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Background

Blood parameters, such as neutrophil-to-lymphocyte ratio, have been identified as reliable inflammatory markers with diagnostic and predictive value for the coronavirus disease 2019 (COVID-19). However, novel hematological parameters derived from high-density lipoprotein-cholesterol (HDL-C) have rarely been studied as indicators for the risk of poor outcomes in patients with severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) infection. Here, we aimed to assess the prognostic value of these novel biomarkers in COVID-19 patients and the diabetes subgroup.



Methods

We conducted a multicenter retrospective cohort study involving all hospitalized patients with COVID-19 from January to March 2020 in five hospitals in Wuhan, China. Demographics, clinical and laboratory findings, and outcomes were recorded. Neutrophil to HDL-C ratio (NHR), monocyte to HDL-C ratio (MHR), lymphocyte to HDL-C ratio (LHR), and platelet to HDL-C ratio (PHR) were investigated and compared in both the overall population and the subgroup with diabetes. The associations between blood parameters at admission with primary composite end-point events (including mechanical ventilation, admission to the intensive care unit, or death) were analyzed using Cox proportional hazards regression models. Receiver operating characteristic curves were used to compare the utility of different blood parameters.



Results

Of 440 patients with COVID-19, 67 (15.2%) were critically ill. On admission, HDL-C concentration was decreased while NHR was high in patients with critical compared with non-critical COVID-19, and were independently associated with poor outcome as continuous variables in the overall population (HR: 0.213, 95% CI 0.090–0.507; HR: 1.066, 95% CI 1.030–1.103, respectively) after adjusting for confounding factors. Additionally, when HDL-C and NHR were examined as categorical variables, the HRs and 95% CIs for tertile 3 vs. tertile 1 were 0.280 (0.128–0.612) and 4.458 (1.817–10.938), respectively. Similar results were observed in the diabetes subgroup. ROC curves showed that the NHR had good performance in predicting worse outcomes. The cutoff point of the NHR was 5.50. However, the data in our present study could not confirm the possible predictive effect of LHR, MHR, and PHR on COVID-19 severity.



Conclusion

Lower HDL-C concentrations and higher NHR at admission were observed in patients with critical COVID-19 than in those with noncritical COVID-19, and were significantly associated with a poor prognosis in COVID-19 patients as well as in the diabetes subgroup.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has become a serious global public health crisis, severely threatening people worldwide. Although most cases are either asymptomatic or result in only mild symptoms, a few patients with COVID-19 rapidly develop acute respiratory distress syndrome, septic shock, multiple organ failure, and die (1). Thus, it is crucial to identify reliable predictors to stratify the risk for patients with severe COVID-19 and enable timely intervention and treatment to improve prognosis.

The role of inflammation in the progression of various viral pneumonitis, including COVID-19, has received increasing attention (2). Accumulating evidence suggests that patients with severe COVID-19 exhibit a hyperinflammatory response and impaired immune function (3). Therefore, circulating biomarkers related to the inflammatory status of patients are good potential predictors of the prognosis of patients with COVID-19. Indeed, the neutrophil-to-lymphocyte ratio has been confirmed as a well-established biomarker for predicting poor prognosis due to COVID-19 (4). However, there is an urgent need to identify novel biomarkers associated with COVID-19 progression.

In addition to reverse cholesterol transport, high-density lipoprotein cholesterol (HDL-C) also displays pleiotropic protective functions, including anti-infectious, anti-inflammatory, antioxidant, and antithrombotic effects (5). During infections or acute conditions, HDL-C levels decrease very rapidly (5, 6). Low concentrations of HDL-C have been used as prognostic markers in patients with sepsis, community-acquired pneumonia and other infections (7–9). In addition, several studies have shown that the degree of reduction in HDL-C and apolipoprotein A-I can predict mortality in COVID-19 patients (10, 11). Besides, new hematological parameters related to HDL-C, including neutrophil to HDL-C ratio (NHR) (12), monocyte to HDL-C ratio (MHR) (13), lymphocyte to HDL-C ratio (LHR) (14) and platelet to HDL-C ratio (PHR) (15), have been advocated as potential new indicators of inflammation in recent studies. These biomarkers have been reported in some lung diseases such as chronic obstructive pulmonary disease (16), stroke-associated pneumonia (17), and pulmonary embolism (18), despite limited studies on newly proposed biomarkers. However, how these serological biomarkers change in the peripheral blood and their clinical value in COVID-19 has not yet been reported.

Diabetes is a major comorbidity of COVID-19 and sufferers are at a markedly higher risk of death after severe acute respiratory syndrome-related coronavirus 2 (SARS-CoV-2) infection (19–21). On the other hand, patients with diabetes have a chronic inflammatory condition and a reduced level of HDL-C (22). Therefore, it is clinically important to examine the influence of inflammatory markers in diabetic patients (19). Hyperglycemia can affect immune function. Conversely, SARS-CoV-2 infection-induced inflammation increases insulin resistance, potentially aggravating the impairment of glucose metabolism (23). Whether these ratios have similar predictive effects on poor outcomes in patients with type 2 diabetes and COVID-19 remains unclear.

Thus, we aimed to investigate and compare the prognostic impacts of NHR, MHR, LHR, and PHR in the entire COVID-19 patient population and in the diabetes subgroup, as well as to explore the most useful diagnostic biomarkers and optimal cutoff values.



Methods


Study Design and Participants

In this multicenter, retrospective cohort study, participants with COVID-19 admitted to five hospitals in Wuhan from January 1 to March 17, 2020, were enrolled. All hospitals were designated to treat COVID-19 individuals, including the Department of Endocrinology, the Department of Infectious Disease, and the Department of Oncology of the Union Hospital of Tongji Medical College, Huazhong University of Science and Technology, and the Department of Endocrinology in the following four hospitals: the Fifth Hospital of Wuhan, the Wuhan Wuchang Hospital Affiliated to Wuhan University of Science and Technology, the General Hospital of the Yangtze River Shipping, and the Wuhan Hankou Hospital. These seven departments were temporarily converted into isolation wards for patients with COVID-19. We only had access to the data of the seven departments that the investigators were in charge of; thus, data from other departments in the five hospitals were not available.

COVID-19 was diagnosed according to the Diagnosis and Treatment Scheme for the Novel Coronavirus Pneumonia released by the National Health Commission of China (Supplementary Table 1). We only included cases with positive results for SARS-CoV-2 by real-time RT-PCR assay of nasal and pharyngeal swab specimens, or positive serum specific IgM and IgG antibodies. Patients were excluded using the following criteria: (1) previous malignancy; (2) no definitive outcome as they were transferred to another hospital; (3) no hematological or HDL-C data available within 3 days of admission (for one of the following reasons: [a] patients had measured before admission; [b] patients tested for these results 3 days after admission). All patients were followed up until discharge or in-hospital death.

The study was approved by the Ethics Committee of the Union Hospital, Tongji Medical College, Huazhong University of Science and Technology(2020-S180). Informed consent was waived as this retrospective study used only anonymous clinical data.



Data Collection

We obtained data from the electronic medical records of the relevant departments. The following data were collected: demographics, comorbidities, clinical symptoms and signs, laboratory findings, treatments, and outcomes (discharge or death). Two researchers independently reviewed and verified the data collection forms.

Comorbidities included hypertension, diabetes, coronary heart disease (CHD), chronic lung disease, chronic kidney disease, chronic hepatic disease, cerebrovascular disease, and dyslipidemia, which were diagnosed according to standard criteria. Laboratory results including complete blood count, renal and liver function, lipid profiles, and inflammation markers were recorded within 3 days of admission and before steroid therapy. Medication (e.g., antiviral and antibacterial drugs, systemic corticosteroid, immunoglobulin G, use of statins, and anti-diabetic agents) received during hospitalization were also recorded.

NHR was calculated by dividing neutrophil counts by the HDL-C value. MHR was calculated by dividing monocyte counts by the HDL-C value. LHR was calculated by dividing lymphocyte counts by the HDL-C value. PHR was calculated as the platelet count divided by the HDL-C value.

Patients were discharged when they met the following discharge criteria: (1) body temperature returned to normal, lasting for more than 3 days; (2) respiratory symptoms significantly improved; (3) imaging examinations revealed that acute exudative lesions were significantly improved; and (4) two real-time RT-PCR tests for the presence of SARS-CoV-2 yielded negative results (with two samples of respiratory specimens taken over 24 h apart) (24).



Study Outcomes

In accordance with previous studies (25, 26), the composite of admission to an intensive care unit (ICU), the use of mechanical ventilation, or death were considered as the primary outcome measure to define critical COVID-19. In contrast, patients discharged without the need for ICU admission or mechanical ventilation were classified as having noncritical COVID-19. The date of disease onset was defined as the day when symptoms suggestive of COVID-19 were first observed. Time (days) was calculated from the symptom onset of COVID-19 to the index date of the composite endpoint of inpatients.



Statistical Analysis

Data are presented as median and interquartile range (IQR) for continuous variables or as counts and proportions for categorical variables. Comparisons between the groups of non-critical and critical COVID-19 were analyzed using the Mann–Whitney U-test for continuous variables and the chi-squared test or Fisher’s exact test for categorical variables as appropriate. Univariate and multivariate Cox regression analyses were conducted to examine the association between the ratios and primary outcomes. Considering the total number of critical patients (n = 67) in this study and to avoid overfitting in the model, five variables (age, sex, hospital, hypertension, and diabetes) were chosen for multivariable analysis on the basis of previous findings. Regression analysis of the parameters associated with the composite outcome was repeated in a subgroup with diabetes (n = 150). To assess the discrimination ability of each indicator for adverse outcomes, receiver operating characteristic (ROC) curves were calculated, and the optimal cutoff values were determined by maximizing the Youden index. Time to a composite endpoint was investigated using survival analysis by a Kaplan–Meier plot and compared using the log-rank test. All analyses and mapping were performed using IBM SPSS (version 25.0) and GraphPad Prism (version 8.0). Statistical analyses were two-sided, and significance was set at P < 0.05.




Results


Baseline Characteristics of Study Samples

By March 17, 2020, 1028 patients with pneumonia were admitted to the seven departments across the five hospitals. After excluding one case diagnosed with pneumonia caused by influenza A, 312 suspected cases without positive SARS-Cov-2 laboratory results, 27 with a history of malignancy, 9 without outcome as they were transferred to other hospitals, and 239 patients without blood cell counts or HDL-C data, a total of 440 individuals with COVID-19 were included in the analysis (Figure 1). The characteristics of included and excluded patients are presented in Supplementary Table 2.




Figure 1 | Flow diagram showing the patient selection process.



The median age of the participants was 60 years [interquartile range (IQR), 45–68 years], and 215 (48.9%) were men (Table 1). The median time from symptom onset to hospital admission was 10 days (range,7–16 days). Dyslipidemia (58.4%) was the most common comorbidity, followed by diabetes (34.1%) and hypertension (30.9%). At admission, the most prevalent symptoms were fever (79.3%), cough (71.6%), and fatigue (48.4%) (Supplementary Table 3).


Table 1 | Demographics and baseline characteristics of patients with COVID-19.



In this population, 67 (15.2%) had critical COVID-19. Compared with non-critical COVID-19 patients, the critical patients were older, more likely to be male, and more likely to have other comorbidities. Additionally, the critical COVID-19 group was more likely to receive treatment with glucocorticoids [49 (73.1%) vs. 108 (29.0%)], intravenous immunoglobulin therapy [36 (53.7%) vs. 86 (23.1%)], and statins [12 (17.9%) vs. 33 (8.8%)] than the noncritical COVID-19 group (Table 1).



Baseline Laboratory Parameters of Patients With COVID-19

The critical COVID-19 group showed significantly increased levels of neutrophil count, but decreased levels of lymphocyte count, platelet count, as well as multiple lipid profiles, such as total cholesterol (TC), HDL-C, and low-density lipoprotein cholesterol (LDL-C), compared with the non-critical COVID-19 group (P < 0.05). Regarding inflammation indicators, patients with critical COVID-19 had higher levels of NHR and lower levels of LHR than the noncritical group (P < 0.05). No significant differences in monocyte, triglyceride, MHR, and PHR were found (Table 2).


Table 2 | Laboratory findings of patients with COVID-19 on admission to hospital.





Associations of Biomarkers With Outcome in the Whole COVID-19 Patient Population

According to univariate Cox regression analysis, HDL-C, NHR, and LHR levels were associated with adverse outcomes as both continuous and categorical variables (divided by tertiles). Notably, based on multivariate Cox regression analysis, we found that HDL-C (HR: 0.213, 95% CI: 0.090-0.507, P < 0.001) and NHR (HR: 1.066, 95% CI: 1.030-1.103, P < 0.001) were still independently associated with worse outcomes after adjusting for age, sex, hospital, hypertension, and diabetes (Table 3), while the association with LHR was attenuated to insignificance (HR: 0.767, 95% CI: 0.501-1.174). Furthermore, patients with the highest tertile of NHR displayed the highest risk for the primary endpoint, while patients with the highest tertile of HDL-C showed the lowest risk (HR: 4.458, 95% CI: 1.817–10.938; HR: 0.280, 95% CI: 0.128–0.612, respectively). Remarkably, ROC analysis revealed that NHR remained valuable for the primary endpoints, with an AUC > 0.80. At a threshold of 5.50, the AUC of the ROC curve of NHR was 0.81 (95% CI: 0.74–0.87, P < 0.001) (Table 4). HDL-C and LHR showed weak discrimination of the critical condition (AUC, 0.72; 95% CI: 0.65–0.79, P < 0.001; AUC: 0.70, 95% CI: 0.63–0.77, P < 0.001, respectively). Moreover, the Kaplan–Meier survival curves and log-rank tests demonstrated that patients with higher NHR (> 5.50) had a higher rate of primary endpoints (divided according to the best threshold) (Figure 2).


Table 3 | Cox proportional hazards regression model for primary composite end point among patients with COVID-19.




Table 4 | Diagnostic values of serological indicators in assessment adverse outcome of COVID-19.






Figure 2 | Kaplan-Meier survival curves for primary composite endpoint according to NHR optimal cutoff value. A log-rank test was used to evaluate difference between groups.





Associations of Biomarkers With Outcome in the Diabetic Subgroup

In our study, 150 individuals had diabetes. The baseline characteristics of the subjects with diabetes are presented in Table 5. Similar results were observed in the diabetes subgroup; the critical illness exhibited higher NHR while exhibiting lower HDL-C and LHR compared with those with noncritical illness, whereas MHR and PHR were comparable between the groups. We further evaluated the predictive performance of several hematological ratios for primary endpoints. Univariate Cox regression analysis showed that HDL-C and NHR were associated with poor outcomes as both continuous and categorical variables (divided by tertiles). Multivariate Cox analysis showed that when correcting for age, sex, and hospital, HDL-C (HR: 0.338, 95% CI: 0.118–0.971, P = 0.044) and NHR (HR: 1.076, 95% CI: 1.028–1.126, P = 0.002) were independent predictors of adverse outcomes (Table 6). Among them, 34 (22.7%) patients received metformin therapy and more noncritical patients received metformin compared with critical patients (30.6% vs. 2.4%, P < 0.001). Of note, the metformin group had a lower NHR than the non-metformin group, but the difference was not statistically significant (Supplementary Table 4).


Table 5 | Baseline characteristics of diabetic patients with COVID-19 on admission to hospital.




Table 6 | Cox proportional hazards regression model for primary end point among diabetic patients with COVID-19.






Discussion

In this multicenter retrospective cohort study, we explored the association between four novel serological indicators and fatal clinical outcomes in patients with COVID-19. Our findings suggested that low HDL-C concentration and high NHR on admission are closely associated with an increased risk of poor clinical outcome not only in all COVID-19 patients but also in the diabetes subgroup. Additionally, ROC curve analysis showed that NHR can effectively forecast the worse outcome of COVID-19.

The COVID-19 outbreak has caused widespread concern, and the progression to severe illness results in high rates of mortality (40%) in patients (27). Hence, it is essential to determine several early markers to make timely assessment as to which cases will likely become clinically severe. The critical cases showed significantly lower HDL-C concentrations than the non-critical cases in this study. Above all, decreased HDL-C concentration was associated with poor prognosis of COVID-19, which was consistent with previous studies (11, 28). More notably, recent studies have focused on the association between HDL-C-related biomarkers and COVID-19. For example, an increased triglyceride to HDL-C ratio indicates a greater risk of worse prognosis in patients with COVID-19 (29). Additionally, in a retrospective cohort study, a high C-reactive protein to HDL-C ratio was independently associated with an increase in mortality and poor prognosis (28). In the present study, we investigated the leucocyte-to-HDL-C ratio, and our results suggested that elevated NHR was associated with poor clinical outcomes after adjusting for confounding factors.

Several factors may contribute to the increased risks of severity related to higher NHR. First, excessive inflammation is an important features of COVID-19 patients. SARS-CoV-2 infection induces a series of immune responses and causes changes in peripheral white blood cells, such as neutrophilia (30). Furthermore, proinflammatory cytokines such as CRP and IL-6 can directly inhibit apolipoprotein synthesis enzyme activity, resulting in decreased ApoA-1 and HDL-C production (5–7, 31). In this context, the cytokine storm described in COVID-19 patients might induce immune-mediated dyslipidemia, leading to reduced HDL. Our study also demonstrated that CRP and IL-6 levels were higher in the critical COVID-19 group and correlated positively with NHR (Supplementary Tables 3 and 5). Consequently, NHR may reflect the overactive status of the inflammatory response, which can cause multiple organ damage and death. Second, HDL-C has the ability to inhibit neutrophil activation, attachment, diffusion, and migration (32). However, a large number of activated neutrophils can influence HDL-C composition and function by altering the structure and content of a variety of apolipoproteins (33). Moreover, a recent study in COVID-19 patients also reported altered HDL-C composition and function during severe COVID-19. For example, paraoxonase 1 (PON-1) is less abundant on HDL particles isolated from COVID-19 patients, which may be degraded by elastase released from neutrophil activation during COVID-19 (34). Consequently, a vicious cycle may occur in severe COVID-19 patients, with neutrophil overproduction resulting in deficiency in HDL-C and further neutrophil activation, which is detrimental to the prognosis of COVID‐19. Third, the NHR has been shown to be associated with many diseases, such as metabolic syndrome (12) and cardiovascular disease (35, 36), which are also known risk factors for severe COVID-19 (37–39).

In our study, 257 (58.4%) patients with COVID-19 had dyslipidemia, and the prevalence of dyslipidemia was much higher than that in other studies (5–32.5%) (40–42). One reason may be that the definition of dyslipidemia itself is rather complicated. Statin is one of the drugs most commonly used by patients with dyslipidemia. Statins have favorable anti-inflammatory effects and have been suggested as adjunct therapy for COVID-19 (43). However, our study found that plasma levels of inflammatory biomarkers were not significantly affected by statin therapy (Supplementary Table 6). Of note, critical patients were more likely to use statins than non-critical patients (17.9% vs. 8.8%). Although it has been reported that statins may increase the risk of SARS-CoV-2 viral entry by inducing angiotensin-converting enzyme 2 (ACE2) expression (44), it is also worth noting that individuals on statins were older and had a greater incidence of chronic diseases (Supplementary Table 6), which may explain the higher proportion of statin use in the critical group. Further studies are urgently needed to explore the efficacy of statins on COVID-19 outcomes.

Diabetes is a common comorbidity in patients with COVID-19 and is associated with greater disease severity and higher mortality of COVID-19 (19–21). This may be attributed to the dysregulated immunological status and the exaggerated pro-inflammatory cytokine response, manifesting as higher ratios of lymphopenia and increased levels of neutrophils, serum CRP, and IL-6 in patients with COVID-19 with pre-existing T2D compared to non-diabetic patients (19, 23). In addition, diabetic patients usually exhibit reduced HDL level (22) and impaired HDL function (45). In view of these findings, the role of these new markers in subsets of diabetes is worth exploring. Similarly, higher neutrophil counts but lower HDL-C levels were observed in critical COVID-19 patients compared with non-critical COVID-19 patients in the diabetic population. Therefore, not surprisingly, the NHR tended to be higher in the noncritical group than in the critical group and was associated with an increased risk of adverse outcomes (HR:1.076, 95% CI:1.028-1.126), after adjusting for age, sex, and hospitals. Generally, patients with diabetes show a higher degree of glycation. Glycated HDL showed much lower antiviral activity against SARS-CoV-2 than native HDL (46). In addition, hyperglycemia in diabetes primes neutrophils to release neutrophil extracellular traps (NETs) (47) which might further contribute to the cytokine storm, systemic inflammatory response syndrome (SIRS), and sepsis in COVID-19. Thus, diabetic patients with high NHR are more likely to develop critical illness with COVID-19 because of uncontrolled inflammation. Similar results were also seen in hypertension patients but not CHD patients (Supplementary Tables 7–10). This may be due to the limited sample size and the small observed events, which limits the statistical power of this explorative study.

Acute inflammation caused by viral infection may result in dyslipidemia in patients, and lipid metabolism is known to play an important role in the host immune response (5, 6). In fact, inflammation and lipid abnormalities are considered to be associated with poor outcomes in COVID-19. These comprehensive biomarkers might be more reliable and have a better ability to reflect the inflammatory status and lipid metabolism. Furthermore, they are simply calculated from the leukocyte subsets and HDL-C, which are routinely checked, inexpensive, and readily available biomarkers.

Previous studies have independently assessed the clinical significance of these biomarkers in various patients, but only one preprint report so far has investigated the relationship with COVID-19, and only involving MHR (48), which showed a higher value of MHR in male patients than in female patients. Here, we evaluated the early predictive value of NHR, LHR, MHR, and PHR in SARS-Cov-2 infection. To the best of our knowledge, this is the first time that these markers have been simultaneously investigated in COVID-19. Our study will provide a supplement to the research on COVID-19 pneumonia epidemics and references for clinicians to identify individuals at risk.

However, there were several limitations to our study. First, this was a retrospective study and the sample size was relatively small; therefore, further prospective studies with larger cohorts are required to verify our conclusions. Second, the time from the onset of symptoms to the time of serum sample collection when patients were admitted to the hospital varied among patients, which may have caused some bias in the analysis of the relationship between blood biomarkers and COVID-19. Third, a proportion of patients were excluded due to missing data, which may have led to selection bias. Fourth, although we adjusted for several known potential confounders, residual and unmeasured confounding factors might not be fully considered. Finally, the makeup of the study population might limit the generalizability of the results to other ethnic groups.

In conclusion, this retrospective cohort study indicates that lower HDL-C concentration and higher NHR on admission were found in patients with critical COVID-19 than in those without critical COVID-19 and were independently associated with adverse events not only in the overall COVID-19 patients but also in the diabetes subgroup after adjusting for confounding factors. However, further prospective cohort studies are required to confirm our findings.
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Variable Univariate HR P value Adjusted HR* P value
(95% CI) (95% Cl)

HDL-C 0.294 (0.109-0.791) 0.015 0.338 (0.118-0.971) 0.044

Q1 Ref Ref

Q2 0.737 (0.375-1.448) 0.376 0.499 (0.233-1.068) 0.073

Q3 0.302 (0.126-0.720) 0.007 0.307 (0.125-0.755) 0.01

NHR 1.061(1.036-1.086)  <0.001  1.076 (1.028-1.126)  0.002

Q1 Ref Ref

Q2 0.631 (0.200-1.993) 0.433  0.641 (0.196-2.090) 0.46

Q3 4991 (2.177-11.444)  <0.001 3.961 (1.604-9.783) 0.003

MHR 1.372 (0.816-2.306) 0.233 1.266 (0.736-2.180) 0.394

Q1 Ref Ref

Q2 0.628 (0.290-1.358) 0.237 0.565 (0.245-1.305) 0.182

Q3 0.811(0.393-1.677) 0.572 0.810 (0.354-1.854) 0.618

LHR 0.580 (0.331-1.019) 0.058 0.825 (0.540-1.261) 0.375

Q1 Ref Ref

Q2 0.604 (0.313-1.166) 0.133 0.625 (0.300-1.301) 0.209

Q3 0.124 (0.042-0.365) <0.001 0.168 (0.055-0.514) 0.002

PHR 0.999 (0.996-1.001) 0.308  0.999 (0.997-1.002) 0.53

Q1 Ref Ref

Q2 0.633 (0.301-1.330) 0.227 0.542 (0.240-1.223) 0.14

Q3 0.664 (0.316-1.395) 0.28 0.804 (0.366-1.768) 0.587

*Adjusted for age, sex, and hospital.
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All Patients (n =440)  Noncritical COVID-19 (n = 373)  Critical COVID-19 (n = 67) P value
Neutrophils (x10° per L) 3.38 (2.46-4.97) 3.20 (2.37-4.42) 5.94 (3.22-8.47) <0.001
Lymphocytes (x10° per L) 1.18 (0.78-1.62) 1.26 (0.91-1.71) 0.66 (0.43-0.98) <0.001
Monocytes (x10° per L) 0.39 (0.29-0.51) 0.40 (0.29-0.52) 0.33 (0.24-0.45) 0.056
Platelets (x109 per L) 192 (144-245) 199 (153-248) 161 (112-233) <0.001
Total cholesterol (mmol/L) 3.96 (3.38-4.87) 4,02 (3.48-4.92) 3.68 (2.93-4.47) <0.001
Triglyceride (mmol/L) 1.27 (0.94-1.79) 1.27 (0.95-1.78) 1.33 (0.98-1.88) 0.613
High density lipoprotein cholesterol (mmol/L) 1.04 (0.85-1.30) 1.08 (0.89-1.33) 0.85 (0.71-0.95) <0.001
Low density lipoprotein cholesterol(mmol/L) 2.30 (1.84-3.00) 2.37 (1.90-3.07) 1.89 (1.56-2.59) <0.001
Neutrophil to high-density lipoprotein cholesterol ratio (NHR) 3.22 (2.18-5.00) 3.05 (2.02-4.31) 7.71 (4.00-10.96) <0.001
Monocyte to high-density lipoprotein cholesterol ratio (MHR) 0.38 (0.26-0.51) 0.37 (0.25-0.49) 0.39 (0.27-0.65) 0.118
Lymphocyte to high-density lipoprotein cholesterol ratio (LHR) 1.13 (0.75-1.56) 1.20(0.81-1.63) 0.82 (0.53-1.11) <0.001
Platelet to high-density lipoprotein cholesterol ratio (PHR) 175.33 (129.03-250.88) 175.00 (129.36-248.42) 191.74 (115.46-293.83) 0.581

Data are median (IQR). P values comparing critical and noncritical COVID-19 are from Mann-Whitney U test.
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AUC (95% CI) Best Sensitivity  Specificity P
threshold
HDL-C 0.72 (0.65-0.79) 0.95 0.67 0.73 <0.001
NHR  0.81 (0.75-0.87) 5.50 0.64 0.88 <0.001
MHR  0.56 (0.48-0.64) 0.56 0.34 0.83 0.119
LHR 0.70 (0.63-0.77) 1.03 0.62 0.75 <0.001
PHR  0.52 (0.44-0.60) 292.21 0.25 0.84 0.581

AUC, Area under ROC Curve.
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Variable Univariate HR P value Adjusted HR* P value
(95% Cl) (95% CI)
HDL-C 0.111 (0.047-0.260) <0.001 0.213 (0.090-0.507) <0.001
Q1 Ref Ref
Q2 0.365 (0.210-0.635) <0.001 0.495 (0.279-0.879) 0.016
Q3 0.166 (0.078-0.3563)  <0.001  0.280 (0.128-0.612) 0.001
NHR 1.082 (1.062-1.102) <0.001 1.066 (1.030-1.103) <0.001
Q1 Ref Ref
Q2 1.811 (0.679-4.828) 0.235 1.365 (0.496-3.754) 0.547
Q3 7.946 (3.396-18.589)  <0.001  4.458 (1.817-10.938)  0.001
MHR 1.896 (1.208-2.974) 0005  1.396 (0.879-2.218)  0.157
Q1 Ref Ref
Q2 0.688 (0.356-1.330) 0.281 0.759 (0.378-1.523) 0.437
Q3 1.363 (0.776-2.395) 0.281 1.304 (0.696-2.441) 0.407
LHR 0.461 (0.290-0.732) 0.001 0.767 (0.501-1.174) 0.222
Q1 Ref Ref
Q2 0.479 (0.281-0.817) 0.007 0.722 (0.409-1.273) 0.26
Q3 0.182 (0.085-0.390) <0.001 0.331 (0.148-0.743) 0.007
PHR 1.000 (0.998-1.002) 0.862 1.000 (0.998-1.002) 0.789
Ql Ref Ref
Q2 0.993 (0.545-1.811) 0.982 0.850 (0.450-1.606) 0.617
Q3 1.033 (0.574-1.860) 0.913 1.159 (0.629-2.135) 0.636

*Adljusted for age, sex, hospital, hypertension, and diabetes.
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Ages

Sex
Female
Male

Days from illness onset to admission

Comorbidities
Hypertension
Diabetes
Coronary heart disease
Chronic lung disease
Chronic liver disease
Chronic kidney disease
Cerebrovascular disease
Dyslipidemia

Treatment
Antiviral therapy
Antibiotic therapy
Use of corticosteroid
Intravenous immunoglobin
Use of statins

Al Patients (n = 440)
60 (45-68)

225 (51.1%)
215 (48.9%)
10 (7-16)

136 (30.9%)
150 (34.1%)
44 (10.0%)
23 (5.2%)
6 (1.4%)
11 (2.5%)
21 (4.8%)
257 (58.4%)

397 (90.2%)
241 (54.8%)
157 (35.8%)
122 (27.8%)
45 (10.2%)

Noncritical COVID-19 (n = 373)
57 (42-67)

206 (55.2%)
167 (44.8%)
10 (7-20)

103 (27.6%)
108 (29.0%)
4 (9.1%)
6 (4.3%)
5 (1.3%)
4(1.1%)
1 (2.9%)
201 (53.9%)

@

336 (90.1%)

202 (54.2%)

108 (29.0%)
86 (231%)
33 (8.8%)

Critical COVID-19 (n = 67)

69 (60-78)

19 (28.4%)
48 (71.6%)
10 (5-12)

33 (49.3%)
42 (62.7%)
10 (14.9%)
7 (10.4%)
1.(1.5%)
7 (10.4%)
10 (14.9%)
56 (83.6%)

61(91.0%)

9 (58.2%)
49 (73.1%)
36 (53.7%)
12 (17.9%)

P value

<0.001

<0.001

0.005

<0.001
<0.001
0.144
0.074
1
<0.001
<0.001
<0.001

0.807
0.539
<0.001
<0.001
0.024

Data are median (IQR) or n (%). P values comparing critical and noncritical COVID-19 are from x? test, Fisher’s exact test or Mann-Whitney U test.
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All Patients (n = 150)  Noncritical COVID-19 (n = 108)  Critical COVID-19 (n =42) P value

Ages 64 (57-71) 62 (55-70) 69 (61-75) 0.001
Sex

Female 67 (44.7%) 54 (50.0%) 13 (31.0%) 0.035
Male 83 (55.3%) 54 (50.0%) 29 (69.0%)

Days from illness onset to admission 10 (7-15) 10 (7-20) 10 (7-12) 0.126
Metformin 34 (22.7%) 33 (30.6%) 1 (2.4%) <0.001
Neutrophils (x10° per L) 4,16 (2.82-6.29) 3.58 (2.63-5.14) 6.83 (4.25-0.32) <0.001
Lymphocytes (x10° per L) 0.97 (0.57-1.33) 1.11 (0.76-1.51) 0.62 (0.35-0.84) <0.001
Monoaytes (x10° per L) 0.36 (0.26-0.51) 0.39 (0.29-0.53) 0.33 (0.21-0.45) 0.112
Platelets (x109 per L) 182 (128-245) 193 (150-264) 152 (103-204) <0.001
Total cholesterol (mmol/L) 3.83 (3.20-4.66) 3.96 (3.42-4.70) 3.38 (2.92-4.57) 0.02

Triglyceride (mmol/L) 1.42 (1.05-1.90) 1.37 (1.05-1.87) 1,58 (1.04-2.02) 0.734
High density lipoprotein cholesterol (mmol/L) 0.92 (0.79-1.23) 1.03 (0.84-1.27) 0.85 (0.72-0.96) 0.002
Low density lipoprotein cholesterol(mmol/L) 2.20 (1.69-2.78) 2.22 (1.77-2.80) 1.81 (1.44-2.56) 0.062
Neutrophil to high-density lipoprotein cholesterol ratio (NHR) 4.16 (2.73-7.24) 3.66 (2.44-5.07) 8.64 (4.82-12.29) <0.001
Monocyte to high-density lipoprotein cholesterol ratio (MHR) 0.38 (0.25-0.51) 0.39 (0.25-0.51) 0.38 (0.25-54) 0.844
Lymphocyte to high-density lipoprotein cholesterol ratio (LHR) 0.96 (0.59-1.45) 1.18 (0.73-1.60) 0.73 (0.49-0.99) <0.001
Platelet to high-density lipoprotein cholesterol ratio (PHR) 186.18 (129.06-262.53) 187.25 (134.44-263.16) 183.20 (113.79-252.57) 0.451

Data are median (IQR) or n (%). P values comparing critical and noncritical COVID-19 are from x? test and Mann-Whitney U test.





