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Abstract: Introduction: Direct parameters resistance (R), reactance (Xc), phase angle (PA), capacitance
of membrane (Cm), and impedance ratio (Z200/Z25)) determined by bioelectrical impedance analysis
(BIA) detect changes in tissue electrical properties and have been found to be a marker of cell membrane
function in various diseases. Materials and Method: The cross-sectional study was conducted to
investigate whether direct bioimpedance parameters differ in a group of heart failure (HF) patients
divided on the basis of the New York Heart Association (NYHA) functional classes I-II and ITII-IV.
BIA was evaluated in 100 patients with HF treated in Clinic of Cardiology and Internal Medicine,
Department of Cardiology, Military Hospital, Lublin. Results: In men, lower PA values (p = 0.01),
Xc (p < 0.01), Cm (p = 0.02), and higher values of the Z200/Z5 ratio (p < 0.01) were observed in patients
classified into NYHA groups III and IV in comparison to those with lower stages of disease. Similar
correlations were noted in women (only Cm differences were insignificant). In addition, in men,
C-Reactive Protein (CRP) correlated negatively with PA (p < 0.01), Xc (p < 0.01), and Cm (p < 0.01)
and positively with the Z200/Z5 index (p < 0.01). There were no similar correlations observed in
women. Conclusion: Patients with advanced CHF have altered electrical values. Changes in electrical
values may directly reflect tissues as well as the whole-body condition.

Keywords: chronic heart failure (CHF); bioelectrical impedance analysis (BIA); electrical changes;
phase angle (PA)

1. Introduction

The electrical properties of altered cells (like cancer cells or cells changed by the inflammatory
process) are different than in the normal tissues. Cells of the body possess electrical mechanisms and
use electricity to regulate and control the transduction of chemical energy and other life processes.
The electrical changes may precede biochemical disorders and, thus, also clinical symptoms of many
diseases [1,2].

Chronic heart failure (CHF) involved 1% to 2% of the adult population in developed countries.
This percentage increases in the group above 70 years old and is estimated to be over 10% [3].

The most common symptoms of CHF are associated with fluid retention and are the following:
dyspnea, orthopnea, decreased exercise tolerance, and gravitational edema. Less characteristic
symptoms such as tachycardia, palpitations, weight gain, dizziness, and depression are difficult
to assess especially in elderly patients with chronic lung diseases and other chronic diseases [3].

The severity of symptoms helps doctors to make decisions about further therapy, especially
invasive treatment. Many factors related with poor prognosis have been taken into consideration
in patients with CHE. However, the risk assessment with their use remains very limited. Studies

Medicina 2019, 55, 484; d0i:10.3390/medicina55080484 www.mdpi.com/journal/medicina


http://www.mdpi.com/journal/medicina
http://www.mdpi.com
https://orcid.org/0000-0001-7399-8340
http://www.mdpi.com/1010-660X/55/8/484?type=check_update&version=1
http://dx.doi.org/10.3390/medicina55080484
http://www.mdpi.com/journal/medicina

Medicina 2019, 55, 484 20f12

evaluating many different prognostic models showed only their moderate usefulness in the assessment
of prognosis in patients with CHF [4,5]. CHF is well known to be an heterogenous syndrome in
which an inflammatory process plays a great role, especially in the disease progression, severity,
and prognosis. Inflammatory cytokines participate in CHF pathophysiology in many ways, which
leads to hyperthrophy, fibrosis, and impaired cardiac contractility [6].

Bioelectrical impedance analysis (BIA) evaluates body properties e.g., impedance (Z), reactance
(Xc), and resistance (R) at different frequencies (5, 10, 50, and 500 kHz) by recording voltage change in
the applied current [7].

Another phase angle (PA) is determined on the basis of the R and Xc values obtained by BIA,
according to the formula PA = arc tangent Xc/R [8]. The PA is considered to be an indicator of the cell
condition and it closely correlates with the cellular mass of the body (BCM) [9]. The value of the PA
depends on the integrity of cell membranes and the electric potential difference on both sides. As the
higher value of the PA, than the cells” function is better. Furthermore, the value of this parameter
reflects the efficiency of energy processes and proteolysis, which indicates the patient’s well-being.
The studies carried out so far have allowed us to determine population norms for the PA. For healthy
adults, itis 5-7°, and the value below 5° may indicate malnutrition [9]. However, all clinical data should
be taken into consideration because many diseases may alter the PA value. The PA is a diagnostic
and prognostic parameter in many chronic diseases [10-16]. The standard frequencies used for BIVA
(Bioelectrical impedance vector analysis) include 5, 50, 100, and 200 kHz. The additional parameter
is the whole-body impedance ratio at 200 kHz to 5 kHz (Z200/Z5), which is served as an indicator
of water distribution. In the current studies, close correlation of the ratio Z200/Z5 with the higher
functional class of New York Heart Association (NYHA) symptoms has been demonstrated [17].

A further parameter, which is derived from BIA, is capacitance of the membrane (Cm). The Cm
is considered to be a physical quantity equal to the ratio of charge collected on the conductor to
the potential of the conductor [18]. BIA is a well-established tool of objective evaluation of body
composition and, thus, nutritional status in different diseases such as cancer [19-22]. The utility of
these tools has been assessed by their ability to predict different clinical outcomes such as: treatment
response, complications, quality of life (QoL), and survival [22,23]. Many BIA parameters were
compared between each other to evaluate the ability of prediction of different clinical outcomes,
but only few evaluate the ability to predict overall survival [4].

In all chronic inflammation diseases, the parameter that is assessed is C-Reactive Protein (CRP).
The level of CRP correlates with many chronic and acute diseases. In patients with acute and CHFE,
CRP concentrations changed without infection and its concentrations may be a prognostic marker [24].

In the Polish population, there are no studies evaluating electrical parameters derived from BIA
in patients with CHEF. This prospective study was conducted to investigate the difference in selected
electrical parameters in those patients with correlation to the inflammatory status.

2. Materials and Methods

All procedures performed in studies involving human participants were in accordance with
the ethical standards of the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards. The study project was
accepted by the Research Ethics Committee of the Medical University of Lublin, Poland (consent no.:
KE-0254/64/2017). Written informed consent to participate in the study was obtained from all patients.
This article does not contain any studies with animals performed by any of the authors. Informed
consent was obtained from all individual participants included in the study.

The study group consists of 100 patients with CHF divided on the basis of New York Heart
Association (NYHA) functional classes I-1I and III-IV. All patients were treated at the Clinic of
Cardiology and Internal Medicine, Department of Cardiology, Military Hospital, Lublin, Poland
between January 2017 and January 2018. Study enrollment criteria: (a) at least 18 years old, (b) obtain
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of informed consent before study entry, (c) lack of metallic implants, (d) the presence of all limbs,
and (e) the absence of the cardioverter or defibrillator.

2.1. Outcome Measures

In all patients, data evaluation, including: demographic (sex, age), clinical (NYHA stage),
laboratory (CRP), and BIA measurements (PA, Xc, R, Cm, Z200/Z5) was performed. Every time prior
to consultation, a physician reviewed the patient’s medical record and verified any change in patient’s
weight. BIA was conducted using ImpediMed bioimpedance analysis SFB7 Biolmp v1.55 (PinkenbaQld
4008, Australia). During BIA, patients were lying supine and their legs and arms were not touching
the torso. All measurements were performed on the patients’ right side. The four-surface standard
tetra polar electrodes technique on the foot and hand was used. R and Xc were measured three times
in each patient (mean values were than calculated), directly in (2 at 50 kHz. Cm and PA, Z5, and 2200
values were automatically obtained from the equipment. The Z200/Z5 ratio was calculated.

2.2. Statistical Analysis

The statistical calculations were performed using Statistica 13 PL (StatSoft, Palo Alto, CA, USA)
and MedCalc 15.8 (MedCalc Software, Ostend, Belgium) computer software. The difference was
considered to be statistically significant if p < 0.05. Continuous variables such as PA50, Xc50, R50,
7200/25, Cm, and CRP were compared according to NYHA functional classes I-II and III-1V of CHF
using the non-parametric U test-Manna-Whitney test. Correlation of this type of variable was assessed
using the Spearman rank correlation test.

3. Results

In the study group, there was 44 women and 56 men. Median age of patients was 73 years. Both in
men and in women, most patients had 3rd degree (according to NYHA scale) of CHF (30.4% and
36.4%, respectively). Mean value of Body Mass Index (BMI) and weight indicate that most patients
were overweight (BMI: 29.2 + 5.9, weight: 81.9 + 17.1 kg). Baseline characteristics of the study group
was presented in Table 1.

Table 1. Baseline characteristic of patients with chronic heart failure.

Factor Study Group (n = 100) p-Value
Gender Male Female

56 (56%) 44 (44%)
Age (years) B .
Me (min-max) + SD 70.5 (43-109) £ 13.91 77 (27-95) + 11.24 0.08
NYHA stage
I 13 (23.2%) 9 (20.5%) 0.45
I 15 (26.8%) 15 (34.1%)
I 17 (30.4%) 16 (36.4%)
v 11 (19.6%) 4(9.1%)
Weight (kg) Mean + SD 84.60 + 16.51 78.25 +17.19 0.07
BMI Mean + SD 28.61 + 5.34 29.81 + 6.60 0.34
CRP (mg/L) Mean + SD 16.06 + 22.34 14.72 £ 25.93 0.61

Me, Median, SD, standard deviation;, NYHA, New York Heart Association; BMI, body mass index; CRP,
C-reactive protein.
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In the men, significantly lower PA values (p = 0.01, Figure 1A) and Xc (p < 0.01, Figure 1B) were
observed in patients classified into NYHA groups III and IV compared to those with lower stages of
disease (I and II). Similarly, lower Cm values were noted in patients with higher stages of disease
(IIT and IV: p = 0.02, Figure 1C). However, significantly higher values of the Z200/Z5 index were
observed in patients with higher stages of disease (IIl and IV: p < 0.01, Figure 1D). Detailed data on the
comparison between electrical measurements obtained on the basis of BIA depending on the severity
of chronic HF in men was presented in Table 2. Similarly, in the women, significantly lower PA values
(p = 0.02, Figure 2A) and Xc (p = 0.03, Figure 2B) were observed in patients classified into NYHA
groups IIl and IV as compared to those with lower stages of disease (I and II). However, significantly
higher values of the Z200/Z5 ratio were observed in patients with higher stages of disease (IIl and IV:
p = 0.02, Figure 2C). Detailed data on the comparison between electrical measurements obtained on
the basis of BIA depending on the severity of CHF in women was presented in Table 3. Moreover,
in men, CRP correlated significantly with PA (p < 0.01, Figure 3A), Xc (p < 0.01, Figure 3B), and Cm
(p < 0.01, Figure 3C). A positive correlation with this factor was observed only in the case of Z200/Z5
ratio (p < 0.01, Figure 3D). In women, CRP significantly correlated negatively only with BMI (p = 0.01,
Figure 4A) and body weight (p < 0.01, Figure 4B). Detailed data on the correlation between CRP and
other studied factors was presented in Table 4.
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Figure 1. Differences in the values of electrical parameters obtained from BIA depending on the severity
of chronic heart failure according to NYHA scale in men. (A) Differences between phase angle at
50 kHz (PA), (B) reactance at 50 kHz (Xc), (C) capacitance of membrane (Cm) and (D) impedance ratio
(Z200/25) depending on the severity of chronic heart failure according to New York Heart Association
(NYHA) scale in men.
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Table 2. Differences in electrical parameters obtained on the basis of Bioelectrical Impedance Analysis
(BIA) depending on the severity of chronic heart failure according to the New York Heart Association
(NYHA) scale in men.

NYHA I-II NYHA III-IV

Variable Me (min-max) Me (min—-max) p-Value
phi50 (° at 50 kHz) 4.49 (2.80-7.19) 2.95 (1.50-6.65) 0.01
Xc50 () at 50 kHz) 39. (22.87-63.44) 23.17 (9.39-59.55) <0.01
R50 (Q) at 50 kHz) 480.31 (363.22-480.31) 419.43 (286.75-662.30) 0.09
Z200/Z5 (ratio at 50 and 200 kHz) 0.83 (0.75-0.88) 0.89 (0.75-0.94) <0.01
Cm (1 uF/cm?) 1.57 (0.77-3.61) 0.92 (0.38-3.61) 0.02

Me—Median; phi50, Phase angle at 50 kHz; Xc50, Reactance at 50 kH; R50, resistance at 50 kHz; Z200/Z5, Impedance
ratio (at 200 and 5 kHz); Cm, capacitance of membrane.
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Figure 2. Differences in the values of electrical parameters obtained from BIA depending on the severity
of chronic heart failure according to the NYHA scale in women. (A) Differences between phase angle at
50 kHz (PA). (B) reactance at 50 kHz (Xc). (C) impedance ratio (Z200/Z5). depending on the severity of
chronic heart failure according to the New York Heart Association (NYHA) scale in women.

Table 3. Differences in electrical parameters obtained on the basis of bioelectrical impedance analysis
(BIA) depending on the severity of chronic heart failure according to the New York Heart Association
(NYHA) scale in women.

NYHA I-II (0) NYHA III-IV (1)

Variable Me (min-max) Me (min-max) p-Value
phi50 (° at 50 kHz) 4.27 (2.83-6.65) 3.56 (1.06—4.98) 0.02
Xc50 (2 at 50 kHz) 36.37 (16.08-65.97) 30.54 (4.83—40.61) 0.03
R50 () at 50 kHz) 472.02 (309.11-673.90) 457.4273 (261.64-606.39) 0.17
Z200/Z5 (ratio at 50 and 200 kHz) 0.89 (0.75-0.89) 0.86 (0.82-0.93) 0.02
Cm (1 uF/cm?) 1.42 (0.54-3.61) 1.14 (0.71-1.98) 0.16

Me—Median.
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Figure 3. Correlation between CRP and electrical parameters obtained from BIA in men. (A) Correlation
between C-reactive protein (CRP) and phase angle at 50 kHz (PA) in men. (B) reactance at 50 kHz (Xc)
in men. (C) capacitance of membrane (Cm) in men. (D) impedance ratio (Z200/Z5) in men.
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Figure 4. Correlation between C-reactive protein (CRP) and body mass index (BMI) (A) as well as with

body weight (B) in women.
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Table 4. Correlation between C-reactive protein (CRP) and electrical and body composition parameters.

CRP

Variable Men Women

Rho Rho
p-Value p-Value
Phase angle (ph) 50 (°) p_<0.0§gl p_:obl,;
Resistance (R) 50 (2 at 50 kHz) p—:0.01. il ; 0201083
Reactance (Xc) 50 (2 at 50 kHz) p_<0.0§gl p_zobl_go
Capacitance of membrane (Cm) (1 uF/cm?) p_<0é 81 P 2.%)?14
Impedance ratio Z 200/Z5 (at 50 and 200 kHz) p 2'2%01 p 3%.291
Total body water (TBW) (in liters) ; 02006;9) p_:Obz.AZLS
Total body water (TBW%) p 2%?11 p 2.?)?01
Extracellular fluid (ECF) (in liters) ) :0-02'23 p—:O.OZg1
Extracellular fluid (ECF%) p 2%?01 P 2%%85
Intracellular fluid (ICF) (in liters) p—=0.02.39 p—=062;4
Intracellular fluid (ICF%) p_<065.31 p;069§5
Fat mass (FM) (in kg) p_zobz,i p_<065.81
Fat mass (FM%) p—=0.02g1 p;oé&
Fat free mass (FFM) (in kg) p_:O.O(??O p_:Oi)Z;LZ%
Fat free mass (FFM%) p g'%fn p 2%?01
Albumin (ALB) (in g/dL) p—<0.51. 81 p;%l,§5
Body mass index (BMI) (kg/mz) p;061.4216 p_=0i)4.81
Body weight (in kg) p—:()bl. 24 p_<065.(1)1

4. Discussion

In recent decades, heart failure (HF) is still a growing problem. HF is a chronic, progressive
process and is often the consequence of most heart diseases. It is characterized by high morbidity,
mortality, and frequent exacerbations requiring hospitalization [17]. This is paradoxically due to the
greater possibilities of pharmacological and surgical treatment of ischemic heart disease, more effective
treatment of valvulopathy, and prolonged survival of patients [25]. The incidence of HF increases
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rapidly with age. It is a health problem that affects not only patients but also their families and the
health care system. The highest costs are generated by hospitalizations related to exacerbations and
rehospitalizations, which concern almost half of patients with HF [26]. For this reason, new methods
should be sought to predict the risk of exacerbation in patients with CHF in a non-invasive, objective,
and easily understandable manner. Symptoms of HF are mainly caused by fluid retention in the body.
It is caused by renin-angiotensin-aldosterone (RAA) activation, which aims to restore homeostasis
in the body. The negative effect of RAA activation is poor remodeling of the heart, water retention,
and electrolyte disturbances [27]. There is increasing evidence that body composition should be
considered as a systemic marker of disease severity in CHF [17,28]. Moreover, there is a lot of evidence
in the current literature that pro-inflammatory cytokines and CRP are a prognostic factor in CHF [29,30].

For a long time, it has been known that the electrical properties of patients with CHF cells are
different than the electrical properties of the healthy man [9,17]. Based on this information, we postulate
new cell condition markers among patients with CHF. BIA can be the method of choice in diagnostic of
CHF because it is easy, repeatable, and non-invasive. Increased fluid retention changes the electrical
properties of cells, which can be monitored with BIA [9,17]. BIA evaluates body properties such as
resistance (R) and reactance (Xc) by recording a voltage drop in applied current. BIA has also been
recognized as an important tool in the objective evaluation of body composition and nutritional status
in many diseases including cancer. BIA parameters differ by many factors. From measured R and Xc
values, various body compartments can be assessed by use of specific prediction equations that are
based on model assumptions, and that, in general, are population-specific, age-specific, sex-specific,
fatness-specific, and disease-specific [11].

The first parameter of BIA that we assessed was the PA. As we previously mentioned, the PA
is a parameter indicating the health of cells and its higher value indicates better cell functioning.
It was found that PA is a prognostic marker in several clinical conditions, such as the cirrhosis, human
immunodeficiency virus infection, chronic obstructive pulmonary disease (COPD), hemodialysis,
sepsis, and cancer [10-16]. The PA as an independent prognostic factor in CHF has not been determined
but the lower value is associated with a worse NYHA class, more frequent anemia, and thyroid disease
in these patients [31,32]. In our study, we observed a decrease in the value of the PA with the higher
stage in the NYHA classification.

In comparison, in 2011, Colin-Ramirez et al., retrospectively, examined 389 patients with HF and
the end point was death for any reason. Due to the PA values, patients were classified according to
quartiles into four groups ((1) PA < 4.2°, (2) PA 4.2-4.9°, (3) PA 5.0-5.6°, and (4) PA > 5.7°). They found
that patients below the lowest quartile of PA (<4.2°) had decreased mean BMI, handgrip strength,
and hemoglobin values and a larger proportion of patients in NYHA functional class III and renal
failure. Colin-Ramirez et al. showed better survival of patients in the group of the highest quartiles of
PA (>5.7°) and shorter survival as the PA decreases. The value of the PA <4.2° was an independent
predictor of mortality (relative risk 3.08, 95% CI: 1.06-8.99) in comparison with PA 5.7° [33].

In another study, Martinez et al. studied 243 patients with HF (140 with systolic dysfunction (HFS)
and 103 with preserved systolic function (HFPSF)) and comparing them according to the functional
NYHA class. In both groups, HEFS and HFPSEF, the PA was significantly lower in patients in NYHA
MI-IV than NYHA I-1I (4.8 vs. 5.8° in men and 4.2 vs. 4.9° in women) [17].

The significance of the PA was also studied in COPD. In 2018, Blasio et al. in a prospective study
examined a group of 263 patients (185 men, 78 women). They discovered that patients with diagnosed
malnutrition had significantly lower PA values as compared to those with a normal nutritional status
(median: 4.69 and 4.87°). The PA values were the lowest in malnourished patients with advanced
severe inflammation (PA =4.11°) (p < 0.05). Similar observations were noted in patients with current
sarcopenia. Median PA for patients without sarcopenia 4.90 and 4.66° with sarcopenia and 4.29° with
severe sarcopenia (p < 0.05) [34].

The importance of the PA was also studied in liver disease. In 2018, Bering et al. examined
135 patients (68 men and 67 women) with hepatitis C. They studied the nutritional status of patients
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using the Subjective Global Assessment (SGA) scale for the risk of developing cirrhosis. A low PA
value was associated with high risk of developing liver cirrhosis (OR = 3.92, p < 0.01) and high risk of
malnutrition (OR = 5.52, p = 0.05) [35].

According to the study, Olivier et al. carried out a prospective study on a group of 58 hemodialyzed
patients (28 men and 30 women). They discovered that the PA negatively correlates with the SGA
score and positively with the albumin level, percent of standard body weight, arm circumference,
and body fat mass (BFM) [36]. Moreover, in 2003, Mushnick et al. examined 48 patients with peritoneal
dialysis. They found that patients with PA greater than 6 degrees had a better prognosis of two years’
survival [37].

The studies we mentioned above suggest PA to be a valuable marker and prognostic factor in
various diseases changing electrical and functional properties, including HF.

Similarly, changes in PA value and lower Xc values were observed in patients classified into
NYHA groups III and IV (p < 0.01) compared with lower stages of disease. Similar conclusions in
our study were achieved in 2007 by Martinez et al. They observed significantly lower values of Xc in
NYHA III-IV group regardless of sex and age [17].

An additional parameter that can be determined using bioimpedance is Cm. The Cm is a physical
quantity equal to the ratio of charge collected on the conductor to the potential of the conductor.
The Cm describes the measure of the oscillating current that is caused by the flow of electric ions across
the cell membrane [19]. So far, no work has been created to determine diagnostic and prognostic
values of this parameter in CHFE. In our study, lower Cm values were observed in patients in the NYHA
functional class III-IV and observed to increase in NYHA functional class I-II (p = 0.02). However,
the differences were observed only in men. Although it needs further studies, Cm can be regarded as
another remarkable CHF marker despite PA.

Malecka-Massalska et al. examined a cohort of 75 stage IIIB and IV head and neck cancer (HNC)
patients. This prospective study assessed the effect of Cm value on survival patients suffering from
malnutrition and the well-nourished (According to Subjective Global Assessment Scale, SGA) adult
patients with HNC. A significantly higher median Cm was observed in well-fed patients (n = 45)
compared to poorly nourished (1 = 30) (1.41 vs. 1.01 1 uF/cm?, p < 0.01). A lower Cm below the level
of 0.743 was associated with a significantly higher risk of OS shortening than in other patients (12.1
and 43.4 months respectively. HR = 8.47, 95% CI: 2.91-24.66; x? =15.38, p < 0.01) [8].

The next parameter we specified was Z200/Z5. This is a parameter of water distribution and
values closer to 1.00, which are indicative of a significantly deteriorating cellular function. In our
study, the impedance ratio Z200/Z5 is higher in the NYHA III-IV. Similar results have been achieved by
Martinez et al. in the study we mentioned above. They found that the NYHA III-IV group had a greater
ratio Z200/Z5 both in men (group of 51 patients with HFPSF and 82 patients with HFS) and women
(group of 52 patients with HFPSF and 58 patients with HFS) (women 0.85 NYHA III-IV versus 0.82
NYHA I-II, men 0.83 versus 0.80, p < 0.01) [17]. Itobi et al. also studied the impedance ratio Z200/Z5.
They observed 38 patients (21 men and 17 women) for the occurrence of edema after major abdominal
surgery and reported that the ratio Z200/Z5 was higher in those patients who develop edema than
in patients without (0.81/0.03 in group with edema versus 0.80/0.02 in group without, p = 0.01) [36].
The Z200/Z5 can be especially an important marker of fluid retention and an early marker of HF
exacerbation and allow for an appropriate intensification of pharmacological treatment and avoid
future hospitalization.

In addition to our study, the results of BIA were referred to CRP. As we have already mentioned,
CRP is a prognostic factor in HF, which plenty of evidence in the available literature supports [29,30].
Our results show that in men, CRP negatively correlates with PA (p < 0.01), Xc (p < 0.01), and Cm
(p <0.01) and positively correlates with the Z200/Z5 ratio (p < 0.01). In women, CRP correlates
negatively with BMI and body weight (p < 0.01). In our study, CRP correlated only with BIA
parameters in men. The reason might be the number of patients, which was the study limitation.
Usually, CRP correlates with the inflammation state, which is also the background of malnutrition,
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especially when chronic. We expected to observe the correlation of CRP and BIA parameters in both
groups (men and women).

This is one of the first studies addressing this problem in the Polish population. Initially,
we examined only a small population of patients (100 patients) with CHF hospitalized in a single
specialized department. Further research is necessary to determine cut-off points of the main parameters
and define groups of patients at the risk of exacerbation. It seems that, due to the repetitive and
non-invasive method, that BIA will be able to assess the risk and predict an exacerbation in patients
with CHF, which will reduce the number of hospitalizations and the cost of treatment of patients
with CHE

5. Conclusions

Patients with advanced CHF have altered electrical values. Regardless of the gender, patients
with advanced CHF have lower PA and Xc values and higher Z200/Z5 ratios. Cm values are lower in
advanced disease only in men. In men, CRP negatively correlates with PA, Xc, and Cm. Moreover,
CRP positively correlates with the Z200/Z5 ratio. In women, CRP correlates negatively with BMI and
body weight. Therefore, observed in patients, changes in electrical values may directly reflect tissues
as well as the whole-body condition. BIA parameters can be, therefore, regarded as CHF deterioration
markers although it needs further studies.

Author Contributions: Data curation, A.S.-D. and A.J.-M.; Writing-review & editing, G.S., RM., LH.-M.
and T.M.-M.

Funding: This research received no grant from any funding agency in the public, commercial, or
not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Stern, R.; Milestone, B.; Gatenby, R. Carcinogenesis and the plasma membrane. Med. Hypotheses 1999, 52,
367-372. [CrossRef] [PubMed]

2.  Szent-Gyorgyi, A. Bioelectronics. Intermolecular electron transfer may play a major role in biological
regulation, defense, and cancer. Science 1968, 161, 988-990. [PubMed]

3. Mosterd, A.; Hoes, A.W. Clinical epidemiology of heart failure. Heart 2007, 93, 1137-1146. [CrossRef]
[PubMed]

4. Rahimi, K Bennett, D.; Conrad, N.; Williams, T.M.; Basu, J.; Dwight, ].; Woodward, M.; Patel, A.; McMurray, J.;
MacMahon, S. Risk Prediction in Patients with Heart Failure. JACC Heart Fail. 2014, 2, 440—446. [CrossRef]
[PubMed]

5. Ouwerkerk, W.; Voors, A.A.; Zwinderman, A.H. Factors Influencing the Predictive Power of Models for
Predicting Mortality and/or Heart Failure Hospitalization in Patients with Heart Failure. JACC Heart Fail.
2014, 2, 429-436. [CrossRef] [PubMed]

6. Bouras, G.; Giannopoulos, G.; Hatzis, G.; Alexopoulos, D.; Leventopoulos, G.; Deftereos, S. Inflammation
and chronic heart failure: From biomarkers to novel anti-inflammatory therapeutic strategies. Med. Chem.
2014, 10, 682-699. [CrossRef]

7. Reilly, ].P. Applied Bioelectricity from Electrical Stimulation to Electropathology; Springer: New York, NY, USA,
1998; pp. 12-75.

8.  Matecka-Massalska, T.; Mlak, R.; Smoleni, A.; Brzozowska, A.; Surtel, W.; Morshed, K. Capacitance of
Membrane as a Prognostic Indicator of Survival in Head and Neck Cancer. PLoS ONE 2016, 11, e0165809.
[CrossRef]

9. Bosy-Westphal, A.; Danielzik, S.; Dorhofer, R.-P.; Later, W.; Wiese, S.; Miiller, M.].; Schuler, S.L.; Gurmini, J.;
Cecilio, W.A.C; De Azevedo, M.L.V,; et al. Phase Angle from Bioelectrical Impedance Analysis: Population
Reference Values by Age, Sex, and Body Mass Index. J. Parenter. Enter. Nutr. 2006, 30, 309-316. [CrossRef]


http://dx.doi.org/10.1054/mehy.1997.0657
http://www.ncbi.nlm.nih.gov/pubmed/10416941
http://www.ncbi.nlm.nih.gov/pubmed/4299558
http://dx.doi.org/10.1136/hrt.2003.025270
http://www.ncbi.nlm.nih.gov/pubmed/17699180
http://dx.doi.org/10.1016/j.jchf.2014.04.008
http://www.ncbi.nlm.nih.gov/pubmed/25194291
http://dx.doi.org/10.1016/j.jchf.2014.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25194294
http://dx.doi.org/10.2174/1573406410666140318113325
http://dx.doi.org/10.1371/journal.pone.0165809
http://dx.doi.org/10.1177/0148607106030004309

Medicina 2019, 55, 484 11 0f12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Selberg, O.; Selberg, D. Norms and correlates of bioimpedance phase angle in healthy human subjects,
hospitalized patients, and patients with liver cirrhosis. Graefe’s Arch. Clin. Exp. Ophthalmol. 2002, 86, 509-516.
[CrossRef]

Schwenk, A.; Beisenherz, A.; Romer, K.; Kremer, G.; Salzberger, B.; Elia, M. Phase angle from bioelectrical
impedance analysis remains an independent predictive marker in HIV-infected patients in the era of highly
active antiretroviral treatment. Am. J. Clin. Nutr. 2000, 72, 496-501. [CrossRef]

Faisy, C.; Rabbat, A.; Kouchakji, B.; Laaban, J.P. Bioelectrical impedance analysis in estimating nutritional
status and outcome of patients with chronic obstructive pulmonary disease and acute respiratory failure.
Intensive Care Med. 2000, 26, 518-525. [CrossRef] [PubMed]

Maggiore, Q.; Nigrelli, S.; Ciccarelli, C.; Grimaldi, C.; Rossi, G.A.; Michelassi, C. Nutritional and prognostic
correlates of bioimpedance indexes in hemodialysis patients. Kidney Int. 1996, 50, 2103-2108. [CrossRef]
[PubMed]

Schwenk, A.; Ward, L.C.; Elia, M.; Scott, G.M. Bioelectrical impedance analysis predicts outcome in patients
with suspected bacteremia. Infection 1998, 26, 277-282. [CrossRef] [PubMed]

Shin, J.-H.; Kim, C.R,; Park, K.H.; Hwang, ].H.; Kim, S.H. Predicting clinical outcomes using phase angle as
assessed by bioelectrical impedance analysis in maintenance hemodialysis patients. Nutrition 2017, 41, 7-13.
[CrossRef] [PubMed]

Gupta, D,; Lis, C.G.; Dahlk, S.L.; Vashi, P.G.; Grutsch, ].E; Lammersfeld, C.A. Bioelectrical impedance phase
angle as a prognostic indicator in advanced pancreatic cancer. Br. |. Nutr. 2004, 92, 957-962. [CrossRef]
[PubMed]

Castillo Martinez, L.; Colin Ramirez, E.; Orea Tejeda, A.; Asensio Lafuente, E.; Bernal Rosales, L.P,; Rebollar
Gonziélez, V.; Narvaez, D.R.; Dorantes, G.J. Bioelectrical impedance and strength measurements in patients
with heart failure: Comparison with functional class. Nutrition 2007, 23, 412—418. [CrossRef] [PubMed]
Zarowitz, B.J.; Pilla, A.M. Bioelectrical Impedance in Clinical Practice. DICP 1989, 23, 548-555. [CrossRef]
[PubMed]

Liboff, A. Electric-field ion cyclotron resonance. Bioelectromagnetics 1997, 18, 85-87. [CrossRef]

Uccella, S.; Mele, M.C.; Quagliozzi, L.; Rinninella, E.; Nero, C.; Cappuccio, S.; Cintoni, M.; Gasbarrini, A.;
Scambia, G.; Fagotti, A. Assessment of preoperative nutritional status using BIA-derived phase angle (PhA)
in patients with advanced ovarian cancer: Correlation with the extent of cytoreduction and complications.
Gynecol. Oncol. 2018, 149, 263-269. [CrossRef]

Pencharz, P.B.; Azcue, M. Use of bioelectrical impedance analysis measurements in the clinical management
of malnutrition. Am. J. Clin. Nutr. 1996, 64, 4855-488S. [CrossRef]

Leandro-Merhi, V.A.; De Aquino, ]J.L.B. Comparison of nutritional diagnosis methods and prediction of
clinical outcomes in patients with neoplasms and digestive tract diseases. Clin. Nutr. 2015, 34, 647-651.
[CrossRef] [PubMed]

Desport, J.C.; Preux, PM.; Bouteloup-Demange, C.; Clavelou, P.; Beaufrere, B.; Bonnet, C.; Couratier, P.P.
Validation of bioelectrical impedance analysis in patients with amyotrophic lateral sclerosis1-3. Am. ].
Clin. Nutr. 2003, 77,1179-1185. [CrossRef] [PubMed]

Kuragaichi, T.; Sato, Y.; Koyama, S.; Inazumi, H.; Shinomiya, H.; Fujiwara, H.; Takatsu, Y. Changes in
C-reactive Protein (CRP) in Patients with Acute Heart Failure. J. Card. Fail. 2013, 19, S173. [CrossRef]
Cowie, M.R.; Mosterd, A.; Wood, D.A.; Deckers, J.W.; Poole-Wilson, P.A.; Sutton, G.C.; Grobbee, D.E.
The epidemiology of heart failure. Eur. Heart ]. 1997, 18, 208-225. [CrossRef] [PubMed]

Vinson, ].M.; Rich, M.W.; Sperry, ].C.; Shah, A.S.; McNamara, T. Early Readmission of Elderly Patients with
Congestive Heart Failure. J. Am. Geriatr. Soc. 1990, 38, 1290-1295. [CrossRef] [PubMed]

Orsborne, C.; Chaggar, P.S.; Shaw, S.M.; Williams, S.G. The renin-angiotensin-aldosterone system in heart
failure for the non-specialist: The past, the present and the future. Postgrad. Med. J. 2017, 93,29-37. [CrossRef]
Gosker, H.R.; Lencer, N.H.M.K.; Franssen, EM.E.; Van Der Vusse, G.]J.; Wouters, E.EM.; Schols, AM.W.].
Striking Similarities in Systemic Factors Contributing to Decreased Exercise Capacity in Patients with Severe
Chronic Heart Failure or COPD. Chest 2003, 123, 1416-1424. [CrossRef]

Khaper, N.; Palace, V.; Kumar, D.; Singal, PK. The role of oxidative stress in the genesis of heart disease.
Cardiovasc. Res. 1998, 40, 426-432.


http://dx.doi.org/10.1007/s00421-001-0570-4
http://dx.doi.org/10.1093/ajcn/72.2.496
http://dx.doi.org/10.1007/s001340051198
http://www.ncbi.nlm.nih.gov/pubmed/10923724
http://dx.doi.org/10.1038/ki.1996.535
http://www.ncbi.nlm.nih.gov/pubmed/8943496
http://dx.doi.org/10.1007/BF02962247
http://www.ncbi.nlm.nih.gov/pubmed/9795784
http://dx.doi.org/10.1016/j.nut.2017.02.013
http://www.ncbi.nlm.nih.gov/pubmed/28760431
http://dx.doi.org/10.1079/BJN20041292
http://www.ncbi.nlm.nih.gov/pubmed/15613258
http://dx.doi.org/10.1016/j.nut.2007.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17483008
http://dx.doi.org/10.1177/1060028089023007-803
http://www.ncbi.nlm.nih.gov/pubmed/2669371
http://dx.doi.org/10.1002/(SICI)1521-186X(1997)18:1&lt;85::AID-BEM13&gt;3.0.CO;2-P
http://dx.doi.org/10.1016/j.ygyno.2018.03.044
http://dx.doi.org/10.1093/ajcn/64.3.485S
http://dx.doi.org/10.1016/j.clnu.2014.07.001
http://www.ncbi.nlm.nih.gov/pubmed/25086473
http://dx.doi.org/10.1093/ajcn/77.5.1179
http://www.ncbi.nlm.nih.gov/pubmed/12716669
http://dx.doi.org/10.1016/j.cardfail.2013.08.487
http://dx.doi.org/10.1093/oxfordjournals.eurheartj.a015223
http://www.ncbi.nlm.nih.gov/pubmed/9043837
http://dx.doi.org/10.1111/j.1532-5415.1990.tb03450.x
http://www.ncbi.nlm.nih.gov/pubmed/2254567
http://dx.doi.org/10.1136/postgradmedj-2016-134045
http://dx.doi.org/10.1378/chest.123.5.1416

Medicina 2019, 55, 484 12 0of 12

30.

31.

32.

33.

34.

35.

36.

37.

Aratjo, ].P; Lourengo, P; Azevedo, A.; Frides, F.; Rocha-Gongalves, F; Ferreira, A.; Bettencourt, P. Prognostic
value of high-sensitivity C-reactive protein in heart failure: A systematic review. J. Card. Fail. 2009, 15,
256-266. [CrossRef]

Colin-Ramirez, E.; Castillo-Martinez, L.; Orea-Tejeda, A.; Asensio, E.; Torres, F.; Rebollar, V.; Narvaez, D.R,;
Dorantes, G.J. Body composition and echocardiographic abnormalities associated to anemia and volume
overload in heart failure patients. Clin. Nutr. 2006, 25, 746-757. [CrossRef]

Silva-Tinoco, R.; Castillo-Martinez, L.; Orea-Tejeda, A.; Orozco-Gutierrez, ].J.; Vazquez-Diaz, O.;
Montafio-Hernandez, P.; Flores-Rebollar, A.; Reza-Albarran, A. Developing thyroid disordersm is associated
with poor prognosis factors in patient with stable chronic heart failure. Int. J. Cardiol. 2011, 147, 24-25.
[CrossRef] [PubMed]

Colin-Ramirez, E.; Castillo-Martinez, L.; Orea-Tejeda, A.; Vazquez-Durin, M.; Rodriguez, A.E,;
Keirns-Davis, C. Bioelectrical impedance phase angle as a prognostic marker in chronic heart failure.
Nutrition 2012, 28, 901-905. [CrossRef] [PubMed]

De Blasio, F; Di Gregorio, A.; De Blasio, F; Bianco, A.; Bellofiore, B.; Scalfi, L. Malnutrition and sarcopenia
assessment in patients with chronic obstructive pulmonary disease according to international diagnostic
criteria, and evaluation of raw BIA variables. Respir. Med. 2018, 134, 1-5. [CrossRef] [PubMed]

Bering, T.; Diniz, K.G.D.; Coelho, M.P.P; de Souza, A.C.M.; de Melo, L.E; Vieira, D.A.; Soares, M.M.S.;
Kakehasi, A.M.; Correia, M.LT.D.; Teixeira, R ; et al. Bioelectrical Impedance Analysis-Derived Measurements
in Chronic Hepatitis C: Clinical Relevance of Fat-Free Mass and Phase Angle Evaluation. Nutr. Clin. Pract.
2018, 33, 238-246. [CrossRef] [PubMed]

Itobi, E.; Stroud, M.; Elia, M. Impact of oedema on recovery after major abdominal surgery and potential
value of multifrequency bioimpedance measurements. BJS 2006, 93, 354-361. [CrossRef] [PubMed]
Mushnick, R.; Fein, P.A.; Mittman, N.; Goel, N.; Chattopadhyay, J.; Avram, M.M. Relationship of bioelectrical
impedance parameters to nutrition and survival in peritoneal dialysis patients. Kidney Int. 2003, 64, 53-56.
[CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/j.cardfail.2008.10.030
http://dx.doi.org/10.1016/j.clnu.2006.01.009
http://dx.doi.org/10.1016/j.ijcard.2009.01.012
http://www.ncbi.nlm.nih.gov/pubmed/19201498
http://dx.doi.org/10.1016/j.nut.2011.11.033
http://www.ncbi.nlm.nih.gov/pubmed/22465907
http://dx.doi.org/10.1016/j.rmed.2017.11.006
http://www.ncbi.nlm.nih.gov/pubmed/29413494
http://dx.doi.org/10.1177/0884533617728487
http://www.ncbi.nlm.nih.gov/pubmed/29596718
http://dx.doi.org/10.1002/bjs.5259
http://www.ncbi.nlm.nih.gov/pubmed/16463271
http://dx.doi.org/10.1046/j.1523-1755.64.s87.22.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

