke were also documented. 

All participants performed a standardised protocol of physical activity in a laboratory setting 

including treadmill walking (slow speed, fast speed and uphill) and ergometer cycling (at 30, 

50 and 80 Watt). To obtain steady state conditions, each bout of activity lasted four minutes. 

Additionally, timed 10m walk and stair climbing (9 marches up and down) were performed. 

Resting periods were provided after each activity until the participants had recovered to 120% 

of their heart rate at rest. After the participants were familiarized with the equipment and 

procedures of testing, the resting heart rate was defined as the lowest HR observed during 

three minutes of sitting. The standardized protocol is presented in table 1.  

 

walking on a treadmill, slow speed (1.5km/h) 
walking on a treadmill, fast speed (3km/h) step
walking on a treadmill, fast speed (3km/h) with slope 5% VO2 counts
ergometer cycling 30 Watt HR
ergometer cycling 50 Watt totcal
ergometer cycling 80 Watt
timed 10m walking, comfortable speed
timed 10m walking, maximal speed step
stair climbing (9 marches up and down) counts

Table 1. Standardized activity protocol

Each bout of walking/cycling activity lasted 4 minutes and resting periods were provided
after each bout untill HR recovered to 120% of HR at rest.

 

 

During the activity protocol three different instruments were used simultaneously: one 

Cosmed K4b2 portable metabolic measuring system for gas exchange and heart rate 

assessment, one RT3 triaxial accelerometer and two Yamax Digiwalker  SW-200 pedometers. 

As criterion measure, respiratory gas exchange was assessed using the portable metabolic 

measuring system Cosmed K4b2 (Cosmed Srl, Rome, Italy). Via a soft, flexible face mask 

expired air was sampled and a sensor system measured ventilation, oxygen (O2) and carbon 

dioxide (CO2) concentrations in the expired air.  Calibrations were executed before testing 
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according to the manufacturer’s instructions. Parameters obtained from the Cosmed K4b2 

were oxygen consumption (VO2) and HR.  Recording frequency was dependent on the 

breathing cycle, for respiratory gas exchange values as well as for HR measurements. The 

Cosmed K4b2 has been found to be valid and reliable in the general population26,27. 

The RT3 Triaxial Research Tracker (Stayhealthy, Inc. Monrovia, CA) is a small, lightweight, 

triaxial accelerometer. It was programmed via computer interface with the subject’s personal 

data (gender, age, height, weight) prior to testing and set to sample data for all 3 axes each 

minute. The RT3 was worn on the right hip of healthy participants and on the less impaired 

hip of stroke participants. Output was expressed as the total amount of energy used with the 

resting metabolism included (Totcal, kCal). In a healthy population, the RT3 has shown good 

reliability13 and validity9.  

The Yamax Digiwalker SW-200 (Yamasa Corporation, Tokyo, Japan) was found to be one of 

the most reliable pedometers in a study of ten pedometers in healthy participants15. One 

Yamax pedometer was worn on the hip in accordance with the manufacturer’s guidelines and 

one was worn on the lateral side of the knee (fibula).  Both pedometers were installed on the 

right side for the healthy group and on the less impaired side for the stroke group. An 

observer manually recorded participant’s step counts during walking and climbing stairs. 

Manual step counts and pedometer counts were registered at the end of each bout of activity. 

 

Data Analysis  

The Cosmed K4b2 was considered as criterion measure. The output variable VO2 was 

corrected for outliers and data (values per breathing cycle) were smoothed (three or five point 

moving average). The mean value per minute was than calculated. The first minute of each 

four minute-bout of activity was deleted, resulting in VO2 values (mL/min) for three 

consecutive minutes at each activity.  

Spearman correlations coefficients were computed to depict the strength of the relationship 

between the variables oxygen consumption (VO2) and HR, and VO2 and RT3 output (Totcal) 

respectively, in the stroke and healthy group. As we are searching an objective, easy to use 

instrument to inform stroke survivors on their achieved level of physical activity, it is of 

interest to also calculate the correlations for each individual. The correlations express the 

validity of the heart rate monitor and of the RT3 accelerometer. In view of the fact that 
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accelerometers underestimate the activity level during cycling, analyses were computed for 

the activities of walking and cycling separately. If less than five data points were available, no 

correlation was computed. Differences between the number of steps recorded by the 

pedometer and actual step counts were analysed using the Wilcoxon Signed Rank test. 

Additional Spearman correlations between actual and pedometer recorded step counts were 

computed. Relative error was calculated as the absolute difference between actual and 

pedometer recorded step counts divided by actual step counts and multiplied by 100.  

Analyses were performed for the knee and hip placement separately, in the stroke and healthy 

group. The strength of correlations was determined as follows: 0.00 to 0.25, little or no 

correlation; 0.26 to 0.49, low correlation; 0.50 to 0.69, moderate correlation; 0.70 to 0.89, 

high correlation; and 0.90 to 1.00, very high correlation28. A p-value <0.05 was considered 

significant. All statistical analyses were conducted using SAS 9.1. 

 

Results 

Participants 

Nine stroke patients (five men and four women) and eight healthy participants (four men and 

four women) were included in this study. Mean age for the stroke group was 58.7 years (SD= 

12.7) and for the healthy group 62.3 years (SD= 7.6). The average time since stroke was 3.9 

years, with a range from 0.8 to 8.2 years. The median score of the Rivermead Mobility Index 

for the stroke group was 13 (IQR=10-14). One healthy participant used beta-blockers.   

Due to insufficient physical fitness, some stroke survivors could not perform the complete 

activity protocol. Two participants were unable to cycle at 80 Watt and walk at 3km/h, one 

participant was unable to cycle at 80 Watt and one was unable to walk at 3km/h. One healthy 

participant could not walk at 3km/h. If the participant was however able to walk at 2.5km/h, 

the fast walking speed was adjusted. Due to technical problems RT3 values of one healthy 

participant were missing. Heart rate measurement failed in one healthy participant during 

cycling. And an error in measuring oxygen consumption occurred during cycling in another 

healthy participant. 
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stroke group n r p-value n r p-value
walking 70 0.37 0.002 71 0.26 0.03
cycling 70 0.21 0.08 70 0.003 0.98

healthy group n r p-value n r p-value
walking 72 0.63 <0.001 63 0.55 <0.001
cycling 54 0.67 <0.001 54 0.38 <0.001

n = number of data points

Validity of RT3-accelerometry was assessed by Spearman correlations between oxygen
consumption (mL), measured by the Cosmed K4b² and total amount of used energy (Totcal),
measured by the RT3 accelerometer

HR RT3

HR RT3

Table 2. Validity of heart rate monitoring versus RT3-accelerometry against the criterion
measure, oxygen consumption, in the stroke and healthy group

Validity of heart rate monitoring was assessed by Spearman correlations between oxygen
consumption (mL) and heart rate (bpm), both measured by the Cosmed K4b²

 

 

Comparison of the criterion validity of heart rate monitor versus RT3 accelerometer 

The validity of heart rate monitoring versus RT3-accelerometry against the criterion measure, 

oxygen consumption, in the stroke and healthy group is shown in table 2. Spearman 

correlations with oxygen consumption,  were significant but low during walking (0.37 for HR 

and 0.26 for RT3) and little to no correlation was found during cycling for HR (0.21) and RT3 

(0.003), in the stroke group. In the healthy group, all correlations were significant, being 

moderate for walking (0.63 for HR and 0.55 for RT3) and low to moderate for cycling (0.67 

for HR and 0.38 for RT3).  

The Spearman rank correlation coefficients between oxygen consumption and HR for 

individuals in the stroke and healthy group are shown in table 3. With one exception (r = 

0.62), all correlation coefficients were high to very high between the heart rate and VO2, for 

stroke individuals. For the healthy individuals, moderate to very high correlations were found 

for the heart rate monitor during walking. For cycling all correlations were very high. 
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stroke group n r p-value n r p-value

subject 1 9 0.92 <0.01 9 0.83 <0.01
subject 2 9 0.77 0.02 9 0.97 <0.01
subject 3 9 0.77 0.02 9 0.8 0.01
subject 4 2 - - 9 0.87 <0.01
subject 5 9 0.97 <0.01 3 - -
subject 6 9 0.86 <0.01 6 0.62 0.19
subject 7 6 1.00 <0.01 7 1.00 <0.01
subject 8 8 1.00 <0.01 9 0.95 <0.01
subject 9 9 0.87 <0.01 9 0.88 <0.01

healthy group n r p-value n r p-value

subject 1° 9 1.00 <0.01 9 1.00 <0.01
subject 2 9 0.65 0.06 9 0.97 <0.01
subject 3 9 0.93 <0.01 9 0.95 <0.01
subject 4 9 0.57 0.11 9 0.98 <0.01
subject 5 9 0.94 <0.01 0 - -
subject 6 9 0.95 <0.01 0 - -
subject 7 9 0.83 <0.01 9 0.93 <0.01
subject 8 9 0.92 <0.01 9 0.93 <0.01

° subject 1 used a beta-blocker
VO2 & HR were both measured by the Cosmed K4b²
n = number of datapoints

Table 3. Validity of heart rate monitor: individual Spearman correlations between oxygen
consumption (VO2) and heart rate (HR)

walking cycling

walking cycling

 

The Spearman rank correlation coefficients between oxygen consumption and total amount of 

used energy (Totcal, RT3) for individuals in the stroke and healthy group are shown in table 

4. For the stroke group correlations during walking were high in 3 patients (0.80, 0.70, 0.72), 

moderate in 2 patients (0.57, 0.52), low in 2 patients (0.48, 0.42) and little correlation (0.14) 

was found in one patient. Two high (0.78, 0.87), 2 moderate (-0.65, -0.61), 2 low (0.47, 0.31) 

and 2 little (-0.22, 0.22) correlations were found during cycling. Three negative correlations (-

0.22, -0.65, -0.61) were seen during cycling. In the healthy group, 2 correlations were high 

(0.72, 0.77), 1 was moderate (0.53) and 4 were low (0.43, 0.48, 0.34, 0.42) during walking. 

During cycling, 2 correlations were very high (0.93, 0.90), 1 high (0.80), 1 moderate (0.61), 1 

little (0.28) and no correlation (-0.07) was seen in 1 participant. The low number of 

significant correlations between Totcal and VO2 is similar for the stroke and healthy group. 
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stroke group n r p-value n r p-value

subject 1 9 0.57 0.11 9 0.78 0.01
subject 2 9 0.80 0.01 9 -0.22 0.58
subject 3 9 0.48 0.19 9 0.22 0.58
subject 4 2 - - 9 -0.65 0.06
subject 5 9 0.70 0.04 3 - -
subject 6 9 0.72 0.03 6 0.31 0.54
subject 7 6 0.14 0.79 7 -0.61 0.15
subject 8 9 0.52 0.15 9 0.87 <0.01
subject 9 9 0.42 0.26 9 0.47 0.21

healthy group n r p-value n r p-value

subject 1 9 0.43 0.24 9 0.93 <0.01
subject 2 9 0.48 0.19 9 0.90 <0.01
subject 3 9 0.72 0.03 9 0.61 0.08
subject 4 0 - - 0 - -
subject 5 9 0.34 0.37 0 - -
subject 6 9 0.42 0.26 9 -0.07 0.86
subject 7 9 0.53 0.14 9 0.28 0.46
subject 8 9 0.77 0.02 9 0.80 0.01

VO2 was measured by the Cosmed K4b² and totcal by the RT3 accelerometer
n = number of data points

walking cycling

Table 4. Validity of RT3 accelerometer : individual Spearman correlations between oxygen
consumption (VO2) and total amount of used energy (Totcal)

walking cycling

 

Pedometer accuracy (Yamax Digiwalker SW-200)   

Table 5 presents the results of the accuracy of pedometer counts in the stroke and healthy 

group for walking and stair climbing. The differences between actual step counts and 

pedometer recorded step counts were much higher for the hip placement compared to the knee 

placement. In the stroke group, relative errors of -8% (walking) and -18% (stair climbing) 

were found for knee placement and 35% (walking, stair climbing) for hip placement. In the 

healthy group lower relative errors were also found for knee placement. Relative error was     

-2% versus 37% during walking and -16% versus 12% during stair climbing for knee and hip 

placement respectively. In both groups a very high correlation between actual and pedometer 

recorded step counts (rs=0.94) was found for the activity walking, when the pedometer was 

placed on the knee. In addition, the Signed Rank test revealed that there was no significant 

difference between the actual and pedometer recorded step counts during walking, with the 

pedometer placed on the knee. The Signed Rank test was furthermore not significant for stair 
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climbing, if placed on the knee for the stroke group and if placed on the hip for the healthy 

group.  

Table 5: Pedometer accuracy.  

mean (SD) mean (SD) mean (SD) mean (SD) S (p-value) R (p-value)

STROKE GROUP
knee placement
walking (42) 212 (173) 213 (182) -1 (53) -8 (24) -40.5 (0.62) 0.94 (<0.001)
stair climbing (9) 33 (10) 38 (12) -5 (9) -18 (24) -13.5 (0.12) 0.59 (0.10)
hip placement
walking (42) 212 (173) 114 (144) 98 (137) 35 (39) 338.5 (<0.001) 0.48 (0.001)
stair climbing (9) 33 (10) 20 (4) 13 (11) 35 (24) 18 (0.008) 0.34 (0.37)

HEALTHY GROUP
knee placement
walking (40) 229 (181) 222 (193) 7 (70) -2 (24) 57.5 (0.37) 0.94 (<0.001)
stair climbing (8) 20 (1) 23 (1) -3 (2) -16 (10) -14 (0.02) -0.51 (0.20)
hip placement
walking (40) 229 (181) 112 (144) 117 (143) 37 (39) 318.5 (<0.001) 0.45 (0.003)
stair climbing (8) 20 (1) 18 (4) 3 (4) 12 (20) 10 (0.11) 0 (1.00)

difference step counts = actual step counts - pedometer recorded step counts
% agreement = (pedometer recorded step counts / actual step counts)*100
relative error = (difference step counts  / actual step counts)*100
Spearman correlation was calculated between actual and pedometer recorded step counts
Signed Rank test was calculated on difference step counts
SD = standard deviation
n = numberof data points

relative 
error Signed Rank test

Spearman 
correlation

position and activity 
(N)

actual step        
counts

pedometer 
recorded step 
counts

difference step 
counts

 

Discussion 

The first aim of this study was to compare the validity of heart rate monitoring versus RT3-

accelerometry against the criterion measure, oxygen consumption, in a stroke and healthy 

group. For both devices, results in the stroke group revealed a significant low correlation for 

walking and little to no correlations for cycling, while in the healthy group significant low to 

moderate correlations were found. As the purpose was to find an objective, easy to use 

instrument giving feedback to stroke survivors on their achieved level of physical activity, 

individual correlations were also calculated.  

Correlations between HR and VO2 were mostly high to very high for stroke and healthy 

participants. Heart rate monitoring appears to be a valid measurement of physical activity to 

make intra-individual comparisons. As oxygen consumption and heart rate are both 

physiological variables closely reflecting changes in physical activity intensity, it is logical 

that the correlation coefficients between these variables are high.  This was confirmed in our 
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study for both healthy participants and stroke patients in a laboratory setting. Heart rate is 

however influenced by emotion, medication, posture, environmental conditions and others7. 

For monitoring in a home situation during an entire day of low intensity activity these factors 

may have an important impact. Therefore the RT3 accelerometer, a mechanical device to 

measure physical activity not influenced by these factors was also included in this study. 

In the stroke group, Spearman correlations between VO2 and RT3 were low during walking 

and no correlation was found during cycling. This study was the first to evaluate the criterion 

validity of the RT3 in a stroke group hence the data could not be compared to literature. For 

the healthy group correlations were much higher. DeVoe et al8 found a moderate correlation 

(0.57) between VO2 and RT3 vector magnitude during treadmill walking and running in 

healthy participants, which is similar to our result (0.55). This was lower in the validation 

study of Rowlands et al9 who reported a correlation coefficient between RT3 counts and 

SVO2 of 0.79 in treadmill walking and running for healthy men. This higher correlation is due 

to the fact that no slope was included in the protocol of Rowlands et al9. If walking on a 

treadmill with 5% slope was eliminated in the current protocol, the correlation increased from 

0.26 to 0.32 in the stroke group and from 0.55 to 0.66 in the healthy group. DeVoe et al8 also 

reported that the RT3 is insensitive to changes in slope. The validity of the RT3 during the 

activity of ‘cycling’ was not assessed in previous validation studies. 

In the stroke group, individual Spearman correlations between Totcal and VO2 varied from 

little to high for walking. Also for cycling, the correlations strongly varied between 

participants. Three negative correlations (-0.22, -0.65, -0.61) were also found. Inspecting data 

from these three participants revealed higher Totcal values during 30 Watt cycling than 

during 50 and 80 Watt cycling. This finding may raise questions about the validity of the RT3 

during cycling for stroke individuals. In the healthy group, the individual correlations were in 

general higher for cycling than for walking. Two participants showed a low correlation (-0.07, 

0.28) for cycling. Subject 6 had lower RT3 values during 80Watt cycling than during 30 and 

50 Watt cycling. Individual correlation coefficients for walking were lower and more varying.  

In conclusion, neither heart rate monitoring nor RT3-accelerometry seemed valid in the stroke 

group, while in the healthy group heart rate monitoring and RT3-accelerometry were valid 

during walking. However, individual correlations for RT3-accelerometry were lower and 

more variable between participants than the individual correlations for heart rate monitoring. 

This is especially true during the activity cycling for stroke patients. The RT3 accelerometer 
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therefore was not a good alternative to heart rate monitoring for measuring physical activity. 

Further research on possible factors (e.g. efficiency of movement, fitness level) explaining the 

diversity in correlation coefficients among participants should be investigated. 

 

When examining the entire data set in detail, more general comments could be made. Firstly, 

a decline in VO2 was often seen in the final minute of each activity bout, in both groups. It 

seems that participants decrease effort anticipating on the end of the activity. Eliminating the 

first and last minute of each bout would have been better than only eliminating the first 

minute, but would reduce the number of observations. A seven minutes monitoring period 

might be better, so minutes 1,2,3 and 7 could be eliminated leaving three minutes of steady 

state values. However, most stroke participants are not able to maintain moderate activities 

this long. Secondly, compared to flat walking, walking uphill reduced the energy recorded by 

the RT3, while oxygen consumption and HR increased. The study of DeVoe et al8 also 

revealed that the RT3 is insensitive to changes in slope.  Further observation of the RT3 data 

also revealed that there was no clear increase during the activity (from minute 2 to 4).  

 

The second aim was to investigate the accuracy of a pedometer (Yamax digiwalker SW-200) 

and whether placement at the knee would be better than at the hip. As moderate to severe 

stroke survivors are often restricted to walking activities of short duration in daily life, heart 

rate monitoring may not be valid as no steady state conditions will be reached. Therefore, the 

Yamax pedometer may be a better device to measure physical activity. For both groups the 

low relative error, the very high correlation and the non-significant Signed rank test revealed 

that the pedometer was a valid measure of physical activity during walking, when placed on 

the knee. Knee placement is in contradiction to the guidelines of the instruction manual, 

which indicates attachment of the pedometer at the level of the hip. Nevertheless, 

accelerations on the knee are higher than on the hip, so it is more likely that the threshold 

value to record a step will be exceeded when the pedometer is placed on the knee. Other 

studies also evaluated the accuracy of pedometers worn at the hip in healthy participants. 

Crouter et al15 and Schneider et al29 found pedometer counts (Yamax digiwalker SW-701) 

within respectively +/- 1% and +/- 3% of the actual steps taken. Our current study showed a 

much higher relative error (37%) during walking. The review of Tudor-Locke et al30 revealed 

however that the accuracy was reduced during slow walking. Cyarto et al11 also concluded 
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that pedometers are not appropriate for assessing physical activity of persons with slow gate. 

Compared to these studies, the walking speeds in the present study were much lower. 

Inspection of the data revealed that the percentage agreement at 1.5km/h walking speed was 

lower than the agreement at 3km/h for all participants. The low walking speeds in this study 

could thus explain the higher relative error compared to previous studies, in the healthy 

population. Two studies using a pedometer in stroke survivors during walking confirm the 

limited accuracy for hip placement as found in our study16,20. On the other hand, the ankle-

placed SAM pedometer seems to be accurate for quantifying ambulatory activity levels in 

stroke survivors16,17. An agreement of 98% found in the study of Macko et al16 is slightly 

higher than 92% found in our study for walking with knee placement. It appears that the knee 

and the ankle are better placements for the pedometer than the hip. It can be concluded that 

the pedometer is not accurate for low walking speed if placed on the hip for both healthy 

participants and stroke patients; nevertheless it is accurate when placed on the knee. Based on 

this result, we would recommend also examining the validity of the RT3 accelerometer placed 

on the knee, especially in stroke patients.  

 

Some critical reflections are warranted. Only moderately to mildly disabled stroke patients 

were included in the present study. Therefore, results can not be generalized to severe stroke 

patients. This study is also limited by restricted range of activities and the brevity of the 

monitoring periods. On the other hand, heart rate, RT3 accelerometer and pedometer 

measurements were simultaneously examined against a criterion measurement (oxygen 

consumption) during a standardized protocol. In addition, an age- and gender matched control 

group was included in the study. Furthermore, it is the first study in which the accuracy of the 

pedometer for hip and knee placement was compared. Based on the results of this study, some 

recommendations for future research can be made. Validation of knee placement for the 

accelerometer and pedometer should be explored in a large sample with a wide range of 

functional limitations, as well as, longer monitoring periods and excluding the activity 

‘walking uphill’. The equipment needs to be validated in the context of daily living. As stroke 

patients spend the majority of the day sedentary or in moderate to low intensive activities, this 

should be validated. Finding a valid device to measure the activity ‘wheelchair propulsion’ is 

also a future research question. Internal and external responsiveness should also be 

established to examine changes in PA level (e.g. detect a treatment effect) and facilitate the 

interpretation of score change (e.g. is the change meaningful or not?).  
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Conclusion 

Based on both group and individual correlations the RT3-accelerometry was not a valid 

device to measure physical activity in stroke patients. Heart rate monitoring, however, can be 

used to make intra-individual comparisons. Heart rate monitoring and RT3-accelerometry 

were valid during walking for the healthy group, however individual correlations revealed 

that heart rate monitoring is preferable. Further research may be needed to determine if other 

placements than the hip may be more valid for the RT3 accelerometer. The Yamax digiwalker 

was very accurate during slow walking if placed on the knee. The pedometer was not accurate 

when placed at the hip. Comparable results for both groups were found. These results should 

be confirmed in a larger group with wider range of functional limitations and validation 

should also be examined outside of a laboratory setting. The Yamax pedometer worn at the 

knee seemed a valid and simple to use instrument to assess physical activity during daily 

living in stroke patients and will help to define the intensity and amount of physical activity 

necessary to positively affect health.  
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Abstract 

Purpose – This study aimed to quantify physical activity one year post-stroke – by means of a 

multifaceted approach combining absolute, relative, and self-reported measures of physical 

activity – and to investigate their mutual associations. The determinants of physical activity 

were explored. 

Method – Daily physical activity was measured in 16 mildly disabled stroke patients (median 

RMA-GF score of 12 (IQR=10-12.5)) using a heart rate monitor, a pedometer, the Baecke 

Physical Activity Questionnaire and the Physical Activity Scale for Individuals with Physical 

Disabilities. Potential determinants were age, gender, functional mobility, peak exercise 

capacity, mood, participation and hours of daylight. 

Results – On average, stroke participants had a good baseline level of activity (44±39 

minutes/day spent moderate active, 6428±4117 steps/day), but only three (19%)  performed 

more than 10,000 steps/day, required for health benefits. Functional mobility, 

cardiorespiratory fitness, mood and participation were related to the total daily steps, but not 

to the time spent in moderate intense activities. Discrepancies between absolute (frequency 

and duration) and relative (intensity) measures of physical activity exist regarding the 

achieved quantity and its potential determinants.  

Conclusions – It is not only important to be active, but to be active enough to improve health. 

Health recommendation for stroke survivors to perform moderate intense physical activity 

needs to be translated into a pedometer-based step goal.   

 

 

 

 

Abbrevations 

PA: physical activity 

HR: heart rate
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Introduction 

People of all ages can improve their health and quality of life through a lifelong practice of 

physical activity (PA) at moderate intensity, as this reduces the risks of developing coronary 

heart disease, hypertension, colon cancer, and diabetes and improves mental health1. In 

persons with stroke regular PA may also reduce the risk for recurrent stroke and 

cardiovascular events2. Moreover the PA level has been found to be a significant predictor of 

overall life satisfaction one-year after stroke3. Current guidelines recommend stroke survivors 

to exercise at 40% to 70% of peak oxygen consumption or HR reserve, 3 to 7 days a week, 

with a duration of 20 to 60 minutes a day of continuous or accumulated exercise (≥ 10-minute 

bouts), depending on the patient’s level of fitness2. Walking may be one of the most 

accessible forms of exercise in the stroke population and ambulatory activity is associated 

with social participation4. Previous studies5-9 however have shown low step counts in this 

population. Mean steps/day measured by the Step Activity Monitor (SAM) post discharge 

were: 13898, 27656, 28377, 30355, 61959 versus 5000-6000 reported in sedentary older 

adults10. Two studies5,11 used accelerometers to estimate more accurately PA level and found 

mean energy expenditures above the recommended 142 kcal/day. Nevertheless, 17% 

respectively 58% of the participants did not achieve the recommended 142 kcal/day5,11.  

Furthermore, there is reasonable doubt on the validity of accelerometers for measuring the 

energy expenditure of daily activity in stroke patients5. Ambulatory activity measured in steps 

per day and energy expenditure measured in kcal/day are absolute measures tracking the 

volume of daily activity and do not account for the variability in impairment and fitness in 

people with stroke. Therefore, a measure assessing the activity intensity relative to the 

maximal exercise capacity may be more valuable. Based on HR reserve or peak oxygen 

consumption from a maximal incremental exercise test, daily activity can be divided in light, 

moderate and vigorous intensity12.  

Some studies3,13,14 have also used various questionnaires as subjective measures of PA in 

stroke patients. Two of these studies3,13 confirmed reduced PA after stroke, whereas Resnick 

et al14 found that stroke subjects spent more than 30 minutes of moderate activity on 5 days 

each week. In the latter study, however, the authors reported that patients overestimated their 

engagement in PA when data were compared to objective measurements of PA14. The 

correlation between absolute measures of PA using activity monitors and self-reported 

questionnaires is poor in stroke patients13,14, but it is unclear whether both techniques explain 

different aspects of the variance in PA. Due to the unique attributes of each measure, we 
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considered multiple measures (absolute and relative objective measures and self-reported 

questionnaires) to quantify PA in chronic stroke patients and investigated their mutual 

associations.  

To encourage stroke patients towards a more active lifestyle, identification of the 

impediments to such a lifestyle is needed. Physical, psychological as well as environmental 

barriers may limit PA in stroke survivors. Therefore, functional mobility and physical fitness, 

as well as, depression, fatigue, family support and social integration need to be evaluated1. A 

number of studies investigated some determinants of PA after stroke. Steps/day correlated not 

or only low with VO2 peak (r<0.40)7,8,14, not with economy of gait (r<0.10)7,8, moderately 

with measures of disability (r=0.58 and r=0.62)6,7 and not with fatigue (r=0.17)8. Association 

between the accelerometer activity counts and Chedoke lower extremity impairment was low 

(r=0.45)13, moderate with the Berg Balance Scale (r=0.53)13 and moderate with the 6-minute 

walk distance (r=0.67)11,13. Low correlations were found between the questionnaire Physical 

Activity Scale for Individuals with Physical Disabilities (PASIPD) and functional ability 

(r<0.33)13. All studies mentioned focussed on physical barriers. So far, psychological or 

environmental barriers were never explored. Only Damush et al15 elicited perceived exercise 

barriers (physical impairments from stroke, lack of motivation, and environmental factors) 

and facilitators (motivation, social support, and planned activities to fill empty schedule) 

among stroke survivors. This study, however, was based on the analysis of audiotaped 

questioning of 13 stroke survivors.  

In summary, PA has never been expressed based on the percentage of maximal aerobic 

capacity in stroke survivors. Including both objective (absolute and relative) as well as self-

reported measures is needed to optimally understand daily PA. The identification of barriers 

to PA also requires further investigation. The aims of the present study were therefore 1) to 

quantify daily PA by absolute, relative and self-reported measures, 2) to investigate relations 

between these measures and 3) to examine determinants of PA one year after stroke. 

 

Method  

Participants 

Twenty six (26) patients were recruited from the stroke rehabilitation unit in the University 

Hospital, Leuven, Belgium. The inclusion criteria were: 1) first-ever stroke as defined by the 
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World Health Organisation (WHO)16, 2) age < 75 years, and 3) able to comprehend simple 

test instructions. Exclusion criteria were: 1) other neurological disorders with permanent 

damage, 2) stroke-like symptoms due to subdural haematoma, tumour, encephalitis or trauma, 

3) pre-stroke Barthel Index <5017, 4) unable to perform a maximal exercise test in accordance 

with absolute contra-indications for exercise testing by the American College of Cardiology 

Foundation/American Heart Association(ACC/AHA)18, 5) no informed consent. The study 

was approved by the medical ethical committee of the Leuven University Hospital.  

 

Procedure  

This sample was part of a larger prospective predictive study which evaluated 

cardiorespiratory fitness in the first year after stroke. Descriptive assessments at intake in the 

rehabilitation centre entailed age at stroke onset, gender, type of stroke, National Institutes of 

Health Stroke Scale (NIHSS)19, Gross Motor function of the Rivermead Motor Assessment 

(RMA-GF)20, Functional Ambulation Categories (FAC)21 and Barthel Index (BI)17. For the 

purpose of this study, PA and its potential determinants were measured at one year post-

stroke. A 1 year post-stroke assessment will provide insight in the quantity of PA as well as 

its relationship with measures of participation, activity limitations, and quality of life.  

 

Measurements 

Physical activity 

Two objective measurements were applied to assess daily PA: a Polar RS-400 HR monitor 

and a Yamax SW-200 pedometer. The Polar RS-400 HR (Polar Electro Oy®, Finland) 

monitor was worn according to the manufacturer’s instructions and HR was registered every 5 

sec. The pedometer was placed on the lateral side of the non-paretic knee (proximal fibula) 

with a patella brace. Participants were instructed to wear the devices five consecutive 

weekdays from the time of rising in the morning until the time they went to bed at night, 

excluding time spent bathing or participating in water activities. Oral and written instructions 

were provided for proper placement and use of the devices. HR data were only retained for 

further analysis if ≥ 75% of the waking time was registered by the HR monitor for at least 2 

days. At least 2 days of pedometer registration was also needed. In other chronic diseases, 2 

days of assessment have been shown to be sufficient to measure PA22. Data were averaged 
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over the sufficient registered days. Based on the number of steps per day participants were 

classified as being very low active (less than 3500 steps per day as expected for individuals 

with disabilities and chronic illness)23, sedentary (less 5000 steps per day)10, normally active10 

(5000-10,000 steps per day) or sufficiently active for health benefits (>10,000 steps per 

day)10.  To obtain background information of daily PA, participants were asked to fill in a 

diary during the five days of measurement. The Baecke Physical Activity Questionnaire 

(BPAQ)24 and Physical Activity Scale for Individuals with Physical Disabilities (PASIPD)25 

were used as indirect self-reported measures.  

 

Influencing factors 

Cardiorespiratory fitness 

Cardiorespiratory fitness was assessed during a symptom-limited graded cycle ergometer test 

on an electronically braked, upright stationary bicycle (Lode-Excalibur®, Groningen, The 

Netherlands) under the supervision of a physician and with continuous 12-lead ECG (Welch-

Allyn SE-PRO-600®, San Diego, CA). After three minutes of familiarization, the participants 

started to pedal at 10W, with workload increments of 10W/min until voluntary cessation. 

Participants pedalled at a comfortable rate between 30 and 60 rpm. Exercise tests could also 

be terminated based on the ACSM criteria12. During cycling expired air was collected breath-

by-breath and analysed at 10 sec intervals with computerized open-circuit spirometry (Cortex 

Biophysik Metalyzer 3B diagnostic®, Leipzig, Germany). Oxygen consumption (VO2), 

minute ventilation (VE) and respiratory exchange ratio (RER) were determined. Volume 

calibration and calibrations of gases were done before each test. Peak oxygen consumption 

(VO2 peak) was defined as the average of values recorded during seconds 20 to 50 of the last 

completely performed increment. 

Mobility 

Two measures were used to define patients’ mobility. The Timed 10m walk at self-selected 

speed was measured to reflect potential for safe community mobility26. The Gross motor 

function section of the Rivermead Motor Assessment (RMA-GF)20 consists of 13 items from 

sitting unsupported to standing to walking and even running.  
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Mood 

The Beck Depression Inventory-II27 assessed severity of depression.   

Participation 

The domain ‘social participation’ of the Stroke Impact Scale, version 3.028 was applied to 

assess how stroke affected quality of life. 

Personal and environmental factors 

Age and gender were documented. Review studies29,30 show effects of season and weather 

conditions on PA in the healthy population. A recent study of Sumukadas et al31 revealed that 

day length was the main meteorological factor of daily activity in older functionally impaired 

people. Therefore, in our study, daylight was documented. Data were obtained from the Royal 

Observatory of Belgium. 

 

Data analysis 

Calculation of the relative measure of physical activity 

After deleting outliers (zero values and values >220), the registered HR beats during daily PA 

were first averaged per minute. To use HR beats as a relative measure, we categorized daily 

PA into light and moderate intensity based on the ACSM’s guidelines12. This classification 

used the Karvonen concept of maximal HR reserve to classify exercise intensity. The HR cut-

off for daily activity at light intensity was calculated by taking HRrest plus 20% of HR 

reserve and at moderate intensity by taking HRrest plus 40% of HR reserve12. The equations 

were as follows: 

HR20% = HRrest + 0.2* (HRmax - HRrest) 

HR40% = HRrest + 0.4* (HRmax - HRrest). 

HRmax was defined as the average of the last 30 seconds of the last complete increment 

during the symptom-limited graded cycle ergometer test. For HRrest, the average HR from 

minute 1 to 2.5 in rest before the cycle test started was taken. To verify the definition of light 

(≥ HR20%) and moderate intensity (≥ HR40%), the relation between VO2 values and HR during 

the graded cycle ergometer test was fitted, after correction of outliers. VO2 values were then 
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calculated using the HR cut-offs (HR20%, HR40%) and divided by 3.5 to obtain METs values.  

The model proposed by Pate et al32 for classifying the MET intensity of physical activities 

defines light intense as <3 METs and moderate intense as < 6 METs. Minutes per day ≥ 

HR20% were counted and considered as minutes of daily activity of at least light intensity. 

Minutes per day ≥ HR40% were counted as activity of at least moderate intensity. To examine 

the daily time distribution at diverse intensities (very light to vigorous) HR cut-offs were 

calculated by taking the resting HR plus 10, 20, 30, 40, 50, … and 100% of HR reserves, 

defined as HRmax - HRrest. Minutes per day activity at diverse intensities were counted in 

every cut-off range (HR0-10%, HR11-20%, HR21-30%,… and HR91-100%).  

 

Statistical analysis 

Differences between the in- and excluded participants were verified with Mann-Whitney tests, 

Median tests or χ2, as appropriate. Descriptive statistics were calculated to document 

participants’ characteristics, outcome measures and potential determinants. Outcome 

measures of daily PA were steps/day, minutes per day spent in activities of at least light 

intensity, minutes per day spent in activities of at least moderate intensity, BPAQ sport index, 

BPAQ leisure index and PASIPD score (METs hr/day). Potential determinants were age, 

gender, VO2 peak, timed 10 walk (comfortable speed), RMA-GF, BDI-II, social participation 

domain of the SIS 3.0 and hours of daylight. To quantify the relationship between outcome 

measures and between outcome measures and potential determinants, Spearman rank 

correlations were computed. For the relation between HR monitor and pedometer, only days 

with simultaneous registration by both devices were retained. As HR monitoring did not 

always register the full wearing time, while the pedometer does a difference in registration 

time between HR monitor and pedometer occurred. Therefore, data are corrected for 

registration time of the respective devices and expressed as minutes of daily activity of at least 

light/moderate intensity per minutes of HR registration and number of steps/day per wearing 

time of the pedometer. A correlation was computed between these end points. Correlation 

coefficients >0.70 were considered to indicate a high, 0.50-0.70 a moderate, 0.30-0.50 a low 

and <0.30 a weak or no association. In all analyses, a p-value <0.05 was considered 

significant. Data were analysed with SAS 9.2. 
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Results 

Participants 

Of the 26 participants who were recruited at intake in the rehabilitation centre for the 

prospective study ‘evaluation of cardiorespiratory fitness’, nine refused to take part in this 

specific part of the study which required that they use the HR monitor and pedometer for 5 

days. One participant was also not available due to hip fracture. There were no significant 

differences between the 16 participants that remained in the study and the 10 excluded 

participants with respect to age (p=0.42), gender (p=0.77), type of stroke (p=0.93), NIHSS 

(p=0.42), RMA-GF (p=0.17), FAC (p=0.16) and BI (p=0.30). Baseline characteristics of the 

16 included participants are presented in table 1.  

In three included participants HR data were only available less than 2 days including ≥75% of 

waking time and could not be used. In one participant the peak RER was below 1.00 during 

the cycle ergometer test and therefore HR data could not be used as relative measure.  

age, y, mean ± SD 61.9±11.9
gender (male/female), n (%) 12 (75%) / 4 (25%)
type of stroke (ischaemic/heamorrhagic), n(%) 13 (81%) / 3 (19%)
NIHSS, mean ± SD 4.9±4.4
RMA-GF, median (IQR) 9 (5-12)
FAC, median (IQR) 3 (1.5-4.5)
BI, mean ± SD 67.8±24.9

IQR: Interquartile Range

Table 1. Baseline characteristics  of stroke participants (n=16)

NIHSS, National Institutes of Health Stroke Scale; RMA-GF,Rivermead Motor Assessment gross
motor function;  FAC: Functional Ambulation Categories; BI: Barthel Index

 

 

Quantification of physical activity 

Quantification of PA measured by HR monitoring, the pedometer and questionnaires is 

presented in table 2. All outcome measures showed high variability. On average, stroke 

participants spent 44±39 minutes per day in activities of moderate intensity (relative 

measure). Individual exploration showed that eight (67%) of the participants spent the 

recommended 20 minutes (continuous or accumulative bouts of ≥ 10 min) of moderate 

activities during one or two days, but none performed moderate activity at least three days per 
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week. Figure 1 shows the distribution of daily activities in diverse intensities. Stroke 

survivors spent 81% of the day in very light, 13% in light, 4% in moderate and 1% in 

vigorous activities. Mean steps per day (absolute measure) were 6428, which is within the 

normative data33 (5900-6900 steps/day). Three (19%) stroke survivors were classified as 

severely inactive (<3500 steps/day), seven (44%) as sedentary (<5000 steps/day), six (38%) 

as normally active (5000-10,000 steps/day) and three (19%) participants as active enough for 

health benefits (>10,000 steps/day).  

assessment n mean±SD range

relative measure (Polar RS-400 heart rate monitor)
     daily minutes of at least light activity 12 149±107 37-368
     daily minutes of at least moderate activity 12 44±39 0-132
absolute measure (Yamax-SW 200 pedometer)
     steps/day 16 6428±4117 1456-15604
self-reported questionnaires
     BPAQ sport index (range 1-5) 16 2.2±0.7 1.3-3.5
     BPAQ leisure index (range 1-5) 16 2.2±0.6 1.3-3.3
     PASIPD score (METs hr/day) (range 0-199.5) 16 7.8±7.6 0.3-27.0

Table 2. Level of physical activity measured by heart rate monitoring, pedometer and
questionnaires

BPAQ, Baecke Physical Activity Questionnaire; PASIPD, Physical Activity Scale for Individuals with
Physical Disabilities
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Figure 1. Time distribution (mean±SD) of daily activities in diverse intensities 

 

 

Relations between measures of physical activity 

The Spearman correlations between the different measures of PA are presented in table 3. 

Minutes per day spent in activities of at least light / moderate intensity correlated little to low 

with steps/day and with questionnaires. Steps/day correlated high with the BPAQ sport index 

and moderate with the BPAQ leisure index and the PASIPD. Mutual associations between 

questionnaires were moderate to high.  
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measures steps / day BPAQ sport BPAQ leisure PASIPD

daily min light active, n=12 -0.32 0.11 -0.24 0.34
daily min moderate active, n=12 -0.16 0.16 -0.13 0.36
steps / day, n=16 0.77* 0.58* 0.62*
BPAQ sport, n=16 0.72* 0.53*
BPAQ leisure, n=16 0.58*
PASIPD, n=16

Table 3. Spearman correlations between different measures of physical activity 

min light active,minutes≥ 20% of heartratereserve;min moderateactive,minutes≥ 40%of heartrate
reserve; BPAQ, Baecke Physical Acitivity Questionnaire; PASIPD, Physical Activity Scale for
Individuals with Physical Disabilities

  

 

Determinants of physical activity  

Descriptive data for potential determinants of PA are presented in table 4. Spearman 

correlation coefficients between outcome measures of PA and potential determinants are 

shown in table 5. Age, gender and hours of daylight were not significantly correlated with PA 

measured by the several assessments. Moderate to high correlations were found between 

functional mobility (RMA-GF and 10m walk) and steps/day, BPAQ leisure index and 

PASIPD. VO2 peak was highly correlated with steps/day and moderately with BPAQ. 

Depression (BDI-II) was associated with lower PA levels as assessed by the number of steps 

per day and the BPAQ sport index. The participation dimension of SIS 3.0 correlated 

moderately with steps/day, BPAQ sport index and PASIPD.  

age, y, mean ± SD 61.85±11.88
gender (male/female), n (%) 12 (75%) / 4 (25%)
RMA-GF, median (IQR) 12 (10-12.5)
10m walk (comfortable speed), m/s, mean ±SD 0.97±0.38

VO2 peak, mL/kg/min, mean ± SD 18.73±8.89

BDI-II, median (IQR) 5 (3-9)
SIS 3.0 participation, mean ± SD 78.06±17.23
daylight, hours/day 10.94±2.68

IQR: Interquartile Range

Table 4. Descriptive data for potential determinants of physical activity (n=16)

RMA-GF, Rivermead Motor Assessment gross motor function; VO₂: oxygen uptake; BDI-II, Beck
Depression Inventory-II; SIS 3.0: Stroke Impact Scale version 3.0
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Table 5. Spearman correlations between measures of physical activity and potential determinants

measures of physical activity age gender RMA-GF10m walk VO2 peak BDI-II

SIS 3.0 
participation

hours of 
daylight

daily min light active, n=12 0.31 0.31 0.14 -0.09 -0.14 0.05 0.06 0.42
daily min moderate active, n=12 0.36 0.11 0.23 0.11 -0.28 -0.08 0.25 0.16
steps / day, n=16 -0.47 0.14 0.53* 0.56* 0.73* -0.62* 0.57* 0.14
BPAQ sport, n=16 -0.05 -0.15 0.33 0.44 0.62* -0.76* 0.66* 0.23
BPAQ leisure, n=16 -0.003 -0.09 0.59* 0.62* 0.65* -0.49 0.48 -0.1
PASIPD, n=16 -0.24 0.35 0.76* 0.59* 0.35 -0.38 0.52* 0.24

potential determinants

daily min light active, minutes/day≥ 20% of heart rate reserve; daily min moderate active, minutes/day≥ 40% of heart rate reserve;
BPAQ, Baecke Physical Acitivity Questionnaire; PASIPD, Physical Activity Scale for Individuals with Physical Disabilities

 

 

Discussion  

Primary aim of this study was to quantify daily PA one year after stroke by relative, absolute 

and self-reported measures and to investigate the relations between these measures. Our 

outcome values of objective measures revealed that stroke survivors had on average a good 

baseline level of activity. Although 44 minutes per day were spent in activities of moderate 

intensity, individual exploration showed that none of our participants performed moderate 

activity at least three days per week as recommended for health benefits. Also 81% of the day 

was spent in very light activities. To the authors’ knowledge daily PA has never before been 

quantified based on the percentage of maximal aerobic capacity in stroke survivors. Bonomi 

et al34 revealed that healthy adults occupying 42% of the day in sedentary activities (lying, 

sitting, standing still). This was however based on accelerometry in a younger sample. In 

healthy older Americans, 2635 to 49%36 are regularly active (participated in moderate-

intensity activity at least 5 days per week for at least 30 minutes or vigorous-intensity 

activities at least 3 days a week for at least 20 minutes). One should be cautious, however, as 

these results are based on self-reports. 

Mean steps/day was 6428 in this study, which is typical of daily activity excluding 

sports/exercise (5000-7499 steps/day)10. However, only three (19%) performed more than 

10,000 steps per day, required to improve health. Previous studies5-9,13 reported on average 

less steps/day. In these studies more women were included, walking performance was poorer 

and another pedometer device (SAM) was used which might explain the lower values. Three 

of these studies also measured VO2 peak and found values (11.77, 13.08, 13.013) much lower 

than our results (18.7).  
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Our found median score of 6.0 METs hr/day on the PASIPD, was slight lower than 10.3 

METs hr/day as found in the study of Rand et al12. Participants in that study were however 

less disabled than our participants. No other study used the BPAQ in the stroke population 

and therefore comparison with the literature was not possible.  

 

Correlations between absolute measure (steps/day) and relative measures (min light active and 

min moderate active) were low. Also Talbot et al37 found a dramatic shift in the pattern of PA 

when absolute classification of intensity levels were recalculated based on the percentage of 

maximal aerobic capacity for healthy individuals. Although recent studies38,39 have indicated 

that those who achieve > 10,000 steps/day also average approximately > 30 min of moderate-

to-vigorous physical activity. This was however measured with the same accelerometer and in 

healthy adults. Pedometers measure the frequency of PA, while HR reserve was used to 

measure the intensity of PA. Additional conditions during walking such as carrying goods, 

climbing stairs, walking uphill might influence the intensity of walking, but not the number of 

taken steps. Based on step cadence, Michael8 and Manns9 stratified step activity in stroke 

patients as low, medium, and high intense. Although both used a different definition of high 

intensity step activity (≥ 30 and ≥ 40 steps per min), this was well below 100 steps per minute 

as claimed for healthy individuals to be moderate active40.  Moreover, less than 10% of these 

stroke subjects performed steps at high intensity8,9. The recommended 10,000 steps per day 

for healthy adults have recently been transformed into 3000 steps in 30 minutes on 5 days 

each week or three bouts of 1000 steps in 10 minutes each day40, taken over and above some 

minimal level of physical activity (5000 steps/day). As walking might be one of the most 

accessible forms of exercise in the stroke population and pedometers are affordable and 

simple to use even in this population, health recommendation for moderate-intensity PA 

clearly need to be translated into a pedometer-based step goal. The fact that the questionnaires 

BPAQ and PASIPD correlated moderately with steps/day but no more than low with minutes 

per day spent in light and moderate activity, indicates that these questionnaires focus on what 

subjects do and not on how they do it. Although both questionnaires applied METs values to 

weigh the intensity of different activities, this might be inadequate for the deconditioned 

stroke population.   
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Second aim was to explore determinants of PA. Better functional mobility (RMA-GF and 

10m walk), cardiorespiratory fitness, mood and participation were related to more steps/day 

and higher scores on the BPAQ and PASIPD. Previous studies also showed moderate 

correlations between steps/day and the Berg Balance Scale7 (r=0.58), mobility score of the 

Functional Independence Measure6 (r=0.62) and self-selected walking velocity7 (r=0.55). Our 

found correlation of 0.73 between steps/day and VO2 peak was higher than 0.03, 0.32 and 

0.40 as revealed in previous studies7,8,13. Participants in our study however had a better fitness 

level, which might explain the higher correlation. For the first time, BDI-II and participation 

dimension of the SIS 3.0 were associated with steps/day, the BPAQ and PASIPD.  

None of the potential determinants did significantly affect the time spent in light and 

moderate intense activities. This finding supports the reported discrepancy between absolute 

and self-reported measures on the one side and relative measure of PA on the other side. 

Although it is easy to describe the frequency and duration of PA, the degree of effort relative 

to one’s individual aerobic fitness is crucial to be moderately active and achieve health 

benefits.  

 

Some reflections on the methods used in the present study are warranted. First we chose HR 

monitoring and pedometer as outcome measures, which may not have provided a complete 

quantification of PA. Nevertheless the choice of these measures was carefully considered 

through a preliminary study comparing accelerometer (RT3), HR monitoring (Cosmed) and 

pedometer (Yamax SW-200) assessment in 9 stroke patients. The RT3 accelerometer showed 

poor validity. HR monitoring showed to be preferable to RT3 accelerometry and the 

pedometer provided accurate results during walking if positioned on the knee, but not when 

hip-positioned. Haeuber et al5 also indicated an inadequate validity for the Caltrac 

accelerometer in measuring daily PA in stroke patients. 

Second, this study is limited by the small sample size, inclusion of only mildly disabled stroke 

patients and no control group. On the other hand, absolute, relative and self-reported measures 

of PA were simultaneously examined to assess frequency, intensity and perception of PA. 

Furthermore, it is the first study in which physical, psychological as well as environmental 

barriers of PA were investigated.  
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In conclusion, stroke participants in the current study had on average a good baseline level of 

activity, but only some reached a level which could improve their physical health. Functional 

mobility, cardiorespiratory fitness, mood and participation were related to daily steps, but not 

to the time spent in moderately intense activities. Discrepancies between absolute (frequency 

and duration) and relative (intensity) measures of PA exist regarding the achieved quantity 

and its potential determinants. This indicates that it is not only important to be active, but to 

be active enough to maintain or improve health. Health recommendation for stroke survivors 

to perform moderate intense PA needs to be translated into a pedometer-based step goal.   

 

Implications for rehabilitation 

• On average, stroke survivors had a good baseline level of PA, but only some reached a 

level which could improve their physical health. 

• Health recommendations for stroke survivors on amount of moderate intense physical 

activity should be translated into a pedometer-based step goal.   
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Abstract 

Objectives: To examine changes in cardiorespiratory fitness over the first year post-stroke and 

explore the effect of pre-stroke patients’ characteristics and stroke-related factors on this 

evolution.  

Design: Descriptive, longitudinal study with repeated measures of exercise capacity at 3, 6 

and 12 months post-stroke. 

Setting: Rehabilitation center and exercise testing laboratory. 

Participants: Consecutive sample of 33 patients with stroke (age: 59.0±11.3 years 

(mean±SD)). 

Interventions: Not applicable. 

Main outcome measures: Peak oxygen uptake (VO2 peak) and Oxygen Uptake Efficiency 

Slope (OUES) were determined during a symptom-limited graded cycle ergometer test at 3, 6 

and 12 months post-stroke. Age, gender, pre-morbid physical activity level, clinical history 

(smoking, diabetes mellitus, chronic pulmonary diseases, cardiovascular diseases, overweight 

and hypertension), stroke type and area, side of lesion and assessments of stroke severity were 

evaluated at intake.  

Results: VO2 peak (mean±SD) was 18.1±6.6 mL/kg/min, 19.8±8.0 mL/kg/min and 19.7±8.4 

mL/kg/min at 3, 6 and 12 months post-stroke. Values were 1575.3±638.3, 1710.7±710.3 and 

1687.2±777.5 for OUES respectively. Mixed models showed no significant difference over 

time for VO2 peak (p=0.10), nor for the logarithm of OUES (p=0.09). Stroke survivors at risk 

of deconditioning were pre-morbid less active at work or in sport activities, diabetic or 

initially more severely impaired. Combination of factors revealed that older patients with 

stroke and diabetes were less likely to improve on VO2 peak and older, female, diabetic non-

smokers improved less on log OUES.  

Conclusions: Cardiorespiratory fitness was reduced from 3 to 12 months post-stroke and did 

on average not significantly changed over time. Further studies should elucidate methods of 

increasing cardiorespiratory fitness during stay in the rehabilitation center and how 

community based aerobic exercise training post-rehabilitation can be organised.  

Abbreviation : CRF; cardiorespiratory fitness  
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Introduction 

Cardiorespiratory fitness (CRF) is poor in persons with stroke1, with previous studies 

reporting a mean VO2 peak (an indicator of aerobic capacity) that ranged from 11.4±3.72 to 

17.3±7.0 ml/kg/min3. This is 50-60% of the age- and sex-matched normative values in healthy 

persons. Low exercise capacity may be compounded by the increased energy cost of 

movement associated with residual functional deficits and may therefore contribute to low 

social participation4 and poor quality of life. In addition to disease prevention, enhanced 

aerobic capacity also has beneficial effects on functional abilities and independent living5. A 

recent meta-analysis6 supported the use of aerobic exercise training to improve CRF in mildly 

or moderately impaired stroke survivors and suggested that aerobic exercise is an important 

component of stroke rehabilitation. It is nevertheless unclear if current stroke rehabilitation 

programs induce an aerobic training effect and if long-term benefits are retained. Although 

previous studies2,3,6-19 have documented the reduced CRF, studies were mostly interventions 

and focused either on the subacute or chronic phase. To our knowledge, the longitudinal 

evolution of physical fitness over the first year post-stroke has not been previously studied.  

 

It remains to be seen if pre-stroke health-related conditions and if stroke-related factors (such 

as stroke type, area and initial severity) influence recovery of CRF. Knowledge of the 

influencing factors on CRF would enable identification at intake in the rehabilitation center of 

those at higher risk of (further) deconditioning. As a consequence, cardiovascular exercise 

training should be a therapeutic goal for these patients at risk and be started as early as 

possible. In the healthy population, CRF has been related to several factors, such as age, 

gender, level of physical activity, smoking, obesity, cardiovascular diseases, chronic diseases 

and resting heart rate20,21. It is unclear whether these factors, many of which are also risk 

factors for stroke, are of similar importance in the stroke population. Only a few studies have 

looked into determinants of CRF post-stroke11,13,16,18. Age was found to be negatively 

associated with VO2 peak11,13. Significant positive relationships were also found between VO2 

peak and the Fugl-Meyer test18, the Berg Balance Scale16 and the Barthel Index11, indicating 

that less disabled persons have a better CRF. These studies assessed CRF either in the 

subacute or chronic phase and samples were usually small, included only mild to moderately 

impaired patients with a mean age > 50 years. Testing protocols varied from treadmill 

walking with and without body weight support to semirecumbent or upright stationary 
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cycling. None examined factors influencing the evolution of CRF. Furthermore factors such 

as gender, clinical history, stroke type, stroke area and side of lesion have never been 

investigated.  

 

The purposes of this study were (1) to examine changes in CRF between 3, 6 and 12 months 

post-stroke and (2) to explore the effect of pre-stroke patients’ characteristics and stroke-

related factors on this evolution. This information would aid in developing more 

individualized rehabilitation programs.  

 

Method 

Participants 

Fifty (50) stroke patients consecutively admitted to the stroke rehabilitation unit in the 

University Hospital, Leuven, Belgium were recruited for the study on a volunteer basis. 

Screening was done by the physician of the unit. The inclusion criteria were: 1) first-ever 

stroke as defined by the World Health Organisation22, 2) age < 75 years, and 3) able to 

comprehend simple test instructions. The exclusion criteria were: 1) other neurological 

disorders with permanent damage, 2) pre-stroke Barthel Index23 <50, 3) unable to perform a 

maximal exercise test in accordance with absolute contra-indications for exercise testing by 

the American College of Cardiology Foundation / American Heart Association,24 4) unable or 

refusal to provide informed consent. Eligible participants were verbally inform, received 

written information and signed an informed consent form. The study was approved by the 

medical ethical committee of the Leuven University Hospital.  

 

Assessments 

Exercise testing 

CRF was assessed at 3, 6 and 12 months post-stroke. Three months was chosen as initial 

measurement moment as spontaneous recovery of lower limb function occurred by 10 weeks 

post-stroke25. Participants were asked to avoid heavy exertion or exercise/sport on the day of 

testing. CRF was assessed during a symptom-limited graded cycle ergometer test on an 
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electronically braked, upright stationary bicycle (Lode-Excalibur, Groningen, The 

Netherlands) under the supervision of a physician and with continuous 12-lead ECG (Welch-

Allyn SE-PRO-600, San Diego, CA). The test procedure was explained to the participants and 

they were then familiarized with the testing equipment. Following this, after three minutes of 

seated rest on the stationary bicycle, the participants started to pedal at 10W, with workload 

increments of 10W/min until voluntary cessation. Participants were instructed to pedal at a 

comfortable rate between 30 and 60 rpm and verbally encouraged to continue as long as 

possible to reach maximal effort. Exercise tests could also be terminated based on the ACSM 

criteria26. During cycling expired air was collected breath-by-breath and analysed at 10 s 

intervals with computerized open-circuit spirometry (Cortex Biophysik Metalyzer 3B 

diagnostic, Leipzig, Germany). Volume and gas calibrations were done before each test. Peak 

oxygen consumption (VO2 peak) was determined as an average of values recorded between 

20 and 50 seconds of the last fully completed increment. Although this parameter is most 

frequently used as measure of CRF, it is influenced by the patient’s motivation.  Therefore, 

the Oxygen Uptake Efficiency Slope (OUES) developed by Baba and co-workers27 was used 

as a second outcome measure. The OUES, is an estimation of cardiopulmonary function even 

at submaximal exercise and is determined using the equation: VO2 = a log10 VE + b. When 

VO2 in ml/min is plotted on the y axis and VE in L/min is plotted on the semilog transformed 

x axis, the slope of this linear relationship, “a”, represents the rate of increase in VO2 in 

response to VE and is defined as the OUES, whereas b is the intercept. As such, OUES 

provides as estimation of the efficiency of ventilation with respect to VO2, with greater slopes 

indicating greater ventilatory efficiency. The first 30 s and last 10 s of the ergometer test were 

omitted to calculate OUES values. Other descriptive measures of exercise testing were 

maximal workload, heart rate peak, respiratory exchange ratio peak (RER) and Borg’s 16-

point Ratings of Perceived Exertion Scale (RPE)28. Intake of β-blocker medication was 

recorded.  

 

Pre-stroke patients’ characteristics 

Patients’ characteristics were age at stroke onset, gender, pre-morbid physical activity level 

and clinical history. Participants were questioned on their pre-morbid physical activity level 

with the Baecke Physical Activity Questionnaire which is composed of three distinct 

dimensions: work, sport and leisure activity29. The clinical history of each participant was 
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recorded by the physician of the stroke unit based on patients’ general medical record, 

including smoking habits and co-morbidities such as diabetes mellitus, chronic pulmonary 

diseases (e.g. COPD), cardiovascular diseases (myocardial infarction, atrial fibrillation, or/and 

coronary heart disease), overweight (BMI > 25) and hypertension. The latter was defined as 

systolic blood pressure > 160mmHg and/or diastolic blood pressure > 95 mmHg based on 

several measurements or a 24-hours registration. Patients treated with anti-hypertensives were 

considered to have a high blood pressure. 

 

Stroke-related factors 

Stroke severity on admission to the rehabilitation center was assessed by the National Institute 

of Health Stroke Scale (NIHSS)30, Mini Mental State Examination (MMSE)31, Trunk 

Impairment Scale (TIS)32, Gross motor Function of the Rivermead Motor Assessment (RMA-

GF)33, Functional Ambulation Categories (FAC)34  and the Barthel Index (BI)23. Type of 

stroke (ischaemic or haemorrhagic), stroke area (cortical, subcortical, cerebellum-brainstem 

or subarachnoidal) and side of lesion (left, right or both) were also recorded. 

 

Treatment characteristics 

To describe the rehabilitation program undertaken by the participants in the current study, 

length of stay at the stroke rehabilitation unit (LOS), time between stroke onset and admission 

to the stroke rehabilitation unit (TSOA), number of patients returning home at 3, 6 and 12 

months post-stroke and therapy received were documented. The information on therapy 

received was based on registered therapies during the stay at the stroke rehabilitation unit and 

questioning in the home situation. At discharge the patients were given a written prescription 

for specific therapies. As nursing therapy was not registered during stay at the stroke 

rehabilitation unit, this type of therapy was not retained. The types of therapy prescribed were 

physiotherapy, occupational therapy, speech therapy, neuropsychology, medical care and 

exercise-sport activities. Frequency (*/week) and duration (minutes/week) of therapy received 

were averaged for the periods admission to the stroke rehabilitation until 3 months post-

stroke, 3 to 6 months post-stroke and 6 to 12 months post-stroke. 
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Data analysis 

Descriptive statistics were calculated for pre-stroke patients’ characteristics and stroke-related 

factors. Only participants who could execute the exercise test at least twice were retained for 

the analyses. Differences between the in- and excluded patients were verified with t tests, 

Median tests or χ2, as appropriate. To evaluate the differences for change in CRF (VO2 peak 

and OUES) repeated-measures regression models (proc mixed) were used. Mixed models 

allow handling of missing data. In these models, the intercept varied between subjects, and the 

regression slopes were assumed to be fixed effects. OUES values underwent logarithmic 

transformation to obtain normal distribution.  

To further explore the evolution of CRF, patients were also subdivided into 3 categories 

(improved, remained stable and deteriorated), separately for the period 3 to 12 months, 3 to 6 

months and 6 to 12 months post-stroke. The criterion for improvement or deterioration was 

based on the standard error of measurement of VO2 peak (± 2.0 mL/kg/min) given in a 

reliability study by Eng et al3.  

 

To determine which factors have an effect on the evolution of CRF, interactions between time 

and covariates were univariately entered in mixed models. Covariates of interest were pre-

stroke patients’ characteristics (age at stroke onset, gender, pre-stroke Baecke work, sport and 

leisure index, smoking habits, presence of diabetes mellitus, chronic pulmonary diseases, 

cardiovascular diseases, overweight and hypertension) and stroke-related factors (stroke type, 

stroke area, side of lesion, NIHSS, MMSE, TIS, RMA-GF, FAC and BI). Only categorical 

variables with at least 5 patients in each category (15%) were retained. Multivariate analyses 

were then applied to evaluate if combinations of factors have an influence on the evolution of 

CRF. Interactions with a p-value ≤0.10 in the univariate models, were entered in a 

multivariate mixed model, for the pre-stroke patients’ characteristics and stroke-related 

factors separately. The remaining interactions with a p-value ≤0.10 of both categories were 

then included in a final model. Age and gender were always kept into the model. In all 

analyses, p-values <0.05 were considered significant. Data were analysed with SAS 9.2. 
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Results 

Participants 

One hundred and thirty (130) patients, under the age of 75 years, were admitted to the stroke 

rehabilitation unit during the study period. Of these, 80 patients did not fulfill the inclusion 

criteria (not the first stroke: n=14; no recent stroke: n=18; not able to comprehend simple oral 

instructions: n=3; other neurological impairment: n=7; refused consent: n=29; unable to 

perform an exercise test: n= 9). Of the 50 remaining patients with stroke included in this 

study, 17 patients performed the cycle ergometer test only once (n=7) or not at all (n=10) and 

were therefore excluded. Five participants withdrew from the study, 2 before and 3 after 3 

months post-stroke. Twelve participants could not perform the cycle ergometer test because of 

medical complications (e.g. hip fracture, pneumonia), no sitting balance or no selective leg 

movement, 4 could not perform the test twice and 8 not at all. There were no significant 

differences between the 33 patients that remained in the study and the 17 excluded patients 

with respect to age (p=0.35), gender (p=0.72), stroke type (p=0.28), side of lesion (p=0.91) 

and co-morbid conditions pre-stroke (except cardiovascular disease, p=0.03). In the exclusion 

group, significant higher values for NIHSS (p=0.03) and significant lower values for TIS 

(p=0.04) and FAC (p=0.01) were found. Pre-stroke patients’ characteristics and stroke-related 

factors of included patients are presented in table 1.  
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variables
pre-stroke patients' characteristics
     age at stroke onset, mean ± SD 59.0±11.3
     gender, male/female, n (%) 23 (70) / 10 (30)
     comorbid conditions 
         smoking, n (%) 15 (45.5)
         overweight, n (%) 16 (48.5)
         cardiovascular disease, n (%) 11 (33.3)
         pulmonary disease, n (%) 3 (9.1)
         diabetes mellitus, n (%) 5 (15.2)
         high blood pressure, n (%) 19 (57.6)
         physical activity level 
               BPAQ work index, mean ± SD 2.7±0.6
               BPAQ sport index, mean ± SD 2.3±0.8
               BPAQ leisure index, mean ± SD 2.4±0.8
stroke-related factors
   stroke type 
          ischaemic, n (%) 26 (79)
          heamorrhagic, n (%) 7 (21)
   stroke area 
          cortical, n (%) 20 (61)
          subcortical, n (%) 5 (15)
          cerebellum - brainstem, n (%) 6 (18)
          subarachnoidal, n (%) 2 (6)
   side of lesion
          left, n (%) 17 (53)
          right, n (%) 10 (31)
          both, n (%) 5 (16)
    stroke severity outcomes on admission
          NIHSS, mean ± SD 4.5±4.0
          MMSE, mean ± SD 25.9±4.0
          TIS, mean ± SD 16.8±3.9
          RMA-GF, median (IQR) 8 (5-12)
          FAC, median (IQR) 3 (1-5)
          BI, mean ± SD 66.7±26.7

IQR: interquartile range; SD: standard deviation

MeasurementspresentedareBaeckePhysicalActivity Questionnaire(BPAQ), NationalInstitute
of Health Stroke Scale (NIHSS), Mini Mental State Examination(MMSE), Trunk Impairment
Scale (TIS), Rivermead Motor Assessment Gross Function (RMA-GF), Functional Ambulation
Categories (FAC) and Bartel Index (BI).

Table 1. Pre-stroke patients' characteristics and stroke-related factors (n=33)
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Treatment characteristics 

Treatment characteristics are presented in table 2. The majority of patients were still residing 

in the rehabilitation centre at 3 months post-stroke, while at 12 months post-stroke almost all 

had returned home. Frequency and duration of therapies received decreased over time, except 

for exercise-sport activities. Nevertheless, the number of patients actually participating in 

exercise-sport activities decreased. 

Table 2: Treatment characteristics during the 1-year follow-up period (n=33)

TSOA, days: median (IQR) 23 (17-28)
LOS, days: median (IQR) 109 (52-137)

current residence
home, n (%)
rehabilitation center, n(%)

received therapy: mean (SD) frequency (*/w) duration (min/w) frequency (*/w) duration (min/w) frequency (*/w) duration (min/w)

physiotherapy 4.11 (1.13) 247.66 (86.31) 3.22 (1.67) 159.37 (112.20) 2.70 (1.93) 107.01 (90.39)
occupational therapy 3.20 (1.35) 176.29 (85.53) 1.41 (1.85) 75.93 (108.10) 0.26 (0.82) 11.16 (40.10)
speech therapy 1.88 (1.53) 58.12 (47.94) 1.46 (1.71) 44.83 (55.11) 0.87 (1.54) 27.17 (46.70)
neuropsychology 0.86 (0.97) 51.02 (67.46) 0.72 (1.52) 49.29 (117.17) 0.01 (0.06) 0.48 (2.56)
medical care 0.85 (0.33) 23.52 (10.92) 0.50 (0.42) 9.70 (10.73) 0.25 (0.03) 4.64 (6.31)
exercise-sport 0.47 (0.70) 27.91 (42.31) 0.74 (2.16) 36.27 (93.18) 0.91 (2.24) 38.97 (83.17)
total 11.35 (3.87) 584.5 (221.06) 8.05 (4.57) 375.1 (285.30) 5.01 (3.96) 189.57 (175.14)

LOS = length of stay at the stroke rehabilitation unit, TSOA = time between stroke onset and admission to the stroke rehabilitation unit
IQR = interquartile range, SD = standard deviation, min = minutes, w = week

intake to 3m post-stroke 3m to 6m post-stroke 6m to 12m post-stroke 

at 3m post-stroke at 6m post-stroke at 12m post-stroke
9 (27) 25 (76) 31 (94)
24 (73) 8 (24) 2 (6)

 

 

Evolution of cardiorespiratory fitness 

Outcome variables of exercise testing at 3, 6 and 12 months post-stroke are summarized in 

table 3. Individual performance on VO2 peak and OUES at 3, 6 and 12 months post-stroke is 

presented in figure 1.  On the RPE scale respectively 88%, 87% and 97% of the participants 

exerted themselves at least ‘somewhat hard’ during the exercise testing at 3, 6 and 12 months 

post-stroke. Mixed models showed no significant difference over time for VO2 peak (p=0.10), 

nor for log OUES (p=0.09) (table 4). 

Changes in VO2 peak between 3 and 6 months and between 6 and 12 months post-stroke are 

shown in figure 2. Between 3 and 6 months post-stroke 46% of patients improved, 33% 

remained stable and 21% deteriorated. Between 6 and 12 months post-stroke, 26% improved, 
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48% remained stable and 26% deteriorated. Over the entire 1-year follow-up period (3 to 12 

months post-stroke), 46% improved, 27% remained stable and 27% deteriorated. Only six of 

the patients improved over 3 to 6 months post-stroke further improved or remained stable 

between 6 and 12 months. Four patients only began to improve after 6 months post-stroke. 

variable 3 months 6 months 12 months

VO₂ peak, mL/kg/min 18.1±6.6 19.8±8.0 19.7±8.4
     men (n=23) 19.6±7.2 20.6±9.0 21.0±9.3
     women (n=10) 14.9±3.4 17.6±4.2 16.8±5.4
OUES,  (ml/min O2) / (L/min VE) 1575.3±638.3 1710.7±710.3 1687.2±777.5
     men (n=23) 1801.4±650.2 1846.5±757.5 1917.7±832.2
     women (n=10) 1098.2±214.6 1260.3±288.3 1202.9±302.7
workload peak, wattage 112.9±55.0 121.9±60.8 118.7±66.3
HR peak, bpm 128.9±31.2 133.7±30.1 133.3±31.5
RER peak 1.02±0.11 1.06±0.07 1.07±0.07
RPE 13.5±1.4 14.4±1.8 14.3±1.6

Table 3. Cardiorespiratory fitness at 3, 6 and 12months post-stroke (n=33)

Data are presented as mean±SD. VO₂ = oxygen uptake, OUES = oxygen uptake efficiency
slope, HR = heart rate, RER = respiratory gas exchange ratio,RPE = Borg's 16 point Ratingsof
Perceived Exertion Scale
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outcome effect* n F-value p-value estimate

VO₂ peak, mL/kg/min evolution
     time 33 2.72 0.10 0.00371
pre-stroke patient characteristics
     time * BPAQ work 13 5.23 0.03 0.00293
     time * BPAQ sport 31 3.86 0.05 0.00196
     time * diabetes no 33 5.11 <0.01 0.00553

yes -0.00868
stroke-related factors
     time * TIS 33 4.36 0.04 0.00027
     time * BI 33 4.01 0.05 0.00006

log OUES,  (ml/min O2) / (L/min VE) evolution

     time 33 3.02 0.09 0.00008
pre-stroke patient characteristics
     time * BPAQ work 13 4.88 0.04 0.00006
     time * diabetes no 33 3.54 0.04 0.00011

yes -0.00013
stroke-related factors
     time * side of lesion left 32 4.61 <0.01 0.00013

right -0.00008
both 0.00024

     time * TIS 33 5.27 0.03 0.00596
     time * RMA-GF 33 4.47 0.04 0.00001
     time * FAC 33 3.29 <0.01 0.00003
     time * BI 33 5.18 0.03 0.00150

*Only significant interactions are retained

Table 4. Univariate mixed model analyses for evolution of cardiorespiratory fitness and its influencing

factors

VO₂ = oxygen uptake, OUES = oxygen uptake efficiency slope, BPAQ = Baecke Physical Activity questionnaire, TIS 
= Trunk Impairment Scale, BI = Barthel Index, RMA-GF = Rivermead Motor Assessment Gross Function, FAC =
Functional Ambulation Categories
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Figure 2. Individual changes in VO2 peak between 3 and 6 months and between 6 and 12 
months post-stroke 
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Influencing factors on the evolution of cardiorespiratory fitness 

Stroke area and pulmonary diseases were not retained as covariates, as less than 15% of 

patients were found in either category. Results of the univariate and multivariate mixed model 

analyses are shown in tables 4 and 5. Univariate analysis revealed significant interactions with 
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Baecke work and sport indexes, diabetes, TIS and BI for VO2 peak. For log OUES Baecke 

work, diabetes, side of lesion, TIS, RMA-GF, FAC and BI were significant covariates. 

Multivariate mixed model showed significant interactions between time and the covariates 

age, diabetes for VO2 peak and age, diabetes, gender and smoking habits for log OUES. 

outcome n χ² p-value effect* F-value p-value

VO₂ peak, mL/kg/min 33 78.90 <0.0001 time * age 14.26 <0.0001
time * diabetes 11.31 <0.0001

log OUES,  (ml/min O2) / (L/min VE) 33 42.66 <0.0001 time * age 43.12 <0.0001

time * diabetes 8.28 <0.001
time * gender 6.01 0.02
time * smoking 4.54 0.04

VO₂ = oxygen uptake, OUES = oxygen uptake efficiency slope
*Only significant interactions are retained 

Table 5. Multivariate mixed model analyses for influencing factors on the evolution of  cardiorespiratory 
fitness 

 

 

Discussion 

The primary aim of this study was to examine changes in CRF between 3, 6 and 12 months 

post-stroke. Neither VO2 peak nor log OUES changed significantly over time, implying that 

on average CRF did not change during and after stay in the rehabilitation center. Figures 1 

and 2 also show the wide range of exercise capacity and great diversity in evolution of CRF 

between participants. This may even be underestimated as those with the most significant 

disability after stroke were removed or were unable to complete the study. MacKay-Lyons et 

al14 also found no significantly difference in VO2 peak, measured during treadmill walking 

with 15% body weight support, between 3 and 6 months post-stroke. Although nearly half of 

the therapy received was spent in physiotherapy and exercise-sport until 6 months post-stroke, 

this seemed insufficient to significant change CRF between 3 and 6 months post-stroke. 

Previous studies35,36 documented the duration and intensity of therapy in patients with stroke. 

MacKay-Lyons et al35 stated that the time per physiotherapy session spent in activities 

capable of inducing a cardiorespiratory training effect was low (2.8±0.9 min), and was 

negligible (0.7±0.2 min) per occupational therapy session between 2 and 14 weeks post-

stroke. Kuys et al36 showed a mean intensity of 24% heart rate reserve during standing and 
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walking activities which was insufficient to cause a cardiorespiratory training effect. 

Clarification is needed on how stroke rehabilitation could be adapted to obtain a greater 

cardiorespiratory training effect. 

Beyond six months, on average CRF did not change significantly and individual exploration 

showed that only one fourth improved their fitness. A recent meta-analysis6 supported the use 

of aerobic exercise training to improve CRF in mildly or moderately impaired stroke 

survivors. Improvements in VO2 peak from 89 to 1715 % have been reported in aerobic 

training studies involving patients with chronic hemiparesis. Although data are lacking on 

follow-up to evaluate long-term benefits and future studies should explore the effect of ‘dose’ 

(intensity, frequency and duration) and ‘type’ (aerobic training, muscle strengthening or a 

combination) of training, a systematic offering of functional exercise programs and sport 

activities in the community seems worthwhile. We should also develop motivational 

strategies for patients with stroke to encourage a more active lifestyle. 

 

Mean±SD values of VO2 peak at 3, 6 and 12 months were 18.1±6.6 mL/kg/min, 19.8±8.0 

mL/kg/min and 19.7±8.4 mL/kg/min which is between 63% to 70% of that of the age-

matched, healthy sedentary men and 65% to 79% of women26. Yates2 reported a mean VO2 

peak of 11.4±3.7 mL/kg/min at 70±27.8 days post-stroke and Duncan et al12 reported 

11.5±3.1 mL/kg/min at 76±28 days post-stroke. This is clearly lower than the 18.1±6.6 

mL/kg/min found in this study at a similar measurement time. In both studies2,12 exercise 

testing continued until maximal effort, defined as 90% of maximal predicted heart rate. In our 

study approximately one third exceeded this limit which may contribute to the higher VO2 

peak. MacKay-Lyons et al14 found a mean VO2 peak of 17.3±7.0 mL/kg/min at 6 months 

post-stroke. Inclusion of sport activities in the rehabilitation program might explain our 

slightly higher value. Previous studies1,3,7,9,10,14,15,16,17,19 evaluating CRF in the chronic phase 

(> 6 months post-stroke) showed VO2 peak values from 11.7±2.8 to 17.3±7.0 mL/kg/min, all 

below 19.7±8.4 as found in our study. The upper age limit of 75 years and the presence of 

chiefly male participants may have contributed to this higher value. It is the first time OUES 

values were calculated in the stroke population and these were 77% to 82% of healthy men 

and 69% to 79% of healthy women37. Spearman correlations between VO2 peak and OUES 

were high (.78, .72 and .86) at 3, 6 and 12 months post-stroke. Even higher correlations were 

found (.89, .91 and .94 respectively) when OUES was expressed per kilogram body weight. 
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As most patients did not reach a RER value of 1.1 or more, the parameter OUES which is a 

reflection of submaximal exercise might be more appropriate.  

 

Second aim was to explore the effect of pre-stroke patients’ characteristics and stroke-related 

factors on the evolution of CRF. Although some differences exist between factors influencing 

the evolution of VO2 peak and log OUES, general conclusions could be drawn. Univariate 

analysis revealed that stroke survivors at risk of deconditioning were pre-morbid less active at 

work or in sport activities, diabetic or initially more severely impaired. These results suggest 

that present rehabilitation therapies are not sufficient to change CRF for pre-morbid less 

active persons, and that extra stimulation may be required to change their sedentary lifestyles. 

Guidance post-rehabilitation will be essential to retain long-term benefits. Although optimal 

recovery of functional performance is a pre-requisite to improve CRF, additional aerobic 

training for initially more severe stroke patients is needed. A multivariate approach 

highlighted that older patients with stroke and diabetes were less likely to improve their VO2 

peak value while older, female, diabetic non-smokers improved less on log OUES. Clearly, 

patients with stroke and diabetes, especially if elderly, should participate in aerobic exercises. 

The fact that older, female, diabetic smokers improved more than older, female, diabetic non-

smokers on log OUES, is probably caused by cessation of smoking habits. No other study 

investigated influencing factors on the evolution of CRF after stroke and therefore 

comparison with the literature was not feasible. 

 

Study limitations 

Some methodological issues have to be considered when interpreting the data. Of the 50 

recruited patients only 33 were included for further analysis. The 17 excluded patients were 

more severely impaired. Results of the present study should not be generalized because of the 

small sample recruited from one institution and exclusion of severe stroke patients. Further 

research should explore the evolution of fitness in this group by adapting the cycle ergometer 

test (e.g. broad seat with backrest, foot fixation, calf assists). Secondly some factors, such as 

residence, intake of β-blocker medication, may have changed during the 1-year follow-up 

period and may have influenced fitness. These confounders were not controlled. However, 

only 1 patient changed beta-blocker intake over time. Exploratory correlation analysis 
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revealed no significant relation (r<.30) between CRF and residence at 3, 6 and 12 months 

post-stroke. 

Nonetheless this study provided an insight into the longitudinal evolution of CRF over the 

first year after stroke and the possible risk factors of deconditioning. Moreover a new index of 

CRF, the OUES, was introduced in this population. This index was more sensitive in 

detecting risk factors and may as such be promising as an alternative measure in intervention 

studies. Future research should evaluate the evolution of CRF in a larger stroke sample with a 

wide range of disability to confirm current results, and monitor fitness after 1-year post-

stroke.  

 

Conclusion 

CRF was reduced from 3 to 12 months post-stroke and did on average not significantly 

change during and after stay in the rehabilitation center. Individual data exploration showed 

that less than half of the sample improved their fitness from 3 to 12 months post-stroke and 

only one fourth improved beyond six months. Exercise-based interventions of sufficient 

intensity, frequency and duration should be initiated in the rehabilitation center and continued 

in the community. Stroke survivors at risk of deconditioning were pre-morbid less active at 

work or in sport activities, diabetic or initially more severely impaired. Combining factors 

revealed that older patients with stroke and diabetes were less likely to improve on VO2 peak 

and older, female, diabetic non-smokers improved less on log OUES. This study provided a 

better understanding of fitness recovery after stroke.  
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Abstract 

Purpose – To better delineate intervention programs, knowledge of the factors that are 

associated with physical fitness in stroke survivors is crucial. This study aimed to predict 

cardiorespiratory fitness based on standardized measures along the several dimensions of the 

ICF model at several time intervals in the first year after stroke.  

Method – Forty patients were assessed at 3, 6 and 12 months post-stroke. A symptom-limited 

graded cycle ergometer test was used to assess cardiorespiratory fitness. Outcome variables 

were VO2 peak and the Oxygen Uptake Efficiency Slope (OUES). Impairments, activity 

limitations, participation restrictions, personal and environmental factors were assessed to 

determine predictive factors.  

Results – Explained variance at 3, 6 and 12 months post-stroke was 39%, 55% and 91% for 

VO2 peak and 55%, 63% and 79% for OUES. A strong association between knee muscle 

strength and cardiorespiratory fitness was found at each measurement time, explaining up to 

72 % of the variance in fitness. At 12 months post-stroke, functional mobility, body mass 

index and emotional status also contributed to explain variance. 

Conclusions – Knee muscle strength was found to be a very strong predictor of 

cardiorespiratory fitness during the first year after stroke and functional mobility became 

important at 12 months post-stroke.  

 

 

 

 

 

 

Abbrevations 

CRF = cardiorespiratory fitness 
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Introduction 

More than half of stroke survivors are inactive, affecting both their physical and social 

functioning1. Sustained physical inactivity may induce a reduction in cardiorespiratory fitness 

(CRF), further increasing the risk of tromboembolic stroke as well as cardiovascular diseases, 

hypertension, diabetes mellitus and obesity2. Previous studies have also indicated that a 

critical level of aerobic capacity must be attained to function independently3. Clearly, stroke 

survivors can benefit from counseling to enhance participation in physical activity and 

exercise training. A recent meta-analysis4 supports the use of aerobic exercise to improve 

aerobic capacity in stroke survivors. Still the review of Saunders et al5 stated that the effects 

of fitness training on death, dependence and disability after stroke remain unclear. Data are 

lacking on long-term exercise training and follow-up. To better delineate interventions and 

maintain long-term benefits, knowledge of the factors that are associated with CRF is crucial.  

The International Classification of Functioning, Disability and Health (ICF)6 provides a useful 

framework for understanding the impact of impairments, activity limitations, participation 

restrictions, personal and environmental factors.  

Some studies investigated determinants of CRF post-stroke7-12. These studies were performed 

early after stroke (< 1 months post-stroke) or > 6 months post-stroke. Age was found to be 

negatively associated with VO2 peak in the acute phase7,8. Significant positive relationships 

were found between VO2 peak and body function and activity measures such as the Fugl-

Meyer test9, Berg Balance Scale10 and the Barthel Index7. On the other hand, the Chedoke-

McMaster Stage of Recovery of the Leg was not predictive of VO2 peak7. Correlations 

between gait distance and velocity and CRF varied from non-significant to high8,9,11,12. For 

step activity (mean steps/day) no to low significant associations were found10,13. It thus seems 

that the impact of impairments and activity limitations on CRF has not been fully examined. 

Moreover, the influence of participation restrictions, environmental factors and mental status 

was never investigated. The majority of the studies evaluated only a small number of 

variables and most often used univariate analyses. Multiple linear regression was applied in 

only one study7. Not one of the studies used repeated measurements of CRF. Therefore, the 

differential impact of influencing factors in the different phases of recovery after stroke 

therefore remains unclear.  

In summary, there is a clear need for prospective predictive studies of CRF with a greater 

number of independent variables along the several dimensions of the ICF model. The aim of 
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the present study was to predict CRF based on standardized measures of body function, 

activity, participation, personal and environmental factors at three time intervals in the first 

year after stroke.  

 

Method 

Participants 

Fifty patients were consecutively recruited at intake from the stroke rehabilitation unit in the 

University Hospital, Leuven, Belgium. The inclusion criteria were: 1) first-ever stroke as 

defined by the World Health Organisation (WHO)14, 2) age < 75 years, and 3) able to 

comprehend simple test instructions. Exclusion criteria were: 1) other neurological disorders 

with permanent damage, 2) stroke-like symptoms due to subdural haematoma, tumour, 

encephalitis or trauma, 3) pre-stroke Barthel Index15 <50, 4) unable to perform a maximal 

exercise test in accordance with absolute contra-indications for exercise testing by the 

American College of Cardiology Foundation/American Heart Association(ACC/AHA)16, 5) 

no informed consent. The study was approved by the medical ethical committee of the Leuven 

University Hospital.  

 

Assessments 

All 50 stroke survivors who met the inclusion criteria were assessed at intake in the 

rehabilitation centre and followed up at 3, 6 and 12 months post-stroke. Evaluation at intake 

entailed personal factors such as age, gender and stroke characteristics (type of stroke, stroke 

area and side of lesion) and the National Institutes of Health Stroke Scale (NIHSS)17 and 

Barthel Index (BI)15 as indicators of initial stroke severity. Exercise testing and predictor 

variables are described below and were repeated at 3, 6 and 12 months post-stroke. All 

assessments were performed by a trained physiotherapist who was familiar with the 

guidelines for exercise testing and measurements. 

 

 

 



Determinants CRF 
 

99 
 

Exercise testing 

CRF was assessed during a symptom-limited graded cycle ergometer test on an electronically 

braked, upright stationary bicycle (Lode-Excalibur®, Groningen, The Netherlands) under the 

supervision of a physician and with continuous 12-lead ECG (Welch-Allyn SE-PRO-600®, 

San Diego, CA). Volume calibration and calibrations of gases were done before each test. 

After three minutes of familiarization, the participants started to pedal at 10W, with stepwise 

workload increments of 10W/min until voluntary cessation. Participants pedalled at a 

comfortable rate between 50 and 60 rpm. Exercise tests could also be terminated based on the 

ACSM criteria18. Via a soft, flexible face mask expired air was collected breath-by-breath 

during cycling and analysed at 10 s intervals with computerized open-circuit spirometry 

(Cortex Biophysik Metalyzer 3B diagnostic®, Leipzig, Germany). Oxygen consumption 

(VO2), minute ventilation (VE) and respiratory exchange ratio (RER) were determined. Peak 

oxygen consumption (VO2 peak) was defined as the average of values recorded during 

seconds 20 to 50 of the last completed increment. Although this parameter is mostly used as 

to represent CRF, it is influenced by the patient’s motivation. Therefore, the Oxygen Uptake 

Efficiency Slope (OUES) developed by Baba and co-workers19 was also used as a second 

dependent variable. The OUES, considered an objective estimation of cardiopulmonary 

function even at submaximal exercise, was determined using the equation: VO2 = a log10 VE + 

b. When VO2 in mL/min is plotted on the y axis and VE in L/min is plotted on the semilog 

transformed � axis, the slope of this linear relationship, “a”, represents the OUES, whereas b 

is the intercept.  

 

Predictor variables 

Body functions 

• To evaluate body composition, the Body Mass Index (BMI), waist circumference and 

skinfold measurements were used. Due to peripheral changes in skeletal muscles and 

body asymmetry after stroke, the Durnin-Womersley equation20 estimating 

subcutaneous fat may be incorrect. Therefore the sum of four skinfolds at the triceps, 

biceps, subscapular, and suprailiac sites were averaged over the healthy and paretic 

side and the logarithm of this average was taken. 
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• Knee extension and flexion strength of the paretic and non-paretic limb was assessed 

with a Biodex dynamometer (Shirley, NY, US). Participants performed three isometric 

contractions (knee joint angle at 60°) of 5 s, with a rest period of 10 s between the 

trials and three consecutive isokinetic contractions at a velocity of 60°/s. The 

movement was initiated at a joint angle of 90° and ended at 160°. The highest peak 

torque (Nm) was used for analysis.  

• The Beck Depression Inventory-II (BDI-II) assessed patients’ mood21.   

 

Activities and participation 

Measures of activity and participation included the Gross motor function of the 

Rivermead Motor Assessment (RMA-GF)22, Functional Ambulatory Categories (FAC)23, 

Barthel Index (BI)15, Nottingham Extended Activities of Daily Living (NEADL)24, Timed 

10m Walk Test (maximal speed)25, Stroke Impact Scale version 3.0 (SIS 3.0)26 and 

Modified Rankin Scale (MRS)27. 

 

Personal and environmental factors 

Age and gender were documented as well as the time weekly spent on physiotherapy (PT), 

occupational therapy (OT) or/and sport related activities was documented.  

 

Data analysis 

Differences between the in- and excluded patients were verified with t tests, Median tests or 

χ
2, as appropriate. Descriptive statistics were used to document patient characteristics, 

outcome measures and predictor variables. To quantify the relationship between VO2 peak 

and OUES with the independent variables (described above), Pearson moment, Point Biserial 

or Spearman rank correlations were used accordingly to type of data and distributions. 

Correlation coefficients >0.70 were considered to indicate a high, 0.50-0.70 a moderate, 0.30-

0.50 a low and <0.30 a weak or no association. Multiple regression analyses were 

consecutively applied. To reduce the number of independent variables, separate regression 

analyses (stepwise selection method) were first performed within each dimension of the ICF 

model, i.e. variables of body composition, lower limb isometric strength parameters, lower 
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limb isokinetic strength parameters, measurements of activities, measurements of 

participation, and personal and environmental factors separately. Thereafter, variables with a 

p-value ≤0.15 were entered in a multiple regression analysis for the three ICF-dimensions 

separately. Finally, all remaining variables with a p-value ≤0.15 were analysed, using the 

adjusted R2 method. In the final model only variables with a p-value ≤0.01 were retained. 

OUES values underwent logarithmic transformation to obtain normal distribution. For all 

models, multi-collinearity was assessed and the assumptions underlying multiple regression 

were tested by inspecting the distribution of the error term. In all analyses, a p-value <0.01 

was considered significant. Data were analyzed with SAS 9.2. 

 

Results 

Participants 

Of the 50 patients who were recruited at intake in the rehabilitation centre, two withdrew from 

the study before the 3 months post measurement and eight could not perform the graded cycle 

ergometer test at any measurement time because of continuing medical complications 

(pneumonia and thereafter hip fracture,), no sitting balance or no selective leg movement. 

There were no significant differences between the 40 remained patients and the 10 excluded 

patients with respect to age (p=0.35), gender (p=0.36), type of stroke (p=0.26), stroke area 

(p=0.66) and side of lesion (p=0.29). Significant differences were found on the National 

Institute of Health Stroke Scale (NIHSS) (p=0.03) and BI (p<0.01). Characteristics of the 

study sample on admission to the rehabilitation centre are presented in table 1. 
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age, y, mean ±SD 57.2±11.4
gender
     male, n (%) 26 (65.0)
     female, n (%) 14 (35.0)
stroke type
     ischemic, n (%) 31 (77.5)
     hemorrhage, n (%) 9 (22.5)
stroke area
     cortical, n (%) 25 (62.5)
     subcortical, n (%) 5 (12.5)
     cerebellum/brainstem, n (%) 7 (17.5)
     subarachnoidal, n (%) 3 (7.5)
side of lesion
     left n (%) 19 (48.7)
     right, n (%) 13 (33.3)
     both, n (%) 7 (18)
NIHSS, mean ±SD 4.9±4.2
BI, median (IQR) 75 (45-90)

IQR: Interquartile Range

Table 1. Baseline characteristics of participants (n=40)

Measures on admission to the rehabilitation centre presented are National Institutes of Health Stroke
Scale (NIHSS),  Rivermead Motor Assessment gross motor function (RMA-GF), Barthel Index (BI)

 

 

Descriptive statistics 

Measurements results of body functions, activities, participation and environmental factors at 

the three measurement times are summarized in table 2. At 3, 6 and 12 months post-stroke 32, 

31 and 31 patients respectively performed the exercise testing. Mean±SD of VO2 peak 

(mL/kg/min) was 18.1±6.2 at 3 months, 19.4±7.9 at 6 months and 19.2±8.6 at 12 months 

post-stroke. For OUES ((mL/min O2)/(L/min VE)) mean±SD at 3 months was 1576.9±610.6, 

1652.8±969.7 at 6 months and 1642.8±766.1 at 12 months post-stroke. At 3 months 25% of 

the participants reached a RER value of 1.1 or more, at 6 months 36% and at 12 months 39%. 

Mean RER was respectively 1.02, 1.06 and 1.07. Due to speech or pre-stroke musculoskeletal 

deficits some data are lacking on measures of body functions, activities and participation. 
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3 months 6 months 12 months 
variable

body functions
     cardiorespiratory fitness (n=32, 31, 31)
          VO₂peak, mL/kg/min 18.1±6.2 19.4±7.9 19.2±8.6
          OUES,  (mL/min O2) / (L/min VE) 1576.9±610.6 1652.8±697.7 1642.8±766.1
     body composition (n=32, 31, 31)
          BMI, kg/m² 25.2±3.2 24.7±3.6 25.3±3.5
          log four skinfolds, mm 1.4±0.1 1.7±0.2 1.7±0.2
          waist circumference, cm 92.9±9.2 91.1±8.8 90.6±12.8
     lower limb strength (n=32, 31, 30)
          knee extension strength,Nm
               paretic limb
                    isometric 60° 85.0±39.3 86.3±43.2 86.9±39.6
                    isokinetic 60°/s 55.9±36.2 63.9±39.2 62.0±35.1
               non-paretic limb
                    isometric 60° 102.3±42.0 107.1±34.7 109.7±37.2
                    isokinetic 60°/s 66.1±33.9 82.1±38.1 91.2±38.2
          knee flexion strength,Nm
               paretic limb
                    isometric 60° 42.8±27.0 40.3±27.8 39.3±29.1
                    isokinetic 60°/s 27.6±19.9 31.7±25.7 30.0±21.0
               non-paretic limb
                    isometric 60° 59.0±29.8 64.3±23.1 61.2±25.1
                    isokinetic 60°/s 32.4±22.1 42.8±23.2 44.1±26.6
     BDI-II (n=29, 27, 29) 7 (4-13) 10 (4-15) 9 (4-12)
activities and participation
     RMA-GF (n=32, 31, 31) 11 (10-12) 11 (10-13) 12 (10-13)
     FAC (n=32, 31, 31) 5 (4-5) 5 (4-5) 5 (5-5)
     BI (n=32, 31, 31) 95 (85-100) 95 (85-100) 95 (80-100)
     NEADL (n=31, 31, 30) 10 (6-14) 10 (8-16) 13(7-18)
     10m walk (maximal speed), m/s (n=26, 27, 28) 1.52±0.28 1.43±0.49 1.41±0.53
     SIS 3.0 (n= 29, 31, 29)
          physical 74.0±19.7 67.4±24.5 69.4±21.0
          memory 86.0±17.9 83.9±17.2 85.7±17.5
          communication 86.6±20.5 84.2±20.8 81.0±20.6
          emotion 81.5±15.0 60.5±11.3 61.6±10.2
          participation 68.2±20.7 63.9±21.5 71.1±19.9
          percentage of recovery 65.4±16.5 61.8±18.6 63.4±17.3
     MRS (n=32, 31, 31) 2.5 (2-3) 2 (2-3) 2 (2-3)
environmental factors
     time spent in PT/OT/sport, h/w (n=27, 31, 30) 7.5±2.8 4.7±3.7 2.6±2.5

IQR: Interquartile Range

mean±SD or median (IQR) or n (%)

VO₂ :oxygen uptake, OUES: Oxygen Uptake Efficiency Slope, BMI:body mass index, BDI-II:
Beck Depression Inventory-II, RMA-GF: Rivermead Motor Assessment - Gross Function, FAC:
Functional Ambulation Categories, BI: Barthel Index, NEADL: Nottingham Extended Activities of
Daily Living, SIS 3.0: Stroke Impact Scale version 3.0, MRS: Modified Rankin Scale

Table 2. Measures of body functions, activities, participation and environmental factors at
3, 6 and 12 months post stroke
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Correlation coefficients 

Correlation coefficients between CRF (VO2 peak and OUES) and predictor variables are 

shown in table 3. At the three measurement times, knee muscle strength of both the paretic 

and non-paretic limb was nearly always significantly correlated with VO2 peak and OUES, 

with coefficients varying from low to high. Only knee muscle strength was significantly 

associated with VO2 peak at 3 months. For OUES, gender and knee muscle strength were 

significant at 3 months. At 6 and 12 months, more predictor variables were significantly 

correlated with both dependent variables and values of correlation coefficients were higher, in 

particular for measures of activities and participation. At 6 months, knee muscle strength, 

RMA-GF, FAC, BI, NEADL, 10m walk, physical domain of SIS 3.0 and MRS were 

significantly correlated with VO2 peak, with coefficients ranging from 0.47 to 0.74. With the 

exception of isometric knee extension strength of the non-paretic limb and FAC the same 

variables were significant at 12 months. In addition age became significant. Similarly, many 

independent variables were significantly correlated with the OUES at 6 and 12 months post-

stroke, with values varying between 0.46 and 0.79. The highest correlations were found for 

knee muscle strength and measures of activities and participation. Body composition, BDI-II, 

several domains of SIS 3.0 (memory, communication, emotion, participation) and time 

weekly spent in PT/OT/sport were not significantly correlated with VO2 peak or OUES at any 

measurement time. 
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variables

body functions
     body composition
          BMI rp -0.15 rp -0.13 rp -0.16 rs 0.34 rs 0.34 rs 0.16
          log four skinfolds rp -0.42 rp -0.12 rp 0.008 rs -0.31 rs 0.09 rs -0.04
          waist circumference rp -0.0001 rp -0.11 rp -0.09 rs 0.42 rs 0.40 rs 0.17
     lower limb strength
          knee extension strength
               paretic limb
                    isometric 60° rp 0.49* rp 0.74* rp 0.70* rs 0.50* rs 0.71* rs 0.70*
                    isokinetic 60°/s rs 0.42 rp 0.74* rp 0.68* rs 0.49* rs 0.70* rs 0.71*

               non-paretic limb rs rs rs

                    isometric 60° rs 0.57* rs 0.57* rs 0.41 rs 0.66* rs 0.59* rs 0.63*
                    isokinetic 60°/s rp 0.65* rs 0.47* rs 0.51* rs 0.69* rs 0.62* rs 0.69*

          knee flexion strength
               paretic limb
                    isometric 60° rs 0.48* rs 0.71* rs 0.73* rs 0.51* rs 0.72* rs 0.79*
                    isokinetic 60°/s rp 0.45* rs 0.64* rs 0.67* rs 0.53* rs 0.69* rs 0.67*
               non-paretic limb
                    isometric 60° rs 0.56* rp 0.51* rp 0.72* rs 0.69* rs 0.64* rs 0.74*
                    isokinetic 60°/s rp 0.56* rp 0.64* rs 0.70* rs 0.67* rs 0.65* rs 0.79*
     BDI-II rs -0.31 rp -0.38 rp -0.33 rs -0.24 rs -0.17 rs -0.38
activities and participation
     RMA-GF rs 0.31 rs 0.64* rs 0.59* rs 0.11 rs 0.52* rs 0.56*
     FAC rs 0.44 rs 0.58* rs 0.38 rs 0.23 rs 0.52* rs 0.42
     BI rs 0.28 rs 0.47* rs 0.59* rs 0.22 rs 0.49* rs 0.68*
     NEADL rp 0.39 rp 0.55* rp 0.52* rs 0.16 rs 0.52* rs 0.59*
     10m walk (maximal speed) rp 0.42 rs 0.71* rs 0.73* rs 0.20 rs 0.63* rs 0.71*
     SIS 3.0
          physical rp -0.04 rp 0.51* rp 0.48* rs -0.19 rs 0.49* rs 0.49*
          memory rs 0.16 rs 0.28 rs 0.31 rs 0.32 rs 0.27 rs 0.26
          communication rs 0.08 rs -0.11 rs -0.10 rs 0.18 rs 0.14 rs -0.13
          emotion rs -0.15 rs -0.05 rp 0.09 rs -0.23 rs -0.07 rs 0.04
          participation rp -0.23 rp 0.28 rp 0.13 rs -0.07 rs 0.27 rs 0.22
          percentage of recovery rp -0.07 rp 0.39 rp 0.47 rs 0.06 rs 0.49* rs 0.49*
     MRS rs -0.27 rs -0.55* rs -0.49* rs -0.21 rs -0.44 rs -0.62*
personal and environmental factors
     age rp -0.13 rp -0.45 rp -0.52* rs -0.10 rs -0.44 rs -0.35
     gender rpb -0.36 rpb -0.17 rpb -0.19 rs -0.62* rs -0.46* rs -0.43
     time spent in PT/OT/sport rs 0.32 rs -0.03 rs 0.29 rs 0.15 rs 0.01 rs 0.16
rp: pearson, rpb: point-biserial and rs: spearman correlations

* p<0.01

VO2 :oxygen uptake, OUES: Oxygen Uptake Efficiency Slope, BMI:body mass index, BDI-II: Beck Depression

Inventory-II, RMA-GF: Rivermead Motor Assessment - Gross Function, FAC: Functional Ambulation Categories, BI:
Barthel Index, NEADL: Nottingham Extended Activities of Daily Living, SIS 3.0: Stroke Impact Scale version 3.0,
MRS: Modified Rankin Scale

Table 3. Correlations between cardiorespiratory fitness (VO₂₂₂₂peak/OUES) and predictor variables at 3, 6 and 12
months post-stroke

VO2 peak OUES
3 months 
(n=32)

6 months 
(n=31)

12 months 
(n=31)

3 months 
(n=32)

6 months 
(n=31)

12 months 
(n=31)
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Multiple regression 

Table 4 shows final multiple regression models used to predict CRF at 3, 6 and 12 months 

post-stroke. For both dependent variables, knee muscle strength was a significant predictor at 

each measurement time. The model which best predicted VO2 peak at 3 months included 

isokinetic knee extension strength of the non-paretic limb, explaining 39% of the variance. At 

6 months, isometric knee extension strength of the non-paretic limb explained 55% of the 

variance. Isokinetic knee flexion strength of the non-paretic limb, FAC, BMI and emotion 

domain of SIS 3.0 explained 91% of the variance at 12 months. The combination of isokinetic 

knee extension strength of the non-paretic limb and gender explained 55% of the variance of 

log OUES at 3 months. At 6 months, 63% of variance was explained by isokinetic knee 

extension strength of the paretic limb. Isokinetic knee flexion strength of the non-paretic limb 

and maximal walking speed explained 79% of the variance at 12 months. 

Table 4. Linear regression models for outcome measures VO2 peak and OUES

outcome time after stroke n adj R² R² p-level predictors* partial R² F-value p-level

VO2 peak 3 months 32 0.39 0.41 <0.0001 isokinetic knee extension strength non-paretic limb 0.41 20.82 <0.0001

6 months 31 0.55 0.57 <0.0001 isometric knee extension strenght non-paretic limb 0.57 38.28 <0.0001

12 months 27 0.91 0.92 <0.0001 isokinetic knee flexion strength non-paretic limb 0.72 64.46 <0.0001
FAC 0.10 19.87 <0.001
BMI 0.07 8.14 <0.001
SIS 3.0 emotion 0.03 9.49 <0.001

 log OUES 3 months 32 0.55 0.58 <0.0001 isokinetic knee extension strength non-paretic limb 0.46 25.29 <0.0001
gender 0.12 8.59 <0.001

6 months 31 0.63 0.64 <0.0001 isokinetic knee extension strength paretic limb 0.64 52.44 <0.0001

12 months 26 0.79 0.81 <0.0001 isokinetic knee flexion strength non-paretic limb 0.72 61.17 <0.0001
10m walk (maximal speed) 0.09 10.90 <0.001

* Only significant predictors are retained
VO2 :oxygen uptake, OUES: Oxygen Uptake Efficiency Slope, BMI: body mass index, FAC: Functional Ambulation Categories; SIS 3.0: Stroke Impact Scale version 

 

Discussion 

The aim of this study was to predict CRF based on standardized measures of body function, 

activity, participation, personal and environmental factors at three time intervals in the first 

year after stroke. At the body function level, uni- and multivariate analyses revealed a strong 

association between knee muscle strength and CRF at each measurement time, for both the 

paretic and non-paretic side. Partial explained percentage of variance in CRF increased over 

the first year post-stroke from 41% to 72%, indicating the enlarged importance of knee 

muscle strength over time. No other studies related muscle strength to CRF previously. Only 
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measures of recovery have previously been used, such as Fugl-Meyer test9 and the Chedoke-

McMaster Stage of Recovery of the Leg7 and revealed controversial results. Our found strong 

association with muscle strength may point to the fact that CRF was not limited by the 

cardiorespiratory system, but by muscular weakness of the lower limbs. These results strongly 

suggest that cardiorespiratory endurance training should be supplemented with strength-

developing exercises of both lower limbs, with emphasis on the weaker paretic side. Previous 

studies28-31 found that progressive resistance training of the lower limb leads to increasing 

muscle strength; however, the effect on CRF has never been investigated. Our multivariate 

analyses further suggest isokinetic is preferable to isometric strength training.  

The fact that strength of the non-paretic limb was usually more predictive than that of the 

paretic limb raises a concern about the mechanical effectiveness of cycling. Strength of the 

non-paretic limb may have assisted/compensated for the weaker paretic limb during our two-

legged bicycling. Carvalho et al32 found a lower mean VO2 peak for the one-legged bicycle 

exercise test performed with the paretic leg than when performed with the non-paretic leg. 

Moreover, four patients were unable to perform the exercise test with the paretic leg and 10% 

of patients noted ‘feeling of loss of muscle strength’ as reason for stopping the exercise test 

with the paretic leg, whereas only 3% noted this reason when cycling was performed with the 

non-paretic leg. Registration of forces (up- and downwards) on left and right pedals separately 

during two-legged cycling would give us some insight into the neuromuscular control systems 

during movement. 

Of the many measures of activity and participation that were moderately correlated to CRF 

(VO2 peak and OUES) at 6 and 12 months post-stroke, walking capacity was found to be the 

most predictive. Walking at high intensity might be capable of inducing a cardiorespiratory 

training effect. Kelly et al8 also found a significant correlation between VO2 peak and 

maximal gait speed (r=0.68), nevertheless in the acute phase. The BI was found predictive7 in 

the acute phase while association between VO2 peak and Berg Balance Scale was low 

(r=0.38)11 to moderate (r=0.58)10 in the chronic phase.  

Although no significant correlations were found with measures of body composition over the 

several measurement points, BMI was predictive in combination with knee muscle strength 

for VO2 peak at 12 months post-stroke. No other study has investigated the influence of body 

composition on CRF after stroke. In the healthy population, overweight has been associated 
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with decreased VO2 peak values33. While the study of Arena et al revealed a significant 

correlation (r=.32) between BMI and the OUES in patients with heart failure34. 

In addition to measures of motor function, emotional status may influence CRF. In multiple 

regression analyses, the emotional domain of SIS 3.0 was predictive of CRF at 12 months 

post-stroke. Improving mental health, especially in more disabled persons, might encourage a 

more active lifestyle. This is the first time that mood has been associated with CRF.  

Finally personal and environmental factors may play a role as well. Age was significantly 

correlated with VO2 peak at 12 months post-stroke. Kelly et al8 also found a negative relation 

between VO2 peak and age and MacKay-Lyons7 found age to be significant in predicting VO2 

peak, both in the acute phase. Gender was significantly related to log OUES at 3 and 6 months 

post-stroke and retained as a predictor at 3 months post-stroke. Also in healthy elderly OUES 

values appeared to be significantly higher in males than in females35. Time spent in PT/OT 

and/or sport related activities was not significantly related to CRF. Only being active is 

apparently not enough. Interventions should be of sufficient intensity, frequency and duration 

to induce an aerobic effect.  

 

Explained variance increased over time from 39% at 3 months post-stroke to 91% at 12 

months post-stroke for VO2 peak and from 55% to 79% for OUES, which is extremely high. 

MacKay-Lyons also found 44% of explained variance in VO2 peak in the acute phase, 

although predictors were different. The increased explained variance from 3 to 6 months post-

stroke in our study is due to increased explained variance of knee muscle strength. From 6 to 

12 months the variance explained by knee muscle strength increased further, at which time 

functional mobility, body mass index and mood also contributed to the explained variance. 

This highlights the differential impact of influencing factors in the different phases of 

recovery after stroke.     

 

Spearman correlations between VO2 peak and OUES were high (0.77, 0.70 and 0.84) at 3, 6 

and 12 months post-stroke. Higher correlations were found (0.90, 0.89 and 0.94 respectively) 

when OUES was expressed per kilogram. Conclusions of correlation and regression analyses 

were mainly the same for both outcome variables, indicating that VO2 peak and OUES are 

comparable measures of CRF in our sample. As most patients did not reach a RER value of 
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1.1 or more, the parameter OUES which is a reflection of submaximal exercise might be more 

appropriated.  

 

Some critical reflections are warranted. Of the 50 patients recruited only 40 were included for 

further analysis. The 10 excluded patients were more severely impaired. Therefore, results of 

the present study can not be generalized to severe stroke patients. To include this patient 

group the cycle ergometer test needs to be adapted (e.g. broad seat with backrest, foot 

fixation, calf support). Although this study revealed interesting findings, the number of 

participants was low compared to the number of predictor variables. Further research should 

confirm these determinants of CRF in a larger stroke sample with a wide range of disability. 

Additionally intervention studies are needed to examine causality between CRF and the 

variables studied.  

 

In conclusion, knee muscle strength was found to be a very strong predictor of 

cardiorespiratory fitness during the first year after stroke and functional mobility became 

important at 12 months post-stroke. 

 

Implications for rehabilitation 

• Knee muscle strength was found to be the main predictor of cardiorespiratory fitness 

(CRF) during the first year after stroke. Measures of functional mobility become 

important from 6 months onwards and mood affected CRF at 12 months.   

• Cardiorespiratory endurance training should be supplemented with strength-developing 

exercises of the lower limbs, in particular at the paretic side.  
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Previous studies have revealed reduced physical activity1-6 and low cardiorespiratory fitness7 

after stroke.  Absolute as well as relative measurements of daily physical activity (PA) 

provide stroke patients information on their level of PA and as such might encourage stroke 

survivors to start a more active lifestyle. Also identification of impediments of an active 

lifestyle is important. Studies have focused on absolute measurements of PA without 

accounting for the varying levels of impairment and fitness in stroke patients. Furthermore 

emotional or environmental barriers of PA have never been investigated. Although more 

recently stroke rehabilitation has been aimed at improving physical fitness, it is unclear if this 

goal is achieved and if long-term benefits are retained. To our knowledge, the longitudinal 

evolution of physical fitness over the first year post-stroke has not yet been previously 

studied. A recent meta-analysis8 supports the use of aerobic exercise to improve aerobic 

capacity in stroke survivors, nevertheless data are lacking on long-term exercise training and 

follow-up. To better delineate interventions and maintain long-term benefits, knowledge of 

the factors that are associated with cardiorespiratory fitness (CRF) in stroke patients is crucial. 

Therefore the purpose of this doctoral thesis was to evaluate PA and CRF after stroke by 

measuring the level of PA and CRF, and determining their influencing factors. Main 

conclusions and discussion are summarized; clinical implications and directions for future 

research are presented below. 

 

1. Conclusions and discussion 

1.1 Physical activity after stroke 

In Chapter 1, the prevalence and determinants of strain experienced by 90 stroke patients’ 

caregivers at 2, 4 and 6 months post-stroke were presented. Demographic characteristics, 

physical and emotional performance of patients, caregivers’ characteristics and service input 

were documented to identify determinants of the caregivers’ strain. Nearly one out of three 

caregivers was under strain and no differences were seen between 2, 4 and 6 months post-

stroke. Our results also indicated that in predicting strain, the patients’ level of function and 

activity played an important role in the subacute phase while the participation level increased 

in importance over time. These findings emphasized the importance of maximal physical 

recovery and optimal reintegration in the community. Providing services in which patients can 

participate, such as social activities, leisure and sport related activities might help to reduce 

caregivers’ strain and to prevent social isolation of the patient. However, provision of 
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functional exercise programs and sport activities for the stroke population hardly exists in 

Flanders. Safe, supervised training locations where these patients at risk (e.g. cardiovascular 

events) could participate on an ambulatory base are needed. Another solution may be to 

exercise by oneself after counseling. Although it is easy to measure the frequency and 

duration of PA, evidence suggests that many individuals are unable to gauge their activity 

intensity when reading or hearing a description about what it should feel like9.  Therefore, 

valid and reliable activity monitors may help to give stroke patients insight and feedback on 

their achieved level of PA and could be seen as a motivational strategy to enhance PA. 

Objective activity-monitoring tools available to the public that are affordable and feasible for 

use are discussed below. 

 

To examine if inexpensive and easy to use instruments could be used to evaluate the PA level 

in stroke survivors, the validity of heart rate monitoring versus RT3-accelerometry against the 

criterion measure, oxygen consumption was compared and the accuracy of Yamax-

pedometers (hip- and knee-positioned) examined in 9 mildly disabled stroke patients (chapter 

2). Spearman correlations between oxygen consumption (VO2) and total amount of used 

energy (totcal), measured by the RT3 accelerometer were low during walking and no 

correlation was found during cycling. Correlations between oxygen consumption (VO2) and 

HR were somewhat higher but still indicated little to low association. The RT3-accelerometry 

thus showed poor validity for measuring PA in stroke patients. Accelerometers measure 

changes in movement. Via algorithms these monitor accelerations and decelerations in one 

direction (uni-axial), two or three dimensions (bi-, tri-axial) and estimate energy expenditure. 

However, gait difficulties, movement abnormalities and the low intensity of activity may have 

compromised the validity of the RT3-accelerometer in our stroke sample. Moreover, little 

information regarding the intensity of the exercise being performed is given by these devices, 

and the energy expenditure is not specific to the exercise or to the individual. Therefore, 

estimation of energy expenditure should not only be based on mechanical responses of PA, but 

also include physiological responses. The Actiheart10 may be a promising tool using combined 

activity and HR algorithms to estimate activity energy expenditure. Also the SenseWear 

Armband measures physiological responses of PA (galvanic skin response, skin temperature 

and heat flux) besides mechanical responses (motion and steps). However, prediction equations 

are based on healthy populations and may not be valid for the stroke population. Moreover, these 



General discussion 
 

116 
 

devices are expensive. Although HR is influenced by emotion, medication, posture, 

environmental conditions and various other factors11, our results showed that HR monitoring, 

can be used to make intra-individual comparisons. As oxygen consumption and HR are both 

physiological variables closely reflecting changes in PA intensity, it is logical that the 

individual correlation coefficients between these variables were high. Therefore, we would 

conclude that HR monitors may be used to provide stroke patients with information on 

exercise intensity.  

The Yamax SW-200 pedometer provided accurate results during walking if positioned on the 

knee, but not when hip-positioned. Although a pedometer provides limited detailed 

information (steps/day), this simple device may be of interest in the stroke population as 

moderate to severe stroke survivors are often restricted to walking activities of short duration.  

In conclusion, HR monitoring and knee-positioned Yamax-pedometers seem useful 

instruments to assess PA. These devices may bridge the gap between a clinician’s advice to 

enhance PA and the ability of the patient to understand, self-monitor, and ultimately adhere to 

health recommendations. These devices were used in study 3 of this doctoral project to 

measure daily PA 1-year post-stroke. Validity of heart rate monitoring and accuracy of a 

knee-positioned Yamax-pedometer, however, need to be confirmed in a large group, 

including mild to severe stroke patients, performing a wide range of activities with long 

monitoring periods and validation should also be examined outside of a laboratory setting. 

 

Chapter 3 addressed the question whether stroke patients are active enough 1-year post-

stroke to improve their physical health. Due to the unique attribute of absolute, relative, and 

self-reported measures, PA was quantified by a multifaceted approach. A Polar HR monitor, a 

Yamax SW-200 pedometer, the Baecke Physical Activity Questionnaire (BPAQ) and the 

Physical Activity Scale for Individuals with Physical Disabilities (PASIPD) were used to 

measure daily PA in 16 mildly disabled stroke patients. The influence of age, gender, 

functional mobility (Rivermead Motor Assessment gross function (RMA-GF) and timed 10m 

walk at comfortable speed), peak exercise capacity (VO2 peak), mood (BDI-II), participation 

(SIS 3.0) and hours of daylight on PA (PA) was also investigated. Our results revealed that on 

average, stroke patients spent 44±39 minutes a day in activities of moderate intensity and 

performed 6428 steps per day which is within the normative data (5900-6900 steps/day). 
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However, none performed moderate activity at least three days per week and only 19% 

performed more than 10,000 steps/day, required to improve/maintain their health. Also 81% 

of the day was spent in very light activities. These findings indicate that it is not only 

important to be active, but to be active in a health-improving way. Data in the stroke 

population might even be more dramatic as our sample only included mildly impaired stroke 

patients. A further result from this study was that correlations between absolute measure 

(steps/day) and relative measures (minutes light active and minutes moderate active) were 

low. Based on step cadence, Michael12  and Manns13 stratified step activity in stroke patients 

as low, medium, and high intense. Although both used a different definition of high intensity 

step activity (≥ 30 and ≥ 40 steps per min), this was well below the 100 steps per minute 

threshold as asserted for healthy individuals to be moderately active14.  Moreover, less than 

10% of these stroke patients performed steps at high intensity12,13.  Therapy should focus 

especially on high intense step training. 

Functional mobility, CRF, mood and participation had an influence on daily steps, but not on 

the time spent in moderately intense activities. Patients in our sample had a high level of 

participation, but probably the activities were of low intensity. Consistent findings in several 

studies are needed to ensure correct identification of impediments of an active lifestyle. The 

discrepancy found between absolute (frequency and duration) and relative (intensity) 

measures of PA with respect to the quantity achieved and its potential determinants, considers 

the influence of the different methods for measuring PA. It is easy to describe the frequency 

and duration of PA, but the degree of effort relative to one’s individual aerobic fitness level is 

essential to determine if one is actually moderately active and can achieve health benefits. 

Current guidelines recommend stroke survivors to exercise at 40% to 70% of peak oxygen 

consumption or HR reserve (or 50 to 80% of maximal HR), 3 to 7 days a week, with a 

duration of 20 to 60 minutes a day of continuous or accumulated exercise (≥ 10-minute 

bouts), depending on the patient’s level of fitness15. This, however, requires results from a 

maximal incremental exercise test. Perceived exertion (11 to 14 on the Borg 15-point Ratings 

of Perceived Exertion Scale) may be used as an alternative intensity modulator15. The 

recommended 10,000 steps per day for healthy adults have recently been transformed into 

3000 steps in 30 minutes on 5 days each week or three bouts of 1000 steps in 10 minutes each 

day14 taken over and above some minimal level of PA (5000 steps/day). As walking might be 

one of the most accessible forms of exercise in the stroke population and pedometers are 
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affordable and simple to use, health recommendation for moderate-intensity PA clearly need 

to be translated into a pedometer-based step goal.  

In conclusion, a pedometer can be used to assess PA. However, to achieve health benefits and 

improve CRF, the intensity of PA is important. A heart rate monitor should be used when 

exercising to ensure moderate intensity. The HR cut-off for activities at moderate intensity 

was calculated by taking HRrest plus 40% of HR reserve (HRmax – HRrest). In the next two 

chapters cardiorespiratory fitness will be discussed. 

 

1.2 Cardiorespiratory fitness after stroke 

Chapter 4 examined the evolution of CRF of 33 stroke patients in a 1-year follow-up study 

and explored the effect of pre-stroke patients’ characteristics (age, gender, pre-morbid 

physical activity level, clinical history) and stroke-related factors (stroke type and area, side of 

lesion and stroke severity) on this evolution. Mean peak oxygen uptake (VO2 peak) was 

18.1±6.6 mL/kg/min, 19.8±8.0 mL/kg/min and 19.7±8.4 mL/kg/min at 3, 6 and 12 months 

post-stroke. This corresponds to values of 63% to 70% of that of the age-matched, healthy 

sedentary men and 65% to 79% of women16. For the Oxygen Uptake Efficiency Slope 

(OUES) values were 1575.3±638.3, 1710.7±710.3 and 1687.2±777.5 (mL/min O2)/(L/min VE) 

<respectively which is 77% to 82% of healthy men and 69% to 79% of healthy women17. This 

means that CRF is clearly reduced from 3 to 12 months post-stroke. Individual exploration 

showed that less than half of the sample improved their fitness during the first year after 

stroke and only one fourth improved beyond six months. These results may even be 

overestimated as those patients with the most significant disability after stroke could not 

perform the cycle ergometer test.  Analysis of time trends using mixed models showed no 

significant change from 3 to 12 months post-stroke, implying that on average CRF did not 

change during and after stay in the rehabilitation center. Two other studies18,19 also reported 

that physiotherapy and/or occupational therapy were insufficient to cause a cardiorespiratory 

training effect. A recent meta-analysis8 supported the use of aerobic exercise training to 

improve CRF in mildly or moderately impaired stroke survivors. Improvements in VO2 peak 

from 820 to 2221 % have been reported in aerobic training studies involving patients with 

chronic hemiparesis. However, studies are lacking on follow-up data to evaluate long-term 

benefits. In the same manner that the public health community is advocating higher levels of 
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physical activity participation among the general population, efforts must be established to 

promote higher levels of physical activity and fitness among persons with stroke. In Flanders, 

few sport clubs exist for disease-specific groups. The organisations ‘Harpa’ for heart patients 

and ‘Move to Sport, Fit Up’ for patients with multiple sclerosis are very successful. Besides 

motor and sensory deficits, stroke patients may experience visual, cognitive, perceptual, 

psychological and speech problems. Therefore, this population requires a specific approach. 

In the province Vlaams-Brabant, the ‘Centrum voor Aangepast Sporten (CAS)’ offers aqua 

therapy for stroke patients, but training frequency is restricted due to space and financial 

limitations.  Training in group under supervisory, competent consultancy (coaching) in a safe 

environment can enhance exercise participation. 

This study also revealed that stroke survivors at risk of deconditioning were pre-morbid less 

active at work or in sport activities, diabetic or initially more severely impaired. Statistically 

combining these factors revealed that older stroke patients with diabetes were less likely to 

improve their VO2 peak and older, female, diabetic non-smokers improved less on log OUES. 

Cardiovascular exercise training should be a therapeutic goal for these patients at risk and be 

started as early as possible. Pre-morbid less active persons require extra stimulation to change 

their sedentary lifestyle and guidance post-rehabilitation will be essential to retain long-term 

benefits. A Motomed with gradual movement support or semi-recumbent ergometer may be 

an option to train severely impaired stroke patients. 

In conclusion, based on the results of this study, a systematic offering of exercise programs 

and sport activities during stay in the rehabilitation center and in the community seems 

worthwhile.  

 

In chapter 5, CRF was predicted based on standardized measures along the several 

dimensions of the ICF model at three time intervals in the first year after stroke. 

Cardiorespiratory fitness and measurements of impairments, activity limitations, participation 

restriction, as well as personal and environmental factors were assessed at 3, 6 and 12 months 

post-stroke in 40 patients with stroke. Knee muscle strength was found to be the main 

predictor of CRF and explained variance increased over time from 41% to 72%. These results 

seem to indicate that cardiorespiratory endurance training should be supplemented with 

strength-developing exercises of the lower limbs, especially on the weaker paretic side. 

Previous studies22-25 found that progressive resistance training of the lower limb leads to 



General discussion 
 

120 
 

increasing muscle strength; however, the indirect effect on CRF has never been investigated. 

Our multivariate analyses further suggest that isokinetic is preferable to isometric strength 

training. Our results further revealed that functional mobility and mood affected CRF at 12 

months post-stroke. This seems to indicate that therapy focussing on walking at high intensity 

or even running probably induces a cardiorespiratory training effect. Also improving mental 

health might encourage a more active lifestyle. Future studies should explore the effect of 

‘dose’ (intensity, frequency and duration) and ‘type’ (aerobic training, muscle strengthening 

or a combination) of training. Intermittent training protocols may be needed during the initial 

weeks of rehabilitation because of the extremely poor condition of many convalescing stroke 

patients. Based on our clinical experience, it is hereby important to avoid disappointment and 

set up realistic goals. Exercise ‘mode’ (cycling, treadmill walking with and without body 

support, water based exercises,  ...) must be matched with individual needs and preferences so 

that motivation can be maintained. Patients spent on average only two hours per day in 

therapy in the rehabilitation center were we recruited26, but rehabilitation is financially 

restricted and therefore time-limited. Hands-off therapy, such as cycling training on a 

Motomed with a chip card containing the training program, may be a good solution to 

augment training time.  

In conclusion, knee muscle strength was found the main predictor of CRF. Further studies 

should explore the effect of progressive resistance training on CRF. Ambulation at moderate 

intensity and good mental health may further positively influence CRF. 

 

2. Clinical implications 

Based on the results from the studies in this doctoral project we have summarized below the 

most important clinical implications for stroke survivors and their health providers. 

• The Yamax SW-200 pedometer, knee-positioned, seemed to be an accurate tool to assess 

PA and could be used to motivate the user to enhance PA. 

• Health recommendations for stroke survivors on the amount of moderate intense physical 

activity should be translated into a pedometer-based step goal.   

• Pedometers should be used as follows: after determining the initial daily step level, a 

number of extra steps/day is defined as goal. It is moreover important to perform this extra 
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steps/day with noticeable increases in heart rate and breathing. Distance and velocity of 

walking should gradually be increased according individual progression. 

• Heart rate reserve (40 to 70%) could be used to determine relative exercise intensity. 

Training heart rate is calculated by taking a given percentage of the maximal heart rate 

reserve (HRmax – HRrest) and adding it to the resting heart rate. The best way to define this 

is by a maximal incremental exercise test. The recommended frequency of training is 3 to 

7 days per week, with duration of 20 to 60 min/day of continuous or accumulated 

exercise. 

• Functional mobility, CRF, mood and participation were related to daily steps, but not to 

the time spent in moderate intense activities. It seems that participation was restricted to 

low intense activities.  

• Stroke rehabilitation seemed insufficient to obtain a cardiorespiratory training effect. 

Exercise-based interventions of sufficient intensity, frequency and duration should be 

initiated in the rehabilitation centre and continued in the community. 

• Stroke survivors at risk of deconditioning were pre-morbid less active at work or in sport 

activities, diabetic or initially more severely impaired. Combination of factors revealed 

that especially older stroke patients with diabetes were at risk. 

• To enhance the aerobic capacity, combined endurance and resistance training may be 

better than endurance training alone. 

 

3. Future directions 

At 6 months post-stroke patients’ participation level was the main predictor of caregivers’ 

strain (chapter 1). If patients’ participation in exercise programs and sport activities in 

particularly reduces caregivers’ strain remain unclear. The role of caregivers to attend 

exercise programs (e.g. transportation, verbal encouragement and help with dressing) has 

hardly been examined in the stroke population. The effect of social support on initiation and 

adherence of exercising is an interesting research question requiring further investigation. 

 

Results of chapter 2 revealed that the RT3 accelerometer showed poor validity and the 

Yamax-pedometer provided accurate results for walking if positioned at the knee. Further 

research may be needed to determine if other placements than the hip may be more valid for 
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the RT3 accelerometer or if other more sophisticated devices, like the SenseWear Armband or 

Actiheart, show good validity in the stroke population. A further step for research is the 

validation in a daily context. As stroke patients spend the majority of the day sedentary or in 

moderate to low intensive activities, these activities should be validated. Finding a valid 

device to measure the activity ‘wheelchair propulsion’ is also a future research question. 

Internal and external responsiveness should also be established to examine changes in PA 

level (e.g. detect a treatment effect) and facilitate the interpretation of score change (e.g. is the 

change meaningful or not?).  

Chapter 3 highlighted the unique attribute of absolute, relative and self-reported measures of 

PA. Intensity of daily PA, expressed as the percentage of maximal aerobic capacity, is 

necessary to evaluate health benefits. The weak association between steps/day and minutes 

moderately active requires confirmation in future studies with a larger sample size and 

inclusion of severely to mildly disabled stroke patients. We found that functional mobility, 

CRF, mood and participation were related to daily steps, but not to the time spent in 

moderately intense activities. Consistent findings in several studies are needed to ensure a 

correct identification of impediments to an active lifestyle. Theory of Planned Behavior may 

be a useful method to further explore physical, psychological as well as environmental 

facilitators and barriers of PA among stroke survivors. 

As mentioned before, health recommendations for stroke survivors should be translated into a 

pedometer-based step goal to target moderate intense physical activity. The study of Moore et 

al27 showed a significant increase in daily stepping after locomotor training. So far, 

intervention studies to improve PA by using pedometers have not been performed. The effects 

of such an intervention program need to be investigated in future studies. 

 

The second part of this doctoral project (chapter 4 & 5) revealed that on average CRF was 

reduced from 3 to 12 months post-stroke and did not significantly change over time. Knee 

muscle strength was found to be the main predictor of CRF during the first year after stroke. 

The fact that strength of the non-paretic limb was usually more predictive than that of the 

paretic limb raises a concern about the mechanical effectiveness of cycling. Registration of 

forces (up- and downwards) on left and right pedals separately during cycling would give us 

insight into neuromuscular control systems during movement.  
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Results of studies 4 & 5 could not be generalized to severe stroke patients. Further research 

should explore CRF in the latter group by adapting the cycle ergometer test (e.g. broad seat 

with backrest, foot fixation, calf assists). Also a new index of CRF, the OUES, was 

introduced in the stroke population in this doctoral project. This index was more sensitive in 

detecting risk factors and may as such be promising as an alternative measure in intervention 

studies. Evaluation of the evolution and determinants of CRF is needed in a large stroke 

sample with a wide range of disability to confirm current results. Furthermore, monitoring 

fitness after one year post-stroke may be interesting as participation and quality of life may 

show adaptation in later phases. 

Further studies should elucidate methods of increasing CRF during the stay in the 

rehabilitation center and how community based aerobic exercise training post-rehabilitation 

can be organised. Exercise-based interventions of sufficient intensity, frequency and duration 

should be initiated in the rehabilitation centre and surely continued after discharge. Important 

issues to consider are: patient education, appropriate screening, program design, and 

monitoring. Educating patients and relatives on the health benefits of exercise training, 

comorbidities (e.g. hypertension, obesity, diabetes, depression), nutrition, safely exercising 

and coaching may help patients to adhere to the exercise program. To encourage individuals 

to participate in regular physical activity and derive the benefits of physical exercise while 

minimizing the risk of cardiovascular adverse events, pre-participation cardiovascular 

evaluation is required. The European Association of Cardiovascular Prevention and 

Rehabilitation28 reported screening recommendations for cardiac evaluation in apparently 

healthy middle-aged/senior (≥35 years) individuals. Persons with a recent stroke should all be 

evaluated by a qualified physician, including assessment of personal and family history, 

cardiovascular risk SCORE (European Society of Cardiology Systematic Coronary Risk 

Evaluation), physical examination, and a resting 12-lead ECG28. In these individuals with an 

increased cardiac risk profile, which is mostly the case in stroke patients, maximal exercise 

testing (and possible further evaluations) is advocated. Apart from aiding the detection of 

coronary artery diseases, the exercise test supplies individuals with adequate and personalized 

recommendations for an appropriate training. This may have a positive influence on the 

compliance to exercise. As a result, a more realistic and efficient exercise program can be 

generated and the training effect can be quantified more accurately. Physical activity and 

exercise recommendations for stroke survivors have been published by Gordon et al 

(American Heart Association Scientific Statement)15.  Intensity, frequency and duration for 
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aerobic, strength, flexibility and neuromuscular (coordination and balance) exercises were 

formulated. If no exercise test could be performed, light-intensity exercise should be 

prescribed. The reduced exercise intensity may be compensated for by increasing the training 

frequency, duration or both. An individualized gradually progressive exercise program should 

be designed and implemented during the stay in the rehabilitation center. Continuous 

monitoring may facilitate a carry-over effect to daily function. Sustained interest in an 

exercise program in the long term may depend on assistance, equipment, social involvement 

and facilities at home and/or the community.  

 

Based on the results of study 5, future intervention studies are needed to investigate if 

combined endurance and resistance training is more effective than endurance training only. 

Not only should the effect on aerobic capacity be evaluated, but also on quality of life and 

physical, psychological and social functioning. Short-term effects show immediate results of 

training, however long-term benefits are crucial. Future studies should also explore the effect 

of dose (intensity, frequency and duration) of training. The differential impact of influencing 

factors on CRF in the different phases of recovery after stroke may suggest that adjustments 

are needed in the intervention program over time. 

 

In conclusion, there is evidence to promote higher levels of physical activity and fitness 

among persons with stroke. However, future studies should clarify facilitators and barriers to 

an active lifestyle and investigate the optimal training protocol for mildly to severely impaired 

stroke patients. 
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Physical activity (PA) and cardiorespiratory fitness (CRF) are reduced after stroke. To 

enhance participation in daily activities and structured exercise training, longitudinal 

evaluation of the level and influencing factors of PA and CRF after stroke is crucial. These 

insights help to identify barriers of PA and to better delineate aerobic exercise interventions 

and maintain long-term benefits. Studies carried out within this PhD-project included the 

prevalence and determinants of stroke caregivers’ strain in the first six months after stroke 

(chapter 1), the criterion validity of heart rate monitoring versus RT3-accelerometry and 

examination of the accuracy of Yamax-pedometers in stroke survivors (chapter 2), the 

quantity of PA one year after stroke and its influencing factors (chapter 3), the evolution of 

CRF during the first year post-stroke and the influence of pre-stroke patients’ characteristics 

and stroke-related factors on this evolution(chapter 4), and the identification of determinants 

of CRF at 3, 6 and 12 months post-stroke (chapter 5). 

In chapter 1, the prevalence and determinants of strain experienced by 90 stroke patients’ 

caregivers at 2, 4 and 6 months post-stroke were presented. Demographic characteristics, 

physical and emotional performance of patients, caregivers’ characteristics and service input 

were documented to identify determinants of the caregivers’ strain. Nearly one out of three 

caregivers was under strain and no differences were seen between 2, 4 and 6 months post-

stroke. Our results also indicated that in predicting strain, the patients’ level of function and 

activity played an important role in the subacute phase while the participation level increased 

in importance over time. These findings emphasized the importance of maximal physical 

recovery and optimal integration in the community. Providing services in which patients can 

participate, such as social activities, leisure and sport related activities might help to reduce 

caregivers’ strain and to prevent social isolation of the patient.  

In the validation study (chapter 2) nine stroke patients performed a standardised activity 

protocol wearing a Cosmed K4b² to measure oxygen consumption and heart rate (HR), a 

RT3-accelerometer and two Yamax SW-200 pedometers (hip- and knee-positioned). We 

concluded that the RT3-accelerometer showed poor validity for measuring PA in stroke 

patients. HR monitoring, however, can be used to make intra-individual comparisons through 

providing patients with information on exercise intensity. This study further revealed that the 

Yamax SW-200 pedometer provided accurate results during slow walking if positioned on the 

knee, but not when hip-positioned. In conclusion, HR monitoring and knee-positioned 
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Yamax-pedometers seemed to be useful instruments to assess PA in stroke survivors and 

could be seen as a motivational strategy to enhance PA.  

Chapter 3 addressed the question whether stroke patients are active enough 1-year post-

stroke to improve their physical health. Due to the unique attribute of absolute, relative, and 

self-reported measures, PA was quantified by a multifaceted approach in 16 mildly disabled 

stroke patients. Our results showed that on average, stroke patients spent 44±39 minutes a day 

in activities of moderate intensity and performed 6428 steps per day which is within the 

normative data (5900-6900 steps/day). However, none performed moderate activity at least 

three days per week and only 19% performed more than 10,000 steps/day, required to 

improve/maintain their health. Functional mobility, CRF, mood and participation had an 

influence on daily steps, but not on the time spent in moderately intense activities. We could 

conclude that discrepancies between absolute (daily steps) and relative (minutes moderate 

active) measures of PA exist with respect to the quantity achieved and its potential 

determinants.  

In chapter 4 the evolution of CRF of 33 stroke patients in a 1-year follow-up study were 

examined and the effect of pre-stroke patients’ characteristics and stroke-related factors on 

this evolution were explored. Findings revealed that on average CRF was reduced from 3 to 

12 months post-stroke (values were 65% to 71% of the age- and sex-matched normative 

values in healthy sedentary persons) and did not significantly change over time. These results 

suggest that conventional stroke rehabilitation is insufficient to obtain a cardiorespiratory 

training effect. It seems worthwhile to initiate exercise-based interventions of sufficient 

intensity, frequency and duration in the rehabilitation centre and continuation in the 

community. Stroke survivors at risk of deconditioning were pre-morbid less active at work or 

in sport activities, diabetic or initially more severely impaired. Statistically combining these 

factors revealed that older patients with stroke and diabetes were less likely to improve their 

VO2 peak and older, female, diabetic non-smokers improved less on log OUES. These results 

indicate that cardiovascular exercise training could be a therapeutic goal for these patients at 

risk and preferably be started as early as possible. Pre-morbid less active persons require extra 

stimulation to change their sedentary lifestyle and guidance post-rehabilitation will be 

essential to retain long-term benefits. 

In chapter 5, CRF was predicted based on standardized measures along the several 

dimensions of the ICF model at 3, 6 and 12 months post-stroke in 40 patients with stroke. 
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Knee muscle strength was found the main predictor of CRF and explained variance increased 

over time from 41% to 72%. Functional mobility and mood affected CRF at 12 months post-

stroke. These results may suggest that cardiorespiratory endurance training should be 

supplemented with strength-developing exercises of the lower limbs, especially on the weaker 

paretic side. Ambulation at moderate intensity and good mental health may further positively 

influence CRF. 
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Fysieke activiteit (FA) en cardiorepiratoire fitheid (CRF) zijn gereduceerd na een 

cerebrovasculair accident (CVA). De longitudinale evaluatie van FA en CRF en de factoren 

die FA en CRF kunnen beïnvloeden werden echter tot op heden slechts beperkt 

gedocumenteerd. Inzichten in de evolutie van CRF in de verschillende fasen van herstel na 

een CVA en identificatie van de beïnvloedende factoren van FA en CRF zijn belangrijk om  

aërobe oefenprogramma’s te optimaliseren met behoud van lange termijn effecten. De studies 

die werden uitgevoerd in het kader van dit doctoraat betreffen de prevalentie en determinanten 

van stress ervaren door derden in de eerste zes maanden na het CVA (hoofdstuk 1), de 

criterium validiteit van een Polar-hartslagmeter versus RT3-accelerometer en nauwkeurigheid 

van Yamax-stappentellers bij personen met een CVA (hoofdstuk 2), de evaluatie van FA en 

de beïnvloedende factoren één jaar na het CVA (hoofdstuk 3), de evolutie van CRF gedurende 

het eerste jaar na het CVA en de invloed van pre-morbide patiëntenkarakteristieken en van 

CVA-gerelateerde factoren (hoofdstuk 4), en bepaling van de determinanten van CRF op 3, 6 

en 12 maand na het CVA (hoofdstuk 5). 

In hoofdstuk 1, werden de prevalentie en determinanten van stress ervaren door derden 

(n=90) op 2, 4, en 6 maand na het CVA bepaald. Demografische karakteristieken, fysieke en 

emotionele status van patiënten met CVA, karakteristieken van derden en gebruik van 

dienstverlening werden gedocumenteerd om determinanten van stress op derden te 

identificeren. Bijna 1 op 3 personen ervaarde stress en geen verschil werd gevonden tussen 2, 

4 en 6 maanden na het CVA. Onze resultaten tonen tevens aan dat in de predictie van stress 

op derden, stoornissen en beperkingen van de patiënt een belangrijke rol spelen in de subacute 

fase, terwijl de participatie in de maatschappij belangrijker wordt naarmate de tijd vordert. 

Deze bevindingen benadrukken het belang van maximaal fysiek herstel en optimale integratie 

in de maatschappij. Voorziening van diensten waarbinnen patiënten kunnen deelnemen aan 

sociale, vrijetijds en sport gerelateerde activiteiten kunnen de belasting en stress op derden 

verminderen en sociale isolatie van de patiënt voorkomen. 

In de validatiestudie (hoofdstuk 2) voerden 9 personen met een CVA een gestandardiseerd 

activiteiten protocol uit waarbij ze een Cosmed K4b2 voor zuurstofverbruik en 

hartslagmeting, een RT3-accelerometer en twee Yamax-SW-200 stappentellers (ter hoogte 

van de knie en heup) droegen. We concludeerden dat de RT3-accelometer geringe validiteit 

vertoonde om FA te meten bij CVA patiënten. Hartslagmeting kan echter gebruikt worden om 

intra-individuele vergelijking te maken door het geven van informatie betreffende de 

oefenintensiteit. Verder weerhouden we uit deze studie dat Yamax SW-200 stappentellers 
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nauwkeurig meten tijdens traag stappen indien deze gedragen werd ter hoogte van de knie, 

maar niet indien gedragen ter hoogte van de heup. We kunnen besluiten dat hartslagmeters en 

Yamax stappentellers gedragen ter hoogte van de knie nuttige instrumenten kunnen zijn om 

FA in te schatten. Deze instrumenten kunnen dan ook gezien worden als een strategie om 

CVA patienten aan te zetten tot een actievere levensstijl. 

In hoofdstuk 3 werd de vraag gesteld of CVA patiënten één jaar na het CVA actief genoeg 

zijn om hun fysieke gezondheid te verbeteren. Gezien de unieke eigenschappen van absolute, 

relatieve en zelf-gerapporteerde metingen, werd FA simultaan gekwantificeerd aan de hand 

van meerdere meetinstrumenten bij 16 CVA patiënten met een goed functioneel herstel. De 

resultaten toonden aan dat CVA patiënten gemiddeld 44±39 minuten spendeerden in 

activiteiten van matige intensiteit. Ze deden 6428 stappen per dag, wat valt binnen de 

normatieve waarden van 5900 tot 6900 stappen/dag. Geen enkel individu echter voerde 

activiteiten aan matige intensiteit uit gedurende ten minste drie dagen in de week en enkel 

19% deed meer dan 10,000 stappen/dag wat vereist is om de gezondheid te bevorderen. 

Functionele mobiliteit, CRF, gemoedstoestand en participatie hadden een invloed op de 

dagelijkse hoeveelheid stappen, maar niet op de tijd gespendeerd in activiteiten van matige 

intensiteit. We kunnen besluiten dat absolute (stappen/dag) en relatieve (minuten van matige 

activiteit) metingen of FA verschillen in gepresteerde hoeveelheid en beïnvloedende factoren. 

In hoofdstuk 4 werd de evolutie van CRF bij 33 CVA patiënten in een één jaar durende 

opvolgingsstudie onderzocht en de effecten van pre-morbide patiëntenkarakteristieken en 

CVA-gerelateerde factoren op deze evolutie geëxploreerd. De bevindingen toonden aan dat 

CRF verminderd was van 3 tot 12 maanden na het CVA (met waarden van 65 tot 71% van 

normatieve waarden gevonden bij gezonde sedentaire individuen van dezelfde leeftijd en 

geslacht). Deze waarden veranderden statistisch niet in de loop van de tijd. Deze resultaten 

suggereren dat conventionele revalidatie onvoldoende intensief is om een cardiorespiratoir 

trainingseffect te bekomen. Het lijkt wenselijk om cardiorespiratoire training van voldoende 

intensiteit, frequentie en duur  te initiëren in het revalidatiecentrum en voor te zetten in de 

maatschappij. Personen met een CVA met een verhoogd risico op deconditionering waren 

pre-morbide minder actief op het werk of in sport activiteiten, diabetici of initieel ernstiger 

getroffen. Statistische analyse op basis van een combinatie van factoren toonde aan dat oudere 

CVA patienten met diabetes minder kans hadden om hun VO2 piekwaarde te verhogen en 

oudere, niet-rokende vrouwen met diabetes verbeterden minder op de logarithmische OUES 

(Oxygen Uptake Efficiency Slope) waarde. Deze resultaten geven aan dat cardiorespiratoire 
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training voor deze personen met verhoogd riscio een belangrijke therapeutische doelstelling 

zou kunnen zijn en best zo vroeg mogelijk opgestart wordt. Pre-morbide minder actieve 

personen vereisen extra stimulatie om hun sedentaire levensstijl te wijzigen en begeleiding in 

de post-revalidatie fase zal noodzakelijk zijn om lange termijn effecten te behouden.  

In hoofdstuk 5 werd CRF voorspeld op basis van gestandaardiseerde metingen in de 

verscheidene dimensies van het ICF model (International Classification of Functioning, 

Disability and Health) op 3, 6 en 12 maanden na het CVA bij 40 personen. Spierkracht t.h.v. 

de knie bleek de belangrijkste predictor van CRF te zijn en verklarende variantie nam toe in 

de loop van de tijd van 41% tot 72%. Functionele mobiliteit en gemoedstoestand beïnvloedde 

CRF op 12 maanden na het CVA. Deze resultaten suggereren dat cardiorespiratoire training 

mogelijks dient aangevuld te worden met krachttraining van de onderste ledematen, 

voornamelijk aan de zwakkere paretische zijde. Stappen aan matige intensiteit en goede 

mentale gezondheid kunnen tevens een positief effect hebben op CRF. 
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