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Introduction: The factors determining the level of functional efficiency in patients after ischemic stroke are: age, sex, physical 
condition, mental activity before stroke, previous neurological deficits, comorbidities, nutritional status and the course of the stroke.
Aim: Assessment of the functional efficiency of patients before and after rehabilitation due to ischemic stroke and determination of 
the influence of selected factors on the effects of rehabilitation measured by functional efficiency.
Material and Methods: The study was conducted in neurological rehabilitation centers among 82 people diagnosed with ischemic 
stroke. The examination was performed twice: on admission to the ward and after a month of neurological rehabilitation. The 
diagnostic survey method, the Barthel scale, the NRS 2002 scale were used, and the BMI was calculated.
Results: The functional efficiency level of the patients was varied, higher after one month of rehabilitation (p <0.05). Among the 
patients who achieved a lower level of functional efficiency, the following factors had a significant influence: underweight and 
overweight (p = 0.002), risk of malnutrition (p = 0.002), right-sided paresis (p = 0.016), limited physical activity before stroke (p = 
0.01) and the later rehabilitation period (p = 0.01). There was no correlation between sociodemographic data and the level of efficiency 
of patients after a stroke after one month of rehabilitation.
Conclusion: The level of functional efficiency after rehabilitation improved in all patients, however, to a different extent depending 
on the nutritional status and physical activity. Therefore, it is important to to undertake rehabilitation in the shortest possible time.
Keywords: ischemic stroke, functional efficiency, Barthel scale

Introduction
Acute ischemic stroke (AIS), characterized by a sudden onset of focal or generalized cerebral disturbances, leads to 
neurological deficits, such as hemiparesis, cognitive, emotional and intellectual disorders.1–3 Hemiparesis, or unilateral 
paresis, indicates one-sided brain damage. Right-sided paresis indicates the occurrence of a stroke in the left hemisphere 
of the brain and vice versa. According to the National Stroke Prevention and Treatment Program, in Poland 60,000 
people are affected each year by a stroke, and the risk of its occurrence increases with age. The data from the report show 
that the incidence of stroke in young people is 1 in 30,000, in people between 75 and 85 years of age - 1 in 45, and in 
older people over 85 years of age - even 1 to 30.4,5 The most common consequence of AIS is motor disability, ie paresis 
(weakening of muscle strength), paresis of the muscles of the face and limbs, difficulties with maintaining balance, lack 
of motor coordination, speech disorders. Muscle tension as well as surface and deep sensation disorders are common.6,7

Factors influencing the functional efficiency in patients after AIS include age, sex, physical condition and mental 
activity before stroke, previous neurological deficits, comorbidities, nutritional status, and the course of stroke.8,9
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The principles of modern rehabilitation of stroke patients assume that each patient is treated from the very beginning 
as if he were to fully recover the lost functions. Knowledge of stroke risk factors is essential in identifying patients at 
increased risk of stroke, as well as in the early introduction of prophylaxis. Proceedings in the post-stroke rehabilitation 
ward are undertaken by a closely cooperating specialized team.10–12 The overall goals of neurological rehabilitation in 
the early period of AIS are: to reduce mortality within 1 month of stroke by preventing life-threatening complications; 
minimizing the degree of disability of patients later after a stroke; improving the quality of life of patients; influence on 
the patient’s mental state and cooperation in the therapeutic process; reducing stroke expenses as well as patient and 
family education.13–15

In the case of UNM, the immobilization period lasts about 2–5 days. Early bedside rehabilitation is aimed at 
preventing complications arising from prolonged immobilization, ie contractures, bedsores, pneumonia, deep vein 
thrombosis, urinary disorders and limitations in verbal contact with the patient. At a further stage in the rehabilitation 
process of post-MI patients, attention is focused on restoring and re-forming motor functions. This process involves 
repeatedly repeating good patterns of given movements, which are then memorized by the CNS. Next comes the 
acquisition of the ability to sit up on the bed, and when this element is achieved, then it is necessary to move on to 
the gradual verticalization of the patient. In uprighting and learning to walk, movement control, proper positioning of the 
head, trunk and pelvis, as well as proper assessment of defense mechanisms are important elements.

The greatest neurological progress is noticed during the first 3 months after UM. However, rehabilitation exercises 
should be carried out all the time until the progression of the patient’s functional ability is visible. The great merit of 
rehabilitation for patients after UM is the recovery, in many cases, of total or partial independence that allows normal 
functioning and fulfillment of social roles.10,12

The greatest improvement in functional performance is seen in the first 3 months after a stroke. However, 
rehabilitation exercises should be carried out for as long as the patient’s functional efficiency is progressing. A great 
merit of rehabilitation for patients after a stroke is the recovery, in many cases, of complete or partial independence that 
enables normal functioning and fulfilling social roles.10,14,16–19

The aim of the study was to assess the functional efficiency of patients before and after rehabilitation due to cerebral 
ischemic stroke and to determine the influence of selected factors on the effects of rehabilitation.

Materials and Methods
The study was conducted in neurological rehabilitation centers in the Małopolskie Voivodeship in 2018–2019 among 82 
people diagnosed with acute ischemic stroke (AIS). The examination was performed twice: on admission to the ward and 
after a month of neurological rehabilitation (physical rehabilitation, neuropsychological and speech therapy rehabilita-
tion, supportive conversations, education). The study included people who met the criteria for inclusion in the study 
group: expressed consent to participate in the study, age ≥ 60 years, first-time ischemic stroke, the period of time up to 3 
months from the occurrence of AIS, presence of hemiparesis, no information and cognitive function (f.e. memory, 
attention, thinking and perception) disorders that would make it impossible to establish verbal-logical contact. 100 people 
were included in the study, but 11 people resigned from rehabilitation, 2 people’s health condition deteriorated and 5 
people did not express their informed consent to participate in the study.

The participants of the study were informed about the purpose of the study, voluntary participation in it and the 
possibility of withdrawing at each stage of its conduct. Each patient consented to participate in the study and signed the 
attached “Declaration of informed consent to participate in the study”. The study used targeted selection of participants. 
Initially, potential participants were selected in consultation with the organizational heads of the units.

The study was conducted in accordance with the principles of Good Scientific Practice, the principles of the Helsinki 
Declaration, Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 on the protection 
of natural persons with regard to the processing of personal data and on the free movement of such data, and repealing 
Directive 95/46/EC (General Data Protection Regulation) and the act of 10 May 2018 on the protection of personal 
data.20,21 Research based on the consent of the bioethics committee in Jagiellonian University number KBET/27/B/2014.

In order to conduct the study, the diagnostic survey method was used. The research technique was a survey. The 
research tool was the original questionnaire. The study also used the Barthel scale, the NRS 2002 scale, and the BMI was 
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calculated. The survey questionnaire consisted of 12 questions on sociodemographic data, such as: age, sex, education, 
marital status, professional situation, type of professional work and questions related to the type of stroke (right-sided, 
left-sided), comorbidities, eg high blood pressure, ischemic heart disease, atrial fibrillation, a history of myocardial 
infarction, diabetes, additional physical activity undertaken, eg cycling, swimming, walking, Nordic walking, hiking, 
dancing, gymnastics. The respondents were asked about the time between the occurrence of a stroke and undertaking 
rehabilitation.

Each person was assessed for functionality according to the Barthel scale on the day of commencement of 
rehabilitation and after the period of 1 month of rehabilitation. The BMI was calculated for each patient on the day of 
starting rehabilitation, and the risk of malnutrition was assessed based on the NRS 2002.

A healthy adult with a normal weight-to-height ratio has an index between 18.5 and 24.9. A BMI below 18.5 indicates 
that you are underweight. People with a BMI of 25.0–29.9 are overweight. A BMI above 30.0 is considered obese.

The Barthel scale is used to assess efficiency in terms of everyday activities. It allows the assessment of self-reliance and the 
degree of need for assistance. This scale consists of ten basic daily activities, such as eating, moving and sitting, moving on flat 
surfaces, climbing stairs, dressing and undressing, personal hygiene, using the toilet, bathing the whole body and controlling 
body functions. A score of 100 points is possible on the Barthel scale. There are three scoring ranges: scoring 0 to 20 means total 
dependence, 20 to 80 points means the patient needs the help of an outside person to some extent, while scoring between 80 and 
100 points means the patient can function independently with a little help from an outside caregiver/nurse.22–24

The NRS 2002 scale assesses the risk related to the nutritional status and the severity of the disease. Assessment is made 
in two categories: nutritional deterioration and disease severity. The points from both categories are summed up and 
constitute the final result, which should be assessed according to the scoring (malnutrition: mild, moderate and severe).25

Statistical Analysis
The study applied the following statistical methods. The data collected as part of the surveys and the results of the 
clinimetric methods were subjected to statistical analysis using the following methods: Student’s t-test, chi-square 
statistics and the values of the non-parametric correlation coefficient.

Correlations between quantitative variables were analyzed using the Spearman’s rank correlation coefficient. The level of 
significance in the analysis was α = 0.05. The collected research material was prepared in the IBM SPSS program.26

Characteristics of the Study Group
The study group (SG) consisted of 53% women and of 47% men. People aged 60–70 were the most numerous group 
(73%). These people were under hospital care. The sociodemographic characteristics is presented in Table 1.

Health Situation of the Respondents
Before the stroke, patients were physically fit After, in the study group, 60% had left hemiparesis, and 40% had 
right hemiparesis. The most common comorbid disease was high blood pressure which occurred in 68% of the 
studied patients. Diabetes mellitus and ischemic heart disease were second, with 35% each. The rarest disease was 
cancer and it occurred among 4% of respondents. Among the studied group, 37% of patients were admitted to the 
neurological rehabilitation unit ≤ 14 days from the occurrence of a stroke incident, 51% of patients were 
hospitalized between 15–31 day, and 12% were admitted ≥ 31 days from the onset of AIS. Taking into account 
the assessment of risk related to the nutritional status assessed using the NRS 2002 scale, 70% of patients 
achieved a result of ≤ 2 points, which indicated the current normal nutritional status, 30% of patients obtained 
≥ 3 points, which meant the risk of malnutrition and the need to start nutritional support – Table 2.

Results
Using the Barthel scale on admission to the ward, the functional efficiency of the patients was assessed before 
rehabilitation and after a 1-month rehabilitation period – Table 3.

Before the start of rehabilitation, the most numerous group were people with severe disabilities (76%). There were no 
people with full efficiency in the study group. Mild disability concerned 9% of the respondents, and moderate disability – 
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Table 1 Study Participants in Terms of Sociodemographic Variables

Parameters %

Gender Female 44/53.0
Male 38/47.00

Age 60–70 years old 60/73.00
71–80 years old 14/17.00

Over 80 years old 8/10.00

Education
Elementary 5/6.00

Secondary 22/27.00

Master 20/24.00
Professional 35/43.00

Marital status Married 44/54.00

Single 38/46.00

Type of employment Physical 57/70.00

Mental 25/30.00

Professional activity Retirement/disability pension 74/90.00

Economically active 8/10.00

Level of physical activity before AIS Declared additional physical activity 45/55.00

Declared level of physical activity related only to everyday functions 37/45.00

Abbreviations: N, population; AIS, acute ischemic stroke.

Table 2 Study Participants in Terms of Clinical Variables

Parameters The Study Group  
(N=82) N/%

Side of hemiparesis Left 49/60.00

Right 33/40.00

Comorbidities Hypertension 56/68.00

Diabetes 29/35.00

Ischemic heart disease 29/35.00

History of myocardial infarction 19/23.00

Atrial fibrillation 17/21.00

Atherosclerosis 15/18.00

Tumor 3/4.00

Time from stroke occurrence to neurological rehabilitation ≤ 14 days 30/37 0.00

15–31 days 42/51.00

≥ 31 days 10/12.0

(Continued)
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16%. However, after 1 month of rehabilitation, people with severe disability accounted for 46%, and 15% of respondents 
were fully functional. People with mild and moderate disabilities accounted for 20% each.

A significant correlation between rehabilitation and the functional state of patients has been shown. The analysis 
shows that after 1 month of rehabilitation, the functional capacity of patients improved in relation to the functional status 
assessed on the Barthel scale before the start of rehabilitation – Table 4.

The analysis shows that the improvement results do not depend on gender, education, age, marital status or 
professional activity (p>0.05).

Correlation Between the Functional Efficiency and the Number of Coexisting 
Diseases
The results show a moderate, negative impact of the patient’s burden with comorbidities on the result of functional 
efficiency according to the Barthel scale. The greater the burden of comorbidities, the lower the functional efficiency 
after rehabilitation – Table 5.

Table 2 (Continued). 

Parameters The Study Group  
(N=82) N/%

BMI Proper body weight 50/61.00

Overweight 17/21.00

Underweight 15/18.00

Nutrition risk assessment according to the NRS scale ≤ 2 points 57/70.00

≥ 3 points 25/30.00

Abbreviations: N, population; BMI, body mass index; NRS, Nutritional Risk Score.

Table 3 Division Depending on the Degree of Disability According to the 
Barthel Scale After Rehabilitation

Level of Disability (Barthel Scale) Before  
Rehabilitation

1 Month After  
Rehabilitation

N/% N/%

Full efficiency 0/0 12/15.00

Slight disability 7/9.00 16/20.00

Moderate disability 13/16.00 16/20.00

Severe disability 62/76.00 38/46.00

Abbreviation: N, population.

Table 4 Statistical Data Showing the Differences Between the Groups Before and 1 Month After Rehabilitation (Barthel Scale)

The differences between the groups before  
and 1 month after rehabilitation (Barthel Scale)

X SD SEM 95% CI T Df P

Lower Limit Upper Limit

−4.60 3.06 0.34 −5.27 −3.93 −13.61 81.0 <0.05

Abbreviations: SD, standard error; SEM, standard error of the mean; CI, confidence interval; df, degrees of freedom; t, Student’s t-test.
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Correlation Between Functional Performance Status and Body Mass Index (BMI)
The correlation between the patients’ body mass index and the results of functional efficiency according to the Barthel scale 
was also analyzed. The analysis shows that the results of rehabilitation depend on the body mass index in the studied group of 
patients, p = 0.002. It is noticeable that in the group of patients whose BMI exceeds the norm, the efficiency is lower. People 
who are underweight and overweight have the results of a lower level of functional efficiency after rehabilitation - Table 6.

Correlation Between Functional Efficiency Status and Nutritional Risk Assessment 
(NRS-2002)
The correlation between nutritional risk assessment (NRS-2002) and functional efficiency scores was also analysed. It was 
shown that the improvement results depend on the nutritional risk assessment in the studied group of patients p = 0.002. 
Therefore, people at risk of malnutrition (NRS ≥ 3) have a lower level of functional efficiency after rehabilitation - Table 7.

Correlation Between Physical Activity Undertaken Before UNM and Functional 
Efficiency of Patients on the Basis of the Barthel Scale
Patients undertaking physical activity before the AIS achieved much better improvement results compared to patients 
who undertook only basic physical activity related to everyday functioning p = 0.01 - Table 8.

Correlation Between Functional Efficiency and the Side of Paresis After Stroke
The analysis showed that the final functional state after rehabilitation on the basis of the Barthel scale depends on the side 
of hemiparesis. People with left-sided paresis achieve an average of 4 points better results than people with right-sided 
paresis. This suggests that people with left-sided hemiparesis achieve better overall functional efficiency compared to 
people with right-sided hemiparesis (p <0.05) - Table 9.

Table 5 The Correlation Between the Occurrence of Comorbidities and Functional 
Efficiency (According to the Barthel Scale) in Patients After Stroke

Functional Efficiency After  
1 Month of Rehabilitation

Average 
Number of 
Comorbidities

Spearman 
Correlation 
Coefficient

P

Full efficiency (20) 1 −0.606 0.01

Slight disability (15–19) 2

Moderate disability (10–14) 2

Severe disability (<=9) 3

Abbreviation: P, statistical value.

Table 6 Correlation Between the BMI Level and the Functional Efficiency Status in 
Patients After Stroke

BMI Average Results Describing the Functional Status 
of Patients According to the Barthel Scale

P

Before  
Rehabilitation

After 1 Month  
of Rehabilitation

Underweight 2,36 3,82 0.002

Standard 8,5 14,32

Overweight 3,23 7,38

Abbreviations: BMI, body mass index; P, statistical value.
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Correlation Between the Length of Time from the Onset of AIS to the Start of Rehabilitation 
and the Degree of Functional Attainment of the Subjects Based on the Barthel Scale
The study showed that the shorter the time from the onset of AIS to the start of rehabilitation, the better the patients’ 
functional status according to the Barthel scale p = 0.01. This correlation indicates that the sooner rehabilitation was 
undertaken after a stroke episode, the higher the functional performance scores were. Patients who received rehabilitation 

Table 7 Correlation Between the Nutritional Status of Post-Stroke Patients and Their 
Functional Efficiency

NRS 2002 Average Results Describing the Functional Status 
of Patients According to the Barthel Scale

P

Before  
Rehabilitation

After 1 Month  
of Rehabilitation

Mild malnutrition 7.43 12.31 0.002

Moderate malnutrition 4.55 9.75

Severe malnutrition 1.63 2.75

Abbreviations: NRS 2002, Nutrition Risk Scale 2002; P, statistical value.

Table 8 Correlation Between Physical Activity in Pre-Stroke Patients and Their Post-Stroke 
Physical Efficiency

Functional Efficiency After 1 
Month of Rehabilitation 
According to the Barthel Scale

Average Number 
of Points in the 
Declared Physical 
Activity

Spearman 
Correlation 
Coefficient

P

Full efficiency (20) 1 −0.76 0.01

Slight disability (15–19) 2

Moderate disability (10–14) 2

Severe disability (<=9) 3

Abbreviation: P, statistical value.

Table 9 Correlation Between the Occurring Type of Paresis and the State of Functional Efficiency in 
Patients After Stroke

Condition After Rehabilitation According  
to the Barthel Scale

Types of Paresis P

Left-Sided Right-Sided

N/% N/%

Full efficiency (20) 12/14.00 0/0 0.016

Slight disability (15–19) 10/13.00 6/7.00

Moderate disability (10–14) 8/10.00 8/10.00

Severe disability (<=9) 19/23.00 19/23.00

Average condition of patients after  
rehabilitation according to the Barthel scale

12 points 8 points

Abbreviations: N, population; p, statistical value.
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an average of 14 days after the stroke episode returned to full function, while patients who waited longer for 
rehabilitation were predisposed to develop lower functional capacity - Table 10.

Discussion
Stroke remains the leading cause of adult disability, and the need for post-stroke rehabilitation services is increasing.27 

The introduction of comprehensive rehabilitation in the early period after the occurrence of a stroke incident, adapted to 
the individual condition and needs of the patient, should take place immediately after stabilization of the clinical 
condition and should constitute an integral part of the treatment.28 The own research conducted was aimed at assessing 
the functioning of patients after AIS.

The assumption of the study was also to determine the relationship between various factors and the level of functional 
efficiency after a stroke with rehabilitation undertaken in the early period after a stroke.

Previous publications of studies that analyze the correlation between the given factors and the functional status of patients 
after stroke are only partially methodologically-highly assessed.29,30 An early and intensive rehabilitation program influences the 
functional outcomes of patients with acute stroke.31 The literature states that patients who developed AIS had comorbidities such 
as: arterial hypertension, atrial fibrillation, diabetes, ischemic heart disease and others. The most common comorbid disease in the 
study group is arterial hypertension (AH), which occurs in as many as 70% of patients. Significant is that every third patient is 
obese and has ischemic heart disease (IHD), almost every fifth patient has diabetes and hyperlipidemia, and every sixth patient 
has a history of atrial fibrillation.32

Numerous statistical studies show that the patient’s age, time elapsed since the stroke occurrence, number of 
comorbidities, and marital status of the patient were associated with low effectiveness of post-stroke rehabilitation.33 

However, no studies by other authors were found to confirm this assumption.
In the authors’ own research, no correlation was found between patient’s education and rehabilitation outcomes. 

Different results were obtained by Kleinrok et al, ie low education predisposes to worse results of the rehabilitation 
process.34 In the remaining socio-demographic factors, ie marital status or the nature of the work performed, no 
dependencies were found, while Kleinrok et al indicate a negative significance for the results of rehabilitation of such 
factors as free marital status or the physical nature of professional work.33 Motor impairment after stroke is often 
permanent and causes disability, and women are less likely to recover fully and show worse functional outcomes.35 On 
the other hand, other researchers indicated that the best results of the rehabilitation process were obtained in the group of 
women under 60 years of age.32

During the analysis of many studies, a correlation was observed between the side of the paresis and functional 
performance after stroke. Damage to the left hemisphere of the brain, resulting in right-sided hemiparesis also leads to 
many other deficits in speech, verbal memory and writing skills. Damage to the left hemisphere of the brain also affects 
complex motor activities. Damage to the right hemisphere leads to minor disturbances, however, it may contribute to the 
occurrence of the hemispheric neglect syndrome.19 The conducted research shows that patients with left-sided paresis 

Table 10 Correlation Between the Time from the AIS Occurrence to Rehabilitation and 
the Functional Efficiency of Patients

Functional Efficiency After 
the 1st Month of 
Rehabilitation

Average Number of 
Days Since AIS 
Occurred

Spearman 
Correlation 
Coefficient

P

Full efficiency (20) 14,00 −0.599 0.01

Slight disability (15–19) 14,00

Moderate disability (10–14) 22

Severe disability (<=9) 31

Abbreviations: P, statistical value; AIS, acute ischemic stroke.
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achieved better functional efficiency. Dziubek et al claim that the side of the paresis does not indicate prognosis and does 
not play a role in the analysis of the results of rehabilitation of patients.36

The obtained results of own research show that in the group of patients achieving BMI values exceeding the norm, the 
efficiency was lower. Patients with underweight and overweight achieved a lower level of functional status after rehabilitation. 
Rykała J. et al in their research show a correlation that is directly proportional between the BMI index and the functional efficiency 
of the studied group. Thus, the results show the correlation between excess body weight and a worse assessment of functional 
efficiency as a result of the performed rehabilitation without taking into account underweight.37 The analysis of own research also 
made it possible, on the basis of the NRS scale, to observe the correlation between the assessment of the risk of malnutrition and 
the results of rehabilitation. It turned out that people with a high risk of malnutrition obtained worse improvement results than 
people with a proper nutritional status. However, no studies by other authors confirming this assumption were found.

The issue of early neurological rehabilitation in patients in the early period after AIS is the subject of many scientific 
research and education of patients unaware of the importance of early rehabilitation for later functional efficiency in 
everyday life. After discharge from hospital, it is often necessary to continue rehabilitation after a stroke.38

Demonstration in the own study of the dependence of individual factors related to functional efficiency after a stroke 
with rehabilitation undertaken in the early period, indicates a strong need to undertake and continue therapeutic education 
and to motivate the society to undertake appropriate health behaviors to ensure the possibility of the best possible effects 
in the future if necessary undertaken rehabilitation activities.

The study of the functional performance of ischemic stroke patients after neurological rehabilitation is relevant from 
several perspectives, and is motivated by scientific, clinical and social aspects. A review of the literature indicates that 
there is limited data on specific factors affecting functional performance after such a stroke. Understanding the impact of 
nutritional status, side of hemiparesis, physical activity and sociodemographic data on rehabilitation outcomes can help 
tailor and optimize rehabilitation processes. Identifying key factors that influence functional improvement can lead to 
better therapeutic strategies.

The individual needs of patients can be better understood, allowing more effective rehabilitation plans to be constructed.

Summary
The results of the study may contribute to increasing public awareness of post-stroke rehabilitation and the role of 
various factors in the process of returning to daily functions. The social value of this study lies in promoting health 
behaviors against the occurrence of strokes, raising public awareness of neurological rehabilitation, and supporting stroke 
victims to return to active life.

The results of this study can provide a basis for further research into improving rehabilitation methods, developing 
new therapies and identifying potential areas for further scientific research.

Limitations of the Study
The time from discharge to rehabilitation was not examined, as some people were discharged home after treatment and 
waited longer for rehabilitation. This waiting time may have resulted in a worse rehabilitation outcome.

Conclusions
a.i.1. The functional efficiency of all patients after rehabilitation has improved to a varying degree compared to the 

state before the commencement of rehabilitation.
a.i.2. Among patients who achieved a lower level of functional efficiency, underweight and overweight, the risk of 

malnutrition, right-sided paresis, limited physical activity before the stroke and the subsequent time of rehabilita-
tion had a significant influence.

a.i.3. There was no correlation between the level of efficiency in patients after a stroke after one month of 
rehabilitation and sociodemographic data.

a.i.4. It is important to undertake early rehabilitation in patients after AIS in order to restore the best functional 
efficiency and intensive promotion of correct health behaviors among the society to ensure the best rehabilitation 
results.
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