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Abstract

Introduction: Hypertension and left ventricular hypertrophy (LVH) have emerged as significant risk factors for
cardiovascular events and all-cause mortality. Inflammation and nutrition play critical roles in the development of
hypertension and damage to target organs. The HALP Score, which assesses levels of hemoglobin, albumin, lympho-
cytes, and platelets, is an index closely associated with inflammation and nutrition, and has been demonstrated to be
particularly effective in the older population. Hence, the objective of this study was to examine the correlation between
the HALP Score and LVH in older patients with hypertension.

Methods: We collected and retrospectively analyzed data from 234 older patients, including clinical data, and routine
blood, liver function, kidney function, and cardiac ultrasound parameters. All patients were categorized into a non-left
ventricular hypertrophy (NLVH) group (n = 131) or an LVH group (n = 103). The association between the HALP Score
and LVH was investigated, and potential influencing factors were considered.

Results: The LVH group had a significantly lower HALP Score than the NLVH group. Logistic regression analysis
revealed that a lower HALP Score and female sex were independent factors associated with LVH in older patients with
hypertension (OR =0.944, 9.962, 95% CI: 0.910-0.979, 3.866-24.300, P = 0.002, <0.001). The area under the curve for
the HALP Score in diagnosing LVH in older patients with hypertension was 0.708 (95% CI: 0.641-0.776, P = 0.002).
Conclusion: The HALP Score is significantly associated with LVH in older patients with hypertension: lower scores
indicate a greater likelihood of LVH. The HALP Score has moderate diagnostic value for LVH in this population.
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is estimated to affect 874 million people, and approx-
imately 9.4 million deaths from cardiovascular dis-
ease occur each year [1]. As the diagnostic criteria
for hypertension have relaxed, the prevalence rate
of hypertension has increased from 32% to 45.4%
in the United States, and has doubled in China [2].
Chronic hypertension can result in elevated car-
diac afterload, which can lead to cardiomyocyte
remodeling and hypertrophy, and ultimately to the
development of left ventricular hypertrophy (LVH).
The presence of LVH in patients with hyperten-
sion significantly increases the risk of cardiovas-
cular disease; thus, LVH is a major risk factor for
cardiovascular events and all-cause mortality [3].
Although numerous studies have investigated the
pathogenesis of hypertension and its associated tar-
get organ damage, the precise mechanism remains
unclear. Previous research has indicated that both
inflammation and nutrition play major roles in the
development of hypertension and LVH. Masiha [4]
has reported associations among CRP, E-selectin,
P-selectin, interleukin, and myocardial hypertro-
phy in patients with hypertension. Yu et al. [5]
and Karayigit et al. [6] have discovered that novel
inflammatory indicators, such as the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and systemic immune-inflammation
index (SII), have substantial implications in the
occurrence and progression of myocardial hypertro-
phy. In the context of chronic persistent inflamma-
tion, an elevated lymphocyte apoptosis rate results
in a compromised immune system and subsequently
contributes to perpetuation of inflammation [7].
Furthermore, sustained inflammation stimulates
megakaryocyte proliferation, thereby increasing
platelet production. Elevated platelet count is asso-
ciated with an elevated risk of atherosclerosis and
subsequent mortality [8]. Various nutritional param-
eters, including albumin [9], hemoglobin [10, 11],
and the prognostic nutritional index (PNI) [12], have
been identified to be closely associated with the inci-
dence of cardiovascular adverse events.

The hemoglobin, albumin, lymphocyte, and plate-
let (HALP) Score has recently emerged as a conven-
ient and accessible tool for assessing both systemic
inflammation and nutritional status [13]. By incor-
porating measurements of hemoglobin, albumin,
lymphocyte, and platelet counts, the HALP Score
provides a comprehensive assessment of these

factors. Notably, this scoring system has shown sig-
nificant effectiveness, particularly in older patients.
Previous studies have used the HALP Score to eval-
uate the prognosis of patients with conditions such
as gastric cancer, bladder cancer, esophageal can-
cer, and stroke [14—17]. However, limited research
is available on the cardiovascular applications of
the HALP Score. Kocaoglu et al. [18] have used the
modified HALP Score as an indicator of prognosis
in patients with heart failure; however, the HALP
Score itself was not found to be associated with
heart failure prognosis in that study. To date, stud-
ies examining the correlation between the HALP
Score and LVH in older patients with hypertension
are lacking. Thus, the objective of this study was
to investigate the potential association between the
HALP Score and LVH in this specific population.
Additionally, the diagnostic value of the HALP
Score in identifying LVH was assessed in compari-
son with other indicators such as NLR, PLR, PNI,
and SII.

Methods

Study Population

This was a retrospective cross-sectional study
conducted at a single center. A total of 234 older
patients diagnosed with essential hypertension,
who were admitted to Hebei General Hospital
between December 2021 and November 2022, were
included in the study. The cohort consisted of 110
men and 124 women with a mean age of 72 years.
All patients were categorized into an LVH group or
an NLVH group on the basis of their left ventricu-
lar mass index (LVMI). LVH was defined as LVMI
>115 g/m? for men and >95 g/m? for women [3].
The inclusion criteria for this study were patients
65 years of age or older with essential hypertension,
who had undergone cardiac ultrasound and relevant
laboratory tests. The diagnostic criteria for hyper-
tension were based on the Chinese Guidelines for
Hypertension Management in older people, 2019
[19]. Patients were excluded if they had acute hyper-
tension, white coat hypertension, secondary hyper-
tension (ruled out by relevant laboratory tests),
diabetes mellitus, heart failure, acute coronary syn-
drome, prior myocardial infarction, hematological
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diseases, tumors, acute or chronic infections, thy-
roid dysfunction, primary kidney disease, autoim-
mune disease, or major abnormalities in liver and
kidney function.

All experimental procedures were approved by the
Ethics Committee of Hebei General Hospital (clini-
cal ethics approval number 2019-27). The study
was conducted in accordance with the Declaration
of Helsinki and with the Good Clinical Practice
guidelines defined by the International Conference
on Harmonisation. All patients provided written
informed consent before enrollment.

General Clinical Data Collection

We collected and recorded the general character-
istics of the participants, including age, sex, body
mass index (BMI), admission systolic blood pres-
sure, admission diastolic blood pressure, duration
of hypertension, medications, and previous history
of cerebrovascular disease, by accessing electronic
medical records.

Laboratory Related Examination

After patients had fasted 12 hours, professional
nurses collected 6 mL of venous blood from the arms
of the patients. The blood samples were then ana-
lyzed by professional laboratory technicians using
an American Beckman Counter AU5800 automatic
biochemical analyzer to measure the levels of albu-
min, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), fasting blood glucose, potas-
sium ion concentration, sodium ion concentration,
urea, creatinine, total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C),
and low-density lipoprotein cholesterol (LDL-C).
Additionally, total white blood cell (WBC) counts,
neutrophil counts, lymphocyte counts, platelet
counts, and hemoglobin levels were measured with
a Sysmex xn-3000 hematology analyzer.

NLR = neutrophil counts/lymphocyte counts
PLR = platelet counts/lymphocyte counts

SII = neutrophil counts x platelet counts/lym-
phocyte counts

HALP Score = hemoglobin x albumin x lym-
phocyte counts/platelet counts

PNI = albumin + 5 x lymphocyte counts

Echocardiography

The patients were placed in the left supine posi-
tions, and a color Doppler ultrasonic diagnostic
instrument (American PHILIPS EPIQ7C) with a
probe frequency of 2—-4 MHz was operated by pro-
fessional ultrasound physicians. The ultrasound
examination was conducted while the patients
were in a calm breathing state, to observe the
cardiac morphology and structure in various sec-
tions. Measurements were taken according to the
American Society of Echocardiography guidelines
[20], and included left atrial diameter (LAD), aor-
tic root diameter (AO), interventricular septum
thickness (IVST), left ventricular posterior wall
thickness (LVPWT), right atrial diameter, right
ventricular diameter, left ventricular end-systolic
diameter (LVESD), left ventricular end-diastolic
diameter (LVEDD), e’ peak, E peak, A peak, and
other indicators. The left ventricular ejection frac-
tion (LVEF) was calculated with the LVEDD and
LVESD, and the left ventricular mass (LVM) and
LVMI were calculated with the Devereux formula
[21].

LVM (g) = 0.8 x 1.04 x [(LVEDD + IVST +
LVPWT)? — LVEDD?] + 0.6

Body surface area (m?) = 0.0061 x height (cm) +
0.0128 x body mass (kg) — 0.1529

LVMI (g/m?) = LVM (g)/body surface area (m?)
Relative wall thickness (RWT) = (2 x LVPWT)/
LVEDD

Statistical Methods

IBM SPSS 26.0 statistical software was used for
analysis. The measurement data that followed a
normal distribution in both groups are presented
as mean =* standard deviation (SD), and independ-
ent samples t-test was used to compare the groups.
For measurement data that did not follow a normal
distribution in both groups, the median and inter-
quartile range (IQR) were used, and comparisons
between groups were conducted with the Mann—
Whitney U test. Categorical data are expressed as
percentages, and the chi-square test was used for
comparisons between groups. Logistic regression
analysis was used to identify independent risk fac-
tors for LVH in older patients with hypertension.
Receiver operating characteristic (ROC) curve
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analysis was performed to assess the predictive
value of the HALP Score in older patients with
LVH. Delong’s test was used to compare the diag-
nostic performance of the HALP Score and PLR in
the diagnosis of LVH in older patients with hyper-
tension. A two-sided P < 0.05 was considered sta-
tistically significant.

Results

Demographic Characteristics and
Laboratory Parameters of LVH and NLVH

The basic data and corresponding laboratory test
results of the LVH and NLVH groups are shown in
Table 1. The LVH group exhibited a significantly
higher systolic blood pressure and greater propor-
tion of female patients than the NLVH group (P <
0.001). Both groups showed similar characteris-
tics in terms of cerebrovascular disease, diastolic
blood pressure, hypertension duration, BMI, and
medication intake (P > 0.05). No significant dif-
ferences were observed between groups in albu-
min, AST, ALT, fasting blood glucose, potassium
ion, urea, TC, TG, LDL-C, and lymphocyte counts
(P > 0.05). However, the LVH group had higher
platelet counts, and lower WBC counts, neutro-
phil counts, and hemoglobin levels (P < 0.05). No
significant differences were observed in NLR, SII,
and PNI between groups. In contrast, the PLR in
the LVH group was higher than that in the NLVH
group [139.1 (107.0, 181.3) vs 121.9 (98.8, 144.0),
P < 0.001], and the HALP Score was significantly
lower [34.4 (26.9, 45.1) vs 43.6 (35.5, 54.1), P <
0.001]. Figure 1 provides a visual representation of
these findings.

The comparison of echocardiographic parameters
between groups is shown in Table 2. LVMI, IVST,
LVPWT, RWT, and E/e’ ratios were significantly
higher in the LVH group, whereas e’ was signifi-
cantly lower (P < 0.05). No significant differences
were observed in the other indicators.

On the basis of the HALP Score, the patients
were divided into two groups: T1 (HALP Score
<39.4) and T2 (HALP Score >39.4). The distribu-
tion of LVH patients vs NLVH patients is depicted
in Figure 2.

Relationship between HALP Score and
LVH in Older Patients with Hypertension

Multivariate logistic regression analysis was con-
ducted to assess the potential risk factors for LVH,
taking into account the statistically significant fac-
tors identified in the univariate analysis. After con-
trolling for confounding factors, the HALP Score
remained an independent risk factor for LVH in
older patients with essential hypertension (unad-
justed: OR = 0.942, 95% CI = 0.920-0.964, P <
0.001; adjusted: OR =0.944,95% CI1=0.910-0.979,
P = 0.002). Furthermore, female sex was identified
as a risk factor for LVH in this population. These
findings are presented in Table 3.

ROC curve analysis indicated that the HALP
Score had a cutoff value of 34.83 for estimating
LVH, with a sensitivity of 78.6% and specificity
of 55.3% (AUC: 0.708; 95% CI: 0.641-0.776; P
< 0.001). In contrast, the cutoff value for PLR in
determining LVH was 165.88, with a sensitivity of
35% and specificity of 91.6% (AUC: 0.646; 95%
CI: 0.574-0.718; P < 0.001). These results are illus-
trated in Figure 3.

We conducted a Delong test to assess the diag-
nostic performance of the HALP Score vs the PLR
in detecting LVH. Delong’s test indicated that the
HALP Score was significantly more effective than
the PLR in diagnosing LVH (95% CI: 0.027-0.098,
P <0.001).

Discussion

To our knowledge, this study is the first to investi-
gate the relationship between the HALP Score and
LVH in older patients with hypertension. A low
HALP Score in older patients with primary hyper-
tension was associated with early development of
LVH, and was found to be an independent risk fac-
tor for early LVH in this population. The HALP
Score in the NLVH group was higher than that in
the LVH group, and its diagnostic value for LVH
was superior to that of PLR.

Prolonged hypertension can result in hypertensive
heart disease, characterized primarily by LVH, left
ventricular diastolic dysfunction, and other altera-
tions in cardiac structure and function. LVH, the
most prevalent cardiac injury associated with target
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Table 1 Demographic Characteristics and Laboratory Parameters of LVH and NLVH.
Variables NLVH group (n = 131) LVH group (n = 103) P value
Age, years, (median, IQR) 70 (67, 76) 70 (67,75) 0.992
Gender (female), n (%) 35 (26.7) 89 (86.4) <0.001
BMI, kg/m?, (median, IQR) 25.8 (23.0,27.8) 2591 (23.4, 28.0) 0.750
Cerebrovascular disease, n (%) 64 (48.9) 52 (50.5%) 0.804
SBP, mmHg, (mean * SD) 1442 +19.5 149.7 £ 18.9 0.029
DBP, mmHg, (mean = SD) 82.7+11.6 81.6+11.6 0.457
Hypertension duration, n (%)
<Five years 27 (20.6) 23 (22.3)
Five years-ten years 31 (23.7) 19 (18.4) 0.734
Ten years-twenty years 36 (27.5) 27 (26.2)
>Twenty years 37 (28.2) 34 (33.1)
Antithrombotic, n (%) 28 (21.4) 18 (17.5) 0.456
Statins, n (%) 27 (20.6) 18 (17.5) 0.546
Hypotensor, n (%)
ACEI or ARB 30 (23.07) 23 (22.3) 0.918
Beta-blocker 15 (11.5) 7 (6.8) 0.226
Calcium channel blocker 78 (59.5) 62 (60.2) 0.920
Diuretic 8 (6.1) 7 (6.8) 0.831
Laboratory parameters
Albumin, g/L, (mean £ SD) 38.6 3.0 38.7+3.3 0.793
ALT, U/L, (median, IQR) 15.8 (11.6, 22.0) 14.3 (11, 20.6) 0.194
AST, U/L, (median, IQR) 20.1 (17.6, 24.0) 20.9 (17.5,25.6) 0.455
Glucose, mmol/L, (mean + SD) 49+0.6 50£0.6 0.167
Potassium, mmol/L, (mean + SD) 3.8+04 3.8+04 0.228
Sodium, mmol/L, (median, IQR) 141 (139, 142) 142 (140, 143) <0.001
Urea, mmol/L, (median, IQR) 49 4.2,5.9) 4.8 (4.0,5.9) 0.347
Creatinine, umol/L, (median, IQR) 73.4 (64.1, 83.0) 61.8 (56.3, 69.3) <0.001
TC, mmol/L, (median, IQR) 4.4 (3.5,5.3) 4.7(3.9,5.4) 0.124
TG, mmol/L, (median, IQR) 1.1 (0.8, 1.6) 1.2 (0.9, 1.6) 0.497
HDL-C, mmol/L, (median, IQR) 1.1 (1.0, 1.3) 1.2 (1.0, 1.4) 0.005
LDL-C, mmol/L, (mean = SD) 2.8+0.8 3.0+0.8 0.170
WBC count, x10° /L, (median, IQR) 6.1(54,7.0) 544.7,6.2) <0.001
Neutrophil count, x10° /L, (median, IQR) 3.73.1,4.5) 3.2(2.7,4.0) 0.001
Lymphocyte count, x10°/L, (median, IQR) 1.8(1.5,2.1) 1.7 (1.3,2.1) 0.142
Hemoglobin, g/L., (median, IQR) 137 (129, 148) 127 (119, 136) <0.001
Platelet count, x10°/L, (mean + SD) 207 (175, 244) 234 (204, 269) <0.001
HALP Score, (median, IQR) 43.6 (35.5,54.1) 34.4 (26.9,45.1) <0.001
PLR, (median, IQR) 121.9 (98.8, 144.0) 139.1 (107.0, 181.3) <0.001
NLR, (median, IQR) 2.1(1.6,2.8) 1.9 (1.5, 2.7) 0.217
SII, (median, IQR) 452.9 (328.4,573.1) 451.2 (323.9, 631.0) 0.399
PNI, (median, IQR) 47.6 (44.8, 50.1) 47.2 (45.0,49.1) 0.609

LVH: left ventricular hypertrophy; NLVH: non-left ventricular hypertrophy; BMI: body mass index; SBP: systolic blood pres-
sure; DBP: diastolic blood pressure; ACEI: angiotensin-converting enzyme inhibitors; ARB: angiotensin receptor blockers;
ALT: alanine aminotransferase; AST: aspartate aminotransferase; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; TC: total cholesterol; TG: triglyceride; WBC: white blood cell; PLR: platelet-to-lymphocyte
ratio; NLR: neutrophil-to-lymphocyte ratio; SII: systemic immune-inflammation index; PNI: prognostic nutritional index.
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Figure 1 Comparison of the HALP Score, PLR, SII, PNI, and NLR between Groups.
The HALP Scores were higher in patients with NLVH than LVH, and the PLR was lower in patients with NLVH (P < 0.001).
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Table 2 Comparison of Echocardiography Parameters between the LVH and NLVH Groups.

Variables NLVH group (n = 131) LVH group (n = 103) P value
LVMI, g/m?, (median, IQR) 82.9 (74.6, 95.2) 99.0 (93.3, 115.5) <0.001
LAD, mm, (median, IQR) 38 (36, 41) 38 (36, 41) 0.26
IVST, mm, (median, IQR) 9 (9, 10) 10 (10, 11) <0.001
RWT, mm, (mean + SD) 0.41+0.04 0.43+0.04 0.001
LVEEF, (median, IQR) 66 (63, 68) 64 (62, 68) 0.162
E, m/s, (median, IQR) 0.7 (0.6, 0.8) 0.7 (0.5, 0.8) 0.734
E/A, (median, IQR) 0.7 (0.6, 0.8) 0.7 (0.6, 0.8) 0.181
E/e’, (median, IQR) 11.1 (8.8, 12.8) 12.0 (9.3, 15.3) 0.004
e’, cm/s, (median, IQR) 6.0(5.2,7.5) 5.6 (4.5,7.0) 0.012
LVESD, mm, (median, IQR) 29 (27, 32) 30 (28, 32) 0.071
LVEDD, mm, (median, IQR) 46 (44, 49) 47 (45, 49) 0.236

LVH: left ventricular hypertrophy; NLVH: non-left ventricular hypertrophy; LVMI: left ventricular mass index; LAD: left
atrial diameter; IVST: interventricular septum thickness; RWT: relative wall thickness; LVEF: left ventricular ejection fraction;
LVESD: left ventricular end-systolic diameter; LVEDD: left ventricular end-diastolic diameter.

organ damage in hypertension, occurs because of
remodeling and hypertrophy of myocardial cell
[22]. LVH has independent predictive value for car-
diovascular disease outcomes, thus highlighting the

importance of LVH diagnosis in both research and
clinical practice. Currently, the diagnosis of LVH
relies primarily on techniques such as electrocardi-
ography, cardiac ultrasound, or cardiac MRI [23].
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However, owing to the limited accessibility and
high cost of these methods, a simple, cost-effective,
and readily available indicator for early detection of
cardiac hypertrophy is urgently needed.

Although the pathophysiological mechanism
underlying the progression from hypertension to
LVH remains unclear, a chronic systemic inflam-
matory response and nutritional status are believed
to contribute. Chronic low-level inflammation has
been recognized as a significant factor in the occur-
rence and progression of cardiovascular diseases,
including hypertension [24]. Numerous studies

Table 3 Univariate and Multivariate Logistic Regression Analysis Indicating Independent Predictors of LVH.

Variables Univariate analysis Multivariate analysis

P value OR (95% CI) P value OR (95% CI)
Age 0.507 0.985 (0.943-1.029) - -
Female <0.001 17.437 (8.802-34.542) <0.001 9.962 (3.866-24.300)
BMI 0.746 1.012 (0.944-1.084) - -
HALP Score <0.001 0.942 (0.920-0.964) 0.002 0.944 (0.910-0.979)
Sodium <0.001 1.294 (1.133-1.478) 0.091 1.159 (0.977-1.374)
Creatinine <0.001 0.940 (0.918-0.962) 0.116 0.976 (0.948-1.006)
SBP 0.031 1.015 (1.001-1.029) 0.046 1.021 (1.001-1.041)
HDL-C 0.023 3.210 (1.173-8.785) 0.795 0.824 (0.190-3.572)
WBC count <0.001 0.643 (0.508-0.815) 0.995 1.003 (0.434-2.318)
Neutrophil count 0.002 0.638 (0.482-0.843) 0.437 0.676 (0.252-1.816)
E/e’ 0.004 1.108 (1.034-1.187) 0.600 1.029 (0.924-1.146)
¢ 0.011 0.811 (0.691-0.952) 0.103 0.797 (0.607-1.047)

LVH: left ventricular hypertrophy; SBP: systolic blood pressure; BMI

cholesterol; WBC: white blood cell.

: body mass index; HDL-C: high-density lipoprotein
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Figure 3 Receiver-Operating Characteristic (ROC) Curve Analyses of the HALP Score and PLR for the Identification of LVH.
The area under the curve is larger for the HALP Score than the PLR.
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have consistently demonstrated that hypertension
is associated with a chronic, persistent inflamma-
tory state. Inflammatory markers such as C-reactive
protein (CRP), interleukins, and tumor necrosis
factor-o are elevated in individuals with hyperten-
sion, and play major roles in fibrosis, a major process
in ventricular remodeling. Consequently, patients
with hypertension may experience heart damage
as a result of these processes [4]. Previous research
has indicated that chronic persistent inflammation
is associated with elevated lymphocyte apoptosis.
A decrease in lymphocyte count has been associ-
ated with high susceptibility to complications in
patients with hypertension [5]. Furthermore, the
infiltration of lymphocyte immune cells in the heart
and kidneys can lead to dysfunction in these organs
[6]. Platelets are also indispensable in the initia-
tion and progression of inflammation. Sustained
inflammation stimulates the proliferation of mega-
karyocytes, thereby increasing platelet production.
Su et al. [25] have revealed that activated platelets
release platelet-derived growth factor, platelet fac-
tor 4, and P-selectin, which contribute to the pro-
liferation of cardiomyocytes. Another fundamental
study [26] has demonstrated that platelet-released
serotonin directly regulates cardiac fibroblasts by
enhancing the secretion of transforming growth
factor-beta (TGF-f) and matrix metalloproteinases,
thereby leading to the migration and differentiation
of cardiac fibroblasts, and ultimately myocardial
remodeling.

Nutritional status is intricately associated with
sympathetic activity and the inflammatory response
[27]. In a state of poor nutritional status, height-
ened sympathetic nerve excitability increases
norepinephrine levels, thus stimulating ol adren-
ergic receptors, and resulting in enhanced protein
synthesis in cardiomyocytes and subsequent car-
diac hypertrophy [28]. Simultaneously, heightened
sympathetic nervous system activity facilitates the
infiltration of inflammatory factors into the heart,
thereby leading to myocardial fibrosis and fur-
ther exacerbating myocardial hypertrophy [29].
Furthermore, Kaysen et al. [30] have demonstrated
an interdependent relationship between inflamma-
tion and malnutrition, which can create a vicious
cycle. In the presence of malnutrition, the activa-
tion of the inflammatory response promotes the
infiltration of numerous inflammatory factors into

cardiomyocytes and surrounding tissues. This infil-
tration subsequently diminishes the bioavailability
of nitric oxide and cyclic guanosine acid, alters tro-
ponin phosphorylation, and disrupts the balance of
Ca?*. These mechanisms ultimately contribute to the
development of cardiomyocyte hypertrophy [31].

The novel HALP Score, designed to assess
patients’ nutritional and inflammatory status, incor-
porates inflammatory and nutritional markers such
as hemoglobin, albumin, lymphocyte, and platelet
counts. Previous studies have explored the prog-
nostic value of this index primarily in patients with
cancer, whereas limited research has focused on car-
diovascular disease. Our findings indicated that a low
HALP Score at admission may indicate an underly-
ing state of malnutrition and systemic inflammation
in older patients with hypertension. Moreover, a sig-
nificant association was observed between a lower
HALP Score and the presence of LVH.

In contrast to previous studies, our research did
not observe any significant differences in albumin,
lymphocyte counts, NLR, and SII between groups.
We believe that this difference might be attribut-
able to the inclusion of a different population in
our study. Specifically, our study focused on older
patients with hypertension, who might exhibit a
slightly more delayed response to inflammation
and nutritional status than younger individuals.
Consequently, the corresponding indicators might
not have been fully reflected in the early stages
(left ventricular hypertrophy due to hypertension),
thus making the HALP Score more suitable for the
older than the younger population. Consequently,
although a significant difference in HALP Score
was observed between groups in our study, this
hypothesis necessitates further verification through
large-scale and multi-center research.

Beyond the HALP Score, our study identified
female sex as a risk factor for LVH in older patients
with hypertension. The findings align with those
from a prospective study in 1419 patients with
hypertension without initial LVH, which has high-
lighted that women have a greater risk of developing
LVH than men [32]. Hoshida et al. [33] have shown
a more pronounced increase in LVH and myocardial
stiffness in older female patients with hypertension
than male patients. One possible explanation for
this finding is that estrogen regulates the activity of
the renin-angiotensin-aldosterone system (RAAS),
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the sympathetic nervous system, and oxidative
stress, all of which are key factors in the develop-
ment of structural abnormalities in the heart [34].
Additionally, postmenopausal women tend to have
higher levels of inflammatory factors, such as TNF
a, interleukin, and plasma protein activator inhibi-
tor-1, as well as the fibrosis marker galectin-3, than
men [35]. Therefore, in clinical practice, close
attention must be paid to the incidence of LVH in
older female patients with hypertension.

Although our study indicated that the HALP
Score is more valuable than the PLR in diagnosing
LVH in older patients with hypertension, its sensi-
tivity and particularly its specificity were not high.
Consequently, on the basis of the results of this study,
the HALP Score may not be effective in accurately
diagnosing the occurrence of LVH. To further vali-
date its predictive value, large-scale, multi-center
prospective studies are required in the future.

This study has several limitations. First, this was
a small sample, single-center retrospective study,
thereby limiting our ability to establish a causal
relationship between a low HALP Score and LVH
in older patients with hypertension. Additionally,
the relatively small sample size might have intro-
duced bias into the results. Second, previous studies
have demonstrated a significant association between
LVH and inflammatory markers such as CRP, inter-
leukin-6, and tumor necrosis factor-o.. However,
we did not collect complete data on these mark-
ers, thus potentially affecting the overall analysis
and interpretation of the results. Third, the smoking
and drinking history of the patients was not com-
prehensively collected in our study. Consequently,
the potential influence of smoking and drinking
habits on the outcomes could not be determined.
To address these limitations, future research should
consider using larger sample sizes, multi-center
designs, and collection of comprehensive data on
inflammatory markers and lifestyle factors, to pro-
vide a more robust understanding of the relation-
ship between the HALP Score and LVH, and poten-
tial contributing factors.

Conclusion

Together, our results suggest that the HALP Score is
independently associated with the presence of LVH

in older patients with hypertension — an associa-
tion not previously reported. Therefore, the HALP
Score may serve as a powerful and cost-effective
marker, derived from routine blood analysis and
liver function tests, for preliminary assessment of
the presence of LVH. The HALP Score may enable
healthcare professionals to identify patients at high
risk of LVH and implement timely interventions,
thus offering a new approach to LVH prevention or
reduction in older patients with hypertension.

Data Availability Statement

Clinical data are available through the correspond-
ing author.

Ethics Statement

All experimental procedures were approved by the
Ethics Committee of Hebei General Hospital (clini-
cal ethics approval number 2019-27).

Author Contributions

Yingfang Liu, Yan Wang and Yifang Guo conceived
the study. Yingfang Liu and Ye Meng acquired the
data. Yingfang Liu, Ye Meng and Qiuli Wang ana-
lyzed the data. Yingfang Liu reviewed the litera-
ture and prepared the first draft of this manuscript.
Yan Wang and Yifang Guo critically reviewed and
edited the manuscript, and approved the final ver-
sion. All authors have read and approved the final
manuscript.

Funding

This work was supported by the Key Research
and Development Project of Hebei Province
(19277787D), Hebei  Province Innovation
Capability Improvement Program (199776249D),
and Medical Science Research Project of Hebei
Province (20220061).

Conflict of Interest

All authors declare no relationships of competing
interests.



10 | Y. Liu et al., Correlation between the Hemoglobin, Albumin, Lymphocyte, and Platelet (HALP) Score

REFERENCES

10.

Fuchs FD, Whelton PK. High blood
pressure and cardiovascular disease.
Hypertension 2020;75(2):285-92.
Mills KT, Stefanescu A, He J.
The global epidemiology of
hypertension. Nat Rev Nephrol
2020;16(4):223-37.

Sun NL, Chen JW, Wang JG, Xie
LD, Chen LY, Mou JJ, et al. Expert
consensus on diagnosis and treat-
ment of hypertension with left ven-
tricular hypertrophy in Asia. Chin J
Hypertens 2016;7:619-27+600. [in
Chinese]

Masiha S, Sundstrom J, Lind L.
Inflammatory markers are associ-
ated with left ventricular hypertro-
phy and diastolic dysfunction in a
population-based sample of elderly
men and women. J Hum Hypertens
2013;27(1):13-7.

Yu X, Xue Y, Bian B, Wu X, Wang
Z, Huang J, et al. NLR-A simple
indicator of inflammation for the
diagnosis of left ventricular hyper-
trophy in patients with hyperten-
sion. Int Heart J 2020;61(2):373-9.
Karayigit O, Nurkog¢ SG, Celik MC.
The systemic immune-inflammation
index (SII) may be an effective indi-
cator in predicting left ventricular
hypertrophy for patients diagnosed
with hypertension. ] Hum Hypertens
2023;37(5):379-85.

Nuifez J, Sanchis J, Bodi V, Niiiez
E, Mainar L, Heatta AM, et al.
Relationship between low lympho-
cyte count and major cardiac events
in patients with acute chest pain,
a non-diagnostic electrocardio-
gram, and normal troponin levels.
Atherosclerosis 2009;206(1):251-7.
Schrottmaier WC, Mussbacher M,
Salzmann M, Assinger A. Platelet-
leukocyte interplay during vas-
cular  disease.  Atherosclerosis
2020;307:109-20.

Chien SC, Chen CY, Lin CF, Yeh
HI. Critical appraisal of the role of
serum albumin in cardiovascular
disease. Biomark Res 2017;5:31.
O’Neill DE, Graham MM. Anemia,
cardiovascular disease, and frailty

11.

12.

13.

14.

15.

16.

17.

in the older adult. Can J Cardiol
2022;38(6):715-7.

Gnanenthiran SR, Ng ACC,
Cumming RG, Brieger DB, le
Couteur DG, Waite LM, et al.
Hemoglobin, frailty, and long-term
cardiovascular events in commu-
nity-dwelling older men aged > 70
years. Can J Cardiol 2022;38(6):
745-53.

Cheng YL, Sung SH, Cheng HM,
Hsu PE, Guo CY, Yu WC, et al.
Prognostic nutritional index and
the risk of mortality in patients
with acute heart failure. ] Am Heart
Assoc 2017;6(6):e004876.

Chen XL, Xue L, Wang W, Chen HN,
Zhang WH, Liu K, et al. Prognostic
significance of the combination of
preoperative hemoglobin, albumin,
lymphocyte, and platelet in patients
with gastric carcinoma: a retro-
spective cohort study. Oncotarget
2015;6(38):41370-82.

Xu H, Zheng X, Ai J, Yang L.
Hemoglobin, albumin, lympho-
cyte, and platelet (HALP) score
and cancer prognosis: a systematic
review and meta-analysis of 13,110
patients. Int Immunopharmacol
2023;114:109496.

Peng D, Zhang CJ, Gong YQ, Hao
H, Guan B, Li XS, et al. Prognostic
significance of HALP (hemoglobin,
albumin, lymphocyte, and plate-
let) in patients with bladder cancer
after radical cystectomy. Sci Rep
2018;8(1):794.

Cong L, Hu L. The value of the
combination of hemoglobin, albu-
min, lymphocyte, and platelet in
predicting platinum-based chemora-
diotherapy response in male patients
with esophageal squamous cell
carcinoma. Int Immunopharmacol
2017;46:75-9.

Tian M, Li Y, Wang X, Tian X,
Pei LL, Wang X, et al. The hemo-
globin, albumin, lymphocyte, and
platelet (HALP) score is associ-
ated with poor outcome of acute
ischemic stroke. Front Neurol
2020;11:610318.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kocaoglu S, Alatli T. The efficiency
of the HALP score and the modified
HALP score in predicting mortality
in patients with acute heart failure
presenting to the emergency depart-
ment. J Coll Physicians Surg Pak
2022;32(6):706-11.

LiJ, Fan L, Hua Q, Cai J, Chen LY,
Chen WW, et al. Chinese guide-
lines for hypertension management
in the elderly 2019. J Chin J Multi
Org Dis Elderly 2019;18(2):81-106.
[in Chinese]

Lang RM, Badano LP, Mor-Avi V,
Afilalo J, Armstrong A, Ernande L,
et al. Recommendations for cardiac
chamber quantification by echo-
cardiography in adults: an update
from the American Society of
Echocardiography and the European
Association  of  Cardiovascular
Imaging. J Am Soc Echocardiogr
2015;28(1):1-39.e14.

Devereux RB, Alonso DR, Lutas
EM, Gottlieb GJ, Campo E, Sachs I,
et al. Echocardiographic assessment
of left ventricular hypertrophy:
comparison to necropsy findings.
Am J Cardiol 1986;57(6):450-8.
ShenasaM, Shenasa H. Hypertension,
left ventricular hypertrophy, and
sudden cardiac death. Int J Cardiol
2017;237:60-3.

Yildiz M, Oktay AA, Stewart MH,
Milani RV, Ventura HO, Lavie CJ.
Left ventricular hypertrophy and
hypertension. Prog Cardiovasc Dis
2020;63(1):10-21.

Madhur MS, Elijovich F, Alexander
MR, Pitzer A, Ishimwe J, Van
Beusecum JP, et al. Hypertension:
do inflammation and immunity hold
the key to solving this epidemic?
Circ Res 2021;128(7):908-33.

Su C, Wang Q, Zhang H, Jiao
W, Luo H, Li L, et al. Si-Miao-
Yong-An decoction protects against
cardiac hypertrophy and dysfunc-
tion by inhibiting platelet aggrega-
tion and activation. Front Pharmacol
2019;10:990.

Yabanoglu S, Akkiki M, Seguelas
MH, Mialet-Perez J, Parini A,



27.

28.

29.

Y. Liu et al., Correlation between the Hemoglobin, Albumin, Lymphocyte, and Platelet (HALP) Score | 1"

Pizzinat N. Platelet derived sero-
tonin drives the activation of rat
cardiac fibroblasts by 5-HT2A
receptors. J Mol Cell Cardiol
2009;46(4):518-25.

Yan YQ, Liu L, Sun S, Feng YQ,
Li J, Huang YQ. The relationship
between famine exposure during
early life and left ventricular hyper-
trophy in adulthood. Front Nutr
2022;9:898932.

Lechin F, van der Dijs B, Lechin AE.
Neural sympathetic activity in essen-
tial  hypertension. Hypertension
2004;44(2):e3-4.

Levick SP, Murray DB, Janicki
JS, Brower GL. Sympathetic
nervous system modulation of

30.

31.

32.

inflammation and remodeling in the
hypertensive heart. Hypertension
2010;55(2):270-6.

Kaysen GA. Association between
inflammation and malnutrition as
risk factors of cardiovascular dis-
ease. Blood Purif 2006;24(1):51-5.
Endoh M. SERCA in heterogene-
ity of diastolic dysfunction in post-
infarction heart failure with reduced
ejection fraction. Cardiovasc Res
2019;115(4):693-5.

Cai A, Liu L, Zhou D, Tang S, Zhou
Y, Feng Y. Influences of achieved
SBP on age and sex-related left ven-
tricular structural alteration in com-
munity hypertensive populations. J
Hypertens 2022;40(6):1170-8.

33.

34.

35.

Hoshida S, Watanabe T, Shinoda Y,
Ikeoka K, Minamisaka T, Fukuoka
H, et al. Sex-related differences in
left ventricular diastolic function
and arterial elastance during admis-
sion in patients with heart failure
with preserved ejection fraction:
the PURSUIT HFpEF study. Clin
Cardiol 2018;41(12):1529-36.
Cuspidi C, Gherbesi E, Sala C, Tadic
M. Sex, gender, and subclinical
hypertensiveorgan damage-heart. J
Hum Hypertens 2023;37(8):626-33.
Pfeilschifter J, Koditz R, Pfohl
M, Schatz H. Changes in pro-
inflammatory ~ cytokine  activ-
ity after menopause. Endocr Rev
2002;23(1):90-119.



