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We assessed the relationship between body mass index and results of rehabilitation in stroke patients.

The study was carried out at the Clinical Rehabilitation Ward with Early Neurological Rehabilitation Unit at the
Clinical Hospital. The examinations were performed 3 times. Based on inclusion and exclusion criteria, 128 sub-
jects were qualified for the first examination, the second examination involved 114 subjects, and 100 stroke
patients participated in the third examination. Body mass was examined with an accuracy of 0.1 kg, using
a Tanita MC-780 MA body composition analyser. Body mass index (BMI) was calculated for all of the subjects.
Effects of rehabilitation were assessed with the Barthel index and Ashworth scale.

Higher functional status in daily life, measured with the Barthel scale, was found in patients with normal body
mass, compared to the overweight and obese subjects (examination |, Il, and Il). Exam | showed that before re-
habilitation the overweight patients obtained significantly higher results in assessment of upper limbs, based
on the Ashworth scale (mean=0.35+0.54) compared to the obese patients (mean=0.03+0.32) and those with
normal body weight (mean=0.24+0.75).

Following hospital-based rehabilitation, patients with normal body mass achieved greater functional efficiency.
The findings also show a trend towards normalization of BMI. The positive effect of rehabilitation was sus-
tained for 3 months (Exam Il), which may contribute to decreased risk of cardiovascular diseases and compli-
cations such as stroke.
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Background

According to current data, stroke today is one of the main
causes of morbidity, mortality, and long-term disability. It is
estimated that the problem annually affects 15 million peo-
ple worldwide, and 1 in 3 stroke patients die as a result.
The worldwide prevalence of stroke was estimated to be 33
million in 2010. Stroke is the third most common cause of
mortality, exceeded only by cardiovascular diseases and cancer.
Stroke symptoms pose a significant diagnostic problem. Stroke
leads to disabilities affecting patients and their families, and
to various socioeconomic consequences [1-4]. The major prob-
lems include the costs of treatment, long-term care, and re-
habilitation [5]. Cerebral complications of cardiovascular dis-
orders may be prevented by significant modifications of the
factors affecting people at risk of stroke. It has been empha-
sised in the literature that susceptibility results from multi-
ple coexisting risk factors in most cases. Primary as well as
secondary preventive measures are of extreme importance.
Effective prevention is possible only if the causes of stroke
are clearly understood, if health symptoms are treated, and if
risk factors are eliminated. Stroke itself is not a long process;
however, its consequences may accompany patients for the
rest of their lives. Therefore, it is necessary to initiate rehabil-
itation tailored to the specific needs of the patients and de-
signed to improve their performance, and to ensure their ad-
aptation to the environment in which they functioned before
the stroke. Obesity is one of the modifiable factors, adversely
affecting recovery not only after stroke but also following many
other diseases. Excessive weight is recognised as the primary
factor contributing to hypertension [6,7]. Furthermore, many
researchers emphasise that obesity is associated with the ac-
tivity of proteins stimulating the nervous system and micro-
circulation, which generates other coexisting health problems
increasing the risk of stroke [8]. Numerous studies confirm
the relationship between obesity and stroke incidence, which
also correlates with age and other environment-related fac-
tors [9,10]. At present, obesity is recognised as a separate dis-
ease entity, which in the USA, for example, is responsible for
20% of all deaths [11].

Obesity is one of the potentially modifiable risk factors for
stroke, and the related guidelines advocate normal body
weight as a way to decrease the risk of stroke [12]. In the lit-
erature, there is scarce research investigating the relation-
ship of body mass and rehabilitation outcomes in stroke pa-
tients. Available studies focusing on stroke patients assessed
the relationship between BMI (body mass index) and func-
tional recovery using only single scales and indexes for activ-
ities of daily living [13,14]. The present study was designed
to assess the effects of hospital-based rehabilitation adminis-
tered to stroke patients in relation to their BMI. We designed
this study to determine whether the effects of rehabilitation
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would be sustained in patients’ home environments for up to
3 months following discharge from the Clinic, and to assess
whether BMI is associated with the effectiveness of the reha-
bilitation administered.

Material and Methods

The study was approved by the Local Bioethics Commission
(Consent No. 2015/05/10 issued on March 25, 2015). The par-
ticipants were informed about the research procedure. Written
consent was obtained from the director of the Clinic, Head
Doctor of the Rehabilitation Clinic, and from the stroke patients.

Participants

During the study (from June 2015 to March 2017), the Clinical
Rehabilitation Ward with Early Neurological Rehabilitation Unit
at the Clinical Regional Hospital provided treatment to a to-
tal of 1143 patients.

All of the stroke patients participated in a comprehensive reha-
bilitation program lasting 5 weeks at the Clinical Rehabilitation
Ward. The patients were examined 3 times. The first examina-
tion (Exam I) was performed on admission to the Clinic, before
the rehabilitation started. The second examination (Exam 1)
was performed on discharge, after the 5-week hospital-based
rehabilitation. The third examination (Exam lll) was carried
out 3 months after discharge from the Clinic, during a follow-
up visit. It was assumed that Exam | provided control data for
Exam II. The third examination was designed to determine
whether the effects of rehabilitation and body mass compo-
sition identified during Exam Il had been sustained.

The following inclusion criteria were used: stroke was experi-
enced, able to stand without assistance, able to walk without
aid, no impairments of higher mental functions, and the patient
was informed and voluntarily agreed to participate in the study.

Exclusion criteria were: lack of patient consent to participate
in the study, lack of ability to stand without assistance, isch-
emic lesion located in the cerebellum and brain stem, metal
or electronic implants, epilepsy, pregnancy or menstruation,
and limb injuries incurred following stroke onset prior to the
examination.

Outcome measures

The height was measured with an accuracy of 0.1 cm using
a PORTSTAND 210 portable stadiometer. Body mass was ex-
amined with an accuracy of 0.1 kg using a Tanita MC — 780 MA
body composition analyser. The measurements were performed
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Figure 1. Study flow diagram.

Patients admitted to the Hospital Clinic
from June 2015 to March 2017
n=1143

Patients with stroke
n=403

(riteria for inclusion in the study: Exclusion criteria:
« Stroke experienced « Lack of consent to participate in
+ Ability to stand without assistance the study

« Ability to walk without aid
« No impair ments in higher mental functions
« Informed, voluntary consent to

participate in the study

« Lack of ability to stand without assistance.
« Ischemic lesion located in the
cerebellum and brain stem
« Metal, electronic implants
« Epilepsy
« Pregnancy
- Menstruation, in females
« Limb injuries incurred following
stroke onset, prior to the exam

Subjects qualified for the study, based on
the inclusion and exclusion criteria

8 subjects resigned without

7 subjects resigned without

n=142
Exam | Exam Il Exam Il
Qualification of patients by Qualification of patients by a Qualification of patients by
a team of therapists team of therapists the team of therapists

14 subjects did not report

stating any reasons stating any reasons for the follow-up visit
3 subjects reported feeling 2 subjects-onset of epilepsy without stating any reasons
unwell 2 subjects-menstruaction n=100

2 subjects- menstruaction 1 subject hospitalised due to

1 subject- injury of lower another stroke

limb 2 subjects discharged from the

n=128 Neurology Clinic after 4 weeks
n=114

in standard conditions. The subjects, in underwear and with
no shoes, were instructed to assume a straight body posture.

Body mass index (BMI) was calculated based on the results of
body height and mass measurements. BMI values were ana-
lysed by reference to the WHO classification of obesity: BMI
<18.49 underweight, 18.5-24.99 normal weight, 25-29.99
overweight, >30 obesity [15].

Activities of daily living were assessed using the Barthel index,
with a maximum possible score of 100 points [16,17]. Muscle
tone was assessed with a modified Ashworth scale, which is
a 6-point scale modified to include grade 1+ [18].

Rehabilitation program

The subjects participated in exercise 5 days per week for
5 weeks. The comprehensive rehabilitation program adminis-
tered to all of the patients included morning exercise, individual
practice based on neuro-developmental treatment (NDT Bobath)
and the PNF method addressing the impaired motor abilities,

as well as exercise based on equipment using biological feed-
back: a Balance Trainer (static and dynamic parapodium) and
the Pablo system designed for upper-limb training.

Data analysis

The analyses applied descriptive statistics (mean with 95%
confidence interval, standard deviation, standard error, mea-
sure of observation location). Differences between quantita-
tive variables and nominal dichotomous independent variables
were examined using the Mann-Whitney test. The signifi-
cance of the differences between quantitative variables and
variables of more than 2 categories was assessed using the
Kruskal-Wallis test. The tests were selected taking into ac-
count normal distributions of the quantitative variables (veri-
fied with Kolmogorov-Smirnov and Shapiro-Wilk tests) as well
as the equinumerosity of the groups of independent variables
(verified with 2 test). Significance level was assumed when
0<0.05. The power of the test was 0.9; therefore, the maxi-
mum error was 10%. All of the calculations and the statistical
analyses were computed using STATISTICA ver. 10.0 (StatSoft).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




CLINICAL RESEARCH

Table 1. BMI relative to the subjects’ sex and age.
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BMI — body mass index; N — number of subjects; Cl — confidence interval; SD — standard deviation; SE — standard error;
Max — maximum value; Me — median; Min — minimum value, Q1 — quartile I, Q3 — quartile Ill; Mann-Whitney test for sex,

Kruskal-Wallis test for age.

Results

Out of 1143 individuals receiving rehabilitation on the ward
during the study, stroke patients constituted 35% (403 individ-
uals). Based on the inclusion criteria, 128 subjects were quali-
fied for the first examination (Exam I). Exam Il, again preceded
by a qualification procedure, involved 114 patients. Ultimately,
100 patients reported for Exam Ill, which was performed dur-
ing a follow-up visit. In the study group, 82% (82 individuals)
of patients had experienced ischemic stroke and 18% (18 indi-
viduals) had hemorrhagic stroke. The effects of rehabilitation
and body mass composition were assessed during the 3 exami-
nations; therefore, analysis of the results took into account the
100 subjects participating in all of the examinations (Exam |,
Exam I, and Exam IlI). After Exam Il, each patient received rec-
ommendations for comprehensive rehabilitation to be contin-
ued after discharge from the hospital. This included therapies
provided at home or in outpatient settings, as well as reha-
bilitation carried out by family members in accordance with
instructions received from the team of therapists (Figure 1).
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The subjects’ mean age was 58.34+14.54 years, ranging from
19 to 88 years. The specific age groups, i.e.,, 19-50 (n=23),
51-65 (n=42), and 66-88 (n=35), accounted for 23%, 42%,
and 35% of the group, respectively. Males and females consti-
tuted 58% (n=58) and 42% (n=42), respectively. The findings
showed that 33% (n=33) of the subjects were normal weight,
37% (n=37) were overweight, and 30% (n=30) were obese.

The study identified no significant correlation between BMI
and the subjects’ sex. The findings, however, show that at the
end of the hospital-based rehabilitation, in Exam Il the values
of BMI had decreased (females: Exam I: 27.17+5.05, Exam |II:
27.09+5.00; males: Exam |: 27.84+4.54, Exam |l: 27.77+4.40)
and were sustained 3 months after discharge from the hospi-
tal (Exam lll: females 27.02+5.02; males 27.81+4.64). With re-
gard to the patients’ age, it was found that in Exam | the older
patients presented higher BMI (p=0.003). Following the reha-
bilitation, the entire group was found to have decreased BMI.
Exam Il showed that BMI values remained at a similar level 3
months after the end of the rehabilitation (p=0.001) (Table 1).
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Table 2. The functional status (Barthel index, Ashworth scale) before rehabilitation program (Exam I).

Effect of rehabilitation (Barthel) 16.06 (11.59-20.53) 1261 (1.3) 10.00 15.00 20.00 0.9509
 Effect of rehabilitation (Ashworth hand) 021 (0.02-041) 055 (006) 000 000 000 02588
 Effect of rehabilitation (Ashworth arm) 024 (002-051) 075 (008) 000 000 000 00483
 Effect of rehabilitation (Ashworth leg) 003 (0140200 047 (005 000 000 000 02917

Effect of rehabilitation (Barthel) 15.00 (10.77-19.23) 12.69 (1.3) 5.00 15.00 25.00 0.9509
 Effect of rehabilitation (Ashworth hand) 041 (022-0.59) 055 (006) 000 000 100 02588
 Effect of rehabilitation (Ashworth arm) 035 (017-053) 054 (005) 000 000 100 00483
 Effect of rehabilitation (Ashworth leg) 016  (004-029) 037 (004) 000 000 000 02917

Effect of rehabilitation (Barthel) 14.67 (10.97-18-37) 991 (0.99) 10.00 15.00 20.00 0.9509
 Effect of rehabilitation (Ashworth hand) 023 (0.02-049) 068 (007) 000 000 100 02588
 Effect of rehabilitation (Ashworth arm) 003 (0.09-0-15 032 (003 000 000 000 00483
 Effect of rehabilitation (Ashworth leg) 003 (-009-0.15 032 (003 000 000 000 02917

BMI — body mass index; N — number of subjects; Cl — confidence interval; SD — standard deviation; SE — standard error;
Max — maximum value; Me — median; Min — minimum value, Q1 — quartile I, Q3 — quartile IlI; test Kruskal-Wallis.

Exam | showed that before rehabilitation the overweight pa-
tients obtained significantly higher results in assessment of
upper limbs, based on the Ashworth scale (mean=0.35+0.54)
compared to the obese patients (mean=0.03+0.32) and those
with normal body weight (mean=0.24+0.75). No statistically
significant differences were found between the results ob-
tained using the relevant scales in relation to the patients’
body mass category (overweight/obesity) (Table 2). Results of
Exam Il and Exam IIl did not show significant differences be-
tween the functional condition of overweight and obese pa-
tients at the end of the rehabilitation program (Tables 3, 4).
Exam lll, conducted 3 months after the end of the rehabili-
tation, in assessment of upper limbs based on the Ashworth
scale, showed significantly higher values in overweight patients
(mean=0.28+0.55) than in obese patients (mean=0.04+0.34).
Despite the lack of statistical significance between the func-
tional condition of overweight and obese patients in Exams |l
and llI, a higher functional status in daily life, measured with
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NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

the Barthel scale, was found in the patients with normal body
mass compared to the overweight and obese subjects (Exams
I, I, and lll) (Table 4).

Discussion

Rehabilitation administered to patients with circulatory sys-
tem diseases is to a large extent similar to rehabilitation ap-
plied for stroke patients. Many researchers report that com-
prehensive rehabilitation leads to a 20-25% decrease in the
rates of mortality due to cardiovascular and other problems.
Rehabilitation also improves physical capacities in overweight
and obese patients, reducing the risk of atherosclerosis and
ultimately leading to improved quality of life [19].

The likelihood of stroke is 22% higher in overweight people and
64% higher in obese individuals, compared to populations with
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Table 3. The functional status (Barthel index, Ashworth scale) at the end of the hospital-based rehabilitation (Exam II).

Exam Il

Effect of rehabilitation (Barthel) 15.65 (11.26-20.03) 1195 (1.2) 10.00 15.00 25.00 0.9514
 Effect of rehabilitation (Ashworth hand) 026 (0.05-047) 058 (006) 000 000 100 08232
 Effect of rehabilitation (Ashworth arm) 032 (005-0.60) 075 (008) 000 000 100 01568
 Effect of rehabilitation (Ashworth leg) 010 (-008-027) 047 (005 000 000 000 0799

Exam Il

Effect of rehabilitation (Barthel) 15.48 (11.50-19.46) 12.77 (1.28) 5.00 15.00 20.00 0.9514
 Effect of rehabilitation (Ashworth hand) 033 (017-0.50) 053 (005) 000 000 100 08232
 Effect of rehabilitation (Ashworth arm) 026 (009-043) 054 (005) 000 000 100 01568
 Effect of rehabilitation (Ashworth leg) 010 (002-021) 037 (004) 000 000 000 07909

Exam Il

Effect of rehabilitation (Barthel) 14.44 (10.36-18.53) 10.32 (1.03) 5.00 15.00 20.00 0.9514
 Effect of rehabilitation (Ashworth hand) 026 (0.02-054) 071 (007) 000 000 100 08232
 Effect of rehabilitation (Ashworth arm) 004 (010-0.17) 034 (003 000 000 000 01568
 Effect of rehabilitation (Ashworth leg) 004 (010-0.17) 034 (003 000 000 000 0799

BMI — body mass index; N — number of subjects; Cl — confidence interval; SD — standard deviation; SE — standard error;
Max — maximum value; Me — median; Min — minimum value, Q1 — quartile I, Q3 — quartile IlI; test Kruskal-Wallis.

normal BMI [20]. An increase in this index by only 1 kg/m? leads
to a 4% greater risk of ischemic stroke and a 6% higher risk of
hemorrhagic stroke [21]. Following stroke, patients with nor-
mal BMI were able to recover their functional efficiency more
quickly than obese patients. Furthermore, numerous studies
have established that obesity exacerbates the risk of second-
ary stroke [13,22]. The present study shows that rehabilita-
tion was more effective in patients with normal body mass.
The patients with excessive weight and with obesity presented
lower gains and these did not differ significantly between the
2 groups. It was also observed that the effects of rehabilita-
tion, achieved by the patients during their stay in the Clinic,
were retained for 3 months after discharge from the hospital.
These conclusions are consistent with the findings reported
by Burke et al., who showed that following stroke, subjects
with normal weight presented greater gains from rehabili-
tation than did overweight and obese patients [13]. Similar
effects of excessive weight and obesity were described by

Flega et al. Following stroke, patients with BMI >35kg/m? pre-
sented greater risk of suffering another stroke and death [23].
Research conducted at Harvard involving 19 000 subjects also
showed that in stroke patients, overweight and obesity were
related to greater mortality risk in female patients [24,25].
A study conducted by Heymsfield et al. involving a professional
group of nurses, as well as a study by Brown et al. conducted
in a group of medical professionals, showed that an increase
in BMI coincides with greater risk of another incident of both
hemorrhagic and ischemic stroke, and the risk of hemorrhagic
stroke increased by 2.25 [26,27].

A study by Andsey et al. conducted in Sweden and involving
healthy male subjects aged 47-55 years was continued for 28
years. A total of 7402 subjects were examined and the findings
showed that coinciding with growing BMI >30 kg/m?, the risk of
ischemic stroke increased by 1.78. On the other hand, no risk
of hemorrhagic stroke was recorded [28]. Research conducted
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Table 4. The functional status (Barthel index, Ashworth scale) at the end of the rehabilitation program (Exam IlI).

Exam Il

Effect of rehabilitation (Barthel) 15.45 (11.34-19.57) 11.62 (1.16) 10.00 15.00 20.00 0.9598
 Effect of rehabilitation (Ashworth hand) 024 (0.04-044) 056 (006) 000 000 000 06723
 Effect of rehabilitation (Ashworth arm) 030 (004056 073 (07) 000 000 100 01559
 Effect of rehabilitation (Ashworth leg) 009 (-007-025 046 (005 000 000 000 07903

Exam Il

Effect of rehabilitation (Barthel) 15.63 (11.45-19.80) 13.07 (1.3) 5.00 15.00 22.50 0.9598
 Effect of rehabilitation (Ashworth hand) 035 (018-0.52) 053 (005) 000 000 100 06723
 Effect of rehabilitation (Ashworth arm) 028  (010-045) 055 (006) 000 000 100 01559
 Effect of rehabilitation (Ashworth leg) 010 (002-022) 038 (004) 000 000 000 07903

Exam Il

Effect of rehabilitation (Barthel) 14.44 (10.36-18-53) 10.32 (1.03) 5.00 15.00 20.00 0.9598
 Effect of rehabilitation (Ashworth hand) 026 (:0.02-054) 071 (007) 000 000 100 06723
 Effect of rehabilitation (Ashworth arm) 004 (010-0.17) 034 (003 000 000 000 01559
 Effect of rehabilitation (Ashworth leg) 004 (010-0.17) 034 (003 000 000 000 07903

BMI — body mass index; N — number of subjects; Cl — confidence interval; SD — standard deviation; SE — standard error;
Max — maximum value; Me — median; Min — minimum value, Q1 — quartile I, Q3 — quartile IlI; test Kruskal-Wallis.

by Strazzullo et al. showed that overweight and obesity exac-
erbate the risk of ischemic stroke, and reported that the risk
is unrelated to age, lifestyle, or risk factors for cardiovascu-
lar diseases [6].

is expected to result in long-term reduced risk of cardiovas-
cular diseases, including stroke.

Conclusions

The effectiveness of rehabilitation is also confirmed by other

studies focusing on patients with cardiovascular problems.
They investigated exercise tolerance and fatigue, irrespective
of the subjects’ sex and body mass, measured with BMI. Based
on their, findings it was established that it is more difficult for
the bodies of obese patients to adapt to surgical treatment;
therefore, recovery and rehabilitation take longer compared
to subjects with normal BMI [29].

The present study shows that comprehensive stroke rehabilita-
tion produces a positive effect of normalization of BMI, which

Hospital-based rehabilitation produced greater functional ef-
ficiency in the subjects with normal body weight, as well as
normalization of BMI. The positive effects of rehabilitation,
assessed with the Barthel index and Ashworth scale, was re-
tained for 3 months (Exam I11), which may result in reduced risk
of cardiovascular diseases and complications such as stroke.
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