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Abstract: Background and objectives: Stroke is one of the leading causes of morbidity, mortality and
long-term adult disability. The aim of this study was to assess the changes in body mass composition
in patients after stroke in connection with selected socio-demographic and clinical factors (sex, age,
type of stroke and time from the first symptoms) following the rehabilitation process. Materials and
Methods: The study group consisted of 100 post-stroke subjects who participated in a comprehensive
rehabilitation program for a duration of five weeks. The measurements of body composition by
a Tanita MC 780 MA analyser were performed on the day of admission to hospital, on the day of
discharge (after 5 weeks) and 12 weeks after discharge from hospital. Results: It was shown that before
rehabilitation (Exam I) in the study group there were significant differences in body composition
relative to sex, age and time from stroke. The rates of fat mass % and visceral fat level decreased
after rehabilitation (Exam II) in both males and females. Exam II, at the end hospital rehabilitation,
showed lower levels of fat mass %, visceral fat level, as well as fat-free mass % and higher values
of total body water % and muscle mass %. In Exam III, i.e., 12 weeks after discharge, all of the
parameters retained their values. Conclusions: The study shows an association between stroke risk
factors (primarily age, sex and time from the onset of the first symptoms of stroke) and body mass
composition resulting from rehabilitation. The type of stroke and the effects of rehabilitation on body
mass components showed no differences. Comprehensive rehabilitation had a positive effect on the
body mass components.
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1. Introduction

Stroke affects approximately 24–54% of society worldwide, and is one of the leading causes of
mortality and disability. It is estimated that the problem annually affects 15 million people worldwide,
and 1 in 3 stroke patients die as a result [1–4]. There are well-known factors contributing to the onset
of stroke. It is known that above 55 years of age the risk of stroke doubles in each decade of life.
There are also sex-related differences, as men are more likely to be affected; however, after 70 years of
age this difference is no longer observed [5]. In the related literature the following non-modifiable
factors have also been pointed out: environment, socioeconomic status, genetic determinants as well
as ethnicity [6,7]. However, in stroke prevention, modifiable factors become the most important. The
conditions most seriously contributing to the problem include abdominal obesity, which is preceded
only by hypertension and smoking. The list also comprises unhealthy diet and sedentary lifestyle,
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associated with almost total physical inactivity. All of the above factors are present for over 80% of all
the diagnosed cases of stroke [8–11].

Over the past few years it has been recognized that abdominal obesity is one of the factors
adversely affecting the circulatory system. It has been established that body fat, most of all visceral fat
(VFAT), is an important tissue with an endocrine function, responsible for the production of various
active substances, including, most importantly, inflammatory mediators promoting the development
of atherosclerosis. The unprecedented dynamic increase in the number of people with this problem
worldwide results from the fact that the functioning of the cardiovascular system is overburdened in
more than 50% of members of developed societies [12]. Data reported by the INTERHEART study show
that abdominal obesity is the second and the third most important risk factor for heart attack and stroke,
respectively. Numerous studies have also confirmed that there is a linear relationship between obesity
and the risk of cardiovascular diseases in general [13]. A Physicians’ Health Study (PHS) pointed
out that the risk of stroke is two times lower in the population with BMI < 23 kg/m2, compared to
people with BMI > 30 kg/m2; [14,15]. However, BMI does not account for body composition; therefore,
according to some authors, the measure is insufficient for assessing risk factors for stroke [16–18].
Given the above, it is necessary to assess body mass components and examine their relationship
not only to the incidence of stroke, but also in the context of recovery. It has been established that
comprehensive rehabilitation initiated as early as possible following a stroke incident enables, inter alia,
faster increase in muscle mass, and consequently recovery of the lost functions and mobility [19]. After
stroke, a decrease in muscle strength and a decrease in (PMM) muscle tissue content is observed in
paresis limbs [20,21]. It is the opposite with fat content (FAT) after stroke, whose range increases [22,23].
Stroke causes a loss of fat-free body mass (FFM) and bone mineral content to a large extent on the
paresis side. Studies by other authors indicate that, as time goes by, the percentage of body fat increases,
but on the other hand lean tissue and muscle decrease [24]. This is associated with decreased physical
activity. Therefore, there is a need for continuous and comprehensive rehabilitation in these patients.

The study was designed to assess the change of body mass composition components (body fat
mass (FAT), fat-free body mass (FFM), visceral fat level (VFAT), muscle mass (PMM), body water
(TBW)) in patients after stroke in connection with selected socio-demographic and clinical factors (i.e.,
sex, age, type of stroke, and time from the first symptoms of stroke) following rehabilitation.

2. Materials and Methods

This study was conducted in accordance with the ethical rules of the Helsinki Declaration,
approved by the Local Bioethics Commission (Consent No. 2015/10/03). Written consent was obtained
from all of the participants in the study.

2.1. Participants

The study was carried out in a group of 100 post-stroke subjects. They were recruited from patients
in the Clinical Rehabilitation Ward of an Early Neurological Rehabilitation Unit in a hospital. The stroke
was confirmed by CT and MRI examinations. The study group comprised 42 females and 58 males.
They were divided into three age groups: 19–50 years (23 individuals), 51–65 years (42 individuals),
66–88 years (35 individuals). Ischemic stroke had been diagnosed in 82 and haemorrhagic stroke in 18
patients. Furthermore, the patients were divided relative to time from stroke onset: <6 months (28
subjects), 6–12 months (18 subjects), >12 months (54 subjects).

All of the post-stroke patients participated in a comprehensive rehabilitation program five days a
week (from Monday to Friday) for five weeks at the rehabilitation clinic. The rehabilitation program
was based on neuro-developmental treatment methods, gait and upper limb training, as well as exercise
with equipment using biological feedback or static and dynamic parapodium. The first examination
(Exam I) was conducted on admission to the clinic, before the rehabilitation started. The second
examination (Exam II) was performed on discharge, after the five-week hospital-based rehabilitation.
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The third examination (Exam III) was carried out three months after discharge from the clinic, during a
follow-up visit.

A total of 128 people participated in Exam I; however, after applying all of the inclusion and
exclusion criteria to the study group, complete data from the three required examinations was obtained
from a group of 100 patients.

The inclusion criteria were: diagnosis of stroke, complete first stroke, participation in the early
hospital rehabilitation for minimum 4 weeks, ability to stand without assistance, ability to walk without
aid, no impairments in higher mental functions and patient’s informed consent to participate in the
study. Exclusion criteria were: lack of patient’s consent to participate in the study, incomplete stroke
(e.g., Transient Ischemic Attack, TIA), second or subsequent stroke, lack of ability to stand without
assistance (balance disorders and dizziness), ischemic lesion located in the cerebellum and brain stem,
electronic implants, epilepsy, pregnancy, menstruation in females or leg injuries incurred following
stroke onset.

2.2. Measurements

Body mass components were assessed with the Tanita MC 780 MA analyser, which operates
based on electrical bio-impedance (BIA) measurements. The analyser is certified and approved for
clinical use. It also has a certificate of compliance with 93/42 EEC (EU standard for medical equipment).
Body composition was assessed for the contents of body fat mass (FAT%), fat-free mass (FFM level),
visceral fat (VFAT%), muscle mass (PMM%) and body water (TBW%). Body height was measured
with an accuracy up to 0.1 cm using a PORTSTAND 210 portable stadiometer. The measurements were
performed in standard conditions. The subjects, in underwear and with no shoes, were instructed to
assume a straight body posture.

2.3. Statistical Analysis

The analyses applied descriptive statistics (mean with 95% confidence interval, standard deviation,
median, quartiles, minimum and maximum values). Analyses of differences between quantitative
variables and independent nominal dichotomous variables were carried out using a t-test for
independent samples or a Mann–Whitney test. A Kruskal–Wallis test was applied to assess the
significance of the differences between the quantitative variables and variables of more than two
categories. The choice of the tests depended on the normality of distributions of quantitative variables
(verified with Kolmogorov–Smirnov and Shapiro–Wilk tests) and on the equal size of the groups
of independent variables (verified with a chi-squared test). If the above assumptions were not met,
non-parametric statistical methods were required. The significance level was assumed at α < 0.05.
All of the calculations and statistical analyses were computed using STATISTICA ver. 10.0 (StatSoft,
Kracow, Poland).

3. Results

It was shown that before rehabilitation (Exam I) in the study group there were significant
differences in body composition relative to sex. With respect to FAT% rate and VFAT level it was
possible to notice a decrease in these parameters following rehabilitation (Exam II) in both males and
females. On the other hand there was an increase in TBW% and PMM% rates. It was observed that the
values identified for the above parameters 12 weeks after the rehabilitation (Exam III) were at a similar
level (Table 1, Figure 1).

All of the age groups had decreased VFAT level at the end of the hospital-based rehabilitation
(Exam II), and the rates were retained until the follow-up visit (Exam III) (Table 2, Figure 2).
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Table 1. Body mass components versus subjects’ sex.

Exam Parameters

Sex

pFemale Male

N 42 N 58

Mean
(95% Cl) SD Mean

(95% Cl) SD

I

FAT [%] 30.98
(28.75–33.21) 7.15 23.12

(21.67–24.57) 5.51 <0.001

VFAT [level] 8.10
(7.01–9.18) 3.48 11.41

(10.15–12.68) 4.82 <0.001

FFM [%] 69.02
(66.79–71.25) 7.15 76.88

(75.43–78.33) 5.51 <0.001

TBW [%] 48.79
(47.20–50.38) 5.10 54.64

(53.48–55.80) 4.42 <0.001

PMM [%] 65.52
(63.40–67.64) 6.80 73.04

(71.67–74.41) 5.22 <0.001

II

FAT [%] 30.23
(28.05–32.41) 7.00 22.52

(21.06–23.98) 5.54 <0.001

VFAT [level] 7.98
(6.90–9.05) 3.45 11.24

(9.99–12.49) 4.76 <0.001

FFM [%] 69.79
(67.61–71.98) 7.02 77.48

(76.02–78.94) 5.55 <0.001

TBW [%] 49.31
(47.75–50.87) 5.01 54.96

(53.79–56.13) 4.46 <0.001

PMM [%] 66.26
(64.18–68.34) 6.67 73.62

(72.24–75.00) 5.26 <0.001

III

FAT [%] 30.60
(28.50–32.71) 6.77 22.60

(21.05–24.15) 5.89 <0.001

VFAT [level] 8.00
(6.97–9.03) 3.32 11.31

(10.01–12.61) 4.94 <0.001

FFM [%] 69.29
(67.24–71.33) 6.56 77.39

(75.85–78.94) 5.88 <0.001

TBW [%] 48.95
(47.49–50.40) 4.67 55.02

(53.81–56.23) 4.60 <0.001

PMM [%] 65.78
(63.84–67.72) 6.23 73.51

(72.04–74.97) 5.58 <0.001

N: number of subjects; M: mean; SD: standard deviation; FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW:
total body water; PMM muscle mass; p: Mann–Whitney test; normal distribution (Kołmogorow–Smirnow test,
Shapiro–Wilk test); bold value: statistical significance.

Table 2. Body mass components versus subjects’ age.

Exam Parameters

Age

p19–50 Years 51–65 Years 66–88 Years

N 23 N 42 N 35

Mean
(95% Cl) SD Mean

(95% Cl) SD Mean
(95% Cl) SD

I

FAT [%] 24.64
(21.96–27.32) 6.20 25.78

(23.65–27.90) 6.83 28.36
(25.50–31.23) 8.33 0.209

VFAT [level] 7.43
(5.38–9–49) 4.75 8.86

(7.62–10.09) 3.95 13.11
(11.93–14.30) 3.45 <0.001

FFM [%] 75.36
(72.68–78.04) 6.20 74.22

(72.10–76.35) 6.83 71.64
(68.77–74.50) 8.33 0.209

TBW [%] 53.94
(51.80–56.07) 4.94 52.80

(51.26–54.34) 4.95 50.29
(48.20–53–39) 6.09 0.067

PMM [%] 71.59
(69.04–74.13) 5.89 70.49

(68.47–72.52) 6.50 68.03
(65.30–70.75) 7.92 0.213
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Table 2. Cont.

Exam Parameters

Age

p19–50 Years 51–65 Years 66–88 Years

N 23 N 42 N 35

Mean
(95% Cl) SD Mean

(95% Cl) SD Mean
(95% Cl) SD

II

FAT [%] 24.23
(21.61–26–85) 6.06 25.06

(23.01–27–12) 6.59 27.59
(24.69–30.49) 8.45 0.233

VFAT [level] 7.26
(5.19–9.34) 4.80 8.79

(7.57–10.00) 3.89 12.89
(11.72–14.05) 3.38 <0.001

FFM [%] 75.77
(73.15–78.39) 6.06 74.96

(72.90–77–02) 6.61 72.41
(69.51–75.31) 8.45 0.239

TBW [%] 54.03
(51.88–56–17) 4.96 53.29

(51.82–54–77) 4.73 50.80
(48.67–52.89) 6.19 0.065

PMM [%] 71.97
(69.49–74.46) 5.75 71.20

(69.24–73.15) 6.27 68.77
(66.01–71.53) 8.05 0.238

III

FAT [%] 24.08
(21.20–26.95) 6.65 25.53

(23.42–27.63) 6.75 27.72
(24.84–30.59) 8.36 0.232

VFAT [level] 7.26
(5.17–9.36) 4.85 8.74

(7.52–9.96) 3.91 13.09
(11.92–14.25) 3.39 <0.001

FFM [%] 75.78
(72.98–78.57) 6.47 74.46

(72.37–76.55) 6.70 72.25
(69.37–75.13) 8.38 0.243

TBW [%] 54.01
(51.73–56.29) 5.27 53.04

(51.56–54.52) 4.74 50.77
(48.65–52.89) 6.18 0.112

PMM [%] 71.98
(69.33–74.64) 6.14 70.72

(68.73–72.71) 6.38 68.58
(65.85–71.31) 7.94 0.233

N: number of subjects; M: mean; SD: standard deviation; FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW:
total body water; PMM muscle mass; p: Kruskal–Wallis test; (Kołmogorow–Smirnow test, Shapiro–Wilk test); bold
value: statistical significance.
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Figure 2. Difference between body mass components versus subjects’ age.

Analyses taking into account the type of stroke and the effects of rehabilitation on body mass
components showed no statistically significant differences relative to ischemic and haemorrhagic stroke.
However, the contents of FAT% and VFAT level decreased at the end of hospital-based rehabilitation
(Exam II) and the effect was retained at the follow-up 12 weeks after discharge from hospital (Exam
III). There was an increase in PMM% content (Table 3, Figure 3).

Table 3. Body mass components versus type of stroke.

Exam Parameters

Type of Stroke

pIschemic Haemorrhagic

N 82 N 18

Mean
(95% Cl) SD Mean

(95% Cl) SD

I

FAT [%] 26.48
(24.83–28.12) 7.44 26.15

(22.63–29.67) 7.07 0.886

VFAT [level] 9.78
(8.78–10.78) 4.54 11.11

(8.73–13.49) 4.79 0.224

FFM [%] 73.52
(71.88–75.15) 7.44 73.85

(70.33–77.37) 7.07 0.886

TBW [%] 52.12
(50.89–53.34) 5.59 52.50

(49.85–55.15) 5.33 0.660

PMM [%] 69.82
(68.26–71.37) 7.08 70.16

(66.82–73.51) 6.73 0.879
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Table 3. Cont.

Exam Parameters

Type of Stroke

pIschemic Haemorrhagic

N 82 N 18

Mean
(95% Cl) SD Mean

(95% Cl) SD

II

FAT [%] 26.00
(24.39–27.61) 7.33 24.65

(21.17–28.12) 6.98 0.445

VFAT [level] 9.68
(8.69–10.68) 4.52 10.72

(8.40–13.05) 4.68 0.313

FFM [%] 74.02
(72.41–75.63) 7.33 75.30

(71.79–78.81) 7.06 0.476

TBW [%] 52.41
(51.20–53.61) 5.50 53.42

(50.78–56.06) 5.30 0.430

PMM [%] 70.30
(68.77–71.84) 6.97 71.54

(68.20–74.87) 6.71 0.476

III

FAT [%] 26.16
(24.52–27.81) 7.48 25.04

(21.48–28.59) 7.15 0.548

VFAT [level] 9.71
(8.71–10.70) 4.52 10.89

(8.39–13.39) 5.03 0.316

FFM [%] 73.83
(72.20–75.47) 7.46 74.70

(71.24–78.15) 6.95 0.584

TBW [%] 52.32
(51.09–53.54) 5.59 53.17

(50.58–55.75) 5.19 0.409

PMM [%] 70.11
(68.56–71.67) 7.08 70.94

(67.65–74.23) 6.61 0.578

N: number of subjects; M: mean; SD: standard deviation; FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW:
total body water; PMM muscle mass; p: Mann–Whitney test; (Kołmogorow–Smirnow test, Shapiro–Wilk test).
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FFM [%] 74.02 
(72.41–75.63) 7.33 75.30 

(71.79–78.81) 7.06 0.476 

TBW [%] 52.41 
(51.20–53.61) 5.50 53.42 

(50.78–56.06) 5.30 0.430 

PMM [%] 70.30 
(68.77–71.84) 6.97 71.54 

(68.20–74.87) 6.71 0.476 

III 

FAT [%] 26.16 
(24.52–27.81) 7.48 25.04 

(21.48–28.59) 7.15 0.548 

VFAT [level] 9.71 
(8.71–10.70) 4.52 10.89 

(8.39–13.39) 5.03 0.316 

FFM [%] 73.83 
(72.20–75.47) 7.46 74.70 

(71.24–78.15) 6.95 0.584 

TBW [%] 52.32 
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(50.58–55.75) 5.19 0.409 

PMM [%] 70.11 
(68.56–71.67) 7.08 70.94 

(67.65–74.23) 6.61 0.578 

N: number of subjects; M: mean; SD: standard deviation; FAT: body fat; VFAT: visceral fat; FFM: fat-
free mass; TBW: total body water; PMM muscle mass; p: Mann–Whitney test; (Kołmogorow–Smirnow 
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Taking into account the time from the onset of the first symptoms of stroke, statistically significant
relationships were found for FAT%, FFM%, TBW% and PPM%, with respect to rehabilitation time.
Exam II, at the end of the hospital rehabilitation, showed lower levels of FAT%, VFAT level and FFM%
as well as higher values of TBW% and PMM%. In Exam III, all of the parameters retained their values
(Table 4, Figure 4).

Table 4. Body mass components versus time from onset of the first stroke symptoms.

Exam Parameters

Time from Stroke

p2–6 Months 6–12 Months >12 Months

N 28 N 18 N 54

Mean
(95% Cl) SD Mean

(95% Cl) SD Mean
(95% Cl) SD

I

FAT [%] 24.56
(22.16–26.96) 6.19 23.69

(20.54–26.83) 6.32 28.30
(26.18–30.42) 7.77 0.023

VFAT [level] 10.54
(8.55–12.52) 5.12 8.50

(6.35–10.65) 4.33 10.26
(9.07–11.45) 4.36 0.326

FFM [%] 75.44
(73.04–77.84) 6.19 76.31

(73.17–79.46) 6.32 71.70
(69.58–73.82) 7.77 0.023

TBW [%] 53.42
(51.55–55.28) 4.81 53.95

(51.57–56.33) 4.78 50.96
(49.36–52.56) 5.86 0.046

PMM [%] 71.66
(69.38–73.94) 5.88 72.47

(69.48–75.45) 6.00 68.09
(66.07–70.11) 7.40 0.021

II

FAT [%] 23.78
(21.36–26.19) 6.22 23.56

(20.40–26.72) 6.36 27.52
(25.42–29.61) 7.66 0.027

VFAT [level] 10.39
(8.41–12.37) 5.10 8.50

(6.40–10.60) 4.22 10.06
(8.88–11.24) 4.32 0.390

FFM [%] 76.25
(73.84–78.66) 6.21 76.49

(73.32–79.65) 6.37 72.47
(70.38–74.57) 7.66 0.025

TBW [%] 53.95
(52.06–55.84) 4.86 54.06

(51.68–56.44) 4.79 51.39
(49.83–52.96) 5.73 0.051

PMM [%] 72.43
(70.14–74.72) 5.90 72.64

(69.64–75.64) 6.03 68.84
(66.84–70.83) 7.30 0.025

III

FAT [%] 23.86
(21.27–26.45) 6.69 23.54

(20.31–26.77) 6.49 27.85
(25.78–29.93) 7.61 0.017

VFAT [level] 10.43
(8.41–12.45) 5.21 8.44

(6.35–10.54) 4.20 10.15
(8.95–11.35) 4.40 0.336

FFM [%] 76.16
(73.57–78.75) 6.67 76.40

(73.19–79.62) 6.46 72.06
(70.01–74.11) 7.51 0.017

TBW [%] 54.09
(52.11–56.08) 5.12 54.02

(51.62–56.42) 4.82 51.11
(49.57–52–65) 5.63 0.028

PMM [%] 72.35
(69.89–74.81) 6.34 72.56

(69.51–75.61) 6.13 68.41
(66.47–70.36) 7.12 0.017

N: number of subjects; M: mean; SD: standard deviation; FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW:
total body water; PMM muscle mass; p: Kruskal–Wallis test; (Kołmogorow–Smirnow test, Shapiro–Wilk test), bold
value: statistical significance.
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Figure 4. Difference between body mass components versus time from onset of the first stroke symptoms.

Statistical differences were observed between Exam I and II for all body mass components (FAT,
VFAT, FFM, TBW, PMM), and in Exam I and III for FAT, FFM, TBW, PMM (Table 5, Figure 5).

Table 5. The changes of body mass components over time.

Exam I vs. II Exam II vs. III Exam I vs. III

Fat 0.001 0.205 0.010
VFatL 0.033 0.399 0.246
FFM 0.001 0.077 <0.001
TBW 0.009 0.280 0.0270
PMM 0.001 0.058 <0.001

FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW: total body water; PMM muscle mass; bold value:
statistical significance.
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Figure 5. The changes of body mass components during the time.

Multifactorial analysis showed that significant results were observed with regard to sex in Exams
I and III among all body weight components, for age in FAT and VFAT during all studies, for time from
stroke in FAT in Exam III, VFAT during all exams and FFM and PMM during Exam III. No statistically
significant results were found for: sex and type of stroke; age and type of stroke; age and time from
stroke; type of stroke and time since stroke; gender, age and type of stroke; gender, age and time since
stroke (Table 6).
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Table 6. Multi-factor ANOVA tests for between-subjects effects.

Tested Effect of
Factors (ANOVA)

FAT VFAT FFM TBW PMM

Exam I Exam II Exam III Exam I Exam II Exam III Exam I Exam II Exam III Exam I Exam II Exam III Exam I Exam II Exam III

Sex 0.007 0.062 0.038 0.001 0.001 0.001 0.007 0.064 0.038 0.007 0.069 0.032 0.007 0.061 0.036
Age 0.012 0.049 0.040 <0.001 0.001 0.001 0.012 0.048 0.083 0.001 0.010 0.021 0.012 0.046 0.083

Type of stroke 0.829 0.968 0.952 0.657 0.631 0.568 0.829 0.984 0.859 0.715 0.919 0.837 0.836 0.979 0.864
Time from stroke 0.057 0.061 0.029 0.017 0.022 0.010 0.057 0.060 0.030 0.164 0.157 0.076 0.059 0.061 0.030

Sex vs.Age 0.004 0.002 0.006 0.104 0.099 0.149 0.004 0.002 0.006 0.003 0.002 0.005 0.004 0.002 0.007
Sex vs.Type of stroke 0.302 0.081 0.0830 0.281 0.219 0.124 0.302 0.076 0.080 0.425 0.130 0.145 0.302 0.074 0.079

Sex vs. Time from
stroke 0.055 0.057 0.093 0.654 0.656 0.687 0.055 0.056 0.096 0.030 0.044 0.085 0.053 0.054 0.100

Age vs. Type of stroke 0.219 0.719 0.526 0.926 0.713 0.795 0.219 0.710 0.751 0.252 0.638 0.698 0.217 0.699 0.748
Age vs. Time from

stroke 0.231 0.287 0.201 0.345 0.414 0.358 0.231 0.288 0.202 0.066 0.158 0.111 0.236 0.288 0.212

Type of stroke vs.
Time from stroke 0.667 0.255 0.170 0.206 0.155 0.105 0.667 0.256 0.167 0.895 0.474 0.364 0.673 0.256 0.165

Sex vs. Age vs. Type
of stroke 0.955 0.424 0.425 0.374 0.281 0.218 0.955 0.443 0.448 0.617 0.713 0.659 0.948 0.446 0.442

Sex vs. Age vs. Time
from stroke 0.438 0.636 0.577 0.989 0.953 0.659 0.438 0.634 0.568 0.365 0.591 0.547 0.440 0.631 0.589

FAT: body fat; VFAT: visceral fat; FFM: fat-free mass; TBW: total body water; PMM muscle mass; bold value: statistical significance.
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4. Discussion

According to numerous sources, comprehensive rehabilitation significantly contributes to a
decrease in mortality due to cardiovascular causes by as much as 20–25%. Rehabilitation improves
physical efficiency, including in subjects with excessive weight and obesity, it reduces the progress of
atherosclerosis and ultimately leads to faster recovery and improved quality of life [25,26]. However,
patients with higher BMI are less likely to demonstrate an improvement in functional efficiency [27].
It is estimated that as many as 36% of first-ever stroke patients can be classified as clinically obese [28].

It has been proven that exercise and physical activity lead to increased metabolism of adipose
tissue [29]. The current study confirmed that following rehabilitation there was a positive change
in the content of FAT% and at the same time a significant increase in FFM% in all of the patients,
which indicate a better return to functional efficiency. Numerous studies support the claim that total
body fat and distribution of adipose tissue play important roles in the incidence of stroke as well as
in the recovery process after stroke [30]. This was shown, for example, by Orsatti et al. in a study
conducted in a group of menopausal women [31]. Importantly, increase in abdominal obesity led
mainly to higher visceral fat, and higher incidence of stroke and cardiovascular disorders in the study
group [32,33]. It has been established that unfavourable body fat distribution increases the likelihood
of extreme obesity and cardiovascular problems. This is particularly visible at BMI 33.0 ± 0.6 kg/m2,
which was confirmed, for example, by a study carried out by You et al. [34]. On the other hand, a study
carried out by Park and Lee showed that comprehensive rehabilitation based on a 12-week weight
reduction program leads directly to a greater loss of visceral fat, accompanied with a decrease in blood
pressure and a decrease in glucose concentration, compared to a total reduction of subcutaneous fat
and body weight by means of regular analysis of BMI, where statistically significant differences were
not observed [35,36]. This problem was also investigated by other researchers who established that
a high level of visceral body fat is of the greatest importance in the incidence of circulatory system
disorders. The authors also assessed the visceral fat content in their research because its elevated level
negatively affects the functioning of organs, and may contribute to the development of atherosclerosis,
which in turn may be one of the causes of ischemic stroke due to insufficient blood flow through the
vessels. Taking into account the patients’ age and sex it was found that this factor was not related to
the psycho-demographic characteristics of the subjects. Presence of central obesity leads to a higher
content of visceral fat; on the other hand, comprehensive weight reduction programs beneficially
affect its level in the body, which is also suggested by the study reported by Staiger et al. [37]. Similar
relationships were observed in our own research. The level of visceral fat after hospital rehabilitation
(Exam II) decreased and its value remained stable up to 3 months after leaving the hospital.

Rehabilitation led to a significant increase in the patients’ muscle mass, which leads to greater
efficiency. Skeletal muscles are considered as the most important effectors of disability after stroke.
Most stroke survivors experience secondary changes in the skeletal muscles, i.e., decreases in muscle
mass and increases in intramuscular fat, which are not beneficial for good functional outcome and
gait independence [38,39]. Taking into account this aspect, regular and early hospital rehabilitation,
and later rehabilitation at home, explains the higher rate of muscle mass increase identified in Exam II
and the fact that it was maintained 12 weeks following discharge from hospital. Increase in muscle
mass in patients with stroke, also observed by other researchers, ultimately contributes to improved
articular mobility and quality of life in subjects after stroke. Therefore, it should be emphasized that
well-planned and interdisciplinary post-stroke rehabilitation should be seen as a one of the main
components of treatment and it leads to significant improvement of physical fitness recovery [40,41].

Another important issue in the prevention and treatment of strokes is body hydration. Chan et al.
showed a significant relationship between water intake and the risk of heart disease. The 6-year research
program took into account 8280 males and 12,017 females and showed that the risk of heart disease
decreased by 41% in women and by 54% in men who drank at least 1.25l of water per day, compared
to those with low water intake (half of the recommended daily water intake). It was concluded that
regular hydration of the body correlates with decreased risk of cardiovascular diseases [42]. The
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level of hydration of the body is equally important in the process of improving and regaining health
after stroke. Research suggests that stroke survivors who are dehydrated may have worse short-term
functional outcomes [43].

Consumption of water is generally regarded as beneficial for health and is recommended to
patients with stroke and obesity or excessive weight. Numerous studies show that increase in water
intake is an effective way to decrease the risk of chronic diseases, and directly leads to body weight
reduction, with simultaneous decrease of body fat [44]. Regular consumption of water leads to lower
energy intake, which contributes to improved fitness of the subjects. It was also observed that if water
is introduced into the diet, total daily energy intake is decreased by 10–13% [45]. Compared to other
fluids, water lacks microelements and does not contribute to insulin release. Anton et al. demonstrated
a faster rate of fat oxidation in people who are physically active and drink water, compared to those
consuming energy drinks, juices or other fluids during low or moderate intensity exercise [46]. One of
the studies reports that fat oxidation in such a situation was nearly 40% greater compared to other
fluids. Similarly, data reported by Vij et al. suggest that water consumption leads to an increased
rate of metabolic processes, contributing to body weight loss, or, as shown by Dennis et al., to its
rapid reduction [47,48]. It can be concluded that sufficiently high water intake is conducive to better
parameters of body mass components and at the same time to better effects of rehabilitation.

BMI alone is not sufficient to assess obesity because BMI does not take into account fat distribution
as a measure of overall obesity. Thus, people with excess body fat cannot be distinguished from people
with high muscle mass. Therefore, a risk estimation associated with obesity will be made in people
with high muscle mass if only BMI is considered [16]. It is necessary to conduct further research
focusing on body mass components including elevated body fat, visceral fat, muscle mass and body
water in connection with the effects of rehabilitation [49].

5. Conclusions

Comprehensive rehabilitation had a positive effect on the decrease of FAT% rate, VFAT level and
FFM% and increase in TBW% and PMM% rates. The level of body mass components achieved as a
result of rehabilitation is sustained for 12 weeks after discharge from hospital.

6. Limitations of this Study

Selected socio-clinical parameters were taken into account in the study. There are more factors,
including environmental factors, that may affect the body mass of the subjects and therapeutic effects.
Among others, these are smoking, nutritional status, chronic comorbidities or pharmacotherapy.
Undoubtedly, these factors should be included in the continuation of research on this topic.
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