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Background: The hemoglobin-albumin-lymphocyte-platelet (HALP) index is a novel biomarker reflecting systemic inflammation and
nutritional status which are important for coronavirus disease 2019 (COVID-19) mortality. However, the association between HALP
and mortality in patients with COVID-19 has yet to be investigated.

Methods: A cohort of COVID-19 Omicron BA.2 infected patients admitted to the Shanghai Fourth People’s Hospital, School of Medicine,
Tongji University from April 12, 2022 to June 17, 2022 was retrospectively analyzed. Laboratory examinations on hospital admission,
including hemoglobin, albumin, and lymphocyte and platelet, were collected. The association between baseline HALP and in-hospital poor
overall survival (OS) was assessed using Kaplan—Meier curves, Cox regression models, interaction, and stratified analyses.

Results: A total of 2147 patients with COVID-19 Omicron BA.2 infection were included in the final analyses, and mortality in the
hospital was 2.65%. Multivariate analysis indicated that low HALP index was independently associated with in-hospital mortality of
COVID-19 patients [hazard ratio (HR) = 2.08; 95% confidence interval (CI) = 1.17-3.73]. Subgroup analysis demonstrated that low
HALP index was an independent risk factor for in-hospital mortality in COVID-19 patients with age >70 (HR = 2.22, CI = 1.18-4.15)
and severe cases (HR = 2.09, CI = 1.13-3.86).

Conclusion: HALP index is independently related to in-hospital poor OS for COVID-19 Omicron BA.2 infected patients, especially
for age >70 and severe cases. HALP index on hospital admission is a useful candidate biomarker for identifying high risk of mortality
in COVID-19 Omicron BA.2 infected patients.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Omicron BA.2 has aroused emerging global concerns.' Although there have been major advances in treatment
modalities and large-scale vaccination campaigns, patients with severe or critically severe COVID-19 are still prone to
a poor prognosis. Previous studies have shown that patients with severe and critically severe COVID-19 were difficult to
treat and had a high mortality rate, even in intensive care unit (ICU).*” In addition, early detection of severely infected
COVID-19 patients was important to identify patients with poor prognosis.® Therefore, it is crucial to quickly identify
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risk factors that can predict patient prognosis and make decisions for subsequent treatments in COVID-19 Omicron BA.2
infected patients, especially for severely infected COVID-19 patients.

A large number of studies have shown that laboratory markers had an important role in the diagnosis, prognosis, and
mortality of COVID-19.”"! Inflammation and nutritional status are also important for COVID-19 mortality. Previous studies
have shown that systemic inflammatory biomarkers based on peripheral blood cells, such as derived neutrophil-to-lymphocyte
ratio, neutrophil-to-lymphocyte ratio, and systemic immune-inflammation index were reported to predict the prognosis of
COVID-19 patients. 127141 addition, nutritional status, such as hemoglobin and albumin levels, has also been shown to be the
useful indicators related to the prognosis of patients with moderate-to-severe COVID-19 patients.'> "’

According to recent studies, a novel combined biomarker of hemoglobin-albumin-lymphocyte-platelet (HALP) can
reflect both systemic inflammation and nutrition status simultaneously.'®'” It has been shown to be related to survival in
patients with cancer and inflammatory diseases.”’ 2> However, there are no studies on the association between HALP and
in-hospital mortality in COVID-19 Omicron BA.2 infected patients. Therefore, this is the first study aimed at exploring
the relationship between HALP and mortality in COVID-19 patients.

Materials and Methods

Study Design and Patients

In this retrospective cohort study, COVID-19 Omicron BA.2 infected patients who were admitted to Shanghai Fourth
People’s Hospital, School of Medicine, Tongji University from April 12, 2022 to June 17, 2022 were included. The
diagnosis of COVID-19 was based on the test for SARS-CoV-2 Omicron BA.2 using real-time reverse transcription
polymerase chain reaction. The study obtained the clinical data of 2645 patients and Figure 1 shows the flow diagram.
Patients whose age was under 18 years old, having missing data including routine blood examinations and blood
albumin, were excluded. The study was approved by the Ethics Committee of the hospital (No. 2022105-001). The
requirement for informed consent was waived by the Ethics Commission.

2645 COVID-19 Omicron BA.2
infected patients from a single-center

study
Patients were excluded:
Age <18 (n=45)
—> 7 . ) .
Missing routine blood examinations (n=253)
Missing albumin data (n=200)
\ 4

2147 patients were included in the
study analysis

Figure | Flowchart of study population.
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Data Collection and Definition
Demographic, clinical, and laboratory data collected included age, gender, comorbidities, laboratory findings (hemoglobin,
lymphocyte, platelet, albumin, monocyte, neutrophil, c-reactive protein, and d-dimer), disease severity on admission, length of
hospital stay, and the days until in-hospital death. Related treatments during hospitalization were also recorded. To ensure the
accuracy of the data, three investigators (DH, WW, and LX) independently reviewed the patient’s medical records.
Techniques for laboratory confirmation of SARS-CoV-2 Omicron BA.2 infection and the criteria for discharge were
described in a previous study.'> The Guidelines for the Prevention and Treatment of the Novel Coronavirus (Ninth
Edition) in China were used to treat all patients and to classify the severity of the disease into asymptomatic, mild,
common, severe, and critically severe.”> High fever referred to axillary temperature >38°C. HALP was calculated as
hemoglobin (g/L) x albumin (g/L) x lymphocyte (10°/L)/platelet (10°/L).>* We performed multiple imputation to deal
with the missing data whose missing values were less than 30%.

Statistical Analysis

HALP was dichotomized by the optimal cut-off point calculated using maximally selected rank statistics. In addition, we
used curve-fitting to assess the linear relationship between HALP and overall survival (OS) after adjusting for age,
gender, disease severity, monocyte count, neutrophil count, c-reactive protein, d-dimer, and baseline diseases. Summary
statistics of baseline information of all patients stratified by HALP were described as frequencies (percentage) for
categorical variables, mean £+ SD or medians (quartiles) for continuous variables. The differences were assessed using the
2 test for categorical variables, Student’s r-test for normally distributed continuous variables, and Mann-Whitney U-test
for skewed continuous variables between two groups.

OS was assessed using Kaplan—-Meier curves and analyzed by the two-sided Log rank test. We first evaluated the
association of HALP as a continuous variable with in-hospital mortality, and then we assessed the relationship when HALP
was dichotomized. Univariate and multivariate Cox regression models were used to evaluate these relationships. We selected
all variables in the study for model adjustment considering the statistical significance and clinical practice. Model 1 adjusted
for age, gender, disease severity, monocyte count, neutrophil count, c-reactive protein, and d-dimer. In model 2, hypertension,
diabetes, heart disease, kidney disease, lung disease, brain disease, and malignant tumor were further adjusted.

Finally, a sub-group analysis of age, gender, and disease severity was conducted to examine interaction and stratified
analyses. Each subgroup adjusted for all the factors (age, gender, disease severity, monocyte count, neutrophil count,
c-reactive protein, d-dimer, hypertension, diabetes, heart disease, kidney disease, lung disease, brain disease, and malignant
tumor) in the multivariable Cox regression, except for the stratification factor itself. Age was adjusted to 70 according to the
optimal cut-off point calculated using maximally selected rank statistics. We defined severe and critically severe patients as
severe group, and asymptomatic, mild, and common patients as non-severe group in the subgroup of disease severity. The
HALP >18.06 was defined as high HALP group, which was the reference for low HALP (HALP < 18.06).

The software packages R (http://www.R-project.org, The R Foundation) and Free Statistics software versions 1.7.1

were used to perform all statistical analyses. Statistical differences were considered significant at P<0.05.

Results

Characteristics of the Patients

0f2147 COVID-19 Omicron BA.2 infected patients included in the final analyses, the mean age of the cohort was 73.67 + 15.26
years, and 58.17% of the participants were female. The overall number of in-hospital mortality was 57 (2.65%). Table 1 compares
the baseline demographic, clinical, laboratory data, and comorbidities of included patients stratified by HALP. Compared with
patients in the higher HALP, those in the lower HALP were older, more likely to have elevated disease severity and brain disease.
In addition, patients with low HALP were more likely to develop high fever, be transferred to the ICU, and receive primary care,
antibiotics, and assisted ventilation. The incidence of in-hospital mortality significantly increased in patients with low HALP
compared to high HALP (7.95% vs 1.70%). Besides, decreased HALP was found along with elevated disease severity in COVID-
19 Omicron BA.2 infected patients (Supplementary Figure 1).

Infection and Drug Resistance 2024:17 heeps: 1469

Dove:


http://www.R-project.org
https://www.dovepress.com/get_supplementary_file.php?f=451613.pdf
https://www.dovepress.com
https://www.dovepress.com

Wu et al

Dove

Table | Demographics and Clinical Characteristics Stratified by HALP

Total (n = 2147) | Low HALP (n = 327) | High HALP (n = 1820) P
Age (years) 73.67 £ 15.26 77.71 £ 1432 72.94 £ 1531 < 0.001
Female 1249 (58.17) 180 (55.05) 1069 (58.74) 0.21
LOS (days) 10.0 (6.0-14.0) 10.0 (5.0-15.0) 10.0 (6.0-14.0) 0.64
No-survival 57 (2.65) 26 (7.95) 31 (1.70) < 0.001
Laboratory findings
Hemoglobin (g/L) 124.63 £ 19.13 106.33 = 21.71 127.91 £ 16.62 < 0.001
Albumin (g/L) 39.32 + 463 35.63 £ 5.13 39.98 + 420 < 0.001
Lymphocyte count (10%/L) 1.32 (0.92-1.79) 0.68 (0.50-0.94) 1.42 (1.06-1.88) < 0.001
Platelet count (10%/L) 181.0 (144.0-226.0) 220.0 (170.0-275.0) 176.0 (139.0-216.2) < 0.001
HALP 36.20 (23.38-51.82) 12.71 (9.34-15.49) 39.98 (29.33-54.48) < 0.001
Monocyte count (10%/L) 0.43 (0.33-0.56) 0.44 (0.30-0.56) 0.43 (0.33-0.56) 0.41
Neutrophil count (10°/L) 3.19 (2.294.52) 4.49 (3.06-6.88) 3.04 (2.184.23) < 0.001
C-reactive protein (mg/L) 7.46 (2.64-21.88) 23.80 (5.70-78.74) 6.63 (2.37-16.98) < 0.001
D- dimer (mg/L) 0.56 (0.35-1.10) I.11 (0.56-2.18) 0.56 (0.32-0.91) < 0.001
Comorbidities
Hypertension 931 (43.36) 141 (43.12) 790 (43.41) 0.92
Diabetes 412 (19.19) 65 (19.88) 347 (19.07) 0.73
Heart disease 469 (21.84) 77 (23.55) 392 (21.54) 0.42
Malignant tumor 142 (6.61) 15 (4.59) 127 (6.98) 0.11
Lung disease 156 (7.27) 18 (5.5) 138 (7.58) 0.18
Kidney disease 91 (4.24) 15 (4.59) 76 (4.18) 0.73
Brain disease 352 (16.39) 71 21.71) 281 (15.44) 0.005
Treatments
ICU 84 (3.91) 31 (9.48) 53 (2.91) < 0.001
CRRT 16 (0.75) 4 (1.22) 12 (0.66) 0.29
Primary care 528 (24.59) 138 (42.2) 390 (21.43) < 0.001
High fever 185 (8.62) 48 (14.68) 137 (7.53) < 0.001
Antibiotics 467 (21.75) 117 (35.78) 350 (19.23) < 0.001
High flow ventilation 60 (2.79) 21 (6.42) 39 (2.14) < 0.001
Noninvasive ventilation 108 (5.03) 39 (11.93) 69 (3.79) < 0.001
Invasive ventilation 29 (1.35) 9 (2.75) 20 (1.10) 0.03
Disease severity < 0.001
Asymptomatic 246 (11.46) 30 (9.17) 216 (11.87)
Mild 736 (34.28) 56 (17.13) 680 (37.36)
Common 841 (39.17) 142 (43.43) 699 (38.41)
Severe 179 (8.34) 45 (13.76) 134 (7.36)
Critically severe 145 (6.75) 54 (16.51) 91 (5.0)

Notes: Values are presented as mean * standard, frequency (%), or median (quartiles).

Abbreviations: HALP, hemoglobin-albumin-lymphocyte-platelet; LOS, length of hospitalization; ICU, intensive care unit; CRRT, contin-
uous renal replacement therapy.

Association of HALP with Mortality in COVID-19 Patients

The cut-off point of HALP was 18.06 calculated using maximally selected rank statistics. The linear correlation between
HALP and the mortality of the patients is shown in Supplementary Figure 2. The univariate Cox regression models
between baseline information and mortality in Table 2 indicates that age (HR = 1.05, 95% CI, 1.03-1.08), low HALP
(HR = 4.59, 95% CI, 2.72—7.73), neutrophil count (HR = 1.18, 95% CI, 1.13—1.23), c-reactive protein (HR = 1.01, 95%
CI, 1.00-1.02), d-dimer (HR = 1.02, 95% CI, 1.01-1.03), severe cases (HR = 26.84, 95% CI, 3.63-198.27), critically
severe cases (HR = 33.25, 95% CI, 4.50-245.54) were positively correlated with mortality. The hemoglobin (HR = 0.98,
95% CI, 0.97-0.99), albumin (HR = 0.85, 95% CI, 0.81-0.89), and lymphocyte count (HR = 0.42, 95% CI, 0.25-0.72)
was negatively correlated with mortality. In addition, Kaplan—Meier curves indicated that patients with a low HALP had

an unfavorable OS (Figure 2).
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Table 2 The Unadjusted Association Between

Baseline Variables and In-Hospital Mortality

HR (95% CI) P
Age 1.05 (1.03-1.08) < 0.001
Male 0.69 (0.4-1.19) 0.18
Hemoglobin 0.98 (0.97-0.99) 0.002
Albumin 0.85 (0.81-0.89) < 0.001
Lymphocyte count 0.42 (0.25-0.72) 0.001
Platelet count 1.00 (0.99-1.00) 0.48
Low HALP 4.59 (2.72-7.73) < 0.001
Monocyte count 0.87 (0.29,2.65) 0.8l
Neutrophil count 1.18 (1.13-1.23) < 0.001
C-reactive protein 1.01 (1.00-1.02) < 0.001
D- dimer 1.02 (1.01-1.03) < 0.001
Asymptomatic |
Mild 1.45 (0.16—13.02) 0.74
Common 0.56 (0.05-6.13) 0.63
Severe 26.84 (3.63-198.27) | 0.001
Critically severe 33.25 (4.50-245.54) | < 0.001
Hypertension 1.00 (0.59-1.69) |
Diabetes 1.42 (0.78-2.6) 0.25
Heart disease 0.78 (0.39-1.54) 0.47
Malignant tumor 1.66 (0.71-3.87) 0.24
Lung disease 1.00 (0.36-2.76) |
Kidney disease 0.96 (0.23-3.93) 0.95
Brain disease 1.02 (0.52-2.03) 0.95

Abbreviations: HALP,  hemoglobin-albumin-lymphocyte-
platelet; HR, hazard ratio; CI, confidence interval.

Table 3 shows the results of multivariate Cox regression models evaluating the association between HALP and in-
hospital mortality. HALP was independently associated with in-hospital mortality regarding of continuous variable (HR =
0.96, 95% CI, 0.94-0.97) or categorical variable (HR = 4.59, 95% CI, 2.72-7.73 for HALP < 18.06) in the unadjusted
model. Moreover, the relationship of HALP with in-hospital mortality was not affected after adjusting for confounding
factors. HALP as a continuous variable was negatively correlated with mortality (HR = 0.98, 95% CI, 0.96-0.99) in
Model 2. Meanwhile, low HALP was an independent risk factor (HR = 2.08, 95% CI, 1.17-3.73) for in-hospital mortality
in Model 2.

Subgroup Analysis

A forest plot of the results for HALP in the sub-groups (Figure 3) indicated that low HALP was an independent risk
factor for mortality in COVID-19 Omicron BA.2 infected patients aged >70 (HR =2.22, 95% CI = 1.18-4.15), those who
were severe (HR = 2.09, 95% CI = 1.13-3.86).

Discussion

To the best of our knowledge, this is the first retrospective cohort study investigating the relationship of HALP and in-
hospital mortality in COVID-19 Omicron BA.2 infected patients. The present study included 2147 COVID-19 patients,
and the total in-hospital mortality was 2.65%. We showed that low HALP significantly associated with an increased risk
of poor OS during hospitalization after adjusting for confounding factors. Moreover, low HALP was stably and
consistently discriminative for risk stratification in patients aged >70, those who were severe according to the sub-

groups analysis.
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Figure 2 Kaplan—Meier curves of mortality for COVID-19 Omicron BA.2 infected patients.

Several studies have reported that inflammatory responses play an important role in the prognosis of COVID-19
patients.”> >’ The innate and acquired immunity impaired in COVID-19 patients can result in lymphocyte stimulation and
dysregulation.”®?° Besides, platelet stimulation produces related inflammatory factors, which have an important role in
regulating immunity and inflammation during the disease.*>*' Therefore, lymphocyte dysregulation and platelet stimula-
tion can contribute to poor prognosis of COVID-19 patients. In the present study, we found that lower lymphocyte count
was associated with in-hospital death other than platelet count.

Table 3 The Multivariate Cox Analysis of HALP Associated with In-Hospital Mortality

Unadjusted Model | Model 2
HR (95% CI) P HR (95% CI) P HR (95% CI) P
HALP 0.96 (0.94-0.97) | <0.001 | 0.98 (0.96-0.99) | 0.02 | 0.98 (0.96-0.99) | 0.02
High HALP Rf Rf Rf
Low HALP | 4.59 (2.72-7.73) | <0.001 | 2.06 (1.15-3.67) | 0.0l | 2.08 (1.17-3.73) | 0.0l

Notes: Model |, adjusted by age, gender, disease severity, monocyte count, neutrophil count, c- reactive protein
and d-dimer; Model 2, adjusted by Model |, hypertension, diabetes, heart disease, kidney disease, lung disease,
brain disease, and malignant tumor.

Abbreviations: HALP, hemoglobin-albumin-lymphocyte-platelet; HR, hazard ratio; Cl, confidence interval; Ref,
reference.
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Subgroup HR (95% CI) P for interaction
Age 0.818
<70 0.25 (0.01-10.72) I
>70 2.22 (1.18-4.15) -
Gender 0.175
Male 2.28 (0.74-7.09) H—= |
Female 1.60 (0.75-3.42) He—ro
Disease severity 0.694
No-severe 0.09 (0-3.49) —
Severe 2.09 (1.13-3.86) —-—
0 1 5 10

Figure 3 Association between HALP and in-hospital mortality in sub-groups for COVID-19 Omicron BA.2 infected patients.

In addition, recent studies have shown that malnutrition status was associated with poor OS in COVID-19
patients.*>*® Serum albumin has anti-inflammatory, nutritional, and blood rheological properties, preventing platelet
activation and aggregation.>*>> Malnutrition or hyper-catabolism can cause hypoalbuminemia, and systemic inflam-
mation and increased cytokine release can also inhibit albumin production.’®*” Albumin has been reported as
a reliable biomarker of prognosis in critically ill patients.*® In addition, it has been reported that anemia was an
independent prognostic factor for survival in patients with cancer.’**° Moreover, low hemoglobin can affect the
oxygen supply which exacerbates hypoxia due to lung injury in COVID-19 patients.*' Consistent with previous
studies, we found that hypoalbuminemia and low hemoglobin were related to poor OS in COVID-19 Omicron BA.2
infected patients.

However, the definite causes and pathophysiological mechanisms underlying the relationship between HALP and
poor prognosis remain unclear. Based on the above data, it can be said that the HALP, calculated using hemoglobin,
lymphocyte, platelet, and albumin values, is a comprehensive body reserve involving malnutrition, liver reserve,
inflammation, and coagulation reserve and may be more useful than one variable in assessing the outcome of diseases.
Moreover, HALP is simple and easy to calculate, and is convenient for clinical use, which is not affected by individual
subjectivity. Previous studies have shown that HALP was associated with prognosis in cancer and inflammatory
diseases.*** However, the association of HALP with mortality in COVID-19 Omicron BA.2 infected patients has yet
to be investigated. The present study showed that low HALP index was independently related to in-hospital death in
patients. Besides, the association did not change in patients aged >70 and those who were severe.

There are several clinical implications and strengths in the results of this study. HALP index can be easily and
inexpensively applied to identify COVID-19 Omicron BA.2 infected patients with a high risk of mortality at an early
stage. Thus, related therapies to increase HALP index may reduce in-hospital mortality. We performed strict methods of
statistical adjustment to reduce the possible confounding in this observational study which was susceptible to multiple
confounding factors. Besides, in order to verify the consistency of the association between HALP and all-cause mortality
during hospitalization, we conducted the analyses in different subgroups of gender, age, and disease severity.

There are some limitations that should not be ignored. First, this is a retrospective study which may result in bias
during data collection. Second, the sample of deaths may not have been large enough to increase validity and decrease
the risk of overfitting. Third, the effect of some treatments before hospital admission on the outcome of HALP was not
excluded. Finally, to test the association between HALP and in-hospital mortality, external patients with COVID-19

especially for other ethnicities need to be evaluated in the future.
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Conclusion

In conclusion, low HALP index at hospital admission was an independent risk factor for in-hospital mortality of COVID-
19 Omicron BA.2 infected patients in this retrospective cohort study. Future clinical research is needed to verify our
findings in external patients and reduce the effects related to decreased HALP index in order to improve treatments and
increase OS.
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