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1. INTRODUCTION   

Stroke is a clinical syndrome characterized by

a rapid onset of focal neurological signs with un-

derlying vascular causes. It results from many dif-

ferent disease processes; 80% is ischemic and 20%

is due to cerebral hemorrhage [1]. Due to advance-

ments in medical technology, the number of deaths

from stroke has fallen. However, many stroke pa-

tients are left with severe disabilities, including

hemiplegia, language impairment, communication

disorders, cognitive impairment, and emotional

disorders [2]. In particular, hemiparesis is charac-

terized by weakness on one side of the body,

whereas hemiplegia is the paralysis of one side of

the body [3]. Individuals with hemiparesis might

not be able to move one of their arms, or may feel

tingling or other unusual sensations on one side
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of the body. Those with paralysis may retain some

sensation, and the paralysis degree can change

over time. One of the most common problems after

a stroke is limb dysfunction, which severely re-

duces the quality of life because it affects the nor-

mal bodily function and activities of daily living [4].

In addition, the following clinical results are con-

sidered as closely related to strokes. Muscle tissue

wasting and functional changes are frequently ob-

served in stroke patients, but this has not been

thoroughly studied [5]. Nutritional disorders (e.g.,

obesity, or malnutrition) were observed in about

one-third of the individuals the year following a

stroke [6]. In particular, hemiparetic strokes may

lead to secondary muscle atrophy and specific

changes in metabolic and contractile capacity [7].

Given the above mentioned post-stroke disabilities,

stroke patients often receive long-term re-

habilitation, such as rehabilitation medicine treat-

ments and physical therapy [8].

Bioimpedance techniques have advanced sub-

stantially in recent years due to availability of sim-

ple-to-use analyzers and simplified measurement

protocols. The method has been well validated and

increasingly adopted in nutritional and clinical

practice [9]. The use of more simple and inex-

pensive bioelectrical impedance analysis (BIA) has

become more and more popular [10]. Other advan-

tages of BIA include its ease of use, relatively in-

expensiveness, and universality, as it can be per-

formed on subjects in a wide range of age and body

shape [11].

In this study, resistance (R), lean mass (LM),

fat mass (FM), extracellular water (ECW), intra-

cellular water (ICW), R/LM relation, and basal

metrbolic rate (BMR)/LM was utilized to evaluate

the body composition variations in the paretic and

non-paretic regions of 38 stroke patients (7 males,

31 females) with cerebral infarction.

2. THEORY

The concept of impedance Z is related to the flow

obstruction of an alternating current. Z is depend-

ent on the frequency of the applied current.

Impedance Z can be represented by its magnitude

|Z| and phase angle θ, as shown in Eq. (1)–(3)

and illustrated in Fig. 1. Likewise, bioelectrical im-

pedance is a complex quantity composed of resist-

ance R, which is caused by the total body water,

and reactance Xc, which is caused by the cell

membrane capacitance [12]:

Z = R + jXc. (1)

Resistance (R) is the real part of impedance;

hence, an object with purely resistive impedance

exhibits no phase shift between voltage and

current. In BIA, resistance reflects the hydration

status in the body:

R = Z|cosθ                            (2)

Reactance (Xc) is the imaginary part of im-

pedance; hence, an object with finite reactance in-

duces a phase shift (90°) between its voltage and

current components. In BIA, reactance reflects the

muscle mass in the body.

Xc = Z|sinθ                            (3)

The physical implication of complex impedance

is the phase shift between the steady-state current

and the applied voltage [13].

Resistance and reactance together determine the

magnitude and phase angle of the impedance, with

Fig. 1. Diagram showing the concept of a complex im-

pedance. Z is impedance, |Z | is the magnitude 

of the impedance, R is the resistance, Xc is the 

reactance, and θ is the phase angle.    
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the former given by

    
 (4)

In phaser diagram as shown in Fig. 1, the angle

between the resistance and the reactance is the

phase angle of the source voltage V with respect

to the current I; that is the angle by which the

source voltage leads the current.

From the diagram in Fig. 1, we have

tan  


(5)

  tan  


 (6)

Capacitance affects the current flow, and it can

stop the flow when a capacitive object is com-

pletely charged. When an AC voltage is applied,

the root mean square (RMS) value of the current

is limited by the capacitance. For purely capacitive

impedance in AC, the RMS current value, I, in a

circuit with capacitance C is determined by the

Ohm's law as

  


(7)

where V is the RMS voltage value and im-

pedance  is defined as

 


(8)

with  being the capacitive reactance (i.e., the

capacitor acts to resist the current flow) in ohms,

which is inversely proportional to both capacitance

C and frequency f [14].

Bioimpedance analysis has been shown to be

more precise for determining LM or FM in humans

[15]. Compared to body mass index (BMI), an-

thropometry and skin fold methods, BIA provides

reliable results in the estimation of fatness (FM)

across human tissues when assessing body tissue

obesity [16].

Kyle et al. [17] developed equation (9) for pre-

dicting LM, using 343 normal subjects aged from

22 to 94 years old, with BMI between 17.0 and 33.8

kg/m2 in reference to dual-energy X-ray absorpti-

ometry (DXA) method:

 

 (9)

where  is body height,  and  is resistance

and reactance at 50 kHz,  is body weight, and

 is 1 for male and 0 for female.

Heitmann [18] compared three body composition

methods (BMI, skinfolds and BIA) among 139

healthy subjects aged from 35 to 65 years old:

  

 (10)

where  is 1 for male and 0 for female.

Body fluid is the total volume of fluids inside

a human body that represents the majority of the

LM volume percentage. Total body water (TBW)

includes the fluids inside the cellular mass known

as intracellular water (ICW); and the fluid located

outside the cell body which is composed of plasma

and interstitial fluid which is known as ex-

tracellular water (ECW). ECW and ICW fluids that

are incorporated under TBW, contain several ion

types with different concentrations, however the

main ions in ECW are Na+and Cl−, and for ICW

are K+and PO−4 [19].

Multifrequency BIA has been proposed to im-

prove the accuracy of TBW, ECW and ICW

estimation. Deurenberg et al. [20] used MF-BIA to

predict TBW using  .

   

 (11)

where  is impedance at 100 kHz and  is 1

for male and 0 for female.

For ECW and ICW estimation using single fre-

quency-BIA, a few studies performed were based

on measurement of bioimpedance in 50 kHz fre-

quency.

  

 (12)
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where  is resistance at 1 kHz,  is 1 for

healthy and 0 for diseased, and  is 1 for male

and 0 for female.

ICW is obtained by subtracting ECW from TBW

as follows:

  (13)

Basal metabolic rate (BMR) is the number of

calories metabolized at rest during 24 hours and

is the key to effective weight management. For a

typical patient, BMR accounts for more than ninety

percent of their total daily expenditure - more than

ninety percent of calories are burned while the pa-

tient is at rest. BMR is determined by LM since

only fat-free mass metabolizes. The formula is a

simple one - the larger a patient’s LM, the greater

the rate of caloric expenditure. The equation used

by the analyzer to predict BMR, based upon Grande

and Keys [21], is as follows:

  × (14)

3. METHOD

3.1 Subject

The subjects were 38 patients with cerebral in-

farction patients (7 males and 31 females) hospi-

talized in three long-term care hospitals. Table 1

lists general information (age, height, mass, and

time since cerebral infarction) and BMI of 38

subjects. BMI was 22.6±2.5 kg/m2 for 7 males, and

22.1±2.8 kg/m2 for 31 females, which was com-

parable to the reference category (22 to 23 kg/m2)

[22]. The time since cerebral infarction represents

the elapsed time between the stroke diagnosis and

the impedance measurements performed in this

study.

3.2 Measurement of bioelectrical impedance and 

body composition 

Whole-body bioelectrical impedance is most

commonly used to estimate the body compartments.

In addition, the assessment of body composition is

considered a key factor to determine a person's

general health status. For this study, the body

composition variations were measured using a bio-

electrical impedance spectroscopy device (Multi

Scan 5000, Bodystat Ltd., Isle of Man, UK) accord-

ing to the recommendations of the Technical

Assessment provided by the National Institutes of

Health. In addition, bioelectrical impedance meas-

urements were performed at three long-term hos-

pitals in Korea, from November 26th, 2015 to

November 10th, 2017. Prior to their participation in

this study, the purpose and method of this study

was explained to the subjects, and their written

consents were obtained. The study was approved

on April, 20, 2017 by IRB of the Yangsan Pusan

National University Hospital (Number: 03-2017-

005, Title: correlation between body composition,

bioelectrical impedance, motor function and activ-

ities of daily living (ADL) in stroke patients with

hemiplegia using bioelectrical impedance spectro-

scopy).

The bioelectrical impedance and the body com-

position were measured using BIS. The subjects

were in a comfortable supine position for at least

5 minutes before starting the experiment. Before

attaching the electrodes, their locations were

cleaned with an alcohol swab. Four outer electro-

des (Bodystat 0525, Bodystat Ltd., Isle of Man,

UK) were attached to the subject's hands and feet,

while the four inner electrodes were attached to the

Table 1. Anthropometric characteristics: age, height, 

mass, BMI, and time since cerebral infarction 

of 38  subjects with cerebral infarction.

Characteristic 7 Males 31 Females

Age [years] 75.6±5.1 75.4±10.3

Height [cm] 166.2±5.1 158.6±3.8

Mass [kg] 64.5±6.3 55.3±7.9

BMI [kg/m2] 22.6±2.5 22.1±2.8

Time since cerebral

infarction [months]
51.3±18.5 36.4±15.1

Legend: BMI was calculated as the mass [kg] divided

by the squared height [m2].
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ankles and wrists as shown in Fig. 2. In order to

prevent the interfacial effect between the electro-

des, the distance between the external electrodes

and the internal electrodes should be at least 7 cm.

Second, the electrodes were connected to the de-

vice via a sensor cable, after they were secured

in the correct positions. While allowing an alter-

nating current of 800 μA to flow through the body

(outer pair of electrodes), the voltage in the body

(inner pair of electrodes) was measured using the

bioelectrical impedance spectroscopy.

3.3 Flow chart of research process 

Fig. 3 is a flow chart illustrating the process of

measuring bioimpedance and body composition in

this study. After attaching the electrode to the arm

and leg of the patient described in 3.2 and connect-

ing it to the electrode part of the BIS using a cable,

in the process of initializing the BIS, the subject's

name, birth date, height, weight, gender, waist, hip,

and physical activity are entered as shown in the

screen on the left. The measurement region of bio-

impedance and body composition for each subject

is set as shown in the screen on the top right. The

measurement site has whole body, left/right arms,

and left/right legs. The bioimpedance and the body

composition are measured. At this time, the subject

should be in a comfortable position with his/her

arms slightly apart from his/her body and legs

open. Bioimpedance measurements appear as

shown on the right center screen. Impedance, re-

sistance, reactance, and phase angle for each

wavelength are obtained. Body composition meas-

urements appear as shown on the lower right

screen. Total body water (TBW), extracellular

water (ECW), intracellular water (ICW), lean mass

(LM), fat mass (FM), basal metabolic rate (BMR)

are obtained. The measured BIS data (bioimpe-

dance and body composition) are transferred to the

PC using Wi-Fi. The transmitted BIS measure-

ment data are analyzed using Excel 2016 (Micro-

soft Corporation, Redmond, Washington, USA) and

OriginPro 9.0.0 (OriginLab Corporation, Northamp-

ton, Massachusetts, USA) program.

4. RESULTS AND DISCUSSION

4.1 The resistance (R) in the paretic and non- 

paretic regions 

Table 2 shows the median and standard devia-

tion of the resistance at seven frequencies in the

paretic and non-paretic regions of 7 male subjects

and 31 female subjects. P_M indicates the paretic

region of male subjects, NP_M indicates the non-

paretic region of male subjects, P_F indicates the

paretic region of female subjects, and NP_F in-

dicates the non-paretic region of female subjects.

Resistance in female subjects was higher than that

in male subjects. This is because females have less

lean mass (LM) than males. In addition, the resist-

ance in the paretic regions was higher than that

in the non-paretic regions. This indicates that the

muscle mass and total body water (TBW) are fur-

ther reduced in the paretic regions than in the

non-paretic regions. At 50 kHz, for male subjects,

the resistance in the paretic region increased by

5.6% over the resistance in the non-paretic region.

For female subjects, the resistance in the paretic

region increased by 4.6% over the non-paretic

region.

Fig. 2. Eight cutaneous electrodes were attached to the 

wrists and the ankles of patient with cerebral in-

farction while they were in a supine position on 

a nonconductive surface.
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4.2 Body composition in the paretic and non- 

paretic regions 

Lean mass (LM) is the total amount of non-fat

tissues and organs in the body, and it consists of

approximately 73% water, 20% protein, 6% miner-

al, and 1% ash. LM contains almost all the body’s

water, metabolically active tissues, and bone. There-

fore, LM is the source of all caloric expenditure.

The loss of muscle mass after a stroke is expected

to accompany weight loss, and a reduction of LM

is associated with increased mortality, poor clinical

outcomes, and impaired quality of life [23]. Fur-

thermore, an accelerated tissue wasting due to the

combined effects of insufficient nutritional supply,

Fig. 3. Flow chart of body composition and impedance parameter measurements using BIS (Multiscan 5000).

Table 2. Mean and standard deviations of resistance (R) measured in paretic and non-paretic regions for 7 male 

and 31 females

P_M NP_M P_F NP_F

5kHz 635.5±97.1 609.3±94.5 693.8±105.0 669.2±103.5

10kHz 631.2±97.1 604.7±95.0 687.7±103.9 662.3±103.2

50kHz 597.0±98.4 565.2±100.0 642.3±97.2 614.3±97.6

100kHz 577.1±98.1 546.1±101.1 622.4±94.8 591.7±96.0

200kHz 559.2±97.4 526.2±100.1 602.8±92.6 567.8±91.2

300kHz 550.2±96.1 521.0±101.4 591.6±89.9 558.7±86.2

500kHz 537.0±91.9 501.4±96.2 578.1±87.8 542.7±86.9
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catabolic activation, and anabolic failure may occur

in stroke patients [24].

Fig. 4 shows LM (47.5±8.0 kg in the paretic re-

gions, 50.2±7.0 kg in the non-paretic regions) of

males and that (34.5±6.0 kg in the paretic regions,

35.9±6.2 kg in the non-paretic regions) of 38

females. LM was lower in the paretic regions than

in the non-paretic regions of all study subjects. For

male subjects with cerebral infarction, LM in the

paretic regions was 5.9% lower than that in the

non-paretic regions. Likewise, for female subjects

with cerebral infarction, LM in the paretic regions

was 3.9% lower than that in the non-paretic region.

Fat mass (FM) corresponds to all lipids ex-

tractable from adipose and other tissues in the

body and consists of subcutaneous fat and visceral

fat. Subcutaneous fat is located just underneath the

skin and serves as energy reserve and insulation

against outside cold. Visceral fat is located deeper

within the body and serves also as energy reserve

and to guarantee some distance between adjacent

organs. Hence, we all need a certain amount of

body fat, which depends on age, gender, and phys-

ical condition. Variations in FM among the pop-

ulation reference values are attributed to several

factors, but are believed to follow from aging and

gradual changes in lifestyle [25].

Fig. 5 shows FM in the paretic and non-paretic

regions of 38 subjects with cerebral infarction. FM

in females was higher than that in males, and FM

in paretic regions was also higher than that in

non-paretic regions. FM in male subjects was 16.5

±3.7 kg and 15.1±4.9 kg in the paretic and non-pa-

retic regions, while FM in female subjects was 22.1

±4.6 kg and 20.4±4.4 kg in paretic and non-paretic

regions. FM in the paretic regions of females was

33.9% higher than that in the paretic regions of

males. Long-term muscle changes such as loss of

muscle mass, reduction in cross-sectional area of

muscle fibers, and increased intramuscular fat

have been reported to occur between 3 weeks and

6 months after stroke in both paralyzed and non-

paralyzed limbs [24, 26]. The subjects showed a

higher fat content in the paretic region than in the

non-paretic region, possibly because they lost mo-

tor function. In fact, FM increase was also ob-

served in other diseases where the body move-

ments are compromised. For instance, Azevedo et

al. classified patients with chronic spinal cord in-

jury into four groups according to both the injury

level (i.e., paraplegia or tetraplegia) and physical

activity (i.e., active or inactive) [27]. The tetraple-

gic and inactive group showed higher FM values,

even reaching obesity levels.

Fig. 4. Lean mass (LM) in paretic and non-paretic re-

gions for male and female subjects. LM in females 

was lower than that in males and LM in the paretic 

regions was lower (5.9% for males, 3.9% for fe-

males) than that in the non-paretic regions.

Fig. 5. FM in paretic and non-paretic regions for male 

and female subjects. FM in female subjects was 

higher than that in male subjects and FM in the 

paretic regions was higher than that in the non- 

paretic regions. 
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Extracellular water (ECW) consists of inter-

stitial fluid (ISF), plasma water, and transcellular

water. This is a measure of the amount of water

outside the cells. ECW stores some nutrients and

helps remove waste from inside the cell. Typically,

43% of the body’'s water should be outside the cell

and 57% should be inside the cell.

Fig. 6 shows ECW content in the paretic and

non-paretic regions of male and female subjects.

For males, ECW was 17.1±2.2 L in the paretic re-

gions and 16.9±2.0 L in the non-paretic region,

which was higher than 12.7±1.6 L in the paretic

regions and 12.5±1.8 L in the non-paretic region

of females. ECW in male subjects was higher

(34.6% in the paretic regions, 35.2% in the non-pa-

retic regions) than that in female subjects, but

there was no significant difference between para-

lysis and non-paralysis.

Intracellular Water (ICW) is a measure of the

amount of water inside the cell. Healthy cells

maintain their integrity and hold their fluid to

maintain water soluble nutrients such as vitamins

B and C. The optimum amount of water in the cell

depends on sex, age, and body condition [28]. For

normal healthy adults, ICW is 22.9-25.0 L with an

optimal value of 23.4 L. A low ICW reading may

be caused by many factors, including dehydration,

nutritional imbalances, hormonal imbalances, or

toxicity.

Fig. 7 shows ICW in the paretic and non-paretic

regions of male and female subjects. For male sub-

jects, ICW was 15.1±3.4 L in the paretic regions

and 18.4±2.6 L in the non-paretic region, which

was significantly higher than 11.5±3.2 L in the pa-

retic regions and 13.1±3.1 L in the non-paretic re-

gion of females. ICW in male subjects was higher

(31.3% in the paretic regions, 40.5% in the non-pa-

retic regions) than that in female subjects. In addi-

tion, ICW in the paretic regions decreased (21.9%

in males, 13.9% in females) compared with ICW

in the non-paretic regions. Low ICW (15.1±3.4 L

in males, 11.5±3.2 L in females) in the paretic re-

gions was significantly lower than the known val-

ues (22.9-25.0 L) [29], indicating severe dehy-

dration and nutritional and hormonal imbalance in

the paretic regions of stroke patients. This reduc-

tion in ICW appears to be associated with a de-

crease in muscle mass due to lack of exercise in

the paretic regions.

Fig. 8 shows the relationship between resistance

(R) and lean mass (LM) in the paretic and non-pa-

retic regions of male and female subjects. Resis-

tance is inversely related to lean mass. The male

subjects are mainly distributed in the right lower

side with high mass and low resistance, and the

female subjects are distributed in the upper left

Fig. 7. ICW in paretic and non-paretic regions for male 

and females. ICW in the paretic regions was lower 

(21.9% in males, 13.9% in females) than that in 

the non-paretic regions.

Fig. 6. ECW in paretic and non-paretic regions for male 

and female subjects. ECW in female was lower 

than that in male, but there was no significant dif-

ference between paralysis and non-paralysis.  
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with low mass and high resistance. The paretic re-

gions are generally located below the non-paretic

regions. The higher resistance in the paretic re-

gions compared to the non-paretic regions in Table

2 reflects the fact that the paretic regions are in

a state of reduced LM.

Fig. 8. The relationship between R and LM in paretic and 

non-paretic regions for male and female subjects. 

The male subjects are mainly distributed in the 

right lower side with high mass and low resistance, 

and the female subjects are distributed in the upper 

left with low mass and high resistance.

Basal metabolic rate (BMR) is the daily rate of

energy (calories) the body needs to sustain basic

life support functions [30]. These basic functions

include circulation, respiration, cell production, nu-

trient breathing, protein synthesis and ion trans-

port. For a typical person, BMR accounts for more

than 90% of the total daily expenditure, i.e., more

than 90% of the calories are consumed while the

person is at rest. High LM implies an increased

rate of caloric expenditure. Hence, one of the main

benefits of exercise is the maintenance of LM level.

In contrast, dieting alone may cause a reduction

in LM and reduce the body's ability to burn calo-

ries [22].

Fig. 9 shows the relation between BMR and LM

obtained from the paretic and non-paretic regions

of male and female subjects. The paretic and non-

paretic regions of all subjects well satisfied with

the linear relationship (slope: 22.2 kcal/day/kg) be-

tween BMR and LM. This value is significantly

lower to basal metabolic rate and body composition

of patients with femoral neck fractures and control

group by using bioelectrical impedance analysis:

LM and BMR of the control group were 47.2±9.8

[kg] and 1490.8±281.9 [kg], while LM and BMR of

the patients were 44.0±8.0 [kg] and 1373.2±250.2

[kg] [31]. Male subjects and female subjects are

mainly distributed in the lower left and the upper

right, respectively. In Fig. 3, LM of male subjects

was significantly higher (37.7% in paretic regions,

39.8% in non-paretic regions) than that of female

subjects. LM in paretic regions was lower 5.9% for

males, 3.9% for females) than that in non-paretic

regions. Stefano Lazzer et al. reported that gender

in obese studies was a significant determinant of

BMR in a children and adolescents but not in adults

[32]. However, in studies of patients with cerebral

infarction, differences in the muscles of male and

female subjects are the major contributer to BMR.

Fig. 9. Relationship between BMR and LM in the  paretic 

and non-paretic regions of 7 male and 31 female 

subjects with cerebral infarction. BMR is propor-

tional to LM (slope: 22.2 [kcal/day/kg]).

4.3 DISCUSSION

Long-term muscle changes such as a loss in

muscle mass, a reduction of fiber cross-sectional

area, and an increase in intramuscular fat deposi-

tion have been reported to occur between 3 weeks

and 6 months after stroke in both paretic and
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non-paretic upper extremity [24, 26]. Therefore,

appropriate stroke rehabilitation is needed in a

timely manner (within 3-6 months) for stroke

patients. Hence, non-invasive measurements are

essential for easy assessment of paralysis and

non-paralysis in stroke patients according to re-

habilitation therapy. Measurement of post-stroke

rehabilitation has become increasingly important

with the advent of new treatment options in stroke

rehabilitation studies. For example, the Fugl-

Meyer scale was developed as the first quantitative

assessment tool to measure stroke recovery in

stroke patients [33]. In addition, among patients

who had a stroke within 3-9 months, restraint-in-

duced exercise therapy resulted in statistically sig-

nificant and clinically relevant improvements in

arm motor function lasting at least one year [34].

However, these methods are subjective in assess-

ing body function in the paralysis caused by stroke,

and takes a lot of time and labor to test. On the

other hand, evaluating paretic and non-paretic re-

gions in stroke patients with cerebral infarction

using BIA is a simple, non-invasive approach that

provides a easy way to obtain muscle function as

well as body composition [35, 36].

5. CONCLUSION

In this study, resistance and body composition

were evaluated quantitatively in paretic and non-

paretic regions of cerebral infarction patients clas-

sified as male and female using impedance. On the

other hand, the evaluation of the patients with cer-

ebral infarction performed in the existing physical

and occupational therapy is subjective and requires

much time and skilled labor for the test. However,

evaluating paralysis and paralysis in patients with

cerebral infarction using BIA could easily obtain

useful information on body function from various

impedance parameters and changes in body

composition. The limitation of this study is as

follows. Impedance characteristics can be quanti-

tatively distinguished in a more reliable manner

when impedance measurements are performed

over a long period of time in subjects classified as

age and disease causes in rehabilitation therapy.

REFERENCE

[ 1 ] H.S. Markus, “Stroke: Causes and Clinical

Features,” Medicine, Vol. 32, No. 10, pp. 57-

61, 2004.

[ 2 ] H.J. Jun, K.J. Kim, I.A. Chun, and O.K. Moon,

“The Relationship between Stroke Patients’

Socio-Economic Conditions and Their Quality

of Life: The 2010 Korean Community Health

Survey,” Journal Physical Therapy Science,

Vol. 27, No. 3, pp. 781-784, 2015.

[ 3 ] G. Chen, C. Patten, D.H. Kothari, and F.E.

Zajac, “Gait Differences between Individuals

with Post-stroke Hemiparesis and Non-dis-

abled Controls at Matched Speeds,” Gait and

Posture, Vol. 22, No. 1, pp. 51-56, 2005.

[ 4 ] G. Kwakkel and B. Kollen, “Predicting Impro-

vement in the Upper Paretic Limb After

Stroke: A Longitudinal Prospective Study,”

Restorative Neurology and Neuroscience,

Vol. 25, No. 5-6, pp. 453-460, 2007.

[ 5 ] M. Knops, C.G. Werner, N. Scherbakov, J.

Fiebach, J.P. Dreier, A. Meisel, et al., “Investi-

gation of Changes in Body Composition,

Metabolic Profile and Skeletal Muscle Func-

tional Capacity in Ischemic Stroke Patients:

The Rationale and Design of the Body Size

in Stroke Study,” Journal of Cachexia Sarco-

penia Muscle, Vol. 4, No. 3, pp. 199-207, 2013.

[ 6 ] B. Vahlberg, L. Zetterberg, B. Lindmark, K.

Hellstrom, and T. Cederholm, “Functional Per-

formance, Nutritional Status, and Body Com-

position in Ambulant community-dwelling

Individuals 1-3 Years After Suffering from a

Cerebral Infarction or Intracerebral Bleeding,”

BioMed Central Geriatrics, Vol. 16, pp. 48,

2016.

[ 7 ] M. Zamboni, G. Mazzali, F. Fantin, A. Rossi,

and V.D. Francesco, “Sarcopenic Obesity. A



733Body Composition Variations for Cerebral Infarction Patients Classified as Male and Female in Long-term Care Hospitals

New Category of Obesity in the Elderly,”

Nutrition, Metabolism and Cardiovascular

Diseases, Vol. 18, No. 5, pp. 388-395, 2008.

[ 8 ] K.H. Cho and W.H. Lee, “Effects of Inpatient

Rehabilitation on Functional Recovery of

Stroke Patients: A Comparison of Chronic

Stroke Patients with and without Cognitive

Impairment,” Journal Physical Therapy Sci-

ence, Vol. 24, No. 3, pp. 245-248, 2012.

[ 9 ] L.C. Ward, “Segmental Bioelectrical Impedance

Analysis: An Update,” Clinical Nutrition and

Metabolic Care, Vol. 15, No. 5, pp. 424-429,

2012.

[10] A. Bosy-Westphal, B. Jensen, W. Braun, M.

Pourhassan, D. Galagher, and M.M.J. Müller,

“Quantification of Whole-body and Segmental

Skeletal Muscle Mass using Phase-sensitive

8-electrode Medical Bioelectrical Impedance

Devices,” European Journal of Clinical Nutri-

tion, Vol. 71, No. 9, pp. 1061-1067, 2017.

[11] E. Völgyi, F.A. Tylavsky, A. Lyytikäinen, H.

Suominen, M. Alén, and S. Cheng, “Assessing

Body Composition with DXA and Bioimpe-

dance: Effects of Obesity, Physical Activity,

and Age,” Obesity, Vol. 16, No. 3, pp. 700-705,

2008.

[12] U.G. Kyle, I. Bosaeus, A.D. De Lorenzo, P.

Deurenberg, M. Elia, J.M. Gómez, et al.,

“Bioelectrical Impedance Analysis - Part 1:

Review of Principles and Methods,” Clinical

Nutrition, Vol. 23, No. 5, pp. 1226-1243, 2004.

[13] R.K. Wangsness, Electromagnetic Fields,

John Wiley and Sons Incorporated, USA, 1986.

[14] P.P. Urone, College Physics, Brooks/Cole, USA,

2001.

[15] G.M. Chertow, J.M. Lazarus, N.L. Lew, L. Ma,

and E.G. Lowrie, “Development of a Popula-

tion-Specific Regression Equation to Estimate

Total Body Water in Hemodialysis Patients,”

Kidney Int, Vol. 51, pp. 1578-1582, 1997.

[16] L.C. Ward, J.M. Dyer, N.M. Byrne, K.K.

Sharpe, and A.P. Hills, “Validation of a Three-

Frequency Bioimpedance Spectroscopic Method

for Body Composition Analysis,” Nutrition,

Vol. 23, pp. 657-664, 2007.

[17] U.G. Kyle, L. Genton, L. Karsegard, D.O.

Slosman, and C. Pichard, “Single Prediction

Equation for Bioelectrical Impedance Analysis

in Adults Aged 20–94 Years,” Nutrition, Vol.

17, pp. 248-253, 2001.

[18] B.L. Heitmann, “Evaluation of Body Fat Esti-

mated from Body Mass Index, Skinfolds and

Impedance. A Comparative Study,” European

Journal of Clinical Nutrition, Vol. 44, pp. 831-

837, 1990.

[19] M. Olde, P. Deurenberg, R. Jansen, M. Hof,

and W. Hoefnagels, “Validation of Multi-

Frequency Bioelectrical Impedance Analysis

in Detecting Changes in Fluid Balance of

Geriatric Patients,” Journal of American

Geriatrics Society, Vol. 45, No. 11, pp. 1345-

1351, 1997.

[20] P. Deurenberg, A. Tagliabue, and F.J. Schout-

en, “Multi-Frequency Impedance for the

Prediction of Extracellular Water and Total

Body Water," British Journal of Nutrition,

Vol. 73, pp. 349-358, 1995.

[21] F. Grande and A. Keys, https://www. biody

ncorp.com/knowledgebase/310/bmr.html.

(accessed April, 23, 2018).

[22] Y.M. Song, J.H. Sung, G.D. Smith, and S.

Ebrahim, “Body Mass Index and Ischemic and

Hemorrhagic Stroke: A Prospective Study in

Korean Men," Stroke, Vol. 35, No. 4, pp. 831-

836, 2004.

[23] R. Thibault and C. Pichard, “The Evaluation

of Body Composition: A Useful Tool for

Clinical Practice,” Annals of Nutrition and

Metabolism, Vol. 60, No. 1, pp. 6-16, 2012.

[24] L. Jørgensen and B.K. Jacobsen, “Changes in

Muscle Mass, Fat Mass, and Bone Mineral

Content in the Legs After Stroke: A 1 Year

Prospective Study,” Bone, Vol. 28, No. 6, pp.

655-659, 2001.



734 JOURNAL OF KOREA MULTIMEDIA SOCIETY, VOL. 21, NO. 6, JUNE 2018

[25] U.G. Kyle, L. Genton, D.O. Slosman, and C.

Pichard, “Fat-free and Fat Mass Percentiles

in 5225 Healthy Subjects Aged 15 to 98 Years,”

Nutrition, Vol. 17, No. 7-8, pp. 534-541, 2001.

[26] N. Scherbakov, S. von Haehling, S.D. Anker,

U. Dirnagl, and W. Doehner, “Stroke Induced

Sarcopenia: Muscle Wasting and Disability

After Stroke,” International Journal of Cardi-

ology, Vol. 170, No. 2, pp. 89-94, 2013.

[27] E. Azevedo, K.C. Alonso, and A. Cliquet Jr,

“Body Composition Assessment by Bioelec-

trical Impedance Analysis and Body Mass

Index in Individuals with Chronic Spinal Cord

Injury,” Journal of Electrical Bioimpedance,

Vol. 7, pp. 2-5, 2016.

[28] C. Pichard, U.G Kyle, A. Morabia, A. Perrier,

B. Vermeulen, and P. Unger, “Nutritional

Assessment: Lean Body Mass Depletion at

Hospital Admission is Associated with an

Increased Length of Stay,” American Journal

of Clinical Nutrition, Vol. 79, No. 4, pp. 613-

618, 2004.

[29] A. De Lorenzo, N. Candeloro, A. Andreoli, and

P. Deurenberg, "Determination of Intracellular

Water by Multifrequency Bioelectrical Impe-

dance", Annals of Nutrition and Metabolism,

Vol. 39, No. 3, pp. 177-184, 1995.

[30] C.J.K. Henry, “Basal Metabolic Rate Studies

in Humans: Measurement,” Public Health

Nutrition, Vol. 8, No. 7A, pp. 1133-1152, 2005.

[31] M.A. Altay, C. Ertürk, C. Sert, F. Oncel, Felat

Oncel, and U.E. Işıkan, “Bioelectrical Impe-

dance Analysis of Basal Metabolic Rate and

Body Composition of Patients with Femoral

Neck Fractures versus Controls,” Eklem

Hastalıkları ve Cerrahisi, Vol. 23, No. 2, pp.

77-81, 2012.

[32] S. Lazzer, G. Bedogni, C.L. Lafortuna, N.

Marazzi, C. Busti, R. Galli, et al., “Relationship

Between Basal Metabolic Rate, Gender, Age,

and Body Composition in 8,780 White Obese

Subjects,” Obesity, Vol. 18, No. 1, pp. 71-78,

2010.

[33] D.J. Gladstone, C.J. Danells, and S.E. Black,

“The Fugl-Meyer Assessment of Motor

Recovery After Stroke: A Critical Review of

Its Measurement Properties,” Neurorehabil-

itation and Neural Repair, Vol. 16, No. 3, pp.

232-240, 2002.

[34] S.L. Wolf, C.J. Winstein, J.P. Miller, E. Taub,

G. Uswatte, D. Morris, et al., “Effect of Con-

straint-Induced Movement Therapy on Upper

Extremity Function 3 to 9 Months After

Stroke: The Excite Randomized Clinical Trial,”

The Journal of American Medical Associa-

tion, Vol. 17, pp. 2095-2104, 2006.

[35] C.U. Yoo, J.H. Kim, Y.A. Yang, J.S. Lee, and

G.R. Jeon, “Bioelectrical Impedance Analysis

for Severe Stroke Patients with Upper Ex-

tremity Hemiplegia,” Journal Physical Therapy

Science, Vol. 28, No. 10, pp. 2708-2712, 2016.

[36] C.U. Yoo, J.H. Kim, Y.J. Hwang, G.H. Kim,

Y.I. Shin, and G.R. Jeon, “Comparison of

Impedance Parameters and Occupational

Therapy Evaluation in the Paretic and Non-

paretic Upper Extremity of Hemiplegic Stroke

Patients", J ournal of Korea Multimedia

Society, Vol. 20, No. 12, pp. 1980-1991, 2017.



735Body Composition Variations for Cerebral Infarction Patients Classified as Male and Female in Long-term Care Hospitals

Yoo Chan-uk

He received B.S. from Inje Uni-

versity, Korea, in 2006, and M.S.

degree from Yonsei University,

2008, respectively, and Ph. D

degree from Inje University,

Korea, 2016. He is currently pro-

fessor of occupational therapy at

Hanlyo University and has deep interest in Bioelectri-

cal impedance analysis and Cognitive rehabilitation,

etc. He has been serving as a lecturer at the Korea

Safety Promotion Association from 2012, and also as

a lecturer in dementia education at National Insurance

Corporation from 2013.

Hwang Youngjun

He received a bachelor's degree

from Pusan National University,

Korea, 2017. He is in the mas-

ter's degree in dept. of medical

science, Pusan National Univer-

sity, Yangsan, Korea.

Kim Gunho

He received a bachelor's degree

from Pusan National University,

Korea, 2017. He is in the mas-

ter's degree in dept. of medical

science, Pusan National Univer-

sity, Yangsan, Korea.

Eun Joo Hahn

She graduated from Yonsei Uni-

versity in Seoul, Korea with a

B.S. in Physics 1978. And she

also received her M.S. and Ph.D.

degree from the Physics Depar-

tment at Graduate School of the

same University in 1978 and

1987, respectively. She has been a professor at the fac-

ulty of electronic materials engineering in the Univer-

sity of Suwon since 1988. Her major is Mӧssbauer
spectroscopy and physical properties of magnetic

materials.

Jeon Gyerok

He received B.S. and M.S. de-

gree from Pusan National Uni-

versity, Korea, 1978 and 1982,

respectively. And doctor degree

from Donga University Korea,

1993. He is currently professor

at department of biomedical en-

gineering, school of medicine, Busan National Univer-

sity, and working at Busan national university Yang-

san hospital. His major is biomedical signal processing

and biomedical measurement system.

Kim Jaehyung

He received B.S. and M. S. de-

gree from Pusan National Uni-

versity, Korea, in 1979 and 1981,

respectively, and Ph. D degree

from Kyungnam University,

Korea, in 1992. He was visiting

scientist at Liquid Crystal Insti-

tute of Kent State University, USA in 1993, and visit-

ing professor at Physics Department of Portland State

University, USA, in 2003. He is currently researcher

at Research Institute of Nursing Science, Pusan Natio-

nal University and has deep interest in bioelectrical

impedance, electro-dermal activity, and electrical

stimulator, etc.


