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Background: Triglyceride to high density lipoprotein cholesterol ratio (TG/HDL-c) is crucial when researching metabolic and
vascular diseases, and its involvement in COVID-19 was sparsely elaborated on. The purpose of the study was to explore the
inflammatory associations between the TG/HDL-c ratio and COVID-19 prognosis.

Methods: A total of 262 COVID-19 patients consisting of 244 survivors and 18 non-survivors were retrospectively investigated. The
clinical features and baseline hematological parameters were recorded and analyzed. The receiver operating characteristic curve (ROC)
was used to explore the role of TG/HDL-c in predicting the mortality of COVID-19, the Spearman’s rank correlation coefficients were
used to measure the correlation between TG/HDL-c and inflammatory indicators, and the Kaplan—-Meier (KM) curve was used to
estimate the survival of COVID-19 patients with high and low TG/HDL-c ratio. Logistic regression analyses were performed to
investigate the role of TG/HDL-c ratio on mortality of COVID-19 with no underlying diseases.

Results: Compared with the survivors, the non-survivors of COVID-19 had significantly higher levels of white blood cells (4.7 vs 13.0 x
10°/L; P < 0.001), neutrophils (3.0 vs 11.6 x 10°/L; P < 0.001), C-reactive proteins (15.7 vs 76.7 mg/L; P < 0.001) and TG/HDL-c ratio
(1.4 vs 2.5; P =0.001). The ROC curve [area under the curve (AUC), 0.731; 95% confidence interval (CI), 0.609-0.853; P = 0.001]
suggested that the TG/HDL-c ratio could predict the mortality of COVID-19. The TG/HDL-c ratio was positively correlated with white
blood cells (= 0.255, P < 0.001), neutrophils (» = 0.243, P < 0.001) and C-reactive proteins (» = 0.170, P < 0.006). Patients with high TG/
HDL-c ratio showed a worse survival compared with those with low TG/HDL-c ratio (Log rank P = 0.003). Moreover, TG/HDL-c ratio
was an independent factor in predicting the mortality of COVID-19 patients with no underlying diseases.

Conclusion: Our study demonstrated that TG/HDL-c ratio might potentially be a predictive marker for mortality in COVID-19
patients.

Keywords: COVID-19, triglyceride, high density lipoprotein cholesterol, inflammation, viral infection, triglyceride-to-high-density
lipoprotein cholesterol ratio, mortality

Introduction

As is generally known, Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), has already become a serious threat to the global public health system.' It is more contagious than
SARS and Middle East respiratory syndrome, both of which are from the same family of RNA virus as COVID-19.?
Despite a relatively higher incidence of mild cases, once it gets worse, severe cases can progress rapidly, culminating in
respiratory failure, septic shock or a fatal outcome. In this regard, it is of great significance to identify relevant risk
factors for COVID-19 progression.
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Undoubtedly, dyslipidemia is strongly associated with obesity and obesity-related disorders, and is commonly found
in patients with stroke, insulin resistance, metabolic syndrome and cardiovascular diseases.>® Over recent years, obese
state has been characterized by oxidative stress.” It was reported that hypertrophied adipocytes, which promoted the
dysfunction of adipose tissue, could produce a high level of reactive oxygen species (ROS), participating in many
metabolic signaling pathways, such as insulin sensitivity, inflammation, and endothelial dysfunction. Meanwhile,
inflammation could lead to a rapid spike in levels of ROS, which established a feedback-loop between inflammation
and oxidative stress.’ Increase in triglyceride (TG) and decrease in high density lipoprotein cholesterol (HDL-c) may be
caused by inflammatory cytokines, and it has been suggested that triglyceride to high density lipoprotein cholesterol ratio
(TG/HDL-c ratio), a simple, non-invasive, and convenient measurement indicator, could integrate predictive risks of two
parameters into a single risk factor and showed better predictive value than TG and HDL-c alone in atherosclerotic

disturbances,® and our results were consistent with the study (in Supplementary Figures 1 and 2). Klisic et al demon-

strated that TG/HDL-c had positive correlation with high sensitivity C-reactive protein (hsCRP) and inflammatory
biomarker cystatin C in adolescent girls.” Idiopathic pulmonary arterial hypertension (IPAH) patients with higher TG/
HDL-c ratio were prone to suffer from systemic inflammation.'® As for COVID-19, it was reported that TG/HDL-c ratio
was a determining of cardiovascular risk in COVID-19;"" low HDL and high triglyceride could predict the severity of
COVID-19;'? TG/HDL-c ratio was correlated with indicators for severity of COVID-19, such as levels of lactate
dehydrogenase, National Early Warning Score 2 (NEWS 2), and quick sequential organ failure assessment, which
could be a biomarker for poor prognosis with requirement of invasive mechanical ventilation."® Nevertheless, there are
few studies with respect to the inflammatory correlation between TG/HDL-c ratio and the prognosis of COVID-19,
which reminds to be further elaborated on. In view of the current status of COVID-19 pandemic and the potential role of
TG/ HDL-c ratio mentioned above, this study was performed with the purpose to clarify the inflammatory relationship of
TG/HDL-c ratio and the mortality of COVID-19 patients, so as to provide potential reference for monitoring and
preventing COVID-19 progression.

Materials and Methods

Study Design and Participants

The study was conducted by the Second Xiangya Hospital of Central South University in March 2021, and Ethic
approval was obtained from the Second Xiangya Hospital of Central South University (N0.2020001). 622 COVID-19
patients were all adults who were confirmed by real-time polymerase chain reactions from Tongji Medical College of
Huazhong University of Science and Technology, Wuhan, and Changsha Public Health Treatment Center, China, by
March 26th 2020."* Among the patients, 360 of them whose lipids test was missing were excluded. Thus, 262 patients
were enrolled in the study (Figure 1). Furthermore, enrolled patients were divided into survivor group and non-survivor
group based on their survival status. To avoid the impact of underlying diseases on COVID-19, 88 patients with
hypertension, cardiovascular disease, diabetes, COPD, chronic bronchitis, cerebrovascular disease, or cancer were
excluded, and further studies were conducted to investigate the role of TG/HDL-c ratio in COVID-19 with no underlying
diseases.

Data Collection

All medical records of the enrolled patients were carefully collected and reviewed by two members of our team. We
recorded the demographics, baseline characteristics, and blood test parameters of these patients on admission. The
medical records with incomplete information were excluded. The primary end point in this study was the occurrence of
death among patients with COVID-19.
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Figure | Flow chart of patient enrollment. 262 patients were enrolled in the study.

Definition and Endpoints

Low TG/HDL-c ratio is defined as below the cutoff value of receiver operating characteristic curve (ROC) analysis for
the role of TG/HDL-c in predicting the mortality of COVID-19, and high TG/HDL-c ratio is defined as above or equal to
the cutoff value of ROC analysis for the role of TG/HDL-c in predicting the mortality of COVID-19. The endpoint was
the mortality of patients with COVID-19 who died during hospitalization.

Statistical Analysis

Considering the non-normal distribution of all continuous variables, these data were presented as Median with inter-
quartile range, and Mann—Whitney test was used to compare the difference between groups. All categorical variables
were described as number and percentages, and Fisher’s exact test (or y* test) was used for data analysis. To detect which
variables best predicted the final outcome for COVID-19 patients, we performed univariate and multivariate logistic
regression analyses. To evaluate how variables can predict COVID-19 prognoses, the ROC were calculated. The
Spearman’s rank correlation coefficients were used to measure the correlation between two variables. The Kaplan—
Meier (KM) curve with Log rank tests were used to estimate the survival of COVID-19 patients with high and low TG/
HDL-c ratios. IBM SPSS version 26 software (IBM®SPSS, Chicago, IL, USA) was conducted during all analyses.

Results

The enrolled patients were separated into survivors and non-survivors based on clinical outcomes, and demographics and
baseline characteristics for each group are provided in Table 1. A total of 262 patients aged above 18 were admitted to the
study, which included 244 survivors and 18 non-survivors. Based on their age, patients were further divided into three
groups, ie, > 65 years (21.4%), 45 years < age < 65 years (36.6%), and < 45 years(42.0%). Comparing the survivors with
the non-survivors, there were significant differences in the ages and comorbidities with cancer (P < 0.05).

International Journal of General Medicine 2022:15 https: 987
Dove!


https://www.dovepress.com
https://www.dovepress.com

Peng et al

Dove

Table | Demographics and Baseline Characteristics of Survivor and Non-Survivor of COVID-19 Patients

No. (%) Total (n = 262) Survivor (n = 244) Non-Survivor (n = 18) P value
Age, % <0.001
265y 56 (21.4) 45 (18.4) I (6l.1)
45<age<65 96 (36.6) 89 (36.5) 7 (38.9)
<45y 110 (42.0) 110 (45.1) 0 (0.0
Gender, % 0.774
Male 137 (52.3) 127 (52.0) 10 (55.6)
Female 125 (47.7) 117 (48.0) 8 (44.4)
Symptoms
Fever, % 181 (78.6) 165 (67.6) 16 (88.9) 0.060
Cough, % 212 (80.9) 197 (80.7) 15 (83.3) 0.787
Myalgia, % 26 (9.9) 25 (10.2) I (5.6) 0.521
Fatigue, % 114 (43.5) 109 (44.7) 5(27.8) 0.164
Headache, % 33 (12.6) 32 (13.1) I (5.6) 0.352
Diarrhoea, % 58 (22.1) 54 (22.1) 4 (22.2) 0.993
Abdominal pain, % 7(27) 7 (2.9) 0 (0.0) 0.467
Shortness of breath, % 90 (34.3) 83 (34.0) 7 (38.9) 0.675
Comorbidities
Hypertension, % 53 (20.2) 48 (19.7) 5(27.8) 0.410
Cardiovascular disease, % 18 (6.9) 15 (6.1) 3 (16.7) 0.089
Diabetes, % 25 (9.5) 23 (94) 2(1.1) 0.8I5
COPD, % 1 (0.0) | (0.0 0 (0.0) 0.786
Chronic bronchitis, % 20 (7.6) 20 (8.1) 0 (0.0) 0.527
Cerebrovascular disease, % 9 (34) 8 (3.2) I (5.5) 0.609
Cancer, % 5(1.9) 2 (1.0) 3 (16.7) <0.001

Notes: P values indicate differences between survivor and non-survivor of COVID-19 patients. P< 0.05 was considered statistically significant (marked in bold).
Abbreviations: COVID-19, Coronavirus disease 2019; COPD, chronic obstructive pulmonary disease.

The non-survivor COVID-19 patients had significantly higher white blood cells (WBC) (4.7 vs 13.0 x10°/L;
P<0.001), neutrophils (3.0 vs 11.6 x10°/L; P<0.001), C-reactive proteins (CRP) (15.7 vs 76.7mg/L; P<0.001), and
TG/HDL-c ratio (1.4 vs 2.5; P=0.001) levels than survivors, but the levels of lymphocytes (1.1 vs 0.6 x10°/L; P<0.001),
and low density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio (LDL-c/HDL-c) (3.2 vs 2.2;

P=0.010) were lower in non-survivors when compared with survivors (Table 2).

The mortality of COVID-19 patients was associated with age [odds ratio (OR) = 1.108; 95% CI, 1.060-1.159; P <
0.001], cancer (OR = 24.200; 95% CI, 3.754-156.023; P = 0.001), WBC (OR = 1.451; 95% CI, 1.267-1.661; P < 0.001),

Table 2 Comparison of Laboratory Parameters Between the Survivor and Non-Survivor of COVID-

19 Patients

Survivor Non-Survivor P value
WBC, x10°/L 4.7 (3.6-6.0) 13.0 (7.8-17.8) <0.001
Lymphocytes, % 10°/L 1.1 (0.8-1.5) 0.6 (0.4-0.7) <0.001
Neutrophils, x10°/L 3.0 (22-3.8) 11.6 (6.9-16.6) <0.001
CRP, mg/L 15.7 (4.5-35.3) 76.7 (36.8-229.0) <0.001
TC/HDL-c ratio 4.5 (3.8-5.6) 5.0 (3.4-5.6) 0.899
LDL-c/HDL-c ratio 3.2 (2.54.1) 2.2 (1.4-3.4) 0.010
TG/HDL-c ratio 1.4 (0.9-2.1) 2.5 (1.5-4.8) 0.001

Notes: P values indicate differences between survivor and non-survivor of COVID-19 patients. P<0.05 was considered statistically

significant (marked in bold).

Abbreviations: COVID-19, Coronavirus disease 2019; WBC, White blood cells; CRP, C-reactive proteins; TC/HDL-c ratio, total
cholesterol-to-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c ratio, low-density lipoprotein cholesterol-to-high-density
lipoprotein cholesterol ratio; TG/HDL-c ratio, triglyceride-to-high-density lipoprotein cholesterol ratio.
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Table 3 Univariate Analysis
COVID-19 Patients

of Risk Factors Related to the Mortality of

Variables Odds Ratio (95% CI) P value
Age 1.108 (1.060-1.159) <0.001
Cancer 24.200 (3.754-156.023) 0.001
WBC 1.451 (1.267-1.661) <0.001
Lymphocytes 0.006 (0.001-0.059) <0.001
Neutrophils 1.493 (1.294-1.724) <0.001
CRP 1.023 (1.014-1.032) <0.001
LDL-c/HDL-c ratio 0.551 (0.327-0.927) 0.025
TG/HDL-c ratio 1291 (1.066—1.564) 0.009

Notes: P values indicate differences between the survivor and non-survivor COVID-19 patients. P <
0.05 was considered statistically significant.

Abbreviations: COVID-19, Coronavirus disease 19; Cl, confidence interval; WBC, White blood
cells; CRP, C-reactive proteins; LDL-c/HDL-c ratio, low-density lipoprotein cholesterol-to-high-
density lipoprotein cholesterol ratio; TG/HDL-c ratio, triglyceride-to-high-density lipoprotein cho-
lesterol ratio.

lymphocytes (OR = 0.006; 95% CI, 0.001-0.059; P < 0.001), neutrophils (OR = 1.493; 95% CI, 1.294-1.724; P < 0.001),
CRP (OR = 1.023; 95% CI, 1.014-1.032; P < 0.001), LDL-c/HDL-c ratio (OR = 0.551; 95% CI, 0.327-0.927; P =
0.025), and TG/HDL-c ratio (OR = 1.291; 95% CI, 1.066—1.564; P = 0.009) (Table 3). However, only TG/HDL-c ratio
(OR = 1.730; 95% CI, 1.044-2.866; P = 0.033) and cancer (OR = 44.973; 95% ClI, 2.059-982.524; P = 0.016) were the
independent risk factors affected mortality in COVID-19 patients (Table 4).

ROC analysis indicated that the TG/HDL-c ratio was able to significantly predict death in COVID-19 patients (P =
0.001) with the cutoff value of 1.744, and the area under the curve (AUC) was 0.731 (95% CI, 0.609-0.853) with
sensitivity and specificity of 0.722 and 0.656, respectively (Figure 2). Bivariate correlations indicated that TG/HDL-c
ratio was positively correlated with WBC (r = 0.255, P<0.001), neutrophils (» = 0.243, P < 0.001) and CRP (r = 0.170,
P < 0.006), but no significant correlations existed between TG/HDL-c ratio and lymphocytes (» = —0.004, P = 0.949)
(Figure 3). According to the cutoff value 1.744, we divided the patients” TG/HDL-c ratio into high and low TG/HDL-c
ratio, and found that high TG/HDL-c ratio showed a worse survival compared with those with low TG/HDL-c ratio (Log
rank P = 0.003) (Figure 4).

Eighty-eight patients with hypertension, cardiovascular disease, diabetes, COPD, chronic bronchitis, cerebrovascular
disease, or cancer were excluded, the remaining patients were separated into survivors and non-survivors based on demo-
graphics and baseline characteristics in Table 5. A total of 174 patients consisting of 165 survivors and 9 non-survivors were
included in the study. Age was significant difference comparing the survivors with the non-survivors (P < 0.05).

The non-survivor COVID-19 patients with no underlying diseases had significantly higher WBC (4.6 vs 12.6 x10°/L;
P<0.001), neutrophils (2.9 vs 11.4 x10°/L; P<0.001), CRP (12.7 vs 70.1mg/L; P<0.001), and TG/HDL-¢ ratio (1.3 vs

Table 4 Multivariate Analysis of Risk Factors Related to the Mortality of COVID-19 Patients

B SE Wald P OR 95% ClI

Age 0.050 0.039 1.703 0.192 1.052 0.975-1.134
Cancer 3.806 1.574 5.851 0.016 44.973 2.059-982.524
WBC 0919 1.322 0.484 0.487 0.399 0.030-5.319
Lymphocytes 3.388 2.375 2.035 0.154 0.034 0.000-3.550
Neutrophils 1.055 1.358 0.604 0.437 2.872 0.201-41.096
CRP 0.007 0.007 1113 0.292 1.007 0.994-1.021
LDL-c/HDL-c ratio 0.323 0.307 L1 0.292 0.724 0.397-1.321
TG/HDL-c ratio 0.548 0.258 4.522 0.033 1.730 1.044-2.866

Notes: P values indicate differences between the survivor and non-survivor COVID-19 patients. P < 0.05 was considered statistically significant (marked in bold).
Abbreviations: COVID-19, Coronavirus disease |9; SE, standard error; OR, odds ratio; Cl, confidence interval; WBC, White blood cells; CRP, C-reactive proteins; LDL-c/
HDL-c ratio, low-density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio; TG/HDL-c ratio, triglyceride-to-high-density lipoprotein cholesterol ratio.
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Figure 2 Receiver operating characteristic curve of TG/HDL-c ratio for predicting the mortality of COVID-19. The TG/HDL-c ratio was able to significantly predict death in
COVID-19 patients (P = 0.001) with the area under the curve of 0.731 (95% Cl, 0.609-0.853).

1.9; P=0.001) levels than survivors, but the levels of lymphocytes (1.2 vs 0.6 x10°/L; P<0.001), and low density
lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio (LDL-c/HDL-c) (3.2 vs 2.2; P=0.010) were lower in
non-survivors when compared with survivors (Table 6).

The mortality of COVID-19 patients with no underlying diseases was associated with WBC (P < 0.001), lymphocytes
(P <0.001), neutrophils (P < 0.001), CRP (P = 0.002), and TG/HDL-c ratio (P = 0.008). However, only TG/HDL-c ratio
(OR = 1.744; 95% CI, 1.091-2.786; P = 0.020) was the independent risk factor (Table 7).

Discussion

Our study reported three findings primarily. Firstly, there was a rise in TG/HDL-c ratio of the non-survivors when
compared with that of the survivors. Secondly, TG/HDL-c ratio levels in patients on admission was positively correlated
with inflammatory indicators, such as WBC, neutrophils, and CRP. Finally, TG/HDL-c ratio in patients on admission
might be able to predict and measure COVID-19 mortality.

It has been verified that TG levels might increase during infection and inflammation.'>'® Inflammatory cytokines
might contribute to TG synthesis and reduce TG hydrolysis under septic conditions,'” and could also increase the
angiopoietin-like protein 4 expressions that might further suppress TG-rich lipoprotein metabolism.'® In addition, tumor
necrosis factor (TNF)-a was reported to produce a rapid rise in TG concentration through increasing hepatic
production.'® Without doubt, due to social isolation and long period of stay at home, people were prone to have an
imbalanced diet and be less active, which might further worsen their metabolic and lipid profiles to induce
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Figure 3 Association between TG/HDL-c ratio and inflammatory indicators. TG/HDL-c ratio positively correlated with WBC (r = 0.255, P<0.001), neutrophils (r = 0.243,
P < 0.001) and CRP (r = 0.170, P < 0.006), but no significant correlations existed between TG/HDL-c ratio and lymphocytes (r = —0.004, P = 0.949).

hypertriglyceridemia eventually.'” Hypertriglyceridemia can cause endothelial dysfunction, thus leading to a higher

susceptibility to complications related to cardiovascular diseases in COVID-19 patients.”’ Furthermore, TG could

regulate the expression of angiotensin-converting enzyme-2 (ACE2) protein through methylenetetrahydrofolate
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Figure 4 The time-dependent risk of death in COVID-19 patients with high and low TG/HDL-c ratio using Kaplan—Meier curve. Patients with high TG/HDL-c ratio showed
a worse survival compared with those with low TG/HDL-c ratio (Log rank P = 0.003).
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Table 5 Demographics and Baseline Characteristics of Survivor and Non-Survivor of COVID-19 Patients without Underlying Diseases

No. (%) Total (n = 174) Survivor (n = 165) Non-Survivor (n = 9) P value
Age, % <0.001
265y 20 (11.5) 16 (9.7) 4 (44.4)
45<age<65 60 (34.5) 55 (33.3) 5 (55.6)
<45y 94 (54.0) 94 (57.0) 0 (0.0)
Gender, %
Male 88 (52.3) 84 (50.9) 4 (44.4) 0.706
Female 86 (47.7) 81 (49.1) 5 (55.6)
Symptoms
Fever, % 116 (66.7) 108 (65.5) 8 (88.9) 0.148
Cough, % 147 (84.5) 140 (84.8) 7 (77.8) 0.608
Myalgia, % 16 (9.2) 16 (9.7) 0 (0.0) 0.328
Fatigue, % 74 (42.5) 72 (43.6) 2 (22.2) 0.207
Headache, % 23 (13.2) 23 (13.9) 0 (0.0) 0.231
Diarrhoea, % 43 (24.7) 41 (24.8) 2 (22.2) 0.859
Abdominal pain, % 3(1.7) 3(1.8) 0 (0.0) 0.684
Shortness of breath, % 53 (30.5) 50 (30.3) 3(33.3) 0.848

Notes: P values indicate differences between survivor and non-survivor of COVID-19 patients without underlying diseases. P< 0.05 was considered statistically significant
(marked in bold).
Abbreviation: COVID-19, Coronavirus disease 2019.

dehydrogenase (MTHFD1) which affected the methylation of the ACE2.2! Meanwhile, it was reported that TG was
associated with the excessive activation of macrophages,”* positive with the levels of CRP and procalcitonin,?® and the
level was significantly increased in COVID-19 patients with poor prognoses.”*

The most striking function of HDL is to facilitate reverse cholesterol transport from tissues to the liver.”> HDL
particles are crucial for the immune system and defense against infectious diseases, which can mitigate inflammatory
2627 and function against RNA and DNA viruses.”® In addition, HDL has the greatest affinity for
binding and neutralizing lipopolysaccharides and lipoteichoic acid,?’ and also exerts antithrombotic*® and antioxidant

responses during sepsis,

effects.’! Using genetic variants as risk factors, a prior research identified that genetically determined increased levels of
HDL-c exhibited an association with reduced mortality from sepsis.'® At the same time, it was suggested that a genetic
variant in cholesteryl ester transfer protein (CETP), rs1800777, was related to the level of HDL-c in septic patients,*” and
CETP inhibitor might be a potential therapy for sepsis.”> Some viral infections causing inflammation also resulted in

34,35

dyslipidemia, in which HIV patients had a decreased HDL-c levels, and patients with hepatitis B in the cirrhosis

phase showed lower HDL-c levels.*® Recently, it has been reported that COVID-19 patients with declined HDL-c

Table 6 Comparison of Laboratory Parameters Between the Survivor and Non-Survivor of COVID-
19 Patients without Underlying Diseases

Survivor Non-Survivor P value
WBC, x10%/L 4.6 (3.6-5.8) 12.6 (5.5-17.9) <0.001
Lymphocytes, X 10°/L 1.2 (0.9-1.7) 0.6 (0.4-0.7) <0.001
Neutrophils, x 10%/L 2.9 (2.1-3.6) 11.4 (47-17.0) <0.001
CRP, mg/L 12.7 (4.0-27.9) 70.1 (29.6-254.3) <0.001
TC/HDL-c ratio 4.5 3.7-5.6) 4.9 (3.3-5.5) 0.899
LDL-c/HDL-c ratio 3.2 (2.54.1) 2.2 (1.5-3.5) 0.010
TG/HDL-c ratio 1.3 (0.9-2.0) 1.9 (1.6-8.4) 0.001

Notes: P values indicate differences between survivor and non-survivor of COVID-19 patients without underlying diseases.
P<0.05 was considered statistically significant (marked in bold).
Abbreviations: COVID-19, Coronavirus disease 2019; WBC, White blood cells; CRP, C-reactive proteins; TC/HDL-c ratio, total
cholesterol-to-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c ratio, low-density lipoprotein cholesterol-to-high-density

lipoprotein cholesterol ratio; TG/HDL-c ratio, triglyceride-to-high-density lipoprotein cholesterol ratio.
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Table 7 Univariate and Multivariate Analysis of Risk Factors Related to the Mortality of COVID-19 Patients without
Underlying Diseases

Variables Univariate Multivariate
P value OR 95% CI P value

WBC <0.001 0.502 0.032-7.881 0.624
Lymphocytes 0.001 0.008 0.000—4.208 0.130
Neutrophils <0.001 3.319 0.174-56.530 0.438
CRP 0.002 1.001 0.965-1.038 0.959
TG/HDL-c ratio 0.008 1.744 1.091-2.786 0.020
LDL-c/HDL-c ratio 0.112 \ \ \
TC/HDL-c ratio 0.700 \ \ \

Notes: P values indicate differences between survivor and non-survivor of COVID-19 patients without underlying diseases. P<0.05 was considered
statistically significant (marked in bold).

Abbreviations: COVID-19, Coronavirus disease 2019; OR, odds ratio; Cl, confidence interval; WBC, White blood cells; CRP, C-reactive proteins;
TC/HDL-c ratio, total cholesterol-to-high-density lipoprotein cholesterol ratio; LDL-c/HDL-c ratio, low-density lipoprotein cholesterol-to-high-density
lipoprotein cholesterol ratio; TG/HDL-c ratio, triglyceride-to-high-density lipoprotein cholesterol ratio.

concentrations had longer time for viral nucleic acid amplification test turning negative than those with normal levels,*”
and lower HDL-c levels exhibited an association with the severity of COVID-19 in patients.*® In view of the above, it has
been well documented that there may be a marked decrease in HDL-c concentrations during the acute phase response,
however, the mechanisms underlying this decrease are not clearly defined. Apolipoprotein Al (ApoA-1), a major
structural protein of HDL-c, was reported to be decreased together with lower HDL-c when pro-inflammatory cytokines
(eg, IL-6 and CRP) inhibited the activity of apolipoprotein synthesis enzymes.”’27 Serum amyloid A (SAA)-enriched
HDL displaced and decreased ApoA-1 levels, and scavenged HDL more rapidly, which was significantly higher in
patients diagnosed with severe COVID-19."72* Paraoxonase 1 (PON1), an antioxidant enzyme of HDL, could be
inactivated under oxidative stress and further weaken HDL functions.>® Moreover, hemodilution, consumption of HDL
particles, and capillary leaks could also explain the decreased HDL concentration, all of which might be applicable for
COVID-19 patients.>”** In addition, impaired antioxidant properties of HDL could cause lipid oxidation, hence inducing
inflammation and accentuating tissue damage.?’ Consequently, HDL-c deficiency can induce cytokine overproduction,
and these overproduced cytokines can in turn prime the depletion of HDL-c, thus promoting a vicious cycle in severe
patients. Collectively, systemic inflammatory responses can cause hypertriglyceridemia and decrease HDL-c, resulting in
an increase in TG/HDL-c ratio.

Inflammatory cells can accelerate the release of various cytokines in the pathophysiological process during SARS-CoV-2
infection, thus leading to a cytokine storm that may induce rapid development in multiple organ dysfunctions or even death.*!
Abundant evidence in the past has indicated that there was a strong association of compromised immune functions and
excessive inflammatory response with mortality from COVID-19.*** In the current study, the TG/HDL-c ratio was
positively related to the levels of WBC, neutrophils, and CRP. These findings were similar to the study mentioned that
IPAH patients with elevated TG/HDL-c ratio had elevated levels of IL-1B, MCP-1, and IL-6.'° In our further analysis, a ROC
curve and KM curve were generated with the discovery that TG/HDL-c ratio was probably an alternative prognostic
predictor for COVID-19. Based on the findings presented above, it can be speculated that inflammation monitoring might be
useful in predicting the mortality of COVID-19 patients who had elevated TG/HDL-c ratio. Anyway, further investigations
are required for the elaboration of specific mechanisms of TG/HDL-c ratio on COVID-19.

To date, effective pharmacological interventions still have not been identified for the treatment of COVID-19.
Repurposed drugs have the advantages of widely acknowledged pharmacokinetics, pharmacodynamics, adverse effects,
route of administration, and dosing regimens, which has become a promising approach in the treatment of COVID-
19.446 A series of randomized controlled trials (RCTs) have been conducted to explore the clinical efficacy of lipid-
modulating agents on COVID-19, and has revealed that they may offer therapeutic potential in COVID-19.*” Omega-3
polyunsaturated fatty acids (PUFAs), stains and fibrates are expected to ameliorate dyslipidemia by lowering TG and
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raising HDL.** % Moreover, HDL-increasing drugs, such as cholesterol acyltransferase (LCAT) and Niacin, have also
been studied as potential therapeutic strategies for COVID-19 treatment.*’*’

The study still has some limitations. First, due to the retrospective analysis, relevant variables (eg, BMI) were not
identified in our study and the small sample size of survivors, which might cause bias. Next, the time patients having
lipids tests was in different phase of COVID-19 infection for the reason of earlier or later onset of symptoms to enter the
hospital which could also make a bias. Third, there is not a public database providing biomarkers before patients suffered
diseases, which might make the research more convincing. Fourth, there was no further detection of TG and HDL-c
levels in patients during hospitalization. Dynamic monitoring might be a better characterization for dyslipidemia. Finally,
lipid metabolism can be affected by various factors, such as dietary preferences and habits, and the mechanisms should
be further studied.

Conclusion

To sum up, our study suggested that higher TG/HDL-c ratio might benefit the identification of COVID-19 patients who
had a high likelihood of developing a low survival. Therefore, rigorous control of lipid parameters is essential during
COVID-19 pandemic, and treatment with TG-lowering or HDL-raising agents may improve the prognosis of COVID-19.
Large sample, multi-center prospective studies and pathophysiological mechanisms related lipids and COVID-19 should
be performed in the future.

Abbreviations

TG/HDL-c, triglyceride to high density lipoprotein cholesterol ratio; COVID-19, Coronavirus disease 2019; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; TG, triglyceride; HDL-c, high density lipoprotein cholesterol; IPAH,
idiopathic pulmonary arterial hypertension; AAD, acute aortic dissection; ROC, receiver operating characteristics; WBC,
white blood cells; CRP, C-reactive proteins; TC/HDL-c ratio, total cholesterol-to-high-density lipoprotein cholesterol ratio;
LDL-c/HDL-c ratio, low-density lipoprotein cholesterol-to-high-density lipoprotein cholesterol ratio; OR, odds ratio; 95%
CI, confidence interval; AUC, area under the curve; TNF, tumor necrosis factor; ACE2, angiotensin-converting enzyme-2;
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