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Background: Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory condition of the airways, recog-
nized as a leading cause of morbidity and mortality worldwide. Acute exacerbations of COPD (AECOPD) signif-
icantly worsen clinical outcomes and often result in hospitalization, which is linked to increased mortality and
a substantial socioeconomic burden. This study aimed to evaluate the role of the hemoglobin-albumin-lym-
phocyte-platelet (HALP) index in predicting the risk of in-hospital mortality in adult patients hospitalized for
AECOPD.

Material/Methods: A total of 793 patients (mean+SD age: 71.5£10.2 years, range 23.8-98.4 years, 69.1% males) hospitalized with
AECOPD were included in this retrospective cohort study. Data on patient demographics, comorbidities, lab-
oratory findings on the day of hospital admission, intensive care unit (ICU) stay (on initial admission or over
the course of hospitalization), and in-hospital mortality rates were recorded. The factors predicting in-hospi-
tal mortality risk were analyzed via multivariate logistic regression analysis. Receiver operating characteristic
(ROC) curve analysis was performed to determine the performance of HALP score in identifying patients at risk
of in-hospital mortality.

Results: Multivariate logistic regression analysis revealed a significant association of lower HALP scores (OR 0.758, 95%
Cl: 0.586 to 0.980, P=0.034) with increased risk of in-hospital mortality. ROC curve analysis revealed the HALP
score to identify patients at risk of in-hospital mortality at a cut-off value of <16.84 (area under curve [AUC]:
0.678, 95% Cl: 0.615-0.742, P<0.001) with a sensitivity of 69.1%, specificity of 60.4%, and a NPV of 96.3%.

Conclusions: Our findings indicate that the HALP score (at a cut-off value of <16.84) can identify AECOPD patients at high
risk of in-hospital mortality, emphasizing its potential use as a simple immune-nutritional prognostic biomark-
er in assisting accurate prognostic assessment and timely adjustment of treatment options in at-risk patients.
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Introduction

Chronic obstructive pulmonary disease (COPD), a slowly pro-
gressing chronic airway inflammatory disease, is associat-
ed with an age-dependent rise in incidence and is the third
most common cause of morbidity and mortality, and has the
highest case fatality rates among chronic respiratory diseas-
es worldwide [1-3].

Acute exacerbations of COPD (AECOPD) refer to acute wors-
ening of respiratory symptoms (ie, dyspnea, cough, or spu-
tum) beyond day-to-day variability that necessitates addi-
tional therapy [1,3,4].

AECOPD are the key drivers of adverse clinical outcomes (ie,
worsening of clinical symptoms, decline in lung function, and
worsening comorbidities) and consequent hospitalization in
patients with COPD, while hospitalization for AECOPD is in-
dependently associated with an increased mortality risk and
a significant socioeconomic burden [1,4-7]. Hence, the global
prevalence and impact of COPD on healthcare systems and pa-
tient quality of life underlines the critical need for better pre-
dictive tools to manage AECOPD effectively [1,2,6,7].

Given the critical role of accurate individual mortality risk as-
sessment during exacerbation, identifying clinically meaningful
biomarkers for this purpose has become the subject of inter-
est in the setting of AECOPD [7-11]. However, finding an effec-
tive biomarker has been challenging due to the heterogene-
ity of exacerbations [7,12,13]. Some severity scoring systems
have been developed to assist with predicting the adverse out-
comes for AECOPD, but a global marker that objectively iden-
tifies at-risk patients is still lacking [5,7,12-14].

In addition to the increased airway and systemic inflammato-
ry responses, COPD progression is also associated with wide-
spread nutritional problems due to factors such as advanced
airflow limitation, tissue hypoxia, systemic inflammatory re-
sponse, and oxidative stress [10,15,16].

Although inflammatory markers based on blood cell levels,
such as the neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR), have been used to predict the
prognosis of patients with COPD, these markers cannot reflect
the nutritional status of patients [10,11,16-18].

The hemoglobin-albumin-lymphocyte-platelet (HALP) score is a
novel index derived from the combination of parameters related
to nutritional status (hemoglobin and albumin levels), and those
related to inflammatory response (lymphocyte and platelet counts)
[19-22]; therefore, it has the unique advantage of reflecting both
inflammatory and nutritional status of patients based on labo-
ratory parameters routinely used in everyday practice [19-22].
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The HALP score has been demonstrated to predict several clin-
ical outcomes and mortality in a variety of diseases, such as
cancers, cardiac disease, and acute ischemic stroke [19-24].
However, the relationship between the HALP score and hospi-
talization outcomes in AECOPD patients remains poorly inves-
tigated, particularly in terms of the predictive ability of HALP
score in identifying patients at high risk of in-hospital mor-
tality [10]. Therefore, this study aimed to explore the ability
of on-admission HALP scores, in addition to other clinical and
laboratory parameters, in predicting in-hospital mortality risk
in 793 adult patients hospitalized for AECOPD.

Material and Methods

Ethics Considerations

This study was conducted in accordance with the ethical prin-
ciples stated in the “Declaration of Helsinki” and was ap-
proved by our Institutional Ethics Committee (Date of Approval:
13.06.2024 Protocol no: 2024-5). The requirement for informed
consent was waived by the committee due to the retrospective
nature of the study and minimal risk to subjects.

Study Population

A total of 793 patients hospitalized with AECOPD were includ-
ed in this retrospective cohort study conducted at a tertiary-
care chest disease clinic between January 2022 and December
2023. Hospitalization due to AECOPD and presence of at least
1 pulmonary function test result indicative of COPD in hospital
records were the inclusion criteria. Patients with incomplete
hospital records, lack of data on 0-h complete blood count anal-
ysis and albumin levels, and chronic diseases likely to affect the
HALP score (ie, hematologic malignancy or other malignancies
and dialysis-requiring chronic kidney disease) were excluded.

Assessments

Data on patient demographics (age, sex), comorbidities, and
laboratory findings on the day of hospital admission, as well as
the intensive care unit (ICU) stay (on initial admission or over
the course of hospitalization) and in-hospital mortality rates
were retrieved from hospital records. The HALP score was cal-
culated using the formula: HALP score = [hemoglobin (g/dL) x
albumin (g/L) x lymphocytes (10°/uL)/platelets (103/uL)] [19].
The factors predicting in-hospital mortality risk were analyzed
via univariate and multivariate logistic regression analyses.
HALP scores were analyzed with respect to survival outcome
and ICU stay. Receiver operating characteristic (ROC) curve
analysis was performed to assess the performance of HALP
score in identifying patients at risk of in-hospital mortality.
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Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics for
Windows, version 27.0 (IBM Corp., Armonk, NY). The Shapiro-
Wilks test and Kolmogorov-Smirnov method were used to in-
vestigate normally distributed data. The chi-square (y?) test was
used for comparison of categorical data. The Mann-Whitney U
test was used for non-normally distributed data and the inde-
pendent sample t test was used to assess normally distributed
data. ROC curves were plotted to determine the performance
of HALP score in identification of in-hospital mortality risk, with
calculation of area under the curve (AUC) values and optimal
cut-off value via ROC analysis according to the maximal Youden
index. The factors predicting in-hospital mortality were analyzed
via univariate and multivariate logistic regression analyses. Data
are expressed as meanzstandard deviation (SD), median (mini-
mum-maximum), 95% confidence interval (Cl), and percent (%),
as appropriate. P<0.05 was considered statistically significant.

Results

Patient Demographics, Comorbidities, ICU Stay, and In-
Hospital Mortality

The mean+SD age of the patients was 71.5+10.2 (range,
23.8-98.4) and 69.1% of 753 patients were male. Respiratory
failure (60.9%) and pneumonia (59.5%) were the leading co-
morbidities (Table 1). Overall, 189 (23.8%) patients required
ICU stay, while in-hospital mortality occurred in 55 (5.9%) pa-
tients (Table 1).

Laboratory findings on the day of hospital admission are sum-
marized in Table 2. The median (min-max) HALP score on hos-
pital admission was 19.7 (range, 1.8-183.3).

Patient Demographics, Comorbidities, and Laboratory
Findings on the Day of Hospital Admission According to In-
Hospital Mortality

Compared with those who survived hospitalization, those
with in-hospital mortality were significantly older (76.949.8 vs
71.1+10.1 years, P<0.001) and were at more likely to have co-
morbid respiratory failure (87.3% vs 58.9%, P<0.001), chronic
heart failure+atrial fibrillation (50.9% vs 31.6%, P=0.003), ath-
erosclerotic cardiovascular disease (49.1% vs 27.5, P=0.001),
and diabetes mellitus (40.0% vs 26.8%, P=0.035) (Table 3).

Compared to those who survived hospitalization, patients with
in-hospital mortality had significantly higher WBC (P=0.005)
and neutrophil (P<0.001) counts, and significantly higher val-
ues for NLR (P<0.001), PLR (P=0.006), CRP (P<0.001), and urea
(P<0.001) (Table 4).
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Hemoglobin (P<0.001) and hematocrit (P=0.001) levels, lym-
phocyte count (P=0.001), and serum albumin levels (P<0.001)
were significantly lower in patients with in-hospital mortali-
ty compared to those who survived hospitalization (Table 4).

Association Between HALP Score, ICU Stay, and In-Hospital
Mortality

ICU stay was significantly more common in patients with in-
hospital mortality than in those who survived hospitalization
(94.5% vs 18.6%, P<0.001) (Table 3).

HALP scores were significantly lower in patients with in-hos-
pital mortality compared to those who survived hospitaliza-
tion (15.049.3 vs 25.8+20.5, P<0.001) (Table 4).

HALP scores were also significantly lower in patients with ICU
stay than in those without ICU stay (19.7+20.4 vs 26.7+19.8,
P<0.001) during hospitalization.

Univariate and Multivariate Logistic Regression Analyses
for In-Hospital Mortality Risk Factors

In the univariate analysis, older age (OR 1.062, P<0.001), co-
morbid presence of chronic heart failure + atrial fibrillation (OR
2.248, P=0.004), respiratory failure (OR 4.776, P<0.001), diabe-
tes mellitus (OR 1.818, P=0.038) or atherosclerotic cardiovascu-
lar disease (OR 2.541, P=0.001), and higher values for WBC (OR
1.082, P=0.004), neutrophil (OR 1.144, P<0.001), NLR (OR 1.042,
P=0.001), CRP (OR 1.011, P<0.001), and urea (OR 1.016, P<0.001),
and lower values for RBC (OR 0.508, P=0.001), hemoglobin (OR
0.924, P=0.001), hematocrit (OR 0.737, P<0.001), lymphocyte (OR
0.489, P=0.001), albumin (OR 0.878, P<0.001) and HALP score
(OR 0.576, P<0.001) on hospital admission were found to be as-
sociated with increased risk of in-hospital mortality (Table 5).

Among the variables found to be significantly associated with
in-hospital mortality risk in the univariate analysis, multivariate
logistic regression analysis confirmed the significant associa-
tion of older age (OR 1.040, 95% Cl: 1.007 to 1.073, P=0.016),
comorbid respiratory failure (OR 4.716, 95% Cl: 2.033 to 10.941,
P<0.001), atherosclerotic cardiovascular disease (OR 2.545,
95% Cl: 1.388 to 4.668, P=0.003), higher neutrophil counts
(OR 1.126, 95% Cl: 1.049 to 1.208, P=0.001), lower albumin
levels (OR 0.894, 95% Cl: 0.840 to 0.953, P=0.001), and lower
HALP scores (OR 0.758, 95% Cl: 0.586 to 0.980, P=0.034) with
increased risk of in-hospital mortality (Table 5).

ROC Analysis for the Performance of HALP Score in
Identifying Patients at Risk of In-Hospital Mortality

ROC analysis revealed that HALP score identified patients at
risk of in-hospital mortality at a cut-off value of <16.84 (AUC:
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Table 1. Patient demographics, comorbidities, ICU stay and
in-hospital mortality.

Patient demographics

MeantSD 71.5+£10.2

Respiratory failure 483 (60.9)
CPneumonia 472 (595)
CHypertension 349 (440)

EE:)“r:tci::artfallure+atr|al 261 (32.9)

git:ee;::clerotic cardiovascular 230 (29.0)
 Bronchiectasis-tuberculosis sequela 228 (288)
Diabetes mellitus 220 @77)
Chronic kidney disease 58 (73)
Cwstayn
s 189 238
N ea@ed)
inhospital mortality, n %)
s s59)
N 7y

ICU — Intensive Care Unit.
0.678, 95% Cl: 0.615-0.742, P<0.001) with a sensitivity of

69.1%, specificity of 60.4%, and a negative predictive value
(NPV) of 96.3% (Figure 1).

Discussion

Our retrospective cohort study of hospitalized patients with
AECOPD revealed that 23.8% were admitted to the ICU and
the in-hospital mortality rate was 5.9%. Lower HALP scores
on hospital admission appeared to be associated with longer
ICU stays and in-hospital mortality, while ICU stay alone was
associated with increased risk of in-hospital mortality. Lower
HALP scores were also found to be a significant determinant
of in-hospital mortality risk in the multivariate analysis, while
the ROC analysis revealed that HALP score at a cut-off value of
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Table 2. Laboratory findings on the day of hospital admission.

Complete blood count, median (min-max)

Lymphocyte count (10%/uL) 1.3 (0.2-10.0)
Eosinophil count (10%ul) 00 (0013)
 Neutrophil count (10%u) 70 (1127.1)
NR 57 (06714
PR 2060 (17.8-1531.8)

CRP (mg/L) 216 (0.1-337.0)
Urea(mgd) 00 450 (80-2120)
Creatinine (mgrd) 09 (0365
CasTUA) 180 (6.0-139.0)
CATOL 190 (101630)
CAbumin@) 360 (150-490)
= 74 (11-76)
Cpco, 522 (2791220

HALP score 19.7 (1.8-183.3)

WBC — white blood cell; RBC — red blood cell; NLR — neutrophil-
to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio;

CRP — C-reactive protein; AST — aspartate aminotransferase;
ALT - alanine aminotransferase; pCO, — partial pressure of
carbon dioxide; cHCO3-(P,st) — standard bicarbonate.

<16.84 (AUC: 0.678) could identify patients at risk of in-hospi-
tal mortality, with a sensitivity of 69.1%, specificity of 60.4%,
and NPV of 96.3%.

In a systematic review of 321 studies across different countries
in 65945 patients with AECOPD, the pooled in-hospital mortality
rate was 6.2% (highest for Turkey, at 11.8%), while the pooled
30-, 90- and 365-day post-discharge mortality rates were 1.8%
(1.5% for Turkey), 5.5% (11.3% for Turkey), and 10.9% (21.0%
for Turkey), respectively, with considerable variability across
studies and countries [25]. The in-hospital mortality rates in
our cohort (5.9%) compared to Turkey-specific data (11.8%,
n=1421) in the above-mentioned meta-analysis also empha-
sizes the potential variability in short-term prognosis of hospi-
talized AECOPD patients among various centers across Turkey.
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Table 3. Patient demographics, comorbidities, and ICU stay according to in-hospital mortality.

In-hospital mortality

Patient demographics

Age (year), mean+SD (median) 71.1+10.1 (71.0) 76.949.8 (76.7) <0.001*
Csexn(6)
Cfemale  a»a@a 2n @)
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.225*

Male 514 (69.6) 34 (61.8)

CComorbidities, n (%)
Respiratory failuwre 35 (89) 8 €73  <0001f
Cpnewmonia a0 (96) 2 682 08348
Mypertension 35 (a40) 2 @36 0954
 Chronic heart failuresatrial fibrillation 233 (316) 28 (509 0003
 Atherosclerotic cardiovascular disease 203 @7.5) 27 @) 0001*
Bronchiectasis tuberculosis sequela 209 (83) 19 345 035t
Diabetes mellitus 198 (268) 2 @0 003s*
Chronic kidney disease  s3.@a 5 00) 0600F
CiUstayn ()
Yes 137 (18) 52 045
—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— <0.001*
No 601 (81.4) 3 (5.5)

ICU — Intensive Care Unit. * Mann-Whitney U test; # Chi-square test.

The association between ICU admission and mortality in our
cohort supports the higher in-hospital mortality rates in ICU-
admitted patients with AECOPD hospitalization [8,25-27]. In
meta-analysis of 37 studies in 189 772 AECOPD patients, mor-
tality risk was reported to be 3.6% for short-term mortality,
31.0% for long-term (up to 2 years after discharge) mortality,
and 29.0% for ICU-admitted patients [26].

Systemic inflammatory response (ie, lymphocyte and plate-
let counts) and nutritional status (ie, hemoglobin and albu-
min levels) are considered critical for the prognosis and sur-
vival of patients with AECOPD [10,28-30]. Our patients with
in-hospital mortality compared to those who survived hospi-
talization had significantly higher WBC and neutrophil counts,
higher NLR, PLR, and CRP levels, and lower lymphocyte counts
and albumin levels on admission, while among these blood pa-
rameters only neutrophil counts and albumin levels remained
significantly associated with mortality in multivariate analysis.

Similarly, the association of lower albumin levels with increased
risk of in-hospital mortality in AECOPD patients has been con-
sistently reported [10,14,31,32]. In a previous study with 319

AECOPD patients, in-hospital mortality was 7.2%, while higher
neutrophil counts and BUN/albumin ratio >0.249 were inde-
pendent risk factors for in-hospital mortality [14]. Nonetheless,
some studies reported that NLR, PLR, and CRP levels were as-
sociated with increased in-hospital mortality risk, while NLR
(cut-off value »6.90 or »6.24) is reported to be a valuable and
accurate marker, with a high predicative ability in the progno-
sis of in-hospital mortality in AECOPD patients [11,17].

Notably, the complementary utilization of inflammation-associ-
ated biomarkers (ie, simultaneously elevated CRP, neutrophils,
fibrinogen, and total WBC count) is considered a better ap-
proach for predicting the diagnosis and prognosis of AECOPD
than the search for a single blood biomarker [7,33-37].

Identification of HALP score, a composite index of an inflam-
mation (lymphocyte and platelet counts) and nutrition (he-
moglobin and albumin levels) status, as an independent de-
terminant of increased in-hospital mortality risk in our cohort
seems notable in this regard, emphasizing that HALP score is
a valuable prognostic biomarker that can be easily and inex-
pensively applied in respiratory clinical practice to assess the
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Table 4. Laboratory findings on the day of hospital admission according to in-hospital mortality.

In-hospital mortality

Complete blood count, mean#SD (median)

WBC (10%/pL) 10.0+4.0 (9.2) 11.8+4.8 (10.6) 0.005*
| RBC (milion/mm?) 42607 (42 39108 (40) 0.002*
" Hemoglobin (g/dL), meantsD 117420 (118 10622 (10 0001
Hematocrit®%) 37.1460 (7.) 342472 (339 0.001*
Platelet 10%u)  2715:1015 (261.0)  2611#903 (257.0) 0457
lymphocyte count (100/4) 148:102 (130) 105:056 (085 0.001*
Eosinophil count (10%u) 010:015 (003 010:017 (002 0207
Neutrophil count (10%w) 76834 (70) 08147 (1) 0001*
CNR 80179 (55 121589 (1) 000"
PR 26452010 (201.1)  3047¢1726 (2414) 0.006*
 Blood biochemistry, meansD (median)
CRP(mgn) 3681472 (203) 8L1x645 (6200 0001*
Urea(mgid) 0 503254 (450) 66.1£37.6 (560) 000"
Creatinine (mg/d) 0961046 (086) 106056 (092 0241
CasTOM 217¢134 (180) 2844230 (220) 0076
Catom 239¢190 (19.0) 3012272 (220) 0117
Abumin@y 358847 (360) 326455 (330) ©0001*
eH 7408006 (7.40) 738£0.09 (7.40) 0.845*
Cpco, 526127 (519) 563211 (550) 0647
© HCO3-(Pst), meantsd 288:46 (293) 286862 (287) 0878%
HAWPscore 258:205 (203) 150803 (123) ©0001*

WBC — white blood cell; RBC — red blood cell; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-lymphocyte ratio;
CRP - C-reactive protein; AST — aspartate aminotransferase; ALT - alanine aminotransferase; pCO, — partial pressure of carbon dioxide;
cHCO3-(P,st) — standard bicarbonate. * Mann-Whitney U test; # Independent sample t test.

risk of in-hospital mortality in patients with AECOPD [7,10,38].
Similarly, in a previous study with 1533 AECOPD patients, the
ICU mortality rate was 8.0%, while a low HALP score (hazard
ratio [HR] 1.69) was associated with an increased ICU mortality
risk, suggesting that the HALP score may be a novel prognostic
predictor in patients with AECOPD [10]. Also, in bronchiecta-
sis patients, the exacerbation period (compared to the stable
period) was reported to be associated with significantly lower
HALP scores, while HALP score was also correlated negatively
with the infectious (leukocytes, neutrophils, and CRP) param-
eters and positively correlated with the pulmonary function-
al parameters [38]. In this regard, on-admission HALP scores
seem to be a simple and convenient tool in predicting in-hos-
pital mortality risk among patients with AECOPD, as a readily
accessible measure of systemic inflammation and nutritional

status, which requires only a complete blood count and albu-
min value [10,19].

Identification of older age as an independent determinant of
in-hospital mortality risk in our patients supports the previ-
ous reports showing that older age is a significant predictor
of mortality from AECOPD [8,25,26,39-42]. Indeed, older age
is considered a common prognostic factor for short-term and
long-term mortality in hospitalized AECOPD patients as well
as for increased risk of mortality in those with ICU admission
[26]. Age-specific in-hospital mortality predictors such as he-
moglobin and comorbidity index have also been assessed in
respiratory-related hospitalizations [43].
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Table 5. Univariate and multivariate logistic regression analyses for in-hospital mortality risk.

Univariate analysis

Variables

Chronic heart failure+

atrial fibrillation 2.248 1.296 3.900
Respiratory failure 4.776 2.132 10.698
Diabetes melltus 1818 1035 3194
?;::izfacsli[ﬁ:rcdisease 2:541 1.462 4417
RC 0508 0341 0757
Hemoglobin 0924 0881 0968
Hematocrit 0737 0637 0852
lymphocyte count 0489 0317 0753
Neutrophilcount 1144 1074 1219
CAbumin 0878 0831 092
HAPscore 0576 0438 0758

Multivariate analysis

0.586 0.980

Logistic regression (Forward LR). WBC — white blood cell; RBC — red blood cell; NLR — neutrophil-to-lymphocyte ratio; PLR — platelet-to-
lymphocyte ratio; CRP — C-reactive protein; OR :— odds ratio; Cl — confidence interval; LB — lower bound; UB — upper bound.

We found no significant sex association with in-hospital mor-
tality risk in our study, in which females comprised 30.9% of
the study cohort. This seems notable given the controversy re-
garding the association of male sex with in-hospital mortality
in the literature, and the emphasis on the changing COPD ep-
idemiology with increased prevalence (up to 40%) and mor-
tality among females [25,26].

In our cohort, comorbid respiratory failure, chronic heart
failure+atrial fibrillation, atherosclerotic cardiovascular dis-
ease, and diabetes mellitus were significantly more common
in patients with in-hospital mortality than in those who sur-
vived hospitalization, while comorbid respiratory failure and
atherosclerotic cardiovascular disease remained as significant
predictors of in-hospital mortality risk in multivariate analysis.
Hypertension, pneumonia, bronchiectasis-tuberculosis sequela,
and chronic kidney disease were also among the comorbidities

in our AECOPD patients, but they had no significant associa-
tion with in-hospital mortality risk.

Likewise, in a previous study with 17 207 AECOPD patients,
the in-hospital mortality rate was 13.7%, which was associat-
ed with older age, and comorbid diseases, including bacterial
or viral pneumonia, aspiration pneumonia, interstitial pneu-
monitis, pulmonary embolism, respiratory failure, lung can-
cer, heart failure, cerebrovascular diseases, liver cirrhosis, and
chronic renal failure [40]. Other studies also reported that ex-
trapulmonary comorbidities such as heart failure, cerebrovas-
cular diseases, liver diseases, and renal diseases were indepen-
dent predictors of mortality in patients with AECOPD [26,44].

Hence, our findings emphasize the functional and pathophys-
iological adverse impact of the coexistence of COPD and pul-
monary (respiratory failure in particular) and extrapulmonary
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Figure 1. ROC analysis for the performance of HALP score in
discriminating patients at risk of mortality in the
setting of AECOPD-related hospitalization.

AUC - area under curve; PPV — positive predictive
value; NPV — negative predictive value.

comorbidities (atherosclerotic cardiovascular disease in par-
ticular) in terms of increased frequency of emergency hospi-

talizations and higher mortality [26,40,45].
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of generalizability of our findings and obtaining robust statis-
tical results in mortality-based subgroup analyses. Other lim-
itations include the lack of data on other outcomes of interest
such as nutritional status and the use of single-point labora-
tory measurement rather than exploring the dynamic changes
in HALP score during hospitalization. Nevertheless, our study
is the first to reveal the relationship between HALP score and
in-hospital mortality of patients with AECOPD through multi-
variate and ROC analyses.

Conclusions

Our findings in this retrospective cohort study of hospitalized
patients with AECOPD indicate the ability of HALP score (at a
cut-off value of <16.84) to identify patients at high risk of in-
hospital mortality. Accordingly, HALP score seems to be a nov-
el, simple immune-nutritional prognostic biomarker in patients
hospitalized with AECOPD, assisting with accurate prognostic
assessment and timely adjustment of treatment options in at-
risk patients. Nonetheless, the clinical relevance of HALP score
and the impact of dynamically changing HALP scores should be
further investigated in larger prospective observational stud-
ies in the setting of AECOPD hospitalizations.

Data Availability

The detailed participant data are available from the corre-
sponding author upon reasonable request.

Ethics Approval

This study was conducted in accordance with the ethical prin-
ciples stated in the “Declaration of Helsinki” and approved by
the University of Health Sciences Istanbul Sureyyapasa Chest
Diseases and Thoracic Surgery Training and Research Hospital

Although concomitant pneumonia is considered a common
event associated with higher mortality in hospitalized pa-
tients with AECOPD [46-48], pneumonia (present in 59.5% of
patients) was not found to associated with in-hospital mor-
tality risk in our cohort. Likewise, in a large-cohort study of
AECOPD hospitalizations, concomitant pneumonia was not as-
sociated with an increased risk of in-hospital mortality, and the
authors suggested the low rate of disease and a more promi-
nent role of other comorbidities as the possible reasons [39].

Certain limitations of this study should be considered. The ret-
rospective, single-center design is the main limitation in terms
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Ethics Committee (Date of Approval: 13.06.2024 Protocol
no: 2024-5). The informed consent requirement was waived
by the University of Health Sciences Istanbul Sureyyapasa
Chest Diseases and Thoracic Surgery Training and Research
Hospital Ethics Committee considering the retrospective na-

ture of the study.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors, who
confirm that the images are original with no duplication and
have not been previously published in whole or in part.
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