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Prognostic Nutritional Index and the Risk of Mortality in Patients With
Acute Heart Failure

Yu-Lun Cheng, MD; Shih-Hsien Sung, MD, PhD; Hao-Min Cheng, MD, PhD; Pai-Feng Hsu, MD, PhD; Chao-Yu Guo, PhD; Wen-Chung Yu, MD;
Chen-Huan Chen, MD

Background—Nutritional status has been related to clinical outcomes in patients with heart failure. We assessed the association
between nutritional status, indexed by prognostic nutritional index (PNI), and survival in patients hospitalized for acute heart failure.

Methods and Results—A total of 1673 patients (age 76+13 years, 68% men) hospitalized for acute heart failure in a tertiary
medical center were analyzed. PNI was calculated as 10xserum albumin (g/dL)+0.005xtotal lymphocyte count (per mm?®).
National Death Registry was linked to identify the clinical outcomes of all-cause and cardiovascular death. With increasing tertiles
of PNI, age and N-terminal probrain natriuretic peptide decreased, and body mass index, estimated glomerular filtration rate, and
hemoglobin increased. During a mean follow-up duration of 31.5 months, a higher PNI tertile was related to better survival free
from all-cause and cardiovascular mortality in the total study population and in participants with either reduced or preserved left
ventricular ejection fraction. After accounting for age, sex, estimated glomerular filtration rate, left ventricular ejection fraction,
serum sodium level, and on-admission systolic blood pressure, PNI was independently associated with cardiovascular death and
total mortality (hazard ratio per 1 SD of the natural logarithm of the PNI: 0.76 [95% Cl, 0.66—0.87] and 0.79 [95% Cl, 0.73-0.87],
respectively). In subgroup analyses stratified by age, sex, left ventricular ejection fraction, body mass index, or estimated
glomerular filtration rate, PNI was consistently related to mortality.

Conclusions—PNI is independently associated with long-term survival in patients hospitalized for acute heart failure with either
reduced or preserved left ventricular ejection fraction. (/ Am Heart Assoc. 2017;6:e¢004876. DOI: 10.1161/JAHA.116.
004876.)

Key Words: albumin « heart failure ¢ lymphocyte ¢ mortality * nutrition * prognosis ¢ prognostic nutritional index

prognoses in patients with chronic illness, including end-stage

M alnutrition, which is associated with decreased
renal disease, malignancy,* and advanced heart failure (HF).2

immune system function,' impaired respiratory func-

tion,> and poor wound healing,® is common in hospitalized
older patients.* Consequently, malnutrition correlates with
increasing risks of postoperative morbidity and mortality,’
prolonged hospital stay,’ and poor quality of life.” Protein-
energy malnutrition is prevalent and has been related to poor

From the Departments of Medicine (Y.-L.C., S.-H.S., W.-C.Y.) and Medical
Education (H.-M.C., C.-H.C.), and Healthcare and Management Center (P.-F.H.),
Taipei Veterans General Hospital, Taipei, Taiwan; Cardiovascular Research
Center (H.-M.C., W.-C.Y., C.-H.C.), Department of Medicine (Y.-L.C., S.-H.S., H.-
M.C., P.-F.H., W.-C.Y., C.-H.C.), and Institute of Public Health (S.-H.S., P.-F.H.,
C.-Y.G., C.-H.C.), National Yang-Ming University, Taipei, Taiwan.
Correspondence to: Shih-Hsien Sung, MD, PhD, Department of Medical
Education, Taipei Veterans General Hospital, No. 201, Sec. 2, Shih-Pai Road,
Taipei, Taiwan. E-mail: mr.sungsh@gmail.com

Received October 16, 2016; accepted May 17, 2017.

© 2017 The Authors. Published on behalf of the American Heart Association,
Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

When Anker et al and Zapatero et al demonstrated that
nutritional status was an independent prognostic factor in
patients with either acute or chronic HF,%? several nutritional
screening tools such as the Mini Nutritional Assessment—
Short Form (MNA-SF) and Nutritional Risk Screening (NRS-
2002) were developed for assessing nutritional risks in
patients with HF.'®'" Given the complexity of computing
these indexes and the subjectivity of the questionnaires, the
validity and the generalizability of the nutritional indexes and
questionnaires may vary according to the experience of the
examiners and the presence of recall bias from the patients.

In contrast, some biochemical nutritional indicators,
including body mass index, total cholesterol, serum albumin,
and total lymphocyte count, were proposed to predict survival
in patients with HF.'>'* The prognostic nutritional index
(PNI), calculated from the serum albumin concentration and
total lymphocyte count, is a simple and objective indicator of
postoperative outcomes in patients undergoing cancer
surgery’; however, the prognostic impact of PNI in patients
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Clinical Perspective

What Is New?

« Nutritional status, indexed by prognostic nutritional index, is
a strong prognostic factor for long-term outcomes in
patients hospitalized for acute heart failure with either
reduced or preserved left ventricular ejection fraction.

» The prognostic nutritional index is correlated with cardiac
hemodynamics, including right ventricular systolic pressure.

What Are the Clinical Implications?

» Hospitalized heart failure patients with depressed prognos-
tic nutritional index on admission, indicating an increased
risk of total and cardiovascular mortality, may warrant
closer follow-up and more aggressive therapy.

with HF remained unexplored. The aim of this study was to
investigate the clinical significance of PNI in patients hospi-
talized for acute HF (AHF).

Methods

The study population was retrieved from HARVEST, the Heart
Failure Registry of Taipei Veterans General Hospital, in which
patients hospitalized for AHF were enrolled.'® Patients with
acute coronary syndrome, severe liver cirrhosis (Child-Pugh
score B or C), or sepsis'® were excluded. A total of 2663
patients who underwent echocardiography before discharge
from October 2003 to December 2012 were analyzed.
Medical history; findings from physical examination; and
prescription, hematological, and biochemistry data were
prospectively input in a web-based electronic records system.
The institutional review committee of Taipei Veterans General
Hospital approved the use of the registry data for research
purposes, and informed consent was waived, given the nature
of an administrative registry.

Blood samples were obtained on admission and analyzed
using the Beckman Coulter LH 780 analyzer for hematological
data and a Roche Cobas 8000 for biochemical data. Renal
function was expressed as the estimated glomerular filtration
rate (eGFR) and calculated with the abbreviated MDRD
(Modification of Diet in Renal Disease) formula.'” Chronic
kidney disease was defined as eGFR <60 mL/min per
1.73 m?. Because the commercialized measure for NT-proBNP
(N-terminal probrain natriuretic peptide) was available only
after 2009, this analysis had missing values for NT-proBNP.
Left ventricular ejection fraction (LVEF) was obtained from 2-
dimensional guided M-mode echocardiography in accordance
with the recommendations of the American Society of
Echocardiography.'® The ratio of transmitral flow velocity to
mitral annulus motion velocity in early diastole (E/e') and

estimated right ventricular systolic pressure (RVSP) were also
calculated. HF with reduced ejection fraction (HFrEF) or HF
with preserved ejection fraction (HFpEF) was defined as LVEF
<50% or >50%, respectively. PNI was calculated as 10x serum
albumin (g/dL)+0.005 x total lymphocyte count (per mm?).>"®
Overall, 990 patients were excluded from this analysis for
missing data on albumin or total lymphocyte count on the first
morning of hospitalization.

Follow-up

Clinical outcomes and mortality were acquired by linking the
database to the National Death Registry, with a mean follow-
up duration of 31.5 months. The National Death Registry
database registers valid information according to the Inter-
national Classification of Diseases, Ninth Revision (ICD-9). The
ICD-9 codes for cardiovascular death are 390 to 459. The
accuracy of the coding in Taiwan’s National Death Registry
database has been validated.?®

Statistical Analysis

Continuous variables are presented as mean and standard
deviation (SD), and categorical variables are presented as
number and percentage. Between-group comparisons were
achieved by 1-way ANOVA for continuous variables and y?
test for categorical variables. Because of the skewed
distributions of PNI and NT-proBNP levels, they were taken
into natural logarithm transformations, respectively, before
the linear regression analysis and Cox proportional hazards
regression analysis. The missing NT-proBNP values were
analyzed by multiple imputations using the Markov Chain
Monte Carlo method with a single chain and 20
imputations.

Linear regression analysis was used to evaluate the
relationship between PNI and baseline characteristics. Multi-
variable linear regression analysis was conducted by stepwise
forward selections, with age and sex being forced in the
model. The Kaplan—Meier survival curve analysis was con-
ducted to compare the prognoses of the tertiles of PNI. Cox
proportional hazards models were used to evaluate the
independence of PNI in predicting all-cause or cardiovascular
mortality after accounting for age, sex, renal function, LVEF,
biochemical data, systolic blood pressure, and prescribed
medications. To compare the prognostic impacts of PNI,
albumin, and total lymphocyte count in addition to the clinical
risks, the Akaike information criterion of the models and the
net reclassification improvement were calculated. Participants
with mortality risks of 7% at the 2 extremities in the study
population were classified as low- and high-risk groups.
Participants were censored at the time of noncardiovascular
death or the end of follow-up in the analysis of cardiovascular

DOI: 10.1161/JAHA.116.004876

Journal of the American Heart Association 2

HDOYVIASHY TVNIDIYO



Nutrition and Acute Heart Failure

Cheng et al

Table 1. Baseline Characteristics of the Cohort Study Population by Prognostic Nutritional Index Tertiles

Prognostic Nutrition Index
Variables Total (n=1673) <39.3 (n=558) 39.3 to 44.8 (n=557) >44.8 (n=558) P Value
Age, y 75.8+13.2 77.5+£13.0 76.54+12.2 73.44+14.0 <0.001
Men, n (%) 1140 (68) 382 (69) 375 (67) 383 (69) 0.882
BMI, kg/m? 24.6+5.0 23.8+4.6 24.3+5.0 26.2+5.2 <0.001
Systolic blood pressure, mm Hg 143+33 146+35 142+32 141+31 0.071
Heart rate, bpm 91+24 91424 92424 91423 0.794
Comorbidities, n (%)
Hypertension 982 (59) 323 (58) 322 (58) 337 (60) 0.616
Diabetes mellitus 619 (37) 206 (37) 207 (37) 206 (37) 0.996
Coronary artery disease 496 (30) 130 (23) 165 (30) 201 (36) <0.001
Stroke 141 (8) 54 (10) 44 (8) 43 (8) 0.426
Systolic heart failure 803 (48) 256 (46) 279 (50) 268 (48) 0.355
Hematological and biochemical variables
White blood cell count, 109/L 7.6+3.2 7.5+3.3 7.6+3.4 7.7+£2.7 0.797
Lymphocyte count, 10%/L 1.3+0.7 0.94+0.4 1.2+0.5 1.8+0.9 <0.001
Hemoglobin, g/dL 11.8+£2.2 10.8+£21 11.7+£241 12.8+£21 <0.001
Platelet count, 10%/L 204494 195492 199+90 217498 <0.001
Blood urea nitrogen, mg/dL 35421 41424 35422 30+17 <0.001
Creatinine, mg/dL 1.9+1.4 22417 1.9+1.3 1.6+1.2 <0.001
eGFR, mL/min/1.73 m? 49+26 45+29 49425 54+24 <0.001
Sodium, mmol/L 139+5 138+5 139+5 139+4 0.005
Potassium, mmol/L 41+0.7 4.04+0.7 41407 4140.7 0.035
Albumin, g/dL 3.6+0.5 3.0+0.4 3.6+0.3 41+0.4 <0.001
Cholesterol, mg/dL 155+43 145+43 152+41 166-+42 <0.001
HDL cholesterol, mg/dL 43+15 42416 42+14 44+15 0.137
LDL cholesterol, mg/dL 94434 85433 92433 102+34 <0.001
Triglyceride, mg/dL 102101 89450 94+64 120+149 <0.001
Glucose, mg/dL 170+96 1724108 165+85 170483 0.811
NT-proBNP,* pg/mL (n=480) 8.8+1.3 9.04+1.2 8.7+1.3 8.24+1.4 <0.001
Echocardiography
LVEF, % 50420 50+21 50+18 50420 0.745
E/A ratio 1.1+0.7 1.2+£0.7 1.1+0.7 1.1+0.8 0.500
E/e/ 18+8 19+8 18+8 17+8 0.012
RVSP, mm Hg 44417 48417 45+16 41416 <0.001
Prescribed medications, n (%)
B-Blockers 1055 (63) 336 (60) 344 (62) 375 (67) 0.040
RAS inhibitors 1380 (83) 452 (81) 460 (83) 468 (84) 0.451
Spironolactone 942 (56) 293 (53) 319 (57) 330 (59) 0.071
Loop diuretics 1338 (80) 445 (80) 448 (80) 445 (80) 0.948

RAS inhibitors include angiotensin-converting enzyme inhibitor or angiotensin receptor blockade. BMI indicates body mass index; E/¢€’, ratio of transmitral flow velocity to mitral annulus
motion velocity in early diastole; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricular ejection fraction; NT-proBNP,
N-terminal probrain natriuretic peptide; RAS, renin—angiotensin system; RVSP, right ventricular systolic pressure.

*NT-proBNP was taken through natural logarithm transformation.
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Table 2. Correlates of the Prognostic Nutritional Index by
Univariate and Multivariate Linear Regression Analyses

Univariate Analysis Multivariate Analysis*
B Coefficient | P Value B Coefficient | P Value
Age, y —0.149 <0.001 | 0.039 0.517
BMI, kg/m? 0.196 <0.001 | 0.173 0.002
Systolic blood —0.059 0.042 —0.149 0.011
pressure, mm Hg
White blood cell 0.072 0.003
count, 10%L
Hemoglobin, g/dL 0.397 <0.001 | 0.372 <0.001
Platelet count, 0.119 <0.001
10%L
Blood urea —0.202 <0.001
nitrogen, mg/dL
eGFR, mL/min 0.137 <0.001
per 1.73 m?
Sodium, mmol/L 0.097 <0.001
Potassium, mmol/L | 0.078 0.002
Cholesterol, mg/dL | 0.208 <0.001 | 0.195 0.001
E/e’ —0.115 0.003
LVEF, % —0.043 0.079
RVSP, mm Hg —0.164 <0.001 | —0.142 0.012

BMI indicates body mass index; E/¢€’, ratio of transmitral flow velocity to mitral annulus
motion velocity in early diastole; eGFR, estimated glomerular filtration rate; LVEF, left
ventricular ejection fraction; RVSP, right ventricular systolic pressure.

*The multivariate regression model was calculated by multiple linear regression stepwise
analysis (included all variables with P<0.1), and with fixed adjusted for age and sex.

death. Adequate nutritional status was defined as a PNI
>44.8, which was the upper tertile of PNI. The 2-sided
differences were considered statistically significant at the

0.05 significance level. Statistical analyses were performed
using IBM SPSS software version 21.0.

Results

A total of 1673 patients (mean age 76413 years, 68% male,
48% HFrEF) were analyzed in this study. The baseline
characteristics are shown in Table 1, stratified by the
tertiles of PNI. In short, patients in the higher tertiles of PNI
were younger; had higher BMI and prevalent coronary artery
disease; and had higher lymphocyte counts, hemoglobin,
and platelet counts. The sex distribution; prevalence of
hypertension, diabetes mellitus, and prior stroke; and white
blood cell counts were comparable among the PNI tertile
groups. Serum levels of blood urea nitrogen, creatinine, and
NT-proBNP decreased, but eGFR, albumin, cholesterol, low-
density lipoprotein cholesterol, and triglyceride increased
with increasing tertiles of PNI; however, serum levels of
high-density lipoprotein and glucose were not different
between groups. In addition, patients in the higher tertiles
of PNI also had lower E/e’ and RVSP but similar LVEF and
the ratio of mitral peak velocity of early filling (E) to late
filling (A) (E/A ratio).

Correlates of PNI

In general, PNI negatively correlated with age, systolic blood
pressure, blood urea nitrogen, E/¢’, and RVSP and positively
correlated with BMI, white blood cell count, hemoglobin,
platelet count, eGFR, serum sodium, potassium, and choles-
terol levels (Table 2). With fixed adjustments for age and sex,
the forward stepwise multivariate linear regression analysis

A Total mortality B Cardiovascular mortality
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PNI 39.3-44.8 557 412 327 259 199 147 PNI39.3-44.8 557 412 327 259 199 147
PNI>44.8 558 454 384 304 252 205 PNI>448 558 454 384 304 252 205

Figure 1. Kaplan—Meier survival curve analysis of total mortality (A) and cardiovascular mortality (B) across the tertiles of
the prognostic nutritional index (PNI; >44.8, 44.8 to >39.3, and <39.3).
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Figure 2. Kaplan—Meier survival curve analysis of total and cardiovascular mortality in patients with heart failure with preserved ejection
fraction (HFpEF) or heart failure with reduced ejection fraction (HFrEF; left ventricular ejection fraction cutoff value: 50%; mean LVEF of HFrEF
and HFpEF: 65% and 34%, respectively) across the tertiles of prognostic nutritional index (PNI). A, Total mortality in patients with HFpEF. B,
Cardiovascular mortality in patients with HFpEF. C, Total mortality in patients with HFrEF. D, Cardiovascular mortality in patients with HFrEF.

showed that BMI, systolic blood pressure, hemoglobin,
cholesterol levels, and RVSP were independently related to
PNI (Table 2).

PNI and Clinical Outcomes

During a mean follow-up of 31.5+27.6 months, 742 (44%)
patients died. With increasing tertiles of PNI, total mortality
and cardiovascular death decreased in the study population
(Figure 1) and in patients with HFrEF and HFpEF (Figure 2). In
addition, an adequate nutritional status of PNI >44.8 was
associated with lower in-hospital, 90-day, and 4-year mortality
rates (Figure 3).

After accounting for age and sex, PNI was a significant
predictor of cardiovascular mortality (hazard ratio per 1 SD:

0.81 [95% confidence interval, 0.73—-0.90]) as well as total
mortality (hazard ratio per 1 SD: 0.79 [95% confidence
interval, 0.74—-0.85]; Table 3, model 1). With adjustments for
age, sex, eGFR, LVEF, serum sodium level, and systolic blood
pressure, PNI was still an independent predictor of cardio-
vascular and total mortality (Table 3, model 2). With further
adjustments for NT-proBNP, PNI remained independently
related to the outcomes (Table 3, model 4). Taking only the
discharge survivors into account, PNI significantly correlated
with both cardiovascular and total mortality, independent of
age, sex, eGFR, LVEF, serum sodium level, systolic blood
pressure, and on-discharge medications (Table 3, model 3).
Similarly, adequate nutritional status (PNl >44.8) was a
strong independent predictor of cardiovascular and total
mortality (Table 3).
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Figure 3. In-hospital, 90-day, and 4-year cumulative mortality in patients with or without
adequate nutritional status, defined by a prognostic nutritional index (PNI) of >44.8.

Although PNI and its components of albumin or total
lymphocyte count were all independently related to mortality
(Table 4), only PNI may significantly improve model

Table 3. Relative Risks of PNI for Cardiovascular Death and
Total Mortality

Cardiovascular Death Total Mortality
HR (95% Cl) PValue | HR (95% Cl) P Value
PNI* 1 SD=0.16
Model 1 | 0.81 (0.73-0.90) | <0.001 | 0.79 (0.74-0.85) | <0.001
Model 2 | 0.76 (0.66-0.87) | <0.001 | 0.79 (0.73-0.87) | <0.001
Model 3 | 0.76 (0.66-0.88) | <0.001 | 0.80 (0.73-0.88) | <0.001
Model 47 | 0.86 (0.76-0.97) | 0.015 | 0.85 (0.78-0.92) | <0.001
Adequate nutritional status*
Model 1 | 0.64 (0.50-0.81) | <0.001 | 0.65 (0.55-0.76) | <0.001
Model 2 | 0.48 (0.34-0.67) | <0.001 | 0.65 (0.53-0.80) | <0.001
Model 3 | 0.48 (0.34-0.68) | <0.001 | 0.66 (0.54-0.82) | <0.001
Model 47 | 0.66 (0.51-0.85) | 0.001 0.69 (0.58-0.82) | <0.001

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, estimated glomerular
filtration rate, left ventricular ejection fraction, sodium level, systolic blood pressure on
admission. Model 3: model 2 plus use of B-blocker, renin—angiotensin system blockade,
and spironolactone (discharge survivor, n=1629). Model 4: model 2 plus NT-proBNP. CI
indicates confidence interval; HR, hazard ratio; NT-proBNP, N-terminal probrain
natriuretic peptide; PNI, prognostic nutritional index.

*PNI was taken through natural logarithm transformation.

The imputations for the missing NT-proBNP values were conducted by using Markov
chain Monte Carlo method with a single chain and 20 imputations.

IAdequate nutritional status was defined as PNI >44.8

prediction by showing the lowest Akaike information criterion
and remarkable net reclassification improvement (2.4%,
P=0.002).

Subgroup Analyses

With adjustments for age and sex, higher PNI was consistently
associated with lower risks of total mortality in various
subpopulations: age >75 or <75 years, male or female, HFrEF
or HFpEF, BMI >24 or <24, and patients with or without
chronic kidney disease (Figure 4).

Discussion

Main Findings

The present study demonstrated that nutrition status, based
on PNI in patients with AHF, was independently associated
with both short- and long-term total and cardiovascular
mortality. PNI, which was derived from serum albumin and
total lymphocyte count, revealed more prognostic predictive
power than its components alone. The associations remained
true in patients with either HFrEF or HFpEF. In addition, PNI
correlated with systolic blood pressure and RVSP, indicating
an association between nutrition status and the preload and
afterload of the left ventricle while RVSP was highly correlated
with LV end-diastolic pressure. The findings may support
cardiointestinal interaction as a cause of cardiac cachexia.?’
In addition, there was no interaction between PNI and age,
BMI, or chronic kidney disease.
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Table 4. Model Performance and the Predictive Values of the PNI, Albumin, or Total Lymphocyte Count for Total Mortality

HR (95% CI) P Value AIC NRI (95% CI)
PNI*, 1 SD=0.16 0.79 (0.73-0.87) <0.001 6738 2.4% (0.9-3.9%)
Albumin, 1 SD=0.53 mg/dL 0.83 (0.76-0.90) <0.001 8701 1.0% (—0.3% to 2.4%)
Total lymphocyte count, 1 SD=0.72x10%/L 0.81 (0.72-0.90) <0.001 6920 0.9% (—0.2% to 2.0%)

The Cox proportional hazard model has included age, sex, estimated glomerular filtration rate, left ventricular ejection fraction, sodium, and systolic blood pressure. AIC indicates Akaike
information criterion; Cl, confidence interval; HR, hazard ratio; NRI, net reclassification improvement; PNI, prognostic nutritional index.

*PNI was taken through nature logarithm transformation.

Determinants of Nutritional Status in HF

Cardiac cachexia is a serious presentation of the catabolic
status in HF, when resting metabolic rate increases and
gastrointestinal malabsorption prevails in patients with
advanced disease.?? The pathophysiology may involve dimin-
ished perfusion of the gut and disturbed microcirculation of
the intestine, resulting in local edema, abnormal mucosal
permeability for endotoxin, and subsequent inflammation.?"
PNI, which is calculated based on the serum albumin
concentration and total lymphocyte count in the peripheral
blood, may theoretically represent both malabsorption and
chronic inflammation in HF. In the present study, PNI was
independently associated with the known nutritional corre-
lates, including BMI, hemoglobin, and cholesterol levels. 1323
In addition, PNI was also related to systolic blood pressure
and RVSP. Although systolic blood pressure is associated with
cardiac performance,?* elevated RVSP correlates strongly
with elevated end-diastolic pressure of the right ventricle and
right atrial pressure, which may be related to intestinal
congestion and, thereafter, malnutrition.? Intestinal conges-
tion and redistribution of blood flow away from the splanchnic

circulation due to increased sympathetic activity may con-
tribute to intestinal mucosal barrier dysfunction, which causes
lipopolysaccharide translocation into systemic circulation, and
may worsen malnutrition in patients with AHF.??

Nutritional Status and the Prognosis of HF

Up to 50% of patients with HF are thought to be malnourished,
and 15% are overtly cachectic. Cardiac cachexia, character-
ized by muscle wasting, inflammation, insulin resistance,
weight loss, and anorexia, is an independent risk factor for
mortality in patients with HF.® In contrast, nutritional inter-
vention may improve clinical outcomes with less hospitaliza-
tion and medical cost, especially in older patients with HF.?
Consequently, a clinically significant nutritional index is
indicated for risk stratification and clinical management of
HF. In this study, we demonstrated that PNI, which is clinically
and easily available, was an independent risk factor for
cardiovascular death and total mortality in patients with AHF
with either HFrEF or HFpEF. In subgroup analyses, we showed
that PNI was independently related to mortality in younger
and older patients, in men and women, in patients who were

Age HR (95% Cl) P for interaction
275yr  0.75 (0.69-0.82) —— 0.11
<75yr 0.85 (0.75-0.97) —_—

Sex
Male 0.80 (0.73-0.87) —_—— 0.75
Female 0.78 (0.68-0.88) —_—

LVEF
250% 0.77 (0.70-0.84) —_— 0.59
<50% 0.80 (0.72-0.89) _—t

BMI on admission (kg/m?2) L
224 0.80 (0.63-1.03) . 0.81
<24 0.77 (0.63-0.93)

eGFR (ml/min/1.73m?) o
260  0.73 (0.63-0.85) —— 0.19
<60  0.82(0.76-0.90) , . . . .

02 04 06 08 1 12 14

Figure 4. Hazard ratio (HR) and 95% confidence interval (Cl) per 1-standard deviation
increase of prognostic nutritional index (PNI) for mortality in subgroup analyses after
accounting for age and sex. PNI has taken natural logarithm transformation in the analyses.
BMI indicates body mass index; eGFR, estimated glomerular filtration rate; LVEF, left

ventricular ejection fraction.
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and were not overweight, and in patients with and without
chronic kidney disease.

Nutritional Status in HF With Reduced or
Preserved Ejection Fraction

Anker et al demonstrated that left ventricular systolic func-
tion was similar in HF patients who were either cachectic or
noncachectic.?” Valentova et al further revealed that cardiac
cachexia was associated with right ventricular dysfunction,
resulting in consequent intestinal congestion, rather than left
ventricular dysfunction.?>?® In the present study, we also
showed that PNI was associated with E/e’ and RVSP but not
LVEF. Although lkeda et al demonstrated the associations of
intestinal wall thickness and E/e’ or left ventricular diastolic
dysfunction,?’ the present study may also contribute to the
link of cardiac dysfunction, intestinal edema, and cardiac
cachexia.?> Moreover, the previous study revealed that
nutritional status was related to the prognoses of patients
with HFrEF and HFpEF.*%3" It is believed that the 2
phenotypes of HF may share a common mechanism of
malnutrition—inflammation interaction related to congestive
hemodynamics in the development of cardiac cachexia.

Study Limitation

This study had several limitations. Given the present study as
a single-center registry and an observational study, biases
arose from internal and external validities. Because the mean
age of 76 years and the in-hospital mortality rate of 2.6%
were similar to the published data,32 and we adjusted for all
observed confounders, the study results might be generalize-
able to other populations. Finally, the 990 patients with
missing PNI data were characteristically different from the
study population: They were older, more likely to have
hypertension, had higher on-admission systolic blood pres-
sure, lower white blood cell counts, and better renal function.
The missingness of PNI was not associated with mortality
after accounting for characteristic differences. Further studies
are needed to validate the clinical application of PNI in the
management of HF.

Conclusions

On-admission PNI is associated with total and cardiovascular
mortality in patients hospitalized for AHF, independent of age,
sex, eGFR, LVEF, sodium level, and systolic blood pressure.
Advanced HF and congestive hemodynamics, characterized by
elevated RVSP, would usually involve the intestinal wall edema
and translocations of endotoxin; therefore, PNI, an index
combining malnutrition and inflammation, is related to the

mortality not only of HFrEF but also of HFpEF. PNI a simple
index calculated from routine biochemistry and hemogram
tests, has the potential to become a convenient tool for risk
stratification and nutritional intervention in patients with HF.
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