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Abstract

Background. Malnutrition is common among patients with heart failure (HF), yet accurate assessment
of nutritional status in this population remains challenging. The phase angle (PhA) derived from bioelectrical
impedance analysis (BIA) has been proposed as a marker of nutritional status at the cellular level; however,
concerns persist regarding its dependence on hydration status.

Objectives. This study aimed to assess the association between HF and nutritional status, with particular
emphasis on phase angle (PhA) measured at 50 kHz, and to evaluate its diagnostic value in comparison
with other indices, including the Nutritional Risk Screening 2002 (NRS 2002), body mass index (BMI), and
selected laboratory parameters.

Materials and methods. In this cross-sectional study, 270 patients with chronic coronary syndrome
were evaluated using laboratory tests, anthropometric measurements, the NRS 2002, and BIA. Patients
were stratified according to HF status. Statistical analyses included parametric and non-parametric tests,
correlation analyses, multivariable logistic regression models, and receiver operating characteristic (ROC) curve
analysis. Adjustments were made for age, sex, BMI, estimated glomerular filtration rate (eGFR), hemoglobin,
and extracellular fluid percentage (ECF9%).

Results. Heart failure was presentin 91 of 270 patients (33.7%). Patients with HF had significantly lower PhA
(median 4.79 vs 5.22; p < 0.001), higher NRS 2002 scores (p = 0.010), and lower eGFR and hemoglobin
levels. In multivariable logistic regression analysis, PhA remained independently associated with HF (odds
ratio (OR) = 0.62; p=0.016), whereas NRS 2002 and ECF% were not significant. Inclusion of ECF% did not
improve model performance. In ROC analysis, PhA showed modestly higher discriminative ability for HF
(area under the curve (AUC) = 0.636) compared with NRS 2002 (AUC = 0.594) and BMI (AUC = 0.598).

Conclusions. Heart failure is associated with impaired nutritional status. Phase angle appears to be a clini-
cally relevant marker that remains independently associated with HF after adjustment for hydration status
and may be considered as a complementary tool for routine nutritional screening in this high-risk population.
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with heart failure.

+ Phase angle (PhA) measured by bioelectrical impedance analysis effectively detects malnutrition in heart failure
patients, outperforming traditional tools like BMI and NRS 2002.
+ Heart failure patients showed significantly lower PhA values, indicating impaired cellular health and nutritional

+ PhA remained an independent predictor of malnutrition even after adjusting for hydration status and key clinical

« Findings support PhA as a reliable, hydration-independent biomarker for routine nutritional screening in patients

Background

Malnutrition is increasingly recognized as a clinically
relevant and prognostically significant factor in patients
with chronic coronary syndrome (CCS), particularly when
complicated by coexisting heart failure (HF).!=* In this
population, nutritional deterioration is multifactorial and
results from chronic inflammation, neurohormonal acti-
vation, increased catabolism, gastrointestinal congestion,
reduced oral intake, and progressive physical inactivity.>¢
These mechanisms may contribute to altered body com-
position and impaired metabolic reserve. As a result, mal-
nutrition may remain underdiagnosed in patients with
HF despite its well-established association with adverse
outcomes, including prolonged hospitalization, higher re-
admission rates, and increased mortality.”~

Assessing nutritional status in patients with cardiovascu-
lar diseases remains particularly challenging.!® Traditional
anthropometric measures, such as body mass index (BMI)
and weight loss, as well as widely adopted screening tools like
the Nutritional Risk Screening 2002 (NRS 2002), are useful
but have important limitations, especially in populations
affected by fluid shifts and sarcopenia.!'"'> Moreover, these
tools primarily focus on involuntary weight loss, reduced in-
take, or recent catabolic events and often fail to detect subtle
or functional forms of malnutrition.!> Moreover, BMI may
be misleading in patients with HF, as the so-called “obesity
paradox” and the frequent occurrence of fluid overload may
obscure underlying tissue loss and metabolic impairment.
In contrast, other parameters such as the waist-to-hip ratio,
which more accurately reflect central adiposity, have not
demonstrated a protective effect of obesity in patients with
heart failure with preserved ejection fraction (HFpEF).!2
Therefore, there is a growing need for diagnostic tools that
go beyond anthropometric measures and allow evaluation
of nutritional status at the cellular level.

Bioelectrical impedance analysis (BIA) has emerged
as a promising, nonivasive method for assessing body com-
position and hydration status in various clinical settings.*
It enables the estimation of fat mass (FM), fat-free mass
(FFM), and total body water (TBW), including the dis-
tribution between intracellular (ICF) and extracellular

fluid (ECF) compartments. Among the parameters derived
from BIA, phase angle (PhA) has attracted increasing at-
tention as a functional biomarker. Phase angle reflects
the relationship between resistance and reactance, aris-
ing from cell membrane capacitance, and is considered
a surrogate marker of cellular membrane integrity and
nutritional status at the cellular level.!*> Lower PhA values
have consistently been associated with adverse outcomes
in diverse populations, including patients with cancer,
kidney disease, and those undergoing cardiac surgery.!6-23

Despite its growing validation across multiple disci-
plines, the role of PhA in cardiovascular patients, par-
ticularly those with HF, remains insufficiently explored.
In this population, fluid overload and altered body water
distribution, especially expansion of the ECF compart-
ment, may affect the accuracy and interpretability of BIA-
derived parameters.!® Consequently, concerns have been
raised regarding the clinical applicability of PhA in pa-
tients with fluid shifts, such as those with HF. Therefore,
further investigation into the reliability and interpretative
value of PhA in HF represents an important knowledge
gap. It remains unclear whether PhA can be reliably used
to detect nutritional impairment in patients with HF inde-
pendently of fluid status, renal function, and conventional
screening measures.

Objectives

This study aimed to evaluate whether PhA measured
at 50 kHz serves as a valid marker of nutritional status
in patients with HF after adjustment for hydration-related
variables. We hypothesized that PhA would be signifi-
cantly lower in patients with HF and that this association
would remain independent of hydration status and other
clinical confounders.

Materials and methods

This cross-sectional observational study included 270 adult
patients hospitalized with a diagnosis of CCS in 2023



Adv Clin Exp Med. 2026

and 2024. All patients underwent comprehensive nutri-
tional and clinical assessments during hospital admission.
The sample size was determined by the number of eligible
patients during the study period and was considered adequate
to allow univariable and multivariable analyses in the overall
cohort. Inclusion criteria were age >18 years and a confirmed
diagnosis of CCS based on International Classification of Dis-
eases, 10t Revision (ICD-10) codes (120.8 and 125.0).

The diagnosis of HF was also verified using ICD-10 codes
(I50.0 and 150.1) and was supported by clinical records
and available echocardiographic findings. These data were
used to classify patients into subgroups of HF with reduced
(HFrEF), mildly reduced (HFmrEF), and preserved ejection
fraction (HFpEF) according to established left ventricular
ejection fraction (LVEF) cut-off values.?* Exclusion criteria
included acute coronary syndrome within the preceding
4 weeks, acute decompensated HF, severe chronic kidney
disease requiring dialysis, active malignancy, and contra-
indications to BIA, including the presence of implantable
cardiac devices (pacemaker, implantable cardioverter-
defibrillator, cardiac resynchronization therapy device),
pregnancy, limb amputation, or open wounds.

This study was conducted in accordance with
the STrengthening the Reporting of OBservational stud-
ies in Epidemiology (STROBE) guidelines. The study
protocol was approved by the Bioethics Committee
of the Medical University of Lublin, Poland (approval No.
KE-0254/221/10/2023). The study was conducted in ac-
cordance with the Declaration of Helsinki. All participants
provided written informed consent.

Demographic and clinical data, including age and sex,
were recorded. Body weight was measured using a cali-
brated digital scale, with patients wearing light clothing
and no shoes. Height was measured to the nearest 0.5 cm
using a stadiometer. Body mass index (BMI) was calculated
as weight in kilograms divided by height in meters squared
(kg/m?). Blood samples were collected on the same day
as the BIA measurement and analyzed for hemoglobin,
hematocrit, serum creatinine, sodium, and potassium con-
centrations. Estimated glomerular filtration rate (eGFR)
was calculated using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) formula. All labora-
tory analyses were performed in accordance with Good
Laboratory Practice (GLP). Nutritional status was assessed
using 2 independent methods: the NRS 2002 score, which
evaluates BMI, recent weight loss, recent reduction in food
intake, and disease severity; and BIA, which was performed
using the ImpediMed SFB7 device (ImpediMed, Brisbane,
Australia), a validated, multifrequency, phase-sensitive an-
alyzer. Patients were examined in a fasted and rested state
(min. 4 h since the last meal or fluid intake), in a supine
position with limbs abducted to approx. 30°. Four adhesive
electrodes were placed in the standard tetrapolar configu-
ration on the left wrist and ankle. The analysis included
FM, FFM, TBW, ECF, ICF, resistance, and reactance.
Phase angle was calculated with the standard formula:

PhA (°) = arctangent (reactance/resistance) x (180/m). All
measurements were performed by trained personnel fol-
lowing standardized protocols to ensure consistency and
minimize inter-operator variability.

Statistical analyses

Statistical analysis was performed using RStudio v. 4.4.2
(R Foundation for Statistical Computing, Vienna, Austria).
The following R packages were used: car 3.1-3, ResourceSe-
lection 0.3-6, rms 8.0-0, pROC 1.18.5, DescTools 0.99.60,
pscl 1.5.9, ggplot2 3.5.1, ggpubr 0.6.0, cowplot 1.1.3, dplyr
1.1.4, tidyr 1.3.1, and broom 1.0.7. Continuous variables
were tested for normality using the Shapiro—Wilk test.
Depending on the distribution, descriptive statistics were
expressed as means * standard deviation (SD; for nor-
mally distributed data) or medians with interquartile range
(IQR; for non-normally distributed data) for continuous
variables, and as counts with percentages for categorical
variables. Between-group comparisons (e.g., HF vs non-
HF) were performed using the t-test or Mann—Whitney
U test (for 2 groups) and analysis of variance (ANOVA),
Welch’s ANOVA, or the Kruskal-Wallis test (for more than
2 groups) for continuous variables. Categorical variables
were compared between groups using Pearson’s x? test
of independence. For 2x2 tables, Yates’ continuity cor-
rection was applied when any expected cell count was
between 5 and 9, while Fisher’s exact test was used when
any expected cell count was <5. All tests were two-sided
with a = 0.05. Correlation analyses were conducted using
Pearson’s or Spearman’s rank correlation coefficients (R)
to assess associations between PhA and clinical or nutri-
tional parameters.

To identify parameters associated with HF status, mul-
tivariable logistic regression was used, with HF as the de-
pendent variable and PhA, age, sex, BMI, hemoglobin,
eGFR, NRS 2002 score, and ECF% as covariates. A separate
multivariable linear regression model was constructed
to examine determinants of PhA. Covariate selection
was based on clinical relevance. Model assumptions and
multicollinearity were checked. The overall significance
of the logistic regression model was assessed using the like-
lihood-ratio x? test. Wald x? statistics were reported for
individual regression coefficients. Model calibration was
assessed using the Hosmer—Lemeshow x? test.

Odds ratios and 95% confidence intervals (95% Cls)
were calculated using the Wald method, as profile likeli-
hood intervals could not be computed for all variables due
to model convergence limitations. Finally, the diagnostic
performance of PhA, NRS 2002, and BMI for identify-
ing HF was assessed using receiver operating character-
istic (ROC) curve analysis. Area under the curve (AUC)
values were calculated and compared using the DeLong
method. A two-sided p < 0.05 was considered statistically
significant throughout. Power analysis was performed
in Rv. 4.4.2 using the pwr package and custom R scripts.



Results

Out of 270 patients, 91 (33.7%) were diagnosed with HF.
The median age of the population was 72 years, and 52%
were male. Compared to non-HF patients, those with HF
were older (median 75 vs 70 years, p < 0.001). Univari-
ate comparisons also showed that patients with HF had
significantly lower PhA (median 4.79 vs 5.22; p < 0.001),
lower BMI (median 28.04 vs 29.59; p = 0.008), and higher
NRS 2002 scores (median 1.00 in both groups; IQR dif-
fered; p = 0.01). Serum sodium and potassium levels were
modestly but significantly different between groups, sug-
gesting altered hydration status in HF. Details of the base-
line characteristics of the study population and subgroup
comparisons are presented in Table 1.

Among HF patients, LVEF data were available for 74 pa-
tients, with 32 classified as HFrEF, 19 as HFmrEF, and
23 as HFpEF. The comparison between HF subgroups
showed significant differences in age, NRS 2002 score,
hemoglobin, and hematocrit. Patients with HFrEF were sig-
nificantly younger and had higher hemoglobin and hema-
tocrit levels, while those with HFpEF demonstrated higher
NRS 2002 scores. No significant differences were observed
in renal function, electrolytes, BMI, PhA at 50 kHz, body
composition parameters, or sex distribution. Details are
presented in Table 2.

Correlation analyses revealed that PhA was strongly and
inversely correlated with ECF% (r = -0.61, p < 0.001), con-
firming its sensitivity to fluid status. Moreover, PhA was
negatively correlated with NRS 2002 (r = —0.46, p < 0.001)
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and positively correlated with eGFR and hemoglobin.
In subgroup analyses, PhA maintained a consistent inverse
correlation with ECF% across all HF subgroups, while posi-
tive associations with hemoglobin and hematocrit were par-
ticularly evident in HFmrEF and HFpEF. The negative corre-
lation with NRS 2002 was strongest in HFrEF and HFmrEF.
Detailed correlation results are presented in Table 3.

In multivariable logistic regression, PhA remained inde-
pendently associated with HF status after adjustment for
age, sex, BMI, eGFR, hemoglobin, and NRS 2002. Specifi-
cally, lower PhA was associated with higher odds of HF
(odds ratio (OR) = 0.62; p = 0.016), even after adjustment for
ECF%. Additionally, male sex (OR = 2.27; p = 0.010), lower
BMI (OR = 0.92; p = 0.016), and lower eGFR (OR = 0.97;
p = 0.003) were also significantly associated with HF.
The overall multivariable logistic regression model was
statistically significant (likelihood ratio x2 = 35.35, degrees
of freedom (df) = 8, p < 0.001), indicating that the included
predictors collectively explained a significant proportion
of the variance in HF occurrence.

Model assumptions were met (all variance inflation
factors (VIFs) < 2.1). Discrimination was modest (C-in-
dex = 0.718; 95% CI: 0.652—-0.785). Explained variance was
as follows: Nagelkerke R? = 0.184, McFadden R?=0.111, and
Tjur R? = 0.136. Calibration was adequate (Hosmer—Lem-
eshow p = 0.945). The inclusion of ECF% did not signifi-
cantly improve the model (Ax? = 0.72; p = 0.40), indicating
that the association between PhA and HF was independent
of hydration status. Details of the model are presented
in Table 4.

Table 1. Study group characteristics and comparison between patients with and without HF

Variable

| Without HF (n=179) |

Age [years]
NRS 2002 [points]
Creatinine [mg/dL]

Hemoglobin [g/dL]
Hematocrit [%]

Sodium [mmol/L]

BMI [kg/m?]
PhA (50 kHz) []
ECF [L]

FFM [kg]

FM [kq]

TBW [L]

TBW [%]

ICF U]

ICF [%]

Male sex [n (%)]

eGFR [mL/min/1.73 m?

Potassium [mmol/L]

72.00 (65.00-76.00)
1.00 (0.00-1.00)
0.98 (0.86-1.18)

66.79 +18.66

13.70 (12.50-14.80)

40.80 (37.40-43.30)

140.00 (138.40-141.30)

4.52(4.26-4.77)
29.07 (26.22-32.04)

5.09 (4.49-5.86)
18.74 (15.71-22.32)
57.58 (48.94-68.82)
2151 (16.88-27.65)
5(35.82-50.35)
53.06 (49.11-57.66)
23.21(20.16-27.89)
55.84 (54.08-57.21)

140 (51.9%)

70.00 (64.50-75.00)
1.00 (0.00-1.00)
0.93 (0.81-1.13)

70.26 £18.10

13.85 (12.53-14.70)

40.60 (37.30-43.10)

140.20 (138.72-141.40)

447 (4.22-472)
29.59 (26.69-32.87)
5.22 (4.68-5.97)
18.62 (15.76-22.62)
58.14 (49.55-69.34)
21.54 (16.79-27.62)
42.56 (36.27-50.75)
53.00 (49.14-58.19)
23.77 (20.43-28.23)
56.25 (54.83-57.39)
88 (49.2%)

HF (n =91)

75.00 (68.00-80.00) <0.001 Mann-Whitney U
1.00 (0.00-1.00) 0.006 Mann-Whitney U
1.10 (0.93-1.27) <0.001 Mann-Whitney U

59.96 £17.94 <0.001 Student’s t-test
13.70 (12.50-14.80) 0.924 Mann-Whitney U
41.20 (37.95-44.30) 0438 Mann-Whitney U

13930 (137.93-141.10) 0.021 Mann-Whitney U
460 (4.42-4.88) 0.001 Mann-Whitney U

28.04 (25.87-30.48) 0.008 Mann-Whitney U
4.79 (3.99-5.60) <0.001 Mann-Whitney U

19.16 (15.61-21.76) 0.540 Mann-Whitney U

56.89 (47.94-63.44) 0.084 Mann-Whitney U

21.51(17.82-27.41) 0.553 Mann-Whitney U

41.64 (35.09-46.44) 0.084 Mann-Whitney U

53.52 (48.70-57.24) 0.872 Mann-Whitney U

22.56 (19.20-25.23) 0.016 Mann-Whitney U

5447 (52.81-56.88) <0.001 Mann-Whitney U

52 (57.1%) 0.267 X

BMI - body mass index; ECF — extracellular fluid; eGFR — estimated glomerular filtration rate; FFM — fat-free mass; FM — fat mass; ICF -

NRS 2002 - Nutritional Risk Screening 2002; PhA - phase angle; TBW - total body water; HF — heart failure.

intracellular fluid;
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Table 2. Comparison between HF subgroups

Variable

HFrEF (n = 32)

HFmMrEF (n =19)

HFpEF (n = 23)

p-value

Age [years] 70.50 [63.50-76.00] 80.00 [67.50-82.00] 76.00 [73.50-78.50] 0.015 Kruskal-Wallis
NRS 2002 [points] 1.00 [0.00-1.00] 1.00 [0.00-1.00] 1.00 [1.00-1.25] 0.007 Kruskal-Wallis
Creatinine [mg/dL] 1.12[0.96-1.19] 1.04 [0.89-1.19] 1.19 [0.98-1.50] 0.103 Kruskal-Wallis
eGFR [mL/min/1.73 m?] 63.66 £18.69 64.35£10.81 54.46 £21.79 0.122 ANOVA
Hemoglobin [g/dL] 14.80 [14.23-15.12] 13.30 [12.20-14.35] 13.00 [11.40-13.50] <0.001 Kruskal-Wallis
Hematocrit [%)] 4340 [41.65-45.15] 41.10[38.25-42.60] 38.00 [34.50-40.95] <0.001 Kruskal-Wallis
Sodium [mmol/L] 139.01 £2.29 140.34 £2.01 139.26 £2.13 0.105 ANOVA
Potassium [mmol/L] 4.63 [4.50-5.05] 4.56 [4.46-4.86) 4.52[431-4.75] 0.181 Kruskal-Wallis
BMI [kg/m?] 26.86 [25.00-29.80] 27.68 [25.55-28.57] 29.09 [26.76-30.48] 0339 Kruskal-Wallis
PhA (50 kHz) [] 492 £1.30 5.00 £1.08 4.88 £0.98 0.948 ANOVA
ECF [L] 19.23 [15.04-21.80] 1848 [16.48-21.77] 19.20 [15.61-20.52] 0911 Kruskal-Wallis
FFM [ka] 57.23 [44.26-63.40] 59.67 [49.27-62.73] 56.66 [47.03-60.72] 0.800 Kruskal-Wallis
FM [kg] 2143 £7.92 19.00 £9.07 21.38 £7.90 0.548 ANOVA
TBW L] 41.90 [32.40-46.41] 43.68 [36.07-45.92] 4147 [34.42-44.45] 0.806 Kruskal-Wallis
TBW [%] 53.56 £5.39 5555 £7.15 53.20 £6.28 0418 ANOVA
ICF [L] 22.59 [16.86-24.75] 23.14[20.01-25.14] 21.99 [19.30-25.17] 0.826 Kruskal-Wallis
ICF [9%] 54.46 £2.96 54.65 £2.30 54.50 £2.97 0.967 Welch's ANOVA
Male sex, n (%) 19 (59.4) 12 (63.2) 13 (56.5) 0.909 X2

BMI — body mass index; ECF — extracellular fluid; eGFR - estimated glomerular filtration rate; FFM — fat-free mass; FM — fat mass; ICF — intracellular fluid;
NRS 2002 — Nutritional Risk Screening 2002; PhA — phase angle; TBW — total body water; ANOVA — analysis of variance; HFrEF — heart failure with reduced

ejection fraction; HFmrEF — heart failure with mildly reduced ejection fraction; HFpEF — heart failure with preserved ejection fraction.

Table 3. Correlation results for PhA at 50 kHz

T Overall Without HF

BMI 0.250 <0.001 0.291 <0.001 0.087 0411 0.408 0.021 —0.440 0.061 -0.183 0.403

ECF% —0611 <0.001 —0.533 <0.001 —0.625 <0.001 -0.730 = <0.001* = -0730 & <0.001* = -0.562 0.005*
eGFR 0.297 <0.001* 0.235 0.002 * 0.288 0.006* 0332 0.064* 0.122 0.618* 0.304 0.158*
Hematocrit 0.281 <0.001 0.367 <0.001* 0.194 0.065 0.163 0374 0.247 0.309* 0457 0.028*
Hemoglobin =~ 0.350 <0.001 0421 <0.001 0.256 0.014 0.324 0.070 0.445 0.056* 0480 0.021*
Potassium —0.093 0.129 —0.038 0618 -0.119 0.260 —0.158 0.387 —0.231 0.342% —-0.159 0.469*
Creatinine 0.043 0479 0.150 0.045 —0.002 0.989 0.016 0.930 0.297 0.217* -0.165 0451*
Sodium 0.022 0.726 0.000 0.996 —0.069 0517*% —0.142 0.447* —0.151 0.536* 0.099 0.652%
NRS 2002 —0.454 <0.001 —0.436 <0.001 —0.397 <0.001 —0473 0.007 —0.543 0.020 —0.144 0.545

TBW% 0329 <0.001 0320 <0.001 0372 <0.001* 0338 0.059* 0339 0.156* 0.664 <0.001*

*Pearson’s correlation test; otherwise Spearman'’s rank correlation test; BMI - body mass index; ECF — extracellular fluid; eGFR — estimated glomerular
filtration rate; NRS 2002 — Nutritional Risk Screening 2002; PhA — phase angle; TBW - total body water; HF — heart failure; HFrEF — heart failure with reduced

ejection fraction; HFmrEF — heart failure with mildly reduced ejection fraction; HFpEF - heart failure with preserved ejection fraction.

Post hoc power analyses were conducted for both univariate
and multivariable analyses. The comparison of PhA between
patients with and without HF yielded a Cohen’s d of 0.464,
with a power of 94.8% (« = 0.05). Additionally, in the multi-
variable logistic regression model adjusted for clinical con-
founders, the observed Z score for PhA was 2.42, correspond-
ing to a power exceeding 99%, confirming a sufficient sample
size to detect this independent association. Moreover, ROC
curve analysis demonstrated that PhA had the highest AUC
(0.636), followed by BMI (0.598) and NRS 2002 (0.594).

Discussion

This study demonstrates that HF in patients with CCS
is independently associated with lower PhA, suggesting
the presence of malnutrition at a cellular and functional
level. Importantly, PhA at 50 kHz retained its association
even after adjustment for potential confounders such as hy-
dration status, renal function, age, BMI, and hemoglobin.
These findings highlight the potential of PhA to serve
as a reliable and clinically relevant biomarker of nutritional



Table 4. Multivariable logistic regression model

Parameter | OR (95% Cl) | p-value | Model x?
PhA (50 kHz) 0.624 [0.425-0.914] 0.016
Age 0.986 [0.940-1.034] 0.551
Male sex 2.265 [1.214-4.227] 0.010
BMI 0.923 [0.865-0.985] 0.016
eGFR 0.973 [0.955-0.990] 0.003 %
Hemoglobin 0.977 [0.919-1.039] 0463
ECF% 0.999 [0.991-1.007] 0.777
NRS 2002 1.048 [0.646-1.699] 0.850

VIFs: PhA (50 kHz) - 1.61; age - 2.06; male sex — 1.21; BMI - 1.07; eGFR - 1.29;
hemoglobin - 1.04; ECF% — 1.00; NRS 2002 - 1.51; BMI - body mass index;
ECF - extracellular fluid; eGFR - estimated glomerular filtration rate;

NRS 2002 - Nutritional Risk Screening 2002; PhA — phase angle; OR - odds
ratio; 95% Cl — 95% confidence interval; VIF — variance inflation factor.

status in cardiology, particularly in the context of HF,
where traditional anthropometric measures may be in-
sufficient. Our findings are consistent with prior stud-
ies demonstrating that reduced PhA is not only a marker
of nutritional depletion but also of sarcopenia and physical
decline, which are prevalent in HF.?>-28

Moreover, while the overall discriminatory perfor-
mance of all tested parameters was modest, PhA showed
a marginally stronger association than both NRS 2002
and BMI in identifying patients with HF. Although
NRS 2002 and BMI were associated with HF status
in univariable comparisons, only PhA and BMI remained
significantly associated in multivariable models. The lack
of statistical significance of NRS 2002 in adjusted analy-
ses may reflect its limitations as a screening tool focused
primarily on recent weight loss and reduced intake, with-
out accounting for compositional or functional aspects
of nutrition.

In hospitalized patients, PhA was associated with pro-
longed hospital stay and non-survival and was shown
to be a useful marker of malnutrition when compared
with NRS 2002, as well as for cachexia detection.?>3? Its
role in malnutrition detection compared with NRS 2002
was also demonstrated in hospitalized geriatric popula-
tions,® in patients with gastrointestinal diseases,?? with
multimorbidity,®® and in patients presenting to the emer-
gency department.3* A study in cardiac surgery patients
showed that PhA identified more malnourished patients
than the European Society for Clinical Nutrition and
Metabolism (ESPEN) criteria.?®* When validated against
the Global Leadership Initiative on Malnutrition (GLIM)
criteria, which serve as the gold standard in malnutrition
assessment, PhA demonstrated excellent accuracy in de-
tecting malnutrition, while NRS 2002 showed a good level
of accuracy.®®

Body mass index, similarly, is a blunt measure in cardio-
vascular populations, where obesity and fluid overload are
common and may obscure underlying malnutrition or sar-
copenia.!? In other populations, PhA has outperformed
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BMI in nutritional status assessment. For example, in un-
derweight populations, patients with anorexia nervosa, de-
spite similar body mass, had significantly lower PhA com-
pared with constitutionally lean individuals.?” Similarly,
in hemodialysis patients, those with obesity paradoxically
presented lower PhA than individuals with normal BMI.38
Phase angle has also been suggested as a valuable tool for
disease-related malnutrition assessment, with limitations
in the correlation between PhA and BMI in patients with
obesity.® It has also been shown to be a useful parameter
for muscle wasting detection in cardiovascular patients.2°

The observed association between low PhA and HF
is consistent with prior studies in diverse clinical popula-
tions.1404! A already mentioned, PhA has been linked
to adverse outcomes in other conditions!®~!® and serves
as a marker of cell membrane integrity, body cell mass, and
metabolic reserve.?>2?° The role of PhA in HF has also been
demonstrated in multiple studies.!**2 Our findings extend
these observations in the HF population and demonstrate
that PhA maintains clinical relevance even in the pres-
ence of potential overhydration confounders such as ECF%,
which can be elevated in HF and is known to influence
impedance-derived parameters.!>#043

From a physiological perspective, PhA reflects the capac-
ity of cell membranes to store electrical current, an ability
that is impaired in malnourished cells.'*?? The indepen-
dence of PhA from ECF% supports the hypothesis that
it captures aspects of nutritional status at the cellular level
that extend beyond simple volume redistribution. More-
over, ROC analysis further reinforced the potential future
clinical utility of PhA. Although all AUC values were mod-
est, PhA showed better discriminatory ability compared
to NRS 2002 and BMI; however, the differences in AUC
values were small and should be interpreted with caution.
On the other hand, this observation is particularly relevant
in cardiology, where nutritional risk is often underappre-
ciated and traditional tools may fail to detect malnutri-
tion in patients with preserved or elevated body weight.
Therefore, PhA appears to be a valid marker of nutritional
status compared with BMI and NRS 2002. The identifi-
cation of functionally relevant, early-stage malnutrition
using PhA may potentially help tailor dietary interven-
tions, optimize rehabilitation, and reduce readmissions
in high-risk cardiac populations. Its modest AUC indicates
that it should not be used as a standalone diagnostic test;
however, the application of PhA may complement exist-
ing nutritional tools by providing a more objective and
functional perspective on nutritional status. Nevertheless,
this requires prospective validation, ideally with endpoints
such as mortality or rehospitalization.

There is only one meta-analysis available, which identi-
fied a PhA cut-off of 4.65° for increased mortality in HF;
however, the authors indicated that data on the application
of PhA in HF are still limited.** Future research should fo-
cus on prospective validation of PhA in HF cohorts, ideally
through further assessment of its predictive value for hard
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outcomes such as mortality, functional decline, or hospital
readmission. Moreover, longitudinal analyses are needed
to evaluate whether serial PhA measurements can monitor
changes in nutritional status in HF.

In addition, combining PhA with established tools such
as BMI and NRS 2002 may help develop integrated screen-
ing models that capture both structural and functional
dimensions of malnutrition. Further research should also
explore cut-off values specific to HF phenotypes (HFrEF,
HEmrEF, HFpEF) and examine the impact of comorbidi-
ties and obesity, which frequently complicate nutritional
assessment in this population.

Limitations of the study

Despite its novelty, several limitations of this study must
be acknowledged. First, the cross-sectional design pre-
cludes causal inference and limits the ability to assess tem-
poral changes in nutritional status. Moreover, the study
was performed in stable patients; therefore, these find-
ings may not be generalizable to populations with acute
conditions. Left ventricular ejection fraction values were
not available for all patients with HF; thus, multivariable
analyses in HF-type subgroups remained underpowered.
Therefore, we suggest performing larger studies that would
allow subgroup analyses. Moreover, the ROC analysis re-
vealed only modest discriminatory accuracy, highlighting
that PhA, while valid, should not be regarded as a stand-
alone diagnostic tool. Finally, prospective studies with
long-term outcomes (e.g., mortality, rehospitalization) are
needed to further establish the prognostic value of PhA
and its role in clinical screening algorithms.

Conclusions

Heart failure in CCS is associated with impaired nutri-
tional status, as reflected by lower PhA values. Phase angle
is areliable and clinically meaningful marker that reflects
malnutrition at the cellular level, independent of hydra-
tion status. Phase angle provides an integrative assessment
of nutritional integrity and functional reserve and may
serve as a valuable addition to routine nutritional screening
in high-risk cardiovascular populations, particularly those
with HE. The incorporation of PhA into clinical workflows
and its combination with other assessment tools could po-
tentially enhance early identification of malnutrition and,
in the future, support individualized dietary interventions
and potentially improve patient outcomes in cardiology
settings.
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