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Objective This study aimed to determine the association of hyperlipidemia with clinical endpoints among
hospitalized patients with COVID-19, especially those with pre-existing cardiovascular discases (CVDs) and
diabetes.

Methods This multicenter retrospective cohort study included all patients who were hospitalized due to
COVID-19 from 21 hospitals in Hubei province, China between December 31, 2019 and April 21, 2020. Patients
who were aged < 18 or = 85 years old, in pregnancy, with acute lethal organ injury (e.g., acute myocardial
infarction, severe acute pancreatitis, acute stroke), hypothyroidism, malignant discases, severe malnutrition, and
those with normal lipid profile under lipid-lowering medicines (e.g., statin, niacin, fenofibrate, gemfibrozil, and
ezetimibe) were excluded. Propensity score matching (PSM) analysis at 1:1 ratio was performed to minimize
baseline differences between patient groups of hyperlipidemia and non-hyperlipidemia. PSM analyses with
the same strategies were further conducted for the parameters of hyperlipidemia in patients with increased

triglyceride (TG), increased low-density lipoprotein cholesterol (LDL-C), and decreased high-density lipoprotein
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cholesterol (HDL-C). Mixed-effect Cox model analysis was performed to investigate the associations of the 28-
days all-cause deaths of COVID-19 patients with hyperlipidemia and the abnormalities of lipid parameters. The
results were verified in male, female patients, and in patients with pre-existing CVDs and type 2 diabetes.
Results Of 10 945 inpatients confirmed as COVID-19, there were 9822 inpatients included in the study, comprising
3513 (35.8%) cases without hyperlipidemia and 6309 (64.2%) cases with hyperlipidemia. Based on a mixed-effect
Cox model after PSM at 1:1 ratio, hyperlipidemia was not associated with increased or decreased 28-day all-cause death
[adjusted hazard ratio (HR), 1.17 (95% CI, 0.95-1.44), P =0.151]. We found that the parameters of hyperlipidemia
were not associated with the risk of 28-day all-cause mortality [adjusted HR, 1.23 (95% CI, 0.98-1.55), P = 0.075 in
TG increase group; 0.78 (95% (I, 0.57-1.07), P = 0.123 in LDL-C increase group; and 1.12 (95% CI,0.9-1.39), P =
0.299 in HDL-C decrease group, respectively]. Hyperlipidemia was also not significantly associated with the increased
mortality of COVID-19 in patients accompanied with CVDs or type 2 diabetes, and in both male and female cohorts.
Conclusion Our study support that the imbalanced lipid profile is not significantly associated with the 28-day
all-cause mortality of COVID-19 patients, even in those accompanied with CVDs or diabetes. Similar results
were also obtained in subgroup analyses of abnormal lipid parameters. Therefore, hyperlipidemia might be not a

major causative factor for poor outcome of COVID-19, which provides guidance for the intervention of inpatients
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during the epidemic of COVID-19.

ORONAVIRUS disease 2019 (COVID-19),
caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) infec-
tion, has become the major global health
concern, with more than 100 million people infected
and 2 million deaths in over 220 countries and terri-
tories. Cardiovascular diseases (CVDs) and metabolic
diseases are common comorbidities among patients
with COVID-19 and significantly associated with the
occurrence of critical illness and the risk of mortality.!*!
Effective treatments of these comorbidities are there-
fore considered important to improve the prognosis of
patients with pre-existing CVDs and metabolic diseases
in the context of COVID-19.B
Hyperlipidemia is a well-known risk factor for
CVDs and metabolic diseases. It is closely related
to the mortality of CVDs and metabolic diseases. A
survey conducted in Shenzhen, China found that the
prevalence of dyslipidemia in the study population was
as high as 34.6%."! Notably, 46.2% of patients with
COVID-19 also exhibits hyperlipidemia.' Considering
that lipid metabolism is necessary for membrane fusion
between virus and host cell, viral replication, and life
cycle of the virus, medicines targeting the lipid metab-
olism pathways are expected to benefit patients with
COVID-19."" Indeed, as high-density lipoprotein cho-
lesterol (HDL-C) is an important protective factor for
CVDs, decreased level of HDL-C in critically ill patients
is significantly associated with severity of the disease.
] However, there has been no large-sample studies

investigating the role of abnormal total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), triglyceride
(TG) and high-density lipoprotein cholesterol(HDL-C)
in the outcomes of patients infected by SARS-CoV-2.
Therefore, it is urgent to determine the association of
increased TG, increased LDL-C, and decreased HDL-C
with clinical events among patients with COVID-19.

In the present study, we conducted a multi-cen-
tric retrospective cohort study of 9822 confirmed
COVID-19 cases in Hubei Province, China, aiming to
determine the association of hyperlipidemia and abnor-
malities of lipid parameters with 28-day all-cause mor-
tality among patients with COVID-19 using propensity
score matching (PSM) analysis and COX regression
confounders adjusted analysis. We also verified the re-
sults in male and female patients, and in patients with
pre-existing CVDs and type 2 diabetes (T2D).

PATIENTS AND METHODS

Study cohort and data collection

This project was reviewed and approved by the institu-
tional ethics committee of each hospital. The exception
for the informed consent was granted for collecting
electronic medical record data without therapeutic
interventions. All patients with confirmed COVID-19
infection from 21 designated hospitals in Hubei Prov-
ince, China between December 31, 2019 and April 21,
2020 were the candidates of the current multi-centric
retrospective cohort study. The COVID-19 infections
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were diagnosed by nucleic acid testing through throat-
swab specimen or Chest computed tomography (CT)
on readmission, which was in accordance with WHO
interim guidance and the Novel Coronavirus Pneumo-
nia Prevention and Control Guideline (the 5th edition)
issued by the National Health Commission of China.*?
The exclusion criteria included age < 18 or = 85 years
old, in pregnancy, with acute lethal organ injury (e.g.,
acute myocardial infarction, severe acute pancreatitis,
or acute stroke), hypothyroidism, malignant diseases,
severe malnutrition, normal lipid profile under lip-
id-lowering drugs therapy (e.g., statin, niacin, fenofi-
brate, gemfibrozil, and ezetimibe). The comorbidities
of COVID-19 patients were determined through medi-
cal history and diagnosis at admission.

The medical records were reviewed by a multidis-
ciplinary team, including data expert, statisticians and
physicians. Before data extraction, the identity infor-
mation of patients was removed through anonymiza-
tion processes, and replaced with specific coding
system. The information we collected from electronic
medical records included patients’ age, gender, clinical
symptoms, clinical features, medical histories, labora-
tory examinations, imaging examinations, therapeutic
interventions, and clinical outcomes. The laboratory
examinations we collected included routine blood test,
serum liver and renal function test, serum cardiac
injury markers, D-dimer, lipid profiles, inflammatory
markers. Medical histories comprised cancer, chronic
obstructive pulmonary disease, coronary heart disease,
T2D, coronary heart disease, cerebrovascular diseas-
es, chronic liver disease, and chronic renal disease.
For the imaging examinations, we recorded whether
or not the disease involved bilateral lungs on chest CT.
Medication information included statins, niacin, fibrate,
ezetimibe, insulin, oral hypoglycemic drugs, antihyper-
tensive drugs, antiplatelet drugs, and anticoagulation
drugs. Physicians double-checked all collected data to
ensure the accuracy.

Definition

Hyperlipidemia was defined when the patient’s serum lipid
test met any of the following criteria: TG =1.7 mmol/L; TC
=5.2 mmol/L; LDL-C =3 mmol/L; HDL-C <1.0 mmol/L,
non-HDL-C =4.1 mmol/L, according to the 2016 Chi-
nese Guideline for the Management of Dyslipidemia in
Adults™ and 2019 European Society of Cardiology/
European Atherosclerosis Society (ESC/EAS) Guide-
lines for the management of dyslipidaemia.""®! T2D was
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identified based on the patient’s medical history and
the guideline for prevention and control of diabetes
in primary care released in 2018." Cardiovascular
disease in our study included hypertension, coronary
heart disease, myocardial infarction, stroke, cerebro-
vascular disease.™ Hypertension was identified when
systolic blood pressure =140 mmHg and/or diastolic
blood pressure =90 mmHg. The endpoint was defined
as 28-day all-cause death from admission, and the
death information was obtained from the death record
in the hospitalized patient’s course records.

Statistical analysis

In order to address the potential confounding vari-
ables associated with exposure to hyperlipidemia, and
reduce the effects of the potential confounders, we
conducted propensity score matching (PSM) analysis
to balance hyperlipidemia related variables, such as
comorbidities, heart rate, respiratory rate, Sp0O2, chest
CT lesion, estimated glomerular filtration rate (eGFR),
alanine aminotransferase (ALT), cardiac troponin I
(cTnI), neutrophil count, lymphocyte count, C-reactive
protein (CRP), procalcitonin (PCT), and medications.
For missing data of the laboratory variables, we ap-
plied non-parametric missing value imputation through
the missForest procedure of the R Programming Lan-
guage. The analysis of random forest based on the
rest variables of the dataset was used to predict the
missing values and to estimate the internal cross-val-
idated errors. PSM was used to calculate standardized
difference (SD). In order to further analyze the effects
of hyperlipidemia on mortality in COVID-19 patients
in subgroups of different lipid parameters features,
and the pre-existing type 2 diabetes and CVDs, we
conducted PSM analysis at 1:1 ratio on patients with
increased TG (TG increase group), patients with in-
creased LDL-C (LDL-C increase group), and patients
with decreased HDL-C (HDL-C decrease group), as well
as patients groups of pre-existing CVDs and T2D. The
variables in the two groups were balanced successfully
when the absolute value of SD after proportioning was
less than 0.1. In the final analysis, patients with nor-
mal lipid were paired with patients of different catego-
ries of hyperlipidemia at a ratio of 1:1.

Data were presented as median and interquartile
range (IQR) for continuous variables, or percentage
and frequency for categorical variables. After PSM
analysis, the Cox proportional hazard models were
used to calculate hazard ratio (HR) for comparing the
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risks of 28-day all-cause mortality between the two
groups. In order to validate the effect of hyperlipid-
emia among patients with COVID-19, we performed
the PSD analysis and Cox proportional hazard mod-
els in patients of different gender and patients with
pre-existing CVDs and T2D. A two-sided P < 0.05 was
considered statistical significance. Data analyses were
performed using R Foundation for Statistical Comput-
ing (version 3.6.3, Vienna, Austria) and SPSS Statistics
(version 23.0, IBM, Armonk, NY, USA).

RESULTS

Baseline characteristics of the participants before
and after PSM analyses

Of the initial 10 945 patients with confirmed COVID-19
infection, 1123 patients were excluded according to
the enrollment criteria, and 9822 patients were includ-
ed for the analysis, comprising 3513 (35.8%) cases
without hyperlipidemia [median age, 59 (IQR 45-68)
years old; 41.28% men] and 6309 (64.2%) cases with
hyperlipidemia [median age, 59 (IQR 48-68) years old;
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53.69% men] (Fig. 1).

Compared to the normal lipid group, patients with
hyperlipidemia had higher percentage of T2D [17.36%
vs. 11.61%; SD=0.164], coronary heart disease (9.56%
vs. 5.55%; SD=0.152) on admission. Furthermore,
patients with hyperlipidemia had a higher percent-
age of increased leukocyte count (11.08% vs. 7.71%;
SD=0.116), increased neutrophil count (16.89% vs.
11.77%; SD=0.146), elevated CRP (52.65% vs. 46.1%;
SD=0.131), and elevated PCT (45.06% vs. 34.95%;
SD=0.207) than patients without hyperlipidemia. For
in-hospital treatments, more COVID-19 patients with
hyperlipidemia were on medications of antidiabetic
drugs, antihypertensive drugs, or antiplatelet.

By 1:1 matching, 3506 patients in the hyper-
lipidemia group [median age, 58 (IQR 47-67) years
old; 45.55% men] were matched at 1:1 ratio to 3506
patients in the controls group [median age, 59 (IQR
45-68) years old; 41.36% men]. After PSM analyses,
the baseline differences between the two groups were
well balanced except for CRP. The details of baseline
characteristics of enrolled patients before and after

Patients with confirmed COVID-19 infection from 21 hospitals of
Hubei province from 2019.12.31 to 2020.4.21 (n=10 945)

Patients aged <18 or >=80 yrs (n=284)

A 4

Patients enrolled in the retrospective
study (n=9822)

Pregnance or breast feeding (n=15)

Died from other acute medical events (n=31)
Diagnosis of hypothyroidism, malignant
disease, severe malnutrition (n=444)

* Normal lipid profile under antilipidemic

|

Patients with hyperlipidemia (n=6309)

therapy(n=349)

Y

Patients without hyperlipidemia (n=3513)

PSM at the ratio of 1:1 matching

!

Patient with hyperlipidemia (n=3506)

}

Patient without hyperlipidemia (n=3506)

>

LDL-C
with without with without with without
TG increase TG increase | |[LDL-C increase| |LDL-C increase||HDL-C decrease| |HDL-C decrease
(n=2409) (n=2409) (n=2083) (n=2083) (n=2855) (n=2855)

Figure 1. The flowchart showing the strategy of patient enrollment and grouping for analyses. PSM, propensity score
matching; TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.
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PSM were shown in Table 1. There were 2484 pa-
tients (1242 patients with hyperlipidemia and 1242
without hyperlipidemia) in the CVDs group, and 946
patients (473 patients with hyperlipidemia and 473
without hyperlipidemia) in the type 2 diabetes group
for further analysis, respectively.

Hyperlipidemia was not associated with risks of
24-day all-cause mortality

Following mixed-effect Cox model analysis, after ad-
justing for age, gender and CRP, hyperlipidemia was
not associated with increased or decreased 28-day all-
cause death risk [adjusted HR, 1.17 (95% CI, 0.95-
1.44), P =0.151]. The characteristics of participants
after matching were shown in Table S1 of the supple-
ments. After adjusting confounding factors, we found
the parameters of hyperlipidemia were not associated
with the risk of 28-day all-cause death in TG increase
group [adjusted HR, 1.23 (95% CI, 0.98-1.55), P =
0.075] , LDL-C increase group [adjusted HR, 0.78 (95%
CI, 0.57-1.07), P = 0.123] , and in HDL-C decrease
group [adjusted HR, 1.12 (95% CI, 0.9-1.39), P =
0.299], respectively (Table 2).

Hyperlipidemia was not associated with risks of
all-cause mortality in different gender groups
The PSM analysis on different genders and the associa-
tion of hyperlipidemia with the risk of all-cause mortal-
ity in male or female patients with COVID-19 was pre-
sented in Table 2. The characteristics of patients after
matching were shown in Table S2, S3 of the supple-
ments. In male patients with COVID-19, we found hy-
perlipidemia was not associated with 28-day all-cause
mortality compared to patients without hyperlipidemia,
with adjusted HR of 1.24 (95% CI, 0.91-1.70), P =
0.176 after adjusting age, CRP increase and PCT level.
The result in the female group was consistent, with ad-
justed HR of 0.91(95% CI, 0.66-1.25), P = 0.547 after
adjusting age, blood glucose level, D-dimer increase,
and red blood cells decrease. For parameters of hyper-
lipidemia, the increases of TG and LDL-C, and the de-
crease of HDL-C were not significantly associated with
the mortality risk in both gender groups.

Hyperlipidemia was not associated with increased
risks of all-cause mortality in patients with CVDs
and T2D

The characteristics of patients with CVDs and T2D
after matching were shown in Table S4, S5 of the
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supplements. Among COVID-19 patients with pre-ex-
isting CVDs, hyperlipidemia were not associated with
the increased risk of 28-day all-cause mortality, with
the adjust HR of 0.96 (95% CI, 0.73-1.26), P=0.765
after adjusting age, sex, blood glucose level, and CRP
increase. When stratified by parameters of hyperlipid-
emia, the adjusted HR was 1.19 (95% CI, 0.88-1.60),
P=0.253 for TG increase, 0.78 (95% CI, 0.52-1.17),
P=0.235 for LDL-C increase, and 1.00 (95% CI, 0.75-
1.33), P = 0.991 for HDL-C decrease (Table 3). The
results of patients with T2D were similar. After adjust-
ing age, sex, blood glucose level, CRP increase and ALT
increase, hyperlipidemia was not associated with the
risk of 28-day all-cause death, with the adjusted HR
of 0.74 (95% CI, 0.49-1.13), P=0.164 for any abnor-
mal serum lipid parameter, 1.07 (95% CI, 0.70-1.64),
P=0.752 for TG increase, 0.72 (95% CI, 0.40-1.30),
P=0.279 for LDL-C increase, and 1.17 (95% CI, 0.76-
1.81), P=0.468 for HDL-C decrease.

DISCUSSIONS

In the present study, we retrospectively enrolled
10 945 patients infected by SARS-CoV-2 to investigate
the relationship between hyperlipidemia and adverse
clinical outcomes. The results indicated that hyperlipid-
emia at baseline was not associated with 28-day all-
cause death. Further analyses demonstrated that no
significant association existed between abnormality in
lipid parameters (elevated LDL-C and TG, decreased
HDL-C) and 28-day all-cause death. These findings
demonstrated hyperlipidemia may not be an important
prognostic factor for COVID-19 patients. This result is
consistent with a study from New York with 200 pa-
tients infected by SARS-CoV-2, in which hyperlipidemia
was not associated with in-hospital mortality using an
univariate logistic regression model.t!

COVID-19 is an acute infectious disease char-
acterized by the increase of inflammatory cytokines
and the dysfunction of immune system, which leads
to multi-organ damages and mortality."**"! According
to previous studies, the time period from symptom
onset to death of COVID-19 might be short,!"®**! while
the development from hyperlipidemia to clinical ad-
verse events is a chronic and long-term process.!?*??
Therefore, we hardly observed the direct clinical
outcomes of hyperlipidemia during the following pe-
riod of 28 days. Additionally, according to previous
studies, the main specific causes of non-survivors
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Table 1. Baseline characteristics of the study cohort before and after matching

Study cohort Cohort after matching (1:1)°

Characteristics Hyperlipidemia ® Normal Hyperlipidemia ° Normal
(n=6309) (n=3513) =0 (n=3506) (n=3506) =0

Age [years, median (IQR)] 59(48-68) 59(45-68) 0.083 58(47-67) 59(45-68) -0.001
Gender-male [n (%)] 3387(53.69) 1450(41.28) 0.250 1597(45.55) 1450(41.36) 0.085
Heart rate [bpm, median (IQR)] 85(78-97) 84(78-96) 0.049 85(78-96) 84(78-96) 0.005
Respiratory [bpm, median(IQR)] 20(19-21) 20(19-21) 0.104 20(19-21) 20(19-21) -0.018
SBP [mmHg, median (IQR)] 129(120-141)  128(118-139) 0.087 128(119-140) 128(118-139) 0.025
DBP [mmHg, median (IQR)] 80(72-88) 79(72-86) 0.101 79(72-87) 79(72-86) 0.038
SpO, [%, median(IQR)] 97(95-98) 97(96-98) -0.06 98(96-98) 97(96-98) 0.024
Comorbidities on admission [n (%)]

Chronic obstructive pulmonary disease 67(1.06) 47(1.34) -0.025 45(1.28) 45(1.28) 0.000

Diabetes 1095(17.36) 408(11.61) 0.164 386(11.01) 408(11.64) -0.020

Heart failure 40(0.63) 23(0.65) -0.003 20(0.57) 23(0.66) -0.011

Coronary heart disease 603(9.56) 195(5.55) 0.152 204(5.82) 195(5.56) 0.011

Cerebrovascular diseases 196(3.11) 81(2.31) 0.049 89(2.54) 81(2.31) 0.015

Chronic liver disease 151(2.39) 76(2.16) 0.015 75(2.14) 76(2.17) -0.002

Chronic renal diseases 266(4.22) 103(2.93) 0.002 112(3.19) 103(2.94) 0.015
Medications [n (%)]

Insulin 975(15.45) 320(9.11) 0.194 332(9.47) 320(9.13) 0.012

Oral hypoglycemic drugs 1352(21.43) 456(12.98) 0.225 474(13.52) 456(13.01) 0.015

non-ACEI/ARB antihypertensive drug  1907(30.23) 873(24.85) 0.121 814(23.22) 872(24.87) -0.039

ACEI/ARB 628(9.95) 233(6.63) 0.121 215(6.13) 233(6.65) -0.021

Antiplatelet 533(8.45) 110(3.13) 0.229 89(2.54) 110(3.14) -0.036
Chest CT on admission [n (%)]

Bilateral lesions 5154(87.05) 2808(83.60) 0.098 2718(83.35) 2807(83.74) -0.011
Lab tests on admission [n (%), or median(IQR)]

Leukocyte count > 9.5x10°/L 697(11.08) 270(7.71) 0.116 313(8.98) 270(7.73) 0.045

Neutrophil count > 6.3 x 10°/L 1062(16.89) 412(11.77) 0.146 455(13.05) 412(11.80) 0.038

Lymphocyte< 1.1x10°/L 2595(41.26) 1400(40.00) 0.026 1405(40.28) 1394(39.91) 0.008

RBC < 3.5x10"/L (female) or

- 2568(40.83) 1579(45.14) -0.087 1441(41.32) 1574(45.09) -0.076

4.0x10°/L (male)

CRP > ULN © 2103(52.65) 821(46.10) 0.131 1257(51.52) 819(46.11) 0.108

PCT > ULN © 2479(45.06) 1021(34.95) 0.207 954(31.39) 1020(34.99) -0.076

ALT > 40 U/L 1679(26.63) 640(18.23) 0.202 611(17.45) 640(18.27) -0.021

103.57 105.30 107.34 105.29
eGFR value (mL/min) 0.043
(87.61-120.50) (89.21-122.61) (91.14-125.22) (89.21-122.55)
D-dimer > ULN © 3024(52.06) 1351(42.26) 0.197 1479(46.88) 1351(42.32) 0.092
cTnl > ULN® 446(10.96) 160(7.35) 0.125 153(7.65) 160(7.36) 0.013

IQR, interquartile range; SD, standardized difference; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotension II receptor blocker; RBC, red blood cells; CRP, C-reactive
protein; PCT, procalcitonin; ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; cTnl, cardiac
troponin I; ULN, upper limit of normal. 1 mmHg=0.133 Kpa

? Patients were defined as hyperlipidemia if meeting any of the following criteria: TG = 1.7 mmol/L; TC > 5.2 mmol/L;
LDL-C = 3 mmol/L; HDL-C < 1.0 mmol/L, non-HDL-C = 4.1 mmol/L.

®The propensity score matching model included age, gender, respiratory rate, DBP, comorbidities (chronic obstructive
pulmonary disease, cerebrovascular diseases, hypertension, heart failure, coronary heart disease, diabetes, chronic liver
disease, chronic renal diseases), medication, incidences of abnormal laboratory variables including leukocyte count,
neutrophil count, PCT, ALT, D-dimer.

“ULN was defined according to criteria of each hospital.
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Table 2. The association of hyperlipidemia with risk of 28-day all-cause mortality in total, male, and female patients with
COVID-19 after propensity score matching at 1:1 ratio

. Number of Adjusted HR .
Categories : Deaths (n) P value
patients (n) (95% CI)
All patients of matched cohort °
Hyperlipidemia group vs. non-hyperlipidemia group 3506 vs. 3506 231 vs. 193 1.17 (0.95, 1.44) 0.151
TG =>1.7 mmol/L group vs. TG<1.7 mmol/L group 2409 vs. 2409 180 vs. 137 1.23 (0.98, 1.55) 0.075

LDL-C =3 mmol/L group vs. LDL-C<3 mmol/L group 2083 vs. 2083 67 vs. 95 0.78 (0.57, 1.07) 0.123

HDL-C <1.0 mmol/L group vs. HDL-C =1.0 mmol/L group 2855 vs. 2855 213 vs. 157 1.12 (0.90, 1.39) 0.299
Male patients in matched cohort ©

Hyperlipidemia group vs. non-hyperlipidemia group 1449 vs. 1449 135 vs. 112 1.24 (0.91, 1.70) 0.176

TG =1.7 mmol/L group vs. TG<1.7 mmol/L group 1145 vs. 1145 114 vs. 81 1.23 (0.92, 1.66) 0.170

LDL-C =3 mmol/L group vs. LDL-C<3 mmol/L group 988 vs. 988 43 vs. 46 1.00 (0.65, 1.52) 0.983

HDL-C <1.0 mmol/L group vs. HDL-C =>1.0 mmol/L group 1499 vs. 1499 131 vs. 86 1.27 (0.94, 1.72) 0.113
Female patients in matched cohort ¢

Hyperlipidemia group vs. non-hyperlipidemia group 2014 vs. 2014 92 vs. 81 0.91 (0.66, 1.25) 0.547

TG =>1.7 mmol/L group vs. TG<1.7 mmol/L group 1233 vs. 1233 62 vs. 50 1.14 (0.78, 1.66) 0.509

LDL-C =3 mmol/L group vs. LDL-C<3 mmol/L group 1099 vs. 1099 24 vs. 33 0.82 (0.48, 1.39) 0.456

HDL-C <1.0 mmol/L group vs. HDL-C >1.0 mmol/L group 1326 vs. 1326 79 vs. 66 1.00 (0.71, 1.40) 0.993

TG, triglyceride; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; HR, hazard ratio;
CI, confidence interval.

P values were calculated based on Cox model analysis.

® Cox model adjusted age, gender, CRP, and hospital site was treated as a random effect.

€ Cox model adjusted age, CRP increase, PCT level increase, and hospital site was treated as a random effect.

4 Cox model adjusted age, blood glucose level, D-dimer increase, blood red cells decrease, and hospital site was treated as
a random effect.

Table 3. The association of hyperlipidemia with risk of 28-day all-cause mortality among COVID-19 patients with CVDs
and type 2 diabetes after propensity score matching at ratio of 1:1.

Number of Adjusted HR
Categories . Deaths (n) P value ®
Patients (n) (95% CI)
Cardiovascular diseases °
Hyperlipidemia group vs. non-hyperlipidemia group 1242 vs. 1242 128 vs. 114 0.96 (0.73,1.26) 0.765
TG =1.7 mmol/L group vs. TG<1.7 mmol/L group 1004 vs. 1004 115 vs. 81 1.19 (0.88,1.60) 0.253
LDL-C =3 mmol/L group vs. LDL-C<3 mmol/L group 814 vs. 814 42 vs. 59 0.78 (0.52,1.17) 0.235
HDL-C <1.0 mmol/L group vs. HDL-C =>1.0 mmol/L group 1131 vs. 1131 124 vs. 90 1.00 (0.75,1.33) 0.991
Type 2 diabetes ©
Hyperlipidemia group vs. non-hyperlipidemia group 473 vs. 473 52 vs. 54 0.74 (0.49,1.13) 0.164
TG =1.7 mmol/L group vs. TG<1.7 mmol/L group 515 vs. 515 56 vs. 40 1.07 (0.70,1.64) 0.752
LDL-C =3 mmol/L group vs. LDL-C<3 mmol/L group 364 vs. 364 20 vs. 29 0.72 (0.40,1.30) 0.279
HDL-C <1.0 mmol/L group vs. HDL-C =>1.0 mmol/L group 492 vs. 492 56 vs. 43 1.17 (0.76,1.81) 0.468

@ P values were calculated based on Cox model analysis.

® Cox model adjusted age, sex, blood glucose level, CRP increase, and hospital site was treated as a random effect.

¢ Cox model adjusted age, sex, blood glucose level, CRP increase, ALT increase, and hospital site was treated as a random
effect.

among patients with COVID-19 were acute respi-
ratory distress syndrome (ARDS) and respiratory
failure.’”?" Although there were no studies investi-
gating the association of ARDS and hyperlipidemia

with respiratory failure, lipid-lowing treatments were
found not helpful for improving the prognosis of pa-
tients with moderate-to-severe COPD or sepsis-as-
sociated acute respiratory distress syndrome.!**%¢!
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Our recent study suggested that statin significantly
decreased the risk of 28-day all-cause mortality versus
non-statin (5.2% vs. 9.4%) in the matched groups of
patients with COVID-19. The potential mechanism was
that the anti-inflammatory and immunomodulatory as-
sociations of statins with decreased levels of CRP, inter-
leukin 6 (IL-6), and neutrophil counts in COVID-9 pa-
tients on statin therapy.?”? On the other hand, the level
of lipid fluctuates during the course of COVID-19.%%
Patients with COVID-19 are likely to have poor nu-
tritional status during hospitalization, which may
increase serum level of TG and decrease the levels of
TC, LDL-C and HDL-C. Meanwhile, the progression of
disease affects the level of lipid, with the result that
non-survivors of COVID-19 were reported to have sig-
nificant decrease in serum lipids during the period from
pre-infection to death.” Therefore, the fluctuation of
lipids may be more meaningful for predicting the clin-
ical events among patients with COVID-19 than lipid
level at baseline. Well-designed prospective studies are
needed to further investigate the effect of lipid profile
change on the prognosis of patients with COVID-19.

In terms of the lipid parameters, the increases of
LDL-C and oxidized LDL-C could contribute to the expres-
sion of AT1R on vascular smooth muscle cell and human
coronary artery endothelial cells, which enhances the
responses to angiotensin 1I (Ang II) and the effects of
angiotensin-converting enzyme/angiotensin 1l /angioten-
sin type 1 receptor (ACE/Angll/AT1R) axis.”°>?! On the
other hand, LDL-C is a critical indicator for antilipidemic
drugs in patients with CVDs and diabetes. Results from
a meta-analysis including 28 trials and 186 854 patients
found that per 1.0 mmol/L reduction in LDL-C could
reduce 24% of major cardiovascular related events.
Although some studies advocated drugs targeting lipid
metabolism may be a potentially effective therapy for
COVID-19,"! direct clinical evidence investigating associ-
ations between the increase of LDL-C level and COVID-19
outcomes is still missing. Here, our results demonstrated
that the increase of LDL-C at baseline was not associat-
ed with 28-day all-cause death after PSM analysis and
adjusting relative confounders. The subgroup analysis
in males and females showed consistent results. These
evidences imply that lowering the lipid level may not im-
prove the prognosis of patients infected by SARS-CoV-2.

On the other hand, HDL-C is a well-known protec-
tive factor for CVDs and exerts anti-inflammatory ca-
pacity in chronic diseases.®***! A recent study reported
that the level of HDL-C was low in critically ill patients,
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which was significantly associated with disease sever-
ity.*® Meanwhile, decreased level of HDL-C was found
in patients with sepsis, which increased the risk of
acute multiple organ failure and mortality in these pa-
tients.””*® However, HDL-C decrease was not associat-
ed with increased risk of mortality in the present study.
The inconsistency could be explained by the differenc-
es in the characteristics of included patients, the sam-
ple size, and follow up period between the two studies.
Of note, in different genders and in patients with CVDs
or diabetes, the HDL-C decrease in our study was also
not associated with risk of 28-day all-cause death
as well.

There are several limitations in current study.
First, this is a retrospective study, the past illness his-
tory may not be fully reported in some patients. There-
fore, prospective cohort studies with geographical
diversity are needed to further investigate the effect of
hyperlipidemia on COVID-19 outcomes. Second, some
important lipid parameters, such as apolipoprotein A1,
apolipoprotein B and free fatty acid that have been
demonstrated closely related to the development and
adverse clinical outcomes of cardiovascular and meta-
bolic diseases were not investigated for their associa-
tions with COVID-19 in this study due to data missing.
Third, we did not investigate the association between
changes of lipid profiles and the disease progression
because we lacked the longitudinal monitoring data of
lipid profiles in patients with COVID-19. Fourth, ex-
aminations of lipid were carried out at different time
points during hospitalization, which may induce bias
when Cox proportional hazard models were conducted.

In conclusion, hyperlipidemia on admission, in-
cluding abnormalities in different lipid parameters, was
not associated with 28-day all-cause mortality among
patients with COVID-19. This result was consistent
with that obtained in patients with CVD and T2D. Our
study provides a certain reference for the manage-
ment of patients with COVID-19 during hospitalization.
Well-designed prospective cohort studies are needed in
future to determine the association between hyperlip-
idemia and outcomes in clinical context of COVID-19.
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Table S1-S5 are available online at http://cmsj.cams.
cn/EN/10.24920/003866.
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