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As it is well-known, bodyweight and body mass index (BMI) 
are inadequate markers in elderly population and patients with 
diseases due to changes in body composition [1-5]. In fact, the 
body composition is the determinant of health and also of a 
prognosis [1]. Therefore, assessment of Fat Free Mass (FFM) 
is an object of interest for evaluation of nutritional status in scopes 
of epidemiological, clinical and scientific researches. Low FFM is 
often present in elderly patients with chronic conditions, such as 
COPD [3], chronic heart diseases [4] and cancer [5]. Diagnosis of 
Cachexia is also validly associated with morbidity and mortality. 
It is also important that low FFM is often present in normal and 
overweight populations (“Sarcopenia”) and is associated with poor 
outcomes [2,5]. Therefore, evaluation of body composition is sig-
nificant in different population and morbidity groups; Nevertheless, 
the equipment, necessary for recommended methods (skin-fold an-
thropometry, dual-energey X-ray absorptiometry etc.) is expensive, 
requires competent staff, a good deal of time and therefore, their 
use in clinical settings is limited. Bioelectrical impedance method 
(BIA) is the good alternative owing to high validity, non-invasive-
ness, simplicity and safety [6-10].

BIA is based on conductivity of electrical current via bodily flu-
ids [7]. It is tested on various populations and reference values of 
measurements for different age groups are already accepted. Often, 
they are corrected by height and calculated by FMM index (FFMI; 
FFM/height2); However, there are no sufficient data for patients 
with different diseases; Reference values are not compatible with 
overweight and obese individuals; However, according to WHO 
data, this problem becomes more significant: 35% of general popu-
lation is overweight and 11% - obese. This is also important from 
the viewpoint of “sarcopenic obesity” [11] proportionally connect-
ed with FFMI [12]. In the aspect of body composition, in order to 
devise clinical recommendations, one of the focus groups of mor-
bidity includes patients with chronic heart failure, where excess as 
well as deficiency of fat mass should have an effect on the patients 
outcome and quality of life. The goal of our study was to analyze 
the characteristics of body composition in patients with different 
severities of chronic heart failure. 

Material and methods. Conducted research was prospective 
and observational; 86 patients - consistent with study purposes 
and 30 practically healthy individuals were enrolled. Inclusion 
criteria were presence of the chronic heart failure, desire to par-
ticipate in the study. Every patient was selected from the outpa-
tient department of “New Hospitals” (Tbilisi, Georgia). Verifica-
tion of diagnosis was made based on cardiovascular anamnesis, 
clinical laboratory test data and conclusion of echocardiography 
using standard techniques and an experienced cardiologist eval-
uated the class of HF (according to NYHA). Patients with differ-
ent functional classes of chronic heart failure (NYHAII/III/IV) 
were receiving standard treatment.

For several years prior to inclusion, patients had been treated 
as mentioned above. Since BIA is not sufficiently validated for 
patients with BMI less than 14kg/m2 and more than 36kg/m2 
were not considered for inclusion [2,13]. Another exclusion 
criterion was MI within the past three months, signs of acute 
infectious diseases, autoimmune diseases, renal failure (serum 
creatinine >200 mg/%) and severe hepatic diseases; Patient with 
suspected malignization were not included in the study, either. 

Study protocol was defined in accordance with guidelines of 
ethics committees. Every individual included in the study signed 
the informed consent forms. 

Body weight was measured with 0.1kg accuracy by means of 
balance weight machine. Height of erect body and waist circum-
ferrence measurements were taken in the morning, with accuracy 
of 0.5cm with light clothing. Hip circumferrence was measured at 
the point of the widest circle. Ration of the waist to the hip cir-
cumferrence was calculated as follows: Waist circumferrence(cm)/
Hip circumferrence (cm). BMI was calculated as ratio of the body 
weight to the square of the height. BMI categorization: underweight 
(<18.50 kg/m2), normal weight (<18.50 -24.99 kg/m2), overweight 
(25.00 – 29.99 kg/m2) and obese (>30.00 kg/m2) [2,14]. 

Measurement Of Body Composition with BIA Method. Bio-
electrical impedance was measured by means of BIA 450, BIO-
DYNAMICS (USA) in accordance with standard procedures 
widely accepted in clinical practice: Patient was laid on the 
back, two pairs of sensor pads were placed on patients - One 
pair on right waist and hand another pair on the right leg and 
foot. Generator of the analyzator produced 50kHZ and 800µA 
electrical currency that is transmitted to the skin via adhesive 
electrodes. Prior to the procedure the 70% ethylene solution was 
applied to the skin. Patients followed the instructions in advance 
– not to perform physical excercise, not to consume coffeine and 
not to eat 4 hours prior to procedure; they were allowed to drink 
2-4 cups of water no less than 2 hours prior to the procedure. 

Fat Free Mas was determined by BIA Method. This parameter 
was also calculated using prediction equation based on BIA and 
anthropometric parameters: FFM (kg) = 11.78 + (0.499 x H2/R) 
+ (0.134 x Weight) + (3.449 x gender), where H stands for height 
in cm, R represents resistance in Ω, Weight is measured in kg 
and “gender” equals to 0 for females and 1 - for males (3). FFMI 
equals to the ratio of FFM (kg) to the square of the height; Ratio 
of FMI – FM (kg) to the square of the height.

Echocardiography. Echocardiography was performed by ex-
perienced echocardiographers using the standard techniques. 
The echocardiographic parameters included: left ventricular 
ejection fraction (LVEF); Left ventricular Diastolic Diameter 
(LVDD), Interventricular septum (IVS), Left ventricular poste-
rior wall (LVPW), right ventricular (RV), pulmonary pressure 
(PASP max). All measurements were performed using ultra-
sound systems AplioXG (Toshiba, Japan).

Descriptive statistics of normal distribution is represented by 
means±SD and their dispersion analysis, ANOVA and student 
t-test. For categorical data, and the data that were categorized, 
univariate frequency analysis, as well as bivariate data compara-
tive analysis using Pearson’sχ2, were performed. 

Spearman’s correlation analysis was also performed. For all 
comparisons P<0.05 was considered statistically significant. Statis-
tics were processed using software program (SPSS V.24.0 IBM). 

Results and discussion. 116 individuals, 48 men and 38 
women, were enrolled into the study. They were divided into 
two groups – 86 patients with chronic heart failure and control 
group of 30 practically healthy individuals. Patients with heart 
failure were divided into subgroups of 26/54/6 according to the 
severity of the chronic heart failure (NYHA II/III/IV). General 
characteristics of the study subjects is given in the Table 1. 
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Table 1. anthropometric and bioelectrical impedance data of study subjects
Parameters Patient Control Group

Number (female/male) 86 (38/48) 30 (17/13)

Age 69,85 ±12.4 58.74 ±9.4
Weight, kg 79.99±15.6 80.51±15.2
Body Mass Index (BMI) 28.05±4.3 27.6± 4.3
Underweight, n (%) 2 (1.5%) 1 (1%)
Normal weight, n (%) 27 (20.8%) 6 (17.6%)
Overweight, n (%) 36 (27,7%) 9 (26,5%)
Obesity, n (%) 52 (47.9%) 14 (41.2%)

Fat free mass (FFM) (Lean body mass), kg (BIA method) 52,1±15,4 52,9±13.3

Fat free mass (FFM), kg (prediction equation) 28.55 ±5.1 24.74 ±9.64

Fat free mass index (FFMI), kg/m2 11.9±10.5 8.6±3.3

Fat mass (FM), kg 35,4±18,5 33,2±15.5

Fat mass index (FMI), kg/m2 17.1±29.4 10.1±6.3
Fat mass, % 39.7±13.1 37.8±11.3
Functional class of heart failure (II/III/IV) 26/54/6 0
Arterial hypertension, (%) 84.4% 44.11%

Diabetes Mellitus Type II (%) 23.1% 1 %

Table 2. Body composition data in males and females of control group and patients with chronic heart failure

Parameters
Group Patient Control Group 

Patient Control 
group p1 Female Male p2 Female Male p3

Resistance 588.43
±148.3

590.01
±137.79 0.959 637.16

±160.57 549.82±126.47 0.005** 612.15±97.58 561.05±177.72 0.323

Reactance 66.53
±35.85 90.51±43.62 0.009** 62.95±34.83 69.37±36.71 0.389 88.74±34.79 92.82±54.54 0.805

Lean body 
mass, kg

52.15
±15.45 52.94±13.35 0.801 45.18±13.68 57.68±14.62 0.000 49.1±11.04 57.97±14.83 0.131

Lean body 
mass, %

60.34
±13.1 62.2±11.34 0.485 57.79±14.17 62.35±11.94 0.092 59.45±9.96 65.8±12.41 0.071

Fat Free Mass, 
kg

28.55
±5.1 24.74±9.64 0.034* 24.98±4.52 31.44±3.47 0.000** 22.16±9.69 28.43±8.58 0.060

Fat Free Mass 
Index, kg/m2

11.94
±10.50 8.57±3.29 0.069 10.28±6.48 13.28±12.78 0.165 7.98±3.51 9.41±2.87 0.220

Fat mass,kg 35.36
±18.52 33.19±15.52 0.562 34.13±18.18 36.34±18.91 0.567 35.49±18.39 30.18±10.67 0.363

Fat Mass 
Index, kg/m2

17.09
±29.43 10.12±6,26 0.174 14.63±18.17 19.09±36.15 0.463 10.75±7.36 9.22±4.33 0.492

Body mass 
index (BMI)

30.1
±8.93 28.7±5.13 0.432 28.37±5,47 28.49±4.58 0.101 31,48±10.8 28.95±5.89 0.818

Fat Mass, % 39.66
±13.10 37.80±11.34 0.485 42.21±14.17 37.65±11.94 0.663 40,55±9.96 34.20±12.41 0.358

Waist circum-
ference, cm

116.53
±5.68 95.38±24.56 0.001** 115.12±4.23 89.18±26.01 0.021* 117.68±6.44 102.2±22.14 0.234

Waist circum-
ferrence / Hip 
circumferrence

1.02
±0.04 1.81±0.44 0.000** 1.03±0.05 1.02±0.03 0.085 1.56±0.47 2.01±0.31 0.056

** - correlation is significant at the 0.01 level (2-tailed); * - correlation is significant at the 0.05 level (2-tailed).
P1-Patient/control group; P2- Male/Female; P3- Male/Female control Group
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Table 3. Measurements of body composition in patients with different functional classes of chronic heart failure

Parameters II f.c. III f.c. IV f.c p1 p2 p3

Number of patients 26 54 6    

Phase_angle 6,762 6,502 4,350 ,723 ,046 ,112

Body capacitance pF 631,615 653,704 530,167 ,790 ,503 ,411

Resistance 630,169 574,696 512,083 ,111 ,088 ,349

Reactance 73,681 66,515 39,783 ,423 ,020 ,111

Body cell mass,kg 22,262 24,046 24,117 ,460 ,699 ,984

Body cell mass,% 25,515 27,865 27,167 ,243 ,668 ,837

Extracellular mass,kg 26,750 29,157 35,217 ,238 ,049 ,096

Extracellular mass,% 30,104 33,963 41,000 ,044 ,002 ,066

Lean body mass, kg 48,915 53,204 59,333 ,289 ,209 ,315

Lean body mass, % 55,692 61,828 68,167 ,051 ,032 ,271

Fat_masskg 38,854 34,852 28,000 ,395 ,178 ,419

Fat_mass% 44,308 38,172 31,833 ,051 ,032 ,271

ECM/BCM 1,255 1,280 1,522 ,730 ,065 ,078

Body mass index (BMI) 47,842 42,648 29,633 ,708 ,455 ,586

Basal metabolic rate ,cals 1526,231 1645,204 1851,167 ,347 ,210 ,285

Intracellular water,L 19,973 21,026 21,467 ,535 ,691 ,877

Intracellular water,% 55,608 54,202 47,800 ,497 ,026 ,098

Extracellular water, L 15,765 17,711 23,317 ,177 ,019 ,034

Extracellular water,% 44,392 45,783 52,200 ,502 ,026 ,097

Total body water 35,738 38,737 44,783 ,245 ,151 ,168

Lean Body Mass 73,492 73,548 74,967 ,971 ,675 ,534

Waist circumference, cm 116,577 116,722 118,500 ,919 ,477 ,480

Hip circumference, cm 114,154 114,500 117,667 ,827 ,258 ,241

Waist circumferrence / Hip circumferrence 1,022 1,021 1,008 ,872 ,352 ,518
p1 - i1f.c /iiif.c; p2 - iif.c/ iVf.c; p3- iVf.c/iiif.c

Study showed that in both patients’ and control groups, un-
derweight, as well as overweight individuals are present. also, in 
both groups, obesity, as determined by BMI, is most common. 
Due to differences between male and female body composition 
norms, average group data of the patients’ and control groups 
were studied in subgroups split by gender (Table 2). Table 
shows that groups are not different in BMI, while abdominal 
obesity parameters (waist circumference, Waist/Hip ratio) dif-
fer in patients’ group and this difference is statistically valid. 
These groups also differ in reactance and FFM. There was no 
statistically significant difference between male subgroups of 
patient and control groups; Valid differences in resistance, lean 
body mass and fat free mass (kg) were observed between female 
subgroups. Analysis of body composition characteristics within 
subgroups of different severity of disease (Table 3) revealed that 
functional classes differ by BIA data, including phase angle, 
reactance, extracellular mass (kg), extracellular mass (%), lean 
body mass (%), fat mass (%), intracellular water (L), extracel-
lular water (%) and extracellular water (L).

At first sight, results might seem paradoxical; namely, FFM 
data is higher in patients group compared to control; Also, non-
uniform data of lean body mass (BIA) and FFMI in comparison 
(Patient’s and control group as well as gender groups) groups 

(Table 2) shows, that lean and fat composition of the body is 
affected by age , weight (many studies of reference values are 
based on such approaches) [15,16]. 

BIA has been shown to be more accurate for determining 
leanness or fatness in human [7,17]. BIA provides a more reli-
able measurement of body composition with respect to FFM and 
FM than does BMI, this is also confirmed by our data and is con-
sistent with studies conducted in other population groups [3-5], 
including healthy [18] and including the elderly population [17].

According to the results of our study, reduction of the fat mass 
(%) and increase in lean mass (%) in overweight and obese (I de-
gree) populations does not reflect (according to our data) better 
clinical condition and/or prognosis and should be dependent on 
abnormal hydration in patients with chronic heart failure: Disor-
ders of balance of extracellular/intracellular water during weight 
gain (Table 3). 

The same table reveals that during chronic heart failure, re-
gardless of the hydration status, Reactance (statistically valid), 
resistance and phase angle, believed not to be dependent hydra-
tion status, decrease. The value of the phase angle is reduced 
when compared to the data of the II and IV functional classes 
(P<0.046). Although the biological significance of this value is 
not fully understood, it is known by now that it reflects the mass 
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of body cells and is used as an indicator of nutritional status in 
children and adults. Reduction of this value together with wors-
ening of chronic heart failure, without significant changes in cel-
lular mass, suggests nutritional (presumably cellular nutrition) 
problems. It is also important that this parameter (Phase angle) 
is considered as the best value for assessment of functional sta-
tus of cellular membrane and its low value is associated with a 
high risk of disease. In this case it’s reduction (from second to 
fourth functional classes) represents severity of the disease. 

Finally, analysis of body composition in patients with CHF 
shows that groups of patients with CHF (classified according to 
the severity of the disease) differ in a number of BIA parameters 
that may reflect nutritional status problems (especially at the 
cellular level), including cell membrane function. Phase angle 
decreases shown a high risk of disease exacerbation / severity 
of disease.
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SUMMARY

BIOELECTRICAL IMPENDANCE ANALYSIS OF BODY 
COMPOSITION IN PATIENTS WITH CHRONIC HEART 
FAILURE 

Gulatava N., Tabagari N., Tabagari S.

David Tvildiani Medical University, Tbilisi, Georgia

Evaluation of body composition is important in countries of 
different populations and morbidities. One of the groups of mor-
bidity consists of patients with chronic heart failure, where the 
body fat mass as well as fat-free mass and several other param-
eters are likely to have an impact on severity and/or outcome of 
the disease and patient’s quality of life. 

The purpose of the study was to analyze the parameters of 
body composition in patients with chronic heart failure.

Study included 86 patients, fit for the purpose of the study, 
and 30 practically healthy individuals. 

Body mass and other measurement data (height, waist circum-
ference, hip circumference and waist-to-hip ratio, anthropomet-
ric measurements) were evaluated.

Bioelectrical impedance (BIA) was analyzed by BIA 450, 
BIODYNAMICS (USA) in accordance with standard proce-
dures that are widely accepted. Fat free mass (FFM) was de-
termined by the BIA method. This index was also calculated by 
prediction equation based on BIA and anthropometric param-
eters: FFM (kg) = 11.78 + (0.499 x H2/R) + (0.134 x Weight) + 
(3.449 x gender), where H stands for height in cm, R represents 
resistance in Ω, Weight is measured in kg and “gender” equals 
to 0 for females and 1 - for males (3). FFMI equals to the ratio of 
FFM (kg) to the square of the height; Ratio of FMI – FM (kg) to 
the square of the height. 

Study showed that in both patients’ and control groups, un-
derweight, as well as overweight individuals are present; also, in 
both groups, obesity, as BMI category, is most common. 

Groups (patients vs control) differed in Reactance and FFM 
(kg) (P<0.009). There was no statistically significant difference 
between male subgroups of patient and control groups; Valid 
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differences in resistance, lean body mass and fat free mass (kg) 
were observed between female subgroups. 

Analysis of body composition characteristics in patients with 
chronic heart failure revealed that functional classes of heart 
failure differ in several BIA data, including resistance, Lean 
body mass (kg) and Fat Free Mass (%). 

Keywords: Body compositions, Fat Free Mass, Fat mass, Fat 
Free Mas Index, Fat Mass Index, Bioelectrical impedance meth-
od, Resistance, Reactance, phase angle, CHF, Wrist-Hip Ratio. 

РЕЗЮМЕ

ОЦЕНКА ПОКАЗАТЕЛЕЙ КОМПОЗИЦИИ ТЕЛА МЕ-
ТОДОМ БИОЭЛЕКТРИЧЕСКОГО ИМПЕДАНСА У 
ПАЦИЕНТОВ С ХРОНИЧЕСКОЙ СЕРДЕЧНОЙ НЕ-
ДОСТАТОЧНОСТЬЮ

Гулатава Н.А.,Табагари С.И., Табагари Н.С. 

Медицинский университет им. давида твилдиани, тбилиси, 
грузия

Оценка состава/копозиции тела имеет большое значение 
в разных популяционных средах и при разных заболевани-
ях. Одно из таких заболеваний - это хроническая сердечная 
недостаточность, при которой как жировая масса тела, так 
и свободная от жира, влияют на тяжесть заболевания, каче-
ство жизни и исход заболевания.

Цель исследования оценка состава/композиции тела у паци-
ентов при различной тяжести сердечной недостаточности.

В исследовании участвовали 96 пациентов и 30 практиче-
ски здоровых лиц. 

Масса тела, рост, окружность талии, окружность бедра, 
их соотношение измеряли стандартными методами.

Биоэлектрическое сопротивление рассчитано с исполь-
зованием аппарата BIA 450, BIODYNAMICS (USA) соот-
ветственно стандартным процедурам. Fat Free Mass опреде-
лили BIA методом, рассчитано прогностическое уравнение 
с использованием BIA показателей и антропометрических 
данных: 

FFM (кг) =11.78+(0.499 X H2/R) + (0.134 X масса тела) + 
(3.449 X пол), 

где H - pост в см, R – резистентность в Ω, масса – в кг и 
пол = 0 женский и 1 – мужской. FFMI – рассчитывается как 
соотношение FFM (кг) к росту2; FMI – рассчитывается как 
соотношение FM (кг) к росту2.

Исследование показало, что среди больных хрониче-
ской сердечной недостаточностью и практически здоровых 
встречаются лица как с излишним весом, так и дефицитом 
массы тела. В процентном соотношении в обеих группах 
чаще отмечался избыток массы тела.

Группы (пациенты vs контрольная группа) достоверно 
(p<0.009) отличаются по показателям Reactance и FFM (кг). 
Достоверные различия между женским и мужским полом у не 
обнаружены; среди представителей женского пола выявлены 
достоверные отличия по показателям Resistance, Lean body 
mass (кг) и Fast Free Mass (кг). 

Среди пациентов с хронической сердечной недостаточ-
ностью анализ состава/композиции тела в зависимости от 
тяжести заболевия и функционального класса показал раз-
личия между функциональными классами по показателям 
Resistance, Lean body mass (кг) и Fat Free Mass (%).
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mniSvnelovani gavlena aqvs daavadebis simZimeze, 
cxovrebis xarisxze da gamosavalze.
kvlevis mizans warmoadgenda organizmis kom-

poziciuri maxasiaTeblebis analizi pacientebSi 
gulis qronikuli ukmarisobis sxvadasxva simZim-
iT.
kvlevaSi CarTuli iyo 96 pacienti da 30 praq-

tikulad janmrTeli piri.
sxeulis wonis, simaRlis, welisa da TeZos 

garSemowerilobis, maTi fardobis gamoTvla xde-
boda standartuli meTodebis gamoyenebiT.
bioeleqtruli impedansis gazomva ganxorciel-

da BIA 450, BIODYNAMICS (USA) gamoyenebiT, stan-
dartuli procedurebis Sesabamisad. cximisgan 
Tavisufali masa gansazRvruli iyo BIA meTodiT, 
aseve prognostuli gantolebiT BIA-sa da antro-
pometriuli parametrebze dafuZnebiT: 
cximisgan Tavisufali masa (kg) = 11.78 + (0.499 X 

H2/R) + (0.134 X wona) + (3.449 X sqesze), 
sadac H - simaRle sm-Si, R - rezistentoba Ω - Si, 

wona – kg-ebSi, sqesi = 0 qalebisTvis da 1 – mama-
kacebisTvis. cximisgan Tavisufali masis indeqsi 
(FFMI) gamoTvla ganxorcielda cximisgan Tavisu-
fali masis (kg) fardobiT simaRlis kvadratze; 
cximovani masis indeqsi (FMI) – cximovani masis 
(FM) (kg) fardobiT simaRlis kvadratze.
kvlevam aCvena, rom rogorc pacientTa, ase sa-

kontrolo jgufSi gvxvdeba rogorc wonis na-
klebobiT, ase siWarbiT pirebi; orive jgufSi 
simsuqne, rogorc smi-is kategoria procentulad 
yvelaze xSiria.
jgufebi (pacientTa vs sakontrolo) sarwmunod 

(p<0.009) gansxvavdeba Reactance da FFM (kg) – maCvene-
bliT. pacientTa da sakontrolo jgufis mamaka-
cis qvejgufebs Soris statistikurad sarwmuno 
gansxvaveba ar gamovlinda; qalebi – sarwmunod 
gansxvavdebian rezistansis, Lean body mass (kg) da 
Fast Free Mass (kg) mixedviT.
gqu-iT pacientebSi sxeulis kompoziciuri 

maxasiaTeblebis analizma daavadebis simZimis 
mixedviT ganawilebul jgufebSi aCvena funqci-
uri klasebis gansxvaveba BIA-s iseTi monaceme-
biT, rogoricaa Resistance, Lean body mass(kg) da Fat 
Free Mass (%).


