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Abstract
Cardiovascular diseases (CVDs) are one of the  main causes of morbidity and disability worldwide. Due to modern methods of 
 diagnosis and treatment, it is possible to protect patients with acute coronary syndromes from myocardial infarction as well from 
its early complications. However, the challenge remains to improve the long-term prognosis of CVDs. Analysis of body composi-
tion using the bioelectrical impedance (BIA) appears to be a good method for assessing changes in patients’ organisms following 
various cardiac incidents, as well as those participating in rehabilitation programmes. This study aims to provide a complementary 
analysis of the scientific literature and a critical review of the data from the use of BIA to assess phase angle in people with a history 
of cardiac diseases. This critical literature review was prepared based on the Scale for the Assessment of Narrative Review Articles rec-
ommendations. Inclusion criteria included: 1) original publications of a research nature, 2) papers indexed in PubMed, Scopus, Em-
base databases, 3) full-text articles in English, 4) recent papers published between 2013–2023, 5) papers on the use of BIA with phase 
angle assessment as a prognostic factor in multiple aspects of health and disease, 6) papers showing changes in body composition in 
the process of cardiac rehabilitation. Based on a review of PubMed, Scopus and Embase databases, 36, 31 and 114 publications were 
found, respectively, chosen on the basis of precisely selected keywords and included for further full-text analysis. Exploring the role 
of the BIA holds lots of hope as a non-invasive method that can be used as a predictive marker for changes in the state of health in 
various fields of medicine. In young, healthy adults, BIA parameters may be important in identifying risk factors for the development 
of particular diseases, in predicting the rapid development of disease symptoms and in promoting motivation to lifestyle changes. 
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INTRODUCTION

The issues of cardiovascular diseases
Cardiovascular diseases (CVDs) remain the  leading 
cause of deaths and the  leading cause of morbidity in 
Europe. Cardiovascular diseases are the cause of 45% of 
deaths in Europe [1,2]. The prognosis in patients after 
cardiovascular events (including myocardial infarction) 
is negatively affected by demographic changes, ageing 
of the population, exposure to cardiovascular risk fac-
tors (smoking, obesity, hypercholesterolaemia, hyper-
tension, diabetes, stress) [3,4]. Cardiovascular diseases 
are itself the leading cause of mortality <65 years. In Eu-
rope, 15% of deaths caused by CVDs are due to high 
blood glucose levels. Most adults in European countries 

do not engage in physical activity at an adequate lev-
el, with physical inactivity being more common among 
women than men. Obesity levels in Europe are high 
among both adults and children, although rates vary 
considerably from country to country [1,2].

Epidemiology
The number of deaths caused by CVDs in European 
Society of Cardiology (ESC) member countries far ex-
ceeds the number of cancer deaths for both sexes (wom-
en N = 887 688, men N = 1.1 million), although in some 
high-income countries cancer currently causes more 
deaths than CVDs. In 2020, 19.05 million deaths due to 
CVDs were estimated worldwide, an increase of 18.71% 
compared to 2010 [1,2,5].
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On the  other hand, it has been estimated that in 
the  United States, one person dies every 33 s from 
CVDs. This results in significant costs of healthcare ser-
vices, medicines and loss of productivity due to disabil-
ity or death [6].

Ischemic heart disease, including myocardial infarc-
tion, is the most common cause of heart failure due to 
ischemic myocardial damage  [7]. Post myocardial in-
farction patients may have a number of problems due 
to, e.g., reduced left ventricular ejection fraction (dys-
pnoea, peripheral oedema, repeated hospitalisations), 
valvular defect, cardiac remodelling (recurrence of su-
praventricular and ventricular arrhythmias). All of these 
causes result in more frequent hospitalisations of pa-
tients, which carries the risk of infectious complications 
and generates costs. However, despite the  widespread 
use of revascularisation in acute myocardial infarction, 
mortality after hospital discharge exceeds 10% within 
the first year and 20% within the next 3 years [7–9].

Complications after myocardial infarction, e.g., heart 
failure and sudden cardiac death, remain a  challenge 
and a major problem in clinical cardiology [7]. A prop-
er evaluation of health policy, which requires regular 
monitoring of the clinical epidemiology and treatment 
of myocardial infarction nationwide, seems important. 
This indicates the need to intensify primary prevention 
efforts. Opportunities for health improvement resulting 
from secondary prevention, especially in cardiac reha-
bilitation, are also underused [8,10,11].

The role of primary prevention  
and secondary prevention in ischemic heart disease
There is a worldwide trend towards ageing of the pop-
ulation, with a consequent increase in the incidence of  
CVDs [12]. Therefore, national programmes for the pri-
mary prevention of CVDs in young adults concerning 
awareness-raising about the  harmful effects of nico-
tinism, promotion of a healthy diet and physical activ-
ity are emerging in many countries. Interest in differ-
ent types of physical activity is also evident. Research 
is also being conducted on the effects of different types 
of exercise (high-intensity interval training – HIIT and 
moderate-intensity continuous training  – MICT  [13], 
resistance training [14–16] and electrical muscle stim-
ulation  – EMS  [17]) on anthropometric, biochemical, 
as well as body composition parameters in both young 
healthy adults, the  elderly, and occupational groups 
(e.g.,  professional soldiers)  [13–16]. This provides 
choice and has a positive impact on broadening aware-
ness of primary prevention [13,18]. Effects on the state 

of health after cessation of physical activity have al-
so been observed among older people who previous-
ly led active lifestyles and participated in regular train-
ing [19].

Due to the persistently high post myocardial infarc-
tion mortality rate observed over several years, as well 
as the  complications of myocardial infarction, it be-
came necessary to introduce cardiac rehabilitation pro-
grammes (recommendation class IA). Many studies 
have shown the positive impact of cardiac rehabilitation 
involving physical rehabilitation, but also educational 
programmes and outpatient care [20].

Due to the  alarming statistics, also in Poland (by 
2050, the percentage of Poles aged ≥65 will increase from 
14.7% to 32.7%), it is to be expected that the number of 
myocardial infarctions will also increase in the follow-
ing years [3,9]. In 2017, a national co-ordinated special-
ist care programme for patients after myocardial infarc-
tion called in Polish KOS-zawał – Managed Care after 
Acute Myocardial Infarction (MC-AMI) – was intro-
duced. This programme provides patients with quick 
access to rehabilitation, as well as 12 months of out-
patient cardiac care with follow-up biochemical test-
ing, treadmill exercise testing, Holter electrocardio-
gram (ECG) testing and echocardiographic assessment 
(in order to spot patients eligible for implantable car-
dioverter defibrillator  – ICD) or cardiac resynchroni-
zation therapy with cardioverter defibrillator (CRT-D) 
implantation for primary prevention of sudden cardi-
ac death. Furthermore, dietary and psychological ed-
ucation is provided. The programme has continued to 
the present day with studies showing its significant clin-
ical benefits [7,21–28].

The hope that comes from the use  
of bioelectrical impedance
Over the  past few years, there has been a  significant 
increase in interest in the  use of bioelectrical imped-
ance (BIA) as an easy, accessible, safe method of body 
composition analysis, in various fields of medicine. Bio-
electrical impedance analysis is a  technique used pri-
marily to assess muscle mass, hydration and phase 
angle (PhA). With PhA, the hydration state can be ex-
pressed and the  quality of cell membranes can be as-
sessed. A pulse of low-intensity current passes through 
the  body and assesses the  resistance of particular tis-
sues (resistance – R) providing data on water volume 
and hydration and the reactance parameter (Xc) assess-
ing the  integrity of cell membranes. Current research 
on PhA is progressing in the direction of showing how 
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physical activity, rehabilitation, and various pharma-
cological or surgical treatments modify PhA, which in 
turn leads to a prognostic change in morbidity and mor-
tality. External validation of PhA with other techniques 
used in clinical practice, such as, e.g., ultrasonography 
or methods for measuring the muscles mass and hand-
grip for assessing muscles strength, is important [29].

In a systematic review, Garlini et al. [30] assessed the 
relationship between phase angle and mortality through 
a literature review. The phase angle appears to be a good 
indicator of mortality in a number of clinical settings and 
can be used in screening for those susceptible to this out-
come. In kidney disease, liver disease, patients with hu-
man immunodeficiency virus (HIV), chronic obstruc-
tive pulmonary disease 100% of publications showed an 
association between PhA and mortality. Even in clinical 
settings where there is some discrepancy [heart disease, 
critically ill intensive care unit (ICU) patients], there are 
strong indications of an association between reduced 
PhA values and mortality [30].

Aims
This study aims to provide a complementary analysis of 
the scientific literature and a critical review of the data 
from the use of BIA to assess, among other things, PhA 
in physically active, healthy people, as well as in people 
rehabilitated due to CVDs. The aim will also be to anal-
yse the global trend in the publication of papers on this 
topic over the last 10 years (2013–2023).

METHODS

Methodological quality
This critical review of literature was prepared based on 
the international Scale for the Assessment of Narrative Re-
view Articles (SANRA) recommendations for the meth-
odological quality of these types of works [31]. The patient/
population, intervention, comparison, outcomes (PICO) 
strategy  [32] was used to formulate a guiding question 
and literature review for the following components: pa-
tient (CVDs prevention), intervention (epidemiology, 
prevention, prognosis, rehabilitation), control (not ap-
plicable), outcomes (PhA, BIA parameters). The Narra-
tive Review Checklist was also used in the preparation of 
the publication in terms of the appropriate standard of 
content, form and structure of the article [33].

A combination of the following keywords was used 
during the  search: phase angle, myocardial infarction, 
cardiac rehabilitation, MC-AMI, KOS-zawał, electric 
impedance.

Qualification procedure
The inclusion criteria were:
 ■ original scientific-clinical publications,
 ■ studies indexed in PubMed, Scopus, Embase data-

bases,
 ■ full-text articles in English,
 ■ recent papers published in the last decade, i.e., 2013–

–2023,
 ■ papers on the use of electrical BIA with PhA assess-

ment as a prognostic parameter in multiple aspects 
of health and disease,

 ■ papers showing changes in PhA and body composi-
tion in the process of cardiac rehabilitation.
The exclusion criteria were:

 ■ review publications of systematic reviews nature 
or meta-analysis nature,

 ■ studies indexed in medical databases other than 
those indicated above,

 ■ articles available only as abstracts, post-conference 
materials, posters,

 ■ articles published before 2013,
 ■ publications significantly deviating from the  lead-

ing theme or in a language other than English.

RESULTS

Database searching
In the PubMed database, after using the initial combi-
nation of the words “phase angle AND myocardial in-
farction,” 25 records were retrieved after narrowing 
the search to the last 10 years and to articles in English 
by entering the  following word combinations, the  re-
sults were consecutively obtained: “phase angle AND 
myocardial infarction” – 14, “phase angle AND cardi-
ac rehabilitation” – 3, “cardiac rehabilitation AND elec-
tric impedance” – 4, “MC-AMI” – 7, “KOS-zawał” – 8.

In the Scopus database, after using the initial com-
bination of the  words “phase angle AND myocardial 
infarction,” 28 records were retrieved after narrowing 
the search to the last 10 years and to articles in English 
by entering the  following word combinations, the  re-
sults were consecutively obtained: “phase angle AND 
myocardial infarction” – 13, “phase angle AND cardi-
ac rehabilitation” – 1, “cardiac rehabilitation AND elec-
tric impedance” – 3, “MC-AMI” – 7, “KOS-zawał” – 8.

In the Embase database, after using the initial com-
bination of the  words “phase angle AND myocardial 
infarction,” 44 records were retrieved after narrowing 
the search to the last 10 years and to articles in English 
by entering the following word combinations, the results 
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were consecutively obtained: “phase angle AND myo-
cardial infarction” – 28, “phase angle AND cardiac reha-
bilitation” – 10, “cardiac rehabilitation AND electric im-
pedance” – 54, “MC-AMI” – 10, “KOS-zawał” – 13.

The PRISMA 2020 flow diagram was helpful to 
show the scheme for selecting publications for the re-
view [34]. Records identified from databases (N = 185), 
from registers (N = 5). Records removed before screen-
ing: duplicate records removed (N = 49), records moved 
to others reasons (N = 28). Records screened (N = 113). 
Records excluded (N = 50). Records sought for retriev-
al (N  =  63). Records not retrieved (N  =  6). Records 
assessed for egilibility (N  =  57). Records excluded 
(N = 16). Finally 38 studies and 3 reports of included 
studies were used in this review.

Publication review
In a  publication by Lira et  al.  [13], the  authors con-
ducted a study on a group of young, healthy, eutrophic 
men who were divided into groups and took part in 
5-week training sessions. One group did HIIT, while 
the other did MICT. The study aimed to evaluate plas-
ma lipidograms taken at different, well-defined stages 
of training and to assess PhA and heart rate. Both HIIT 
and MICT training resulted in an increase in lipid pa-
rameters: high-density lipoprotein (HDL), low-den-
sity lipoprotein, total cholesterol and triglicerydes 
in the  acute post-exercise phase; however, only HIIT 
showed a trend towards a chronic increase in HDL lev-
els. The study did not result in a significant change in 
phase angle values after the  training session. Previ-
ous research by Campa et al. [16] on a group of elderly 
men and women, showed a positive effect of resistance 
training on PhA changes. It was therefore hypothesised 
that the good physical condition of the participants in 
this study  [13] (eutrophic, physically active, baseline 
healthy men) may have explained the lack of change in 
PhA values [13,16].

It can be assumed that the  improvement in body 
quality composition and PhA is influenced by the length 
of systematic training. This was demonstrated, among 
other things, in a study on young men who underwent 
6 months of physical training according to the Brazilian 
military guidelines manual. At the end of the 6-month 
training cycle, a  significant increase in PhA and reac-
tance measured by bioimpedance, an improvement in 
body composition parameters (bone mineral content, 
lean soft tissue) measured by dual energy X-ray absorp-
tiometry (DXA) and a decrease in serum glucose levels 
were confirmed [14].

Freitas et al. [19] examined a group of elderly peo-
ple who had maintained a  regular training cycle for 
6  months. For the  study, the  subjects would under-
go 2  weeks of de-training involving a  discontinuation 
of training and a reduction in their usual daily physi-
cal activity. The study showed a significant decrease in 
PhA; however, this was not accompanied by a reduction 
in muscle strength. This indicates increased cell death 
or greater fragility of cell membranes. A lower Xc with 
a  normal R (no change in R was observed; this most 
likely related to the short period of de-training, which 
did not alter body composition and total body water 
(TBW) indicated a change in body water ratio (less in-
tracellular water  – ICW, more extracellular water  – 
ECW). These findings highlight how important it is to 
maintain a structured exercise regimen in older people 
and demonstrate the role of PhA as a sensitive indica-
tor to detect acute changes in muscle cell integrity when 
changes in training occur [19]. The phase angle can be 
used as a marker for predicting morbidity and mortali-
ty in a variety of clinical situations, as well as in initially 
healthy individuals.

Also of interest is a study in the Danish population, 
which assessed the  change in PhA values >6 years in 
people without primary chronic diseases and then ex-
amined what impact this change had on morbidity 
and mortality over a  further 18-year follow-up. A sta-
tistically significant association was found between 
the decline in PhA over the 6-year period and the risk 
of total mortality and cardiovascular incidents <50% 
(p < 0.001). In contrast, the highest risk was observed 
<5% (PhA = 2.6) [35].

Similarly, a  study by Saad et  al.  [12] examined 
a group of 402 elderly patients, aged >60 years (M±SD 
70.4±6.9 years, 74% female), treated in primary health-
care. This included taking anthropometric measure-
ments, measuring blood pressure, assessing the homeo-
static model assessment (homa index) and the global 
cardiovascular risk score that considers such variables 
as age, cholesterol fractions, smoking, systolic blood 
pressure, diabetes and gender, and measuring PhA by 
bioimpedance. The study showed an independent rela-
tionship between PhA values and estimated global car-
diovascular risk in the elderly population.

An increasing role has been attributed to vascular 
endothelial function in the development of early athero-
sclerosis. Kwaśniewska et al. [18] found that even subtle 
changes in the metabolic profile can affect microvascu-
lar endothelial function. Therefore, Pigłowska et al. [36] 
conducted a 25-year cohort study on healthy, physically  
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active men, comprehensively assessing the  relation-
ship between body quality composition and cardiomet-
abolic parameters and assessing endothelial function 
with the non-invasive Endo-Pat2000 device (assessing 
the reactive hyperaemia index – RHI). Among metabol-
ic parameters, HDL cholesterol and uric acid were sig-
nificantly associated with most body composition pa-
rameters. In  light of the  endothelial assessment, there 
was a  negative correlation between RHI and body 
weight and a  positive correlation between RHI and 
body cell mass, calcium and potassium. Engaging in 
regular physical activity and maintaining a proper met-
abolic state throughout early and middle adulthood can 
have a beneficial effect on body composition parame-
ters and prevent fat-free mass decline and endothelial 
dysfunction in old age.

Another study that focused on assessing the  de-
gree of nutrition and body quality composition in car-
diac patients was that by Popiolek-Kalisz et al.  [37]. 
As part of the study, the researchers examined patients 
with chronic coronary syndrome and performed cor-
onary angiography, as well as BIA and echocardiogra-
phy on them. It was also assessed the patients’ Cana-
dian Cardiovascular Society (CCS), Nutritional Risk 
Score 2002 (NRS 2002) and BMI scores. It was found 
a moderate inverse correlation between the NRS 2002 
score and PhA measured at 50  kHz. The  analysis of 
clinical parameters showed a  significant correlation 
between NRS 2002 and CCS score. The  left ventricu-
lar ejection fraction was correlated with hydration pa-
rameters assessed by BIA: positively with intracellu-
lar fluid (p < 0.02), negatively with extracellular fluid 
(p < 0.02). Malnutrition was associated with increased 
angina pectoris symptoms, mainly in women.

A study by Sala et al. [15] on Brazilian cadets attend-
ing the Brazilian Army Cadet Preparatory School, train-
ing for 7 months according to standard military training 
or military sports training protocol, assessed the  ca-
dets’ body composition by BIA and DXA. In this group 
of military personnel, BIA and DXA methods showed 
consistent changes, including an increase in lean mass 
and a consistent percentage of fat mass in both training 
groups. The results regarding fat mass are less consis-
tent in other studies on the military population. Finn-
ish servicemen training for 6–12 months showed an in-
crease  in total fat mass (at normal body weight), but 
a decrease in visceral adipose mass. Intense physical ac-
tivity promotes a  greater reduction in visceral rather 
than subcutaneous adipose tissue in people who train 
intensively, even with weight gain.

In their study on a large group of patients with sta-
ble heart failure (406 outpatients), Bernal-Ceballos 
et  al.  [38] compared the  results of bioimpedance pa-
rameters performed with single- and multi-frequen-
cy devices, finding good agreement in the classification 
of hydration status and body cell mass (the results of 
this study show a strong correlation in all BIA param-
eters: R, Xc, PhA between the 2 devices); however, due 
to the variability reported in previous studies, caution is 
advisable when assessing Xc and PhA.

Yokomachi et al. [39] examined a group of 590 pa-
tients after cardiac rehabilitation, in which BIA param-
eters (skeletal muscle mass and water composition), as 
well as the  Controlling Nutritional Status (CONUT) 
score [including the  assessment of biochemical pa-
rameters: albumin (Alb), haemoglobin (Hgb), periph-
eral lymphocytes and total cholesterol], and ultra-
sound measurement of the  thigh quadriceps muscle 
thickness, handgrip strength and gait speed were tak-
en into account. The study found that phase angle cor-
relates with Alb and Hgb levels in women. Further, 
with an ECW/TBW ratio of <0.4, both PhA and skele-
tal muscle mass index (SMI) are independent determi-
nants of handgrip strength and logarithmic thigh thick-
ness; however, for ECW/TBW ≥0.4, PhA was a stronger 
independent determinant of handgrip strength and log-
arithmic thigh muscle thickness in people with chron-
ic heart failure (SMI is elevated if oedema occurs). This 
demonstrates that PhA is a  good marker of sarcope-
nia and malnutrition in patients with cardiovascular 
disease, including chronic heart failure. In  this study, 
the cut-off point for sarcopenia was 4.65° in men and 
3.95° in women.

In another study, Hirose et al. [40] examined 412 pa-
tients with various cardiac conditions, including those 
after cardiac surgery (valve replacement, coronary ar-
tery bypass grafting, aortic aneurysm surgery) using 
testing methods such as those above (CONUT, BIA, ul-
trasound, hand-held dynamometer) as well as the Short 
Physical Performance Battery (SPPB) test examining 
the physical activity of the elderly. They found a posi-
tive correlation of PhA and SMI with CONUT, Alb and 
Hgb results in men (but PhA was more strongly asso-
ciated with these); in women, PhA but not SMI was 
associated with Alb and Hgb; PhA and SMI correlat-
ed positively with BMI, handgrip strength, knee exten-
sion strength and SPPB score in both sexes. Sarcope-
nia was found in 31.6% of men and 32.4% of women, 
and cachexia in 11.5% and 14.1%, respectively. In this 
study, the PhA cut-off point for sarcopenia in patients 
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with various cardiac conditions was 4.55 for men and 
4.25 for women (these values differed from those calcu-
lated by Yokomachi et al. [39]). The PhA cut-off point 
for cachexia in men was 4.15; however, no value could 
be determined in women. Multivariate regression anal-
ysis showed that grip strength and brain natriuretic 
peptide (BNP) were independent determinants of SMI, 
whereas grip strength, BNP and Hgb were independent 
determinants of PhA. Thus, PhA appears to be a use-
ful marker of sarcopenia, malnutrition and cachexia in 
people hospitalised for cardiovascular disease [40].

In contrast, a study by Scicchitano et al. [41] showed 
that the main determinant of phase angle values in heart 
failure patients (both acute and chronic) is hyperaemia 
and, in particular, the calculated relative plasma volume 
status (PVS). Hyperaemia was assessed by examining 
such parameters as the presence of  peripheral oedema, 
BNP levels, blood urea nitrogen (BUN) to creatinine 
ratio and PVS. In  turn, nutritional status (assessed by 
the geriatric malnutrition risk index) was found to have 
a marginal effect on PhA change.

A study by Kawakami et al. [42] examined a group 
of patients with chronic heart failure. It was found that 
PhA was related to handgrip strength but not to SMI, 
SPPB and one-leg stand time. It was found that the PhA 
was not related to muscle mass or physical function in 
these patients. Increased PhA may be influenced by im-
provements in muscle quality rather than simply great-
er muscle mass and fitness. Handgrip strength is an im-
portant parameter that may improve the  prognosis of 
patients with chronic heart failure.

Salmons et  al.  [43] examined obese patients with 
heart failure with preserved ejection fraction in terms of 
cardiorespiratory fitness (single photon emission com-
puted tomography spiroergometry), BIA, and biochem-
ical parameters. It  was found that patients with high-
er PhA (above a mean PhA of 5.8°) showed better peak 
oxygen consumption (VO2) than those with lower PhA. 
Importantly, the  results of these analyses show a  rela-
tionship between PhA and peak VO2, independent of fat 
free mass index. Like the study by Kawakami et al. [42], 
this suggests that the interactions of PhA, body fat and 
muscle quantity and quality are more important in pre-
dicting cardiorespiratory fitness than the  analysis of 
muscle quantity alone [43].

A study by Portugal et al.  [44] showed that people 
with a higher PhA value had a lower risk of a first car-
diovascular event (myocardial infarction, stroke, angina 
pectoris). In turn, a study by Massari et al. [45] aimed to 
investigate the  impact of the 4 parameters responsible 

for hyperaemia (BNP, PVS, hydration index – HI, blood 
urea nitrogen/creatinine ratio  – BUN/Cr) on mortal-
ity in a  population with acute and chronic heart fail-
ure. As mentioned above, these parameters were BNP, 
PVS calculated using the Duarte formula (100-Hema-
tocrit%)/Hgb (g/dl) (responsible for “intravascular” hy-
peraemia), HI measured by bioelectrical impedance 
vector analysis (BIVA) (“peripheral” hyperaemia) and 
BUN/Cr (“venous” hyperaemia). After a  median fol-
low-up of 463 days, the  following cut-off points were 
identified: for BNP >441 pg/ml, for PVS >5.3 l/g, for 
HI >73.8%, for BUN/Cr >25. If these values are exceed-
ed, with all 4 criteria met, the probability of mortality 
rises to 40%.

On the other hand, Ogawa et al. [46] examined the re-
lationship between arterial stiffness (assessed by the car-
dio-ankle vascular index – CAVI) with physical fitness in 
patients with heart failure. A significant correlation was 
found between increased arterial stiffness and the  oc-
currence of sarcopenia. Age, handgrip strength, 6-min-
ute walk test (6MWT), 5-metre walk speed (5MWS) and 
5 times sit-to-stand test (5RSST) scores were all associ-
ated with CAVI. It has been suggested that in order to 
improve cardiac function it may be advisable to improve 
physical fitness and thus reduce arterial stiffness.

Razzera et al. [47] conducted a study evaluating the 
effect of BIA parameters on critically ill ICU patients. 
In  critically ill patients, the  stress of being placed in 
the ICU is related to high inflammation and  protein ca-
tabolism, as well as reduced efficiency of protein utilisa-
tion leading to muscle dysfunction and impaired con-
tractility. Thus, early identification of patients at high 
nutritional risk is of paramount importance, and us-
ing a malnutrition risk screening tool as the first step 
of a  nutritional care plan would be highly beneficial. 
In  ICU patients, nutritional risk assessment is limited 
because applying scales such as The Nutrition Risk in 
Critically Ill Score and NRS 2002 requires data that are 
not always available at the time of admission. As such, 
new prognostic methods are being sought. According 
to that study, a PhA of <5.5% showed a 79% accuracy in 
identifying patients at high nutritional risk and was as-
sociated with a twofold higher risk of ICU stay >5 days. 
Overhydration was a significant predictor of mortality.

Phase angle assessment has also found its way in-
to cardiac surgery. Assessing PhA by BIA and hand-
grip strength in patients before cardiac surgery, Panag-
idi et al. [48] found a positive correlation of PhA with 
handgrip strength (HS) (p < 0.005) and a negative cor-
relation with the European System for Cardiac Opera-
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tive Risk Evaluation II score (p < 0.005), which assesses 
the risk of death after cardiac surgery. The combination 
of low preoperative PhA and HS values was significant-
ly associated with a higher risk of death from any cause 
at 12-month follow-up and with prolonged ICU stay 
(patients with PhA <5.15 and HS  <25.5 were 5  times 
more likely to die during this follow-up). The link be-
tween PhA and HS appears to be a promising prognos-
tic marker in patients undergoing cardiac surgery.

It is worrying that cardiac rehabilitation after myo-
cardial infarction is used by far fewer women than men 
(socio-economic reasons); hence, the  long-term prog-
nosis of women after myocardial infarction is worse 
than that of men. In  a  study by Wilkosz et  al.  [22], 
there were no significant differences in major adverse 
cardiac and cerebrovascular event (MACCE) rates be-
tween the 2 sexes at a 12-month follow-up of patients 
in MC-AMI. This shows that women need to be en-
couraged to participate in MC-AMI and that rehabili-
tation programmes must be tailored to women’s needs 
(e.g., through online rehabilitation and hybrid rehabil-
itation).

In Poland, MC-AMI allows patients to participate 
in physical exercise as part of telerehabilitation. This 
mode of early post-myocardial infarction rehabilitation 
was evaluated by Orzechowski et al. [24] and the results 
after a 12-month follow-up showed that hybrid cardi-
ac telerehabilitation (HTR) is a  feasible, safe and pa-
tient-acceptable form of rehabilitation. Participation in 
HTR rehabilitation was associated with a  significantly 
lower risk of all-cause death than in those not under-
going rehabilitation. Of great importance in this were 
the initial education courses on how to use the equip-
ment (monitoring ECG electrodes, uploading ECG re-
sults, completing a  daily well-being questionnaire be-
fore training), education regarding worrying symptoms 
and well-being, psychologist visits and a week of con-
trolled exercise in the outpatient clinic under the super-
vision of a rehabilitation therapist.

The Polish MC-AMI programme (KOS-zawał) was 
also examined by Wita et al. [7]. In a single-centre study, 
the  association between participation in MC-AMI 
and MACCE at 12-month follow-up was investigated.  
The  results were very positive as there was 40% less 
MACCE in the group participating in MC-AMI; in ad-
dition, patients were more likely to receive cardiac reha-
bilitation (98% vs. 14%), had more elective revascular-
isation (coronary artery bypass graft – CABG 9.8% vs. 
4.9%, p < 0.001; percutaneous coronary intervention – 
PCI 3.0% vs. 2.1%, p < 0.05); and were more likely to 

have an ICD implanted (2.8% vs. 0.6%, p < 0.05) com-
pared to the control group.

Another study by Wita et al. [25], conducted on a large 
group of patients (>10 000 from 16 acute coronary syn-
drome treatment centres) from across Poland’s Śląskie 
Voivodeship (Silesian Cardiovascular Database regis-
try) found a 38% reduction in all-cause mortality com-
pared to the  control group (after propensity matching) 
at 12-month follow-up. This effect persisted even after 
the programme ended. After analysing the different MC-
-AMI stages, it was found that not only CR but also fol-
low-up outpatient care with education had an impact on 
reducing overall mortality.

In contrast, Gąsior et al.  [27] studied patients with 
previously diagnosed heart failure who had undergone 
a  myocardial infarction and agreed to participate in 
the MC-AMI programme. The study group was assem-
bled between November 2017 and December 2020, ul-
timately including 2268 patients. The study showed that 
participation in MC-AMI was associated with lower 
rates of stroke (perhaps more frequent cardiac follow-up 
results in earlier detection of AF and better treatment 
control), hospitalisation for HF and all-cause mortality 
(16.8% vs. 10%, p < 0.01 after propensity score matching) 
at 12-month follow-up. As for the decrease in mortality, 
this value was confirmed by Kubielas et al. [21] who al-
so estimated that the costs incurred by the programme’s 
participants were higher than those of non-participants. 
However, the benefits of this programme far outweigh 
the costs [28].

As early as the first months of the programme, Ku łach 
et  al.  [23] already found a  45% decrease in MACCE  – 
death, myocardial reinfarction, hospitalisation for HF – at 
3-month follow-up in patients who agreed to participate 
in MC-AMI. Further, old age, male sex, peri-infarction 
atrial fibrillation, peripheral artery disease, and a histo-
ry of unstable angina pectoris were significantly associat-
ed with MACCE.

The issue of PhA assessment in patients after myo-
cardial infarction was examined by Azevedo-Queiros 
et al.  [5], who assessed BIA parameters on day 4 after 
AMI and observed short- and long-term adverse effects 
for up to 12 months. Patients with low PhA had a longer 
infarct-related length of stay compared to patients with 
normal PhA (Me = 14 vs. 8 days, p < 0.007) and a short-
er time to death (Me  =  320 vs. 354 days, p  <  0.024). 
The researchers did not find a correlation between low 
PhA and long-term adverse effects, nor did they link 
the  number of ischaemic heart disease risk factors to 
low PhA, probably due to the  small sample size. Fur-
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ther, it was suggested that PhA measurement should be 
performed earlier after an AMI incident (rather than on 
day 4, as in their study) and repeated during hospital-
isation.

As early as 2017, a  study by Suzuki et al.  [49] on 
patients participating in a  3-month rehabilitation 
programme after PCI-treated myocardial infarction 
and after CABG (mainly due to stable angina pec-
toris, unstable angina pectoris or silent myocardial 
ischaemia), looked for predictors of improved exer-
cise capacity in rehabilitated patients. At  the start of 
the  study, age- and sex-adjusted predicted peak ox-
ygen consumption during cardiopulmonary exercise 
test the percentage of predicted peak oxygen uptake 
(%pred-PVO2), maximum thigh quadriceps isometric 
strength (QIS) and Hgb were significantly higher, and 
CRP significantly lower in the  post-CABG patients 
than in the  AMI group. After rehabilitation, PVO2, 
QIS, Hgb and CRP improved significantly in both 
groups, but the  magnitude of this improvement was 
more significant in patients after CABG. In the CABG 
group, the  predictors of improved exercise capaci-
ty were baseline BNP, the percentage change in QIS, 
and Hgb, while the only predictor in the AMI group 
was %pred-PVO2. Interestingly, baseline maximal QIS 
was lower than in the AMI group while baseline low-
er limb muscle mass was similar in both groups, con-
sistent with the reported effects of anaemia and high 
CRP on reduced muscle strength. This suggests that 
correcting anaemia and enhancing QIS may improve 
exercise capacity after cardiac rehabilitation in these 
patients. Limitations of this study included the  fact 
that there are no data on the  frequency and intensi-
ty of exercises performed at home (there were about 
19 controlled exercise sessions in each group, the re-
maining exercises up to 3 months were patient-con-
trolled exercises).

In a  study by Tuesta et  al.  [50], the  authors evalu-
ated the effects of cardiac rehabilitation, during which 
the number of exercise sessions (22–36 sessions) was ad-
justed according to the cardiovascular risk of individual 
cardiac patient profiles (4 profiles were distinguished). 
It  was found improvements in cardiorespiratory fit-
ness, life quality, as well as in the emotional sphere, with 
mean scores showing high individual variability. Fur-
thermore, it was pointed out that expert positions on 
the optimal duration of a rehabilitation programme for 
patients are still unclear [50,51]. It is recommended that 
the  minimum number of training sessions should be 
between 24, and preferably 36 sessions [50,52].

Matsuo et al. [17] in their study looked at a group of 
patients hospitalised for acute heart failure. It was want-
ed to see if the EMS method could reduce muscle loss in 
these patients. It was conducted a 2-week cycle of cardi-
ac rehabilitation during which, in addition to standard 
rehabilitation, EMS was applied to the right lower limb 
for 20 min every day, 5 days a  week. By  doing an ul-
trasound examination of the  thickness of the  quadri-
ceps femoris muscle and assessing muscle mass by BIA, 
a statistically significant reduction in muscle mass loss 
in the limb subjected to EMS was proven. No significant 
EMS-related adverse events were recorded. The method 
of rehabilitation with the  parallel use of EMS appears 
promising in severe patients, practically as soon as hos-
pitalisation for HF decompensation begins, as it is safe 
and well tolerated by patients.

Hosseini et al. [53], by conducting complex statisti-
cal analyses, found that the variability of PhA values in 
patients with cardiovascular diseases depends primari-
ly on total body water, intracellular water, basal metab-
olism, sex and age.

CONCLUSIONS

Exploring the  role of BIA, as well as the  assessment 
of  PhA by examining R-resistance and Xc-reactance, 
holds a  lot of hope as a easily accessible, non-invasive 
method that can be used as a predictive marker of dete-
rioration or improvement in patient’s condition in vari-
ous medical fields.

In young, healthy adults, on the other hand, BIA pa-
rameters may be relevant in predicting the rapid devel-
opment of disease symptoms and, at the same time, ap-
pear to mobilise to improve exercise capacity and to 
implement lifestyle changes, both in active healthy indi-
viduals and in patients undergoing rehabilitation.

The above studies show that PhA appears to be an 
independent predictive marker of worse prognosis, and 
that changes in other parameters assessed by BIA may 
precede the  emergence of clinical symptoms (e.g.,  as-
sessment of extracellular water content) or dispel doubts 
about fat or muscle tissue content not verifiable by BMI 
measurement alone.

In published studies, it is possible to see attempts to 
assess changes in body composition parameters in pa-
tients after different periods of training or rehabilitation. 
The duration and type of training is relevant for chang-
ing these parameters, which seems promising for deter-
mining the  optimal rehabilitation programme and for 
setting PhA cut-off values for specific clinical settings.
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Limitations
This review of publications has some limitations that 
must be taken into account. The analysed publications 
were sourced from 3 databases. In the future, it would 
be worth expanding the  number of assessed publica-
tions to include those retrieved from other databases, 
and to also consider non-English publications. The da-
tabase review period lasted 1 month. Given the grow-
ing interest in the  topic of PhA and the  dynamically 
emerging new publications referring to BIA in the field 
of cardiology, in the  future, new studies published in 
2023/2024 are also worth taking into account.
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