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Purpose: There is a lack of research on nutritional status and poor prognosis in patients with metabolic syndrome and heart failure.
This study evaluated the relationship between nutritional status as defined by the PNI and adverse outcomes in patients with metabolic
syndrome and heart failure.

Methods: A total of 1048 heart failure patients with metabolic syndrome admitted to the Heart Center of the First Affiliated Hospital
of Xinjiang Medical University from January 2015 to December 2019 were consecutively. PNI was used to assess their nutritional
status.

Results: A total of 51.0% of the patients were in the nonmalnutrition group (PNI>45), 27.9% were in the mild malnutrition group
(40<PNI<45), and 21.1% of patients were in the malnutrition group (PNI<40). At 36 months of follow-up, after adjusting for other
confounding factors, malnutrition (PNI<40) was independently associated with all-cause death (HR: 1.787, 95% CI: 1.451-2.201,
P<0.001) and cardiovascular death (HR: 1.837, 95% CI: 1.467-2.301, P<0.001). PNI showed additional prognostic predictive value
when included in the established risk factor model, both for all-cause death (AUC: 0.620, 95% CI: 0.579-0.661, P<0.001) and
cardiovascular death (AUC: 0.596, 95% CI: 0.555-0.636, P<0.001).

Conclusion: In patients with metabolic syndrome and heart failure, malnutrition assessed by PNI is an independent predictor for all-
cause death and cardiovascular death, and PNI is negatively correlated with the occurrence of adverse outcomes.
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Introduction

Heart failure (HF) is the fastest growing cardiovascular disease worldwide, resulting in severe disease burden. Heart
failure represents the end stage of various heart diseases, among which ischemic heart disease caused by coronary artery
disease is the most common cause of heart failure. Heart failure is a condition in which the heart fails to supply blood and
oxygen in the amount required by the body. The decrease in cardiac output leads to the development of heart failure.'~
The management of HF has improved dramatically over the past few decades, especially with the use of novel agents,
and the prognosis of HF has improved.’ However, the risk of death and rehospitalization remains high, which represents
a growing public health burden worldwide. Treatment of patients with chronic HF has also moved from a focus on
improving hemodynamics to a more comprehensive assessment.*” In recent years, nutritional status has attracted

attention as a modifiable risk factor for patients with heart failure.® Malnutrition is usually caused by inadequate or
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unbalanced nutrient intake, resulting in insufficient caloric intake, protein intake, or intake of other nutrients required for
tissue maintenance and repair. Malnutrition is prevalent in patients with heart failure and is independently associated with
adverse outcomes.’ In addition, malnutrition may reflect a state of abnormal drug metabolism, which may lead to poor
therapeutic effects.'®'" A state of systemic and/or pulmonary congestion characterized by poor nutritional status and
significant weight loss. This condition itself creates an environment that is prone to aggravate cardiac energy metabolism,
worsening existing heart failure.'? Studies have shown that nutritional status is an independent prognostic factor in
patients with acute or chronic HF. Baseline nutritional status itself has a strong prognostic effect. Early nutritional
intervention can improve the outcome of patients with chronic heart failure. Therefore, heart failure guidelines
recommend the assessment of nutritional status in patients.'>'* It is important to assess malnutrition in patients with
heart failure, monitor this aspect of patients, and identify accurate assessment tools to aid in risk stratification and
treatment strategies.

Several multidimensional nutritional screening tools, including the Nutrition Risk Screening 2002 (NRS 2002) and
the Mini Nutritional Assessment (MNA), have been developed to assess nutritional risk in patients with HF.'>!'®
However, these tools include multiple clinical measures and dietary factors extracted from questionnaires, are time-
consuming to perform, have limited applicability in routine use, and may be confounded by patient-derived recall bias. In
contrast, the prognostic nutritional index (PNI) has been proposed as a simple and convenient indicator. It can be easily
calculated from serum albumin levels and lymphocyte counts, which are available in most clinical laboratories. The PNI
is used to assess nutritional status in a variety of clinical situations, including cancer and postoperative pneumonia.
Recent studies suggest that in acute and chronic HF patients, lower PNI is associated with an increased risk of death or
major adverse cardiac events.'” !

Metabolic syndrome is a complex disease, and its diagnosis involves the evaluation of multiple risk factors, including
central obesity, elevated triglycerides, reduced high-density lipoprotein cholesterol, hypertension, and hyperglycemia.
When these factors are present together, they increase the risk of atherosclerotic cardiovascular disease.*> >* Obesity as
an important component of the metabolic syndrome implies that overnutrition contributes to the syndrome. Interestingly,
recent studies have shown that obese individuals who are malnourished have a higher burden of complications,
inappropriate cardiac remodeling and worse cardiac outcomes.>> Malnutrition may represent a metabolically abnormal
state, and nutritional assessment may be more important for heart failure patients with metabolic syndrome. To our
knowledge, no study has evaluated the relationship between nutritional status and cardiovascular risk in patients with
metabolic syndrome.

Methods

Study Population

In this study, patients with metabolic syndrome and heart failure admitted to the Heart Center of the First Affiliated
Hospital of Xinjiang Medical University from January 2015 to December 2019 were continuously enrolled. Metabolic
syndrome was defined as any three or more of the following: waist circumference >102 ¢m in men, >88 cm in women;
blood pressure >130/85 mmHg or on medication; fasting plasma glucose (FPG) >110 mg/dL or on medication;
triglyceride (TG) >150 mg/dL; HDL-C < 40 mg/dL for men and < 50 mg/dL for women.?® Patients with autoimmune
diseases, chronic inflammatory diseases, acute infectious diseases, severe hepatic and renal insufficiency, malignancies,
hematological diseases, or incomplete clinical data or who were lost to follow-up were excluded from the current study.
The study was conducted in accordance with the principles of the Declaration of Helsinki. The study was approved by
the Medical Ethics Committee of the First Affiliated Hospital of Xinjiang Medical University (20141201-03-1701A). All
patients provided informed consent.

Data Collection

Electronic medical records are reviewed by researchers who are unaware of the purpose of the study for clinical data
collection. Trained reviewers perform data verification. The patient’s age, sex, height, weight, systolic and diastolic blood
pressure at admission, and history of smoking, drinking, and disease were recorded. Blood samples were collected 24
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h after admission. The results of complete blood cell count, blood lipid, serum creatinine, FPG, serum albumin (ALB)
and brain natriuretic peptide (BNP) were recorded. All transthoracic echocardiograms were performed within 24 hours
after admission. PNI was calculated according to the ALB and lymphocyte (LYM) count: PNI= ALB (g/L)+ 5xLYM
(10°/L).2” According to the PNI, the patients were divided into three groups: malnutrition (PNI<40), mild malnutrition
(40<PNI<45), and nonmalnutrition (PNI>45). Body mass index (BMI) was calculated as weight divided by the square of
height (kg/m?).?® The estimated glomerular filtration rate (eéGFR) was calculated as [(140-age) xweight(kg)] x0.85(if

female)/ [72xserum creatinine(mg/dl)].29

Endpoints and Follow-Up

The primary endpoint was all-cause death, and the secondary endpoint was cardiovascular death. Cardiovascular death
was defined as death from acute myocardial infarction, heart failure, arrhythmia, cardiac surgery, or other cardiovascular
causes. Clinical follow-up included questionnaires and telephone contacts sent to patients or their families, treatment
information of the patient in this institution, and death data obtained from other hospitals to which patients were
admitted.

Statistical Analysis

Continuous variables were expressed as the means with standard deviations or as medians (interquartile ranges),
depending on whether they were normally distributed. Categorical variables are expressed as cases (n) and percentages
(%). Continuous variables were compared between groups using one-way analysis of variance or the Kruskal-Wallis
test. Categorical variables were compared between groups using the chi-square test. Multivariate linear regression was
used to analyze the influencing factors of PNI. Unadjusted cumulative event rates were estimated with Kaplan-Meier
curves and compared between groups with the Log rank test. Cox proportional hazards regression analysis was used to
identify predictors of cardiovascular events. Model 1 was adjusted for age and sex. Model 2 included the same
variables as Model 1, in addition to smoking, drinking, previous stroke, previous myocardial infarction (MI). Model 3
was further adjusted for New York Heart Association (NYHA) class, low-density lipoprotein cholesterol (LDL-C),
eGFR, left ventricular ejection fraction (LVEF), and BNP on the basis of Model 2. The association of PNI with adverse
end-point events was analyzed using restricted cubic splines. Sensitivity, specificity and area under the curve (AUC)
were used to compare the predictive efficacy of LYM, ALB and PNI for adverse outcomes. To assess whether adding
PNI to the established risk factors had incremental predictive value for adverse outcomes, AUC, net reclassification
improvement (NRI), and integrated discrimination improvement (IDI) were compared between models. All analyses
were performed using SPSS version 20.0 (IBM Corp, Armonk, NY, USA) and R version 4.2.2 software (Vienna,
Austria). A P value of <0.05 indicated statistical significance.

Results

Baseline Characteristics of Patients

A total of 5087 patients with heart failure were enrolled in this study, and 1170 patients with heart failure and metabolic
syndrome were finally included.1048 patients in the study completed 36 months of follow-up, with a loss of follow-up
rate of 10.4%. A total of 768 males (73.3%) and 280 females (26.7%) were included in the study (Figure 1). Patients
were divided into three groups: nonmalnutrition (PNI>45), mild malnutrition (40<PNI<45) and malnutrition (PNI<40).
The baseline characteristics are shown in Table 1. There were 221 (21.1%) patients in the malnutrition group (PNI<40),
292 (27.9%) patients in the mild malnutrition group (40<PNI<45), and 535 (51.0%) patients in the nonmalnutrition group
(PNI>45). There were statistically significant differences in age, sex, BMI, waist circumference, NYHA calss, neutrophil
count (NEUT), lymphocyte count (LYM), FPG, TG, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-
C), eGFR, ALB and BNP among the three groups. There were no statistically significant differences in other variables
among the three groups.
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Figure | Flow chart of study participant screening.

PNI and Adverse Outcome in Patients with MS and HF

The associations between PNI and cardiovascular risk factors were analyzed using linear regression analysis.
Multivariate linear regression analysis showed that the PNI level was related to NYHA class, TG, HDL-C and eGFR
(P<0.05) (Table 2). During a follow-up period of 36 months, 641 (61.2%) all-cause deaths were recorded, including 543
(51.8%) cardiovascular deaths. The Kaplan-Meier curve showed that the survival probability of patients in the malnutri-
tion group was significantly lower than that in the mild and nonmalnutrition groups (Log rank test, both P<0.05)
(Figure 2). Cox proportional hazards analysis of all-cause death and cardiovascular death showed that in the unadjusted
Cox model, the proportion of all-cause death (HR:1.728, 95% CI:1.427-2.093, P<0.001) and cardiovascular death
(HR:1.753, 95% CI:1.426-2.155, P<0.001) increased with decreasing PNI level. After adjusting for age and sex,

Table | Baseline Characteristics of Patients According to PNI

Variables Nonmalnutrition (PNI>45, Mild malnutrition (40<PNI<45, Malnutrition (PNI<40, P
n=535) n=292) n=221)

Age, years 64x10 67+9 66x10 <0.001
Male, n (%) 402(75.1) 197(67.5) 169(76.5) 0.028
Smoking, n (%) 226(42.2) 108(37.0) 90(40.7) 0.337
Drinking, n (%) 156(29.2) 73(25.1) 55(24.9) 0.318
Previous MI, n (%) 184(34.4) 98(33.6) 60(27.1) 0.143
Previous stroke, n (%) 68(12.7) 35(12.0) 24(10.9) 0.775
BMI, kg/m? 27.47+4.06 26.71+4.01 26.17+3.78 <0.001
Waist circumference, cm 100.3£12.1 98.2+11.7 97.6x11.0 0.005
NYHA class <0.001

1Nl 122(22.8) 52(17.8) 21(9.5)

1] 344(64.3) 165(56.5) 105(47.5)

v 69(12.9) 75(25.7) 95(43.0)
SBP, mmHg 12619 126+20 129+22 0.350

(Continued)
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Table | (Continued).

Variables Nonmalnutrition (PNI>45, Mild malnutrition (40<PNI<45, Malnutrition (PNI<40, P

n=535) n=292) n=221)

DBP, mmHg 76x13 75%12 76x13 0.331
WBC, (10%/L) 7.60(6.27, 8.94) 7.33(5.91, 8.73) 7.10(5.75, 9.56) 0.277
NEUT, (10°/L) 4.61(3.62, 5.71) 4.98(3.82, 6.12) 5.08(3.87, 7.27) <0.001
LYM, (10°/L) 2.01(1.59, 2.48) 1.45(1.16, 1.80) 1.10(0.81, 1.40) <0.001
MONO, (10°/L) 0.56(0.45, 0.70) 0.57(0.45, 0.71) 0.58(0.44, 0.73) 0.794
FPG, (mg/dL) 135.36(103.50, 200.70) 143.73(106.07, 208.80) 154.98(110.70, 241.02) 0.029
TG, (mg/dL) 131.13(96.57, 185.17) 108.09(80.63, 152.39) 106.32(80.63, 147.08) <0.001
TC, (mg/dL) 134.29(107.20, 162.93) 126.55(103.81, 150.54) 121.13(102.94, 155.19) 0.003
HDL-C, (mg/dL) 34.06(28.64, 39.86) 32.70(26.70, 37.93) 29.41(23.99, 37.15) <0.001
LDL-C, (mg/dL) 85.14(63.86, 109.91) 81.27(63.95, 100.91) 78.95(61.15, 102.94) 0.154
eGFR, (mL/min/1.73 m?) 79.60(59.11, 104.88) 67.68(46.52, 89.17) 54.40(33.78, 81.42) <0.001
ALB, (g/L) 40.40(38.00, 42.35) 35.12(33.55, 36.69) 30.50(27.40, 32.60) <0.001
LVEF, (%) 42(37, 47) 42(37, 48) 43(37, 49) 0.731
BNP, (pg/mL) 1881.00(635.85, 4433.50) 3454.53(1190.00, 7515.00) 4498.00(1727.00, 10023.00) | <0.001

Abbreviations: PNI, prognostic nutritional index; MI, myocardial infarction; BMI, body mass index; NYHA, New York Heart Association; SBP, systolic blood pressure; DBP,
diastolic blood pressure; WBC, white blood cell count; NEUT, neutrophil count; LYM, lymphocyte count; MONO, monocyte count; FPG, fasting plasma glucose; TG,
triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; ALB,
serum albumin; LVEF, left ventricular ejection fraction; BNP, brain natriuretic peptide.

Table 2 Univariate and Multivariate Linear Regression Analysis for PNI

Variable Univariate Multivariate
B Standard p P B Standard P

Age —0.105 —4.735 <0.001 0.030 0.041 0.231
Male 0.255 0.016 0613

Smoking 0.902 0.061 0.047 -0.171 —0.303 0.762
Drinking 1.152 0.071 0.022 0.655 0.040 0.285
Previous MI 0.981 0.064 0.039 0.833 0.054 0.055
Previous stroke 0.705 0.032 0.302

BMI 0.264 0.147 <0.001 —0.024 —0.013 0.667
NYHA class —3.145 —0.286 <0.001 —2.003 —0.182 <0.001
TG 0.015 0.203 <0.001 0.012 0.174 <0.001
HDL-C 0.123 0.173 <0.001 0.130 0.182 <0.001
LDL-C 0.015 0.08 0.010 —0.006 —0.030 0.333
eGFR 0.059 0.308 <0.001 0.056 0.289 <0.001
LVEF 0.045 0.024 0.436

Abbreviations: PNI, Prognostic nutritional index; Ml, myocardial infarction; BMI, body Mass Index; NYHA, New York Heart
Association functional; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;
eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction.

Model 1 reached a similar conclusion. On the basis of Model 1, Model 2 further adjusted for smoking, drinking, previous
stroke and previous MI. Model 3 further adjusted for NYHA class, LDL-C, eGFR, LVEF and BNP. Multivariate Cox
regression analysis showed that malnutrition (PNI<40) was independently associated with all-cause death (HR:1.787,
95% CI:1.451-2.201, P<0.001) and cardiovascular death (HR:1.837, 95% CI:1.467-2.301, P<0.001) (Table 3). Restricted
cubic splines were used to further analyze the relationship between PNI and HR of all-cause death and cardiovascular
death. The adjustment of variables was consistent with model 3 in cox regression analysis. In heart failure patients with

metabolic syndrome, the risk of all-cause death and cardiovascular death decreased with increasing PNI (Figure 3).
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Figure 2 Kaplan—Meier analyses of adverse outcomes categorized by PNI. (A) All-cause death. (B) Cardiovascular death.

In predicting all-cause death, PNI had the same AUC as ALB but with a slight increase in sensitivity and specificity.
In predicting cardiovascular death, LYM had a low AUC, sensitivity, and specificity, whereas PNI had a higher AUC and
sensitivity than ALB (Table 4). On the basis of the established risk factor model, LYM, ALB, and PNI were added. The
addition of ALB and PNI significantly improved the predictive value of all-cause death and cardiovascular death.
Compared with ALB, the addition of PNI improved the prognostic predictive value of all-cause death (AUC=0.620, 95%
CI:0.579-0.661) and cardiovascular death (AUC=0.596, 95% CI:0.555-0.636), but the optimization effect was not
significant (Table 5). A subgroup analysis showed that after adjusting for age, sex, smoking, drinking, previous stroke,
previous MI, NYHA class, LDL-C, eGFR, LVEF, and BNP, PNI can still independently predict all-cause death in patients
with heart failure complicated by MS, and it is not impacted by age, sex or LVEF (Table 6).

Discussion

Previous studies have shown that PNI is associated with the occurrence of poor prognosis in patients with heart failure.
However, the role of malnutrition in patients with heart failure and metabolic syndrome remains unknown. In our study,
for heart failure patients with metabolic syndrome, 21.1% of patients were malnourished according to the PNI nutrition
score, and the results showed that PNI was inversely associated with increased all-cause and cardiovascular death. The

Table 3 Unadjusted and Adjusted Cox Regression Analyses for Adverse Outcomes

Nonmalnutrition | Mild Malnutrition P Malnutrition P
HR (95% CI) HR (95% CI)
All-cause death
Unadjusted Reference 1.311(1.091-1.577) 0.004 1.728(1.427-2.093) | <0.001
Modell Reference 1.299(1.079-1.564) 0.006 1.732(1.430-2.099) | <0.00I
Model2 Reference 1.296(1.076-1.562) 0.006 1.722(1.420-2.088) | <0.00I
Model3 Reference 1.311(1.086—1.583) 0.005 1.787(1.451-2.201) | <0.001
Cardiovascular death
Unadjusted Reference 1.320(1.080-1.614) 0.007 1.753(1.426-2.155) | <0.001
Modell Reference 1.330(1.086—1.629) 0.006 1.771(1.439-2.179) | <0.001
Model2 Reference 1.327(1.083-1.627) 0.006 1.776(1.443-2.187) | <0.001
Model3 Reference 1.352(1.100-1.662) 0.004 1.837(1.467-2.301) | <0.001

Notes: Modell adjusted for age, sex. Model2 adjusted for age, sex, smoking, drinking, previous stroke, previous MIl. Model3 adjusted for
Age, Sex, Smoking, Drinking, Previous stroke, Previous MI, NYHA class, LDL-C, eGFR, LVEF, BNP. Nonmalnutrition (PNI245), mild
malnutrition (40<PNI<45), and malnutrition (PNI < 40).

Abbreviations: HR, hazard ratio; Cl, confidential interval.
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Figure 3 Restricted cubic splines visualize the association between PNI and adverse outcomes in patients with metabolic syndrome and heart failure. (A) All-cause death.
(B) Cardiovascular death.

risks of all-cause death and cardiovascular death in patients with malnutrition based on PNI were significantly higher
than those with no nutritional risk and mild nutritional risk, even after adjusting for other risk factors. To the best of our
knowledge, this study is the first to demonstrate that PNI is an independent predictor of poor outcome in patients with
metabolic syndrome and HF. Most importantly, this study suggests that nutritional assessment based on laboratory
markers can be used to risk stratify adverse outcomes in patients with metabolic syndrome and HF.

Malnutrition is a common complication in patients with HF and is associated with high mortality and readmission
outcomes. Malnutrition can further aggravate heart failure, forming a vicious cycle. Malnutrition is the result of
decreased appetite and cardiac cachexia.’® Patients with heart failure have reduced albumin production due to hepatic
congestion and reduced nutrient absorption due to intestinal edema.*'*** Inadequate energy intake in patients with heart
failure may lead to decreased skeletal muscle strength and to an inability to perform daily physical activities and exercise
due to reduced cardiac output.® In addition, HF patients have an increased cardiac resting metabolic rate and nutritional
requirements, leading to an imbalance between energy intake and expenditure.®* Increased resting metabolic rate and
gastrointestinal malabsorption are prevalent in patients with advanced disease. The pathophysiology may involve reduced
intestinal perfusion and disturbance of intestinal microcirculation, leading to local edema, abnormal mucosal perme-
ability of endotoxin, and subsequent inflammation.*> Malnutrition can also affect immune function. The lower immune

Table 4 Prognostic Predictive Value of Different Indicators

Sensitivity (%) | Specificity (%) AUC (95% CI) P

All-cause death

LYM 57.4 53.6 0.562(0.527-0.597) 0.001

ALB 69.0 54.1 0.610(0.576-0.644) <0.001

PNI 70.7 56.3 0.610(0.575-0.644) <0.001
Cardiovascular death

LYM 55.8 53.3 0.546(0.511-0.581) 0.010

ALB 59.7 57.2 0.598(0.564-0.632) <0.001

PNI 70.2 57.2 0.605(0.571-0.639) <0.001

Abbreviations: LYM, lymphocyte count; ALB, serum albumin; PNI, prognostic nutritional index. AUC, area under the
curve; Cl, confidential interval.
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Table 5 Prognostic Predictive Value of Different Models

AUC P NRI P IDI P
All-cause death
Established risk factors | 0.573(0.530-0.616) | 0.001
+LYM 0.588(0.545-0.630) | <0.001 | 0.042 | 0.160 | 0.002 | 0.110
+ALB 0.619(0.577-0.661) | <0.001 | 0.139 | <0.001 | 0.026 | <0.001
+PNI 0.620(0.579-0.661) | <0.001 | 0.150 | <0.001 | 0.029 | <0.00I
Cardiovascular death
Established risk factors | 0.559(0.518-0.601) | 0.005
+LYM 0.567(0.525-0.608) | 0.002 | 0.037 | 0.184 | 0.002 | 0.112
+ALB 0.594(0.554-0.635) | <0.001 | 0.130 | <0.001 | 0.025 | <0.00I
+PNI 0.596(0.555-0.636) | <0.001 | 0.130 | <0.001 | 0.029 | <0.00I

Abbreviations: LYM, lymphocyte count; ALB, serum albumin; PNI, prognostic nutritional index. Established
risk factors included age, sex, smoking, drinking, previous MI, previous Stroke, NYHA class, LDL-C, LVEF, BNP.
AUC, area under the curve, NRI, net reclassification improvement, IDI, integrated discrimination improvement.

Table 6 Prognostic Value of PNI for All-Cause Death in Various Subgroups

Unadjusted HR (95% CI) P Adjusted HR (95% CI) P

Age

260 (n=755) 0.969(0.956-0.982) <0.001 0.965(0.951-0.979) <0.001

<60 (n=293) 0.967(0.948-0.987) 0.001 0.964(0.943-0.986) 0.002
Sex

Male (n=768) 0.967(0.955-0.979) <0.001 0.966(0.952-0.979) <0.001

Female (n=280) 0.976(0.954-0.999) 0.041 0.964(0.940-0.989) 0.005
LVEF

>40 (n=639) 0.969(0.955-0.982) <0.001 0.967(0.952-0.982) <0.001

<40 (n=409) 0.969(0.952-0.986) <0.001 0.968(0.950-0.988) 0.001

Notes: Adjusted for variables were age, sex, smoking, drinking, previous stroke, previous Ml, NYHA class, LDL-C,
eGFR, LVEF, BNP.
Abbreviations: HR, hazard ratio; Cl, confidential interval.

system function in HF patients may be reflected by increased complications and infections, which may also explain the
comorbidity and high mortality in HF patients. Frequent infections combined with decreased cardiac output increase the
risk of heart failure exacerbation and reduce the survival rate of patients.>*

As a chronic state, multiple forms of malnutrition may occur and may overlap in different ways, and the co occurrence of
undernutrition with overweight and obesity can create a double burden of malnutrition. The most likely pathogenesis of
metabolic syndrome is overnutrition, leading to the accumulation of excessive lipids in organs or tissues. This in turn disrupts
metabolic processes.>” Metabolic syndrome (MS) is a collection of metabolic risk factors, including atherogenic dyslipidemia
(elevated serum triglycerides and low high-density lipoprotein cholesterol), elevated blood pressure, dysglycemia (insulin
resistance and elevated blood glucose), a proinflammatory state, and a prothrombotic state.>® These factors directly increase
the risk of coronary heart disease, other forms of cardiovascular atherosclerotic disease, and type 2 diabetes mellitus. In recent
years, chronic inflammation and other abnormalities, such as prothrombotic states, nonalcoholic fatty liver disease, and sleep
apnea, have been incorporated into the syndrome, complicating its definition.*® Studies have shown an increased risk of
cardiovascular disease in patients with MS regardless of the diagnostic criteria used.****

As a predictor of the prognosis of heart failure,* it is necessary to evaluate nutritional status during the treatment of heart
failure. Studies have shown that improving the nutritional status of patients with heart failure can also improve the prognosis,
prevent the deterioration of the disease, and reduce the mortality of patients.** At the same time, major guidelines have begun
to consider the nutritional needs of obese patients and put forward specific nutritional support recommendations.*’ For patients

with heart failure and metabolic syndrome, the assessment of nutritional status may be more complicated. Traditionally,
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malnutrition can be assessed by body mass index, triceps skinfold thickness, and different biochemical indicators,*®*’

however, these parameters are not always accurate and some are rather subjective. Using these anthropometric measures
alone to assess malnutrition in patients with fluid retention and wasting HF may be misleading.*® This has prompted the
development of more comprehensive, objective, and convenient nutritional status assessment tools such as the Controlling
Nutritional Status (CONUT) score, Geriatric Nutritional Risk Index (GNRI) score, and Prognostic nutritional index (PNI)
score. However, the CONUT score is calculated based on serum albumin, lymphocyte count, and cholesterol, which may be
confounded by the widespread use of statins in patients with HF. The calculation of the GNRI requires a measure of body
weight and may be confounded by the dramatic changes in volume overload resulting from HF treatment during hospitaliza-
tion. Using the CONUT and GNRI to evaluate the nutritional status of patients with metabolic syndrome may cause a certain
deviation. Therefore, PNI may be a more appropriate indicator that can be easily calculated from routine laboratory
parameters, providing a practical tool for the assessment of nutritional risk in HF patients with metabolic syndrome.

The prognostic nutritional index was first proposed by Buzby et al in 1980. It is mainly calculated by measuring serum
albumin and peripheral blood lymphocytes, which can comprehensively reflect the nutritional status and immune status of
patients.*>>° A number of studies have evaluated the relationship between PNI and long-term outcomes in hospitalized
patients with HF. Yoshihisa et al demonstrated that a low PNI was independently associated with poor outcomes in patients
with severe decompensated acute heart failure. Cheng et al*' showed that PNI at admission was independently associated with
long-term survival in patients hospitalized for acute heart failure. Kawata et al'” showed that changes in PNI on admission and
at discharge during hospitalization were associated with 1-year mortality in patients with acute heart failure. These findings
further support the use of PNI to guide risk stratification in HF. In this study, PNI was used as an independent predictor for all-
cause death and cardiovascular death in patients with metabolic syndrome and heart failure, and PNI values were inversely
correlated with the risk of mortality. In the subgroup analysis we found that the independent predictive effect of PNI was not
affected by age, sex, or LVEF. Serum albumin, the most abundant protein in plasma, is synthesized in the liver, secreted into
the vascular space and distributed throughout the body. It is traditionally used to assess nutritional status and visceral protein
synthesis function.’*”* Hypoalbuminemia is a predictor of short-term prognosis in patients with acute heart failure.”*>> The
decrease in serum albumin levels may be influenced by a state of malnutrition or indications of renal and hepatic dysfunction.
Low albumin levels are associated with decreased immunity, and frequent infections combined with reduced cardiac output
increase the risk of worsening heart failure and reduce survival at any level of cardiac function. However, albumin levels can
be affected by hemodilution, kidney loss, and a shortened half-life due to severe disease. Meanwhile, other pathophysiological
processes in addition to malnutrition can also lead to hypoalbuminemia in such patients. The single parameter of serum
albumin may not be accurate in assessing nutritional status. Lymphocyte count may be another factor of nutritional status in
HF patients. Lymphocytes can be used to assess immunonutritional status. A low lymphocyte count indicates a poor immune
status. Weight loss associated with the development of cardiogenic cachexia is often associated with decreased physical
function and worse prognosis. Decreased lymphocyte counts, caused by physical stress, malnutrition, and chronic inflamma-
tion, predict 1-year outcomes in patients with advanced HE.>**” The activation of the neurosecretory and inflammatory
systems leads to a decrease in lymphocyte counts. Elevated serum cortisol levels can also lead to a decrease in lymphocyte
counts.”® Activation of the neurosecretory and inflammatory systems also leads to a decrease in lymphocyte counts. Advanced
malnutrition can lead to the loss of some important nutrients and the suppression of cellular or humoral immune function. The
number and function of B cells and T cells are significantly reduced, which may lead to a decrease in lymphocyte count. In fact,
based on the established risk factor model, ALB and PNI can improve the prediction effect of the model. Compared with ALB,
PNI has better sensitivity and AUC for predicting adverse outcomes. Although the increase is slight, given that PNI assesses
both ALB and LYV, it could theoretically represent both malnutrition and chronic inflammation in HF. It has the potential to
compensate for the lack of a single variable.

Study Limitations

This study has several limitations. First, as a cohort study targeting a single center, and no matter how the analysis is
adjusted, unknown confounding factors may affect the results. Second, this study only assessed PNI at baseline and did
not assess changes in PNI during follow-up. In addition, our results did not include other relevant end-point events.
Therefore, due to these limitations, our results need to be validated in a larger, prospective, multicenter study. However,
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exploring nutritional indicators that affect the prognosis of patients with metabolic syndrome combined with heart failure
is still valuable for screening those at risk for heart failure.

Conclusions

This study demonstrates that malnutrition as assessed by PNI is associated with all-cause mortality as well as
cardiovascular mortality in patients with metabolic syndrome and heart failure. There was a significant negative
correlation between the PNI and adverse outcomes of patients. These results support PNI as an indicator of nutritional
status as well as prognosis in patients with metabolic syndrome and heart failure.
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