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Objective: With a rapidly aging population, identifying effective prognostic 
predictors has always been a research hotspot in older patients with hip 
fracture. Recently, the score combining hemoglobin, albumin, lymphocyte 
and platelet (HALP) has been proposed as a novel biomarker for reflecting 
systemic inflammation and nutritional status. However, it is unclear whether the 
HALP score could be  a potential prognostic indicator for mortality following 
hip fracture. Thus, the objective of this study was to explore the relationship 
between the HALP score and mortality risk in older patients with hip fracture, 
and further evaluate its predictive value.

Methods: Consecutive patients were identified from our institutional hip 
fracture database over the period from January 1, 2013 to December 31, 2022. 
Outcomes were 90-day all-cause mortality and overall mortality at the longest 
follow-up. Multivariate Cox proportional hazard models and restricted cubic 
spline (RCS) models were employed to assess this relationship. The incremental 
predictive performance of the HALP score was assessed using the c statistic, net 
reclassification improvement (NRI) and integrated discrimination improvement 
(IDI).

Results: In total, 1707 patients were included with a median follow-up duration 
of 44.4 months, of whom 174 cases (10.2%) died within 90 days and 667 cases 
(39.1%) died at the longest follow-up. After multivariate adjustment, compared to 
tertile 1 group, tertile 2 and tertile 3 groups exhibited 0.676-fold (95% confidence 
interval [CI]: 0.471–0.972, p = 0.035) and 0.598-fold (95% CI: 0.390–0.918, 
p = 0.019) lower risks of 90-day mortality, as well as 0.681-fold (95% CI: 0.566–
0.820, p < 0.001) and 0.618-fold (95% CI: 0.504–0.759, p < 0.001) decreased 
risks of overall mortality, respectively. For each unit increase in the HALP score, 
there was a significant decrease in 90-day mortality by 1.1% and in overall 
mortality by 1.0% (all p < 0.05). RCS analyses indicated nonlinear relationships 
between the HALP score and 90-day and overall mortality (all P for nonlinear 
<0.01). Moreover, adding the HALP score significantly improved the predictive 
ability for 90-day and overall mortality (all p < 0.05).

Conclusion: The HALP score was independently associated with mortality risk, 
highlighting its potential as a useful prognostic indicator for predicting mortality 
in older patients with hip fracture.
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1 Introduction

With the acceleration of the aging process and the increase of the 
older population, hip fractures have emerged as a worldwide public 
health challenge, characterized by high incidence rates, substantial 
mortality, considerable disability, and considerable healthcare 
expenditures (1–6). Based on data from the Global Burden of Disease 
(GBD) Study 2019, the incidence of hip fractures was estimated at 14.2 
million cases, with an associated burden of approximately 2.9 million 
years lived with disability (5, 7). Besides this, an international study 
involving 19 countries and regions reported a median 1-year all-cause 
mortality rate of 22.4% following hip fracture (4). As is well known, 
timely identification of hip fracture patients who are at elevated risk 
of death is essential for facilitating prompt interventions and guiding 
personalized treatment strategies, thereby improving the prognosis 
(8–12). Therefore, the search for useful prognostic predictors has 
always been a focus of research in hip fracture patients (13–15).

Considering their accessibility and affordability in daily clinical 
practice, blood indicators have attracted increased attention as 
biomarkers of mortality among hip fracture patients, such as 
hemoglobin (16, 17), lymphocyte (18), platelet (19), and albumin (17, 
18). In addition, the prognostic nutritional index (PNI), derived from 
albumin concentration and lymphocyte count, has been shown to 
independently predict unfavorable survival outcomes in hip fracture 
patients at 2 years of follow-up (20). In our previous study, an elevated 
platelet-to-lymphocyte ratio (PLR) was correlated with higher 1-year 
mortality rate in older patients with hip fracture (21). More recently, 
the score combining hemoglobin, albumin, lymphocyte and platelet 
(HALP) has been proposed as a promising novel biomarker for 
reflecting systemic inflammation and nutritional status simultaneously 
(22, 23). Emerging studies have highlighted the potential utility of the 
HALP score in predicting mortality in several diseases, including 
cancer (e.g., hepatocellular carcinoma, breast cancer) (24, 25), 
cardiovascular disease (e.g., myocardial infarction, heart failure, 
coronary heart disease) (26–28), respiratory disease (e.g., chronic 
obstructive pulmonary disease) (29), and even in the general 
population (23). Given the clear associations between hemoglobin, 
lymphocyte, platelet, albumin and survival (16–19), we hypothesized 
that the HALP score may serve as an independent prognostic indicator 
for mortality following hip fracture.

As far as we know, no prior study has assessed the association 
between the HALP score and mortality in hip fracture patients who 
have a high risk of death. Therefore, the first aim was to investigate this 
potential association in older patients with hip fracture. Moreover, 
little is known about the predictive ability of the HALP score for 
mortality, which may limit its further clinical application. 
Consequently, the second objective was to explore its incremental 
predictive value.

2 Materials and methods

2.1 Patients and study design

This retrospective observational cohort study was conducted 
using our institutional hip fracture database, which has been widely 
utilized for prognostic research (21, 30–34). Inclusion criteria for the 
database was a diagnosis of hip fracture at People’s Hospital of 

Deyang City, which was radiographically confirmed by imaging 
examinations. Patients were excluded based on the following 
criteria: (1) age under 60 years; (2) high-energy fractures caused by 
traffic accidents or falls from a height, old fractures more than three 
weeks after the injury, pathological fractures due to tumor or 
infection, periprosthetic fractures following joint replacement; (3) 
absence of any follow-up information. Between January 1, 2013 and 
December 31, 2022, a total of 1721 patients with hip fracture were 
recorded in this database. In this study, patients with missing 
laboratory data on hemoglobin, lymphocyte, platelet or albumin 
were further excluded. The study flow is illustrated in 
Supplementary Figure S1. The study protocol was reviewed and 
approved by the Hospital Ethics Committee (No. 2021–04-091-
K01). This study was conducted in adherence to the principles of the 
Declaration of Helsinki, and all participants provided written 
informed consent for the utilization of their clinical data for 
research purposes.

2.2 Data collection

The methods for data collection have been reported previously 
(34). The following variables were retrieved from the database: (1) 
demographic information included age (years), sex (male or female), 
height (m), weight (kg), marital status [widowed or other (including 
single, married or divorced)], and smoking [no or yes (including 
current and former smoking)]. Body mass index (BMI) is computed 
using the formula: weight (kg) divided by height squared (m2). (2) 
Patient comorbidities were quantified using the Charlson Comorbidity 
Index (CCI). The CCI was derived from 17 specified diseases and 
categorized into three levels: none (CCI = 0), low (CCI = 1), and high 
(CCI ≥ 2) (35). (3) Fracture type included femoral neck fracture and 
intertrochanteric fracture. (4) First laboratory data after admission 
included hemoglobin, lymphocyte, platelet and albumin. The HALP 
score was computed using the formula: hemoglobin (g/L) × albumin 
(g/L) × lymphocyte (/L) / platelet (/L), and participants were divided 
into three groups based on the HALP tertiles (23). In addition, several 
laboratory indicators associated with the mortality risk of hip fracture 
were also collected, including neutrophil (36), monocyte (36), 
creatinine (36), glucose (19), internationalization standardization rate 
(INR) (36), calcium (19, 37), sodium (17), and potassium (18).

2.3 Follow-up and mortality

The outcomes of this study were all-cause death within 90 days of 
admission (90-day mortality) and at the longest follow-up (overall 
mortality). As described in our previous study (34), patients’ survival 
information were retrieved from their medical records, including 
death certificates and the latest clinical records after discharge 
(outpatient consultations, emergency department visits, and any 
readmissions), or telephone interviews (last follow-up date: April, 
2023). If the survival status could not be  determined using the 
aforementioned approaches, participants were classified as lost to 
follow-up. In this database, the rate of loss to follow-up was 5.80% 
(106 out of 1827). Survival time was calculated as the interval from 
hospital admission to either death or the last follow-up, whichever 
came first.
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2.4 Statistical analysis

Prior to analyses, all variables were examined for missing values. 
The numbers of missing data were as follows: height (n = 222, 13.0%), 
weight (n = 190, 11.1%), creatinine (n = 3, 0.2%), glucose (n = 12, 
0.8%), INR (n = 32, 1.9%), calcium (n = 12, 0.7%), sodium (n = 12, 
0.7%) and potassium (n = 13, 0.8%). These missing values were imputed 
using a random forest-based multiple imputation by chained equations 
(MICE) under the assumption of missing at random (38). Density plots 
showed the distribution of the missing data before and after imputation, 
indicating adequate imputation (Supplementary Figure S2). After 
imputation, continuous variables are described as mean ± standard 
deviation (SD) or median [first quartile (Q1), third quartile (Q3)] 
according to the results of Shapiro–Wilk test for normality, and 
comparisons among groups were performed using one-way analysis of 
variance (ANOVA) or Kruskal-Wallis rank-sum test. Categorical 
variables are reported as number (percentage) and were compared 
using the chi-square test. Additionally, violin plots were constructed to 
visually compare the HALP score distributions between dead and alive 
patients, and differences were assessed by Wilcoxon rank-sum test.

For time-to-event analysis, Kaplan–Meier survival curves were 
constructed and compared using the log-rank test. The median 
follow-up duration was determined using the reverse Kaplan–Meier 
approach. Univariate Cox proportional hazards analyses were initially 
conducted to identify potential prognostic factors associated with 
survival (Supplementary Table S1). Subsequently, factors with a p value 
<0.2 were selected for inclusion in the multivariate Cox regression 
model. Hazard ratios (HR) and their corresponding 95% confidence 
intervals (CI) were calculated to estimate the risk of death. Specifically, 
multivariate Cox regressions were adjusted for demographic variables 
(age, sex, BMI, marital status, smoking), comorbidity (CCI), fracture 
type, and laboratory data (neutrophil, monocyte, creatinine, glucose, 
INR, calcium, sodium, potassium). In these models, the HALP score 
was entered as a continuous variable (per unit increase) and as a 
categorical variable (the lowest tertile as the reference). To test the 
linear trend across categories, the median values of each HALP tertile 
was assigned and analyzed as a continuous variable (tertile 1: 13.39, 
tertile 2: 26.81, tertile 3: 46.47). The proportional hazard assumption 
was tested with Schoenfeld residuals, and no violation was found. 
We checked multicollinearity among the included variables using the 
variance inflation factor (VIF), considering VIF ≥ 5 as indicative of 
significant multicollinearity (39). No evidence of multicollinearity was 
detected in any of the models (Supplementary Table S2).

In addition, we  explored the relationship within subgroups 
categorized by age (< 80.0 and ≥ 80.0 years), sex (male and female), 
BMI [underweight (< 18.5 kg/m2), normal weight (18.5–24.9 kg/m2), 
and overweight (≥ 25.0 kg/m2)], marital status (widowed and other), 
CCI (none, low and high), and fracture type (femoral neck fracture 
and intertrochanteric fracture). Potential interactions between the 
stratification factors and HALP score were tested. A sensitivity analysis 
using complete data was conducted to evaluate the potential influence 
of missing data on the study results. Restricted cubic spline (RCS) 
models were employed to investigate the potential nonlinear 
associations between the HALP score and mortality risk. The optimal 
number of knots was determined based on the minimum Akaike 
information criterion (AIC), considering a range from 3 to 7 knots. As 
shown in Supplementary Table S3, RCS models with three knots were 
selected. To assess the incremental predictive performance of the 

HALP score compared to the established CCI model, we calculated 
the c statistic, continuous net reclassification improvement (NRI) and 
integrated discrimination improvement (IDI) (40).

All reported p values are two-sided, with p < 0.05 indicating 
statistical significance. Statistical analyses were conducted using R 
statistical software (version 4.4.0; R Project for Statistical Computing).

3 Results

3.1 Patient characteristics

The final analysis included 1707 patients, and their baseline 
characteristics are summarized in Table 1. The median age of patients 
was 80.0 years, 35.5% were males, and the distribution of comorbidities 
was as follows: 45.6% had no comorbidities, 30.4% had low 
comorbidity, and 24.0% had high comorbidity. Intertrochanteric 
fracture was the most common fracture type (51.4%), followed by 
femoral neck fracture (48.6%). The first and second tertile cutoff 
values of the HALP score were 20.14 and 34.82, and patients were 
grouped into tertile 1 (≤ 20.14, n = 569), tertile 2 (20.15–34.82, 
n = 569), and tertile 3 (≥ 34.83, n = 569). When these groups were 
compared, statistically significant differences were observed in age, 
BMI, marital status, CCI, fracture type, neutrophil, creatinine, glucose, 
INR, calcium and sodium (all p < 0.05).

3.2 Association between the HALP score 
and mortality

During a median follow-up period of 44.4 months, 667 patients 
(39.1%) died, of whom 174 cases (10.2%) died within 90 days. Compared 
with patients who were alive, the HALP scores were significantly lower 
in dead patients at the 90-day follow-up [18.6 (10.7, 29.5) vs. 27.8 (18.1, 
40.7), p < 0.001, Figure 1A], and the longest follow-up [22.9 (13.7, 35.4) 
vs. 29.6 (19.7, 42.3), p < 0.001, Figure 1B]. As presented in Table 2, a 
higher HALP tertile was correlated with lower 90-day and overall 
mortality rates (all p < 0.001). Similarly, Kaplan–Meier survival analysis 
revealed significant differences in survival across the HALP tertiles. The 
lowest survival probability was observed in tertile 1 group at the 90-day 
follow-up (log-rank χ2 = 40.496, p < 0.001, Figure 2A), and the longest 
follow-up (log-rank χ2 = 120.964, p < 0.001, Figure 2B).

After multivariate adjustment, compared to tertile 1, tertile 2 and 
tertile 3 groups exhibited 0.676-fold (95% CI: 0.471–0.972, p = 0.035) 
and 0.598-fold (95% CI: 0.390–0.918, p = 0.019) lower risks of 90-day 
mortality, as well as 0.681-fold (95% CI: 0.566–0.820, p < 0.001) and 
0.618-fold (95% CI: 0.504–0.759, p < 0.001) decreased risks of overall 
mortality, respectively. When the median value of each HALP tertile 
was assigned and analyzed as a continuous variable, a statistically 
significant decreasing trend was observed (P for trend <0.05). For each 
unit increase in the HALP score, there was a significant decrease in 
90-day mortality by 1.1%, and in overall mortality by 1.0% (all p < 0.05).

To ensure the reliability of the results, subgroup analyses were 
conducted across various patient characteristics (Table  3). The 
findings from the subgroup analyses were in line with the primary 
results, with no significant interaction effects detected. 
Additionally, the association remained significant even after 
excluding patients with missing data (Supplementary Table S4). 
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FIGURE 1

Violin plots of the HALP score between alive (green) and dead (red) patients at the 90-day (A) and the longest follow-up (B). The box plots within the 
violin plots indicate the median and interquartile range. Abbreviation: HALP, hemoglobin, albumin, lymphocyte and platelet.

Furthermore, RCS analyses indicated nonlinear relationships 
between the HALP score and 90-day mortality (P for 
nonlinear = 0.005, Figure  3A), and overall mortality (P for 
nonlinear <0.001, Figure 3B). The inflection points of the HALP 

score for 90-day and overall mortality were 41.3 and 45.0, 
respectively. Below these points, each unit increase in the HALP 
score corresponded to a significant reduction in mortality risk. 
Specifically, the risk of 90-day mortality decreased by 2.7% 

TABLE 1 Patient characteristics stratified by tertiles of the HALP score.

Characteristics Total (n = 1707) Tertile 1 (≤ 
20.14, n = 569)

Tertile 2 (20.15–
34.82, n = 569)

Tertile 3 (≥ 
34.83, n = 569)

p value

Demographics

  Age, years, median (Q1, Q3) 80.0 (73.0, 85.0) 82.0 (77.0, 87.0) 79.0 (73.0, 85.0) 78.0 (70.0, 83.0) <0.001

  Sex, male, n (%) 606 (35.5) 205 (36.0) 204 (35.9) 197 (34.6) 0.864

  BMI, kg/m2, median (Q1, Q3) 21.2 (19.1, 23.9) 20.0 (18.4, 22.5) 21.5 (19.3, 24.3) 22.2 (20.0, 24.6) <0.001

  Marital status, widowed, n (%) 449 (26.3) 170 (29.9) 151 (26.5) 128 (22.5) 0.018

  Smoking, n (%) 396 (23.2) 123 (21.6) 142 (25.0) 131 (23.0) 0.408

  CCI, n (%) <0.001

   None 778 (45.6) 201 (35.3) 277 (48.7) 300 (52.7)

   Low 519 (30.4) 183 (32.2) 172 (30.2) 164 (28.8)

   High 410 (24.0) 185 (32.5) 120 (21.1) 105 (18.5)

  Fracture type, n (%) <0.001

   Femoral neck fracture 829 (48.6) 214 (37.6) 280 (49.2) 335 (58.9)

   Intertrochanteric fracture 878 (51.4) 355 (62.4) 289 (50.8) 234 (41.1)

Laboratory findings

   Neutrophil, ×109/L, median (Q1, Q3) 7.0 (5.1, 9.4) 7.2 (5.2, 10.0) 7.3 (5.3, 9.5) 6.5 (4.8, 8.7) < 0.001

   Monocyte, ×109/L, median (Q1, Q3) 0.52 (0.39, 0.67) 0.50 (0.38, 0.67) 0.52 (0.39, 0.66) 0.53 (0.40, 0.67) 0.287

   Creatinine, μmol, median (Q1, Q3) 66.4 (55, 86) 68.0 (55.0, 96.0) 68.0 (55.4, 87.0) 63.0 (54.0, 79.0) <0.001

   Glucose, mmol/L, median (Q1, Q3) 6.9 (5.7, 8.8) 7.2 (6.0, 9.1) 7.0 (5.8, 8.9) 6.4 (5.5, 8.3) <0.001

   INR, median (Q1, Q3) 1.05 (1.00, 1.12) 1.06 (1.01, 1.13) 1.05 (1.00, 1.12) 1.04 (0.99, 1.11) <0.001

   Calcium, mmol/L, mean ± SD 2.15 ± 0.17 2.12 ± 0.18 2.16 ± 0.16 2.17 ± 0.16 <0.001

   Sodium, mmol/L, median (Q1, Q3) 141.5 (139.1, 143.7) 140.7 (138.1, 143.2) 141.6 (139.1, 143.7) 142.0 (139.9, 144) <0.001

   Potassium, mmol/L, median (Q1, Q3) 3.90 (3.60, 4.22) 3.94 (3.59, 4.27) 3.90 (3.63, 4.23) 3.89 (3.58, 4.16) 0.137

Q1, 25th percentile; Q3, 75th percentile; n, number; BMI, body mass index; CCI, Charlson Comorbidity Index; INR, international normalized ratio. The p value refers to the comparison 
among tertiles.
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(HR = 0.973, 95% CI: 0.955–0.991, p = 0.003), and the risk of 
overall mortality reduced by 2.3% (HR = 0.977, 95% CI: 0.969–
0.986, p < 0.001). However, no significant associations were 
detected beyond the inflection points for either 90-day mortality 
(HR = 1.007, 95% CI: 0.990–1.024, p = 0.437) or overall mortality 
(HR = 1.005, 95% CI: 0.995–1.014, p = 0.299).

3.3 Incremental predictive performance of 
the HALP score

As illustrated in Table 4, adding the HALP score to the CCI model 
significantly enhanced the predictive ability for all-cause mortality (all 
p < 0.05). Specifically, the c statistic showed a significant increment of 
0.073 for 90-day mortality (increasing from 0.517 to 0.590), and an 
increment of 0.035 for overall mortality (rising from 0.582 to 0.617). 
Moreover, the continuous NRI values were 19.268 and 15.466% for 
90-day and overall mortality, and the IDI values were 2.014 and 
2.085% for 90-day and overall mortality, respectively.

4 Discussion

In our study, higher HALP tertiles were correlated with lower 
90-day and overall mortality rates, suggesting an inverse relationship 
between the HALP score and death risk in older patients with hip 
fracture. Even after accounting for patient demographics, comorbidity, 
fracture type and laboratory data, the association remained significant, 
with a statistically significant decreasing trend across the tertiles. 
Consistent with our findings, Tian et al. (41) examined this association 
in patients with acute ischemic stroke, and found that patients in the 
higher tertiles had lower risks of poor outcomes at both 90 days (HR: 
0.61 for tertile 2 and 0.25 for tertile 3, P for trend = 0.001), and 1 year 
(HR: 0.60 for tertile 2 and 0.42 for tertile 3, P for trend <0.001) compared 
to those in the lowest tertile. In the general population, Pan et al. (23) 
divided 21,578 participants into tertile groups, and also found that 
participants in tertile 2 and tertile 3 groups had 0.68-fold and 0.80-fold 
decreased risks of all-cause mortality, as well as 0.60-fold and 0.61-fold 
decreased risks of cardiovascular mortality (all P for trend <0.001). To 
avoid the influence of cutoff selection on the results, we further analyzed 

TABLE 2 Relationship between the HALP score and mortality risk.

HALP score 90-day mortality Overall mortality

Events, 
n (%)

Unadjusted Adjusted Events, 
n (%)

Unadjusted Adjusted

HR (95% 
CI)

P 
value

HR (95% 
CI)

P value HR (95% 
CI)

P 
value

HR (95% 
CI)

P 
value

Tertile 1 94 (16.5) Reference Reference 294 (51.7) Reference Reference

Tertile 2 48 (8.4) 0.489 (0.345–

0.692)

<0.001 0.676 (0.471–

0.972)

0.035 200 (35.1) 0.522 (0.436–

0.625)

<0.001 0.681 (0.566–

0.820)

<0.001

Tertile 3 32 (5.6) 0.320 (0.214–

0.477)

<0.001 0.598 (0.390–

0.918)

0.019 173 (30.4) 0.373 (0.308–

0.451)

<0.001 0.618 (0.504–

0.759)

<0.001

P for trend <0.001 <0.001 0.013 <0.001 <0.001 <0.001

Continuous HALP 

(per unit)

174 (10.2) 0.972 (0.961–

0.982)

<0.001 0.989 (0.979–

1.000)

0.044 667 (39.1) 0.977 (0.972–

0.982)

<0.001 0.990 (0.985–

0.995)

<0.001

HALP, hemoglobin, albumin, lymphocyte and platelet; n, number; HR, hazard ratio; CI, confidence interval. Adjusted for age, sex, body mass index, marital status, smoking, Charlson 
Comorbidity Index, fracture type, neutrophil, monocyte, creatinine, glucose, international normalized ratio, calcium, sodium and potassium.

FIGURE 2

Kaplan–Meier survival curves for survival probability stratified by HALP tertiles at the 90-day (A) and the longest follow-up (B). Abbreviation: HALP, 
hemoglobin, albumin, lymphocyte and platelet.
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TABLE 3 Subgroup analysis of the relationship between the HALP score (per unit increase) and mortality risk.

Subgroups 90-day mortality Overall mortality

Events/
patients

HR (95% CI) P value P for 
interaction

Events/
patients

HR (95% 
CI)

P value P for 
interaction

Age, years 0.345 0.351

  <80.0
48/810 0.966 (0.946–

0.985)

<0.001 204/810 0.978 (0.970–

0.986)

<0.001

  ≥80.0
126/897 0.980 (0.967–

0.992)

0.001 463/897 0.984 (0.978–

0.990)

<0.001

Sex 0.164 0.572

  Male
81/606 0.984 (0.970–

0.997)

0.014 268/606 0.980 (0.972–

0.987)

<0.001

  Female
93/1101 0.959 (0.942–

0.974)

<0.001 399/1101 0.976 (0.969–

0.982)

<0.001

BMI 0.978 0.757

  Underweight
36/325 0.976 (0.949–

0.999)

0.042 162/325 0.976 (0.963–

0.987)

<0.001

  Normal weight
117/1076 0.974 (0.961–

0.986)

<0.001 415/1076 0.981 (0.975–

0.987)

<0.001

  Overweight
21/306 0.956 (0.923–

0.986)

0.002 90/306 0.971 (0.958–

0.984)

<0.001

Marital status 0.720 0.183

  Widowed
54/449 0.975 (0.955–

0.993)

0.006 208/449 0.983 (0.974–

0.992)

<0.001

  Other
120/1258 0.971 (0.958–

0.983)

<0.001 459/1258 0.976 (0.970–

0.982)

<0.001

CCI 0.534 0.724

  None
34/778 0.984 (0.962–

1.002)

0.094 224/778 0.980 (0.971–

0.987)

<0.001

  Low
63/519 0.970 (0.951–

0.987)

<0.001 236/519 0.979 (0.970–

0.987)

<0.001

  High
77/410 0.979 (0.963–

0.994)

0.005 207/410 0.984 (0.975–

0.993)

<0.001

Fracture type 0.378 0.124

  Femoral neck
69/829 0.978 (0.962–

0.992)

0.003 286/829 0.975 (0.967–

0.982)

<0.001

  Intertrochanteric
105/878 0.969 (0.953–

0.983)

<0.001 381/878 0.983 (0.976–

0.989)

<0.001

HALP, hemoglobin, albumin, lymphocyte and platelet; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CCI, Charlson Comorbidity Index.

the HALP score as a continuous variable instead of a categorical variable. 
The analysis also showed that each unit increase in the HALP score 
corresponded to a 1.1% decrease in the risk of 90-day mortality and a 
1.0% decrease in the risk of overall mortality. In addition, similar results 
were obtained across various subgroup and sensitivity analyses, 
indicating that the observed relationship was robust. Recently, a 
systematic review and meta-analysis involving 28 studies with 13,038 
patients demonstrated that a low HALP score corresponded to poorer 
overall survival (HR = 1.61, 95% CI: 1.44–1.81). Based on these findings, 
they concluded that the HALP score was a reliable and negative 
prognostic indicator for survival outcomes among cancer patients (42).

Moreover, we  employed RCS models to assess the potential 
nonlinear association between the HALP score and mortality. As 

illustrated in Figure 3, the relationship was clearly nonlinear for both 
90-day and overall mortality. To our knowledge, only a few studies 
have explored whether this association was linear or nonlinear, and 
these findings have not been entirely consistent. Among patients with 
acute ischemic stroke, J-shaped nonlinear associations were observed 
between the HALP score and poor outcomes at 90 days and 1 year 
(41). Another study showed a nonlinear, U-shaped relationship 
between the HALP score and both all-cause and cardiovascular 
mortality in the general population (23). However, no nonlinear 
relationship was found in hemodialysis patients (P for 
nonlinear = 0.436) (43). In our study, the association between the 
HALP score and death risk appeared to be U-shaped, which was 
consistent with the previous study mentioned above (23). Notably, no 
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significant associations were detected beyond the inflection points for 
either 90-day mortality or overall mortality, suggesting that clinicians 
should pay more attention to patients with lower HALP score, as they 
may be at elevated risk for poor survival. Some possible mechanisms 
might account for the U-shaped relationship. On the one hand, there 
was a similar U-shaped relationship between hemoglobin and death 
risk in hip fracture patients (16). Similarly, both low and high levels 
of hemoglobin have been shown to correlate with an increased risk 
of mortality in patients with stroke (44), percutaneous coronary 
intervention (45), and even the general population (46). On the other 
hand, there was a U-shaped relationship between platelet levels and 
mortality in emergency department patients (47). Therefore, high or 
low levels of hemoglobin and platelets may result in this U-shaped 
association between the HALP score and mortality (23).

Although accumulated evidences support the relationship 
between a low HALP score and higher mortality, the underlying 
mechanisms how the HALP score affects the prognosis remain 
unclear (42). Several potential explanations may account for this 
association. Firstly, the low hemoglobin level resulting from hip 
fracture can lead to ischemia and hypoxia, thereby increasing the 
risk of mortality. Existing studies have established a strong 

association between anemia and poor survival in patients with hip 
fracture (16, 17). Secondly, serum albumin is a well-known marker 
of nutritional status, and its reduction can impair the healing 
process, exacerbate infections and increase the risk of mortality (17, 
18). Thirdly, lymphocyte counts are essential for mediating both 
adaptive and innate immune responses. A reduction in lymphocyte 
levels can make individuals more susceptible to viral, bacterial and 
fungal infections, potentially worsening patient prognosis (18). 
Lastly, abnormal platelet counts can increase the risk of bleeding and 
thrombosis, thereby negatively impacting patient outcomes (19).

Given that the CCI model is a well-established tool for 
predicting mortality in hip fracture patients, we further compared 
the additional predictive value of the HALP score when 
incorporated into the CCI model. Our analysis revealed that 
adding the HALP score significantly improved the predictive ability 
of CCI model for mortality. This enhancement was evident across 
various metrics, including c statistic, NRI and IDI, which are 
crucial indicators of model’s discriminative power. These findings 
suggest that the HALP score may serve as a useful prognostic 
indicator for mortality in older patients with hip fracture, 
potentially leading to more personalized and targeted patient care 

FIGURE 3

Restricted cubic spline analysis between the HALP score and 90-day (A) and overall mortality (B). Adjusted for age, sex, body mass index, marital status, 
smoking, Charlson Comorbidity Index, fracture type, neutrophil, monocyte, creatinine, glucose, international normalized ratio, calcium, sodium and 
potassium. Abbreviation: HALP, hemoglobin, albumin, lymphocyte and platelet; CI, confidence interval.

TABLE 4 Reclassification and discrimination metrics for predicting mortality risk using the HALP score.

c statistic NRI (continuous), % IDI, %

Estimate (95% 
CI)

P value Estimate (95% CI) P value Estimate (95% 
CI)

P value

90-day mortality

  CCI model 0.517 (0.434–0.600) Reference Reference

  CCI model + HALP score 0.590 (0.488–0.692) 0.029 19.268 (6.985–26.028) 0.012 2.014 (0.369–4.100) <0.001

Overall mortality

  CCI model 0.582 (0.562–0.602) Reference Reference

  CCI model + HALP score 0.617 (0.589–0.645) <0.001 15.466 (8.836–22.152) <0.001 2.085 (0.926–3.378) <0.001

NRI, net reclassification improvement; IDI, integrated discrimination improvement; CI, confidence interval; CCI, Charlson Comorbidity Index; HALP, hemoglobin, albumin, lymphocyte, and platelet.
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strategies. At present, only one study has explored the incremental 
predictive performance of the HALP score, and revealed that 
incorporating the HALP score improved the prediction of poor 
outcomes in patients with acute ischemic stroke at both 90 days 
and 1 year (NRI: 48.38 and 28.95%; IDI: 1.51 and 1.51%; all 
p < 0.05), which was in line with our findings (41). Consequently, 
the HALP score may be  a simple, readily available, and cost-
effective prognostic biomarker in older patients with hip fracture.

This study has several strengths. Firstly, consecutive patients were 
identified from our hip fracture database over a 10-year time period, 
thus minimizing selection bias. Secondly, the significant association 
was robust across models, regardless of whether the HALP score was 
modeled as a continuous or categorical variable, for both 90-day and 
overall mortality. In addition, subgroup and sensitivity analyses 
yielded consistent results, suggesting that the association was reliable. 
Thirdly, this study also explored the incremental predictive value of 
the HALP score over the CCI model, providing new evidence for 
possible clinical application.

However, several limitations of this study should be acknowledged. 
Firstly, this study was retrospective and observational, there may 
be confounding variables that were not taken into account, including 
functional status, social support, and established scoring systems for 
hip fractures [such as the Nottingham Hip Fracture Score (NHFS)]. 
Due to this reason, we could not compare the additional predictive 
value of the HALP score over the NHFS model. At the same time, 
telephone follow-ups are prone to inherent recall bias. To address this 
issue, we  validated study outcomes with medical records, thereby 
enhancing the accuracy of our results. Secondly, the single-center 
study design and the relatively modest sample size may restrict the 
generalizability of the findings. Thirdly, our database did not include 
some factors known to affect mortality, such as such as hormone 
therapy, use of anti-osteoporotic medications, and bone metabolism 
markers. Fourthly, we only obtained the HALP score at admission, and 
did not evaluate the dynamic change of the HALP score during 
hospitalization. Therefore, further prospective, large-sample, 
multicenter studies are needed to validate these findings.

5 Conclusion

In summary, the HALP score was independently associated with 
mortality risk, highlighting its potential as a useful prognostic 
indicator for predicting mortality in older patients with hip fracture. 
These findings may assist clinicians in identifying hip fracture patients 
who are at high risk of mortality and make individualized treatment 
decisions timely for these patients, thereby improving the prognosis.
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