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Background: Acute myocardial injury and heart failure characterized by elevated cardiac 
troponin and decreased heart pump function are significant clinical features and prognostic 
factors of coronavirus disease-19 (COVID-19). Triglyceride to high-density lipoprotein 
cholesterol (TG/HDL-C) ratio is an indicator of insulin resistance. This study aimed to 
explore the association of the TG/HDL-C ratio with cardiovascular risk and prognosis in 
COVID-19.
Methods: Ninety-eight laboratory-confirmed patients with COVID-19 admitted in a tertiary 
teaching hospital in Wuhan, China, were enrolled in this retrospective study. Regression 
models were used to investigate the association between TG/HDL-C ratio with myocardial 
injury, heart failure, severity, and mortality in COVID-19.
Results: Among the 98 patients, the mean age was 63.9±1.4 years, and male sex (58, 59%) was 
predominant. Forty-six patients (47%) were admitted to the intensive care unit (ICU), 32 (33%) 
and 46 (47%) patients suffered from myocardial injury and heart failure, respectively, and 36 
(37%) patients died. The TG/HDL-C ratio was increased in patients with myocardial injury, heart 
failure, severe illness, and fatal outcome (P<0.05 for each). Baseline TG/HDL-C ratio signifi
cantly correlated with log transformed levels of plasma high-sensitivity cardiac troponin 
I (r=0.251, P=0.018), N-terminal brain natriuretic propeptide (r=0.274, P=0.008), glycated 
hemoglobin (r=0.239, P=0.038), and interleukin-6 (r=0.218, P=0.042). Multivariate logistic 
regression analysis showed that an increased TG/HDL-C ratio was independently associated 
with the risk of myocardial injury [odds ratio (OR)=2.73; P=0.013], heart failure (OR=2.64; 
P=0.019), disease severity (OR=3.01; P=0.032), and fatal outcome (OR=2.97; P=0.014).
Conclusion: Increased TG/HDL-C ratio was independently associated with myocardial 
injury, heart failure, disease severity, and mortality in patients with COVID-19, and it may 
be a useful marker for early identification of patients with high risk and poor outcome.
Keywords: TG/HDL-C, insulin resistance, myocardial injury, heart failure, mortality, 
COVID-19

Introduction
In December 2019, a novel coronavirus pneumonia caused by a newly identified 
coronavirus emerged in Wuhan, China;1 subsequently, it was named coronavirus 
disease-2019 (COVID-19) by the World Health Organization. At present, the 
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disease has become a global pandemic and has posed 
a great threat to the world. As of August 19, 2020, 
22 million confirmed cases worldwide have been reported, 
with 786,000 (3.5%) deaths. Although the mortality rate of 
COVID-19 is lower than those of severe acute respiratory 
syndrome (SARS) (10%) and Middle Eastern respiratory 
syndrome (MERS) (36%),2,3 the total number of deaths 
due to COVID-19 is much greater than that due to SARS 
and MERS, and is still growing fast. Therefore, early 
identification of the severity of COVID-19 and lowering 
of its mortality rate is an urgent need in public health.

Some striking common characteristics have been found 
among patients who have died, including advanced age 
and comorbidities, especially cardiovascular diseases and 
diabetes.4–7 Chen et al7 summarized the clinical character
istics of 113 deceased patients who died in the early days 
of the outbreak in Wuhan, and found that hypertension and 
other cardiovascular comorbidities were more frequent 
among the deceased (48% and 14%) than in patients who 
recovered (24% and 4%). Chen et al summarized the 
characteristics of 1590 confirmed COVID-19 cases 
throughout China and found that age ≥75 years 
(HR=7.86), age between 65–74 years (HR=3.43), and 
coronary heart disease (HR=4.28) were independent risk 
factors associated with mortality.4 Similarly, diabetes has 
also been found to be positively correlated with mortality 
in COVID-19 patients.5,6

The triglyceride to high-density lipoprotein cholesterol 
(TG/HDL-C) ratio has been widely used as a reliable marker 
of insulin resistance8 and has a positive correlation with the 
incidence of type 2 diabetes and metabolic syndrome.9 

Meanwhile, TG/HDL ratio has also been demonstrated to 
be correlated with cardiovascular diseases, including 
hypertension,10 coronary heart disease (CHD),11 new-onset 
heart failure,12 and myocardial infarction.13

As mentioned above, previous studies revealed that 
cardiovascular diseases and diabetes were positively cor
related with mortality in COVID-19; however, no study 
to date has indicated the relationship between TG/HDL-C 
ratio and the rate of progression and mortality of the 
disease. In this context, it is of great importance to inves
tigate whether TG/HDL ratio could be used as a predictive 
indicator of outcome in COVID-19, for early identification 
of severe cases and reduction of mortality.

In this study, we retrospectively analyzed the clinical data 
of 98 confirmed inpatients admitted to Sino-French Branch 
of Tongji Hospital (Wuhan, China), a designated hospital for 
severe or critically ill patients with COVID-19. The purpose 

of this study was to investigate the predictive value of TG/ 
HDL ratio in the severity and mortality of COVID-19.

Patients and Methods
Study Design and Participants
A consecutive case series of 113 adult inpatients with 
laboratory-confirmed COVID-19 were admitted to two inpa
tient wards of the Sino-French Branch of Tongji Hospital, 
Wuhan, China. Ninety-eight patients, who had completed 
medical records and follow-up data, were enrolled in this 
retrospective study. Follow-up began on February 6, 2020 
until February 28, 2020 when all the patients enrolled in this 
study had definite outcomes (discharge or death).

All the patients were categorized on the basis of whether 
he/she needed intensive care unit (ICU) treatment (defined 
as severe cases in this study, n=52) or not (non-severe cases, 
n=46). The criteria for ICU treatment are listed in the defini
tions section of the manuscript, and all ICU treatment needs 
were met within appropriate times. The therapeutic schedule 
was formulated according to the patient’s condition and not 
influenced by the study. Finally, all the clinical data were 
retrospectively evaluated and analyzed.

To clarify, all patients enrolled in this study were 
severe or critically ill patients according to the 
Guidelines for diagnosis and management of COVID-19 
(6th edition, in Chinese) released by the National Health 
Commission of China.14 However, we regrouped the 
patients into severe cases (needing ICU treatment) and 
non-severe cases (no ICU treatment needed) owing to the 
study requirement.

All participants provided oral informed consent due to 
the urgency of the communicable disease outbreak. The 
study and the oral informed consent process was approved 
by the Ethics Commission of Tongji Medical College, 
Huazhong University of Science and Technology (No. 
S130), and complied with the Declaration of Helsinki.

Definitions
According to the Guidelines for diagnosis and management 
of COVID-19 issued by the National Health Commission of 
China,14 all 98 patients were confirmed with COVID-19 
referring to the following diagnostic criteria: 1) epidemiologic 
history, 2) fever or other respiratory symptoms and typical 
computed tomography (CT) appearance of viral pneumonia, 
and 3) positive real-time reverse transcription polymerase 
chain reaction (RT-PCR) detection of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) RNA.
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In this study, patients needing ICU treatment were 
defined as severe cases. The criteria for ICU treatment 
were as follows (any one of the following): respiratory 
failure requiring invasive mechanical ventilation; cardio
vascular shock; newly diagnosed acute failure of extrapul
monary organs requiring organ support therapy; other 
conditions for which expert specialists recommended 
ICU treatment according to the patient’s situation.

Cardiovascular disease was defined as having a history 
of cardiovascular system diseases that may cause myocar
dial damage and/or affect the functioning of the heart, such 
as coronary atherosclerotic heart disease, myocardial 
infarction, cardiomyopathy, arrhythmia, and valvular 
heart disease. Chronic respiratory disease was defined as 
having a history of respiratory system diseases that may 
cause pulmonary ventilation and gas exchange function 
disorders, such as chronic obstructive pulmonary disease 
(COPD), lung cancer, interstitial lung disease, pulmonary 
tuberculosis, and bronchial asthma. Chronic kidney dis
ease was defined as having a history of kidney diseases 
that may lead to abnormalities of kidney structure or 
function, such as chronic glomerulonephritis, uremia, 
polycystic kidney, interstitial nephritis, diabetic nephropa
thy, and hypertensive nephropathy. Chronic liver disease 
was defined as having a history of kidney diseases that 
may cause injury of liver function, such as chronic viral 
hepatitis, autoimmune hepatitis, liver cirrhosis, liver can
cer, and schistosomiasis liver disease.

Acute myocardial injury was defined as serum levels of 
hypersensitive cardiac troponin I (hs-cTnI) being higher 
than 34 pg/mL, or the presence of new abnormalities in 
electrocardiography or segmental ventricular wall motion 
anomaly were shown.15 Heart failure was defined as acute 
dyspnea combined with a significant increase in NT- 
proBNP with the cut-off points of 450 pg/mL (age<50), 
900 pg/mL (age=50–75), and 1800 pg/mL (age>75), 
respectively, according to Heart Failure Association of 
the European Society of Cardiology practical guidance.16

Data Collection
We collected epidemiological and demographic data, and 
data regarding comorbidities (hypertension, cardiovascular 
disease, diabetes, chronic kidney disease, chronic respira
tory disease, chronic liver disease, and malignancy), clin
ical symptoms and signs (fever, cough, fatigue, myalgia, 
headache, edema, chest tightness, dyspnea, hemoptysis, 
diarrhea, nausea or vomiting, anorexia, and palpitation), 
vital signs on admission (systolic pressure, heart rate, 

respiratory rate, and percutaneous oxygen saturation), 
laboratory measurements [glycated hemoglobin 
(HbA1C), fasting blood glucose (FBG), complete blood 
count, urine routine test, liver function, renal function, 
electrolytes, lactate dehydrogenase (LDH), lipid profile, 
coagulation function test, N-terminal brain natriuretic pro
peptide (NT-proBNP), hs-cTnI, hypersensitive C-reactive 
protein (hs-CRP), procalcitonin (PCT), serum ferritin, 
interleukin-6 (IL-6), and erythrocyte sedimentation rate 
(ESR)], electrocardiography, and echocardiography. 
Blood samples except fasting blood glucose and lipids 
were collected once the patients were admitted, and 
plasma samples for fasting blood glucose tests and serum 
samples for lipids tests were collected under fasting state 
on the next day. The frequency of laboratory examinations 
was determined by the severity of illness. The clinical 
outcome was obtained from the electronic medical records 
using standard data collection forms; the collected data 
were checked independently by two researchers.

Statistical Analysis
Data are presented as mean±standard error (SE) or median 
(interquartile range, IQR) for continuous variables and num
ber (percentage) for categorical variables. Comparisons 
between the groups of non-ICU/non-severe vs ICU/severe 
patients and non-survivors vs survivors were analyzed using 
Student’s t-test, Mann–Whitney U-test, chi-squared test, and 
Fisher’s exact test. Chi-squared test, one-way analysis of 
variance, and Jonckheere-Terpstra test were used to compare 
the baseline characteristics of patients classified by tertiles of 
the TG/HDL-C ratio. Pearson's correlation analysis was used 
to explore the relationship of the TG/HDL-C ratio with 
selected covariates (levels of hs-cTnI, NT-proBNP, 
HbA1C, IL-6, and TG/HDL-C were log transformed). 
Binary logistic regression analysis was used to evaluate the 
independent association of TG/HDL-C ratio with myocar
dial injury, heart failure, severity, and fatal outcome in 
patients with COVID-19 after adjustment for several con
founders. The adjusted confounders were selected according 
to previous literature and the results of the univariate analy
sis in this study. Receiver operating characteristic curve 
(ROC) analysis was constructed to assess the performance 
of TG/HDL-C ratio for prediction of fatal outcome based on 
the value of area under the ROC curve (AUC). SPSS version 
20.0 software (SPSS Inc., Chicago, IL, USA) was used for 
all statistical analyses. Statistical significance was defined by 
a two-sided P-value<0.05.
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Results
Demographics and Baseline 
Characteristics of Patients with 
COVID-19
Of the 98 patients with confirmed COVID-19 included in 
this study cohort, 46 (47%) were severe patients (admitted 
to ICU) and 52 (53%) were non-severe patients admitted 
to one of the isolation wards (non-ICU). And finally, 62 
(63%) patients were discharged and 36 (37%) died in total.

The demographic and baseline characteristics of the 
patients recorded at admission are presented in Table 1. The 
patients had a mean age of 63.9±1.4 years, and 58 (59%) were 
men. Comorbidities were present in 74 (76%) patients. 
Hypertension (43%) was the most common comorbidity, fol
lowed by diabetes (37%) and cardiovascular disease (17%). 

The most common manifestations at disease onset were fever 
(81%), dry cough (77%), fatigue (35%), chest tightness (37%), 
and dyspnea (58%). Less common symptoms were myalgia, 
headache, nausea or vomiting, and anorexia. Severe patients 
had a higher respiratory rate than non-severe patients at hos
pital admission (P=0.020). The non-survivors were older and 
also more likely to manifest with a higher respiratory rate 
(P=0.017) and a lower percutaneous oxygen saturation 
(P=0.011) at hospital admission than the survivors.

Baseline Laboratory Parameters of 
Patients with COVID-19
The severe patients and non-survivors showed 
a significantly decreased level of lymphocyte count 
(P=0.000) and increased levels of white blood cell count 

Table 1 Demographics and Baseline Characteristics of Patients with COVID-19

Characteristics Severity Mortality

Total 
(n=98)

Non-ICU/Severe 
(n=46)

ICU/Severe 
(n=52)

P Survivor 
(n=62)

Non-Survivor 
(n=36)

P

Age, years 63.9±1.4 61.1±2.2 66.3±1.8 0.074 60.0±1.9 70.5±1.7 0.000
Male 58 (59%) 24 (52%) 34 (65%) 0.184 35 (57%) 23 (64%) 0.470

Comorbidity
Hypertension 42 (43%) 19 (41%) 23 (44%) 0.770 28 (45%) 14 (39%) 0.545

Diabetes 36 (37%) 14 (30%) 22 (42%) 0.224 20 (32%) 16 (44%) 0.228
Cardiovascular disease 17 (17%) 7 (15%) 10 (19%) 0.601 8 (13%) 9 (25%) 0.127

Chronic respiratory disease 11 (11%) 5 (11%) 6 (12%) 0.917 4 (7%) 7(19%) 0.093

Chronic kidney disease 10 (10%) 8 (17%) 2 (4%) 0.042 8 (13%) 2 (6%) 0.317
Chronic liver disease 3 (3%) 0 (0%) 3 (6%) 0.245 1 (2%) 2 (6%) 0.552

Signs and symptoms
Fever 79 (81%) 36 (78%) 43 (83%) 0.580 52 (84%) 27 (75%) 0.284

Cough 75 (77%) 36 (78%) 39 (75%) 0.704 48 (77%) 27 (75%) 0.785

Fatigue 34 (35%) 26 (57%) 8 (15%) 0.000 26 (42%) 8 (22%) 0.048
Myalgia 24 (25%) 19 (41%) 5 (10%) 0.000 20 (32%) 4 (11%) 0.019

Headache 11 (11%) 10 (22%) 1 (2%) 0.003 9 (15%) 2 (6%) 0.319

Chest tightness 36 (37%) 21 (46%) 15 (29%) 0.085 28 (45%) 8 (22%) 0.023
Dyspnea 57 (58%) 26 (57%) 31 (60%) 0.757 33 (53%) 24 (67%) 0.193

Diarrhea 27 (28%) 15 (33%) 12 (23%) 0.292 16 (26%) 11 (31%) 0.612

Nausea or vomiting 11 (11%) 10 (22%) 1 (2%) 0.003 9 (15%) 2 (6%) 0.176
Anorexia 15 (15%) 11 (24%) 4 (8%) 0.046 10 (16%) 5 (14%) 0.767

Vital signs on admission
Systolic pressure, mm Hg 132±2.3 131±3.6 133±2.9 0.724 134±2.7 129±4.2 0.247

Heart rate, bpm 95±2.0 92±3.0 98±2.6 0.189 93±2.1 99±3.9 0.158

Respiratory rate, bpm 24±0.6 22±0.6 25±1.0 0.020 23±0.7 26±1.2 0.017
Percutaneous oxygen saturation, % 96 (90–98) 96 (93–98) 95 (87–98) 0.318 96 (93–98) 91 (78–97) 0.011

Notes: Data are presented as mean±SE or median (interquartile range) for continuous variables and n (%) for categorical variables. P-values comparing non-ICU/severe and 
ICU/severe or non-survivors and survivors are from Student’s t-test, Mann–Whitney U-test, χ2 test, or Fisher’s exact test. 
Abbreviations: COVID-19, coronavirus Disease 2019; bpm, beats per minute.
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(WBC), neutrophil count (NEU), aspartate aminotransfer
ase (AST), LDH, as well as multiple indicators of inflam
mation, such as hs-CRP, serum ferritin, PCT, and IL-6 
compared with the survivors (P<0.05 for each) (Table 2). 
In terms of cardiometabolic indicators, non-survivors had 
higher levels of hs-cTnI, NT-proBNP, FBG, HbA1C, and 
total cholesterol (TC), and a lower level of high-density 
lipoprotein cholesterol (HDL-C) (P<0.05 for each) com
pared with non-severe patients and survivors, respectively. 
It is noteworthy that the TG/HDL-C ratio, calculated by 
TG and HDL-C values, was markedly increased in the 
severe patients vs non-severe patients (P=0.007) and in 
the non-survivors vs in the survivors (P=0.001).

Complications and Treatments of Patients 
with COVID-19
In addition, compared with non-severe patients and survivors, 
the severe patients and non-survivors were more likely to 
develop acute cardiac injury, heart failure, acute respiratory 

distress syndrome, acute kidney injury, acute liver injury, 
disseminated intravascular coagulation, and secondary infec
tion (P<0.05 for each, Table 3) during the period of follow- 
up. Thus, patients were more likely to use antibiotics, corti
costeroids, non-invasive mechanical ventilation, and invasive 
mechanical ventilation, but less likely to use antiviral treat
ment in the severe patients vs non-severe patients and in the 
non-survivors vs in the survivors (P<0.05 for each).

The TG/HDL-C Ratio Correlated with 
Myocardial Injury, Heart Failure, Severity, 
and Mortality in Patients with COVID-19
It is noteworthy that the TG/HDL-C ratio, calculated by TG 
and HDL-C values, was higher in patients with myocardial 
injury and heart failure than in patients without myocardial 
injury [2.1, IQR (1.5, 4.6) vs 1.5, IQR (1.0, 2.4), P=0.002] 
and heart failure [2.1, IQR (1.5, 4.5) vs 1.3, IQR (1.0, 2.1), 
P=0.000], respectively. In addition, the TG/HDL-C ratio 

Table 2 Baseline Laboratory Findings of Patients with COVID-19

Characteristics Normal 
Range

Severity Mortality

Non-ICU/Severe 
(n=46)

ICU/Severe 
(n=52)

P Survivor 
(n=62)

Non-Survivor 
(n=36)

P

Hematologic and biochemical

White blood cell count, ×109/L 3.5–9.5 5.4 (4.7–7.0) 10.5 (6.3–13.4) 0.000 5.8 (4.7–7.4) 11.7 (7.3–13.9) 0.000

Neutrophil count, ×109/L 1.8–6.3 3.8 (2.8–5.0) 9.7 (5.3–12.3) 0.000 3.9 (2.8–5.4) 10.5 (6.2–12.6) 0.000

Lymphocyte count, ×109/L 1.1–3.2 1.2 (0.7–1.5) 0.6 (0.5– 0.8) 0.000 1.0 (0.7–1.4) 0.6 (0.4–0.7) 0.000

Alanine aminotransferase, U/L ≤41 23 (14–40) 32 (18–50) 0.052 26 (15–41) 30 (17–63) 0.225

Aspartate aminotransferase, U/L ≤40 24 (19–36) 39 (25–64) 0.000 26 (20–41) 44 (25–75) 0.002

Creatinine, μmol/L 59–104 70 (60–94) 79 (59–130) 0.623 69 (56–89) 89 (66–158) 0.014

Lactate dehydrogenase, U/L 135–225 269 (222–362) 481 (329–758) 0.000 285 (227–379) 501 (373–770) 0.000

Inflammatory indicators

High-sensitivity C-reactive protein, mg/L <1 12 (3– 66) 85 (36–177) 0.000 27 (4–85) 101 (29–192) 0.000

Serum ferritin, μg/L 30–400 542 (239–1093) 1150 (723–2722) 0.005 683 (289–1139) 1362 (768–2722) 0.000

Procalcitonin, ng/mL 0.02–0.05 0.12 (0.05–0.70) 0.24 (0.11–1.11) 0.030 0.13 (0.06–0.51) 0.29 (0.12–2.17) 0.005

Interleukin 6, pg/mL <7 14 (4–41) 57 (22–137) 0.000 19 (4–47) 80 (39–181) 0.000

Cardiometabolic indicators

Hypersensitive cardiac troponin I, pg/mL ≤34 6 (3–12) 27 (9–482) 0.000 6 (3–18) 111 (20–1162) 0.000

N-terminal pro-brain natriuretic 

peptide, pg/mL

<285 179 (68–798) 762 (190–2513) 0.002 184 (75–671) 1573 (542–7487) 0.000

Fasting blood glucose, mmol/L 4.1–6.0 5.5 (4.9–6.4) 7.9 (6.1–11.3) 0.000 5.7 (5.0–7.6) 7.9 (6.3–12.4) 0.000

Glycated hemoglobin, % 4.0–6.0 6.1 (5.7–6.5) 6.4 (6.0–7.1) 0.040 6.0 (5.7–6.5) 6.5 (6.1–7.4) 0.009

Total cholesterol, mmol/L <5.2 3.8 (3.4–4.3) 3.3 (2.7–3.9) 0.002 3.8 (3.3–4.3) 3.0 (2.6–3.9) 0.001

Triglycerides, mmol/L <1.7 1.3 (1.0–1.8) 1.5 (1.1–2.2) 0.326 1.3 (1.0–1.8) 1.6 (1.2–2.2) 0.038

High-density lipoprotein cholesterol, 

mmol/L

1.0–1.6 1.0 (0.8–1.1) 0.8 (0.5–1.0) 0.001 0.9 (0.8–1.1) 0.7 (0.5–1.0) 0.002

TG/HDL-C – 1.4 (1.0–2.2) 2.0 (1.3–3.8) 0.007 1.5 (1.0–2.2) 2.3 (1.5–4.5) 0.001

Notes: Data are presented as median (interquartile range) for continuous variables. P-values comparing non-ICU/severe and ICU/severe patients or non-survivors and 
survivors are from Mann–Whitney U-test. 
Abbreviations: COVID-19, coronavirus Disease 2019; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.
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was markedly increased in the severe patients vs non-severe 
patients [2.0, IQR (1.3, 3.8) vs 1.4, IQR (1.0, 2.2), P=0.007] 
and in the non-survivors vs in the survivors [2.3, IQR (1.5, 
4.5) vs 1.5, IQR (1.0, 2.2), P=0.001] (Table 2). We further 
found that the baseline TG/HDL-C ratio in all patients with 
COVID-19 significantly correlated with log transformed 
levels of plasma hs-cTnI (r=0.251, P=0.018), NT-proBNP 
(r=0.274, P=0.008), HbA1C (r=0.239, P=0.038), and IL-6 
(r=0.218, P=0.042) (Figure 1). After stratifying the TG/ 
HDL-C ratio into tertiles [T1 (<1.3), T2 (1.3–2.3), and T3 
(≥2.3); Table 4], compared with patients in tertile 1 (T1) of 
the TG/HDL-C ratio, those in the higher tertile (T3) had 
higher levels of WBC, NEU, serum ferritin, hs-cTnI, NT- 
proBNP, and FBG (P<0.05 for each). Coincidentally, 
patients with increasing TG/HDL-C ratio had higher inci
dence of myocardial injury, heart failure, severe cases, and 
fatal outcome (P<0.05 for each, Figure 2).

Independent Association Between the 
TG/HDL-C Ratio and Myocardial Injury, 
Heart Failure, Severity, and Mortality in 
Patients with COVID-19
Next, the independent association between the TG/HDL-C 
ratio and myocardial injury, heart failure, severity of disease, 

and mortality was determined by logistic regression analysis. 
As shown in Table 5, after adjusting for age, gender, lympho
cyte count, HbA1C, hs-CRP, NT-proBNP, and Cr, increased 
TG/HDL-C ratio remained independently associated with 
myocardial injury, heart failure, severity, and mortality in 
patients with COVID-19. As seen in Table 5, in model 3, the 
ORs and 95% CIs for tertile 3 vs tertile 1 were: OR=20.72 
(95% CI=1.57–272.99; P=0.021), OR=13.38 (95% 
CI=1.97–91.07; P=0.008), OR=20.71 (95% CI=1.69–279.63; 
P=0.018), and OR=14.81 (95% CI=1.82–120.36; P=0.012) 
for myocardial injury, heart failure, severity, and mortality, 
respectively. Additionally, when the TG/HDL-C ratio was 
examined as a continuous variable with each single-unit 
increase in the TG/HDL-C ratio, the adjusted ORs of myocar
dial injury, heart failure, severity, and mortality were 4.52 
(95% CI=1.27–16.18; P=0.020), 2.64 (95% CI=1.17–5.94; 
P=0.019), 3.01 (95% CI=1.08–8.38; P=0.035), and 2.94 
(95% CI=1.22–7.12; P=0.017), respectively. The independent 
association was also significant in the patients without diabetes 
(Supplemental Table 1).

Finally, the ROC analysis was performed to evaluate the 
discriminatory efficiency of the TG/HDL-C ratio for identi
fication of risk of fatal outcome in patients with COVID-19. 
For prediction of fatal outcome in all the patients, the AUC 
value of the TG/HDL-C ratio was 0.70 (95% CI=0.60–0.79, 

Table 3 Complications and Treatments of Patients with COVID-19

Severity Mortality

Total 
(n=98)

Non-ICU/Severe 
(n=46)

ICU/Severe 
(n=52)

P Survivor 
(n=62)

Non-Survivor 
(n=36)

P

Complications
Acute cardiac injury 32 (33%) 3 (7%) 29 (56%) 0.000 4 (7%) 28 (78%) 0.000

Heart failure 46 (47%) 10 (22%) 36 (69%) 0.000 11 (18%) 35 (97%) 0.000

Acute cardiac injury and Heart failure 29 (30%) 2 (4%) 27 (52%) 0.000 2 (3%) 27 (75%) 0.000
Acute respiratory distress syndrome 45 (46%) 3 (7%) 42 (81%) 0.000 11 (18%) 34 (94%) 0.000

Acute kidney injury 29 (30%) 5 (11%) 24 (46%) 0.000 5 (8%) 24 (67%) 0.000

Acute liver injury 41 (42%) 11 (24%) 30 (58%) 0.001 19 (31%) 22 (61%) 0.003
Disseminated intravascular coagulation 20 (20%) 1 (2%) 19 (37%) 0.000 3 (5%) 17 (47%) 0.000

Secondary infection 58 (59%) 16 (35%) 42 (81%) 0.000 24 (39%) 34 (94%) 0.000

Treatments
Antibiotics 68 (69%) 16 (35%) 52 (100%) 0.000 32 (52%) 36 (100%) 0.000

Antiviral treatment 75 (77%) 45 (98%) 30 (58%) 0.000 58 (94%) 17 (47%) 0.000
Corticosteroids 43 (44%) 3 (7%) 40 (77%) 0.000 15 (24%) 28 (78%) 0.000

Intravenous immunoglobin 30 (31%) 3 (7%) 27 (52%) 0.000 15 (24%) 15 (42%) 0.070

Non-invasive mechanical ventilation 35 (36%) 1 (2%) 34 (65%) 0.000 8 (13%) 27 (75%) 0.000
Invasive mechanical ventilation 32 (33%) 0 (0%) 32 (62%) 0.000 5 (8%) 27 (75%) 0.000

Renal replacement therapy 8 (8%) 3 (7%) 5 (10%) 0.719 5 (8%) 3 (8%) 1.000

Notes: Data are presented as n (%) for categorical variables. P-values comparing non-ICU/severe and ICU/severe or non-survivors and survivors are from χ2 test or Fisher's exact test. 
Abbreviations: COVID-19, coronavirus Disease 2019; ICU, intensive care unit.
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P=0.000). When the Youden index reached the maximum, 
the optimal cut-off was >2.5 with a corresponding sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value (NPV) of 47.2%, 83.9%, 63.0%, and 
73.2%, respectively. In the subgroups of patients with and 
without diabetes, the AUC value for fatal outcome prediction 
was 0.725 (95% CI=0.56–0.89, P=0.008) with sensitivity, 
specificity, PPV, and NPV of 93.8%, 40.0%, 55.6%, and 
88.9%, and 0.698 (95% CI=0.55–0.84, P=0.009) with sensi
tivity, specificity, PPV, and NPV of 50.0%, 85.7%, 62.5%, 
and 78.3%, respectively.

Discussion
In our study, we explored the associations between TG/ 
HDL-C ratio with myocardial injury, heart failure, disease 
severity (expressed by ICU treatment needs), and fatal out
come in a consecutive case series of 98 patients with 
COVID-19. We demonstrated for the first time that patients 
with increasing TG/HDL-C ratio showed increased preva
lence of myocardial injury, heart failure, ICU treatment 
needs, and fatal outcome. Baseline TG/HDL-C ratio sig
nificantly positively correlated with plasma high-sensitivity 
cardiac troponin I, N-terminal brain natriuretic propeptide, 

glycated hemoglobin, and interleukin-6 (P<0.05 for each). 
After adjusting for confounding factors, TG/HDL-C ratio 
was independently associated with an increased risk of 
myocardial injury, heart failure, disease severity, and mor
tality in patients with COVID-19.

The TG/HDL-C ratio is considered an explicit reflec
tion of insulin resistance, which has been validated as an 
important risk factor for cardiovascular disease (CVD).17 

The mechanisms by which insulin resistance leads to CVD 
are complex. First, it is generally acknowledged that as 
a result of insulin resistance, the islet cells attempt to 
lower blood sugar by secreting increasing amounts of 
insulin, resulting in hyperinsulinemia.18 Then, hyperinsu
linemia and insulin resistance can lead to cardiovascular 
disease through the following mechanisms: 1) stimulates 
sympathetic nerve activity and leads to elevated blood 
pressure;19 2) increases release of cytokines, generation 
of plasminogen activator inhibitor 1, leucocytes adhesion, 
and so on, and consequently arousing inflammatory 
damage to vascular endothelial cells and myocardial cells 
and promoting atherosclerosis.20–23 In addition, elevated 
serum triglycerides or decreased HDL cholesterol have 
been demonstrated to directly contribute to endothelial 

Figure 1 Correlation of the TG/HDL-C ratio with cardiometabolic and inflammatory indicators ((A) hs-CnTI; (B). NT-proBNP; (C) HbA1C; (D) IL-6.) Variables were log 
transformed. 
Abbreviations: hs-CnTI, hypersensitive cardiac troponin I; NT-proBNP, N-terminal pro-brain natriuretic peptide; HbA1C, glycated hemoglobin; IL-6, interleukin-6.
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damage and atherosclerosis.24,25 Through the above 
mechanism, increasing the TG/HDL-C ratio contributes 
to cardiovascular diseases including hypertension, cardiac 
remodeling, atherosclerosis, coronary heart disease 
(CHD), ischemic cardiomyopathy, and heart failure.

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infects cells by binding directly to angio
tensin-converting enzyme 2 (ACE2),26 which is highly 
expressed in alveolar epithelial cells and in the heart. It 
is interesting that ACE2 expression is increased in the 
ischemic myocardium,27 meanwhile, the SARS-CoV-2 
spike protein has approximately 10- to 20-fold higher 
affinity than severe acute respiratory syndrome (SARS) 
coronavirus to ACE2.28 These two findings may reveal 
why heart injury is more common and more severe in 
patients with COVID-19 than in those with SARS, and 
may be one of the reasons why patients with cardiovascu
lar disease are more likely to develop severe disease in 
COVID-19. In this study, we found that the prevalence of 
myocardial injury and heart failure, and mortality rate 
increased with the increase of TG/HDL-C ratio. 
Simultaneously, heart injury in ICU patients and non- 
survivors was significantly more common than in non- 

ICU patients and survivors. Additional mechanisms such 
as the direct enhancement of viral invasion capacity into 
cardiomyocytes by elevated triglycerides and/or reduced 
HDL-C need to be further explored.

Elevated TG/HDL-C ratio is positively associated with 
insufficient glycemic control leading to diabetes.8,9,29 

Chen et al retrospectively analyzed the health check data 
of 114,787 adults from a Chinese study cohort, which 
includes 6 years of medical check data, and found that 
TG/HDL-C is positively associated with diabetes risk 
(HR=1.159, 95% CI=1.104–1.215)29. Several studies 
have proved that diabetes and insufficient glycemic control 
were positively correlated with disease severity and mor
tality in COVID-19.5,6,30 HbA1C as a measure of glycemic 
control reflects long-term glucose concentrations over the 
preceding months prior to admission,30 whereas fasting 
blood glucose after admission reflects short-term blood 
glucose control during hospitalization. It has been proved 
that fasting blood glucose was positively correlated with 
the incidence of multi-organ injury and poor prognosis of 
COVID-19, which might be explained by the following 
mechanisms: 1) Patients with severe disease are generally 
in a more severe state of stress which may elevate the 

Table 4 Baseline Characteristics of Patients with COVID-19 Based on Tertiles of TG/HDL-C Ratio

Characteristics TG/HDL-C Ratio P

T1 (<1.3) (n=32) T2 (1.3–2.3) (n=33) T3 (≥2.3) (n=33)

Age, years 63.7±2.6 64.6±2.4 63.4±2.6 0.847

Male, n (%) 18 (31%) 22 (38%) 18 (31%) 0.556
White blood cell count, ×109/L 5.1 (4.5–6.8) 7.3 (4.8–11.6) 8.4 (6.6–13.7) 0.000

Neutrophil count, ×109/L 3.8 (2.6–5.6) 5.3 (3.1–10.6) 6.8 (4.4–12.5) 0.001

Lymphocyte count, ×109/L 0.8 (0.7–1.2) 0.7 (0.5–1.2) 0.7 (0.5–1.2) 0.524
Alanine aminotransferase, U/L 26 (13–49) 29 (17–53) 28 (17–41) 0.593

Aspartate aminotransferase, U/L 27 (22–45) 33 (22–50) 38 (19–58) 0.467

Creatinine, μmol/L 69 (55–87) 70 (60–96) 81 (66–207) 0.081
Lactate dehydrogenase, U/L 306 (246–398) 353 (276–522) 456 (240–709) 0.045

High-sensitivity C-reactive protein, mg/L 40 (2–90) 63 (11–118) 44 (10–180) 0.110

Serum ferritin, μg/L 650 (285–1046) 874 (470–1381) 1093 (517–2719) 0.016
Procalcitonin, ng/mL 0.16 (0.05–0.46) 0.13 (0.09–0.72) 0.22 (0.10–2.06) 0.060

Interleukin 6, pg/mL 33 (6–79) 38 (12–77) 53 (11–137) 0.112

Hypersensitive cardiac troponin I, pg/mL 9 (4–18) 11 (4–195) 30 (5–140)– 0.048
N-terminal pro-brain natriuretic peptide, pg/mL 176 (83–630) 486 (166–1772) 864 (215–2476) 0.008

Fasting blood glucose, mmol/L 5.9 (5.0–6.6) 6.4 (5.3–10.0) 7.4 (5.5–9.7) 0.058

Glycated hemoglobin, % 6.1 (5.6–6.4) 6.4 (5.9–7.3) 6.3 (6.0–7.3) 0.096
Total cholesterol, mmol/L 3.7 (3.0–4.2) 3.6 (3.0–4.1) 3.4 (2.8–4.2) 0.643

Triglycerides, mmol/L 1.0 (0.9–1.2) 1.4 (1.3–1.7) 2.2 (1.8–2.8) 0.000

High-density lipoprotein cholesterol, mmol/L 1.1 (1.0–1.1) 0.9 (0.7–1.0) 0.7 (0.4–0.8) 0.000

Notes: Data are presented as mean±SE or median (interquartile range) for continuous variables and n (%) for categorical variables. P-values indicate differences among the 
tertiles of TG/HDL-C ratio. 
Abbreviations: COVID-19, coronavirus Disease 2019; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; T, tertile.
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fasting blood glucose;31 2) SARS-CoV-2 could directly 
damage the islet cells, and the damage may be more severe 
in severe and critically ill patients.32 In this study, both the 
HbA1C level (stands for glycemic control before admis
sion) and fasting blood glucose level (expressing glycemic 
control during period of hospitalization) in ICU patients 
and non-survivors were significantly higher than those of 
non-ICU patients and survivors, which might be an expla
nation for increased frequency of ICU care needs and 
mortality in patients with elevated TG/HDL-C ratio.

In the pathophysiological course of infection with 
SARS-CoV-2, markedly increased levels of cytokines 
may be released from inflammatory cells and lead to 
cytokine storm, which can result in multiple organ dys
function and are considered to be one of the leading causes 
of disease progression and death in COVID-19 patients.33 

Among the different kinds of cytokines, elevation of inter
leukin-6 (IL-6) is considered to have predictive value in 
disease progression.34 Meanwhile, IL-6 has been listed as 
a possible therapeutic target in COVID-19, and tocilizu
mab or Janus kinase inhibitors for lowering IL-6 have 

been used as off-label treatment in patients with severe 
COVID-19.35 IL-6 is increased in conditions of chronic 
inflammation including insulin resistance, diabetes, and 
cardiovascular disease.19,35 Additionally, IL-6 was found 
to be more elevated in patients with COVID-19 with 
diabetes and cardiovascular disease than in those without 
these comorbidities.35,36 In our study, we found that IL-6 
increased gradually with the increase of TG/HDL-C ratio, 
meanwhile, the IL-6 levels in ICU patients and non- 
survivors were significantly higher than in non-ICU 
patients and survivors. Based on the above findings, we 
can speculate that more severe inflammation might be an 
important reason for increased severity and mortality in 
patients with an elevated TG/HDL-C ratio.

A few limitations of this study should be acknowl
edged. First, this is a retrospective analysis using a single- 
center dataset and the sample size was relatively small. 
Hence, further validation is needed with a larger sample 
size, multi-centered study and, ideally, involving patients 
of multiple ethnic origins. Second, since Tongji Hospital 
was a designated hospital for severe cases, all the patients 
enrolled in this study were severe or critically ill patients 
defined according to the Guidelines for diagnosis and 
management of COVID-19 (6th edition, in Chinese) issued 
by the National Health Commission of China; thus, the 
conclusions of this study can only be generalized to 
patients with severe COVID-19. Third, data on the effect 
of metabolic control on outcome was unavailable because 
attention was mostly focused on treating pneumonia and 
metabolic disorders were overlooked, owing to the rapid 
emergence of the pandemic. Fourth, this study indicated 
that an increased TG/HDL-C ratio was positively asso
ciated with myocardial injury and heart failure, which 
was mainly manifested as elevated hs-cTnI and NT- 
proBNP levels in patients with COVID-19, however, the 
previous levels of hs-cTnI and NT-proBNP before SARS- 
CoV-2 infection were unknown in this population.

Conclusions
Our study revealed that the TG/HDL-C ratio, an indicator 
of insulin resistance, was independently associated with 
myocardial injury, heart failure, disease severity (needing 
ICU treatment), and fatal outcome in patients with 
COVID-19. Our findings suggested that evaluation of the 
TG/HDL-C ratio is necessary for the clinical management 
in adult patients with COVID-19. Close monitoring and 
intensive treatment may be beneficial for the patients with 
an elevated TG/HDL-C ratio to improve the risk of 

Figure 2 Frequency of COVID-19 patients with myocardial injury (A), heart failure 
(B), severe illness (C), and fatal outcome (D) according to tertiles of the TG/HDL- 
C ratio.
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myocardial injury, heart failure, and poor outcome. 
However, this inference needs to be confirmed by further 
prospective studies.
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