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Abstract

Background: Heart failure (HF) remains a global challenge with disappointing long-term outcomes. Malnutrition is prevalent in patients
with HF and disrupts the equilibrium of immune and inflammatory responses, resulting in further deterioration of the HF. Novel indicators
emerge as immune nutrition indices, including the prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio (NLR), Controlling
Nutritional Status (CONUT) score, and cholesterol-modified prognostic nutritional index (CPNI). This study examines the correlation
between immune nutrition indices and all-cause and cardiovascular mortality in patients with HF. Methods: The data source for this
study was the National Health and Nutrition Examination Survey (NHANES). A total of 1232 participants with HF were included.
Weighted Cox proportional hazards models were employed to assess the independent association of different immune nutrition indices
with mortality risk, alongside subgroup analyses and Kaplan—Meier survival curves. Restricted cubic spline analysis was utilized to clarify
the detailed association between immune nutrition indices and hazard ratio (HR). A time-dependent receiver operating characteristic curve
analysis was conducted to assess the predictive ability. Results: After full adjustments, PNI is independently related to all-cause mortality
(HR = 0.94, 95% CI: 0.92-0.97) and cardiovascular mortality (HR = 0.94, 95% CI: 0.90-0.99). CPNI, CONUT, and NLR also showed
an independent association with the prognosis of HF. Time-dependent receiver operating characteristic curve analysis indicated that PNI
exhibited the highest predictive power for mortality among the CPNI, CONUT, and NLR indexes. Conclusions: Our study revealed
that immune nutrition indicators, including CPNI, could predict all-cause mortality and cardiovascular mortality in the HF population.
Compared with other indicators, PNI is the most effective predictor.
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1. Introduction indices, the prognostic nutritional index (PNI), neutrophil-
to-lymphocyte ratio (NLR), and Controlling Nutritional
Status (CONUT) score have emerged as important prognos-
tic tools [3—5]. The cholesterol-modified prognostic nutri-
tional index (CPNI) has traditionally been assessed only in
breast cancer patients to determine its impact on prognoses
[6], with its value in predicting prognosis in HF patients yet
to be confirmed. Furthermore, research on immune nutri-
tion indices in HF has been limited by relatively small sam-
ple sizes and has mainly focused on hospitalized patients
with more severe disease presentations. This makes it chal-
lenging to apply the findings to milder HF populations due
to the disproportionate representation of more severe cases
in previous studies.

Heart failure (HF) is a terminal cardiovascular con-
dition with a growing incidence worldwide, thereby pre-
senting a challenge for global public health. As the pop-
ulation ages and the burden of chronic diseases increases,
managing and treating HF becomes increasingly urgent [1].
Recent investigations have unveiled intricate links between
HF and immune, nutritional, and inflammatory pathways.
Malnutrition is prevalent in patients with HF, which could
impair the ability to produce anti-inflammatory molecules
and antioxidants, thereby weakening the immune system
and making the body more susceptible to inflammatory in-
sults, leading to further deterioration of the HF progno-

sis [2]. Assessing the nutritional and immunoinflamma-
tory status in clinical practice shows potential for enhancing
risk assessment, directing treatment strategies, and refining
prognosis in managing HF.

Several immune nutrition indices have been increas-
ingly utilized to provide valuable insights into disease
severity, progression, and patient outcomes. Among these

This study explores the correlation between immune
nutrition indices and the occurrence of all-cause and car-
diovascular mortality in patients with HF. These data were
derived from the NHANES (National Health and Nutrition
Examination Survey) database. The goal is to recognize
prognostic risk indicators (PNI, NLR, CONUT, and CPNI)
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for heart failure patients to facilitate early intervention and
enhance patient outcomes. NHANES is a nationally rep-
resentative cohort with diverse ethnicities and employs a
complex, multistage probability sampling design. There-
fore, findings from this database can be reliably extrapo-
lated to real-world scenarios, enhancing the robustness of
our conclusions. Compared to previous studies, we include
a broader population and, for the first time, explore the sig-
nificance of CPNI in predicting the prognosis of HF pa-
tients.

2. Methods
2.1 Data Source

The NHANES database, overseen by the National
Center for Health Statistics (NCHS), is accessible to the
public and maintains rigorous data collection and manage-
ment standards. NHANES data were extracted using a
detailed stratified, multistage, and complex sampling pro-
cess. More information can be found in the NHANES An-
alytic Guidelines (https://wwwn.cdc.gov/nchs/nhanes/tutor
ials/default.aspx). This method involved gathering demo-
graphic details, conducting physical examinations, blood
tests, and extensive surveys to provide an overview of the
U.S. population. All participants in this survey provided
informed consent in compliance with ethical standards.

2.2 Study Population

A total of 101,316 enrolled participants were screened
across ten consecutive NHANES cycles from 1999/2000 to
2017/2018. In the beginning, 42,112 participants under the
age of 18 were excluded. Subsequently, 5729 participants
without HF were removed. Further, 423 participants were
excluded due to incomplete data for calculating the PNI,
CPNI, CONUT, and NLR. Additionally, 1 participant was
ineligible due to a lack of follow-up records. Finally, 350
participants were removed because their covariate informa-
tion was incomplete. Following exclusion, 1232 patients
with HF were included in our final analysis (Fig. 1). Con-
sistent with previous studies [7-9], the confirmation of HF
was determined using the questionnaire, which included the
question, “have you ever been told that you have congestive
heart failure?” Participants who responded “Yes” were rec-
ognized as individuals with diagnosed heart failure.

2.3 Assessment for Immune Nutrition Indices

The immune nutrition indices were calculated from
serum albumin, total cholesterol level, and counts of lym-
phocytes and neutrophils. The PNI, CPNI, CONUT, and
NLR calculation methods are presented in Supplementary
Table 1. Blood samples are typically collected either on
survey vehicles or at designated sampling sites, after which
laboratory tests are processed. This procedure adheres to
strict laboratory testing protocols. The Beckman Coulter
counting and grading approach was used to obtain complete
blood count (CBC) parameters. Serum albumin levels were

determined using the dye bromcresol purple (BCP). An en-
zymatic method was used to measure cholesterol.

2.4 Covariates

The selection of covariates was guided by correlation
logic and previously published literature. Participant char-
acteristics included age, gender, race, education, family in-
come to poverty ratio (PIR), marital status, body mass in-
dex (BMI), systolic blood pressure (SBP), diastolic blood
pressure (DBP), smoke status, hemoglobin Alc (HbAlc),
triglycerides (TG), total cholesterol (TC), uric acid, esti-
mated glomerular filtration rate (eGFR), serum albumin,
sodium, potassium, iron, hemoglobin, platelet count, neu-
trophils count, monocyte count, and presence of hyperten-
sion, coronary heart disease (CHD), stroke, cancer, asthma,
and anemia. Race was classified into four categories. Ed-
ucation levels were divided into “less than high school”,
“high school or equivalent”, and “college or higher”. The
PIR was categorized as PIR <1.3 and PIR >1.3. Smoking
was categorized into never (smoked less than 100 cigarettes
in a lifetime), former (smoked more than 100 cigarettes in a
lifetime but no smoking now), and current (actively smok-
ing cigarettes daily or occasionally at the time of the sur-
vey). Diabetes was defined by any of the following cri-
teria: a self-reported diagnosis by a doctor, use of insulin
or oral glucose-lowering medications, plasma fasting glu-
cose levels of 7.0 mmol/L or higher, or an HbAlc level
of 6.5% or higher. A CONUT score of >2 points indi-
cated malnutrition. The definitions of hypertension, CHD,
stroke, cancer, asthma, and anemia were derived from self-
reported questionnaire data. The eGFR was derived from
the Chronic Kidney Disease Epidemiology Collaboration
Equation (CKD-EPI Eq) based on serum creatinine [10].
Participants appointed to the mobile examination center
(MEC) morning session were asked to fast for 9 hours.
CBC tests were performed in the MEC, while other tests
were completed in remote laboratories. The methods used
include high-performance liquid chromatography (HPLC)
for HbAlc and iron, colorimetric assay for TG and uric
acid, and indirect (or diluted) ion selective electrode (I.S.E.)
methodology for potassium and sodium.

2.5 Outcomes

Mortality data were extracted from the National Death
Index. The Mortality Data Files link to NHANES. Cur-
rently, it includes mortality follow-up data updated up to
31 December 2019. The 10th edition of the International
Classification of Diseases (ICD-10) was used to categorize
the cause of death. Death from any cause was described
as all-cause mortality. Cardiovascular mortality was spec-
ified as deaths caused by heart disease, including ICD-10
codes 100-109, 111, 113, and 120-I51. The follow-up time
for participants in the overall population was 73 (37, 122)
months.
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Fig. 1. Flowchart of the selection criteria for participants. NHANES, National Health and Nutrition Examination Survey; PNI,

prognostic nutritional index; CPNI, cholesterol-modified prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio, CONUT,

controlling nutritional status.

2.6 Statistical Analysis

Statistical evaluations adhered to the survey design
characteristic of NHANES, utilizing suitable sampling
weights. The Shapiro—Wilk test was used to evaluate the
normality of continuous variables. Continuous variables
were presented as the median and interquartile range and
were compared using the Mann—Whitney U and Kruskal—
Wallis tests between groups. Categorical variables are
weighted percentages and were compared using the Chi-
squared test. Weighted Cox regression models assess the
relationships between immune nutrition indices and mor-
tality across three different models, and restricted cubic
splines (RCS) were performed further. Kaplan—Meier sur-
vival analysis and log-rank tests were conducted among
groups. Additionally, the time-dependent receiver operat-
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ing characteristic curve (ROC) was drawn to assess the ac-
curacy of different immune nutrition indicators in forecast-
ing survival outcomes at different times. Finally, stratified
and interaction analyses were performed. Statistical signif-
icance was defined as p < 0.05. The R Project for Statisti-
cal Computing (version 4.3.3, R Foundation for Statistical
Computing, Vienna, Austria) was used for analyses.

3. Results
3.1 Baseline Characteristics

A total of 1232 participants were included. The me-
dian age was 68.0 (58.0, 77.0) years; 55% were male. The
median follow-up duration was 73 (37, 122) months. A to-
tal of 612 (47%) participants died, and 239 (17%) of these
deaths were attributed to cardiovascular disease. The mor-
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Table 1. Baseline characteristics of participants.

. Overall Alive Died
Characteristics p-value
(n=1232) (n=620) (n=612)

Age (years) 68.0 (58.0, 77.0) 63.0 (51.0, 72.0) 74.0 (64.0, 80.0) <0.001
Gender (%) 0.800

Male 719 (55%) 352 (55%) 367 (54%)

Female 513 (45%) 268 (45%) 245 (46%)
Race (%) <0.001

Mexican—American 118 (3.3%) 61 (4.1%) 57 (2.5%)

Non-Hispanic White 698 (75%) 291 (69%) 407 (82%)

Non-Hispanic Black 276 (12%) 166 (15%) 110 (9.4%)

Other 140 (9.0%) 102 (12%) 38 (6.2%)
Married (%) 655 (57%) 356 (63%) 299 (51%) <0.001
Education (%) 0.015

College or higher 767 (69%) 411 (73%) 356 (64%)

High school or equivalent 242 (18%) 115 (17%) 127 (20%)

Less than high school 223 (13%) 94 (10%) 129 (16%)
PIR (%) >0.900

PIR <1.3 485 (32%) 255 (32%) 230 (32%)

PIR >1.3 747 (68%) 365 (68%) 382 (68%)

BMI (kg/m?) 30 (26, 36) 31(27,37) 30 (26, 35) 0.001

SBP (mmHg) 128 (115, 142) 127 (115, 140) 129 (114, 145) 0.200

DBP (mmHg) 67 (59, 77) 70 (62, 80) 64 (56, 73) <0.001
Smoke (%) 0.028

Never 480 (38%) 247 (38%) 233 (38%)

Former 521 (42%) 241 (38%) 280 (45%)

Current 231 (21%) 132 (23%) 99 (17%)
Asthma (%) 285 (26%) 168 (30%) 117 (21%) 0.006
Anemia (%) 137 (10%) 57 (7.7%) 80 (13%) 0.005
CHD (%) 529 (43%) 258 (41%) 271 (45%) 0.400
Stroke (%) 245 (20%) 105 (19%) 140 (21%) 0.400
Cancer (%) 267 (25%) 110 (22%) 157 (29%) 0.023
Hypertension (%) 955 (75%) 498 (77%) 457 (73%) 0.200
Diabetes (%) 562 (42%) 268 (39%) 294 (45%) 0.150
HbAlc (%) 5.80 (5.40, 6.50) 5.80 (5.40, 6.40) 5.90 (5.50, 6.60) 0.150
TG (mmol/L) 1.58 (1.11, 2.35) 1.59 (1.11, 2.35) 1.57 (1.11, 2.32) 0.700
TC (mmol/L) 4.55 (3.80, 5.43) 4.55 (3.80, 5.47) 4.60 (3.83,5.38) >0.900
Uric acid (mmol/L) 369 (297, 440) 357 (292, 422) 381 (303, 464) <0.001
eGFR (mL/min/1.73 m2) 65 (45, 89) 75 (54, 101) 55 (36, 76) <0.001
Iron (umol/L) 13.3 (10.0, 17.6) 13.6 (10.6, 17.7) 12.8(9.7,17.2) 0.067
Sodium (mmol/L) 139.00 (137.50, 141.00)  139.00 (138.00, 141.00)  139.00 (137.00, 141.00) 0.048
Potassium (mmol/L) 4.11 (3.90, 4.40) 4.10 (3.90, 4.30) 4.20 (3.90, 4.50) <0.001
Neutrophils (10°/L) 4.50 (3.60, 5.60) 4.40 (3.50, 5.40) 4.64 (3.60, 5.80) 0.011
Monocyte (10%/L) 0.60 (0.50, 0.70) 0.60 (0.50, 0.70) 0.60 (0.50, 0.80) 0.032
Hemoglobin (g/dL) 13.90 (12.70, 14.90) 14.00 (13.10, 15.00) 13.60 (12.40, 14.80) 0.001
Platelet count (10°/L) 219 (180, 266) 221 (180, 264) 218 (179, 267) 0.600
PNI 50.5 (47.5, 54.5) 51.0 (48.0, 55.0) 50.0 (46.0, 53.5) <0.001
CPNI 72 (66, 78) 71 (65, 77) 73 (67, 79) <0.001
NLR 2.43(1.75,3.33) 2.22 (1.63, 3.00) 2.69 (1.94, 3.65) <0.001
CONUT 1(0,2) 1(0,1) 1(0,1) 0.063
CONUT category (%) 0.067

No malnutrition 767 (64%) 408 (67%) 359 (60%)

Malnutrition 465 (36%) 212 (33%) 253 (40%)
Follow-up time (months) 73 (37, 122) 90 (47, 149) 57 (28,93) <0.001
Cardiovascular mortality (%) 239 (17%) 0 (0%) 239 (37%) <0.001

Note: PIR, poverty income ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD,
coronary heart disease; HbAlc, hemoglobin Alc; TG, triglycerides; TC, total cholesterol; eGFR, estimated glomerular fil-
tration rate; PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic nutritional index; NLR, neutrophil-to-
lymphocyte ratio, CONUT, controlling nutritional status. Data are presented as the median (25-75% interquartile range) or

weighted percentage %.
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Table 2. HR (95% ClIs) for all-cause mortality associated with immune nutrition indices.

. Model 1 Model 2 Model 3
Characteristics
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

PNI 0.93(0.90,0.95) <0.001 0.94(0.92,0.97) <0.001 0.94(0.92,0.97) <0.001
PNI quartiles

Q1 (<47.00) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (47.00-50.50)  0.49 (0.37,0.66) <0.001  0.56 (0.42,0.75) <0.001 0.61(0.46,0.81) <0.001

Q3 (50.50-54.00) 0.48(0.37,0.63) <0.001 0.51(0.39,0.68) <0.001 0.53(0.39,0.71) <0.001

Q4 (>54.00) 0.36 (0.26,0.48) <0.001 0.50(0.38,0.66) <0.001 0.50(0.37,0.68) <0.001
p for trend <0.001 <0.001 <0.001
CPNI 1.03(1.02,1.05) <0.001 1.03(1.02,1.04) <0.001 1.04(1.02,1.06) <0.001
CPNI quartiles

Q1 (<£66.2) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (62.2-72.2) 1.34(0.99, 1.82) 0.062 1.24 (0.92, 1.69) 0.200 1.33(0.97, 1.81) 0.072

Q3(72.2-77.9) 1.41 (1.04,1.91) 0.029 1.24 (0.94, 1.64) 0.130 1.24 (0.90, 1.71) 0.200

Q4 (>77.9) 2.10(1.53,2.88) <0.001 1.93(1.40,2.66) <0.001 2.36(1.63,3.42) <0.001
p for trend <0.001 <0.001 <0.001
NLR 1.11(1.05,1.17)  <0.001 1.07(1.02, 1.13) 0.005 1.06 (1.00, 1.12 0.034
NLR quartiles

Ql (£1.67) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (1.67-2.38) 1.31(0.92, 1.87) 0.140 1.00 (0.74,1.33)  >0.900 0.93 (0.69, 1.26) 0.700

Q3 (2.38-3.33) 1.73 (1.20, 2.50) 0.003 1.15(0.82, 1.61) 0.400 0.99 (0.68, 1.43)  >0.900

Q4 (>3.33) 2.73(1.87,3.96) <0.001 1.73(1.22,2.44) 0.002 1.43 (0.95, 2.15) 0.085
p for trend <0.001 0.001 0.094
CONUT 1.28(1.18,1.40) <0.001 1.15(1.04, 1.26) 0.004 1.24(1.10,1.39)  <0.001
CONUT median

Q1 (L) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2(>1) 1.68 (1.36,2.08) <0.001 1.26(1.01, 1.59) 0.042 1.28(0.97, 1.70) 0.087
p for trend <0.001 0.042 0.087

Model 1: unadjusted model. Model 2: adjusted for age, gender, race, marriage, education, PIR group, BMI, SBP,
DBP, smoke, asthma, anemia, CHD, stroke, cancer, hypertension, and diabetes. Model 3: further adjustments from
Model 2 were made for HbA 1c, triglycerides, total cholesterol, uric acid, eGFR, iron, sodium, potassium, neutrophils,
monocytes, hemoglobin, and platelets. PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic
nutritional index; NLR, neutrophil-to-lymphocyte ratio; CONUT, controlling nutritional status; PIR, poverty income
ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart

disease; HbAlc, hemoglobin Alc; eGFR, estimated glomerular filtration rate; HR, hazard ratio.

tality group had a higher age, uric acid, potassium, neu-
trophils, monocytes, NLR, and CPNI and a lower BMI,
DBP, eGFR, sodium, hemoglobin, platelet, and PNI than
the survival group. Additionally, they tended to include a
larger proportion of non-Hispanic Whites, were less mar-
ried, possessed lower educational levels, and had a higher
prevalence of asthma, anemia, and cancer (Table 1).

Significant differences in age, educational level, DBP,
smoke status, HbAlc, TG, TC, eGFR, iron, monocyte,
hemoglobin, and the prevalence of anemia were observed
after stratifying by the PNI quartile (p < 0.05). The PNI
quartiles are 47, 50.5, and 54 (Supplementary Table 2).
Additionally, significant differences in age, gender, mar-
riage status, SBP, TC, eGFR, iron, monocyte, hemoglobin,
and the prevalence of anemia were observed after stratify-
ing by the CPNI quartile (p < 0.05). The CPNI quartiles
are 66.2, 72.2, and 77.9 (Supplementary Table 3). Sig-
nificant differences in age, gender, marriage status, SBP,
TC, eGFR, iron, hemoglobin, and the prevalence of ane-
mia were observed after stratifying by the quartile of the
NLR (p < 0.05). The NLR quartiles are 1.67,2.38, and 3.33
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(Supplementary Table 4). Finally, significant differences
in age, PIR, SBP, DBP, smoke status, TG, TC, eGFR, iron,
potassium hemoglobin, platelet, and the prevalence of ane-
mia, CHD, cancer, and diabetes were observed after strati-
fying by the median of the CONUT (p < 0.05). The median
of CONUT is 1 (Supplementary Table 5).

3.2 Relationship between Immune Nutrition Indices and
All-Cause Mortality in HF Populations

Weighted Cox regression analyzed the relationship be-
tween immune nutrition indices and all-cause and cardio-
vascular mortality. Model 1: unadjusted; Model 2: ad-
justed for age, gender, race, marital status, education, PIR,
BMI, SBP, DBP, smoke, asthma, CHD, stroke, cancer, hy-
pertension, and diabetes; Model 3: additional adjustment
for HbAlc, TG, TC, uric acid, eGFR, iron, sodium, potas-
sium, neutrophils, monocytes hemoglobin, and platelets
based on Model 2. The variance inflation factor (VIF)
shows no collinearity among variables (Supplementary
Table 6).
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Fig. 2. Restricted cubic spline regression analysis. (A,C,E) Non-linear relationship between PNI, CPNI, NLR, and all-cause mortality.
(B,D) Non-linear relationship between PNI, CPNI, and cardiovascular mortality. (F) The linear relationship between NLR and cardio-
vascular mortality. Adjusted for age, gender, race, marriage, education, PIR group, BMI, SBP, DBP, smoke, asthma, anemia, CHD,
stroke, cancer, hypertension, diabetes, HbAlc, triglycerides, total cholesterol, uric acid, eGFR, iron, sodium, potassium, neutrophils,
monocytes, hemoglobin, and platelets. PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic nutritional index; NLR,
neutrophil-to-lymphocyte ratio; PIR, poverty income ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; CHD, coronary heart disease; HbA1c, hemoglobin Alc; eGFR, estimated glomerular filtration rate.
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Fig. 3. Kaplan—Meier survival curve. (A-D) Kaplan—Meier survival curve for all-cause mortality in populations with different PNI,
CPNI, NLR, and CONUT levels. (E-H) Kaplan—Meier survival curve for cardiovascular mortality in populations with different PNI,
CPNI, NLR, and CONUT levels. PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic nutritional index; NLR,

neutrophil-to-lymphocyte ratio; CONUT, controlling nutritional status.

Model 1 (hazard ratio (HR) = 0.93, 95% CI: 0.90- with different categories, the HRs for the Q2, Q3, and Q4
0.95), Model 2 (HR =0.94, 95% CI: 0.92-0.97), and Model groups showed a significant decrease compared to the Q1
3 (HR = 0.94, 95% CI: 0.92-0.97). When evaluating PNI group across three established Cox models. Additionally,
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Table 3. HR (95% ClIs) for cardiovascular mortality associated with immune nutrition indices.

. Model 1 Model 2 Model 3
Characteristics
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

PNI 0.93 (0.89, 0.97) 0.001 0.94 (0.90, 0.99) 0.012 0.94 (0.90, 0.99) 0.028
PNI quartiles

Q1 (<47.00) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (47.00-50.50)  0.34(0.23,0.51) <0.001 0.35(0.24,0.52) <0.001 0.37(0.25,0.55) <0.001

Q3 (50.50-54.00) 0.37(0.25,0.55) <0.001 0.36(0.24,0.54) <0.001 0.37(0.24,0.56)  <0.001

Q4 (>54.00) 0.39(0.25,0.62) <0.001  0.54(0.36, 0.83) 0.005 0.55(0.34, 0.89) 0.015
p for trend <0.001 0.008 0.020
CPNI 1.03 (1.02, 1.05) 0.008 1.02 (1.00, 1.05) 0.032 1.04 (1.00, 1.07) 0.028
CPNI quartiles

Q1 (<£66.2) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (62.2-72.2) 1.42 (0.89, 2.25) 0.140 1.23 (0.75, 2.02) 0.400 1.30(0.78, 2.18) 0.300

Q3(72.2-77.9) 1.24 (0.73, 2.08) 0.400 1.00 (0.60, 1.66)  >0.900  0.99 (0.55,1.80)  >0.900

Q4 (>77.9) 1.95(1.20, 3.19) 0.007 1.74 (1.01, 2.99) 0.044 2.26 (1.07,4.77) 0.032
p for trend 0.020 0.090 0.073
NLR 1.11(1.04,1.17)  <0.001 1.07(1.00, 1.14) 0.048 1.07 (0.98, 1.16) 0.020
NLR quartiles

Ql (£1.67) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2 (1.67-2.38) 1.74 (0.99, 3.07) 0.056 1.31(0.79, 2.18) 0.300 1.26 (0.73, 2.18) 0.400

Q3 (2.38-3.33) 1.59(0.87,2.92) 0.130 1.01 (0.57,1.76)  >0.900  0.87 (0.45, 1.68) 0.700

Q4 (>3.33) 2.94 (1.61,5.35) <0.001 1.82(1.00,3.29) 0.049 1.60 (0.82, 3.11) 0.200
p for trend <0.001 0.010 0.330
CONUT 1.35(1.19,1.53)  <0.001 1.23(1.07, 1.41) 0.004 1.35(1.14,1.60)  <0.001
CONUT median

Q1 (L) 1.00 (Reference) - 1.00 (Reference) - 1.00 (Reference) -

Q2(>1) 1.90(1.41,2.54) <0.001 1.47(1.07,2.01) 0.017 1.51 (1.05, 2.18) 0.027
p for trend <0.001 0.017 0.030

Model 1: unadjusted model. Model 2: adjusted for age, gender, race, marriage, education, PIR group, BMI, SBP,
DBP, smoke, asthma, anemia, CHD, stroke, cancer, hypertension, and diabetes. Model 3: further adjustments from
Model 2 were made for HbA 1c, triglycerides, total cholesterol, uric acid, eGFR, iron, sodium, potassium, neutrophils,
monocytes, hemoglobin, and platelets. PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic
nutritional index; NLR, neutrophil-to-lymphocyte ratio, CONUT, controlling nutritional status; HR, hazard ratio;
CHD, coronary heart disease; BMI, body mass index; eGFR, estimated glomerular filtration rate; DBP, diastolic
blood pressure; SBP, systolic blood pressure; HbA 1¢, hemoglobin Alc; PIR, poverty income ratio.

the trend p-values were below 0.001 for all models. Further
analysis indicated that the CPNI, CONUT, and NLR were
also independently related to all-cause mortality (Table 2).
The RCS analysis showed a non-linear association between
PNI, CPNI, NLR, and all-cause mortality (Fig. 2A,C,E).
The relationship between PNI, CPNI, and cardiovascu-
lar mortality is non-linear (Fig. 2B,D), while the relation-
ship between NLR and cardiovascular mortality is linear
(Fig. 2F). Kaplan—Meier survival curves showed the dif-
ferent prevalences of all-cause mortality in the abovemen-
tioned groups, including PNI, CPNI, CONUT, and NLR.
The survival rate was worse in the lower PNI group than
in the higher PNI group. Participants with higher levels of
CPNI, CONUT, and NLR showed a markedly reduced sur-
vival rate compared to those with lower levels (p for log-
rank test <0.001) (Fig. 3).

3.3 Relationship between Immune Nutrition Indices and
Cardiovascular Mortality in HF Populations

Model 1 (HR = 0.93, 95% CI: 0.89-0.97), Model 2
(HR =0.94, 95% CI: 0.90-0.99), and Model 3 (HR = 0.94,
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95% CI: 0.90-0.99). When evaluating PNI with different
categories, compared to the Q1 group, the HRs showed a
significant decrease among the Q2, Q3, and Q4 groups in
three established Cox models. Furthermore, the trend p-
values were less than 0.05. Further analysis also indicated
that the CPNI, CONUT, and NLR were independently re-
lated to cardiovascular mortality (Table 3). The RCS anal-
ysis revealed a non-linear relationship between PNI, CPNI,
and cardiovascular mortality and a linear correlation be-
tween NLR and cardiovascular mortality (Fig. 2). Kaplan—
Meier survival curves showed the prevalence of cardiovas-
cular mortality based on PNI, CPNI, CONUT, and NLR.
The survival rate was worse in the lower PNI group than
in the higher PNI group. Participants with higher levels of
CPNI, CONUT, and NLR exhibited a significantly lower
survival rate (p for log-rank test <0.001) (Fig. 3).

3.4 The Prognostic Ability Comparison of Immune
Nutrition Indices

A time-dependent ROC curve assesses the prognos-
tic value of PNI, CPNI, CONUT, and NLR in HF partici-
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Fig. 4. Time-dependent ROC analysis. (A,C,E,G) Time-dependent ROC analysis for all-cause mortality using PNI, CPNI, NLR, and
CONUT in HF populations. (B,D,F,H) Time-dependent ROC analysis for cardiovascular mortality using PNI, CPNI, NLR, and CONUT
in HF populations. HF, heart failure; PNI, prognostic nutritional index; CPNI, cholesterol-modified prognostic nutritional index; NLR,

neutrophil-to-lymphocyte ratio, CONUT, controlling nutritional status; ROC, receiver operating characteristic curve; AUC, area under

the curve.

pants. The results revealed that these indicators have pre-
dictive value for all-cause and cardiovascular deaths. How-
ever, their predictability has declined over time (Fig. 4).
Compared with CPNI, CONUT, and NLR, PNI consistently
had higher predictive power over a 3-year follow-up period
(Fig. 9).

3.5 Subgroup and Interaction Analysis

Subgroup analyses were conducted based on age, gen-
der, education, PIR, hypertension, CHD, stroke, and dia-
betes. The findings indicate that PNI continues to be an in-
dependent protective factor for all-cause mortality, except
in individuals with low education levels, current smokers,
and those without hypertension. Conversely, its protective
effect on cardiovascular mortality is evident only in indi-
viduals over 65 years old, with higher education levels, who
have never smoked, and who have comorbid hypertension
and diabetes but not stroke or CHD. Interaction analysis
showed no interaction between PNI and these factors for
all-cause or cardiovascular mortality (Fig. 6).

4. Discussion

This study examined the relationship between immune
nutrition indices (PNI, CPNI, CONUT, and NLR) and the
prognosis of HF populations to evaluate their prognostic
value. All four indicators can be used as independent pre-
dictors of all-cause and cardiovascular death in HF. To our
knowledge, we confirm the value of CPNI in evaluating the
prognosis of HF for the first time. The time-dependent ROC
revealed that PNI has the most effective predictability.

HEF is still a global challenge, and clinical research re-
mains focused on identifying prognostic factors for mortal-
ity. HF is not merely a cardiac issue but a complex systemic
disease that could worsen the nutritional status of patients
[11]. Furthermore, the resulting malnutrition may disturb
the balance status of the immune and inflammation and ag-
gravate the progression of HF, leading to a vicious circle
[12,13]. Our study indicates that the prevalence of mal-
nutrition in the HF population, according to CONUT, was
36%. Notably, malnutrition was much more prevalent in
the dead group.

The PNI comprehensively assesses patients’ nutri-
tional and inflammatory status based on peripheral lympho-
cyte counts and serum albumin levels. Some previous stud-
ies have shown an association with prognosis in various ma-
lignancies, chronic inflammatory diseases, liver cirrhosis,
type 2 diabetes, and chronic kidney disease [14—18]. Previ-
ous studies also explored whether lower PNI may reflect
high mortality in acute decompensated HF patients with
various left ventricular ejection fractions (LVEFs) [19-
22]. Additionally, it correlated with higher readmission
rates and mortality in chronic HF [22-24]. Further, meta-
analysis indicated that PNI could be an important indicator
for risk stratification in the HF population [25]. Consistent
with former results, our study showed that PNI was pre-
dictive of all-cause and cardiovascular death for HF. PNI
has the best forecasting ability among CPNI, CONUT, and
NLR.

CPNI is a modification of the PNI. We demonstrate
for the first time the value of this composite indicator in the
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Fig. 5. The relationships of immune nutrition indicators mortality in HF populations. (A) The prognostic ability comparison of
PNI, CPNI, NLR, and CONUT for all-cause mortality in HF populations. (B) The prognostic ability comparison of PNI, CPNI, NLR, and
CONUT for cardiovascular mortality in HF populations. HF, heart failure; PNI, prognostic nutritional index; CPNI, cholesterol-modified
prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio, CONUT, controlling nutritional status; AUC, area under the curve.

A (B)
HR (95% Cl) P value P for interaction HR (95% CI) P value P for interaction
Age 0.868 Age
=65 0.94(0.92-0.96) <0.001 =65 o 0.95(0.90-0.99) 0.013
<65 "'. 0.94(0.88-0.99) 0.029 <65 o —— 0.95(0.84-1.07) 0.421
Gender 0.140 Gender 0.524
Male * 0.93(0.89-0.97) 0.001 Male —e—+ 0.93(0.85-1.01) 0.091
Female —— 0.96(0.93-0.99) 0.007 Female —@1—  098(0.93-1.04) 0.581
PIR 0.958 PIR 0.840
PIR<1.3 —— 0.93(0.90-0.97) 0.001 PIR<1.3 —_—— 0.94(0.87-1.01) 0.068
PIR=1.3 O 0.94(0.91-0.97) <0.001 PIR=1.3 —_— 0.95(0.90-1.01) 0.089
Education 0.230 Education 0.597
College or higher ——+ 0.97(0.93-1.01) 0.130 College or higher | 0.96(0.87-1.07) 0.476
High school or equivalent +—@— 0.93(0.88-0.98) 0.006 High school or equivalent —@—  1.00(0.92-1.08) 0.979
Less than high school —O— 0.94(0.91-0.97) <0.001 Less than high school —_— 0.94(0.89-1.00) 0.037
Smoke 0.417 Smoke 0.715
Never —— 0.92(0.88-0.97) 0.001 Never ——— 0.93(0.86-1.00) 0.040
Former R 0.94(0.91-0.97) <0.001 Former ——+ 0.95(0.89-1.01) 0.073
Current —{— 0.97(0.90-1.04) 0.345 Current —— 0.92(0.79-1.08) 0.299
Hypertension 0.347 Hypertension 0.176
Yes - 0.93(0.91-0.96) <0.001 Yes —— 0.93(0.88-0.98) 0.008
No —— 0.98(0.92-1.04) 0.520 No ———@—  1.01(0.88-1.16) 0.892
CHD 0.634 CHD 0.348
Yes —— 0.95(0.91-0.99) 0.019 Yes —— 0.96(0.89-1.03) 0.287
No —— 0.94(0.91-0.97) <0.001 No —— 0.94(0.90-0.99) 0.022
Stroke 0.995 Stroke 0.364
Yes —— 0.93(0.88-0.98) 0.008 Yes —®—T—  0.94(0.82-1.07) 0.349
No o~ 0.94(0.91-0.97) <0.001 No —— 0.93(0.88-0.99) 0.016
Diabetes 0.144 Diabetes 0.096
Yes - 0.89(0.86-0.92) <0.001 Yes *~ 0.85(0.8-0.91) <0.001
No 0.96(0.93-1.00) 0.034 No — 1.00(0.93-1.07) 0.992
0.85 0.95 1.05 0.85 0.95 1.05

Fig. 6. Subgroup analysis and interaction analysis. (A) Subgroup analysis for all-cause mortality. (B) Subgroup analysis for car-

diovascular mortality. Adjusted for age, gender, race, marriage, education, PIR group, BMI, SBP, DBP, smoke, asthma, anemia, CHD,

stroke, cancer, hypertension, diabetes, HbAlc, triglycerides, total cholesterol, uric acid, eGFR, iron, sodium, potassium, neutrophils,

monocytes, hemoglobin, and platelets. PIR, poverty income ratio; CHD, coronary heart disease; HR, hazard ratio; BMI, body mass

index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; eGFR, estimated glomerular filtration

rate.

prognosis of HF. CPNI encompassed total cholesterol, al-
bumin, and lymphocytes and was initially proposed as an
independent predictor of breast cancer outcomes [6]. Al-
bumin maintains nutrient reserves, supports immune func-
tions, and regulates body fluids. Lymphocytes regulate the
immune system by secreting cytokines and engaging in cy-
tolytic activity. The cholesterol level in the blood is asso-
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ciated with oxidative stress and inflammation [26]. They
are all involved in the pathophysiological processes of HF
and affect disease progression. However, our findings do
not support the cholesterol paradox in HF patients, which is
the association of higher cholesterol levels with better sur-
vival [27]. We suggest that higher total cholesterol levels
and lower albumin and lymphocyte levels are at higher risk
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of death in HF patients. Furthermore, Filipe verified that
the cholesterol paradox may be attenuated in diabetic HF
patients [28].

The CONUT score also incorporates the abovemen-
tioned three parameters: albumin, lymphocytes, and total
cholesterol. Further, it is commonly used to assess nutri-
tional status, with a higher CONUT score indicating malnu-
trition [17,29-31]. Former studies have shown that a higher
CONUT score is associated with unfavorable prognosis in
CHD patients, leading to an increase in mortality and infec-
tion in HF patients [29,32]. We also demonstrated the value
of CONUT in predicting the prognosis of HF, although its
predictive power was lower than that of CPNI.

NLR is used as a new additional inflammatory marker.
Neutrophils, integral to the innate immune system, tradi-
tionally indicate the immune system’s inflammatory sta-
tus, whereas lymphocytes regulate the immune system [21].
Fundamental research confirms that inflammation is indis-
pensable in the pathogenesis of HF [33]. Previous clinical
studies have certified that NLR could be a practical prog-
nostic tool for risk stratification in HF populations [34].
However, these studies are limited by a small sample size.
Our study extracted the HF population from the NHANES
database. These individuals accurately reflected various so-
cial strata in the United States between 1998 and 2018. The
total sample size amounted to 3,925,253. The ability to pre-
dict the prognosis of HF using NLR is inferior to PNI.

This study offers advantages due to its use of a nation-
ally representative cohort of U.S. adult HF patients, improv-
ing the generalizability of the findings. Further, we first
confirmed the value of CPNI for evaluating the prognosis of
HF and compared it to different immune nutrition indices.
However, several limitations should also be considered.
This study was cross-sectional, thereby limiting its ability
to elucidate the exact pathophysiological mechanisms un-
derlying our findings. Additionally, this study did not take
into consideration medication usage due to the limitations
of the NHANES database, including the exclusion of an-
giotensin receptor-neprilysin inhibitor (ARNI) and sodium-
dependent glucose transporters 2 (SGLT2) inhibitors, which
have been proven to decrease mortality across the entire
spectrum of heart failure. Furthermore, despite efforts to
adjust for confounding factors, some unaccounted variables
may still exist, such as ultrasound data consideration.

5. Conclusions

Our study revealed that immune nutrition indicators,
including CPNI, could predict all-cause mortality and car-
diovascular mortality in patients with HF. Compared with
other indicators, PNI is the most effective predictor.
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