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Objective: To assess the relationship between lifestyle prior 
to the event and functional recovery at hospital discharge 
after acute stroke. 
Design: Cohort study.
Patients: A sample of 191 patients with first stroke episode 
(87.4% ischaemic). 
Methods: Severity of the event at admission was measured 
by the Modified National Institutes of Health Stroke Scale. 
The Frenchay Activity Index was used to evaluate the pa-
tients’ previous lifestyles. Functional recovery was assessed 
using the Modified Rankin scale on discharge from hospital. 
A Rankin score ≤ 2 was the main outcome.
Results: At discharge, 37.2% of the patients were function-
ally independent. A receiver operating characteristic curve 
analysis established a value of ≥ 18 on the Frenchay Activ-
ity Index scale as the best cut-off point to predict favour-
able outcome (specificity 62%; 95% confidence interval (CI) 
54–69% and a sensibility of 60%; 95% CI 49–69%) with an 
area under the curve of 0.65 (95% CI 0.57–0.71). There was 
a positive association between Frenchay Activity Index ≥ 18 
and a Rankin score ≤ 2, after controlling for potential con-
founders (odds ratio 2.62; 95% CI 1.21–5.66; p = 0.001). 
Conclusion: This result emphasizes the protective effect of 
mental, physical and social activity for the prevention of 
functional damage after an acute cerebrovascular event.
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INTRODUCTION

Stroke is a major health problem in many countries (1, 2). It is 
responsible for approximately 50% of all neurological admis-
sions in the USA (3, 4). In Brazil, an incidence of 150,000 cases 
a year reflects the burden of this disease (5). Stroke is also a 
major cause of work incapacity; 30–60% of patients have some 
degree of physical disability after the event (2, 3).

Intervention related to modifiable risk factors for cardiovas-
cular disease, such as hypertension, smoking, dyslipidaemia, 
diabetes and atrial fibrillation (1) have been the mainstay for 
primary and secondary prevention of stroke. Variables such as 
gender, age, previous health condition, intellectual basis, envi-
ronmental aspects, time of hospitalization in the acute phase, 
and involved brain area have been associated with the degree 
of functional recovery (4, 6, 7). Other predictors, including the 
initial clinical picture, the degrees of paresis, urinary inconti-
nence, disorientation in time and place, level of consciousness 
during the first 48 hours, scores for activities of daily living 
and sitting balance, have been identified (8, 9). 

Few data have been published regarding the protective ef-
fect of pre-morbid physical, cognitive and social activity on 
neurological damage after an acute cerebral event. Mainte-
nance of cerebral blood flow to the area involved may play an 
important role in functional recovery, as appropriate cerebral 
perfusion would preserve neural structure and strengthen the 
expansion of cerebral synapses. According to some authors, an 
active lifestyle, including physical and cognitive activity could 
enhance cerebral perfusion (10–13). This hypothesis has been 
tested more frequently in longitudinal studies of degenerative 
dementia, such as in Alzheimer’s disease (14, 15).

The aim of the present study was to determine the associa-
tion between pre-morbid lifestyle and functional recovery at 
hospital discharge. The pre-morbid lifestyle included cognitive 
and social potentialities, measured by the Frenchay Activities 
Index (FAI), prior to an acute stroke. The length of hospital 
stay, presence of vascular risk factors and co-morbidities were 
also recorded.

METHODS 
This prospective cohort study was carried out at the emergency depart-
ment, intensive care and internment units of 2 public general hospi-
tals in Porto Alegre, Brazil, between February 2005 and May 2006.  
A total of 191 patients with a clinical diagnosis of stroke were enrolled 
by convenience sampling. The study protocol was approved by the 
medical ethics committees of the participating hospitals. 

Patients were selected if they had experienced onset of symptoms 
between 24 and 76 hours. All underwent cerebral tomography prior to 
admission to confirm the diagnosis, and those with a first episode of 
stroke were included in the present analysis. The data were collected 
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in the emergency department and intensive therapy centres of the 
Hospital de Clinicas and Hospital Pronto-Socorro, in Porto Alegre. 
A questionnaire on socio-demographic factors, including education 
(years in school), the presence of cardiovascular risk factors (history 
of systemic arterial hypertension, diabetes mellitus and smoking), and 
co-morbidities (depression and dementia) was completed by the patient 
and/or a family member. Previous heart disease was defined as a posi-
tive history of angina, acute myocardium infarction and arrhythmia. 
During admission, blood pressure, presence of atrial fibrillation and 
infections of the respiratory and urinary systems were recorded. These 
data were obtained through the admission charts. The investigators 
were trained by a stroke neurologist certified on the National Institutes 
of Health Stroke Scale (NIHSS) score, and checked neurological defi-
cits at baseline through the modified NIHSS-5 scale (NIHSS-M) (16). 
This is a simplified version of the NIHSS-15 scale, where only the 5 
main prognostic items are taken into account: sight deviation, visual 
field impairment, paresis and/or plegia and aphasia (17). The scale 
ranges from 0 to 16. Higher scores indicate greater severity. 

Pre-morbid levels of independence, physical activity and individu-
al’s social interaction were measured using the FAI (18), translated 
and back-translated into Portuguese, with punctuation based on the 
frequency of accomplishment of 15 activities during a specific period 
(in the present study represented by the last 6 months). In most cases 
information was based on next-of-kin responses (19). The FAI scale 
was developed for quantitative measurement of incapacities and 
deficiencies in patients. It embraces domestic, cognitive and social 
areas. The scale ranges from 0 to 45, with a higher score indicating 
greater activity (20).

Functional independence was assessed on the Modified Rankin scale 
(21) at hospital discharge, or immediately afterwards by telephone. 
This 6-item scale constitutes a referential for limitations in the activi-
ties and changes of lifestyle. In the present study, we attributed grade 
6 to patient’s decease according to ref (22). Patients with a Rankin 
score ≤ 2 were considered as having a favourable degree of functional 
dependence. The length of hospitalization in relation to the referred 
episode was also recorded. 

Statistical analysis 
Continuous variables were presented as mean and standard deviation 
or median and percentile 25th–75th (interquartile range). Categorical 
variables were presented as absolute frequencies and percentages. 
Comparison between groups was made using a χ2 test for categori-
cal variables. The Student’s-t test was used for normally distributed 
variables. Otherwise the Mann-Whitney U test was used. A receiver 
operator characteristic (ROC) curve was constructed to estimate the 
best cut-off point of the FAI scale considering favourable outcome 
(Rankin ≤ 2). A logistic regression model was carried out to assess 
the independent predictors of favourable recovery. The variables with 
statistical significance in univariate analysis or in agreement with the 
theoretical presupposition (age, systolic and diastolic blood pressures) 
were candidates for inclusion in the model. Analyses were performed 
using SPSS for Windows version 13 (SPSS, Chicago, IL, USA).

Results of a pilot study showed a 60% and 40% prevalence of 
Rankin ≤ 2 after a stroke in those patients considered active vs not 
active (23), respectively, measured on the FAI scale. A sample of 
168 patients were established considering 2-tailed significance level 
of 5%, a power of 80% and a possible 40% protective effect of a 
higher pre-morbid activity level. An additional sample of 20% was 
added to maintain the power in case of potential refusals, losses and 
multivariable analysis. 

RESULTS

A total of 191 patients were included in the analysis (Fig. 1). 
Of these, 165 (86.4%) had a diagnosis of ischaemic stroke and 
26 (13.6%) of haemorrhagic stroke. Table I shows the baseline 

demographic and clinical characteristics of the cohort. The 
level of education was low (62.8% of the patients had less 
than 4 years of formal education), with 20.4% of the patients 
reading a newspaper once a week. Only 25% of patients scored 
24 points or more on the FAI scale (percentile 75% = 24). The 
median hospital stay was 10 days (25th–75th percentiles: 8–12) 
for the total sample. Patients with Rankin scores ≤ 2 spent 
significantly less time in hospital (median 6 days; 25th–75th 
percentiles 5–7) in comparison with those with Rankin scores 
> 2 (median 16 days; 25th–75th percentiles 13–19). 

Table II shows that 71 (37.2%) patients had made a good 
neurological recovery at discharge. There was a significant 
association between NIHSS-M and FAI values and functional 
recovery. Individuals with favourable outcomes presented lower 
NIHSS-M and higher FAI scores, respectively, and a tendency 
to lower systolic and diastolic blood pressures. 

An FAI score ≥ 18 had a sensibility of 62% (95% confidence 
interval (CI); 54–69%) and a specificity of 60% (95% CI; 
49–69%) to predict a Rankin ≤ 2 at hospital discharge, with an 

Table I. Baseline characteristics of the cohort studied

Variable n = 191

Age (years), mean (SD) 65.5 (13.4)
Gender, n (%)
Men
Women 

84 (44.0)
56 (84.0)

SBP (mmHg), mean (SD) 167.3 (37.6)
DBP (mmHg), mean (SD) 98.5 (22.4)
NIHSS-M median (q1–q3) 4.0 (2.0–7.0)
FAI median (q1–q3) 18.0 (9.0–24.0)
Education (year) n (%) 
≤ 4 120 (62.8)
5–9 52 (27.2)
≥ 10 19 (9.9)

Read newspaper least 1/ week, n (%) 39 (20.4)
Smokers, n (%) 77 (40.3)
Hypertension, n (%) 140 (73.7)
Heart disease, n (%) 73 (38.2)
Atrial fibrillation, n (%) 23 (12.0)
Diabetes mellitus, n (%) 61 (31.9)
Depression, n (%) 47 (24.6)
Death, n (%) 34 (17.8)

SD: standard deviation; SBP: systolic blood pressure; DBP: diastolic 
blood pressure; NIHSS-M: modified National Institutes of Health 
Stroke Scale; FAI: Frenchay Activities Index.

Fig. 1. Study cohort.
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area under the curve of 0.65 (95% CI; 0.57–0.71). In a logistic 
regression model, adjusting for age, severity of stroke (assessed 
by the NIHSS-M scale), systolic and diastolic blood pressures, 
FAI ≥ 18 was independently associated with a better functional 
recovery (Fig. 2). A total of 175 patients (91.6%) were assessed 
in the hospital. A sensitive analysis excluding those who were 
contacted by telephone showed the same trend: odds ratio (OR) 
= 2.23; 95% CI 1.02–4.85; p = 0.04. 

The inclusion of other variables in the model (presence 
of risk factors, depression and associated co-morbidities at 
admission) did not modify the results. 

DISCUSSION

In this study, 67.8% of patients with a first episode of acute 
stroke died or were left with substantial functional disability. 

This result reinforces the high degree of morbidity and mor-
tality associated with this clinical condition. Data from mul-
tiple institutions throughout the USA have shown that, in the 
context of thrombolytic therapy used in the acute phase, 57% 
of patients present a Rankin score higher than 2 in 30 days, a 
figure not substantially different from ours (24). Our sample did 
not include patients submitted to reperfusion therapy, because 
during the recruitment and follow-up period, a reperfusion pro-
tocol had been introduced recently in only one of the centres. 
Surveys performed in different North American communities 
have indicated that the use of this therapeutic strategy reaches, 
at best, 10% of all patients (25). Therefore, our sample repre-
sents the outcomes of most cases of acute stroke. 

Traditionally, the approach to managing or controlling risk 
factors for cardiovascular disease has been the main focus in the 
primary or secondary prevention of stroke (1). Besides the use of 
thrombolytic therapy, aspirin, and the implementation of specific 
care units in the treatment of acute stroke, few approaches have 
demonstrated a capacity to influence prognosis during the period 
of hospitalization (26). Even optimal blood pressure control is 
a controversial issue. Therefore there is considerable need for 
research into new treatment strategies for the acute phase. 

In our study 71 patients (37.2%) showed favourable neuro-
logical recovery. They reached higher levels on the FAI scale 
compared with those with functional dependence at discharge. 
This positive association was independent of other factors, 
such as the initial clinical picture, blood pressure at the time 
of admission, or age. The level of education was not different 
between the 2 groups, indicating that, more than the degree of 
instruction, global cognitive activity prior to the event could 
induce a protective effect during the episode. This seems to 
corroborate the theory proposed by Holbrook & Skilbeck (18), 
that patients with low pre-morbid scores in the FAI experience 
poor rehabilitation. Cockburn & Smith (20), analysing 119 pa-
tients with stroke, found that the fluid intelligence and memory 
performance, estimated by Ravens matrix, were independently 
associated with domestic, social and leisure activities. They 
concluded that the FAI scale is a valuable instrument to meas-
ure daily activities and cognitive abilities.

Several mechanisms may explain the relationship between 
the level of physical, social and cognitive activity and the 
higher degree of functional independence. Changes in the 
metabolism and brain blood flow during motor and mental ac-
tivity have been investigated in many pathological conditions, 
particularly in stroke (11, 12). Studies involving the aspects of 
the brain’s physiopathology and evolution of functional deficits 
hypothesize that alterations in the brain blood flow (induced 
by playing board and card games, reading, practicing musical 
instruments and other cognitive activities) can be used as brain 
reorganization inducers. Bragoni et al. (11) found an increase 
in blood flow in brain arteries in 29 patients after stroke dur-
ing the performance of cognitive tasks. There was a positive 
association between blood flow in the ipsilateral hemisphere 
of the lesion and functional recovery.

The underlying mechanisms involved in neurological re-
covery after stroke are not clear. It is possible that a physical 
activity regime prior to stroke may lead to an increase blood 

Table II. Functional recovery of patients’ at hospital discharge 
measured on the Modified Rankin scale
Variable n = 71 n = 120 p

Age (year), mean (SD) 64.9 (12.1) 65.8 (14.1) 0.677
Gender,  n (%)
Male 
Women 

31 (43.7)
40 (56.3) 

53 (44.2)
67 (55.8) 

1.000

Systolic blood pressure 
(mmHg), mean (SD)

161.3 (36.2) 170.8 (38.1) 0.094

Diastolic blood pressure 
(mmHg), mean (SD)

96.0 (19.5) 99.9 (23.9) 0.248

NIHSS-M, median (q1–q3) 2.0 (1.0–3.0) 5.0 (3.0–9.0) < 0.001
FAI, median (q1–q3) 21.0 (15.0–25.0) 14.0 (6.3–23.0) 0.003
Frenchay ≥ 18, n (%) 50 (70.4) 55 (45.8) 0,001
Education (year) n (%)
≤ 4 44 (62.0) 76 (63.3) 0.975
5–9 20 (28.2) 32 (26.7) 
≥ 10 7 (9.9) 12 (10.0) 

Read newspaper 1/week, 
(n (%)) 

16 (22.5) 23 (19.2) 0.710

Smoker, n (%) 30 (42.3) 47 (39.2) 0.789
Heart disease, n (%) 27 (38.0) 46 (38.3) 1.000
Atrial fibrillation, n (%) 10 (14.1) 13 (10.8) 0.662
Diabetes mellitus, n (%) 23 (32.4) 38 (31.7) 1.000
Depression, n (%) 15 (21.1) 32 (26.7) 0.493

SBP: systolic blood pressure; DBP: diastolic blood pressure; NIHSS-
M: modified National Institute of Health Stroke Scale; FAI: Frenchay 
Activities Index.

Fig. 2. Frenchay Activities Index (FAI) scale and functional recovery in a 
logistic regression model. SBP: Systolic blood pressures; DBP: Diastolic 
blood pressure; NIHSS-M: modified National Institutes of Health Stroke 
Scale; OR: Odds Ratio; FAI: Frenchay Index; CI: confidence interval. 

J Rehabil Med 40



198 A. M. Külzer et al.

flow and decrase in neurological damage during the event, 
through optimization of the brain cells and reorganization of 
neuronal activities (26). In an experimental study in mice, 
Endres et al. (13) observed that the size of the brain lesion was 
significantly smaller in the group that had performed physical 
activity in the 3 weeks prior to the stroke (34 ± 7 mm3) than in 
the control group (37 ± 5 mm3). 

Longitudinal studies focusing on the development of 
degenerative conditions, such as Alzheimer’s disease, have 
clearly identified a protective effect of global cognitive activity. 
Wilson et al. (14) observed, in a study of 801 elderly people 
followed, on average, for 4.5 years, that a 1-point increase 
in global cognitive score activity was associated with a 33% 
decrease in risk of Alzheimer’s disease (relative risk 0.67; 
95% CI 0.49–0.92), independent of age, gender and educa-
tion level. Laurin et al. (15), in another cohort involving 9008 
elderly people (≥ 65 years) in Canada, showed that those who 
performed physical activity presented a lower risk of cognitive 
weakness (OR 0.58, 95% CI 0.41–0.85), and a lower risk of 
developing Alzheimer’s disease. 

Some limitations of this study must be considered. Data ana-
lysed from a convenience sample could be prone to selection 
bias. However, the patient’s characteristics and the outcomes 
do not indicate significant differences in relation to other sam-
ples studied in the context of clinical trials or epidemiological 
data of acute stroke (23, 27). The presence of depression or 
cognitive disturbances previous to the event was not properly 
measured and was analysed from the information included in 
admission files. These clinical situations, obviously, could be 
associated with sustained lower global cognition scores. How-
ever, those diagnoses would equally indicate lower values in 
the FAI scale. The use of the FAI scale, an instrument that is 
not usually applied in Brazilian communities, could decrease 
the accuracy of identification of the real levels of our patients’ 
physical, cognitive and social activities. The FAI scale seems 
to be suitable for use with proxy respondents (28). However, 
it must be remembered that the FAI scale based on next-of-kin 
responses has good results for the total score, but there is less 
agreement between each item level (28, 29). The outcome was 
assessed using the disability Modified Rankin scale. This is a 
simple and accepted way to measure functional recovery after 
stroke, but its ability to capture the full spectrum of limitation 
may be questioned (30). 

Finally, the same investigators who performed the initial eval-
uation collected the outcomes. Although the Modified Rankin 
scale is an objective tool to assess functional recovery, this fact 
could have affected the blinding. However, at the moment of the 
evaluation of the Modified Rankin score, the researchers did not 
have access to clinical or follow-up data, only to the identifica-
tion files. An analysis including only those patients evaluated 
in the hospital environment showed the same trend. 

In summary, the present study indicates that, as in chronic-
degenerative situations, pre-morbid global cognitive activity 
may exert a protective effect on the acute cerebrovascular event 
leading to better functional recovery. Therefore, a lifestyle 
that promotes this favourable profile could be included in the 

recommendations regarding the prophylactic treatment of acute 
stroke. New studies, with different instruments validated in 
different populations, with a longer follow-up and with a larger 
number of patients, are needed to confirm our results. 
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