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Background: We investigated the dynamic changes in lipid profiles and their correlations with disease severity
and clinical outcome in patients with severe COVID-19.

Methods: We retrospectively reviewed 519 severe COVID-19 patients with confirmed outcomes (discharged or
deceased), admitted to the West Court of Union Hospital in Wuhan, China, between 29 January and 8 April 2020.
Results: Altogether, 424 severe COVID-19 patients, including 34 non-survivors and 390 survivors, were included
in the final analyses. During hospitalization, low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C) and apolipoprotein A-I (apoA-I) showed an increasing trend in
survivors, but showed a downward trend in non-survivors. The serum concentrations of HDL-C and apoA-I were
inversely correlated with C-reactive protein (CRP), length of hospital stay of survivors, and disease severity
scores. For in-hospital deaths, the areas under the receiver operating characteristic curves (AUCs) of the ratios of
CRP/HDL-C and CRP/apoA-I at admission were 0.84 and 0.83, respectively. Moreover, patients with high ratios
of CRP/HDL-C (> 77.39) or CRP/apoA-I (>72.37) had higher mortality rates during hospitalization (log-rank p
< 0.001). Logistic regression analysis demonstrated that hypertension, lactate dehydrogenase, SOFA score, and
High CRP/HDL-C ratio were independent predictors of in-hospital mortality.

Conclusions: During severe COVID-19, HDL-C and apoA-I concentrations are dramatically decreased in non-
survivors. Moreover, High CRP/HDL-C ratio is significantly associated with an increase in mortality and a
poor prognosis.

1. Introduction

The coronavirus disease-2019 (COVID-19) pandemic caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
seriously threatened global public health security. By 27 January 2021,
this brings the cumulative numbers to over 98.2 million reported cases
and over 2.1 million deaths globally since the start of the pandemic [1].
Although most patients with mild COVID-19 are asymptomatic and/or
have mild clinical symptoms and a good prognosis, some severe COVID-
19 patients, especially those with old age and several pre-existing

comorbidities, could develop severe illnesses including acute respira-
tory distress syndrome, septic shock, multiple organ failure or even
death in a short period of time [2-4]. Therefore, it is necessary to
determine effective indicators to predict the disease severity and clinical
outcome, and to help reduce the mortality of severe and critical patients
with COVID-19.

Dyslipidemia plays an important role in the pathogenesis and evo-
lution of atherosclerosis, and it is always at the forefront of medical
research. Significant alterations in metabolic regulation, including lipids
and lipoproteins, have been reported to occur during bacterial, viral,
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and parasitic infections [5]. HDL and apoA-I, which are the major pro-
tein components of HDL, display pleiotropic characteristics, including
cholesterol traffic, lipopolysaccharide (LPS) and lipoteichoic acid (LTA)
neutralisation, anti-inflammatory, anti-thrombotic, anti-oxidative, anti-
apoptotic and endotheliocyte protective effects [6,7]. Decreased HDL
and apoA-I concentrations have been reported to be closely associated
with poor prognosis in patients with sepsis, pneumonia, and other in-
fections [8-10]. Recently, LDL-C, TC and HDL-C concentrations signif-
icantly decreased in COVID-19 patients [11,12], while the changes and
effects of lipoprotein and apolipoprotein concentrations and dynamic
changes in lipid profiles in severe COVID-19 patients have rarely been
reported. In this retrospective study, we aimed to describe the lipid
profile characteristics and dynamic changes in severe COVID-19 pa-
tients, and to evaluate the associations between lipid profile features,
new markers (CRP/HDL-C and CRP/Apo-Al), disease severity, and
prognosis.

2. Materials and methods
2.1. Study design and participants

This was a retrospective, single-center, observational study among
patients with severe COVID-19 who were admitted to the West Court of
Union Hospital, Huazhong University of Science and Technology during
the management by a national medical team from 29 January to 8 April
2020. All participants were diagnosed with COVID-19 based on the
WHO interim guidance. Classification of the COVID-19 clinical types
was based on the Diagnosis and Treatment Protocol for Novel Corona-
virus Pneumonia (Trial Version 7), published by the National Health
Commission and National Administration of Traditional Chinese Medi-
cine of China [13]. Patients were classified as severe COVID-19 of they
met any of the following criteria: 1) respiratory rate > 30 breaths/min;
(2) finger oxygen saturation < 93% at rest and (3) PaO2/FiO2 < 300
mmHg. We excluded patients who received parenteral nutrition
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containing lipids at the time of blood sampling, immunocompromised
patients, patients with known severe hepatic dysfunction, familial or
genetic disorders of lipid metabolism, and those without lipid profile
detection on admission. By 8 April 2020, a total of 424 severe COVID-19
patients with a confirmed clinical outcome (died or recovered) were
recruited in this study, and a flow diagram is shown in Fig. 1. The pri-
mary outcome of the study was defined as in-hospital death. The study
was approved by the Ethics Committee of the Union Hospital of Huaz-
hong University of Science and Technology and ethics board of Xiangya
Hospital, Central South University (No. 202003049). Written informed
consent was waived by the Ethics Commission of the designated hospital
because the disease was an emerging infectious disease.

2.2. Data collection

The clinical records and laboratory data of each patient were ob-
tained from the electronic medical system. A group of experienced res-
piratory clinicians reviewed and refined the data. The demographic
data, comorbidities, clinical symptoms, signs, and clinical outcomes
(death or recovery) were extracted from their electronic medical re-
cords. Laboratory results at admission, including routine blood tests,
liver function, kidney function, coagulation function, and C-reactive
protein, were collected and evaluated. Furthermore, disease severity
was evaluated using the CURB-65 score and Sequential Organ Failure
Assessment (SOFA) score.

2.3. Laboratory tests

When measuring the concentration of plasma lipids, venous blood
samples were collected from each subject after at least 12 h of fasting. A
BC-6800 automatic hematology analyzer was used for routine blood
parameter analysis. The blood biochemistry indexes and lipid profiles
were measured using the Labospect AS chemistry analyzer. All labora-
tory data were tested in the same laboratory with standardization and

Severe COVID-19 patients with clarified outcomes between January 29,
2020 and April 8, 2020(n=519)

Excluded(n=95)

Patients who received parenteral nutrition containing lipids at
the time of blood sampling (n=12)

—>] Patients who were immunocompromised(n=13)

Patients with a known severe hepatic dysfunction (n=18)
Familial or genetic disorders of lipid metabolism(n=7)
Patients without lipid profiles detection on admission (n=45)

\4

Included patients(n=424)

Hospital survivors group (n=390)
Hospital non-survivors group(n=34)

Classified into two groups based on in-hospital mortality:

Data analysis

Fig. 1. Flow diagram of the study population.



Y. Li et al.
certification procedures.
2.4. Statistical analysis

Categorical variables were presented as numbers (percentages, %)
and compared using the 2 test or Fisher’s exact test. Continuous vari-
ables with normal distribution are shown as mean + SD and compared
with the Student’s t test; otherwise, continuous variables with skewed
distribution were presented with medians [interquartile range (IQR)],
and compared with the Mann-Whitney U test. Correlations between
variables were analyzed using Spearman’s coefficients. Receiver oper-
ating characteristic (ROC) curve analyses were performed to determine
the cut-off values, sensitivity, and specificity of new markers (apoA-I,
HDL-C, CRP/HDL-C ratio and CRP/apoA-I ratio) for predicting in-
hospital mortality. Meanwhile, the best Youden index (sensitivity +
specificity — 1) was obtained to calculate the appropriate cut-off point of
the potential mediators (CRP/HDL-C ratio and CRP/Apo-Al ratio) to
predict in-hospital death. In addition, risk factors were evaluated by
univariate analysis, and variables with statistical significance in uni-
variate analysis were selected in the multivariate logistic regression by
using a forward stepwise regression to calculate independent risk fac-
tors. Survival differences among groups were compared by Kaplan-
Meier analysis using the log-rank test. For all analyses, P < 0.05 (2-
tailed) was considered statistically significant. GraphPad Prism 8.0 and
SPSS 22.0 software were used for statistical analyses.

3. Results

3.1. Demographics and baseline clinical characteristics of severe COVID-
19 patients

A total of 424 severe COVID-19 patients were included in the final
analysis based on the selection criteria (Fig. 1). The demographic and
baseline clinical characteristics of the severe COVID-19 patients are
summarized in Table 1. Thirty-four patients died during hospitalization,
and 390 were discharged from the hospital. The mean age of the 424
patients was 60.7 years, and 220 (51.9%) were men. Hypertension was
the most common comorbidity, followed by diabetes, coronary heart
disease, chronic obstructive lung disease, and malignancy. Compared
with the survivor group, the non-survivor group had a higher prevalence
of men (82.4% vs. 49.2%, p < 0.001), hypertension (76.5% vs. 44.6%, p
< 0.001), and lower SpO; [85.0 (81.8-86.0) vs. 92 (90.0-93.0), p <
0.001]. The respiration rate and temperature were significantly higher
in non-survivors than in survivors. Compared with the survivors, the
non-survivors had greater disease severity, as evidenced by higher SOFA
scores and CURB-65 scores (p <0.001), accompanied by significantly
higher white blood cell and neutrophil count, CRP, procalcitonin, lactate
dehydrogenase, total bilirubin, blood urea nitrogen, high-sensitive car-
diac troponin I and D-dimer and lower lymphocyte, albumin, and
platelet count (Table 2).

3.2. Lipid parameters on admission and dynamic alterations in lipid
profiles

Lipid profiles were analyzed on admission (day 1), on days 5-7 and
days 15-17 after admission (Fig. 2). On admission, the serum concen-
trations of total cholesterol (TC), HDL-C and apolipoprotein A-I (apoA-I)
were significantly lower in non-survivors, whereas there was no differ-
ence in triglyceride (TG), low-density lipoprotein cholesterol (LDL-C),
apoB and lipoprotein A [LP(a)] (Table 2). Correlation analysis was
performed to detect inflammatory and disease severity related to
admission lipid profiles. As shown in Table S1, both HDL-C and apoA-I
were inversely correlated with SOFA score, CURB-65 score, length of
hospital stay of survivors, and CRP concentration (p < 0.001). Of these,
apoA-I had the strongest inverse correlation with SOFA score (r; =
-0.457, p < 0.001), length of stay among survivors (rs = -0.479, p <
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Tablel
Baseline Characteristics of Patients with severe COVID-19.
Variable Total (n = Non-survivor Survivor (n P
424) (n =34) = 390) Value
Age, mean + SD, y 60.7 £ 12.2 66.5 +£ 11.1 60.2 +£12.1 0.003
Male, n [%] 220(51.9%) 28(82.4%) 192(49.2%) <
0.001
Comorbidities, n
[%]
Hypertension 200(47.2%) 26(76.5%) 174(44.6%) <
0.001
Diabetes 92(21.7%) 6(17.6%) 86(22.1%) NS
Coronary heart 52(12.3%) 9(26.5%) 43(11.0%) 0.018
disease
Chronic obstructive 34(8.0%) 6(17.6%) 28(7.1%) NS
lung disease
Malignancy 28(6.6%) 4(11.8%) 24(6.2%) NS
Vital signs
Respiration rate, 22.0 24.5 22 0.011
median (IQR), (20.0-25.0) (20.0-30.0) (20.0-25.0)
breaths per
minute
SpO.,, median (IQR), 92.0 85.0 92 <
% (89.0-93.0) (81.8-86.0) (90.0-93.0) 0.001
Pulse, median (IQR), 88.0 91.5 88.0 NS
beats per minute (79.0-101.0) (80.0-104.0) (79.0-101.0)
MAP, median (IQR), 95.8 95.7 96.0 NS
mm Hg (90.0-105.7) (90.3-106.4) (89.9-105.4)
Temperature, 36.8 37.2 36.8 0.033
median (IQR), °C (36.4-37.4) (36.5-37.9) (36.4-37.3)
Disease severity
scores
SOFA score, median 2.0(2.0-3.0) 4.0(3.0-5.0) 2.0(2.0-3.0) <
(IQR) 0.001
CURB-65 score, 1.0(0.0-1.0) 1.0(1.0-2.0) 1.0(0.0-1.0) <
median (IQR) 0.001

Data are presented as mean + SD, medians (IQR) and n (%). P values were
calculated by Student’s t test, Mann-Whitney U test, x2 test or Fisher’s exact test,
as appropriate. P values indicate differences between non-survivors and survi-
vors. Abbreviations: IQR, interquartile range; SpO,,percutaneous oxygen satu-
ration; MAP, mean arterial pressure; SOFA score, Sequential Organ Failure
Assessment score.

0.001), and CRP (r; = -0.549, p < 0.001) (Table S1). Furthermore, TC,
HDL-C, and Apo-Al concentrations were significantly lower in non-
survivors at all time points (p < 0.05, Fig. 2). The LDL-C and apoB
concentrations were only significantly lower in non-survivors on days
15-17 (p < 0.05). From day 1 to day 15-17, TC, LDL-C, HDL-C and apoA-
I showed a slow upward trend in survivors, but maintained lower con-
centrations or showed a rapid downward trend in non-survivors (Fig. 2).

3.3. Novel serological indicators (CRP/HDL-C and CRP/ apoA-I) on
admission

The concentrations of novel serological biomarkers, including the
ratio of CRP/HDL-C [111.1 (83.3-178.9) vs 22.0 (3.5-66.0), p < 0.001]
and CRP/apoA-I [140.4 (84.3-206.1) vs. 24.3(3.5-76.6), p < 0.001]
were higher in non-survivors than in survivors (Fig. 3). In correlation
analysis, the ratio of CRP/HDL-C had the strongest positive correlation
with the SOFA score (rs = 0.611, p < 0.001) and length of hospital stay of
survivors (rs = 0.551, p < 0.001) (Table S1). Additionally, the ratio of
CRP/apoA-I was also positively correlated with the SOFA score (rg
0.613, p < 0.001) and length of hospital stay of survivors (rs = 0.550, p
< 0.001) (Table S1).

3.4. Association of novel biomarkers with adverse clinical outcomes

In order to evaluate the prognostic value and determine the best cut-
off of the CRP/HDL-C ratio for predicting in-hospital mortality among
severe COVID-19 patients, receiver operating characteristic (ROC)
curves were obtained (Fig. 4).The AUCs was 0.28 (95% CI: 0.20-0.36, p
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Table 2

Laboratory findings of severe COVID-19 patients on admission.
Laboratory findings Normal Range Total (n = 424) Non-survivor (n = 34) Survivor (n = 390) p Value
Blood Routine
White blood cell count, x10%/1 3.5-9.5 6.0(4.4-7.9) 8.1(4.5-11.2) 5.9(4.4-7.5) 0.004
Platelet count, x10%/1 125-350 222.5(169.0-294.8) 153.5(95.0-216.8) 230.5(173.0-300.3) <0.001
Neutrophil count, x10%/1 1.8-6.3 4.0(2.9-6.2) 6.9(3.6-9.5) 3.9(2.9-5.8) <0.001
Lymphocyte count, x 10°/1 1.1-3.2 1.0(0.7-1.4) 0.6(0.5-0.8) 1.1(0.8-1.4) <0.001
Hemoglobin, g/1 115-150 125.0(114.0-136.0) 127.5(114.8-143.5) 125.0(113.0-135.3) 0.037
Blood Biochemistry
Aspartate aminotransferase, U/1 8-40 29.0(22.0-42.0) 42.0(28.0-62.5) 28.0(21.0-40.3) 0.001
Alanine aminotransferase, U/1 5-35 32.0(20.3-51.8) 35.4(17.5-55.0) 32.0(21.0-51.3) NS
Lactate dehydrogenase, U/1 109-245 254.0(195.0-354.8) 492.0(338.3-617.3) 243.5(192.0-329.8) <0.001
Total bilirubin, pmol/1 3.0-20 10.9(8.2-15.3) 14.1(9.7-22.9) 10.8(8.0-15.1) 0.007
Albumin, g/1 33-55 31.1(27.1-34.4) 28.1(25.1-31.7) 31.4(27.6-34.8) 0.001
Blood urea nitrogen, mmol/1 2.9-8.2 4.8(3.7-6.6) 6.5(4.2-9.2) 4.7(3.6-6.2) <0.001
Creatinine, pmol/1 41-81 67.7(56.8-79.7) 75.1(65.0-85.2) 66.1(56.6-79.3) 0.017
Myocardial Injury Mediators
Creatine kinase, U/1 24-170 69.5(43.0-125.0) 137.5(55.8-263.0) 68.0(42.0-117.0) <0.001
High-sensitive cardiac troponin I, ng/1 <26.2 4.1(2.1-10.3) 19.5(8.1-196.3) 3.7(1.9-8.0) <0.001
Inflammatory Mediators
C-reactive protein, mg/1 0-8 24.1(3.9-66.2) 83.4(62.3-129.3) 19.3(3.6-58.9) <0.001
Blood Coagulation
D-dimer, pg/ml 0-0.5 0.7(0.3-2.1) 6.5(0.9-8.0) 0.6(0.3-1.7) <0.001
Prothrombin time, s 11.0-16.0 13.1(12.5-14.1) 14.1(13.0-15.1) 13.1(12.5-13.9) <0.001
International normalized ratio 0.83-1.36 1.0(1.0-1.1) 1.1(1.0-1.2) 1.0(1.0-1.1) <0.001
Bacterial Infection Mediators
Procalcitonin, pg/1 <0.05 0.07(0.05-0.14) 0.21(0.14-0.41) 0.07(0.05-0.12) <0.001
Lipids
TC, mmol/1 0-5.2 4.1(3.5-4.7) 3.7(3.2-4.6) 4.1(3.5-4.7) 0.041
TG , mmol/1 0-1.7 1.3(1.0-1.8) 1.2(1.1-1.7) 1.3(1.0-1.8) NS
HDL-C, mmol/1 1.1-1.74 0.9(0.8-1.1) 0.8(0.6-0.9) 0.9(0.8-1.1) 0.001
LDL-C, mmol/1 0-3.12 2.4(1.9-2.9) 2.2(1.8-2.8) 2.4(1.9-2.9) NS
apoA-l1, g/1 1-1.6 0.8(0.7-1.0) 0.7(0.6-0.7) 0.8(0.7-1.0) <0.001
apoB, g/1 0.6-1.2 1.0(0.8-1.1) 0.9(0.8-1.2) 1.0(0.8-1.1) NS
Lp(a), mg/dl 0-30 14.2(6.5-25.8) 14.4(7.0-30.2) 14.2(6.3-25.4) NS

Data are presented as medians (IQR). P values were calculated by Student’s t test, Mann-Whitney U test, as appropriate. P values indicate differences between non-
survivors and survivors. Abbreviations: apoA-1, apolipoprotein A-I; apo-B, apolipoprotein B; Lp(a), lipoprotein A; CRP,C-reactive protein.

<0.001) for apoA-I, 0.33 (95% CI:0.23-0.43, p = 0.001) for HDL-C, 0.84
(95% CI: 0.78-0.90, p<0.001) for CRP/ HDL-C ratio and 0.83(95%
CI:0.77-0.90, p < 0.001) for CRP/ apoA-I ratio (Table 3). The best cut-off
points of the CRP/HDL-C ratio for predicting in-hospital mortality was
77.39 with the best Youden index, sensitivity of 79.4%, and specificity of
80.0% (Fig. 4). Similarly, the best cut-off points of CRP/apoA-I ratio
were 72.37 for predicting in-hospital death, with a sensitivity of 85.3%
and specificity of 73.1%. Then, we defined a high CRP/HDL-C ratio
(>77.39) and a high CRP/apoA-I ratio (>72.37). Furthermore, the
Kaplan-Meier survival curves confirmed that severe COVID-19 patients
with high CRP/HDL-C or CRP/apoA-I ratios had a higher rate of in-
hospital mortality (Fig. 5).

We performed logistic regression analysis to explore the most effi-
cient combination of parameters to predict in-hospital mortality.
Multivariate logistic regression analysis showed that Hypertension (OR:
4.641, 95% CI: 1.646-13.081, p = 0.004), Lactate dehydrogenase (OR:
1.004, 95% CI: 1.002-1.007, p = 0.002), SOFA score (OR: 2.554, 95%
CI: 1.738-3.751, p < 0.001) and High CRP/ HDL-C ratio (OR: 6.599, 95%
CI: 2.324-18.742, p <0.001) in the final model for the prediction of in-
hospital mortality (Table 4). The clinical characteristics and outcomes in
severe COVID-19 patient subgroups stratified by the CRP/HDL-C ratio
are listed in Table S2. Patients in the high CRP/HDL-C ratio group had
higher in-hospital death, ICU admission, invasive mechanical ventila-
tion, rate of progression to critical illness, disease severity scores and
longer hospital stay (Table S2).

4. Discussion
In this study, we found dyslipidemia in patients with severe COVID-

19 and demonstrated that low concentrations of HDL-C and apoA-I at
admission were significantly associated with high concentrations of
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CRP, prolonged hospital stay and increased disease severity. Addition-
ally, the analysis of the longitudinal changes in lipid profiles showed
that non-survival COVID-19 patients had persistent hypolipidemia,
including TC, HDL-C, LDL-C and apoA-l, than the survival patients
during the early period of hospitalization. Furthermore, Hypertension,
Lactate dehydrogenase, SOFA score, and High CRP/HDL-C ratio could
serve as independent factors to predict in-hospital mortality; in partic-
ular, a higher CRP/HDL-C ratio was closely associated with higher
hospital mortality, ICU admission, invasive mechanical ventilation and
longer hospital stay.

Acute inflammation caused by viral infection may result in dyslipi-
demia in patients, and lipid metabolism is known to play an important
role in the host immune response. Clinical observations have shown that
patients with acute Epstein-Barr virus (EBV) infection had lower con-
centrations of apoA-1, HDL-C, TC, apoB, LDL-C and Lp (a) compared with
their controls [14]. Another study showed that cytomegalovirus (CMV)
infection was associated with lower HDL-C in normal-weight females
[15]. Compared with other febrile patients, dengue-positive patients
had lower HDL-C and LDL-C concentrations [16]. In addition, SARS
patients had lower concentrations of apoA-I compared to their normal
controls from the results of plasma proteomics [17]. Similarly, our study
showed that non-survivors with severe COVID-19 showed lower HDL-C
and apoA-I concentrations at admission compared to those survivors.
Moreover, the analysis of longitudinal changes of lipid profiles demon-
strated that LDL-C, HDL-C, TC and apoA-I remained persistent at low
concentrations, or even further sharply decreased during disease pro-
gression in non-survivors, while in survivors, although initially
decreased, aforementioned lipid profiles were shown to increase
steadily during recovery.

Several possible hypotheses might explain the dynamic changes
during the course of the COVID-19. First, the liver plays a critical role in



Y. Li et al.

A
5.01-& Survivor
*kk
- Non-survivor
4.5 *
g *
© 4.0
£
S 3.5
|—
3.0
25 T T 1
Q N A Q
<« R4
Days post hospitilization
E
1.5-& Survivor
-# Non-survivor
*kk
T 404
\9 1.0 Sk *%
<‘ I§.\.
3
2 0.5
00 T T I
Q N A A
o N
N

B
2.0 - Survivor
-# Non-survivor
g‘ 1.8
©
£
£ 1.6
(O}
[
1.4
1 1 I
Q N A Q
« R
Days post hospitilization
F
1.2—-&~ Survivor
-# Non-survivor
1.1
)y *
?@ 1.0
2
& 0.9
©
0.8
0.7 T T T 1
Q N A A
-4 N
N

Days post hospitilization Days post hospitilization

Clinica Chimica Acta 517 (2021) 66-73
D
1.2 Survivor kK 3.0-e- Survivor
- Nwz -# Non-survivor *¥%¥
5 *kek, 5
= 1.0 *% =
° © 2.54
£ £
£ 0.8 E
Q Q
El al 2.0
T 0.6 a
04 T T T 15 T T 1
Q N A Q Q N A A
SR 1 N
T N
Days post hospitilization Days post hospitilization
G
35-1- Survivor
-& Non-survivor
= 30
K
=)
E 25-
=
=%
) 20_
15 T T T
Q N AR
< :
N

Days post hospitilization
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Fig. 3. The ratios of CRP/HDL-C and CRP/ apoA-I in severe COVID-19 patients.
Data are presented as medians (IQR). Statistical significance was calculated by
Mann-Whitney U test. P values indicate differences between non-survivors and
survivors. Abbreviations: apoA-I, apolipoprotein A-I; CRP,C-reactive protein.

lipid metabolism, and liver dysfunction caused by SARS-CoV2 infection
or potential drugs affect lipid synthesis. It was reported that 14%-53% of
patients with COVID-19 had hepatic dysfunction, especially in severe
and critical patients [18]. Therefore, the synthesis of apolipoproteins
and lipoproteins would be affected by hepatic dysfunction in patients
with severe COVID-19. Second, acute inflammation caused by SARS-
CoV-2 might alter lipid metabolism as well. Severe and critical pa-
tients with COVID-19 were commonly accompanied with largely
excessive release of pro-inflammatory cytokines, such as IL-1, IL-6, IL-

70

12, IFN-y and TNF-q, as the disease progresses over time and gradu-
ally worsens [19,20]. It was shown that tumour necrosis TNF-a, IL-1f
and IL-6 could decrease the synthesis and/or secretion of apolipopro-
teins in hepatic cell lines in a dose-dependent manner [21]. Further-
more, a severe inflammatory response could also cause capillary
leakage, thus resulting in the leakage of lipoproteins and apolipopro-
teins particles from intravascular to extravascular compartments [22].
In our study, we found that HDL-C and apoA-I were closely associated
with the inflammatory marker CRP, which might partially explain the
association between hypolipidemia and inflammatory response in se-
vere COVID-19 patients. Finally, a recent study has shown that a rare
missense variant in the cholesteryl ester transfer protein gene (CETP,
rs1800777-A) is associated with marked reduction in HDL-C concen-
trations and adverse clinical outcome during sepsis [23]. COVID-19
patients who carry the A allele may have a lower HDL concentration
and worse prognosis compared with non-carriers. At present, the genetic
variation of the CETP gene in patients with COVID-19 has not been re-
ported, and it may be a promising research direction in the treatment
and evaluation of prognosis among patients with COVID-19.

Since COVID-19 is a global pandemic with a high mortality rate, it
will be helpful to determine several early markers to predict the disease
severity and prognosis of COVID-19. Previous studies have shown that
low concentrations of apoA-I and HDL-C have been used as prognostic
biomarkers in patients with bacterial and viral infections. An observa-
tional study indicated that a low concentration of apoA-I was an indi-
cator of poor prognosis in cirrhotic patients with severe sepsis [9].
Similarly, gradually declined HDL-C concentrations from day 1 to day 7
after admission could serve as a poor prognostic indicator among pa-
tients with severe community-acquired pneumonia [24]. Consistently,
our data suggested that both HDL-C and apoA-I concentrations were
inversely correlated with disease severity scores (SOFA score and CURB-
65 score), length of stay of survivors and CRP in patients with severe
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Fig. 4. ROC curves of the ratios of CRP/apoA-I(A) and CRP/HDL-C(B) in prediction of in-hospital mortality. Abbreviations: apoA-I, apolipoprotein A-I; CRP,C-

reactive protein.

Table 3
ROC Curve of HDL-C, apoA-I, CRP/ HDL-C ratio and CRP/ apoA-I ratio to predict
in-hospital mortality.

Parameter AUC (95% CI) SE P-value
apoA-I 0.28 (0.20-0.36) 0.04 <0.001
HDL-C 0.33 (0.23-0.43) 0.05 0.001

CRP/ HDL-C ratio 0.84 (0.78-0.90) 0.03 <0.001
CRP/ apoA-I ratio 0.83(0.77-0.90) 0.03 <0.001

Abbreviations: apoA-I, apolipoprotein A-I; CRP,C-reactive protein.

COVID-19. However, our data reported the low power of HDL-C and
apoA-I concentrations at admission to predict in-hospital mortality. HDL
and apoA-I display pleiotropic properties, including antioxidant and
anti-inflammatory functions [7]. CRP is a common inflammatory
marker. Thus, the ratio of CRP/HDL-C or CRP/apoA-I may reflect the
balance between pro-inflammatory and anti-inflammatory factors. It is
noteworthy that severe COVID-19 patients usually have an imbalance
between anti-inflammatory and pro-inflammatory processes [25].
Clinical and experimental studies have shown that patients with severe
COVID-19 may exhibit features of systemic hyper-inflammation and
inflammatory cytokine storm, which releases pro-inflammatory cyto-
kines excessively and uncontrollably, including IL-6 and TNF-a
[20,25,26]. Clinical reports have shown that anti-inflammatory thera-
pies (such as glucocorticoids, immunosuppressant and inflammatory
cytokine antagonists), which may help in preventing further injury in
severe and critical COVID-19 patients, is an effective treatment to
improve the clinical outcome [27]. Similarly, we found that the ratios of
CRP/HDL-C and CRP/apoA-lI were significantly higher in survival
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COVID-19 patients than in non-survivors, and these ratios had strong
negative correlation with SOFA score, length of stay of survivors.
Moreover, a high CRP/HDL-C ratio was shown to be an independent
predictor of in-hospital mortality among patients with severe COVID-19.
Based on these findings, a high CRCR/HDL-C ratio not only shows an
imbalance of inflammation in patients with severe COVID-19, but also
correlates with deteriorating disease severity and worsening prognosis,
and might serve as a potential indicator of poor outcomes among severe
COVID-19.

HDL and its major protein, apoA-I, display pleiotropic protective
functions, including anti-infectious, anti-inflammatory, anti-oxidative,
anti-thrombotic, and anti-diabetic properties [6,7]. An increasing
amount of evidence has shown that HDL, particularly its major protein,

Table 4
Logistic regression of the final model.

Parameter B Standard Odds ratios (95% p
Coefficient error CI)
Hypertension 1.535 0.529 4.641 0.004
(1.646-13.081)
Lactate 0.004 0.001 1.004 0.002
dehydrogenase (1.002-1.007)
SOFA score 0.938 0.196 2.554 <
(1.738-3.751) 0.001
High CRP/ HDL-C 1.887 0.533 6.599 <
ratio * (2.324-18.742) 0.001

Abbreviations: SOFA score, Sequential Organ Failure Assessment score; CRP,C-
reactive protein.
2 CRP/ HDL-C ratio higher than 77.39.
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Fig. 5. Kaplan-Meier survival curves in severe COVID-19 patients with high and low CRP/ HDL-C or CRP/apoA-I ratios at admission. A log-rank test was used to
evaluate differences between groups. The survival rates were 97.8% (313 of 320) and 74.0% (76 of 104) for the low CRP/ HDL-C ratio (<77.39) group and high CRP/
HDL-C ratio (> 77.39) group at the observed endpoint (death or discharge), respectively(p < 0.001). The survival rates were 98.3% (285 of 290) and 78.4% (105 of
134) for the low CRP/ apoA-I ratio (<72.4) group and high CRP/ apoA-I ratio (> 72.4) group at the observed endpoint (death or discharge), respectively (p <0.001).
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apoA-l, has protective effects in a variety of lung diseases, including
acute lung injury (ALI), chronic obstructive pulmonary disease (COPD),
asthma, pulmonary fibrosis, and viral pneumonia [28]. However, there
are no clinical and experimental studies on the protective effect of HDL
and apoA-I in COVID-19. In severe and critical COVID-19 patients, the
clinical outcome can be significantly worsened by the excessive release
of pro-inflammatory cytokines [19]. HDL and apoA-I may help in pre-
venting inflammatory injury and improving clinical outcomes with anti-
inflammatory and anti-oxidative properties. A systematic review and
meta-analysis showed that bacterial co-infection occurred in 7% of
hospitalized COVID-19 patients and 14% of ICU patients, and bacterial
co-infection would lead to a higher mortality of COVID-19 [29]. Studies
showed that HDL was capable to bind and neutralize Gram-negative LPS
and Gram-positive lipoteichoic acid (LTA), thus reducing LTA- and LPS-
induced inflammatory injury [7], and providing the conception that
HDL-based therapies might be promising in severe COVID-19 patients
with bacterial co-infection. Diabetes is a common comorbidity in pa-
tients with COVID-19, and is associated with greater disease severity and
higher mortality of COVID-19 [30], especially in those population with
poorly controlled glycaemia [31]. Several experimental studies have
demonstrated that HDL particles display anti-diabetic properties by
improving insulin sensitivity and p-cell insulin secretion [7]. The evi-
dence suggested that HDL or apoA-I might improve glycaemic control
and promote a better prognosis in patients with severe COVID-19.
Although no clinical and experimental studies have been conducted to
determine the role of HDL-and Apo-Al-based therapy in COVID-19, it
would be a promising direction in searching for novel treatments for
severe patients with COVID-19.

Our study was subject to a few limitations. First, this was a retro-
spective study, and a large cohort study would be required to further
confirm our conclusion. Second, asymptomatic patients and those with
mild symptoms were not enrolled; thus, the conclusions drawn by the
study might not be applicable to asymptomatic and mild patients. Third,
Lp (a) is given in mg/dL. The results of Lp (a) can be under- or over-
estimated in mass-based methods instead of molar-concentration-based
methods. Finally, a large number of factors could affect lipid metabolism
in COVID-19, the specific mechanism of dyslipidemia could not be
concluded, and further investigation is required.

In conclusion, our study demonstrated that dyslipidemia was asso-
ciated with the inflammatory response, disease severity and poor
prognosis of COVID-19. A high CRCR/HDL-C ratio may serve as an in-
dependent potential predictor for hospital mortality among patients
with severe COVID-19. The persistent hypolipidemia in COVID-19 pa-
tients would raise an urgent awareness to clinical physicians in the
frontline to fight against this global pandemic. Whether HDL-based
therapies have potential therapeutic effects in patients with severe
COVID-19 deserves further exploration.
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