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Abstract: Background. The nutritional status of patients in hospitals has a significant impact
on the effectiveness of treatment, the occurrence of complications, and the length of hospital-
ization. The purpose of this study was to evaluate the nutritional status of patients with heart
failure (HF) and its impact on patient outcomes. Material and Methods. This study included
213 patients (153 men, 71.8%) aged 74.7 + 14.3 years treated for HF at the cardiology clinic
of the 4th Military Clinical Hospital between 2018 and 2021. Sociodemographics, clinical
data, the Model for End-Stage Liver Disease (MELD), CHILD-PUGH, and the Nutritional
Risk Score (NRS) were analyzed. Results. Patients at high nutritional risk (NRS > 3 score)
were older (85 years vs. 75 years; p < 0.001), had longer hospitalizations (12 days vs. 9 days,
p = 0.027), lower hemoglobin (10.5 g/dL vs. 11.7 g/dL, p = 0.001), lower TIBC (292 vs. 336;
p =0.012), and iron (32 mg/nL vs. 39 ng/mL, p = 0.009) compared with patients at low risk
(NRS < 3 score). Patients hospitalized <7 days had significantly lower CHILD-PUGH score
compared with patients hospitalized >7 days. Patients hospitalized >14 days were significantly
more likely to die compared with other groups of HF patients (10.6% vs. 0.0%, p = 0.004).
Conclusions. Abnormal nutritional status among hospitalized HF patients is associated with
longer hospitalization duration and higher rates of death. In addition to clinical factors, the
CHILD-PUGH scale can be helpful in estimating the length of hospitalization of HF patients. It
is necessary to determine the impact of nutritional status on the outcome of patients with heart
failure in further multicenter prospective or interventional studies.
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1. Background

Heart failure (HF) is a major global health problem, characterized by chronic progression
and frequent exacerbations that significantly affect patient outcomes and the burden on healthcare
systems [1]. An estimated 64.3 million people are living with heart failure worldwide [2]. In
developed countries, the prevalence of diagnosed heart failure is generally estimated at 1% to 2%
of the general adult population [3-6]. Based on the latest data compiled by the Polish Ministry
of Health, it is known [7] that the number of patients diagnosed with HF in Poland increased
to 1.02 million between 2014 and 2019. In addition, there was a 26% decrease in the number of
patients with a de novo diagnosis of HF in 2019 compared to 2014. The apparent decrease in the
number of new cases and total prevalence in 2020-2021 is most likely a result of the COVID-19
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pandemic and associated impaired access to healthcare, including primary diagnosis [8]. The
total number of heart failure patients in Poland was 2413 per 100,000 population in 2021 [7].

The growing public health burden of cardiovascular disease (CVD) is a global challenge,
particularly in the context of dietary and lifestyle changes [9]. The rising prevalence of hyperten-
sion, obesity, and diabetes, which are key CVD risk factors, is closely linked to the prevalence of a
diet low in fiber and rich in processed foods and saturated fat [9]. In addition, decreased physical
activity and sedentary lifestyles further increase the risk of developing these diseases [10]. Low-
and middle-income countries, where urbanization encourages unhealthy habits, are particularly
vulnerable [11]. Studies indicate that lifestyle changes, including increased fiber intake and
regular physical activity, can significantly reduce the incidence of CVD [12,13].

The Mediterranean diet has long been recognized as a dietary model beneficial to cardio-
vascular health [14]. However, studies indicate a decline in its adherence, which may undermine
its original benefits. The traditional Mediterranean diet, rich in fruits, vegetables, nuts, and olive
oil, is associated with a lower risk of cardiovascular disease [15]. However, modern changes in
eating habits, such as the increase in consumption of processed foods and saturated fats, are
leading to a shift away from this model. Additionally, barriers to adherence to the Mediterranean
diet in non-Mediterranean populations may affect its effectiveness in cardiovascular disease
prevention [16]. As such, promotion and education about traditional dietary patterns are key to
maintaining its health-promoting properties.

The European Society of Cardiology (ESC) guidelines [17] emphasize the role of non-
pharmacological management in the management of heart failure. Available studies show a
relationship between adherence to non-pharmacologic recommendations and outcomes for
patients with heart failure.

Nutritional status is a modifiable risk factor in the management of chronic diseases, includ-
ing HF [18]. Despite advances in pharmacological and interventional treatments, malnutrition
remains a common and underrecognized problem in patients with HF. Studies indicate that
poor nutritional status in this group is associated with higher rates of hospitalization, prolonged
length of hospital stay, and increased mortality [19-21]. In addition, the interaction between
HF and nutritional deficiencies is complex, involving low-grade inflammation, gastrointestinal
congestion, and metabolic disorders [22]. These factors can lead to a paradoxical condition in
which obese patients simultaneously exhibit micronutrient deficiencies, further complicating
their treatment [23]. Patients hospitalized for HF exacerbations often present complex clinical
profiles in which comorbidities and nutritional status play an important role [24,25]. In this
context, malnutrition and related risk factors become key determinants of recovery, length of
hospitalization, and mortality.

The purpose of this study is to assess the nutritional status of patients hospitalized for
exacerbations of HF and its impact on clinical outcomes, such as length of hospital stay and
in-hospital mortality. The analysis focuses on a cohort of patients treated at a single center,
using standardized nutritional and clinical assessment tools. By examining the relationship
between nutritional parameters, clinical characteristics and patient outcomes, this study aims
to highlight the importance of early nutritional screening and individualized interventions in
the management of HE.

2. Material and Methods

This retrospective study analyzed the data of 213 patients hospitalized between 2018
and 2021 for heart failure exacerbations at the cardiology clinic of the 4th Military Clinical
Hospital. The study was conducted in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.

Inclusion criteria for the analysis were age > 18 years, diagnosis of heart failure (ICD10:
150.9), complete laboratory data (whole blood count, CRP, ALT, AST, creatinine, ferrum,
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albumin, bilirubin, PT/INR, %SATTE, TIBC, APTT) and hospitalization in the cardiology
clinic between 2018 and 2021.
The standardized research instruments used in the study are shown in Table 1.

Table 1. Standardized research instruments used in the study.

Research Tool

Clinical Use

Structure Scoring

Interpretation

CHILD-PUGH [26]

Assessment of liver
disease severity and
prognosis in patients
with chronic liver
disease.

Five parameters:
bilirubin, albumin,
INR, ascites, and
hepatic
encephalopathy
levels.

5-15 points

A higher score indicates
greater disease severity and
a worse prognosis for the
patient.

The Model for
End-Stage Liver
Disease (MELD) [27]

Assessment of the
severity of liver
disease and
indications for liver

Three parameters:
creatinine, bilirubin 640 points,
and INR levels.

A higher score indicates
greater disease severity and
a higher 3-month mortality
rate.

transplantation.

A score of >3 indicates

increased nutritional risk,

patient age, eating while when a patient scores

disorder, and severity <3, another assessment

of illness. should be conducted within
a week.

Nutritional Risk Nutritional risk Three parameters:

Screening 2002 (NRS assessment of
2002) [28] hospitalized patients.

0 to 7 points

In addition to standardized clinical scales, information was collected on age, sex,
height, weight, BMI, laboratory parameters (bilirubin, creatinine, albumin, INR, %SATTF,
iron, ferritin, TIBC, APTT, blood count, CRP, ALT, ASP), the length of hospitalization, and
the mode of discharge.

Clear definitions of all terms and variables were established at the hospital, and detailed
training was conducted for all those involved in data collection. Standard forms were used.
Electronic forms with built-in consistency checks were used to minimize errors, statistical methods
were used to identify anomalies and potential errors in the data, such as outlier analysis.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Bioethics Commission at the Military Medical Chamber (decision
number 213/2022, approved on 22 April 2022).

The primary endpoints were treatment efficacy (cured), incidence of complications (as-
cites), and length of hospitalization in two groups of patients at nutritional risk (according to
NRS 2002). The G*Power (v. 3.1.9.7) program was used to estimate the minimum sample size.
Assuming a significance level of o = 0.05, a power of test 1 — 3 = 0.80, and an effect size of
Es = 0.30 (medium effect), the total sample size was N = 64. The study group of patients was
increased to 213, keeping in mind the secondary end effects. Post hoc test power calculations
were also performed. For the two-sided Mann-Whitney test (two sides) for the observed
difference in hospitalization time of three days, the effect size was Es = 0.66. Assuming a
significance level of @ = 0.05 and sample sizes: N1 = 181, N2 = 32, the power of the test was
1—-p=0919.

The analysis was performed in R software, version 4.4.2 [29]. Distributions of quan-
titative variables were presented by means, standard deviations, medians and quartiles,
while distributions of qualitative variables were presented by number and percentage of
occurrences for each of their values. The chi-square test and Fisher’s exact test were used
to compare the qualitative variables of the groups. The Mann-Whitney test was used to
compare the quantitative variables of two groups, while the Kruskal-Wallis test (followed
by the post hoc Dunn test) was used for comparisons between more than two groups. In all
cases, Holm—Bonferroni correction for multiple comparisons was applied. A significance
level of p < 0.05 was adopted for all statistical tests.
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3. Results

This study analyzed a cohort of 213 patients (including 153 men, 71.8%) aged 76 [66;
85] years and treated for heart failure at the cardiology clinic of the 4th Military Clinical
Hospital between 2018 and 2021. Clinical data are presented in Table 2.

Table 2. Clinical characteristics of 213 cardiac patients.

Variable Statistics
HGB (g/dL): M + SD 120 +64
Me [Q1; Q3] 11.5[10.1;12.8]
Min-Max 3.1-99.0
MCV (fl): M+ SD 873+95
Me [Q1; Q3] 87.6[82.8;92.8]
Min-Max 55.2-120.0
WBC (x109 /L): M £ SD 81+32
Me [Q1; Q3] 7.2[6.0;9.4]
Min-Max 2.3-22.9
PLT (x103/ puL): M +SD 229 + 137
Me [Q1; Q3] 203 [153; 284]
Min-Max 59-1546
CRP (mg/dL): M+ SD 19.1+29.8
Me [Q1; Q3] 19.2[3.4; 19.6]
Min-Max 0.1-240.2
ALT (U/L): M = SD 35.94+49.0
Me [Q1; Q3] 23[15;34]
Min-Max 4-476
AST (U/L): M+ SD 415 +59.4
Me [Q1; Q3] 28 [21;41]
Min-Max 10-689
Creatinine (mg/dL): M+ SD 1.60 + 0.89
Me [Q1; Q3] 136 [1.11; 1.83]
Min-Max 0.62-7.74
Ferrum (ng/mL): M + SD 44.7 £ 271
Me [Q1; Q3] 36 [27; 56]
Min-Max 10-166
Albumin (g/dL): M+ SD 3.63 £ 0.46
Me [Q1; Q3] 3.7[34;39]
Min-Max 1.8-4.8
CHILD-PUGH (score) M = SD 60+£13
Me [Q1; Q3] 6[5;7]
Min-Max 5-10
MELD (score) M + SD 245445
Me [Q1; Q3] 24[21;28]
Min-Max 1340
Bilirubin (mg/dL): M+ SD 1.35 +1.34
Me [Q1; Q3] 0.90 [0.75; 1.50]
Min-Max 0.23-14.30
PT/INR: M+ SD 1.69 £ 1.02
Me [Q1; Q3] 1.36 [1.17; 1.70]
Min-Max 0.90-8.66
%SATTF: M+ SD 144+98
Me [Q1; Q3] 12.0[8.4;17.4]
Min-Max 3.1-8.0
Ferritin (l1g/L): M = SD 164 + 247
Me [Q1; Q3] 95 [40; 204]
Min-Max 5.5-2000
Ferritin (mg/L): M + SD 164 + 247
Me [Q1; Q3] 95 [40; 204]
Min-Max 5.5-2000
APTT (s): M +SD 384 +109
Me [Q1; Q3] 35.8 [31.2; 42.0]
Min-Max 23.2-99.3

BMI: Body Mass Index; Me: Median; Q1: First quartile; Q3: Third quartile; M: Mean; SD: Standard deviation; %SATTE:
Percentage of transferrin saturation; MELD: Model for End-Stage Liver Disease; HGB: Hemoglobin; MCV: Mean
Corpuscular Volume; WBC: White Blood Cells; PLT: Platelets; CRP: C-Reactive Protein; ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase; PT/INR: Prothrombin Time/International Normalized Ratio; APTT: Activated Partial
Thromboplastin Time.

3.1. Nutritional Assessment

In a group of 213 patients, the level of nutritional status expressed on the NRS scale
was between 0 and 7 points (median Me = 1 point).

Table 3 shows the characteristics of 213 patients in groups differing in malnutrition
risk. The risk of malnutrition expressed by the Nutritional Risk Screening (NRS)-2002 scale
> 3 affected 15.0% of the subjects.
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Table 3. Clinical characteristics of 213 cardiac patients in groups differing in nutritional status.

Nutritional Status

Variable p Value
<3 >3

(N =181) (N =32)
Male N (%) 134 (74.0) 19 (59.4) 0.134
Age (years) Me [Q1; Q3] 75 [66; 84] 85[79;91] <0.001
Body height (cm) Me [Q1; Q3] 170 [165; 176] 167 [156; 173] 0.005
Body mass (kg) Me [Q1; Q3] 80 [70; 93] 75 [62; 80] 0.007
BMI (kg/m?) Me [Q1; Q3] 27.4[24.1;31.3] 25.8 [24.0; 28.5] 0.148

Treatment effect:

Cured N (%) 172 (95.0) 27 (84.4) 0018

Further treatment N (%) 5(2.8) 1(3.1)

Death N (%) 4(2.2) 4 (12.5)
Hospitalization time (days) Me [Q1; Q3] 9 [6; 15] 12 [9; 19] 0.027
HGB (g/dL) Me [Q1; Q3] 11.7 [10.3; 13.0] 10.5[9.4; 11.2] 0.001
MCV (fl) Me [Q1; Q3] 87.7 [82.8;92.1] 87.4[82.4;96.3] 0.556
WBC (x10°/L) Me [Q1; Q3] 7.416.0;9.2] 6.9 [6.0; 10.6] 0.797
PLT (x10%/uL) Me [Q1; Q3] 193 [152; 269] 225 [177; 293] 0.126
CRP (mg/dL) Me [Q1; Q3] 8.6[3.2;17.7] 16.6 [3.7; 47.4] 0.053
ALT (U/L) Me [Q1; Q3] 23 [15; 33] 23[17;37] 0.558
AST (U/L) Me [Q1; Q3] 28 [21; 40] 31 [22; 45] 0.377
Creatinine (mg/dL) Me [Q1; Q3] 1.36 [1.11; 1.83] 1.37[1.07; 1.76] 0.908
Ferrum (ng/mL) Me [Q1; Q3] 39 [28; 57] 32[20; 42] 0.009
Albumin (g/dL) Me [Q1; Q3] 3.70 [3.41; 3.87] 3.60 [3.15; 3.83] 0.138
CHILD-PUGH Me [Q1; Q3] 61[5;7] 5[5; 6] 0.572
MELD Me [Q1; Q3] 24 [21; 28] 23 [20; 28] 0.646
Bilirubin Me [Q1; Q3] 0.93 [0.75; 1.64] 0.88 [0.72; 1.20] 0.263
PT/INR Me [Q1; Q3] 1.37[1.17; 1.70] 1.22[1.16; 1.62] 0.305
%SATTF Me [Q1; Q3] 12.3[8.5;17.4] 9.5[6.5;17.9] 0.270
Ferritin (ug/L) Me [Q1; Q3] 86 [39; 199] 131 [56; 240] 0.100
TIBC Me [QL; Q3] 336 [283; 402] 292 [227; 373] 0.012
APTT Me [Q1; Q3] 365 [31.2; 42.1] 34.8[30.8; 41.6] 0.597

BMI: Body Mass Index; N: Number of observations; Me: Median; Q1: First quartile; Q3: Third quartile; TIBC:
Total Iron-Binding Capacity; %SATTEF: Percentage of transferrin saturation; MELD: Model for End-Stage Liver
Disease; HGB: Hemoglobin; MCV: Mean Corpuscular Volume; WBC: White Blood Cells; PLT: Platelets; CRP:
C-Reactive Protein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT/INR: Prothrombin
Time/International Normalized Ratio; APTT: Activated Partial Thromboplastin Time.

e  Cured: NRS < 3 vs. NRS > 3 (95.0% vs. 84.4%, p = 0.026),
o  Death: NRS <3 vs. NRS > 3 (2.2% vs. 12.5%, p = 0.005).

Patients at high nutritional risk (NRS > 3 score) were older than patients at low risk
(NRS < 3 score) by an average of 10 years (85 years vs. 75 years; p < 0.001), were shorter by 3 cm
(167 cm vs. 170 cm, p = 0.005), and lighter by 5 kg (75 kg vs. 80 kg, p = 0.007). Hospitalization
time was longer by an average of 3 days (12 days vs. 9 days, p = 0.027), hemoglobin levels were
lower by an average of 1.2 g/dL (10.5 g/dL vs. 11.7 g/dL, p = 0.001), iron levels were lower by
7ng/mL (32 mg/nL vs. 39 ng/mL, p = 0.009), and TIBCs were lower compared with the low
nutritional risk group (292 vs. 336; p = 0.012).

3.2. Length of Stay in Hospital

In the group of 213 patients, the duration of hospitalization ranged from 2 to 102 days
(median Me = 10 days). Patients were classified into one of three groups: I—duration of
hospitalization up to 7 days, II—duration of hospitalization from 8 to 13 days, lll—duration
of hospitalization of 14 days and longer.

Patients hospitalized <7 days had significantly lower body weight, lower BMI, lower
CRP, creatinine, a lower CHILD-PUGH score, and higher albumin, iron, ferritin, and
TIBC levels compared with patients hospitalized >7 days (Table 4). Patients hospitalized
>14 days were significantly more likely to die compared with other HF patient groups
(10.6% vs. 1.4% vs. 0.0%, p = 0.004). Patients hospitalized for 8 to 13 days were signifi-
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cantly more likely to have completed treatment compared to other groups of HF patients
(respectively: 97.3% vs. 97.2% (<7 days) vs. 84.9% (>14 days); p = 0.009).

Table 4. Clinical characteristics of 213 cardiac patients in groups differing in length of hospitalization.

Duration of Hospitalization (days)

Variable p Value
Up to 7 Days 8 to 13 Days 14 and over
N=73 N=74 N =66
Male N (%) 49 (67.1) 52 (70.3) 52 (78.8) 0.291
Age (years) Me [Q1; Q3] 78 [65; 86] 76 [70; 84] 76 [66; 84] 0.854
Body height Me [Q1; Q3] 170 [164; 176] 171 [160; 176] 170 [166; 175] 0.991
Body mass Me [Q1; Q3] 74 [62; 83] 82 [73;95] 81 [72; 96] 0.001
BMI (kg/m?) Me [Q1; Q3] 25.2[22.1;29.4] 28.4[25.0; 31.5] 27.6[25.2;33.7] <0.001
Nutritional assessment Me [Q1; Q3] 110; 1] 1[1:1] 1[0; 2] 0570
(NRS)
Treatment effect:
Cured N (%) 71 (97.2) 72 (97.3) 56 (84.9) 0007
further treatment N (%) 1(1.4) 2(2.7) 3 (4.5)
Death N (%) 1(1.4) 0(0.0) 7 (10.6)
HGB (g/dL) Me [Q1; Q3] 11.5[10.3; 13.1] 11.5[9.9;12.7] 11.6 [10.1; 12.9] 0.892
MCV (fl) Me [Q1; Q3] 87.6[81.3;92.1] 88.5 [81.5; 92.3] 87.2[84.1;94.0] 0.683
WBC (x10°/L) Me [Q1; Q3] 7.01[6.1;8.9] 7.115.9; 8.9] 8.0 [6.0; 10.4] 0.322
PLT (x103/uL) Me [Q1; Q3] 204 [153; 268] 189 [153; 286] 220 [149; 289] 0.860
CRP (mg/dL) Me [Q1; Q3] 6.7 [2.4; 13.5] 7.0[3.1;16.7] 17.0[7.2; 23 4] 0.001
ALT (U/L) Me [Q1; Q3] 22 [15;29] 26 [16; 37] 23 [16; 32] 0.391
AST (U/L) Me [Q1; Q3] 27 [21; 36] 29 [22;42] 30 [23; 42] 0.182
Creatinine (mg/dL) Me [Q1; Q3] 1.25 [1.00; 1.67] 1.37 [1.08; 1.83] 1.55 [1.22; 1.85] 0.019
Ferrum (ng/mL) Me [QL; Q3] 42[31; 58] 39 [28; 57] 29 [21; 46] <0.001
Albumin (g/dL) Me [Q1; Q3] 3.79[3.57; 3.99] 3.70[3.51; 3.86] 3.50 [3.20; 3.70] <0.001
CHILD-PUGH Me [Q1; Q3] 5[7;7] 515; 6] 65 7] 0.023
MELD Me [Q1; Q3] 24 [21;27] 24 [21; 27] 24 [21;29] 0.512
Bilirubin Me [Q1; Q3] 0.89 [0.75; 1.49] 0.89 [0.69; 1.41] 0.98 [0.74; 1.89] 0.327
PT/INR Me [Q1; Q3] 1.34[1.16; 1.78] 1.34[1.11; 1.66] 1.38 [1.20; 1.75] 0.449
%SATTF Me [Q1; Q3] 12.91[9.1;17.4] 12.1 [8.4;17.8] 109 [7.0; 17.0] 0.228
Ferritin Me [QL; Q3] 42[31; 58] 39 [28; 57] 29 [21; 46] <0.001
TIBC Me [Q1; Q3] 338 [293; 420] 337 [288; 402] 304 [249; 376] 0.024
APTT Me [Q1; Q3] 35.6 [32.0; 41.2] 37.4[29.9;42.2] 35.4 [31.9; 41.4] 0.996

BMI: Body Mass Index; N: Number of observations; Me: Median; Q1: First quartile; Q3: Third quartile; TIBC:
Total Iron-Binding Capacity; %SATTEF: Percentage of transferrin saturation; MELD: Model for End-Stage Liver
Disease; HGB: Hemoglobin; MCV: Mean Corpuscular Volume; WBC: White Blood Cells; PLT: Platelets; CRP:
C-Reactive Protein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT/INR: Prothrombin
Time/International Normalized Ratio; APTT: Activated Partial Thromboplastin Time.

3.3. Effect of Treatment

In a group of 213 patients, 199 patients were cured (group A), 6 patients were trans-
ferred to another hospital (group B), and 8 patients died in the hospital (group C). The
results of the comparisons of the analyzed parameters are shown in Table 5.

The NRS in group C (i.e., those patients who died in hospital) was significantly higher
compared with patients in group A who completed the therapeutic process (1 point vs. 2.5 points;
p =0.005).

The duration of hospitalization in the group of patients who died was significantly longer
compared with that of patients who completed the therapeutic process (9 days. vs. 25 days;
p =0.002).

Statistically significant differences between groups A, B, and C were also observed
in terms of blood ALT enzyme levels and albumin levels. ALT levels in group B (patients
referred for further treatment at another hospital or for outpatient treatment) were sig-
nificantly higher compared with patients in group C (those who died in hospital) by an
average of 20 U/L (34 U/L vs. 14 U/L, p = 0.015). The albumin concentration in group
A (patients who completed treatment) was significantly higher compared with patients
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in group C (who died in hospital) by an average of 0.53 g/dL (3.70 g/dL vs. 3.17 g/dL,
p <0.001).

Table 5. Clinical characteristics of 213 cardiac patients in treatment effect groups and results of
significance tests.

Group of Patients p-Value
Variable A (N =199) B(N=6) C(N=38)
Male N (%) 142 (71.4) 4(66.7) 7 (87.5) 0.585
Age (years) Me [Q1; Q3] 76 [66; 85] 76 [67; 81] 84 [78; 85] 0.349
Body height Me [Q1; Q3] 170 [164; 176] 171 [160; 176] 170 [166; 175] 0.962
Body mass Me [Q1; Q3] 80 [68; 92] 78 [70; 80] 80 [71;92] 0.867
BMI (kg/m2) Me [Q1; Q3] 27.2 [24.0;31.2] 26.0 [24.5; 30.1] 27.5[26.4;30.7] 0.868
Nutritional assessment Me [Q1; Q3] 1[0; 1] 1[1;2] 2.5[1.5; 5] <0.001
(NRS)
HOSP“?S;;S)"“ time Me [Q1; Q3] 9[6; 15] 18[10; 32] 25 [20; 39] <0.001
HGB (g/dL) Me [Q1; Q3] 11.5[10.1; 12.8] 12.1[9.8; 154] 10.4 [9.9; 12.2] 0.453
MCV () Me [Q1; Q3] 87.6 [82.9; 92.9] 90.5 [78.4; 96.1] 83.2[81.5;89.4] 0.559
WBC (x10°/L) Me [Q1; Q3] 7.216.0;9.2] 8.9 [6.6;10.7] 6.6 [5.8;11.2] 0.626
PLT (x103/uL) Me [Q1; Q3] 199 [153; 279] 230 [156; 369] 218 [154; 310] 0.835
CRP (mg/dL) Me [Q1; Q3] 9.0 [3.2;19.2] 7.7 16.7;19.8] 21.5[7.8;106.3] 0.129
ALT (U/L) Me [Q1; Q3] 23 [15; 34] 34 [28; 40] 14 [11; 24] 0.019
AST (U/L) Me [Q1; Q3] 28 [21; 41] 42 [29; 51] 24 [22;27] 0.117
Creatinine (mg/dL) Me [Q1; Q3] 1.35[1.10; 1.83] 1.45 [1.06; 2.76] 1.69 [1.31; 2.09] 0.368
Ferrum (ng/mL) Me [Q1; Q3] 38 [27; 57] 32 [29; 34] 25 [17; 34] 0.059
Albumin (g/dL) Me [Q1; Q3] 3.70 [3.41; 3.90] 3.31 [3.00; 3.60] 3.17 [2.80; 3.45] <0.001
CHILD-PUGH Me [Q1; Q3] 5[5;7] 716:9] 616; 8] 0.070
MELD Me [Q1; Q3] 24 [21;27] 28 [22; 29] 25 [22; 29] 0.529
Bilirubin Me [Q1; Q3] 0.89 [0.75; 1.47] 2.57[0.68; 3.35] 153 [0.61; 1.83] 0.343
PT/INR Me [Q1; Q3] 1.35 [1.16; 1.69] 212[1.22;3.57] 1.52 [1.17; 2.04] 0.336
%SATTF Me [Q1; Q3] 12.0[8.5;17.4] 11.4[8.0; 15.6] 9.7 [6.5;15.1] 0.585
Ferritin Me [Q1; Q3] 38 [27; 57] 32 [29; 34] 25 [17; 34] 0.059
TIBC Me [Q1; Q3] 336 [282; 401] 252 [218; 338] 241 [215; 353] 0.035
APTT Me [Q1; Q3] 35.7 [30.8; 42.2] 36.9 [28.5; 40.8] 37.0 [33.8; 39.6] 0.904

Group A—completion of the therapeutic process; Group B—referral for further treatment in another hospital or
outpatient treatment; Group C—death; BMI: Body Mass Index; N: Number of observations; Me: Median; Q1: First
quartile; Q3: Third quartile; TIBC: Total Iron-Binding Capacity; %SATTF: Percentage of transferrin saturation; MELD:
Model for End-Stage Liver Disease; HGB: Hemoglobin; MCV: Mean Corpuscular Volume; WBC: White Blood Cells;
PLT: Platelets; CRP: C-Reactive Protein; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; PT/INR:
Prothrombin Time/International Normalized Ratio; APTT: Activated Partial Thromboplastin Time.

4. Discussion

This study aimed to assess the nutritional status of patients hospitalized for exac-
erbations of HF and its impact on clinical outcomes such as length of hospital stay and
in-hospital mortality. The analysis included a cohort of patients treated at a single center,
using standardized nutritional and clinical assessment tools. By examining the relation-
ship between nutritional parameters, clinical characteristics, and patient outcomes, this
study aimed to highlight the importance of early nutritional screening and individualized
interventions in the treatment of HF.

Cardiovascular disease (CVD) is the leading cause of mortality worldwide [30]. CVD
will remain the leading global cause of mortality, causing an estimated 23 million deaths
by 2030 [31]. Preventive measures such as adopting a healthy lifestyle reduce the risk of
myocardial infarction (MI) by 81 to 94% [32], while treatment with pharmacotherapy alone
leads to a reduction of 20 to 30% [33]. Thus, nutrition is the most important behavioral
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factor in preventing premature death and disability from cardiovascular disease, ahead of
abstinence from smoking and physical activity [34].

Behavioral factors are also associated with insulin resistance and diabetes, which sig-
nificantly increases the risk of cardiovascular disease through accelerated atherosclerosis,
endothelial dysfunction, and chronic inflammation [35]. Diabetes accelerates the progres-
sion of heart failure through insulin resistance, chronic inflammation, and oxidative stress,
leading to myocardial damage [36]. Hyperglycemia promotes endothelial dysfunction,
vascular stiffness, and cardiac remodeling, which worsens cardiac performance [37,38].
Metabolic disorders such as dyslipidemia and obesity exacerbate insulin resistance and
oxidative stress, creating a vicious cycle between diabetes and heart failure [38]. The result
is impaired cardiac contractility and increased sodium retention, increasing the risk of hos-
pitalization and death [39]. It is noteworthy that excessive energy and fat intake increases
the risk of obesity, but can also paradoxically go hand in hand with a deficiency of essential
micronutrients [40]. Obesity seems to represent a new type of malnutrition as a result of un-
healthy eating habits, poor absorption, and altered metabolism of micronutrients. Perhaps
the responsible phenomenon is related to systemic chronic low-grade inflammation [22,41].
According to the World Health Organization, overweight and obese people often have an
unrecognized risk of malnutrition [42]. Obesity is a condition of fat accumulation, and
this is often paradoxically accompanied by quality deficiencies. This is the result of a diet
lacking sufficient amounts of protein, vitamins, and minerals or conditions associated with
excessive loss of these, and metabolic disorders. The risk of malnutrition is particularly
higher in patients with a BMI > 30 kg/m? [41] and is particularly exacerbated when weight
loss occurs over 3 months (e.g., due to illness). About 50% of patients in the Polish pop-
ulation are malnourished. It has been shown that 38% of patients meet the criteria for
malnutrition as assessed by the Nutritional Risk Screening 2002 (NRS) form [43] before
planned surgery. Nearly half of these patients have a BMI above 25kg/m?.

In the Polish population setting, the risk of malnutrition is assessed only in the inpa-
tient setting based on the mandatory NRS 2002 or Subjective Global Assessment (SGA) card
assessment at patient admission, introduced in 2012. Clinical tools such as the Model for
End-Stage Liver Disease (MELD) [44,45] and the CHILD-PUGH scale [11] are also widely
used and can predict outcomes for hospitalized patients. The predictive properties of the
MELD scale have been confirmed for the prognosis of patients with end-stage heart failure
and liver disease awaiting heart transplantation [44]. In a study by Naghashzadeh et al. [46],
the MELD was shown to be an effective predictor of perioperative risk stratification in
patients with congestive hepatopathy and heart failure undergoing heart transplantation.
The Child-Pugh score was not significantly associated with the prediction of mortality. In
our study, a higher CHILD-PUGH score was associated with longer hospitalization for HF.
Due to conflicting results in the literature, the use of the CHILD-PUGH and MELD scales
in the HF patient population requires further study.

Data collected in the cardiology clinic on the basis of such cards indicate the necessity
to consider pre-procedural nutritional treatment due to reductions in the length of hos-
pitalization reducing the incidence of complications and reducing mortality. The n = 231
study group showed no statistical differences in gender in nutritional status. The mean
BMI was estimated at 28.1 4 6.2 kg/m? and, therefore, on average, the study population
was an overweight population. Malnutrition was assessed in this group according to the
NRS2002 scale and averaged 1.2 £ 1.2 points. Approximately 13% of the patients evaluated
had more than 3 points on this scale (n = 32) and these patients should be considered
malnourished. They were mainly statistically significantly older patients on average by
10 years (85 years vs. 75 years; p < 0.001), they were 3 cm shorter than low-risk patients
(NRS < 3 score) (167 cm vs. 170 cm, p = 0.005), and lighter by 5 kg (75 kg vs. 80 kg,
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p = 0.007), making the differences in BMI not statistically significant (27.4 [24.1; 31.3] vs.
25.8 [24.0; 28.5], p = 0.148).

In the context of the growing number of overweight and obese patients who may be
malnourished, it is crucial to understand that BMI is not the only indicator of nutritional
status, and that age and changes in body weight are important risk factors. In addition
to the scales used, assessment of biochemical parameters is also used in risk assessment.
In the study group, the assessment of plasma albumin levels, which is often used in the
standard diagnostic panel on admission, was considered useless. The measurement of
this indicator is controversial, because, in addition to nutritional status, it also reflects the
severity of the disease and the hydration status of the body. However, regardless of this,
most authors consider that a concentration of this protein below 3.5 mg/dL is indicative of
malnutrition. It was statistically insignificant in both study groups.

The duration of hospitalization, which is highlighted in the literature as well as in
our study, was prolonged by 25% (9 [6; 15] vs. 12 [9; 19] p = 0.027). Hospitalization
was prolonged in malnourished patients by 5 to 6 days depending on the severity of
the disease [47]. This is of great importance due to the need to implement nutritional
support during hospitalization, which allows for lower mortality rates, fewer unplanned
hospital readmissions, higher energy and protein intake, and greater weight gain than
patients without nutritional support [23,24,48,49]. At the same time, reducing the length
of hospitalization reduces the total cost of hospitalization, defined as the product of the
number of bed days each patient spent on each type of unit and the cost per bed day.
The bed-day cost includes medical care (e.g., drugs, parenteral, and enteral nutrition),
procedures, nursing, and other services, such as dietary services, as well as meals, cleaning,
and logistics. Depending on the funding system in each country, the cost of treating patients
at nutritional risk was 46% higher than those not at risk [49].

In the malnourished group, lower hemoglobin levels and lower blood iron levels
were observed. HF patients often suffer from malnutrition or cardiac cachexia, which is
associated with loss of muscle mass and proteins, including albumin. Decreased albumin
levels are a marker of malnutrition, which negatively affects the body’s recovery capacity,
prolongs recovery time, and increases the risk of complications [50,51]. Albumin not only
reflects nutritional status but also overall inflammation, severity of illness, and the body’s
ability to adapt and recover. In our study, a shorter period of hospitalization was associated
with lower body weight, lower BMI, CRP, creatinine, and higher albumin and iron levels
compared with patients hospitalized >7 days. Patients hospitalized >14 days were signifi-
cantly more likely to die compared with other groups of HF patients. Our observations
are consistent with the available studies. In the Ancion et al. study [51], hemoglobin and
serum albumin levels were found to be independent predictors of long-term mortality in a
group of patients with acute heart failure. Similarly, in a study by Késeoglu and Ozlek [52],
anemia, chronic kidney disease, and iron deficiency were independently associated with
mortality from any cause.

The study group of patients was hospitalized during the COVID-19 pandemic, during
which a significant impact of the pandemic on dietary habits and physical activity levels was
observed [53]. Lockdown-related restrictions and reduced availability of medical care may
have contributed to poorer diet quality, exacerbating malnutrition and impairing patients’
overall condition [54]. In addition, a lack of regular physical activity exacerbated the loss of
muscle mass and led to greater progression of heart failure [55]. The research highlights the
need to implement nutritional and rehabilitation strategies, especially in crises, to prevent
negative health outcomes in this patient group [56-58]. Currently, based on an increasing
number of articles, there is a growing interest in the nutritional status of patients in the
medical literature. Findings suggest that there is an urgent need for preoperative and
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pre-hospitalization nutritional interventions, which can contribute to reducing the length
of hospitalization, reducing the incidence of complications and lowering mortality [59].
For this reason, it seems optimal to assess nutritional status with appropriate treatment
in the pre-hospitalization period or to introduce nutritional assessment in out-of-hospital
treatment to identify and undertake treatment prior to hospitalization. In addition, in-
hospital nutritional treatment should be intensified, especially in patients who are expected
to have a prolonged period of hospitalization.

4.1. Study Limitations

The test has several limitations. One is the use of albumin levels as an indicator of
nutritional status, which can be modified by factors not directly related to malnutrition,
such as inflammation and hydration. In addition, the study did not include a control group
of patients without heart failure, which limits the ability to clearly determine the specific
impact of malnutrition on clinical outcomes in this population. Due to the retrospective
design, data analysis was limited to information available in medical records, which may
have affected the completeness and accuracy of the results. Another limitation of the study
was the lack of inclusion of body composition assessment methods, such as bioelectrical
impedance analysis (BIA) or muscle mass measurements, which could have provided more
detailed information on malnutrition. In addition, the analysis included patients from a
single center, which may limit the generalizability of the results to the broader population
of heart failure patients. In addition, the majority of participants were elderly, which may
not reflect the specific nutritional challenges in younger patients. Although the number
of patients in the study was relatively large, it may still be insufficient to fully assess all
variables affecting nutritional status and clinical outcomes.

4.2. Practical Implications

Future studies should consider additional methods of assessing malnutrition, such as
body composition analysis and muscle mass measurement, to gain a more accurate picture
of nutritional deficits in patients with heart failure. In addition, the use of biochemical
markers, such as prealbumin or transferrin, may improve the predictive value of assessing
nutritional status to clinical outcomes. Given the limitations of the single-center nature
of the analysis, future studies should include a larger and more diverse patient popula-
tion, taking into account data from different clinical centers. Additionally, it would be
worthwhile to explore differences in nutritional challenges between younger and older
heart failure patients, which could influence dietary intervention strategies. Future studies
should focus on analyzing subgroups based on the severity of HF or different nutritional
states. To better understand the relationship between malnutrition and mortality, inter-
vention studies are needed in which targeted dietary strategies are implemented and their
effects on patient outcomes are monitored over the long term.

Given that albumin levels can be modified by inflammation and hydration, future
studies should include analysis of inflammatory markers (e.g., CRP) to better understand
the interaction between nutritional status and the course of heart failure. Future research
should focus on the impact of post-hospitalization nutritional strategies on the long-term
prognosis of patients with heart failure. Monitoring patients after discharge could provide
valuable data on the effectiveness of nutritional rehabilitation in improving quality of life
and reducing the risk of readmissions. It is particularly important to identify patients
at high risk of nutrition, allowing targeted interventions to be implemented, improving
patient outcomes and reducing the burden on health systems.
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5. Conclusions

Abnormal nutritional status among hospitalized heart failure patients is associated
with longer hospitalization duration and higher mortality. In addition to clinical factors,
the CHILD-PUGH scale can help estimate the length of hospitalization of patients with
heart failure. It is necessary to determine the impact of nutritional status on the outcome of
patients with heart failure in further multicenter prospectives or interventional studies.
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