Upright activity within the first week after stroke is associated with better functional outcome and health related quality of life. Results from a Norwegian multi-site study
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Abstract
Objective: To assess the amount of early upright activity of patients managed in Norwegian stroke units and its association with functional outcome and health related quality of life three months later. 
Design: A prospective observational multi-center study.
Subjects: Three-hundred-and-ninety acute stroke patients, mean age 76.8 years, 48.1% men, less than14 days post stroke, recruited from 11 Norwegian stroke units.
Methods: Time spent in different activity categories (in bed, sitting out of bed, upright) was observed with a standard method. Outcome was assessed by modified Rankin Scale (mRS), and health related quality of life by EuroQol-5 dimension 5 level (EQ-5D-5L) three months later. Ordinal logistic and linear regression analyses were used to examine the association between activity categories and mRS and EQ-5D-5L respectively. Age, NIHSS-score, premorbid mRS, gender, and hospital-site were added as covariates.
Results: The odds ratio (95% CI) for poorer functional outcome (higher mRS) decreased as time spent in upright activities increased 0.97 (0.94 to 1.00). There was also a significant positive association between time in upright activity and higher EQ-5D-5L, Beta (95% CI) 0.184 (0.001 to 0.008) three months later. 

Conclusions: This study confirms the beneficial effect of upright activity applied during hospital stay in Norwegian stroke units.
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Introduction
Stroke is the second most frequent cause of death and a major cause of disability in adults. Up to half of the stroke survivors are dependent in activities of daily living 3 months post-stroke (1, 2). Stroke patients also rate their health related quality of life (HRQoL) lower than healthy people at the same age and people with other medical diseases (3).
Stroke unit care has shown to be the most powerful, broadly applicable treatment after acute stroke, reducing death and dependency (4). Early mobilisation with out–of–bed activities as sitting, standing and walking has been regarded as an important contribution to the short and long term effects of stroke unit care (5, 6), and is now recommended in most national guidelines for stroke care across Western–Europe, Australia and North-America (7). However, recently a worldwide study of early mobilisation (AVERT) demonstrated that too much out-of-bed activity within the first few days after onset of stroke may impair the recovery process (8).
Even though most guidelines recommend mobilization within 24 hours, only in the Australian and Norwegian guidelines mobilization has been defined as out of bed activity (7, 9). Despite these recommendations, several observational studies in these countries have shown that less than 60 % of patients are mobilized out of bed within 24 hours after stroke onset (10, 11), indicating that guidelines alone do not change practice and that clinical practice reflects the health care providers’  expertise, the patients’ values and expectations  as well as process and pragmatic factors.
It is becoming increasingly apparent that the timing of first mobilization may be less important than the total amount and frequency of early out-of-bed activity during hospital stay (12), however timing of first mobilization also probably acts as a proxy for the organization of post stroke rehabilitation care in the acute setting (7). The first two weeks after stroke continues to be a period of great interest in recovery research as pre-clinical studies suggest it may be a critical time window for promoting recovery (13). Recent studies examining time spent in upright activity (defined as standing, walking, climbing stairs and all other activities including transfer with feet on floor), measured on a single day within the first two weeks after onset of stroke have shown significant variation between hospitals (14, 15). To more fully understand the impact of this variation in clinical practice, the association between the amount of early upright activity after stroke and outcome should be more thoroughly assessed.
The overall aim of the present study was to assess the association between the timing and amount of upright activity applied in clinical practice in patients admitted to multiple Norwegian stroke units and degree of disability and HRQoL three months later.
We hypothesized that higher amount of early upright activity and shorter time to first mobilization were associated with increased probability of good functional outcome and improved HRQoL at 3 month follow up.

Material and Methods 
Study design and setting  
This was a prospective cohort study recruiting patients from 11 Norwegian stroke units. Motor activity was registered within the first two weeks of hospital stay and functional outcome was measured three months later.  
The participating hospitals were located in Central Norway (n=8), in Northern Norway (n=1), and in South-East Norway (n=2). Two of the Hospitals were university Hospitals, two were small, treating less than 100, and seven middle sized treating between 100 and 400 stroke patients per year.
Participants
Patients were eligible if they were diagnosed with an acute stroke within the previous 14 days, age >18 years, Norwegian speaking and not receiving palliative care. Patients were excluded if they were likely to be discharged from hospital with less than five hours of observation.
Informed consent was obtained from those able to agree, and for those not able to consent the next of kin gave verbal consent to participate. This is in keeping with Norwegian consent procedures for patients unable to consent. 
The Regional Committee for Medical and Health Research Ethics in Central Norway approved the study and storage of data on behalf of all participating hospitals (REC no 2011/1428). 
Observation
Every second week each hospital was visited if the hospitals had two or more eligible patients. Four well-trained observers travelled and performed all observations in the study. The training of the observers included assessment of agreement and the training continued until agreement was excellent.
For observation the method of Behavioural Mapping was used (16). Observations were conducted every 10 minutes from 8 am to 5 pm on one single day. However, because of long traveling distances some of the observations were undertaken across two consecutive days, but covering the same hours. At each time point, the observer recorded patient activity, who was attending the patient, and the patient’s location. When patients were out of view (e.g. in the bathroom or off ward) activity was acquired retrospectively, by questioning the patient or the caregiver, or from a separate activity form completed by the physiotherapist or the occupational therapist during off ward treatment. They were marked as not observed if it was not possible to retrieve the data.  The patients were observed for approximately one minute at each time point. 
Categories of motor activity
At each observation, 12 prescribed activities were recorded: 1) no active motor supine; 2) no active motor on left side; 3) no active motor on right side; 4) sit support in bed; 5) sit support out of bed; 6) transfer with hoist; 7) roll and sit up; 8) sit with NO support; 9) transfer with feet on floor; 10) standing; 11) walking; 12) stairs. For analyses 3 main activity categories were explored: In bed (activity 1 to 4), sitting out of bed (activity 5 to 8), and all other activities with feet on floor were defined as upright activity (activity 9 to12) (10).
Commencement of Mobilization
The time to the first mobilization out of bed from hospital admission was registered prospectively. 
Baseline Assessment
Demographic information including age, gender, premorbid  function by modified Rankin Scale (mRS) (17), premorbid living conditions, stroke severity obtained by National Institute of  Health Stroke Scale (NIHSS) (18), stroke type (infarction or hemorrhage), and mRS at inclusion. 
Outcome Assessment 3 months post-stroke
Degree of disability was obtained by mRS, with scores ranging from 0 (no sign or symptoms) to 6 (death). The assessment was performed as a structured interview done either face to face or by phone by a trained assessor. Phone assessment is shown to be a reliable method to determine mRS (19, 20). For those not able to answer, health care providers were used as proxies or data were derived from the hospital records.
HRQoL was assessed by the European Quality of Life-5 Dimension-5 Level (EQ-5D-5L) instrument (21). EQ-5D-5L is a generic HRQoL measure consisting of five specific questions regarding mobility, self-care, pain/discomfort, usual activities and anxiety/depression and a visual analog scale (EQ-VAS) where the patients demonstrate their general health state, with the worst imaginable health scored as 0 and the best imaginable health as 100. The 5 levels of answer categories, ranges from no problem in the given dimension (level 1: e.g. I have no problems in walking about), to worse outcome (level 5: e.g. I am unable to walk about). The five dimensions constitute a health profile, which can be transformed into an index value, with range from -0.6 (worse health outcome) to 1.0 (best outcome). To obtain the EQ-index values we used the Danish interim EQ-5D-5L value set. EQ-5D-5L is available for telephone interview and has been shown to have better measurement properties in different chronic conditions including stroke, than the previous EQ-5D-3L (22, 23).
Data Processing and analysis
The highest level of activity in every 10-min interval was recorded in the database (Microsoft Access 2007). The recorded activity levels were put into one of the three pre-defined activity categories, and the proportion of time spent in each category was calculated. 
The statistical analyses were conducted using IBM SPSS version 21 and the gologit2 program in Stata version 12.
Descriptive statistics were used to report the mean and proportion of baseline variables, mean time in motor activity and the distribution of the mRS score and the EQ-5D-5L at 3 months follow-up. T-test statistics and Mann-Whitney U test were used to compare mean and median between the subgroups answering and not answering EQ-5D-5L at follow up.
Missing activity data was imputed as sitting out of bed if 1-2 observations were missing because the patient was in the bathroom. If more than two observations were missing it was maintained as not observed. Missing activity data because of CT/MR scan or ultrasound of hearth and blood-vessels were also imputed as in bed activity. All other ’not observed’ were categorized as missing. For patients not mobilized at all, time to first mobilization was imputed as the time from admission to the time at the end of the observation. 
To determine which variable was the strongest predictor for functional outcome (mRS score at three months) among a set of possibly correlated variables (the motor activity data) the proportional odds model, recommended by the OAST collaboration was used (24). In the proportional odds model the odds ratios (ORs) are assumed to be equivalent across all mRS-cut-points (for example 0 versus 1-6, then 0-1 versus 2-6, and so on). This is a straight forward generalization of the logistic regression model. The ‘Brant test’ was used to analyze if this assumption was fulfilled (24). 
To determine the strongest predictor for good HRQoL (EQ-5D-5L), a linear regression model was used because the standardized residuals of EQ-VAS and EQ-index were normally distributed except for a few outliers of EQ index-value.
The independent variables of interest were: (i) time spent in bed, (ii) time spent sitting out of bed, (iii) time spent in upright activity and (iv) time from admission to first mobilization. In addition a set of important predictors were added as covariates. Age was added because younger patients are shown to have better outcomes (25), NIHSS score was added because severe initial neurological impairment is shown to be associated with death and disability (26), pre-stroke mRS was added because pre-stroke disability is shown to be associated with poorer outcomes (1) and gender was added even though the association to outcome is unclear (1). Finally, hospital site was added as a covariate to adjust for any possible hospital effects. The independent variables were tested in both one simple and one comprehensive multivariable model. In the simple model each independent variable was evaluated one at a time. In the comprehensive model time in bed and time upright were entered simultaneously and the third category (time sitting out of bed) was kept out of the analysis because it is co-dependent on the other two activity categories. This means that changes in one activity category keeping the second category constant was at the expense of sitting out of bed which was not added to the model. Time to first mobilization was also entered in the comprehensive model.

Results
The study was performed between December 2011 and September 2013. A total of 547 patients were screened for inclusion. Figure I shows the flow of patients through the study. A total of 390 patients were available for the analysis of mRS at three months while 262 patients were available for the analysis of EQ-5D-5L or EQ-VAS at three months. Out of these patients 261 answered the EQ-5D-5L and 247 answered the EQ-VAS. The main reasons for missing EQ-5D-5L scores were death (n=39) or severe cognitive impairments or illness (n=73), while 16 patients were lost to follow up. The 14 patients who responded to the EQ-5D-5L but not the EQ-VAS reported problems to deal with the VAS-scale. 
Seven patients were not mobilized out of bed because of severe strokes and unstable clinical condition.
The NIHSS score and, age at inclusion, in addition to median (IQR) mRS score at 3 months, differed significantly between those responding to the EQ-5D-5L (n=262) and the stroke survivors not responding (n=89). The mean (SD) differences between the two groups were 5.0 (5.0) points versus 12.3 (8.5) points, p<0.000, on NIHSS, 74.6 (11.5) years versus 79.3 (9.0) years, p<0.0003, on age and median (interquartile range) 3.0 (2.0-3.0) points versus 5.0 (4.0-5.0) points, p<0.000, for mRS, respectively.

Table I shows the baseline characteristics of the included patients, while the mean (SD) and median (IQR) percentage of day-time spent in different motor activity levels are presented in Table II. The results showed that 266 (76.7%) of all patients were mobilized within 24 hours from admission.
Figure II shows that the number (%) of patients classified with mRS ≤ 2 (independent) increased from 76 (19.4 %) at inclusion to 138 (35.4 %) at three months follow up. A total of 39 (10.0%) patients died during follow up. Table III shows the distribution of EQ-5D-5L dimension responses at three months follow up. The number (%) of patients reporting moderate to extreme problems within the different domain were 77 (29.5%) for mobility, 50 (19.2 %) for self-care, while 91 (34.9%) patients reported moderate to extreme problems within the domain of usual activities. For the domains pain/discomfort and anxiety/depression the corresponding numbers were 59 (22.6%) and 45 (17.2%) respectively, while the mean (SD) EQ-index and EQ-VAS score were 0.72 (0.25) and 60.0 (20.8), respectively.
Associations to outcome at three months follow up
The partial proportional odds assumption was fulfilled for all independent variables as the Brant’s test was not significant. 
In the simple model, assessing one independent variable at a time adjusted for the covariates (NIHSS score, age, gender, pre-stroke mRS and hospital-site) the OR for poorer functional outcome (e.g. higher mRS score) was 0.96 (95 % CI 0.94-0.99, p=0.010) as time in upright activity increased. The linear regression analysis for EQ-5D-5L showed that more time in upright activity was associated with an increase in EQ-index score, Beta 0.178 ( 95% CI 0.067 to 0.289, p =0.002) and EQ-VAS score Beta 0.185 (95% CI 0.060 to 0.307, p=0.004). Despite a significant association between increased time in bed and a decline in EQ-VAS, Beta -0.140 ( 95% CI -0.261 to – 0.018, p=0.024), there were no other significant association between time sitting out of bed, time in bed or time to first mobilization and outcome (Table IV). 
In the comprehensive model which included two activity categories and time to first mobilization at a time, adjusted for the covariates, the odds for poorer functional outcome decreased as time in upright increased, OR 0.97 (95% CI: 0.94 to 1.00, p=0.048).  The comprehensive linear regression model also showed a significant positive associations between time in upright and EQ-index, Beta 0.184 (95% CI 0.055 to 0.312, p=0.005) and EQ-VAS, Beta 0.153 (95% CI 0.008 to 0,296, p=0.038) after adjusting for all covariates. The association between time to first mobilization and outcome was not significant in any analyzes. The analysis included only those patients completing at 3 months (Table IV). 

Discussion
This multi-site study is today the largest observational study assessing the association between upright activity measured on a single day during hospital stay after stroke and outcome three months later in 390 acute stroke patients admitted to 11 Norwegian stroke units. The main finding was a significant association between higher amount of early upright activity and good outcome but no association between time to first mobilization and outcome three months later after adjusting for important predictors of activity and outcomes such as stroke severity, age, sex and pre-stroke function. 
In the present study, patients were mobilized on average 21 hours after admission, with 76.7% of the patients mobilized within 24 hours after admission and 44% had little or no disability (mRS 0-2) at 3 months post stroke. Given the broad inclusion criteria for this study (all patients not receiving palliative care) this pattern of mobilization commencement probably reflects adaptations for the severely affected and unstable patients in usual care. 
The comprehensive multivariate model applied in this study included time to first mobilization and two activity categories as independent variables. Because time spent in bed, sitting out of bed and time in upright activity always add up to almost 100% (will add up to 100% if ‘time not observed’ is included), the effect of the variable of interest, holding the second variable constant, will be at the cost of the third variable not included in the model, which was sitting out of bed. This means that for every % increase in time in upright at day-time between 8 am and 5 pm, (which translate into 5.4 minutes) we expect a 3 % decrease in the risk of poorer outcome (higher mRS score), holding time in bed and time to first mobilization constant. 
Our results suggest that a linear relationship exists between the amount of upright activity and good outcome (the more the better) which also has been proposed in earlier research(27). However, results from the recent AVERT trial indicate that caution needs to be applied in the early post stroke period (i.e. too much training may be harmful) (8). This new knowledge needs to be balanced against our current understanding that too much bed rest and delaying mobilization can also be harmful (5, 6, 12). Whether the period for greatest caution is the first day or several days post stroke is currently unknown. 
The present study also showed a strong association between early activity and HRQoL, confirming the positive association between increased motor activity and HRQoL shown in other studies (28, 29). This finding was not unexpected as the EQ-5D-5L is shown to be strongly correlated to the modified Rankin Scale (30). The EQ-5D-5L scores reported among the participating patients were mainly in line with previous studies assessing HRQoL in stroke survivors (31, 32). This was evident even though our population was more dependent compared to the other studies (31, 32). Although stroke patients rate their self-perceived health a little bit lower than the general age matched population (33), their quality of life is generally good. In Norway, most hospitals offer an early supported discharge service, which has been shown to improve HRQoL in both rural and urban areas (34, 35). 
The limitation of this study was the observational design increasing the risk of confounding factors associated with outcome. Another limitation was the lack of observation of patient from 5 pm to 8 am next morning. However, the time from 8 am to 5 pm is regarded to be the most active time of the day with the highest number of nurses and therapists present at the ward. 
The great proportion of patients (n=73) who not responded to EQ-5D-5L because of cognitive problems or severely illness also represent a limitation to the study. Even though proxies rate HRQoL lower than the patients themselves, a recent evaluation of EQ-5D-5L found that a proxy respondent could be used for patients not able to respond because of aphasia or dementia (23). Hence, proxies should be considered for use in future studies within this field. 
The major strength of the present study was the large sample size including almost 400 patients from 11 Norwegian stroke units and the naturalistic study design investigating clinical practice as usual. The study sample seems to be slightly older, with more severe strokes compared to the average Norwegian stroke population (36). The follow up procedure where all patients were contacted in person or by phone if possible and the use of proxies, ensured a high response rate particularly for mRS. Another strength, was the use of Behavioural Mapping to measure the amount of motor activity. This is a well-documented method, which has shown good correlation with accelerometer device (37). However, a body worn sensor system might be an alternative method to investigate how the activity pattern changes across multiple days during hospital stay in future research. 
Despite the current unknowns, this study supports previous work, including the results from the AVERT trial, showing good outcome associated with early out of bed activity in usual care (8), and shows that activity applied within the first week after stroke is associated with functional independence three months later. However, future research should focus on exploring the pathophysiological mechanisms associated with early upright activity and to determine the optimal dosages of activity and rest during the early phase after stroke.
In conclusion this study confirms the beneficial effect of upright activity applied during hospital stay in Norwegian stroke units on global function and HRQoL 3 months later. There were no association between timing of mobilization and outcome. Still, the optimal timing, frequency and dosage of early activity need to be determined. There is also a need for a more thorough understanding of the pathophysiological mechanisms associated with early upright activity after stroke.  

Acknowledgements
The Authors want to thank Jan Chamberlain and Li Chun Quang for preparing the data.

Sources of Funding 
Liaison Committee between the Central Norway Regional Health Authority and the Norwegian University of Science and Technology and The Research Council of Norway (grant number NRC no 205309).

Conflicts of Interest Statement
The Authors declare that there is no conflict of interest

References

1. Glader EL, Stegmayr B, Norrving B, Terent A, Hulter-Asberg K, Wester PO, et al. Sex differences in management and outcome after stroke: a Swedish national perspective. Stroke 2003;34:1970-1975.
2. Eriksson M, Norrving B, Terent A, Stegmayr B. Functional outcome 3 months after stroke predicts long-term survival. Cerebrovasc Dis. 2008;25:423-429.
3. Wikman A, Wardle J, Steptoe A. Quality of life and affective well-being in middle-aged and older people with chronic medical illnesses: a cross-sectional population based study. PloS one 2011;6:e18952.
4. Stroke Unit Trialists C. Organised inpatient (stroke unit) care for stroke. Cochrane database of systematic reviews (Online). 2013;9:CD000197.
5. Indredavik B, Bakke F, Slordahl SA, Rokseth R, Haheim LL. Treatment in a combined acute and rehabilitation stroke unit: which aspects are most important? Stroke 1999;30:917-923.
6. Govan L, Langhorne P, Weir CJ. Does the prevention of complications explain the survival benefit of organized inpatient (stroke unit) care?: further analysis of a systematic review. Stroke 2007;38:2536-2540.
7. Bernhardt J, English C, Johnson L, Cumming TB. Early Mobilization After Stroke: Early Adoption but Limited Evidence. Stroke 2015;46:1141-1146.
8. Bernhardt J, Langhorne P, Lindley RI, Thrift AG, Ellery F, Collier J, et al. Efficacy and safety of very early mobilisation within 24 h of stroke onset (AVERT): a randomised controlled trial. Lancet 2015;386:46-55.
9. The Norwegian Directorate of Health. Norwegian guidelines on management and rehabilitation of stroke. Available at: http://www helsebiblioteket no/Retningslinjer/Hjerneslag/Forord-og-innledning 2010;Accessed May 2015.
10. Askim T, Bernhardt J, Loge AD, Indredavik B. Stroke patients do not need to be inactive in the first two-weeks after stroke: results from a stroke unit focused on early rehabilitation. Int J Stroke.2012;7:25-31.
11. West T, Churilov L, Bernhardt J. Early physical activity and discharge    
    destination after stroke: a comparison of acute and comprehensive stroke unit    
    care. Rehabili Res Prac 2013;2013:498014.
12. Askim T, Bernhardt J, Salvesen O, Indredavik B. Physical activity early after stroke and its association to functional outcome 3 months later. J Stroke Cerebrovas Dis 2014;23:e305-12.
13. Krakauer JW, Carmichael ST, Corbett D, Wittenberg GF. Getting neurorehabilitation right: what can be learned from animal models? Neurorehabil Neural Repair 2012;26:923-931.
14. West T, Bernhardt J. Physical activity in hospitalised stroke patients. Stroke Res Treat 2012;2012:813765.
15. Hokstad A, Indredavik B, Bernhardt J, Ihle-Hansen H, Salvesen O, Seljeseth YM, et al. Hospital Differences in Motor Activity Early after Stroke. A Comparison of 11 Norwegian Stroke Units. J Stroke Cerebrovas Dis 2015;24:1333-1340.
16. Bernhardt J, Dewey H, Thrift A, Donnan G. Inactive and alone: physical activity within the first 14 days of acute stroke unit care. Stroke 2004;35:1005-1009.
17. Banks JL, Marotta CA. Outcomes validity and reliability of the modified Rankin scale: implications for stroke clinical trials: a literature review and synthesis. Stroke 2007;38:1091-1096.
18. Brott T, Adams HP, Jr., Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements of acute cerebral infarction: a clinical examination scale. Stroke 1989;20:864-870.
19. Savio K, Pietra GL, Oddone E, Reggiani M, Leone MA. Reliability of the modified Rankin Scale applied by telephone. Neurol Int 2013;5:e2.
20. Wilson JT, Hareendran A, Hendry A, Potter J, Bone I, Muir KW. Reliability of the modified Rankin Scale across multiple raters: benefits of a structured interview. Stroke 2005;36:777-781.
21. EuroQol--a new facility for the measurement of health-related quality of life. The EuroQol Group. Health Policy 1990;16:199-208.
22. Agborsangaya CB, Lahtinen M, Cooke T, Johnson JA. Comparing the EQ-5D 3L and 5L: measurement properties and association with chronic conditions and multimorbidity in the general population. Health Qual Life Outcomes 2014;12:74.
23. Golicki D, Niewada M, Buczek J, Karlinska A, Kobayashi A, Janssen MF, et al. Validity of EQ-5D-5L in stroke. Qual Life Res 2015;24:845-850.
24. Williams R. Generalized ordered logit/partial proportional odds models for ordinal dependent variables. Stata Journal 2006;6:58-82.
25. van de Port IG, Kwakkel G, Schepers VP, Lindeman E. Predicting mobility outcome one year after stroke: a prospective cohort study. J Rehabil Med 2006;38:218-223.
26. Adams HP, Jr., Davis PH, Leira EC, Chang KC, Bendixen BH, Clarke WR, et al. Baseline NIH Stroke Scale score strongly predicts outcome after stroke: A report of the Trial of Org 10172 in Acute Stroke Treatment (TOAST). Neurology. 1999;53:126-131.
27. Kwakkel G, van Peppen R, Wagenaar RC, Wood Dauphinee S, Richards C, Ashburn A, et al. Effects of augmented exercise therapy time after stroke: a meta-analysis. Stroke 2004;35:2529-2539.
28. Rand D, Eng JJ, Tang PF, Hung C, Jeng JS. Daily physical activity and its contribution to the health-related quality of life of ambulatory individuals with chronic stroke. Health Quali Life Outcomes 2010;8:80.
29. Rasmussen RS, Ostergaard A, Kjaer P, Skerris A, Skou C, Christoffersen J, et al. Stroke rehabilitation at home before and after discharge reduced disability and improved quality of life: A randomised controlled trial. Clin Rehabil 2015 Mar 10 [Epub ahead of print].
30. Ali M, Fulton R, Quinn T, Brady M. How well do standard stroke outcome measures reflect quality of life? A retrospective analysis of clinical trial data. Stroke 2013;44:3161-3165.
31. Golicki D, Niewada M, Karlinska A, Buczek J, Kobayashi A, Janssen MF, et al. Comparing responsiveness of the EQ-5D-5L, EQ-5D-3L and EQ VAS in stroke patients. Qual Life Res. 2014;24:1555-63.
32. Alguren B, Fridlund B, Cieza A, Sunnerhagen KS, Christensson L. Factors associated with health-related quality of life after stroke: a 1-year prospective cohort study. Neurorehabil Neural Repair 2012;26:266-274.
33. Burstrom K, Johannesson M, Diderichsen F. Swedish population health-related quality of life results using the EQ-5D. Qual Life Res 2001;10:621-635.
34. Askim T, Rohweder G, Lydersen S, Indredavik B. Evaluation of an extended stroke unit service with early supported discharge for patients living in a rural community. A randomized controlled trial. Clin Rehabil 2004;18:238-248.
35. Fjaertoft H, Indredavik B, Johnsen R, Lydersen S. Acute stroke unit care combined with early supported discharge. Long-term effects on quality of life. A randomized controlled trial. Clin Rehabil 2004;18:580-586.
36. Annual Report Norwegian Stroke Registry 2013. Available at: http://www.stolav.no/MRS/Hjerneslagregisteret/%c3%85rsrapport%2012.11.pdf
Accessed June 2015 
37. Kramer SF, Cumming T, Churilov L, Bernhardt J. Measuring activity levels at an acute stroke ward: comparing observations to a device. BioMed Res Int international 2013;2013:460482.



Table I. Baseline characteristics 
	
	N=390

	Age
	

	
	Mean (SD)
	76.8 (11.3)

	
	Median (Range)
	79.0 (30-100)

	Male, n (%)
	189 (48.1)

	First ever stroke, n (%)
	284 (72.3)

	Time since stroke
	

	
	Mean (SD) days
	5.1 (2.8)

	
	Median (Range)
	5 (1-14)

	NIHSS score
	

	
	Mean (SD)
	7.9 (7.7)

	
	Median (Range)
	5 (0-34)

	Severity groups, n (%)
	

	
	Mild stroke (NIHSS < 8)
	249 (63.8)

	
	Moderate stroke (NIHSS 8-16)
	76 (19.5)

	
	Severe stroke (NIHSS > 16)
	65 (16.7)

	Stroke classification
	

	
	Infarction 
	334 (85.6)

	
	Haemorrhage
	56 (14.4)


SD: Standard deviation; IQR: Inter quartile range



Table II. Time spent in different motor activities percentage of day and time from admission to first mobilization (n=390)
	Motor activity category
	mean (SD)                  median (IQR)

	Time spent in upright, % of day
	8.3 (8.8)
	5.5 (1.8-12.7)

	Time spent sitting out of bed, % of day
	43.3 (22.0)
	44.5 (27.3-58.6)

	Time spent in bed, % of day
	44.1 (26.7)
	41.8 (23.6-61.8)

	Not observed, % of day
	4.3 (7.4)
	0.0 (0.0-5.5)

	Time from admission to first  mobilization, hours
	21.0 (31.9)
	9.0 (2.5-22.3)


SD: Standard deviation; IQR: Inter quartile range



Table III. Distribution of EQ-5D-5L dimension responses at 3 months follow-up (n=261)
	Level
	Mobility
	Self-care
	Usual activities
	Pain/discomfort
	Anxiety/depression

	
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)

	1
	107 (41.0)
	164 (62.8)
	106 (40.6)
	140 (53.6)
	161 (61.7)

	2
	77 (29.5)
	47 (18.0)
	64 (24.5)
	61 (23.4)
	55 (21.1)

	3
	33 (12.6)
	18 (6.9)
	39 (14.9)
	31 (11.9)
	32 (12.3)

	4
	30 (11.5)
	24 (9.2)
	27 (10.3)
	26 (10.0)
	9 (3.4)

	5
	14 (5.4)
	8 (3.1)
	25 (9.6)
	2 (0.8)
	4 (1.5)


EQ-5D-5L; European Quality of Life-5 Dimentions-5 Levels; Level 1: indicating no problem; Level 2: indicating slight problems; Level 3: indicating moderate problems; Level 4: indicating severe problems; Level 5: indicating extreme problems



26

Table IV. The partial proportional odds model and linear regression analysis for the association between motor activity and outcome at 3 months follow up.
	
	mRSc
	EQ-Indexd
	EQ-VASd

	[bookmark: _GoBack]Independent variables
	OR (95% CI)
(n=390)
	p-value
	Beta (95% CI)
(n=261)
	p-value
	Beta (95% CI)
(n=247)
	p-value

	Simple multivariate modela
	
	
	
	
	
	

	
	Time upright
	0.96 (0.94 to 0.99)
	0.010
	0.178  (0.067 to 0.289) 
	0.002
	   0.185 (0.060 to 0.307) 
	0.004

	
	Time sitting out of bed
	0.99 (0.98 to 1.00)
	0.221
	-0.010 (-0.118 to 0.097)
	0.848
	0.074 (-0.047 to 0.195)
	0.232

	
	Time in bed 
	1.01 (1.00 to 1.02)
	0.064 
	-0.075 (-0.183 to 0.034)
	0.176
	  -0.140 (-0.261 to -0.018)
	0.024

	
	Time to first mobilization
	1.00 (0.99 to 1.01)
	0.985
	-0.045 (-0.151 to 0.062)
	0.411
	0.006 (-0.116 to 0.128)
	0.921

	Complex multivariate modelb          
	
	
	
	
	
	

	
	Time upright
	0.97 (0.94 to 1.00)
	0.048
	0.184 (0.055 to 0.312)
	0.005
	0.153 (0.008 to 0.294)
	0.038

	
	Time in bed 
	1.00 (0.99 to 1.01)
	0.480
	0.018 (-0.107 to 0.142)
	0.778
	-0.074 (-0.215 to 0.066)
	0.299

	
	Time to first mobilization
	1.00 (0.99 to 1.01)
	0.898
	-0.023 (-0.130 to 0.085)
	0.678
	 0.040 (-0.082 to 0.163)
	0.516


a In the simple multivariable model each independent variable was evaluated one at a time. The analyses were adjusted for age, sex, pre-stroke function obtained by mRS, stroke severity obtained by National Institutes of Stroke Scale and hospital site.
b In the comprehensive multivariable model two independent variables were entered simultaneously. The analyses were adjusted for age, sex, pre-stroke function obtained by mRS, stroke severity obtained by National Institutes of Stroke Scale and hospital site.
c Partial proportional odds model
d Linear regression analyses
OR: Odds Ratio; mRS: modified Rankin Scale; EQ-Index: European Quality of Life – 5 Dimensions – 5 Levels index score; EQ-VAS: European Quality of Life – 5 Dimensions – 5 Levels VAS scale score




Figure legends

Figure I. Flow chart of number of patients screened for inclusion and reason for drop out

Figure II. Distribution of modified Rankin Scale (mRS) at different points in time



Patients screened for inclusion
N=547
Patients included and eligible for behavioral mapping
N=411
Patients with available activity data
N=393
Did not meet inclusion criteria
N=136
Palliative care (n=9)
Planned early discharge (n=59)
Not Norwegian speaking (n=3)
More than14 days post-stroke (n=39)
Did not want to participate (n=26)


Three months follow up: 
EQ-5D-5L scales 
N= 262
Patients excluded

N= 18

No stroke diagnosis (n=16)
Withdrew (n=1)
Early discharge from hospital (n=1)


Not available for EQ-5D-5L

N=128

Lost to follow up (n=16) 
Dead (n=39)
Severe cognitive problems or severe illness (n=73)




Completed EQ-VAS 
N=247
Did not understand EQ-VAS scale or worn out  
N=15
Lost to follow up
N=3
Completed EQ-5D-5L-dimension
N=261

Did not understand EQ-5D-5L-dimension N=1

N=1
Three months follow up: 
modified Rankin Scale (mRS) 
N=390
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