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ABSTRACT

INTRODUCTION: Acute ischemic stroke (AIS) is the leading cause of death and long-term disability world-
wide. The aim of this study is to examine the relationship between HALP (hemoglobin, albumin, platelet,
lymphocyte) score and mortality in patients diagnosed with AlS who visited the emergency department (ED).

MATERIAL AND METHODS: Data of AIS patients aged 18 years and older who visited ED during the study
period were analyzed retrospectively. Data were obtained from an electronic-based hospital information
system. The area under the receiver operating characteristic (ROC) curve and the area under the curve (AUC)
were used to evaluate each discriminant cut-off value to estimate mortality.

RESULTS: A total of 138 patients were included in this study, the median age of the patients was 66, and
74 (54%) were male. While the average hospital stay of the patients was 5 days, 30 patients were admit-
ted to the intensive care units. As a result of the ROC analysis of the HALP score to predict the presence of
in-hospital mortality, the area under the curve was calculated as 0.701 (95% Cl: 0.553-0.849), the Youden
index was 0.334, and the p-value was 0.001. When the cut-off value of the HALP score in determining the
presence of in-hospital mortality is > 29.44, the sensitivity is 58.4%, the specificity is 75.0%, the positive
predictive value is 96.05%, and the negative predictive value is 14.75%.

CONCLUSIONS: In our study, we concluded that the HALP score can be a good predictor of mortality in stroke
patients. We recommend the use of the score because it is cheap, practical, and useful.
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INTRODUCTION
The World Health Organization (WHO) defines stroke
as “a clinical syndrome lasting 24 hours or longer,
resulting in focal or global cerebral dysfunction as
a result of impaired cerebral blood flow, for no other
than vascular cause” [1]. Stroke is the third lead-
ing cause of death worldwide, after cardiovascular
diseases and cancer, and is the first cause of dis-
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ability [2]. According to the data from the United
States of America, a person has a stroke almost every
1 minute in the United States. Each year, more than
700 000 people experience a new or recurrent stroke,
with approximately 22% of these cases resulting in
death [3].

Creating new scores showing stroke prognosis
can be used for early diagnosis of high-risk patients
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and may be beneficial in secondary prevention.
There are multiple scoring systems developed for
stroke. Although scoring systems are not used in
the diagnosis, they provide many advantages such
as specifying the severity of the neurological deficit,
creating a common language among doctors, deter-
mining the location of vascular occlusion and early
prognosis [4].

Recent studies have shown that hemoglobin,
albumin, platelet, and lymphocyte (HALP) score can
be used to determine inflammation and nutritional
status [5]. It is thought to have an important effect
on prognosis, especially in cancer patients [6, 7].
Few studies have examined the prognostic effect of
the HALP score on acute ischemic stroke [8].

The aim of this study is to examine the relation-
ship between HALP score and mortality in patients
with acute ischemic stroke visited the emergency
department (ED).

MATERIAL AND METHODS

This single-center, retrospective, and observational
study was carried out in the ED of a tertiary care
teaching hospital between June 1, 2021 and June 1,
2022. The institutional review board approved the
analysis and the requirement for written informed
consent was waived (Ethics Committee Ruling num-
ber: 2011-KAEK-50-191).

All patients over the age of 18 who visited ED
within the period determined for the study and were
diagnosed with acute ischemic stroke were included
in the study. Patients with a diagnosis other than
acute ischemic stroke, patients transferred from an-
other hospital, patients who died in ED, and patients
with missing laboratory data were excluded from
the study. The vital parameters, laboratory values,
and outcomes of the patients included in the study
were recorded in a pre-created dataset. The HALP
score was calculated according to the formula: he-
moglobin (g/L) x albumin (g/L) x lymphocytes (/L)/
/platelets (/L). The primary study outcome was all-
cause in-hospital mortality.

Statistical analysis

The descriptive statistics were presented in median
values and interquartile ranges (IQR; 25% to 75%)
for the quantitative variables; and frequencies and
percentages for the categorical variables. Normality
tests were carried out by using one-sample Kolmog-
orov—Smirnov and Shapiro-Wilk tests and through

histogram graphs. The patients were divided into
two groups survivors and non-survivors, and all var-
iables were compared according to the groups. The
frequencies of categorical variables were compared
using Pearson’s chi-square test. The median values
of the quantitative variables were compared us-
ing the Mann-Whitney U test. The correlations of
HALP score and mortality variables were evaluated
using point-biserial correlation and phi coefficient.
Receiver operating characteristic (ROC) analysis was
performed to evaluate the predictive power of the
HALP score in terms of mortality. In light of the
ROC analysis, the optimum cut-off points of the
HALP score were calculated for mortality according
to Youden's index. A 2-sided p-value of 0.05 was
regarded as statistically significant (except for the
phi coefficient in correlation analysis -correlation is
significant at the 0.01 level-). All data analyses were
performed using SPSS statistical software (IBM SPSS
Statistics for Windows, Version 26.0. Armonk, NY:
IBM Corp.).

RESULTS
A total of 137 patients were included in our study
after evaluating the inclusion and exclusion cri-
teria. The median (IQR) age of the patients was
66.0 (58.0-79.0) years and 63 (46.0) were female.
Thirty (21.9%) of the patients required ICU admis-
sion and 12 (8.8%) died.

The study population was divided into two
groups based on mortality. The characteristics of
the patients such as age, gender, vital signs, labo-
ratory results, HALP score, length of hospital stay,
and ICU admission were compared according to
the groups (Tab.1). There was no difference be-
tween the groups in age and gender variables
(p > 0.05 for both). Among the vital findings, there
was a significant difference only in SBP, the median
SBP value was 142 (130-156) mmHg in the survivor
group and 127 (116-142) mmHg in the non-sur-
vivor group (p = 0.047). There was no significant
difference between the groups in terms of other
vital signs (p > 0.05 for all three). In the labora-
tory results, the median value of white blood cell
(WBC) was 9.21 (7.38-10.77) 10%uL in the survi-
vor group, it was found to be significantly higher
with 11.85 (10.49-16.06) 10°/uL in the non-survivor
group (p = 0.001). Troponin-I median was also
higher in the non-survivor group with 0.006 (0.003—
—-0.013) pg/L versus 0.015 (0.006-0.089) ng/L,
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Table 1. Baseline characteristics of patients according to survivors and non-survivors

Variables, median (IQR) or n (%) Total, n = 137 Survivors, n = 125 (91.2) | Non-survivors, n = 12 (8.8) p
Age [years] 66.0 (58.0-79.0) 66.0 (58.0-79.0) 66.5 (60.8-82.5) 0.594*
Gender 0.132**
Female 63 (46.0) 55 (44.0) 8(66.7)

Male 74 (54.0) 70 (56.0) 4 (33.3)

Vital Signs

Systolic BP [mmHg] 141 (130-156) 142 (130-156) 127 (116-142) 0.047*
Diastolic BP [mmHg] 84 (74-93) 84 (74-92) 77 (70-95) 0.368*
Pulse [bpm] 80 (72-90) 80 (72-89) 83 (77-102) 0.170*
Body temperature [°C] 36.5 (36.4-36.7) 36.5 (36.4-36.6) 36.5 (36.3-36.7) 0.972*
Laboratory

WBC [10%/ul] 9.49 (7.65-10.98) 9.21(7.38-10.77) 11.85(10.49-16.06) 0.001*
Hemoglobin [g/L] 129 (119-143) 129 (119-143) 127 (112-143) 0.488*
Lymphocyte [10%/uL] 1.44 (1.09-1.82) 1.45(1.12-1.86) 1.23(0.90-1.45) 0.103*
HCT (%] 40.0 (37.4-43.9) 40.0 (37.7-43.9) 39.9 (36.6-44.3) 0.796*
Platelet [10%/uL] 236 (204-286) 235 (204-279) 275 (202-396) 0.208*
Glucose [mg/dL] 128 (102-177) 125 (101-176) 142 (113-189) 0.520*
BUN [mg/dL] 17 (14-23) 16 (14-23) 21 (16-37) 0.077*
Creatinine, mg/dL 0.94 (0.80-1.21) 0.94 (0.80-1.19) 0.93 (0.77-1.60) 0.852*
ALT [u/L] 15 (11-21) 15 (11-21) 18 (11-21) 0.846*
AST [u/L] 18 (14-24) 18 (14-24) 21 (17-33) 0.085*
Albumin [g/L] 40.4 (38.4-42.5) 40.6 (38.5-42.5) 39.4 (36.6-41.0) 0.186*
CRP [mg/L] 4.0 (1.0-14.0) 3.0(1.0-10.0) 7.5 (2.0-38.0) 0.070*
Sodium [mmol/L] 139 (138-141) 139 (138-141) 140 (138-141) 0.598*
Potassium [mmol/L] 43(4.1-4.7) 43(4.1-4.7) 4.0(3.9-4.3) 0.064*
Troponin | [ug/L] 0.006 (0.003-0.016) | 0.006 (0.003-0.013) 0.015 (0.006-0.089) 0.019*
PT (INR) 1.06 (0.98-1.13) 1.06 (0.98-1.12) 1.09 (1.02-1.14) 0.311*
APTT [seconds] 27.5(25.8-29.3) 27.6 (26.0-29.4) 25.3(24.5-27.0) 0.025*
HALP score 30.7 (22.4-40.7) 31.7 (23.7-42.3) 23.0(11.6-30.3) 0.022*
LOS [days] 5(3-7) 5(3-7) 11 (6-15) 0.012*
ICU admission 30(21.9) 20(16.0) 10 (83.3) < 0.001**

BP — blood pressure; WBC — white blood cell; HCT — hematocrit; BUN — blood urea nitrogen; AST — aspartate aminotransferase; ALT — alanine aminotransferase; CRP — C-reactive
protein; PT — prothrombin time; INR — international normalized ratio; APTT — activated partial thromboplastin time; HALP — hemoglobin-albumin-lymphocyte-platelet; LOS — length of
hospital stay; ICU — intensive care unit; *Mann-Whitney U test; **Pearson’s chi-squared test

(p = 0.019). The third and final significant differ-
ence in laboratory results was in activated partial
thromboplastin time (APTT), which was higher in the
survivor group with 27.6 (26.0-29.4) seconds versus
25.3 (24.5-27.0) seconds, (p = 0.025). There was
no significant difference between the groups in lab-
oratory results except for WBC, troponin-I, and APTT
(p > 0.05 for all). HALP scores of the patients were
calculated according to hemoglobin, albumin, lym-
phocyte, and thrombocyte values. It was significantly
higher in the survivor group with 31.7 (23.7-42.3)

versus 23.0 (11.6-30.3), (p = 0.022). There was
also a significant difference between the groups in
terms of length of hospital stay (LOS) and the medi-
an value of the non-survivor group was longer with
11 (6-15) days versus 5 (3—7) days (p = 0.012). Last,
83.3% of the patients in the non-survivor group
required ICU admission, this rate was 16.0% in the
survivor group (p < 0.001).

ROC analysis was performed to determine
the power of the HALP score to predict mortality
(Fig. 1). The predictive power of the HALP score

www.journals.viamedica.pl 205



DISASTER AND EMERGENCY MEDICINE JOURNAL 2022, Vol. 7, No. 4

ROC Curve

1.0

0.8
2 067
=
£
§

04

0.27

AUC: 0.701
o p=0.021
0.0 T T T T
0.0 0.2 0.4 06 08 1.0
1 - Specificity

FIGURE 1. Receiver Operating Characteristic (ROC) analysis

of hemoglobin-albumin-lymphocyte-platelet score in terms of
mortality; Area Under the Curve (AUC): 0.701 = 0.075 (95% CI:
0.553-0.849), (p= 0.021).

was fair with an area under the curve (AUQ) of
0.701 = 0.075 (95% Cl: 0.553-0.849), (p= 0.021).
According to the result of the ROC analysis, the
optimum cut-off points of the HALP score were de-
termined using Youden's index (Tab. 2). The cut-off
point with the highest Youden's index was found
to be 25.25. In this cut-off value, sensitivity was
67.2%, specificity 66.67%, positive predictive value
(PPV) 95.45% and negative predictive value (NPV)
16.33%.

DISCUSSION
In this study, the relationship between HALP score
and mortality in patients visited the emergency de-
partment and were diagnosed with acute ischemic
stroke was investigated. It was concluded that the
HALP score can be a good predictive tool for mor-
tality estimation.

HALP score has been defined as a prognostic
factor in patients with gastrointestinal, genitouri-
nary, and various malignant cancer types [9, 10].
There are 4 parameters in the score: hemoglobin,
albumin, lymphocyte, and thrombocyte. There are
many studies examining the relationship between
each of these parameters and acute ischemic stroke.

Besides being a risk factor for ischemic stroke,
anemia is also associated with high mortality [11, 12].
There is a relationship between low hemoglobin
levels and oxygen transport, inflammatory response,
changes in blood viscosity, and impaired cerebral
autoregulation [13, 14]. The prevalence of anemia in
acute stroke patients ranges from 17% to 29% [15].
In a cohort where patients with acute stroke were
followed for 1 year, anemia was found to be com-
mon in both men and women and was associated
with poor prognosis, according to WHO anemia cri-
teria. This relationship; did not differ between men
and women or by type of ischemic stroke. The rela-
tionship between hemoglobin and mortality is not
linear, and the risk of death was found to be high
at low and high hemoglobin levels. In the study,
approximately 20% of the patients had anemia and
it was stated that it was valuable in the 1-year mor-
tality estimation [16].

Albumin is a non-glycosylated plasma protein syn-
thesized in the liver. It plays an important role in the
transport of molecules in the blood and in the pre-
vention of fluid leakage from the vascular tissue [17].
In studies on animal models, albumin exerts neu-
roprotective effects with antioxidants, thrombosis,
and leukocyte adhesion antagonism. Serum albu-
min is a multifunctional protein that contains many
physiological features that will have a positive effect
on brain damage [18]. Hemodilution has been in-
vestigated over the years as a treatment modality in
ischemic stroke. In a study conducted in experimen-
tal animals, it was shown that in transient cerebral
ischemia caused by middle cerebral artery occlusion,
a decrease in hematocrit, infarct volume, cerebral
edema and brain damage was observed with albu-

Table 2. Optimum cut-off points* of hemoglobin-albumin-lymphocyte-platelet score in terms of mortality

Cut-off point Sens [%] Spec [%] PPV [%] NPV [%] AUC Youden'’s Index
25.25 67.2 66.67 95.45 16.33 0.701 0.339
29.44 58.4 75.00 96.05 14.75 0.701 0.334
25.56 66.4 66.67 95.40 16.00 0.701 0.331

HALP — hemoglobin-albumin-lymphocyte-platelet; Sens — sensitivity; Spec — specificity; PPV — positive predictive value; NPV — negative predictive value AUC — area under the

curve; *Cut-off points with the three highest Youden's index value were shown
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min therapy applied initially [19]. Protein malnutri-
tion is a risk factor for poor prognosis after acute
stroke. In the study of Davalos et al. [20], serum
albumin levels in patients who died after stroke were
found to be lower than those who survived.

Low lymphocyte count is associated with phys-
iological stress [21]. Although the number of lym-
phocytes is low after an ischemic event in animal
experiments, it has been found that the number of
lymphocytes accumulates in the lesion within 7 to
15 days after the stroke and increases up to 30 days
[22]. It was observed that the size of the lesion was
larger in middle cerebral artery occlusion formed
in mice with interleukin-10 deficiency, and stroke
damage was reduced when IL-10 was administered
to animals with deficiency [23].

Platelets play a role in cardiocerebrovascular dis-
eases by being activated in some conditions such
as atherosclerosis, inflammation, and hematolog-
ical changes and participating in the formation of
thrombus and embolism [24]. In a prospective study
conducted with the participation of 16,823 patients
with normal platelet counts among 21,592 stroke
and transient ischemic attack patients in China,
a J-shaped relationship was found between platelet
count and stroke recurrence and all-cause mortality,
and a U-shaped relationship between platelet count
and poor functional outcomes [25].

There are few studies examining the relationship
between HALP score and stroke. Tian et al. concluded
that the HALP score was successful in estimating 90-
day and 1-year mortality in 1337 stroke patients [8].
In our study, we found that the HALP score is a good
predictor of in-hospital mortality. In light of this
information, our study was found to be compatible
with the studies in the literature.

There were some limitations to this study. First,
this was a single-center retrospective study. In addi-
tion, in our study, only the values of hemoglobin, al-
bumin, lymphocyte, and thrombocyte values, which
are components of the HALP score, at the time of
application to ED were used, and dynamic changes
were not examined. Multicenter prospective studies
are needed to adapt the results of our study to the
general population.

CONCLUSIONS
Acute ischemic stroke is an important cause of mor-
tality and morbidity worldwide. It is important to

identify early patients who may have a poor out-
come in these patients. In our study, we concluded
that the HALP score can be a good predictor of mor-
tality in stroke patients. We recommend the use of
the score because it is cheap, practical, and useful.
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