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Abstract: This study investigates the association between HALP score (hemoglobin, 

albumin, lymphocytes, platelets) and all-cause mortality in coronary heart disease (CHD) 

patients using NHANES data (1998-2018). Eligible CHD patients were grouped into 

Q1-Q4 by HALP quartiles. Analyses included weighted Cox models, restricted cubic 

spline (RCS) regression, Kaplan-Meier (K-M) curves, and subgroup analyses. Results 

showed 937 all-cause deaths. After covariate adjustment, Q2-Q4 had lower mortality risk 

(HR=0.74, 0.68, 0.70; 95% CIs respectively). A significant J-shaped nonlinear relationship 

was found (nonlinear P<0.001) with a turning point at 78.02: each 1-unit increase in 

HALP ≤78.02 reduced death risk by 1.3% (HR=0.987), while the protective effect 

plateaued above this. K-M curves showed higher HALP correlated with higher survival, 

and subgroup analyses confirmed robustness. The HALP score exhibits a J-shaped 

relationship with all-cause mortality in patients with coronary heart disease (CHD) and has 

potential prognostic value. 

1. Introduction 

Coronary heart disease (CHD) is the most common form of cardiovascular disease (CVD), a 

group of clinical syndromes caused by atherosclerotic lesions in the coronary arteries, resulting in 
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narrowing or occlusion of the vascular lumen, causing myocardial ischemia, hypoxia, and even 

necrosis, and it belongs to the major types of ischemic heart disease [1].In 2022, CHD was the 

leading cause of death due to cardiovascular disease worldwide, accounting for 39.5%, posing a 

great challenge to global public health [2]. Therefore finding convenient and effective metrics to 

predict the risk of death in patients with CHD is essential to improve prognostic management. 

In recent years, the hemoglobin, albumin, lymphocyte, and platelet (HALP) score has been 

shown to be valuable as a new biomarker tool in the prognostic assessment of a variety of diseases, 

including cancer and cardiovascular disease [3], and to provide a comprehensive picture of a 

patient's nutritional status and systemic inflammatory state [4]. Whereas anemia and 

hypoalbuminemia are indirect indicators of malnutrition, lymphocytes and platelets play an 

important role in inflammation, and lymphopenia is strongly associated with reduced survival in 

patients with heart failure [5, 6]. In addition, platelet counts likewise increase the risk of 

thromboembolism and atherosclerotic lesions [7]. In the field of cardiovascular disease, the HALP 

score has been shown to be a powerful prognostic indicator [8].The HALP score can be used as an 

important marker for predicting the absence of reflow phenomenon and short-term mortality in 

patients with ST-segment elevation myocardial infarction (STEMI) [9]. Also, HALP score has 

shown significant discriminatory ability in predicting short-term mortality in patients with acute 

heart failure [10]. 

These studies suggest that the HALP score may be a reliable tool for identifying high-risk 

populations among CHD patients, thereby improving patient management and reducing mortality. 

Therefore, the aim of this study was to investigate the relationship between HALP score and 

all-cause mortality in patients with CHD and to assess the potential predictive value of HALP score 

in CHD prognosis for the identification of high-risk populations for poor CHD prognosis. 

2. Manuscript Preparation 

2.1 Research design and purpose 

Data from the National Health and Nutrition Examination Survey (NHANES) were used, and 

patients with CHD from 1999-2018 were selected for the study.NHANES was conducted by the 

Centers for Disease Control and Prevention (CDC) and the National Center for Health Statistics 

(NCHS) ) are responsible for it. It uses a complex, multistage stratified probability sample based on 

selected counties, neighborhoods, households, and persons within households to assess the 

nutritional and health status of the U.S. deinstitutionalized population. Participants are interviewed 

in their homes by NCHS-trained professionals and undergo an extensive physical examination, 

including blood and urine collection, at a Mobile Examination Center (MEC). Detailed information 

on study implementation is available online at https://www.cdc.gov/nchs/nhanes/index.htm.  
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Figure 1 Flow chart for inclusion and exclusion of study populations 

A total of 101,316 NHANES participants were initially enrolled. Exclusion criteria:(1) 50,360 

participants younger than 20 years of age, pregnant, or lacking survey weighting (2) 48,769 

non-CHD patients (3) 148 with insufficient HALP data (4) 2 with missing survival status, and 

finally 2,037 were eligible, as shown in Figure 1. 

2.2 Diagnosis of coronary heart disease 

Diagnosis of CHD: Participants who answered “yes” to the question “Has a doctor or other 

health professional ever told you that you have CHD?” in the NHANES Multiple Choice 

Questionnaire (MCQ160C) were categorized as having CHD [11]. 

2.3 Definition of HALP score 

In NHANES, blood samples were obtained by examination at the MEC and further analyzed in 

the laboratory for HALP score related markers including HB, ALB, lymphocyte, and platelet levels. 

The HALP score was calculated according to the following formula: HB (g/l) x ALB (g/l) x 

lymphocytes (109/l)/platelets (109/l). Because the ALB unit in the database is “g/dl”. We 

categorized the study population into four levels [5, 12], Q1-Q4 (<37.31, 37.31-51.15, 51.15-69.68, 

and >69.68) based on their quartiles of HALP scores. 

2.4 Covariates 

Potential covariates were identified in terms of sociodemographic, lifestyle behavioral variables, 

and chronic disease. Sociodemographic characteristics included sex (female or male), age 

subgroups (<60 and ≥60 years), race (non-Hispanic white, non-Hispanic black, and other races, 
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including multiracial mix), and educational attainment (less than high school, high school 

graduate/General Equivalency Diploma (GED) or equivalent, and high school or higher). 

Poverty-to-income ratio (PIR) is used to measure income in relation to the federal poverty level, 

which takes into account factors such as economic inflation and family size. Marital status is 

categorized into three groups: those who are married or living with a partner, those who are 

widowed, divorced, or separated, and those who have never been married. Lifestyle behavior 

variables include body mass index (BMI), smoking status, and drinking status.BMI is calculated 

using the formula BMI = weight (kg) / height (m)². Smoking status was categorized into two groups: 

current non-smokers and smokers, and drinking status was categorized into two groups: 

non-drinkers and drinkers [13]. Chronic diseases were categorized as diabetes mellitus and 

hypertension, and results were obtained from self-reporting in the questionnaire. Total cholesterol 

(TC), uric acid (UA) and serum creatinine (SCr) results were obtained by laboratory tests. 

2.5 Outcomes and Follow-up 

The study finalized and recorded all-cause mortality of patients through International 

Classification of Diseases, Ninth Revision (ICD-9 and ICD-10) codes. Death information was 

obtained through the National Death Index (NDI) link at https: //www. cdc. 

gov/nchs/data-linkage/mortality.html. Follow-up ended after the subject's death or as of December 

31, 2019. 

2.6 Statistical analysis 

All statistical analyses were conducted using R software (4.4.1). Two-tailed P values < 0.05 

were considered statistically significant. Part of the analysis in this study took into account 

appropriate weights[14]. We first divided the participants into four groups based on quartiles of 

HALP. Continuous variables were expressed as weighted means ± standard deviations (SD) or 

weighted median or (25th, 75th) and categorical variables were presented as unweighted 

frequencies and weighted percentages. Weighted t-test or Kruskal-Wallis test was conducted for 

continuous variables, while weighted chi-square tests were used to compare categorical variables 

[15]. Multiple imputation achieved by “MICE” package was applied to accurately deal with missing 

covariates [16]. To investigate the relationship between HALP and all-cause mortality in CHD 

patients, we conducted weighted Cox proportional hazards models for estimation of hazard ratios 

(HRs) and their 95% confidence intervals (CI)[17]. We established three models: Model 1, without 

adjusting for any covariates; Model 2, only adjusting for demographic variables; Model 3: adjusting 

for all covariates. Then, considering potential nonlinear relationships, we employed restricted cubic 

splines (RCS) regression with 3 knots[18]. If there is a significant nonlinear correlation, 

two-piecewise linear regression based on threshold analysis was employed[19]. Kaplan-Meier 

(K-M) curve was utilized to explore the differences of survival possibility in quartiles of HALP 

group[17]. Subgroup analysis was to check if there was an interaction effect between HALP and 

covariates including age, gender, race, BMI, drinking status, smoking status, diabetes and 
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hypertension. 

3. Results 

3.1 Baseline Characteristics of Study Participants 

A total of 2,037 participants with CHD were included in this study, with a median follow-up 

period of 78 months. Participants were stratified into four groups based on HALP quartiles: Q1 

(<36), Q2 (36–49.84), Q3 (49.84–66.41), and Q4 (>66.41). Significant differences were observed 

across HALP groups in terms of follow-up time, age distribution, gender, marital status, smoking 

status, and survival status (all P < 0.05). Other demographic and clinical variables, such as race, 

BMI, diabetes, and hypertension, were balanced among groups (Table 1). 

Table 1 Baseline Characteristics of participants grouped by quartiles of HALP from NHANES 

1999-2018. 

Variables Total Quartiles of HALP P 

Q1(< 36) Q2 (36, 49.84] Q3 (49.84, 66.41] Q4 (> 66.41) 

Follow-up time, months, 

median (25th, 75th) 

78.00 (39.00, 

135.00) 

66.00 (30.49, 

130.00) 

86.00 (40.00, 

142.00) 

91.27 (42.00, 

141.00) 

77.00 (40.00, 

125.09) 

0.016 

n 2037 510 509 509 509  

Age, n (%)      0.012 

<60 366 (24.8) 67 (18.3) 81 (21.8) 99 (27.1) 119 (31)  

≥60 1671 (75.2) 443 (81.7) 428 (78.2) 410 (72.9) 390 (69)  

Gender, n (%)      < 0.001 

Male 1379 (65.1) 307 (54.3) 323 (59.4) 354 (68.2) 395 (77.4)  

Female 658 (34.9) 203 (45.7) 186 (40.6) 155 (31.8) 114 (22.6)  

Race, n (%)      0.086 

Non-Hispanic White 1314 (82) 335 (83.2) 339 (83.9) 321 (79.3) 319 (81.6)  

Non-Hispanic Black 256 (5.8) 73 (7.1) 62 (5.4) 59 (5.5) 62 (5.4)  

Other Race 467 (12.2) 102 (9.7) 108 (10.7) 129 (15.2) 128 (13)  

Education, n (%)      0.563 

Less than high school 687 (25.1) 159 (23.8) 181 (24.6) 172 (26.5) 175 (25.4)  

High school grad/GED or 

equivalent 

472 (25.6) 122 (25.1) 127 (29.1) 107 (22.1) 116 (26)  

Higher than high school 878 (49.3) 229 (51.1) 201 (46.4) 230 (51.4) 218 (48.6)  

PIR, n (%)      0.702 

≤1.3 648 (21.9) 151 (22.7) 170 (22.1) 148 (19.2) 179 (23.7)  

1.3-3.5 843 (40.9) 238 (43.7) 189 (39.7) 222 (42.1) 194 (38.5)  

>3.5 546 (37.1) 121 (33.7) 150 (38.2) 139 (38.7) 136 (37.8)  

Marital status, n (%)      0.012 

Married/living with 

partner 

1260 (65.3) 293 (60.3) 309 (61.7) 316 (66.7) 342 (71.8)  

Widowed/divorced/separa

ted 

682 (29.9) 193 (35.8) 178 (34.1) 169 (27.1) 142 (23.4)  

Never married 95 (4.8) 24 (3.9) 22 (4.1) 24 (6.2) 25 (4.7)  

BMI, n (%)      0.075 

<25 kg/m2 460 (21) 144 (26.7) 114 (19.8) 106 (21.2) 96 (17)  

25-30 kg/m2 726 (34.7) 168 (31.5) 188 (34.9) 176 (32.6) 194 (39.5)  

≥30 kg/m2 851 (44.3) 198 (41.8) 207 (45.3) 227 (46.2) 219 (43.6)  
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Smoking status, n (%)      < 0.001 

Non smokers 1704 (82.2) 452 (86.7) 444 (87.3) 415 (80.2) 393 (75.3)  

Smokers 333 (17.8) 58 (13.3) 65 (12.7) 94 (19.8) 116 (24.7)  

Drinking status, n (%)      0.067 

Non drinkers 1020 (44.9) 275 (50.3) 261 (46.9) 231 (40) 253 (42.9)  

Drinkers 1017 (55.1) 235 (49.7) 248 (53.1) 278 (60) 256 (57.1)  

Diabetes, n (%)      0.54 

Yes 680 (31.6) 188 (34.1) 158 (33.1) 164 (28.7) 170 (30.6)  

No 1357 (68.4) 322 (65.9) 351 (66.9) 345 (71.3) 339 (69.4)  

Hypertension, n (%)      0.222 

Yes 1501 (71.8) 371 (71.1) 382 (76.6) 370 (69.9) 378 (69.7)  

No 536 (28.2) 139 (28.9) 127 (23.4) 139 (30.1) 131 (30.3)  

TC, mg/dL, mean (SD) 179.05 

(45.58) 

179.28 

(51.69) 

177.54 

(42.95) 

179.66 (41.96) 179.69 

(45.61) 

0.867 

UA, mg/dL, mean (SD) 6.06 (1.59) 6.06 (1.67) 5.93 (1.71) 6.11 (1.49) 6.13 (1.49) 0.45 

Scr, mg/dL, mean (SD) 1.09 (0.59) 1.18 (0.80) 1.06 (0.58) 1.07 (0.51) 1.04 (0.44) 0.016 

Survival status, n (%)      < 0.001 

Alive 1100 (60.1) 214 (49.4) 260 (57) 301 (63.6) 325 (69.5)  

Dead 937 (39.9) 296 (50.6) 249 (43) 208 (36.4) 184 (30.5)  

3.2 The associations between HALP and all-cause mortality in CHD patients 

Table 2 presented the associations between HALP and all-cause mortality in CHD patients. In 

the unadjusted Model 1, higher HALP levels were significantly associated with reduced all-cause 

mortality risk. Compared to Q1, the HRs for Q2–Q4 were 0.71 (95% CI: 0.56–0.89), 0.59 

(0.46–0.76), and 0.57 (0.44–0.72). After adjusting for demographic (Model 2) and full covariates 

(Model 3: age, gender, race, BMI, smoking, etc.), the inverse association remained robust. In Model 

3, the HRs for Q2–Q4 were 0.74 (0.59–0.94), 0.68 (0.53–0.86), and 0.70 (0.55–0.88) (all P < 0.05). 

Table 2 The associations between HALP and all-cause mortality in Cox regression models. 

 Model 1 Model 2 Model 3 

HR (95% CI) P HR (95% CI) P HR (95% CI) P 

Q1 Reference  Reference  Reference  

Q2 0.71 (0.56, 

0.89) 

0.003 0.73 (0.58, 

0.92) 

0.007 0.74 (0.59, 

0.94) 

0.01

2 

Q3 0.59 (0.46, 

0.76) 

< 0.001 0.61 (0.48, 

0.78) 

< 

0.001 

0.68 (0.53, 

0.86) 

0.00

1 

Q4 0.57 (0.44, 

0.72) 

< 0.001 0.67 (0.53, 

0.84) 

0.001 0.70 (0.55, 

0.88) 

0.00

2 

Model 1 was not adjusted for any covariate. 

Model 2 was adjusted for age, gender, race, education, PIR and marital status. 

Model 3 was adjusted for age, gender, race, education, PIR, marital status, BMI, smoking status, 

drinking status, diabetes, hypertension, TC, UA and Scr. 

The results of the RCS regression model indicate a J-shaped association between HALP and 

all-cause mortality, with a turning point of 78.02 (P for non-linear < 0.001). Before the turning 
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point, HALP was negatively correlated with all-cause mortality, and after the turning point, HALP 

was positively correlated with all-cause mortality (Figure 2). 

 

Figure 2 The association between HALP and all-cause mortality in RCS regression model. The 

model was adjusted for age, race, education, PIR, marital status, BMI, smoking status, drinking 

status, diabetes, hypertension, TC, UA and Scr. 

Based on this discovery, we established threshold analysis to verify the existence of nonlinear 

relationships (Table 3). A nonlinear relationship was identified between HALP and mortality risk. 

The log-likelihood ratio test confirmed a significant threshold at HALP=78.02 (P < 0.001). Below 

this threshold, each unit increase in HALP was associated with a 1.3% reduction in mortality risk 

(HR: 0.987, 95% CI: 0.987–0.994). Above 78.02, the protective effect plateaued (HR: 1.001, 95% 

CI: 1.000–1.002). 

Table 3 Two-piecewise Cox regression models of HALP and all-cause mortality. 

HALP HR (95%CI) P 

≤78.02 0.99(0.987, 0.994) < 0.001 

>78.02 1.001(1.000, 1.002) 0.023 

Log likelihood ratio test  < 0.001 

The model was adjusted for age, race, education, PIR, marital status, BMI, smoking status, 

drinking status, diabetes, hypertension, TC, UA and Scr. 
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3.3 K-M curve and subgroup analysis 

 

Figure 3 K-M Curve of different quartiles of HALP groups. 

As shown in Figure 3, K-M curve showed a significant decrease in the survival rate in the higher 

HALP group compared to the lowest HALP group. Then, we employed subgroup analysis to check 

if there was an interaction effect between HALP and some covariates(Table 4). We did not find any 

interaction between HALP and any covariates on all-cause mortality in CHD patients, indicating 

that their association is robust across all subgroups. 

Table 4 Subgroup analyses. 

Variable Levels HR (95% CI) P for interaction 

Age   0.897 

<60 Q1 Reference  

 Q2 0.84 (0.34, 2.09)  

 Q3 0.74 (0.29, 1.93)  

 Q4 0.59 (0.24, 1.45)  

≥60 Q1 Reference  

 Q2 0.73 (0.57, 0.92)  

 Q3 0.63 (0.49, 0.82)  

 Q4 0.72 (0.57, 0.90)  

Gender   0.348 

Male Q1 Reference  

 Q2 0.85 (0.64, 1.11)  

 Q3 0.72 (0.53, 0.97)  

 Q4 0.64 (0.49, 0.86)  

Female Q1 Reference  

 Q2 0.62 (0.44, 0.88)  
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 Q3 0.6 (0.38, 0.95)  

 Q4 0.83 (0.57, 1.20)  

Race   0.679 

Non-Hispanic White Q1 Reference  

 Q2 0.79 (0.61, 1.03)  

 Q3 0.72 (0.55, 0.95)  

 Q4 0.72 (0.56, 0.93)  

Non-Hispanic Black Q1 Reference  

 Q2 0.6 (0.34, 1.06)  

 Q3 0.38 (0.19, 0.74)  

 Q4 0.31 (0.14, 0.67)  

Other Race Q1 Reference  

 Q2 0.52 (0.26, 1.04)  

 Q3 0.52 (0.29, 0.95)  

 Q4 0.65 (0.35, 1.18)  

BMI   0.744 

<25 kg/m2 Q1 Reference  

 Q2 0.63 (0.42, 0.95)  

 Q3 0.81 (0.54, 1.23)  

 Q4 0.79 (0.53, 1.17)  

25-30 kg/m2 Q1 Reference  

 Q2 0.77 (0.55, 1.09)  

 Q3 0.56 (0.38, 0.84)  

 Q4 0.57 (0.38, 0.84)  

≥30 kg/m2 Q1 Reference  

 Q2 0.82 (0.58, 1.15)  

 Q3 0.71 (0.47, 1.07)  

 Q4 0.85 (0.61, 1.19)  

Smoking   0.393 

Yes Q1 Reference  

 Q2 0.71 (0.55, 0.91)  

 Q3 0.59 (0.46, 0.76)  

 Q4 0.68 (0.53, 0.87)  

No Q1 Reference  

 Q2 0.93 (0.46, 1.91)  

 Q3 1.15 (0.59, 2.23)  

 Q4 0.68 (0.35, 1.31)  

Drinking   0.423 

Yes Q1 Reference  

139



 Q2 0.65 (0.49, 0.85)  

 Q3 0.71 (0.52, 0.98)  

 Q4 0.78 (0.58, 1.03)  

No Q1 Reference  

 Q2 0.97 (0.69, 1.35)  

 Q3 0.70 (0.50, 0.99)  

 Q4 0.62 (0.44, 0.89)  

Diabetes   0.91 

Yes Q1 Reference  

 Q2 0.93 (0.66, 1.31)  

 Q3 0.77 (0.53, 1.11)  

 Q4 0.70 (0.49, 1.00)  

No Q1 Reference  

 Q2 0.64 (0.47, 0.88)  

 Q3 0.61 (0.45, 0.83)  

 Q4 0.69 (0.53, 0.91)  

Hypertension   0.657 

Yes Q1 Reference  

 Q2 0.71 (0.54, 0.94)  

 Q3 0.72 (0.54, 0.96)  

 Q4 0.69 (0.53, 0.91)  

No Q1 Reference  

 Q2 0.97 (0.61, 1.52)  

 Q3 0.62 (0.38, 1.00)  

 Q4 0.70 (0.43, 1.14)  

The models were adjusted for age, race, education, PIR, marital status, BMI, smoking status, 

drinking status, diabetes, hypertension, TC, UA and Scr. 

4. Discussions 

In this study, we explored the relationship between HALP score and all-cause mortality in 

patients with CHD, there was a J-type nonlinear relationship with a significant negative correlation 

within a certain threshold, and patients with CHD with lower HALP scores appeared to have a 

higher risk of all-cause mortality, and we also evaluated the effect of HALP score on the prognosis 

of CHD, which suggests that the HALP score has a potential predictive value.The HALP score 

integrates HB, ALB, lymphocyte count and platelet count, combining the advantages of the triple 

dimensions of nutrition, immunity and inflammation[20]; HB levels reflect the body's oxygen 

transport capacity, while ALB reflects liver function and overall nutritional status, lymphocyte 

count directly reflects the body's immune function, and platelet activation and aggregation promotes 

the release of inflammatory factors, which further exacerbates the inflammatory response[21-24]. 
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The association between cardiovascular disease and HALP scores has received increasing 

attention in epidemiological studies.Akbulut et al. found a correlation between lower HALP scores 

and in-hospital mortality in patients requiring hospitalization for acute heart failure (AHF)[8].Liu et 

al. demonstrated that HALP scores independently predicted in patients with STEMI undergoing PCI 

development of no-reflow and long-term mortality[25].Evsen et al. demonstrated that the HALP 

score is a strong predictor of prognosis in peripheral arterial disease (PAD), with lower scores 

correlating with reduced life expectancy due to disease[26].Tunca et al. found that the HALP score 

can be used as a valid predictor for the diagnosis of the severity of lower extremity peripheral 

arterial disease (LEAD), a and a practical tool for clinical risk assessment[27]. All these studies 

showed that CVD is not only a global health problem, but also closely related to HALP score.  

The pathological basis of CHD is coronary atherosclerosis, which is a slow and complex 

pathologic process involving multiple factors such as endothelial damage, lipid deposition, platelet 

aggregation, inflammatory cell infiltration, oxidative stress, and smooth muscle proliferation and 

migration[28]. A retrospective study of plasma proteins and CVD mortality in patients with chronic 

CHD[29] showed that myocardial strain-dysfunction-hypertrophy-fibrosis, cardiomyocyte death 

and apoptosis, renal injury, hemodynamic stress, renin-angiotensin system (RAS) activation, 

oxidative stress and inflammation, as well as angiogenesis and hemangioblastogenesis (HGF) were 

the Important mechanisms. In CHD patients, high or low BMI is associated with cardiac 

metabolism and function, suggesting that nutrition also plays a major role in cardiovascular 

function[30]. Meanwhile, each parameter in the HALP score is closely related to the pathogenesis 

of coronary heart disease (CHD), in which HB and ALB reflect the body's nutritional reserve, and a 

low level of reserve is associated with impaired myocardial energy metabolism and decreased 

vascular endothelial repair [31]; a lower lymphocyte count suggests a weakened immune function, 

which increases the risk of infectious complications, and affects the prognosis of patients with 

CHD[32]; and an elevated platelet count is closely associated with inflammatory response, 

prothrombotic state and plaque instability, which together drive CHD progression and poor 

prognosis[33]. Previous studies have demonstrated the prognostic value of the HALP score in the 

areas of acute ischemic stroke and post-stroke cognitive impairment[34], which, like the results of 

the present study, further confirms the validity of the HALP score as a comprehensive biomarker 

tool for assessing the prognosis and mortality of cardiovascular disease. 

The J-curve results revealed by RCS regression may stem from the body's adaptive regulatory 

effects on nutritional and inflammatory states. before the turning point of the J-curve, improved 

nutritional status and reduced inflammation levels reflected by elevated HALP scores may reduce 

the risk of death by optimizing the body's metabolic and immune functions, whereas beyond the 

turning point, excessively high HALP scores are associated with an increased all-cause mortality 

rate suggesting that excessive inflammatory response or underlying pathology may counteract 

nutritional and immune advantages[35]. At low HALP scores, malnutrition and chronic 

inflammation (e.g., elevated IL-6, TNF-α) synergistically promote atherosclerotic plaque 

progression, myocardial remodeling, and deterioration of cardiac function, which directly increase 

the risk of death[36], whereas excessively high HALP scores (>78.02) may reflect excessive 
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inflammatory activation (e.g., platelet over-activation leading to thrombosis) or metabolic 

disturbances (e.g., hypercoagulable states triggering (e.g., microcirculatory disturbances due to 

hypercoagulability), creating a “pro-inflammatory-pro-embolic” vicious cycle[37]. A moderate 

inflammatory response may help clear pathogens and repair tissues, but an excessive inflammatory 

response may lead to tissue damage and disease progression [38]. This threshold effect suggests that 

we need to avoid blindly pursuing excessive HALP scores in clinical practice, and instead pay 

attention to the dynamic balance of each component, such as monitoring platelet activity while 

boosting nutritional support to prevent excessive intervention from triggering negative effects. It is 

worth mentioning that no interaction was found between HALP and any covariates in the subgroup 

analyses, suggesting that the association between the two was robust in all subgroups; however, 

different results may occur in some cardiovascular diseases, which is worth further exploration. 

This study suggests that the HALP score can be used as a convenient tool for comprehensive 

prognostic assessment of CHD patients, especially for identifying people at high risk of 

malnutrition or inflammation. In clinical practice, it is recommended that HALP scores be included 

in routine blood tests, and individualized intervention strategies be developed in conjunction with 

the tipping point thresholds: strengthening nutritional support and controlling chronic inflammation 

in patients with low HALP scores, and being vigilant about thrombotic risk and avoiding excessive 

activation of platelet function in patients with high HALP scores. The strength of this study lies in 

the use of the large-scale NHANES database, which has a large sample size and high data quality, 

and can provide reliable results for statistical analysis. In addition, this study used multiple 

statistical methods, including Cox regression modeling, RCS regression, and K-M curve analysis, to 

comprehensively assess the relationship between HALP score and all-cause mortality. However, 

there are some limitations in this study: (1) the NHANES database is a cross-sectional study, which 

cannot completely exclude the reverse inference of causality; (2) the calculation of HALP score 

relies on the measurement of blood parameters, which may have some measurement errors. In the 

future, prospective cohort studies are needed to validate the predictive value of dynamic changes in 

the HALP score for CHD prognosis and to explore the potential of its combined application with 

other cardiovascular risk scores (e.g., ASCVD risk score). 

In conclusion, the HALP score, as a comprehensive biomarker tool, has an important potential 

value in predicting all-cause mortality in patients with CHD.The J-shaped relationship between the 

HALP score and all-cause mortality suggests that we need to consider the nutritional, inflammatory, 

and immune status of patients comprehensively in our clinical practice in order to formulate a more 

precise treatment strategy. Follow-up studies will further investigate the value of HALP score in 

different cardiovascular diseases and validate its predictive efficacy in prospective cohort studies. 
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