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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/height?); 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 FEMI [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/TV)
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/m? and more than 36kg/m?
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.
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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/m?), normal weight (<18.50 -24.99 kg/m?), overweight
(25.00 —29.99 kg/m?) and obese (>30.00 kg/m?) [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 S0kHZ and 800pA
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 H%/R)
+(0.134 x Weight) + (3.449 x gender), where H stands for height
in cm, R represents resistance in Q, 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
meansSD 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’sy?, 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/II/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) 52,1154 52,9+13.3
Fat free mass (FFM), kg (prediction equation) 28.5545.1 24.74 £9.64
Fat free mass index (FFMI), kg/m? 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/m? 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

Group Patient Control Group
Parameters
Patient Control pl Female Male p2 Female Male 3
group
. 58843 | 590.01 637.16 "
Resistance Tiaga | im0 | 0959 | ey | 5498212647 | 0.005™ | 612.1597.58 | 561.05£177.72 | 0.323
Reactance 1:6365.5835 90.51+43.62 | 0.009" | 62.95+34.83 | 69.37436.71 | 0.389 | 88.74+34.79 | 92.82+54.54 | 0.805
Lean body 215 1 55 0401335 | 0.801 | 45.18413.68 | 57.68+14.62 | 0.000 | 49.1411.04 | 57.97+14.83 | 0.131
mass, kg +15.45
Lean body 6034 1 0 0i1134 | 0485 | 577941417 | 623541194 | 0092 | 59.45:996 | 65841241 | 0.071
mass, % +13.1
igt Free Mass, 185'515 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
FatFree Mass | 11.94 1 "¢ 571399 | 0069 | 1028648 | 13.28£12.78 | 0.165 | 7.98+3.51 9414287 | 0.220
Index, kg/m? +10.50
Fat mass,kg ;5;562 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 17.09
Index. kg/m? | £29.43 | 10125626 | 0174 | 1463+18.17 | 19.0936.15 | 0.463 | 10.75+7.36 9224433 | 0.492
Body mass 3011 g 7as 13 | 0432 | 28374547 | 28494458 | 0.101 | 3148:10.8 28.95+5.89 | 0.818
index (BMI) 48.93 I : 21, AT : g : T :
Fat Mass, % i3193‘6160 37.80+11.34 | 0485 | 422141417 | 37.65+11.94 | 0.663 | 40,5549.96 | 34.20+12.41 | 0.358
Waist cireum- | 116.33 1 55 30154 56 | 0,001 | 115124423 | 89.18226.01 | 0.021° | 117.6846.44 | 102222.14 | 0.234
ference, cm +5.68
Waist circum- 102
ferrence /Hip | oo | 1814044 | 0.000" | 1.03£0.05 1.0240.03 | 0.085 | 1.56£0.47 201031 | 0.056
circumferrence ’

** _ correlation is significant at the 0.01 level (2-tailed),; * - Correlation is significant at the 0.05 level (2-tailed).
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PI-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 1I f.c. III f.c. IV f.c pl 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 A1l
Resistance 630,169 574,696 512,083 111 ,088 ,349
Reactance 73,681 66,515 39,783 ,423 ,020 11
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 ,601 877
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

p, - 1if.c/lf.c; p,-1lf.c/IVfc; p-1Vfc/llf.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
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(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., TabagariS.
David Tvildiani Medical University, Thilisi, 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 HYR) + (0.134 x Weight) +
(3.449 x gender), where H stands for height in cm, R represents
resistance in Q, 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.

PE3IOME

OIIEHKA MOKA3ATEJIEA KOMITO3UIIUU TEJIA ME-
TOAOM BHOJJIEKTPUYECKOI'O MMIIEJAHCA Y
HAIIMEHTOB C XPOHUYECKOM CEPIEYHOWM HE-
JOCTATOYHOCTBIO

I'ynaraBa H.A.,Tabarapu C.1., Tadarapu H.C.

Meouyunckuu ynusepcumem um. /{asuoa Teunouanu, Tounucu,
I pysus

OreHKa coCcTaBa/KOMO3MILMK Tella UMeeT OOJNBIIOe 3HAYCHHUE
B PasHbBIX MOIYJIAIUOHHBIX CpEAax U IPHU Pa3HBIX 3a00JIeBaHU-
ax. OTHO M3 Takux 3a00JIEBaHUH - 9TO XPOHUYECKAs CepAcUHas
HEZ0CTAaTOYHOCTb, NPU KOTOPOH Kak JKMPOBAasi Macca Teia, TakK
U CBOOOHAS OT KHPa, BIUSIIOT HA TSHKECTh 3a00JICBaHus, Kaue-
CTBO JKU3HU U HCXO 3a00JIeBaHHUSI.

e nccnenoBaHust OlEHKA COCTABa/KOMIIO3UIINHU Tea Yy Maly-
€HTOB IPY Pa3IMYHOMN TSHKECTH CEpACUHON HeIOCTaTOUHOCTH.

B uccnenosannn yuyactsosanu 96 nanuentos u 30 npakTude-
CKH 310POBBIX JIUII.

Macca Tena, pocT, OKpY)KHOCTb TaJlH, OKPY)KHOCTb Oerpa,
UX COOTHOLICHUE UBMEPAIU CTAaHAAPTHBIMU METOAAMU.

Bbuosnekrpuueckoe CONPOTHBICHHE PACCUUTAHO C HCIOJb-
3oBanuem anmapara BIA 450, BIODYNAMICS (USA) coort-
BETCTBEHHO CTaHIAapTHBIM npoueaypam. Fat Free Mass onpeze-
munu BIA metonom, paccunTaHoO IPOrHOCTUYECKOE YPaBHEHUE
¢ ucnonbs3zoBaHueM BIA nokasaresneif u aHTPOIOMETPUYECKUX
JAHHBIX:

FFM (xr) =11.78+(0.499 X H*R) + (0.134 X macca tena) +
(3.449 X nom),

rae H - poct B cM, R — pesucrenTHoCTh B 2, Macca — B KI' U
non = 0 xeHckuif u 1 — myxckoit. FFMI — paccunteiBaercst kak
cootHouenne FFM (kr) k pocry?; FMI — paccuntsiBaercsi Kak
cootHouenne FM (kr) k pocty?.

HccnenoBanue Mmokasano, 4YTO Cpead OOJBHBIX XPOHHUYEC-
CKOH Cep/ieuHON HeJOCTaTOYHOCTBIO U MPAKTHYECKH 310POBBIX
BCTPEHAIOTCA JIMIAa KaK C M3JIMIIHUM BECOM, TaK U )le(bl/lLlPlTOM
Macchbl Teja. B MPOLEHTHOM COOTHOIICHHWH B 00EMX IpymIax
Jaie 0TMEYaJICsi U30BITOK MacChl Tela.

T'pynme! (mammeHTbl VS KOHTPOJBHAs TIPyIa) JOCTOBEPHO
(p<0.009) ommmuarorcst o nokasarensim Reactance u FFM (kr).
)IOCTOBeprle pasimniusg MEXAY KEHCKUM U MY>KCKUM I10JIOM y HE
OOHapY)KeHBI; CPEIH TPEICTABUTENICH KEHCKOTO I0JIa BBISBICHBI
JIOCTOBEpHBbIE OTIMYMs MO ToKasareiasMm Resistance, Lean body
mass (kr) u Fast Free Mass (k).

Cpeny NanMeHTOB ¢ XPOHUYECKOH CepIeYHON HemoCcTaTou-
HOCTBIO aHAJIU3 COCTABa/KOMITO3MIMU TENa B 3aBUCHMOCTH OT
TSDKeCTH 3a0051eBUsI ¥ (DyHKIMOHAIBHOIO KJlacca MoKasaj pas-
JIMYust MKy (byHKLU/IOHaIIbeIMI/I KJIacCaMu II0 ITOKa3aTeiisiM
Resistance, Lean body mass (xr) u Fat Free Mass (%).
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350 39dm( gHommdols, Jomo Bodmdol gsdmmgas bog-
dmes bAsbps®@gmo dgmmegdols godmygbgdom.

d0mga 9B gmo 033gsblol gobmdgs aobbmmdzogen-
©s> BIA 450, BIODYNAMICS (USA) godmyggbgdom, bEsb-
©OA Yo 30mEgeYegdol  Jgbodsdolbow. (3bodoliysb
mogolbyggsamo dobs goblsbmgdygao ogm BIA dgmmwonm,
obggg 3MmabmlRgmmo asbGmagdom BIA-Ls ©o sbG@M-
3039300 3oM0dgBMgdby ogqdbgdom:

3bodoligob mogolygemo dobs (3g) = 1178 + (0499 X
H2/R) + (0.134 X §obo) + (3449 X Uqlby),

oo H- Lodswang 13-30,R - @9boliggb@mds Q - Jo,
Fmbs — 33-9090, bdgbo = 0 Joangdologol s 1 — dsdo-
359%0bmgol. 3bodolysb msegolygsmmo dobol 0bpgdbo
(FFMI) g08mmngams aobbmdogamos 3bodolysb msgoliy-
gogo dobol (gp) BoOmdom Lodomeol jgo0@s@d by;
3bodmgsbo dsbols 0bwgdbo (FMI) — 3bodmgsbo dsbols
(FM) (33) 8o0©mdoon Lodsmeol 33s0@s@by.

33209359 obggbs, MM @Mym® (3 35309bHMs, sbg Lo-
30bBGOm@mm xanado agbgogds Gmam®ig [mbol be-
3 gdmdom, sbg Loko@dom 30Mgdo; mMogg Xa9ndo
Lodbydbg, dmam® G bdo-ol 3o@dgam®os 3Om396@ o
43900y bdodos.

NA9BI00 (353096Hms Vs Logmb@@manm) Lo {dybmw
(p<0.009) 356Lbgsgogds Reactance wos FFM (3g) — dohggbg-
danom. 3530963 ms s Logmb@®mam xagxols 35dsgo-
3oL J3axaax90L dodol LEsGobBoggdoe Lom{dygbem
3oblbgoggds o® godmgmobos; Joggdo — Lo®@{dgbmw
3obLbgogogdosh @gboli@eblols, Lean body mass (gp) o
Fast Free Mass (3p) dobgogoo.

ada-0m 3530960 9ddo  Lbgygaol  3md3mbozog@o
dobobosmgdangdol sboemobds @oogowgdols Loddodol
dobgrgom yobofomgdyge xp989odo shggbs Babjgo-
@00 ganslgool asblbgsggds BIA-L olgmo dmboigdg-
bom, Gmam@oiss Resistance, Lean body mass(kg) oo Fat
Free Mass (%).



