Zhao et al. BMC Cardiovascular Disorders ~ (2025) 25:331 BMC Cardiovascular Disorders
https://doi.org/10.1186/512872-025-04791-9

Check for
updates

Association between Hemoglobin-albumin-
lymphocyte-platelet score and all-cause

or cardiovascular mortality in patients
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Abstract

Objective Hemoglobin-albumin-lymphocyte-platelet (HALP) score is considered to be a comprehensive indicator
of inflammation and nutrition. We aimed to investigate the relationship of HALP score and the risk of all-cause and
cardiovascular disease (CVD) mortality in patients with diabetes (DM) or prediabetes (PDM).

Methods 6,869 participants with DM or PDM from the National Health and Nutrition Examination Survey (NHANES)
2005 to 2018 were enrolled. The colleration of HALP score with all-cause and CVD mortality was evaluated using
Kaplan-Meier, Cox regression and restricted cubic spline (RCS) methods. The predictive value of HALP score for
mortality was evaluated by time-dependent-receiver-operating-characteristic (ROC) curves. Finally, subgroup and
interaction analysis were performed.

Results 1203 deaths from all-cause and 399 deaths from CVD were observed. Cox regression analyses showed that
the HALP score was negatively correlated with both all-cause and CVD mortality risk. RCS curves showed a nonlinear
relationship between HALP score and all-cause or CVD mortality risk, and both the dose-response curves are
L-shaped. For all-cause mortality risk, the AUC was 0.805, 0.799, and 0.816 for 3, 5, and 10 years survival, respectively,
and for CVD mortality risk, the AUC was 0.839, 0.850, and 0.837 for 3, 5, and 10 years of survival, respectively. Mediation
analysis showed that serum creatinine and urea nitrogen partially mediate the relationship between HALP and
mortality risk.

Conclusion HALP score is negatively correlated with all-cause and CVD mortality risk, and serves as a valuable
predictor of all-cause and CVD mortality risk in patients with DM or PDM.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disor-
der that significantly contributes to the development of
cardiovascular disease (CVD), which remains the lead-
ing cause of death globally [1]. In 2019, over 250 million
people were diagnosed with DM, and CVD accounted for
more than 6.5 million deaths worldwide [2]. Individuals
with DM or prediabetes (PDM) are at an elevated risk
of both CVD-related and all-cause mortality [3, 4]. In
2018, mortality rates from all causes and CVD in male
DM patients were 27.8 and 7.5 per 1,000 person-years,
respectively, compared to 29.5 and 7.1 per 1,000 person-
years for females [5]. These statistics highlight the urgent
need to identify strategies that can mitigate the risk of
CVD in individuals with DM.

Diabetic patients have a higher risk of CVD, with their
inherent glucose metabolism abnormality being an inde-
pendent risk factor for CVD. Other traditional factors
such as hypertension (HTN), lipid metabolism disorders,
and smoking also increase the risk of CVD in diabetic
patients [6], recent research suggests that inflamma-
tion plays a crucial role in the progression of both DM
and CVD D [7, 8]. Chronic low-grade inflammation is
now recognized as a key factor that exacerbates the risk
of CVD events in diabetic patients [7]. Several inflam-
matory markers, such as the monocyte-to-lympho-
cyte ratio (MLR), platelet-to-lymphocyte ratio (PLR),
neutrophil-to-lymphocyte ratio (NLR), and systemic
immune-inflammation index (SII), have been identified
as potential biomarkers for assessing inflammation in
DM and PDM [7, 9, 10]. These markers correlat with an
increased risk of CVD and poor clinical outcomes. Spe-
cifically, NLR and PLR have been associated with the
severity of coronary artery disease and patient outcomes
[11-13], and MLR has been linked to cardiac insuffi-
ciency in U.S. adults [14]. However, while these markers
offer valuable insight into inflammation and CVD risk,
they do not assess nutritional status, which also signifi-
cantly influences clinical outcomes, a retrospective study
shows that malnutrition increases the risk of death by
69% in diabetic patients, and this risk exceeds that of
other chronic diseases such as heart failure and chronic
kidney disease [15], another study showed that moder-
ate to severe malnutrition increased the risk of all-cause
mortality and CVD mortality in patients with DM or
PDM after adjusting for confounding factors such as age,
subgroup analysis further suggested that this relationship
remained significant in diabetic or prediabetic patients
under 65 years of age [16].

The hemoglobin—albumin—lymphocyte—platelet
(HALP) score is a novel, easily calculated index that inte-
grates both inflammatory and nutritional status [17]. It
has been shown to be a strong predictor of survival in
patients with various cancers, such as esophageal [18],
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gastric [19], prostate [20], breast [21] and renal cell car-
cinoma [22]. A recent study has also demonstrated that
HALP can be used as a marker for the brief assessment of
diabetic nephropathy [23]. In addition, the HALP score
has been associated with improved survival outcomes in
the general population [17]. Despite its utility as an indi-
cator of inflammation and nutritional status, the HALP
score has not been extensively studied in patients with
DM or PDM. Although the HALP score is not a modifi-
able risk factor like traditional lifestyle interventions (e.g.,
diet, exercise), it serves as a comprehensive marker of
disease status and could potentially inform risk stratifica-
tion and patient management.

This study aims to investigate the association between
the HALP score and the risk of all-cause and CVD mor-
tality in individuals with DM or PDM, using data from
the National Health and Nutrition Examination Survey
(NHANES). Through this research, we hope to provide
further insight into the prognostic value of the HALP
score in this high-risk population.

Subjects and methods

Data sources

Data were extracted from subjects participating in
NHANES from 2005 to 2018, which was designed to
assess the metabolic health of adults and children in the
U.S. The National Center for Health Statistics (NCHS)
and the Ethics Review approved the NHANES protocol,
and all participants provided written informed consent
[24].The research procedures for all subjects adhered to
the ethical standards outlined in the 1964 Declaration of
Helsinki and its subsequent revisions. A detailed descrip-
tion is available at https://www.cdc.gov/nchs/nhanes/.

Subjects

Participants were excluded if they were under 20 years of
age or lacked data on inflammatory indices or covariates.
While NHANES does not explicitly exclude individuals
with transient acute conditions, its community-based
sampling framework minimizes the inclusion of hospi-
talized or acutely ill individuals which is consistent with
the intended use of the HALP score in non-acute popu-
lations [17]. After applying these rigorous exclusion cri-
teria, a total of 6,869 participants were enrolled in this
study (Fig. 1 presents the STROBE flowchart).

Assessment of diabetes and prediabetes

Subjects were defined as suffering from PDM if they
met any of the follows criteria: a previous diagnosis of
PDM with or without 100 mg/dL <fasting plasma glu-
cose (FPG) <126 mg/dL and 5.7% < glycosylated hemo-
globin (HbA1c) <6.5%. Subjects were defined as suffering
from DM if they met any of the follows criteria: previous
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70190 individuals of NHANES
in 2005-2018
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Fig. 1 Flowchart of the study design

use of oral hypoglycemic drugs, FPG>126 mg/dL, and
HbAlc>6.5% [25].

Assessment of HALP score and study participants grouping
HALP = (hemoglobin (g/L) x albumin (g/L) x lympho-
cytes (1079/L))/ platelets (1079/L).

The participants were categorized into the Q1, Q2, Q3
and Q4 groups according to the HALP quartiles.

Data collection

The study collected data from the NHANES database,
including gender, age, height, weight, BMI, poverty
income ratio (PIR), race, education levels, with or with-
out HTN, smoking status, drinking alcohol, and married
status. Smoking status was defined as “Not at all,” “For-
mer;,” or “now”. Drinking alcohol was categorized as “Not
at all,” “Former,” “Mild,” “Moderate,” or “Severe” based on
previous literature [25].

In addition, aspartate-aminotransferase (AST), alanine-
aminotransferase (ALT), gamma- glutamyltransferase
(GGT), hemoglobin, albumin, total protein (TP), triglyc-
erides (TG), cholesterol (Chol), high-density-lipopro-
tein-cholesterol (HDL-C), serum creatinine (SCr), blood
urea nitrogen (BUN), uric acid (UA), total bilirubin (TB),

lactate dehydrogenase (LDH), HbAlc, and FPG were col-
lected and recorded.

Outcome measurements

Death from CVD was defined as CVD mortality. The
outcome indicators of the study were all-cause and
CVD mortality. Survival data were collected from the
NHANES public-use linked mortality file, as of 31
December 2019,and were linked to the NCHS and the
National Death Index (NDI) using a probability matching
algorithm.

Statistical methods

Each analysis was performed using the R software (ver-
sion 4.3.3). Based on NHANES guidelines, sample
weights, clustering and stratification were performed.
Categorical variables were presented as frequency and
percentages, while continuous variables were reported
using the mean*standard deviations or medians (first
quartile and third quartile) as appropriate for the variable
type, and differences were compared using chi-square
tests, one-way analysis of variance, and Kruskal-Wallis
test, respectively.
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Differences in survival rates among subjects in Q1, Q2,
Q3, and Q4 groups were assessed using Kaplan-Meier
curves. The association of HALP score with mortality
was evaluated using Cox regression models. Model 1 was
unadjusted for covariates, while model 2 was adjusted for
gender, race, and age. Model 3 was adjusted for gender,
race, age, education level, smoking status, drinking alco-
hol, married status, with or without HTN, BMI, PIR, TG,
Chol and HDL-C [25].

Furthermore, the dose-response relationship of HALP
score with all-cause or CVD mortality in participants was
assessed by the restricted cubic spline (RCS) curve, with
four knots. A two-step Cox regression model was used
to explain the nonlinearity between all-cause and CVD
mortality and HALP score. Subgroup and interaction
analyses were conducted to further examine the sensitiv-
ity of the association of HALP score with all-cause and
CVD mortality.

Mediation analysis was performed using the “media-
tion” package in R. Survival models were constructed
using the “surverg” function, with the seed was random-
ized to 1234. Mediated effects were estimated through a
quasi-Bayesian approach with 100 simulations to account
for the uncertainties in the estimates.

Results

Baseline characteristics of weighted participants

The baseline characteristics table (Table 1) provides valu-
able insights into the demographics and health indicators
of the study population. The weighted and unweighted
sample sizes for each characteristic are reported. Signifi-
cant differences were observed in variables such as age,
BMI, AST, ALT, GGT, TP, TG, HDL, SCR, BUN, UA,
STB, LDH, and gender distribution across the four quar-
tiles (Q1-Q4). Moreover, notebal variations were found in
the prevalence of HTN, smoking status, education levels,
married status, and diabetes status across the quartiles.
Additionally, the mortality and survival rates significantly
differed among the quartiles. These findings highlight the
importance of accounting for these baseline characteris-
tics when analyzing the study’s outcomes.

Relationship between HALP score and mortality risk in
participants with DM or PDM
Participants in the Q1 group had significantly higher risk
of all-cause and CVD mortality compared to those in the
Q2, Q3, and Q4 groups (all p<0.05) (Fig. 2A and B).
When HALP score was treated as a continuous vari-
able, Cox regression analysis showed that HALP score
was negatively correlated with all-cause mortality risk
in Model 3 (hazard ratio (HR)=0.997, 95% confidence
interval (CI) [0.995, 0.999], p =0.004). When HALP score
was treated as a categorical variable, compared to the
Q1 group, the adjusted HR for all-cause mortality risk in

Page 4 of 14

the Q2, Q3 and Q4 groups were 0.567, 0.591, and 0.578,
respectively, in Model 3. The p-value for trend was below
0.05. (Table 2)

Similarly, when HALP score was treated as a continu-
ous variable, Cox regression analysis showed that HALP
score was negatively correlated with CVD mortality risk
in Model 3 (HR=0.992, 95% CI [0.987, 0.996], p<0.001).
When the HALP score was treated as a categorical vari-
able, compared to the Q1 group, the adjusted HR for
CVD mortality risk in the Q2, Q3, and Q4 groups were
0.393, 0.571, and 0.431, respectively, in Model 3. The
p-value for trend was below 0.05. (Table 2)

Dose-response relationship between HALP score and all-
cause and CVD mortality risk in patients with PDM or DM
After adjusting for gender, race, age, drinking alcohol,
smoking status, education levels, with or without HTN,
BMI, married status, PIR, TG, Chol, and HDL-C. The
RCS curves revealed L-shaped dose-response relation-
ships between HALP score and both all-cause and CVD
mortality risk. Inflection point analysis showed that the
inflection points for the curves for all-cause and CVD
mortality were at HALP scores of 52 and 49, respectively
(both p for nonlinear relationship <0.05) (Fig. 2C and D).
Additionally, two-segment Cox regression analysis indi-
cated a negative correlation between the HALP score
and the risk of all-cause mortality for HALP score less
than 52, and with the risk of CVD mortality for HALP
score less than 49 (HR=0.964 and 0.940, respectively).
(Table 3).

We further analyzed the nonlinearity of HALP score
in relation to all-cause and CVD mortality risk in predia-
betic and diabetic populations.

In patients with PDM, the dose-response curve for the
HALP score and all-cause mortality risk was L-shaped,
with an inflection point at 58. However no significant
correlation was found between the HALP score and the
risk of CVD mortality (Fig. 3A and B).

In patients with DM, both the dose-response curves for
HALP score and all-cause and CVD mortality risk were
L-shaped, with inflection points at a HALP score of 50.
(Figure 3C and D).

Predictive power of HALP score for all-cause and CVD
mortality in participants with DM or PDM

Time-dependent receiver-operator characteristic curves
(ROC) showed that when the HALP score was combined
with other covariates to predict the risk of all-cause mor-
tality, the areas under the curves (AUC) at 3, 5, and 10
years were 0.805, 0.799, and 0.816, respectively. (Fig. 4A).
For CVD mortality, the AUCs at 3, 5, and 10 years were
0.839, 0.850, and 0.837, respectively. (Fig. 4C). Moreover,
time-dependent AUC curves demonstrated the strong
predictive power of the HALP score for both all-cause



Page 5 of 14

(2025) 25:331

Zhao et al. BMC Cardiovascular Disorders

(£L00 S|2A3] uoriesnpy
%ETT %79l %90l %611 MON
%L LE %6'€E %6'€E %09€ 1auL04
%07y %L 6V %S'SS %LTS le1e 10N
¢ 1000> snjels m:_v_oc._m
%CTE %6'€C %LTC %lLT EEICN
%6'8 %E 1L %CTL %18 91eISPOW
%E6C %CEE %ETE %0'€E PIW
%981 %l1T %90C %T €T 13UL04
%01 L %S0l %61 %91 le1e 10N
<1000> snjeys bunjuug
%6'8 %L %S'8 %S, 20ey 1BYI0
%801l %L 1L %S 1L %91 }0e|g dluedsiH-UoN
%S5'€9 %6'€9 %699 %679 SHYM DluedsiH-UoN
%LS %E9 %t'S %C'S SluedsiH Y0
%01 L %E6 %L L %89 UeDLaWY UBDIXIW
<L000> aoey
%0'SE %96 %LSS %0€9 S[eN
%059 %105 %E vy %0'LE 3lewad
< L000> i9puan
22000 (€SL9L1) vEL (0SL'SLL) LEL (€sL'oLl) g€l (191'611) 8¢ (1/n1) aseusboipAyaq 21e1oe]
,1000> (080 0%'0) 090 (08°0°0%°0) 090 (080 0%'0) 090 (0£°0°0%°0) 090 (1p/Bu) uignaiyig [e3oL
9700 SYLFSLS W LFTLS 05’1796 [91T99°G (1p/Bw) p1oe 1N
8200 QL1 ¥l @L1) ¥l QL1 ¥l z'11) sl (1p/Bw) usboN eain poojg
OrL0 (C0'L'SL0) 680 (L0'L'€£0) 980 (C0'L'1£0) 980 (OL'L'2£0) L8O (Ip/Bw) aujueaId wnias
,1000> YEOFSLL WoF9TL LEOFOEL 6E0FEC L (1/1oww) >-1aH
1L000 SYF681 YrFL6L €Y F881 1SF58l (Tp/Bu) (0133531040
,1000> (ssz'eLn) e/l (622 '801) 851 (SLT'v6) Lyl (L61'T6) SEL (1p/Bu) sopLdA|BuL
,1000> 9OFILL POFLLL WOFSOL LSOF 00 (1p/6) uRr0id [E30L
,1000> (@r'sl) LT (8e'/1) ST (ce9l) ze (ce'v1) 0T (1/n1) @sexysuel] [Aweinio ewwen
/000> (S€'61) ST (ze'81) ve (6r'L1)CC (9z's1) 6l (1/n) SseIRJsURIOUIWY SUIUB)Y
-1000> (L€'00) ¥C (82'61) €C (LT'sl) €T (9z'81) 2T (1/n) 8seiajsuenoUILlY S1e1iedsy
1900 (052'0L5) O¥'9 (0€£'0£°5) 0£°9 0L2'0£5) 079 (002045 0€9 JLVaH
/000> 097 VE1) ¥9T (00§ '6t'1) 90°€ (00§ '9t'1) 26T 95t 'LE1) 9T uid
11050 LFTE [FEE 8F€e 6T €€ IWg
,1000> Y1¥95 ¥1¥95 v1¥8S SLF6S by
18LL'L=u payybramun 161L'L=u payybamun \SLL'L=u payybramun (LLL'L=u payybramun
TLS'90509=N pa1ybram 9£6'0£8'65 =N pa1ybiam 006'S%9'79=N pa1ybiom 9960555 =N Pa1ybiom
¥0 €0 4o} L0
d 9100S uw_wum_n_uthuor_n_EZ-c_E:Q_M.C_QO_DOEQI JnisuL{ldeleyd

syuedpinied pajyblam JO $D1ISLISIDRIRYD DUl|aseq | d|qeL



Page 6 of 14

(2025) 25:331

Zhao et al. BMC Cardiovascular Disorders

159) pasenbs-1y) s,uosiead,
1591 WINS Ul Sij|ep-[exsnuyl,
VAONY Aem-auQ,

JoJa1sajoyd -uixi0idodi| Ausuap ybiy=I-1gH ‘uiqojbowaey pa1edAsodA|6 =d|yqH ‘olres awodul A1anod =Y|d ‘xapul ssew Apoq =|Ng

%L'SL %E'69 %E69 %S'SL s21eqeIg
%6+7C %L 0€ %L 0€ %S T so1aqeIpald
mNOO.o so)agelq 10 saloqgelpald
%C'E %t %1€ %E'8 yeaq
%896 %956 %696 %L 16 [BAIAING
<1000> A)jerIoW JejNdSEAOIAIRD)
%0 L L %ETL %S TL %8TT yeaQ
%063 %L L8 %S L8 %L LL [BAIAING
£1000> £fy1jeyiow asned-||y
%8 Lt %9TH %C Ot %89¢ uoIsuaLRdAY INOYHM
%8S %b'LS %865 %C€9 uojsuanadAy yim
L0€10 uoisuapadAH
%C'8 %t/ %69 %0'8 paLe JaASN
%69€ %t e %t L€ %L LY pajeledas/paniond/PImOPIA
%65 %8S %LSS %t 05 Jaupied yum Buiar/pae
/800 snjejs pauep
%6'LC %8'ST %6'LT %l €T anoge ajenpels 2969)j0D
%S LS %E'SS %0°SS %95 99163p Y 10 96300 aWOS 10 |00YdS YbIH
%90¢ %681 wa %661 looys ybiy ueyy ssa
\8LLL=u pajybramun 161L'L=u paybamun \SLL L=u pajybamun (L1 L=u payybamun
TL5'90509=N pa1ybiam 9£6'0£8'65=N pa1ybiam 006'S¥9'79 =N pa1ybram 919'605'5S =N paybram
¥0 €0 (4o} Ko}
d 21005 39]93e|d-a3h>0ydwA|-uiwngje-uiqojbowsH onsReIRYD

(Ponunuod) | 3jqeL



Zhao et al. BMC Cardiovascular Disorders (2025) 25:331

Strata ~+ Qi Q@ -+ @3 Q4

Survival probability

- Q@2 a3
Log-rank . Gor — T

Q3 <0.001 0566 -
Q4 <0.001 0.906 0.566

p < 0.0001

0 50 100 150 200
Time (months)

Number at risk

1717 1107 587 177 o
g {1715 1157 568 169 0
@ 1719 1181 617 138 0
1718 1120 529 104 0
0 E) 100 150 200
Time (months)
Z 6+ P-value = <0.001 15
'—m< P-Nonlinear = <0.001
: Inflection point: 52
g
o 44 10
2
=2
<
o
—
=
<
5 g
< o F5 8§
~ =
= 2
o
&
S
=1
-2
3
<
e
-
~
«
g
£ 0 o
T T T
0 100 200
HALP

Page 7 of 14

Strata ~+ Q1 Q@ + @3 Q4

Survival probability

6 v a1 @ a3
06 Log-rank Q@ <0001 - -
Q3 <0001 0317 -
Q4 <0001 074 0472
p < 0.0001
04
0 50 100 150 200
Time (months)
Number at risk
Qi 1717 1107 587 177 0
2 1715 1157 568 169 0
B asf 1719 1181 617 138 0
1 1718 1120 529 104 o]
0 50 100 150 200
Time (months)
P-value = <0.001 L 15
o P-Nonlinear = <0.001
= 104 Inflection point: 49
8 10
15
=]
&
(=}
3
5 7
« o ¥
~ =1
a 3
<o 2]
= 2
o
s
.O
gy
5]
=
k]
=1
g
N
]
=
0 0
T T T
0 100 200

Fig. 2 Association between HALP score and the risk of mortality in participants with diabetes or prediabetes. A: Kaplan-Meier curve for all-cause mortal-
ity, B: Kaplan-Meier curve for CVD mortality, C: The nonlinear relationship between the HALP score and all-cause mortality, D: The nonlinear relationship
between the HALP score and CVD mortality. Adjusted for gender, race, age, drinking alcohol, smoking status, education levels, with or without HTN, BMI,
married status, PIR, TG, Chol and HDL-C. HALP, hemoglobin-albumin-lymphocyte—platelet; CVD, cardiovascular disease; BMI, body mass index; PIR, pov-
erty income ratio; TG, triglyceride; Chol, cholesterol, HDL-C, high-density lipoprotein- cholesterol

and CVD mortality at different time intervals (Fig. 4B
and D).

Subgroup and interaction analysis

To assess the effects of other factors on the relationship
between HALP score and all-cause or CVD mortality.
Subgroups were categorized based on gender, age, BMI,
race, education levels, drinking alcohol, smoking status,
with or without HTN, married status, and PDM or DM.
The analysis revealed a stronger correlation between
HALDP score and the risk of all-cause mortality in patients
under 65 years of age, with BMI>30 kg/m® or those
with HTN, after adjusting for covariates. Similarly, the
HALP score showed a stronger association with CVD
mortality in individuals aged under than 65 years and
with BMI>30 kg/m?, although the differences in corre-
lation strength between subgroups were not statistically

significant. Additionally, the results indicated a stronger
correlation between the HALP scores and both all-cause
and CVD mortality risk in diabetic patients compared to
prediabetic patients, although the p-values for interac-
tion were both above 0.05 (Fig. 5A and B).

Analysis of mediation effects

Renal function indicators, including SCr and BUN, were
found to significantly mediate the relationship between
the HALP score and all-cause mortality, Specifically, SCr
mediated 10.1% of the total effect (coefficient=0.0637,
95% CI: 0.0340, 0.0904, p<0.001), while BUN medi-
ated 47.9% of the total effect (coefficient=0.215, 95% CI:
0.145, 0.280, p<0.001) (Fig. 6A and B). A similar media-
tion effect was observed in the association between
HALP score and CVD mortality, with SCr mediating
3.9% of the total effect (coefficient=0.116, 95% CI: 0.059,
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Table 3 Threshold effect analysis of the relationship between
all-cause or CVD mortality and HALP score in participants with
diabetes or prediabetes

Adjusted HR(95%Cl) P

All-cause
mortality
HALP
Model 1 One-step cox 0.997(0.995-0.999) <0.004
regression
Model 2 Two-piecewise cox
regression
HALP <52 0.964(0.957-0.971) <0.001
HALP =52 1.001(1.000-1.002) 0.153
Likelihood ratio test <0.001
CVvD
mortality
HALP
Model 1 One-step cox 0.992(0.987-0.996) <0.001
regression
Model 2 Two-piecewise cox
regression
HALP <49 0.940 (0.927-0.953) <0.001
HALP >49 1.000(0.997-1.003) 0.955
Likelihood ratio test <0.001

Model 1 and Model 2: adjusted for gender, race, age, drinking status, smoking
status, education levels, married status, with or without HTN, BMI, PIR, TG, Chol,
and HDL-C

HALP =Hemoglobin-albumin-lymphocyte-platelet, HTN =hypertension,
BMI=body mass index, PIR=poverty income ratio, HbAlc, glycosylated
hemoglobin; TG, triglyceride; Chol, cholesterol, HDL-C, high-density
lipoprotein- cholesterol

0.180, p<0.001) and BUN mediating 47.9% of the total
effect (coefficient = 0.426, 95% CI: 0.259, 0.637, p <0.001)
(Fig. 6C and D).

Discussion

The important contribution of inflammation and nutri-
tional status in the onset of DM or PDM and CVD is well
established [7, 26]. This study, for the first time, revealed
a relationship of HALP scores with all-cause and CVD
mortality in participants with DM or PDM. The results of
ROC suggested that the baseline HALP score is a favor-
able index for predicting the risk of all-cause and CVD
mortality in participants with DM or PDM.

A study showed that HALP is an independent protec-
tive factor for diabetic nephropathy, positively corre-
lated with glomerular filtration rate [23], while another
study found that low levels of HALP are an independent
risk factor for diabetic retinopathy [27]. In addition, the
HALP score has been correlated with long-term CVD
mortality in the general population [17]. The present
study further explored the finding that the HALP score
was independently and negatively correlated with all-
cause and CVD mortality in patients with DM or PDM.
In addition, a nonlinear relationship between the HALP
score and all-cause and CVD mortality risk was observed
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by the RCS model. The RCS curves showed a L-shaped
relationship between the HALP score and both all-cause
and CVD mortality risk.The HAPL score was negatively
correlated with both all-cause and CVD mortality, when
the HAPL score was less than 52 or 49, respectively.

PDM, as a metabolic condition, increases the risk of
pre-frailty and frailty in older adults [28, 29] and increas-
ing the risk of death [30, 31]. A growing number of
studies in recent years have attempted to dentify new
predictors of mortality in people with DM or PDM that
differ from traditional risk factors, such as non-high-
density lipoprotein cholesterol to high-density lipopro-
tein cholesterol ratio [32], the stress hyperglycemia ratio
[33],the serum uric acid to high-density lipoprotein cho-
lesterol ratio [34], and remnant cholesterol [35]. This
study showed that the HALP score, a novel and easily
calculable index combining inflammatory and nutritional
markers, was negatively associated with the risk of all-
cause or CVD mortality in patients with DM or PDM.

A systematic review shows that malnourished patients
among the diabetic population exhibit low albumin,
low hemoglobin, and low BMI [36], this suggests a cor-
relation between malnutrition and hemoglobin levels in
diabetic populations. However, studies have indicated
that osmotic dehydration caused by hyperglycemia and
abnormal red blood cell turnover can lead to elevated
hemoglobin levels, potentially masking the nutritional
status of diabetic patients [37]. Therefore, hemoglobin
alone can partially reflect the nutritional status of dia-
betic patients, but it has certain limitations, it needs to be
combined with albumin, BMI, and inflammatory markers
for a comprehensive assessment [37, 38], and albumin is
a well-established marker of nutritional status and liver
function [39], Lymphocytes are indicative of immune
function, and platelets, which are elevated in inflamma-
tory conditions, contribute to the inflammatory response
[40]. The HALP score incorporates the aforementioned
indicators, providing a better reflection of inflammation
and nutritional status. A higher HALP score suggests
better nutritional and immune status, whereas a lower
score indicates poor nutrition and heightened inflamma-
tion, both of which are associated with worse clinical out-
comes [41]. For reliable HALP scoring, patients should
be in a stable state condition, free from acute infections,
trauma, blood disorders, or post-surgery conditions [39,
41].

The mechanism linking the HALP score to CVD risk
remains unclear, but immune cells, particularly neutro-
phils, play a critical role in inflammation-related diseases.
Platelets further exacerbate these processes by promot-
ing thrombosis and atherosclerosis [42]. This interaction
between neutrophils and platelets leads to the induction
of atherosclerosis and thrombosis, ultimately leading to
CVD events [43]. However, the role of lymphocytes is
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Fig. 3 The nonlinear relationship between the WWI and all-cause and CVD mortality in participants with diabetes or participants with prediabetes, re-
spectively. A and B: The nonlinear relationship of the HALP with all-cause and CVD mortality risk in participants with prediabetes; C and D: The nonlinear
relationship of the HALP with all-cause and CVD mortality risk in participants with diabetes. Adjusted for gender, race, age, drinking alcohol, smoking
status, education levels, with or without HTN, BMI, married status, PIR, TG, Chol and HDL-C

more complex, Regulatory T cells can release interleu-
kin-10 and anti-calcific factors with anti-inflammatory
effects, which can limit vascular calcification and athero-
sclerotic processes [26, 44]. T lymphocytes, particularly
Th1 cells, drive endothelial dysfunction and lipid buildup
in macrophages, resulting in atherosclerosis [26]. Addi-
tionally, albumin acts as an antioxidant, neutralizing
reactive oxygen species [45], while hemoglobin, through
its role in oxygen transport, helps inhibit vascular perme-
ability and inflammatory mediator production [46].

The HALP score integrates inflammation and nutri-
tional status, offering higher predictive accuracy for dis-
ease survival, as explored in several studies [47]. In the
study, a lower HALP score was correlated with increased
all-cause and CVD mortality risk in people with DM or
PDM and demonstrated good predictive value for both
outcomes. This study has several important strengths.

The HALP score, as a comprehensive index combining
inflammation and nutritional status, provides a simple
yet effective tool for evaluating mortality risk in a high-
risk population with DM or PDM. Compared to other
traditional prognostic assessment tools, the HALP score
has the advantage of being easy to use and inexpensive.
This simplicity allows for its potential use in a variety of
healthcare settings, providing valuable prognostic infor-
mation that could enhance patient management and
improve outcomes for patients with DM and PDM.

The observed inverse association between HALP
score and mortality risk in individuals with DM or PDM
may be influenced by the inherent heterogeneity of our
cohort. While we stratified analyses by diabetes status,
unmeasured factors such as diabetes duration, severity
of complications, and variations in disease management
could modulate the relationship. Patients with prolonged
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Fig. 4 The predictive power of HALP score for all-cause and CVD mortality. A: Time-dependent ROC curves of the HALP score for predicting all-cause
mortality; B: Time-dependent AUC curves of the HALP score for predicting all-cause mortality. C: Time-dependent ROC curves of the HALP score for
predicting CVD mortality; D: Time-dependent AUC curves of the HALP score for predicting CVD mortality

diabetes duration are more likely to develop chronic low-
grade inflammation and malnutrition, both of which may
reduce HALP components (e.g., albumin and hemoglo-
bin levels) [7]. This could amplify the observed inverse
association between lower HALP scores and mortality,
as these individuals inherently face higher baseline risk
[9, 26]. Microvascular (e.g., nephropathy) or macrovas-
cular complications (e.g., coronary artery disease) are
strongly linked to systemic inflammation and nutritional
deficits [10]. For example, diabetic nephropathy may
directly lower albumin levels due to proteinuria [45],
while advanced CVD could suppress lymphocyte counts
through chronic immune activation [43]. These pathways
may confound HALP’s predictive value, as the score itself
partially reflects end-organ damage rather than solely
baseline risk [23, 27]. Variations in glucose-lowering
therapies (e.g., SGLT2 inhibitors reducing inflammation)
or statin use (improving lipid profiles and endothelial
function) could indirectly elevate HALP scores by miti-
gating inflammation or preserving nutritional status [48].
Conversely, aggressive insulin regimens might transiently

alter platelet counts or albumin levels [49]. Such unmea-
sured treatment effects could attenuate or strengthen
HALP’s association with mortality. The lack of adjust-
ment for these factors suggests that our estimates may
represent a conservative measure of HALP’s prognostic
utility.

Nevertheless, this study has several limitations. First,
some clinical data, including self-reported diabetes status
and glucose-lowering medication use, relied on partici-
pant recall rather than objective verification, which may
introduce information bias. Second, the NHANES data-
set lacks granular details on diabetes duration, micro-
vascular/macrovascular complications, and longitudinal
treatment regimens (e.g., insulin therapy intensity, statin
adherence), limiting our ability to control for these con-
founders, and although the core objective of NHANES
is to focus on risk factors for chronic diseases, poten-
tial bias in the results may occur due to the incomplete
exclusion of patients with acute infections and other
conditions. Third, the potential regression from PDM
to normoglycemia during follow-up was not captured,
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A

Subgroup Count Percent HR(95%CI) Pvalue P for interaction
Age_group 0.002
lower 65 4146 60.4 — 0.9889 (0.9838 , 0.9941) <0.001
older 65 2723 396 —=- 09987 (0.9966 , 1.0008) 0.21
Gender 0653
male 3431 49.9 —— 09971 (0.9945, 0.9996) 0.024
female 3438 50.1 ——  0.9960(0.9918, 1.0003) 0.066
BMI_group 0021
<25kgim2 96 145 —=  0.9994 (0.9972, 1.0015) 0.561
2530 kg/m2 2004 292 —=—  0.9949(0.9902, 0.9997) 0.038
230 kg/m2 3869 56.3 — 0.9939 (0.9901 , 0.9977) 0.002
Race 0.103
Mexican American 1161 169 —_— 0.9868 (0.9776 , 0.9960) 0.005
Other Hispanic 691 101 0.9883 (0.9773 , 0.9994) 0.039
Non-Hispanic White 2503 377 —=- 0.9989 (0.9968 , 1.0010) 0.308
Non-Hispanic Black 1665 242 —_— 0.9932 (0.9877 , 0.9987) 0.016
Other Race 759 11 ————————— 0.9910 (0.9778, 1.0044) 0.187
Education levels 0.166
Less than high school 2046 298 —=—  0.9970(0.9937, 1.0003) 0.079
High school or Some College or AA degree3540  51.5 —=—  0.9976 (0.9948, 1.0004) 0.09
College Graduate or above 1283 187 ———=——  0.9910(0.9825 , 0.9996) 0.04
Hypertension 0,001
With hypertension 4265 621 —— 0.9936 (0.9906 , 0.9966) <0.001
Without hypertension 2604 37.9 —+— 1.0001(0.9981, 1.0021) 0.908
Smoking status 0.244
Not atall 475 506 —_— 0.9939 (0.9894 , 0.9983) 0.007
Former 2269 33 —=— 0,997 (0.9947 , 1.0008) 0.148
Now 125 164 —e 0.9982 (0.9947 , 1.0017) 0.301
Drinking alcohol 0027
Not at all 1029 15 0.9923 (0.9845 , 1.0001) 0.053
Former 1428 208 ————  0.9955 (0.9892 , 1.0018) 0.162
Mild 2173 316 —=—  0.9993(0.9969, 1.0018) 0.585
Moderate 580 84  ————s———F  0.9867(0.9731, 1.0005) 0.059
Severe 1659 242 —=—| 09949 (0.9904 , 0.9994) 0.026
Married status 0.765
Married/Living with partner 3728 543 —— 0.9967 (0.9939 , 0.9995) 0.021
Widowed/Divorced/Separated 2575 375 —=—  0.9972(0.9934 , 1.0010) 0.148
Never Married 566 82 ————=——0.9970 (0.9870, 1.0071) 0.561
Prediabetes or Diabetes 0.152
Prediabetes 1467 214 —=— 0.9990(0.9946, 1.0034) 0.65
Diabetes 5402 786 — 0.9963 (0.9939 , 0.9987) 0.003
L

0.98 1
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B

Subgroup Count Percent HR(95%CI) Pvalue P for interaction
Age_group 0512
lower 65 4146 60.4 0.9869 (0.9768 , 0.9971) 0.012
older 65 2723 396 —— 0.9926 (0.9873 , 0.9979) 0.006
Gender 0343
male 3431 49.9 _— 0.9898 (0.9838 , 0.9957) 0.001
female 3438 50.1 ———— 0.9949 (0.9872 , 1.0026) 0.196
BMI_group 0885
<25kgim2 96 145 ——————— 0.9929(0.9839, 1.0021) 0.131
2530 kg/m2 2004 292 0.9915 (0.9831 , 1.0000) 0.049
230 kg/m2 3869 56.3 0.9918 (0.9849 , 0.9987) 0.02
Race 0.562
Mexican American 1161 169 0.9752 (0.9569 , 0.9938) 0.009
Other Hispanic 691 101  ————=—————"— 0.9871(0.9677,1.0068) 0.196

Non-Hispanic White 2503 377 ——=—  0.9947 (0.9891 , 1.0004) 0.068
Non-Hispanic Black 1665 242 —_— 0.9879 (0.9779,, 0.9980) 0.019
Other Race 759 11 ——————————=— 0.9981 (0.9752,, 1.0215) 0.871
Education levels 008
Less than high school 2046 298 0.9900 (0.9827 , 0.9974) 0.008
High school or Some College or AA degree3540  51.5 ——=——  0.9953(0.9893, 1.0013) 0.122
College Graduate or above 1283 187 0.9802 (0.9631 , 0.9975) 0.025
Hypertension <0.001
With hypertension 4265 621 —— 0.9849 (0.9788 , 0.9910) <0.001
Without hypertension 2604 37.9 —<— 0.9998 (0.9959 , 1.0039) 0.94
Smoking status 0.027
Not atall 475 506 _— 0.9863 (0.9783 , 0.9943) 0.001
Former 2269 33 —=——  0.9981(0.9930,, 1.0032) 0.467
Now 125 164 0.9850 (0.9731 , 0.9970) 0.014
Drinking alcohol 0.001
Not atall 1029 15 — 0.9677 (0.9515 , 0.9842) <0.001
Former 1428 208  ———=————  0.9881(0.9767,0.9996) 0.043
Mild 2173 316 —=— 0.9990 (0.9947 , 1.0034) 0.669
Moderate 580 84  ——s——————— 0.9806(0.9593, 1.0023) 0.08

Severe 1659 242 0.9838 (0.9735 , 0.9942) 0.002
Married status 0.652
Married/Living with partner 3728 543 ——=——  0.9941(0.9881, 1.0002) 0.059
Widowed/Divorced/Separated 2575 375 e — 0.9897 (0.9822 , 0.9973) 0.008
Never Married 566 8.2 == 0.9805 (0.9609 , 1.0004) 0.055
Prediabetes or Diabetes 0.019
Prediabetes. 1467 214 = 0.9987 (0.9911, 1.0064) 0.747
Diabetes 5402 786 — 0.9899 (0.9849 , 0.9950) <0.001
[
0.98 1

Fig. 5 The relationship between HALP score and all-cause and CVD mortality based on subgroups. A: Subgroup and interaction analyses for all-cause
mortality, B: Subgroup and interaction analyses for CVD mortality. Adjusted for gender, race, age, drinking alcohol, smoking status, education levels, with

or without HTN, BMI, married status, PIR, TG, Chol and HDL-C

A

Indirect effect=0.064
P<0.001

Total effect=0.633 P<0.001
Proportion of mediation=10.1%
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Indirect effect=0.215
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Fig. 6 Analysis of mediation effects. The mediated effects of SCr (A), and BUN (B) on HALP and all-cause mortality, the mediated effects of SCr (C), and

BUN (D) on HALP and CVD mortality

which may bias mortality estimates. Fourth, only baseline
HALP scores were analyzed, and dynamic changes over
time potentially reflecting disease progression were not
evaluated. Future studies should incorporate longitudinal
phenotyping of diabetes subtypes and complications to
validate the prognostic utility of HALP in more homoge-
neous cohorts.

Conclusion

The HALP score was negatively correlated with all-cause
and CVD mortality risk and proved to be a valuable index
for predicting all-cause and CVD mortality risk in partic-
ipants with DM and PDM. Renal function may partially
mediate the relationship between HALP and mortality
risk. The measurement of the HALP score may be use-
ful in assessing mortality risk and predicting prognosis
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in individuals with DM or PDM. Future research should
explore how altering HALP score impacts patient
prognosis.
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