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A B S T R A C T

Objectives: Recently, the counts of leukocyte subtypes to HDL-C concentration ratios, 
including monocyte to HDL-C ratio (MHR), neutrophil to HDL-C ratio (NHR), lymphocyte 
to HDL-C (LHR) have been proposed as potential new indices of inflammation. This study 
aims to investigate the correlation between these indices with the severity and mortality of 
COVID-19.

Methods: This study is performed on 1224 non-vaccinated and hospitalized COVID-19 
patients. The association between blood parameters and indices on admission with severity 
and mortality are analyzed using multivariate regression models. Receiver operating 
characteristic curves are used to compare the utility of different blood parameters.

Results: The severe patients and deceased groups show low level of HDL-C, high values 
of WBC, neutrophil, monocyte, eosinophil, WBC/HDL-C, NHR, MHR, LHR, and EHR 
compared with the mild and survivor groups, respectively (P < 0.05). Multivariate regression 
analysis reveals that high levels of WBC, neutrophil, WBC/HDL-C, NHR, MHR, EHR, and low 
levels of HDL-C are still independently associated with severity and mortality after adjusting 
for age, gender, and comorbidities. The correlation of LHR with severity and mortality is 
attenuated to insignificance. Also, patients with high eosinophil and monocyte levels have a 
higher risk of severe disease. According to the AUC values, the best predictors for severity 
are the level of WBC, neutrophil, and NHR (AUC: 0.724, 0.725, 0.724 respectively), and the 
best predictors for mortality are WBC/HDL-C and NHR (AUC: 0.788, 0.790 respectively).

Conclusion: In summary, low level of HDL-C and high level of WBC, neutrophil, WBC/
HDL-C, NHR, MHR, and EHR which can be easily calculated from the CBC and HDL-C 
concentrations, may provide valuable and readily available prognostic information for 
severity and mortality of COVID-19.
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             Introduction

T he acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) pandemic continues 
to cause considerable concern due to 
unpredictable new variants. the majority 
of SARS-CoV-2 infections result in mild 

symptoms, cases with severe disease can progress to 
conditions such as acute respiratory distress syndrome 
(ARDS), septic shock, and multi-organ failure. This 
has led to millions of deaths and substantial morbidity 
worldwide (1). Since the start of the coronavirus disease 
2019 (COVID-19) pandemic, significant advances have 
been made in the identification of early and accessible 
biomarkers that indicate the prognosis of the disease (2). 
Studies have revealed that the severity and mortality in 
patients with COVID-19 are related to impaired immune 
response and the excessive activation of inflammatory 
and oxidative stress pathways (3, 4). Thus, serum 
biomarkers associated with the inflammatory status of 
patients may help clinicians identify cases with a poor 
prognosis at an early stage. To date, the correlation of 
several inflammatory biomarkers including C-reactive 
protein, white blood cell components, procalcitonin, 
and ferritin has been evaluated with COVID-19 
severity (2). The leukocyte count is considered one 
of the simplest and most commonly used markers for 
assessment of the immune response and inflammation. 
Different white blood cell (WBC) subtypes, including 
neutrophils, lymphocytes, and monocytes, participate 
in the inflammatory processes. It has been revealed that 
leukocyte counts at admission, such as lymphopenia, 
are significantly related to mortality in COVID-19 cases 
(5).
In addition to its crucial role in reverse cholesterol 
transport, high-density lipoprotein cholesterol (HDL-C) 
also exhibits a multifunctional protective role, including 
anti-infectious, anti-inflammatory, antioxidant, and 
antithrombotic effects (6, 7). Low serum levels of 
HDL-C have been associated with a more severe 
COVID-19 (8). Recent studies have revealed that 
hematological parameters in combination with HDL-C, 
including monocyte to HDL-C ratio (MHR), neutrophil 
to HDL-C ratio (NHR), lymphocyte to HDL-C (LHR) 
have potential as new indices of inflammation and 
metabolic status. These indices may be related to 
metabolic syndrome (9-11), cardiovascular disease (12, 
13), chronic obstructive pulmonary disease (COPD) 
(13), and stroke-associated pneumonia (12).
Considering the limited studies on the clinical value 
of leukocytes to HDL-C ratios in COVID-19 patients 
(14) and taking into account the availability and cost-
effectiveness of these indicators, the present study was 
designed to investigate the association between NHR, 
MHR, LHR and PHR with the severity and mortality of 
COVID-19 patients.

Materials and Methods

Data collection 

This cross-sectional research analyzed 1224 non-
vaccinated confirmed COVID-19 patients admitted to 
Shahroud University of Medical Sciences (SHMU) 
hospitals between February 20, 2020, and March 20, 
2021. All patients enrolled in this study were confirmed as 
COVID-19 cases through real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) testing on oro- and 
nasopharyngeal swab specimens. This study was approved 
by the Ethics Commission of SHMU (IR. SHMU- 
REC.1398.160) and was performed in line with the 
principles of the Declaration of Helsinki. All participants 
provided informed consent before participating in the study.
As previously described, all clinical and laboratory data 

of the enrolled cases were obtained from the patient’s 
electronic medical records (15). Cases with incomplete 
medical records were excluded. Demographic information, 
comorbidities, outcomes (discharge or death), and 
laboratory findings were collected and verified by two 
independent researchers. The comorbidities assessed 
in the current research included type 2 diabetes (T2D), 
cardiovascular diseases (CVDs), kidney and liver diseases, 
respiratory disorders, cancers, neurological diseases, and 
seizures, as previously described in the study (15).
Serum sample collection was performed after 10-

12 hours of fasting in the first morning following the 
admission of patients. The complete blood count (CBC) 
hematological parameters were assessed using a Sysmex 
hematological analyzer and HDL-C concentration 
was determined using calorimetric methods with 
commercially available kits (Biorex, Fars, Iran).

Definitions

NHR, MHR, LHR, and EHR were calculated by dividing 
the counts of neutrophil, monocyte, lymphocyte, and 
eosinophil by HDL-C concentration (in mmol/L). The 
formula for BMI was calculated as weight in kilograms 
divided by height in meters squared.
Severe disease was defined according to any of the 

following criteria: 1) a respiratory rate > 30/min, 2) 
oxygen saturation ≤ 93%, 3) patients with shock, 
respiratory failure requiring mechanical ventilation, 
or other organ failure requiring admission to the 
intensive care unit (ICU). The deceased cases were also 
categorized as severe SARS-COV-2 infected cases.

Statistical Analysis 

Statistical analysis was performed using SPSS software 
version 23. The chi-squared, Fisher exact test, and 
Student’s t-test were used to compare differences between 
two groups. The multivariate logistic regression analyses 
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adjusted to age, sex, and comorbidities were used to 
assess the correlation between markers and COVID-19 
outcomes. Statistically significant differences were 
considered with p-values <0.05.

Results 

The mean age of the 1224 confirmed COVID-19 
patients in the present research was 58.67±16.24 years 
old. Of these, 611 (49.8 %) were male, 282 (23%) of 
cases had a severe form of the disease, and 88 (7.17%) 
died. The patients were stratified based on severity or 
mortality, and demographic, clinical, and laboratory data 
are exhibited in Table 1. In comparison with patients 
with mild disease and survivors, those with severe or 
deceased cases were older, more likely to be male, and 
more likely to have other comorbidities. The various 
comorbidities evaluated in this study included diabetes, 
CVD, kidney and liver disease, respiratory disorders, 

cancers, neurological diseases, and seizures (details 
have been provided in the previous research) (15).
The severe COVID-19 and deceased groups showed 

a low level of HDL-C, significantly increased count of 
WBC, neutrophil, monocyte, eosinophil, and high values 
of WBC/HDL-C, NHR, MHR, LHR, and EHR compared 
to the mild and survivor groups, respectively (P < 0.05). 
No significant differences in lymphocyte counts were 
found between the investigated groups (Table 1).
Notably, based on multivariate regression analysis, it 

was found that high levels of WBC, neutrophil, WBC/
HDL-C, NHR, MHR, and EHR and low level of HDL-c 
were still independently associated with severity 
and mortality after adjusting for age, gender, and 
comorbidities. The correlation of LHR with severity and 
mortality, and the association of eosinophil and monocyte 
with mortality were attenuated to insignificance. Also, 
patients with high eosinophil and monocyte levels had a 
higher risk for severe disease (Table 2).

۱ 
 

Table 1. Demographic, clinical and Laboratory findings 
 

Variables Mild (n=942) Severe 
(n= 282) P-value Survivor 

(n=1138) Deceased (n=88) P-value 

Gender Male 455(48.2) 156(55.3) 0.021 558(49) 53(60.2) 0.027              Female 489(51.8) 126(44.7) 580(51) 35(39.8) 
Age (year) 56.10±15.81 67.29±14.65 <0.001 57.68±16.08 71.52±12.50 <0.001 
Comorbidities  160 (48.2) 62 (67.4) 0.001 198 (51.2) 24 (65.9) 0.071 
BMI (kg/m2) 27.86±4.32 27.92±4.94 0.843 27.91±4.45 27.33±4.64 0.260 
WBC (×109/L) 3.27±1.65 4.59±3.23 <0.001 3.54±1.99 5.21±3.66 <0.001 
Neutrophil (×109/L) 2.28±1.34 3.46±2.90 <0.001 2.43±1.65 4.08±3.43 <0.001 
Monocyte (×109/L) 0.09±0.07 0.12±0.09 <0.001 0.098±0.08 0.13±0.087 <0.001 
Lymphocyte (×109/L) 0.82±0.51 0.91±0.73 0.058 0.84±0.56 0.89±0.69 0.49 
Eosinophile (×109/L) 0.08±0.05 0.10±0.07 <0.001 0.08±0.06 0.10±0.06 <0.001 
HDL-C(mmol/L) 0. 86±0.26 0.82±0.27 0.008 0. 87±0.26 0.73±0.27 <0.001 
WBC/HDL 4.19±2.88 7.03±9.04 <0.001 4.45±3.45 9.94±13.49 <0.001 
NHR 2.92±2.24 5.39±8.08 <0.001 3.15±2.90 7.88±12.21 <0.001 
MHR 0.12±0.11 0.18±0.20 <0.001 0.12±0.14 0.24±0.24 <0.001 
LHR 1.05±0.84 1.31±1.61 0.01 1.07±0.89 1.62±2.38 0.035 
EHR 0.10±0.08 0.15±0.16 <0.001 0.10±0.09 0.19±0.22 <0.001 
Data were expressed as mean ± standard deviation or number (percent). 
Abbreviations: BMI, Body Mass Index; WBC, Wight Blood Cell; HDL-C, High-density lipoprotein cholesterol; NHR, Neutrophil to HDL-C 
ratio; MHR, Monocyte to HDL-C ratio; LHR, Lymphocyte to HDL-C; HER, Eosinophile to HDL-C ratio  
 
 
 
 

  

Table 1: Demographic, clinical and Laboratory findings in COVID-19 patients based on the severity and mortality

۲ 
 

 
 
 
Table 2 Odds ratios for severe and deceased cases associated with hematological and biochemical markers 

 
 Severity Mortality 
Parameters  OR(CI) P-value AUC* OR(CI) p-value AUC* 

WBC (×109/L) 1.17(1.09-1.25) <0.001 0.724 1.13(1.05-1.21) 0.001 0.779 

Neutrophil (×109/L) 1.24(1.14-1.34) <0.001 0.725 1.17(1.08-1.27) <0.001 0.783 
Monocyte (×109/L) 7.81(1.43-43.31) 0.018 0.715 4.2(0.57-30.93) 0.157 0.772 
Lymphocyte (×109/L) 1.02(0.80-1.28) 0.878 0.708 0.86(0.60-1.24) 0.433 0.770 
Eosinophile (×109/L) 18.94(2.12-168.95) 0.008 0.712 7.87(0.30-203.71) 0.214 0.769 
HDL-C (mmol/L) 0.52(0.30-.91) 0.023 0.711 0.13(0.05-0.33) <0.001 0.779 
WBC/HDL-C 1.09(1.05-1.13) <0.001 0.722 1.09(1.05-1.13) <0.001 0.788 
NHR 1.13(1.07-1.19) <0.001 0.724 1.11(1.06-1.16) <0.001 0.790 
MHR 5.62(2.04-15.50) 0.001 0.717 7.52(2.57-22.23) <0.001 0.783 
LHR 1.08(0.96-1.23) 0.181 0.708 1.16(0.99-1.35) 0.054 0.769 
ELR 12.90(3.38-49.26) <0.001 0.715 21.02(4.37-100.93) <0.001 0.780 
Regression models adjusted for age, gender, and comorbidities 

NHR,  density lipoprotein cholesterol;-C, High-HDLBMI, Body Mass Index; WBC, Wight Blood Cell; Abbreviations: 
C ratio-C; HER, Eosinophile to HDL-; LHR, Lymphocyte to HDLC ratio-HDL Monocyte to; MHR, C ratio-HDL to Neutrophil 

 
 

Table 2: Odds ratios for severe and deceased cases associated with hematological and biochemical markers
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In addition, the prediction for severity and mortality 
was also assessed using the Area Under Curve (AUC). 
Based on AUC, all parameters proved to be better 
predictors for mortality than severity. The level of 
WBC, neutrophil, and NHR (AUC: 0.724, 0.725, and 
0.724 respectively), could significantly predict the odds 
of severe disease more effectively than other parameters. 
Also, WBC/HDL-C and NHR were the best predictors 
of mortality in COVID-19 patients (AUC: 0.788, 0.790 
respectively) (Table 2).

Discussion

Several comorbidities such as hypertension, CVD, 
T2D, and non-alcoholic fatty liver disease, which 
share chronic systemic inflammation and metabolic 
disturbance, as well as older age, have been recognized as 
the main risk factors for a poor prognosis in COVID-19 
(16). The findings of this study support the view that a 
comorbid condition diagnosis makes COVID-19 more 
severe. On the other hand, some healthy young patients 
also showed unexpectedly high rates of poor outcomes 
(16). Therefore, exploring new non-invasive, fast, and 
cost-effective inflammatory and metabolic markers 
to indicate COVID-19 prognosis has been a focus of 
researchers. In this study, the effect of WBC count and 
several leukocytes to HDL-C ratios, including NHR, 
MHR, LHR, and HER, as potential new indices of 
inflammation and metabolic status on the severity and 
mortality of COVID-19 patients, was investigated.
The complete blood count (CBC) is a rapid, easy, 

and cost-effective measurement in clinical practice, 
providing valuable information about hematologic 
contents, including RBCs, WBCs, neutrophils, 
lymphocytes, monocytes, and platelets (17). Neutrophils 
and lymphocytes represent the majority of leukocytes in 
the body, with roles in the adaptive and innate immune 
systems, respectively (18, 19). Monocytes are the 
most important cells for pro-inflammatory cytokines 
production (20-22). Activated platelets also mediate 
inflammatory responses in some physiological and 
pathological conditions (23-26). Hematological markers 
have recently garnered attention as potential indicators 
for early warning, diagnosis, and risk assessment of many 
infectious (27) and non-infectious diseases, including 
hepatic cirrhosis and CVDs (28, 29). Previous studies 
have also highlighted the hematological parameters as 
potential novel biomarkers for predicting inflammation, 
metabolic syndrome, and T2D (30-33). It has also been 
demonstrated that the immune response triggered by the 
SARS-CoV-2 infection can lead to changes in peripheral 
leukocytes, such as neutrophilia (34). In this context, 
the current study revealed a significant increase in the 
total counts of WBCs, neutrophils, monocytes, and 
eosinophils in the severe and deceased groups when 
compared with the mild and survivor groups, respectively. 
Consistent with these results, other studies have reported 

a significant increase in WBC and neutrophil counts (35, 
36). A meta-analysis demonstrated that leukocyte and 
neutrophil counts were significantly lower in COVID-19 
cases compared to non-COVID-19 cases, but higher 
in severe patients compared to non-severe cases 
(37). These results have also revealed a statistically 
significant association between counts of WBC, 
neutrophil, monocyte, and eosinophil with severity of 
disease after adjusting for age, sex, and comorbidities. 
However, only the counts of WBC and neutrophils 
could serve as predictors of mortality after adjusting for 
confounding factors. Zhu et al. also showed that WBC 
counts at admission are significantly correlated with 
death in COVID-19 patients (36). A meta-analysis study 
demonstrated that neutrophilia at admission was also 
found to be significantly associated with increased odds 
of progression to death (38). Regarding lymphocyte 
counts, these results did not show a significant difference 
between severe and mild groups or between deceased 
and survivor groups. Other research demonstrated a 
decrease in lymphocyte counts in severe patients (35, 
36, 39). Oliveira et al. also revealed that lymphocyte 
counts in the COVID-19 groups were not statistically 
different from those in the control group (39).
It is worth noting that the excessive inflammation 

described in SARS-COV-2 infection can persuade 
immune-mediated dyslipidemia, especially HDL-C 
reduction, through decreased production (6, 40, 41). 
In line with these findings, it was found that HDL-C 
serum concentration was statistically lower in the severe 
and deceased groups than in the mild and survivor 
groups, respectively. Studies have shown that HDL-C, 
a component of the lipid profile, is correlated with 
the function and count of neutrophils, lymphocytes, 
monocytes, and platelets. HDL-C has been found to 
mediate the activities of neutrophils, platelets, and 
monocytes, as well as inhibition of antigen presentation-
mediated T-cell activation (42-44). Given these 
interactions between different blood cells and HDL-C, the 
combined indices including NHR, LHR, MHR, and EHR 
might be more reliable in reflecting the inflammation 
status than a single parameter. In this regard, the present 
study showed that NHR, MHR, and EHR values were 
significantly higher in severe and deceased patients than 
in mild and survivor patients, respectively. The result also 
revealed that an increase in WBC/HDL-C ratio, NHR, 
MHR, and EHR values on admission, were positively 
correlated with the severity and mortality of COVID-19 
after adjusting for sex, age, and comorbidities. In support 
of these findings, Wang et al. indicated that higher NHR 
on admission was correlated with critical outcomes of 
COVID-19 (14). NHR has been found to be correlated 
with many diseases, such as metabolic syndrome (45) and 
CVDs (46), which are also known risk factors for severe 
COVID-19 (47, 48). Argun et al. also revealed that the 
MHR values were significantly higher in the non-survivor 
group compared to the survivor’s group of COVID-19 
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patients. They also suggest that MHR can help predict the 
severity of COVID-19 (45). Unlike lymphocyte counts, 
the LHR index was higher in severe and deceased patients 
than in mild and survivor cases, respectively. However, 
LHR values could not serve as a predictor of severity or 
mortality when adjusted for sex, age, and comorbidities. 
Consistent with these findings, in Wang’s study, there 
was no significant correlation between LHR, MHR, and 
PHR with COVID-19 severity (14). It is worth noting 
that WBC/HDL-C and NHR were the better predictors 
of mortality in COVID-19 patients than leukocyte count 
alone.
To the best of our knowledge, this study is one of 

the few comprehensive studies with a relatively large 
sample size conducted to determine the prognostic 
utility of leukocyte subtype to HDL-C ratios in 
relation to COVID-19 severity and mortality in Iranian 
COVID-19 patients. However, several limitations in the 
current study need to be considered. First, the time from 
the onset of symptoms to the time of hospitalization and 
blood sampling varied between patients, which may have 
caused some bias. Second, non-hospitalized cases were 
not included in this study. Third, although adjustments 
were made for several known potential confounders, 
the results may not have been fully adjusted for due to 
unmeasured or poorly measured confounders.
In conclusion, this study indicated that higher levels 

of WBC and neutrophil, WBC/HDL-C, NHR, MHR, 
ELR, and lower levels of HDL-C on admission were 
independently associated with the severity and mortality 
of COVID-19 after adjusting for confounding factors. 
In addition, the count of monocytes and eosinophils 
could predict the severity of the disease but not death in 
COVID-19 patients. Also, WBC/HDL-C and NHR were 
better predictors of mortality in COVID-19 patients 
than leukocyte count alone. Therefore, the count of 
leukocyte subtypes and the ratios of leukocyte subtypes 
to HDL-C, which are easily calculated from the CBC 
and HDL-C concentrations, may provide valuable and 
readily available prognostic information for clinicians 
when encountering patients with COVID-19 disease.
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