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ABSTRACT

INTRODUCTION A number of predictive models and biomarkers are used to assess outcomes in patients
with advanced heart failure (HF).

0BJECTIVES We sought to evaluate whether markers of malnutrition, inflammation, and tissue remodel-
ing are associated with 1-year mortality in patients with advanced HF.

PATIENTS AND METHODS We analyzed 200 consecutive patients with advanced HF. We assessed
markers of inflammation and malnutrition, such as the neutrophil percentage-to-albumin ratio (NPAR),
the advanced lung cancer inflammation index (ALI), and the level of high-sensitivity C-reactive protein
(hsCRP). We also evaluated the level of tenascin-C (TNC), as well as known markers of HF, such as
N-terminal pro—B-type natriuretic peptide (NT-proBNP), creatinine, and bilirubin. Receiver operating
characteristic (ROC) and Kaplan—Meier survival analyses were performed to evaluate the association of
each parameter with 1-year mortality.

ResuLts The median (interquartile range) age of the patients was 58 (51-64) years. The indepen-
dent predictors of death were ALI (odds ratio [OR], 0.966; 95% Cl, 0.941-0.992; P = 0.01) and NPAR
(OR, 1.373; 95% Cl, 1.126-1.674; P = 0.002), as well as serum levels of TNC (OR, 1.04; 95% ClI,
1.020-1.050; P <0.001), hsCRP (OR, 1.187; 95% Cl, 1.037-1.360; P = 0.01), NT-proBNP (OR, 1.110;
95% Cl, 1.100-1.200; P = 0.02), creatinine (OR, 1.034; 95% Cl, 1.013—1.055; P = 0.001), and bilirubin
(OR, 1.079; 95% Cl, 1.014-1.149; P = 0.02). The ROC analysis indicated a good discriminatory power
of TNC (area under the curve [AUC] = 0.807), NT-proBNP (AUC = 0.760), hsCRP (AUC = 0.706), ALI
(AUC = 0.749), and NPAR (AUC = 0.785) in predicting mortality during the 1-year follow-up.
concLusions Our study demonstrated that a decreased ALl value, increased NPAR value, as well as
elevated serum concentrations of TNC, NT-proBNP, hsCRP, creatinine, and bilirubin are associated with
1-year mortality in patients with advanced HF.

INTRODUCTION A number of predictive mod-
els and biomarkers have been used to assess

processes involved in the development and pro-
gression of HF are inflammation, malnutrition,

outcomes in patients with advanced heart fail-
ure (HF)."”” Noninterventional, cost-effective,
and easy-to-perform tests for markers reflect-
ing various pathophysiologic processes under-
lying HF play a vital role in risk stratification
and improvement of HF management. Most of
the evidence suggests that key pathophysiologic

and cardiac remodeling.®* Thus, we sought to
analyze the prognostic value of the simple and
available markers of these processes, including
the advanced lung cancer inflammation index
(ALD), the neutrophil percentage-to-albumin ra-
tio (NPAR), as well as serum levels of tenascin-C
(TNC), high-sensitivity C-reactive protein
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ALI, which is calculated based on the body
mass index (BMI), serum albumin concentra-
tion, and neutrophil-to-lymphocyte ratio (NLR),
may theoretically represent both malabsorption
and chronic inflammation in HE* Originally, ALI
was developed to assess prognosis in patients with
metastatic non-small cell lung cancer. This novel
marker of inflammation and nutritional status in
chronic diseases has been shown to be an inde-
pendent prognostic factor in neoplastic diseases.®

TNC, an extracellular matrix glycoprotein, is
specifically expressed at high levels during embry-
onic development but it is not normally detect-

WHAT'S NEW?

In this single-center study, we found that the serum level of tenascin-C is
associated with 1-year mortality in patients with advanced heart failure.
This extracellular matrix glycoprotein could reflect the extent of myocardial
remodeling, as it upregulates the activity of matrix metalloproteinases and
their tissue inhibitors, is involved in the degradation of connective tissue,
stimulates the inflammatory response, and influences the development of
myocardial fibrosis. Furthermore, our analysis demonstrated that the values
of the advanced lung cancer inflammation index and neutrophil percentage-
-to-albumin ratio, which reflect inflammation and malnutrition, respectively,
allow for risk stratification in the analyzed group of patients.

(hs-CRP), and N-terminal pro-B-type natriuret-
ic peptide (NT-proBNP).*7

There are several possible explanations for
the association between malnutrition, inflam-
mation, remodeling, left ventricular (LV) dys-
function, and signs of HE. Cardiac remodeling,
a series of structural and functional changes that
involve cardiomyocyte injury, cell death, fibro-
sis, and electrophysiologic changes, is associat-
ed with heart adaptation to pathologic stimuli,
and leads to an increase in LV dimensions, vol-
ume, or mass, and worsening of the LV systolic
and diastolic functions. LV dysfunction causes
the release of natriuretic peptides, which stim-
ulate dysregulation of the leptin—adiponectin
axis.®? Adiponectin plays an anti-inflammatory
role, while leptin is a proinflammatory adipokine.
The effects of adiponectin and leptin on cardiac
remodeling are associated with the induction of
autophagy, which is a mechanism of cell death in
response to pathologic stimuli.®? Elevated levels
of leptin and reduced levels of adiponectin stim-
ulate lipolysis and promote fatty acid and glu-
cose utilization.”® The abovementioned mecha-
nisms and chronic inflammation are connected
with muscle catabolism, albumin consumption,
appetite suppression, and weight loss.’ In addi-
tion, an important link mediating the association
between malnutrition and poor outcomes in pa-
tients with HF is frailty."’

There are various laboratory markers of sys-
temic inflammation, including plasma CRP con-
centration, hypoalbuminemia, and absolute num-
bers of white cells and their components (neutro-
phils, lymphocytes). When the neutrophil count
is evaluated in combination with other inflam-
matory markers, it may provide better prognos-
tic information than when it is analyzed alone."
There is evidence that changes in the levels of
acute-phase proteins, such as serum albumin, do
not only reflect poor nutritional status but also
indicate the severity of inflammation.'? Thus,
NPAR, which is calculated as the neutrophil per-
centage divided by the serum albumin concentra-
tion, may be a precise and rapid parameter of sys-
temic inflammation. This index is used as a pre-
dictor of outcomes in patients with cancer and
acute kidney injury.'®

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (6)

ed in the adult heart. Fetal TNC regulates cell ad-
hesion, influences the activity of matrix metallo-
proteinases and their tissue inhibitors, and stim-
ulates the inflammatory response and the early
stages of fibrosis. TNC reappears at sites of tissue
and vascular remodeling under various patholog-
ic conditions that are associated with inflamma-
tion and tissue injury.'*

Given the close relationship between inflam-
mation, malnutrition, and cardiac remodeling,
we speculated that biomarkers of these process-
es might be associated with HF progression and
patient outcomes. Therefore, the purpose of this
study was to elucidate whether ALI, NPAR, and se-
rum TNC levels are useful in predicting all-cause
mortality in patients with advanced HF during
1-year follow-up.

PATIENTS AND METHODS Study population and
data collection We prospectively analyzed consec-
utive ambulatory patients with advanced HF (New
York Heart Association [NYHA] classes III-1V;
Interagency Registry for Mechanically Assisted
Circulatory Support [INTERMACS] profiles 4-6)
hospitalized in our institution for heart trans-
plantation (HT) evaluation between July 2018
and July 2019. The exclusion criteria comprised
acute HE, neoplastic diseases, autoimmune dis-
eases, endocrine disorders, peripheral artery dis-
ease, signs of infection, previous LV assist device
(LVAD) implantation, any previous heart sur-
gery, severe chronic obstructive pulmonary dis-
ease, history of pulmonary embolism, irrevers-
ible renal dysfunction (estimated glomerular fil-
tration rate <30 ml/min/1.73 m?), and inotropic
or mechanical circulatory support (intra-aortic
balloon pump or LVAD) during index hospital-
ization. Furthermore, the patients who under-
went HT or LVAD implantation during the 1-year
follow-up were excluded from the study. All partic-
ipants received optimal therapy and had been tak-
ing B-blockers, mineralocorticoid receptor antag-
onists, and angiotensin-converting enzyme inhib-
itors/angiotensin II receptor blockers at the max-
imum tolerated doses for at least 3 months prior
to the study inclusion.'® To eliminate the effect
of infection on the levels of inflammatory mark-
ers, we evaluated the white blood cell count. In all
cases the count was lower than the limit indicat-
ing infection, confirming that none of the partic-
ipants had an infection. Furthermore, according



to the center protocol, pulmonary, laryngologi-
cal, dental, and urogenital infections were exclud-
ed (using clinical examination and imaging meth-
ods) in all the included individuals.

The collected data included medical history,
comorbidities, demographic information, physi-
cal examination results, assessment of the nutri-
tional status using the Nutritional Risk Screen-
ing 2002 (NRS-2002),* biochemical blood test
results, echocardiographic examination, right
heart catheterization, and current pharmaco-
logical treatment.

The study end point was defined as all-cause
mortality during the 1-year follow-up. Death with-
in 1 year was confirmed based on the informa-
tion obtained from the national health care pro-
vider. The study was approved by the Bioethi-
cal Committee of the Medical University of Sile-
sia (KNW/0022/KB1/53/1/18; date of approval,
June 19, 2018). The study conformed to the prin-
ciples outlined in the Declaration of Helsinki on
the ethical principles for medical research involv-
ing human subjects. Written informed consent
was obtained from all the included patients.

Biochemical measurements ~ Fasting venous blood
samples obtained at the time of enrolment to
the study were frozen and stored at -80 °C until
further analysis. The complete blood count and
hematologic parameters were determined using
automated blood cell counters (Sysmex XS1000i
and XE2100, Sysmex Corporation, Kobe, Japan).
The inter-and intra-assay coefficients of variation
of the blood samples were 4.5% and 5%, respec-
tively. Liver and kidney function parameters as
well as plasma levels of cholesterol and albumin
were measured with a COBAS Integra 800 ana-
lyzer (Roche Instrument Center AG, Rotkreuz,
Switzerland). A high-sensitivity latex-based im-
munoassay was used on a Cobas Integra 70 ana-
lyzer (Roche Diagnostics Ltd., Mannheim, Ger-
many) to detect plasma hs-CRP levels. The plas-
ma concentration of fibrinogen was measured
using a Sysmex CA-6000 automated coagula-
tion analyzer. The mean value in our laborato-
ry was 300 mg/dl, with a reference range of 200
to 400 mg/dl. The plasma concentration of NT-
-proBNP was measured using a commercially
available kit from Roche Diagnostics on an Elec-
sys 2010 analyzer, with an analytical sensitivity
of less than 5 pg/ml.

The serum TNC level was measured by a sand-
wich enzyme-linked immunosorbent assay (ELI-
SA) with a commercially available kit (Human Te-
nascin ELISA Kit, SunRedBio Technology Co Ltd.,
Shanghai, China). The concentration of TNC was
expressed as ng/l.

Nutritional screening The NRS-2002 score was
calculated in each patient.® In the first part of
this questionnaire impaired nutrition status is
assessed. The patient may score between 0 and 3
points (0 points indicate no health deterioration,
and 3 points indicate severe health deterioration).

In the second part of the questionnaire, severity
of disease and nutritional requirements are as-
sessed. The patient may score between 0 and 3
points (0 points indicate normal nutritional re-
quirements, and 3 points indicate high disease
severity). Patients older than 70 years receive 1
additional point. Overall, patients can score from
0 to 7 points. In the participants with the NRS-
-2002 score greater than or equal to 3, malnutri-
tion was diagnosed and nutritional therapy was
recommended.®

Scales of inflammation and malnutrition NPAR was
calculated as the neutrophil percentage multi-
plied by 100 and divided by the serum albumin
concentration (g/dl).°

ALI was calculated using the following for-
mula: ALI = BMI (kg/m?) x serum albumin lev-
el (g/dl) /NLR.?

NLR was calculated as the neutrophil count di-
vided by the lymphocyte count.*

BMI was calculated as weight (kg) divided by
the square of height (m?).

Statistical analysis  All statistical analyses were
performed using SAS software, version 9.4 (SAS
Institute, Inc., Cary, North Carolina, United
States). Categorical variables are presented as
frequencies and percentages, and were compared
using the x? test. Normally distributed continu-
ous variables are reported as the mean (SD), and
were compared using the ¢t test. Other continu-
ous data are expressed as the median and inter-
quartile range (IQR) and were compared using
the Mann-Whitney test.

A multivariable logistic regression model was
built to identify the predictors of 1-year mor-
tality. The covariates were determined based on
the results of the univariable analysis, the crite-
ria were a P value below 0.3 in the univariable
model and clinical relevance. The correlation be-
tween the explanatory variables was checked
using the Spearman correlation coefficient (R),
and multicollinearity was evaluated by means of
the tolerance and variance inflation factor. Due
to a strong correlation between several covari-
ates associated with inflammation and malnu-
trition (eg, R = 0.49 for NT-proBNP and NPAR,
and R = 0.74 for NPAR and ALI), we built 2 mul-
tivariable models. The results are presented as
odds ratios (ORs) with 95% Cls.

Receiver operating characteristics (ROC) curves
were plotted and the Youden index was used to
determine the cutoff value for the parameters
of inflammation, malnutrition, and remodeling
that were significant in the multivariable anal-
ysis. The prognostic strength of the factors was
evaluated based on the area under the ROC curve
(AUC), sensitivity, specificity, negative predic-
tive value, positive predictive value, and accura-
cy. The Kaplan—-Meier curves with the log-rank
test were used to compare mortality rates in pa-
tients dichotomized according to the cutoff val-
ues of TNC, NT-proBNP, hs-CRP, ALI, and NPAR

ORIGINAL ARTICLE Markers of malnutrition, inflammation, and tissue remodeling in HF 3



determined in the ROC analysis. A P value below
0.05 was considered significant.

RESULTS The final study population consist-
ed of 200 patients with advanced HF who were
placed on the HT waiting list, including 179 pa-
tients in NYHA class III and 21 patients in NYHA
class IV. The median (IQR) age of the participants
was 58 (51.5-64) years, and 179 patients (89.5%)
were men. During the follow-up, 60 patients died
(mortality rate, 30%). Baseline characteristics of
the entire study population as well as the sur-
vival and nonsurvival subgroups are presented
in TABLE 1.

The ROC curve analysis indicated a good dis-
criminatory power of TNC, NT-proBNP, and
hs-CRP as well as of the ALI and NPAR values in
predicting mortality during the 1-year follow-up
(TaBLE 2). According to the Kaplan-Meier analy-
sis, lower ALI values, higher NPAR values, higher
TNC, and higher hs-CRP serum levels were asso-
ciated with a significantly worse 1-year survival.
The ROC curves and the Kaplan-Meier survival
curves for all the analyzed parameters are shown
in FIGURE 1A—1J.

The multivariable logistic regression analysis
confirmed that ALI and NPAR values, as well as
serum levels of TNC, NT-proBNP, hs-CRP, cre-
atinine, and bilirubin were independent predic-
tors of death at 1 year. The results of univariable
and multivariable analyses are shown in TABLE 3.

DISCUSSION The present study demonstrated
that nutrition and inflammation statuses reflect-
ed by ALI and NPAR as well as serum hs-CRP lev-
els in the patients with advanced HF were asso-
ciated with 1-year all-cause mortality. Further-
more, serum level of TNC, which is a marker of
inflammation and tissue remodeling, and the lev-
el of NT-proBNP, which is a marker of myocardial
wall tension, predicted 1-year mortality in the an-
alyzed group of patients.

There is evidence that undernutrition is asso-
ciated with increased mortality in patients with
advanced HF. The pathophysiology of malnutri-
tion in advanced HF may involve diminished per-
fusion of the gut and disturbed microcirculation
of the intestine, resulting in local edema, abnor-
mal mucosal permeability to endotoxins, and sub-
sequent inflammation."® Furthermore, malnutri-
tion and cardiac cachexia result from inflamma-
tory cytokine—induced hypercatabolic syndrome,
loss of bone mass, and insulin resistance.!” Many
factors can influence the nutritional status in HF
patients, including decreased caloric intake due
to malabsorption, tiredness, and dyspnea, as well
as increased catabolism due to inflammatory cy-
tokines and neurohormonal activation.

ALI, which was one of the factors associated
with 1-year mortality in the analyzed group of pa-
tients, reflects systemic inflammation and mal-
nutrition, which are the 2 main pathophysiolog-
ic processes in HF. It is a simple marker calculat-
ed based on NLR, BMI, and serum albumin level.

POLISH ARCHIVES OF INTERNAL MEDICINE  2023; 133 (6)

NLR is a biomarker of systemic inflamma-
tion that can be calculated based on the results
of blood tests as a ratio of circulating neutro-
phils and lymphocytes. During inflammation,
a large number of stimulated neutrophils cause
thrombosis and increase the level of oxidative
stress.'® Neutrophils produce cytokines, which
inhibit the lymphocyte-mediated immune activ-
ity comprising natural killer T cells or activated
T cells.® An increased NLR due to elevated neutro-
phil count or decreased lymphocyte count indi-
cates an imbalance between the innate and adap-
tive immune systems, resulting in a systemic in-
crease in the levels of proinflammatory cytokines.
Alow lymphocyte count may reflect a poorly reg-
ulated immune response.'®

BMI and serum albumin levels have been
shown to be useful parameters for evaluating
the nutritional status.?’?' In patients with HF, low
BMI is associated with poor prognosis (the obe-
sity paradox).?? However, it must be emphasized
that using BMI to assess the nutritional status in
HF patients has limitations. Based on BMI, it is
not possible to distinguish between body fat and
the presence of fluid retention or lean body mass.
Albumins have anti-inflammatory and antioxida-
tive properties. They inhibit the secretion of pro-
inflammatory cytokines and complement factor
C5a by modulating the interactions between neu-
trophils and endothelial cells.?® Furthermore, se-
rum albumins show anticoagulant and antiplate-
let aggregation activity as well as a colloid osmot-
ic effect.?” In patients with advanced HF, a reduc-
tion in serum albumin levels is associated with
increased metabolic activity, proteinuria, malnu-
trition, and decreased synthesis by the liver due
to low perfusion and congestion.?®?® There is evi-
dence that hypoalbuminemia in patients with HF
is associated with adverse outcomes, especially be-
cause it promotes fluid retention and edema by re-
ducing plasma osmotic pressure.?’ Originally, ALI
was proposed as a prognostic marker in patients
with several types of cancer, because cachexia and
sarcopenia are the results of the chronic inflam-
matory response and indicate a poor outcome in
this population.?®-2° However, there are no previ-
ous reports investigating the association between
the ALI value and prognosis in patients with ad-
vanced HE. The only study about the prognostic
value of ALI in patients with HF was conducted
by Maeda et al* in a population of patients with
acute decompensated HF. The authors conclud-
ed that ALI was a marker of inflammation and
malnutrition as well as a prognostic predictor in
the study group.

Another finding of the present study is the as-
sociation between NPAR and 1-year mortality in
the analyzed group of patients.® This index reflects
the main pathophysiologic processes that contrib-
ute to the progression of HE. NPAR, which com-
bines the neutrophil percentage and albumin lev-
el, performed better than either of these markers
alone in evaluating inflammatory-related diseas-
es. Clinical studies have evaluated the prognostic



TABLE 1 Baseline characteristics of the study population (continued on the next page)

Parameter

P value

Baseline data

All patients (n = 200)

Survivors (n = 140)

Nonsurvivors (n = 60)

Age, y 58 (51.5-64) 57 (50-63) 60 (54.5-65) 0.09
Male sex, n (%) 179 (89.5) 123 (87.9) 56 (93.3) 0.25
Ischemic etiology of HF, n (%) 118 (59) 74 (52.9) 44 (73.3) 0.007
BMI, kg/m? 26.9 (24.1-30.4) 27.3 (24.6-31.1) 25.9 (22.9-29.5) 0.024
NYHAII, n (%) 179 (89.5) 129 (92.1) 50 (83.3) 0.06
NYHA IV, n (%) 21(10.5) 11(7.9) 10(16.7) 0.06
Comorbidities, n (%)

Hypertension 114 (57) 74 (52.9) 40 (66.7) 0.07
Type 2 diabetes 81 (40.5) 55 (39.3) 26 (43.3) 0.59
Dyslipidemia 128 (64) 90 (64.3) 38(63.3) 0.9
Persistent AF 99 (49.5) 72 (51.4) 27 (45) 0.4
Laboratory findings

WBC, x 101 7.4 (6.1-8.9) 6.9 (6.1-8.5) 8.1(6.6-9.2) 0.04
Lymphocytes, x 10%1 1.5(1.2-1.9) 1.5(1.3-2) 1.4 (1.2-1.9) 0.14
Platelets, x 10%1 201 (165-245.5) 184 (159-223.5) 231 (207.5-271.5) <0.001
TNC, ng/l 374.7 (225.7-632.6) 278.8 (205.2-520.6) 570.8 (436.5-785.5) <0.001
Hemoglobin, mmol/I 8.8 (0.9) 8.8 (0.9) 8.84 (1.1) 0.8
Creatinine, pmol/I 107 (95-125.5) 104 (91.5-110) 127 (104-144.5) <0.001
Total bilirubin, pmol/I 16.7 (11.9-21.1) 15.5(11.9-19.6) 20.1 (12.2-25.9) 0.002
Albumin, g/l 43 (41-46) 44 (41.5-46) 41.5 (38.5-44) <0.001
Uric acid, pmol/I 425.5 (360.5-517.5) 425.5 (362-520.5) 435.5 (356-515) 0.74
Urea, pmol/l 8.2 (6-12.4) 7.9(5.9-10.3) 9.2 (6.6-17.7) 0.01
Fibrinogen, mg/dl 381.5 (315-447) 372 (313-433) 398.5 (326.5-464) 0.09
AST, U/ 26 (20-32) 26 (20-32) 26 (19-31) 0.85
ALT, U/l 22 (15-33) 22 (16-33) 21.5 (14-36.5) 0.68
ALP, U/l 76.5 (62-100) 74 (61.5-96.5) 89.5 (64.5-107) 0.05
GGTP, U/l 74 (34-130.5) 64.5 (31.5-127) 81 (47-145.5) 0.08
Total cholesterol, mmol/I 4(1) 4.05 (0.9) 3.98(1.2) 0.67
hs-CRP, mg/I 4.2 (2-6.9) 3.7(1.7-5.5) 6.8 (3.3-9) <0.001
Sodium, mmol/l 139 (137-141) 140 (138-141) 137 (135-139) <0.001
NT-proBNF, pg/ml 3293.5 (1683-6543) 2004 (1542.5-4658) 6339.5 (3565.5-9586.5) <0.001
Hemodynamic data

mPAP, mm Hg 25 (19-32) 25(19-31) 24.5(19-35.5) 0.58
Cl, I/min/m? 1.9 (1.8-2) 1.9 (1.8-2) 1.9 (1.8-2) 0.99
TPG, mm Hg 9(7-13) 9(7-13) 9(7-12) 0.81
PVR, Wood units 1.9 (1.5-2.3) 1.8 (1.5-2.3) 1.9 (1.5-2.3) 0.32
Echocardiographic parameters

LA, mm 52 (47-58) 50 (46-58) 54 (48.5-57) 0.16
RVEDD, mm 39 (35-40) 38 (34-40) 39.5 (37-43) 0.002
LVEDD, mm 71 (65-80) 71 (65-79.5) 71 (64.5-81) 0.45
LVEF, % 17 (15-20) 18 (15-20) 15 (12.5-18) <0.001
Cardiac medication on admission, n (%)

B-Blockers 198 (99) 138 (98.6) 60 (100) 0.35
ACEI/ARB 198 (99) 138 (98.6) 60 (100) 0.35
Loop diuretics 200 (100) 140 (100) 60 (100) 0.35
MRA 200 (100) 140 (100) 60 (100) 0.35
Digoxin 61 (30.5) 39(27.9) 22 (36.7) 0.22
Ivabradine 38(19) 28 (20) 10(16.7) 0.58
Statin 149 (74.5) 105 (75) 44 (73.3) 0.8
Acetylsalicylic acid 73 (36.5) 49 (35) 24 (40) 0.5
ICD/CRT-D 200 (100) 140 (100) 60 (100) 0.59
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TABLE 1 Baseline characteristics of the study population (continued from the previous page)

Parameter All patients (n = 200) Survivors (n = 140) Nonsurvivors (n = 60) P value
Other

V0,max, ml/kg/min 11.25(10.3-12.2) 11.3(10.4-12.25) 11.05 (9.70-12.05) 0.15
ALl 39.8 (27-54.3) 44.4 (31.4-60.2) 30(16.9-42.8) <0.001
NPAR 14.9 (13.4-16.7) 14.2 (12.8-15.9) 16.8 (15.3-18.3) <0.001
Malnutrition (NRS-2002 >3 points) 13 (6.5) 7(5) 6(10) 0.19

Data are presented as median (interquartile range) or mean (SD) unless otherwise indicated.

Sl conversion factors: to convert hemoglobin to g/l, multiply by 0.6206; fibrinogen to g/l, by 0.01; ALP, ALT, AST, and GGTP to pkat/l, by 0.0167;

hs-CRP to nmol/l, by 9.524; NT-proBNP to ng/l, by 1.

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ALI, advanced lung cancer inflammation index; ALP, alkaline
phosphatase; ALT, alanine aminotransferase; ARB, angiotensin receptor blocker; AST, aspartate aminotransferase; BMI, body mass index; Cl, cardiac
index; CRT-D, cardiac resynchronization therapy—defibrillator; GGTP, y-glutamyl transpeptidase; HF, heart failure; hs-CRP, high-sensitivity C-reactive
protein; ICD, implantable cardioverter—defibrillator; LA, left atrium; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection
fraction; mPAP, mean pulmonary artery pressure; MRA, mineralocorticoid receptor antagonist; NPAR, neutrophil percentage-to-albumin ratio;
NRS-2002, Nutritional Risk Score; NT-proBNP, N-terminal pro—B-type natriuretic peptide; NYHA, New York Heart Association; PVR, pulmonary vascular
resistance; RVEDD, right ventricular end-diastolic dimension; TNC, tenascin-C; TPG, transpulmonary gradient; VO,max, maximal oxygen uptake; WBC,

white blood cell count

TABLE 2 Results of receiver operating characteristic analysis

Parameter  AUC (95% Cl) Cutoff  Sensitivity (95% Cl)  Specificity (95% Cl) PPV (95% Cl) NPV (95% Cl) Accuracy

TNC 0.807 (0.748-0.865) =411 0.87 (0.75-0.94) 0.72 (0.64-0.79) 0.57 (0.46-0.67)  0.93 (0.86-0.97) 0.77 (0.70-0.82)
NPAR 0.785(0.718-0.853) >15.1 0.8 (0.68-0.89) 0.65 (0.56-0.73) 0.49 (0.39-0.6) 0.88 (0.81-0.94) 0.7 (0.63-0.76)
ALl 0.749 (0.678-0.821) <54.3  0.99 (0.94-1) 0.35(0.27-0.44) 0.4 (0.32-0.48) 1(0.93-1) 0.55 (0.47-0.62)

NT-proBNP  0.756 (0.685-0.826) >3761  0.75(0.62-0.85) 0.69 (0.61-0.77)

0.51 0.4-0.62) 0.87(0.79-0.92)  0.71(0.64-0.77)

hs-CRP 0.706 (0.626-0.786) >5.46  0.62(0.48-0.74) 0.74 (0.66-0.81)

0.51(0.39-0.63) 0.81(0.74-0.88)  0.71(0.64-0.77)

Abbreviations: AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive value; others, see TABLE 1

value of NPAR in clinical states such as sepsis, car-
diogenic shock, acute kidney injury, or acute myo-
cardial infarction.'*:3?3! However, only 1 previous
study explored the prognostic value of NPAR in
patients with HE In that study, Hu et al®? con-
cluded that the NPAR value upon admission to
the hospital was related to the risk of death or
hospitalization in the analyzed cohort. The ad-
vantage of NPAR is its simplicity, low cost, and
availability, as it can be easily and quickly calcu-
lated based on routine laboratory test results in
each HF patient on admission.

We also demonstrated a strong and indepen-
dent association between 1-year mortality and
serum TNC levels. It is known that fetal vari-
ants of TNC are not only expressed during em-
bryogenesis but also appear in pathophysiolog-
ic conditions during myocardial and vascular re-
modeling in adults.*® TNC molecules are depos-
ited in the myocardium, but soluble forms of this
glycoprotein are released into the bloodstream.
They are synthesized in interstitial fibroblasts in
response to elevated levels of proinflammatory
cytokines, mechanical stress, hypoxia, or acido-
sis.®® TNC upregulates the activity of matrix me-
talloproteinases, which promote the degradation
of connective tissue.”*? Furthermore, TNC pro-
motes the progression of fibrosis and contributes
to LV systolic and diastolic dysfunction. There-
fore, increased serum TNC levels in patients with
advanced HF may reflect the presence of active
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pathophysiologic processes that contribute to
the development and progression of the disease.
Our results support this possibility, as we showed
that serum TNC concentrations are associated
with 1-year mortality in the analyzed group of pa-
tients with advanced HE. Our findings were con-
sistent with the results of some studies that ana-
lyzed patients at different stages of HE.**-*¢ Sever-
al studies have shown that increased serum TNC
levels in patients with dilated cardiomyopathy and
HF are associated with adverse outcomes, inflam-
mation, cardiac remodeling, and the stage of LV
dysfunction.?*-%¢ Additionally, Yao et al*’ found
that the levels of TNC were associated with long-
-term outcomes and the stage of LV dysfunction
in patients with ischemic HE.

Our study also confirmed the importance of
conventional HF risk factors, such as higher se-
rum concentrations of NT-proBNP, hsCRP, cre-
atinine, and bilirubin, in predicting outcomes in
our study population.

We showed an independent association be-
tween serum NT-proBNP levels and 1-year mor-
tality in the patients with HE. This marker of myo-
cardial remodeling is secreted from cardiomyo-
cytes as a consequence of interactions between
mechanical, immunological, and neurohormon-
al factors. The main regulatory mechanism that
causes the secretion of natriuretic peptides is in-
creased cardiac wall tension and intravascular vol-
ume. Additionally, elevated serum concentration
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TABLE 3 Results of univariable and multivariable analyses

Univariable analysis

Parameter OR (95% CI) P value

TNC? 1.04 (1.02-1.05) <0.001
Bilirubin 1.074 (1.008-1.144) 0.03
Creatinine 1.031 (1.009-1.053) 0.005
BMI 0.935 (0.878-0.995) 0.04
ALl 0.979 (0.946-0.998) 0.22
NPAR 1.168 (1.031-1.496) 0.22
Albumin 0.849 (0.737-0.979) 0.02
Urea 1.05 (0.954-1.156) 0.32
hs-CRP 1.198 (1.044-1.375) 0.01
NT-proBNP® 1.09 (1.01-1.19) 0.06
Parameter Model 1 Model 2

OR (95% Cl) P value OR (95% Cl) P value
TNC 1.04 (1.02-1.05) <0.001 1.03 (1.02-1.05) <0.001
Bilirubin 1.079(1.014-1.149)  0.02 1.08 (1.015-1.149)  0.02
Creatinine 1.034 (1.013-1.055)  0.001 1.032(1.011-1.053)  0.003
CRP 1.187(1.037-1.360)  0.01 1.22 (1.067-1.393) 0.004
ALl 0.966 (0.941-0.992)  0.01 - -
NT-proBNP 1.11(1.01-1.2) 0.02 - -
NPAR - - 1.373(1.126-1.674)  0.002

a  Per 10-unit increase

b Per 100-unit increase

Abbreviations: OR, odds ratio; others, see TABLE 1

of NT-proBNP is related to renal and hepatic fail-
ure associated with HF and pulmonary hyperten-
sion secondary to LV dysfunction. Furthermore,
NT-proBNP synthesis in cardiomyocytes is in-
duced by angiotensin II, endothelin, and proin-
flammatory cytokines (interleukin-6 [IL-6]).3%3*
Assessment of the NT-proBNP level is commonly
used in clinical practice to diagnose HF and pre-
dict mortality and morbidity in various popula-
tions of patients with HE.40-#3
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Another prognostic factor in our study group
was serum hs-CRP level. This acute-phase protein
is synthesized by hepatocytes in response to IL-6
production, and is part of the immune response.
In line with our findings, several previous stud-
ies have shown that elevated hs-CRP levels on ad-
mission may be associated with worse clinical out-
comes in patients with advanced HE***5 Further-
more, it has already been established that hs-CRP
is a nonspecific marker of inflammatory diseases,
infections, and neoplastic disorders, and a medi-
ator of endothelial dysfunction.*®

The present study also confirmed the relevance
of serum bilirubin and creatinine levels in pre-
dicting outcomes in the analyzed population. It
is known that 2 hemodynamic abnormalities,
namely, hypoperfusion and venous congestion,
explain the processes underlying renal and he-
patic dysfunction in advanced HE.*” Hepatic con-
gestion associated with right ventricular dysfunc-
tion may result in cholestatic changes, with ele-
vated serum bilirubin level.*’” Although early stag-
es are reversible, long-term hepatopathy leads to
irreversible damage of the liver.”’ Renal dysfunc-
tion has been attributed to decreased cardiac out-
put, a subsequent decrease in glomerular filtra-
tion rate, and an increase in tubular sodium re-
tention.*® Furthermore, chronic inflammatory
state, cytokine production, and oxidative stress
play an important role in the development of re-
nal dysfunction in HE.*®

Several limitations of the study should be not-
ed. First, it was a single-center analysis; therefore,
it was subject to selection bias. The second lim-
itation is a relatively small number of patients,
which warrants for the results to be interpret-
ed with caution. Considering these limitations,
multicenter studies with a larger sample size are
required to further validate the clinical value of
the analyzed parameters and indices.

Conclusions This study shows that the assess-
ment of easily-obtainable nutritional and in-
flammatory markers plays an important role in



the risk stratification of patients with HE. The re-
sults of our analysis support the hypothesis that
markers of inflammation and malnutrition—
ALI, NPAR, and serum hs-CRP—allow for mor-
tality risk assessment in patients with advanced
HE. Furthermore, in our study population, higher
serum levels of TNC, NT-proBNP, creatinine, and
bilirubin were associated with 1-year mortality.
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