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ARTICLE INFO SUMMARY
Article history: Background: COVID-19 is an infectious disease which caused a pandemic with many diseases and fa-
Received 18 October 2021 talities. This new variant of coronavirus called SARS-CoV-2 and is primarily characterized by respiratory

Accepted 25 April 2022 symptoms. There are some data indicating that LDL-cholesterol (LDL-C) as well as HDL-cholesterol (HDL-

C) levels are inversely correlated to disease severity and could act as a predictor for disease progression
Keywords: and unfavorable prognosis. However, the results of some other studies do not confirm this. This current
El())z/-?h_;l?:sterol study aimed to provide an answer to this question.
HDL-cholesterol Methods: This prospective, single-center study analyzed 367 confirmed COVID-19 patients to find
Statins whether there are any differences in plasma lipoproteins between survivors and non-survivors patients
Atorvastatin or between the patients with a “duration of <10 days intensive unit care (ICU) stay” and patients with a
“duration of >10 days ICU stay”.
Results: No association between any lipid/lipoprotein parameter and the severity of COVID-19 could be
found but survivors and non-survivors did differ concerning total cholesterol and LDL-C levels.
Conclusion: Multivariate cox regression analysis could not prove any association between lipids/lipo-
proteins and severe events in COVID-19 patients. Significantly less non-survivors with COVID-19 were
taking atorvastatin than survivors which is consistent with the majority of previous findings.

© 2022 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

COronaVIrus Disease 2019 (COVID-19) caused by SARS-CoV-2
(Severe Acute Respiratory Syndrome CoronaVirus 2), a new
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severe respiratory distress syndrome. Until now almost 120 mil-
lions of people have got this disease in the world and more than 2.6
millions died.

It is well known that SARS-CoV-2 uses angiotensin-converting
enzyme 2 (ACE2) as a receptor [2]. However, despite initial con-
cerns about the use of ACE inhibitors and a number of papers dis-
cussing this issue [3], European Society of Cardiology (ESC) and
American College of Cardiology (ACC) as well as American Heart
Association (AHA) and Heart Failure Society of America (HFSA) [4]
have recommended not to begin but neither to discontinue ACE
inhibitors or angiotensin-II receptor blockers in COVID-19 patients.
However, hemodynamic status and clinical findings of patients
should be considered to make an optimal decision [5].

It has been shown that SARS-CoV-2 can cause an increased
thrombus formation and embolic events either by direct action on
platelets leading to endothelial damage or by indirect effects
causing inflammation and coagulopathy [6]. Therefore, low-dose
aspirin, P2Y purinoceptor (P2Y12) inhibitors as well as comple-
ment inhibitors and statins might prevent these serious compli-
cations of COVID-19.

Concerning plasma lipids and lipoproteins in COVID-19 patients
it is indicated that LDL-cholesterol (LDL-C) as well as HDL-
cholesterol (HDL-C) levels are inversely correlated to disease
severity and could predict disease progression and poor prognosis
[7]. This could be partially explained by some older data suggesting
that both LDL-C and HDL-C are decreased in critically ill patients
because of impairment of lecithin-cholesterol acyltransferase,
mainly in sepsis. Thus, regarding that lipid profile may be a pre-
dictor of survival, non-survivors have a lower LDL-C and HDL-C
level than survivors [8]. It is also well known for many decades
that total cholesterol (TC), LDL-C and HDL-C levels are lower in
many terminal diseases, such as lung cancers [9]. However, patients
with different viral infections such as those with chronic hepatitis B
and dengue virus also have decreased TC, LDL-C and HDL-C while
patients with human immunodeficiency virus (HIV) infection have
decreased HDL-C and increased LDL-C levels [10—12].

Since there is no consistency in published data on association
between plasma lipoproteins and severity of COVID-19, particularly
concerning survivors and non-survivors, this study was performed.

2. Methods
2.1. Participants and study design

This prospective, single-center study was made in Sina Hospital
in Hamadan, Iran. COVID-19 pneumonia patients admitted be-
tween May 10, 2020 and October 10, 2020 at hospital because of
were included consecutively and prospectively. Included COVID-19
participants were detected in accordance with World Health Or-
ganization (WHO) interim guidance [13]. Diagnosis of COVID-19
pneumonia was made according to physical examination, chest
computed tomographic (CT) scan confirmed with positive results of
reverse-transcriptase—polymerase-chain-reaction (RT-PCR) ob-
tained from nasopharyngeal swab specimens. Incomplete medical
records or follow-up data, less than 18 years of age or 80 years
above, pregnancy or chronic medical conditions, including fatal
acute organ injury (i.e., acute stroke, acute coronary syndrome, and
severe acute pancreatitis) were considered as exclusion criteria. All
patients were monitored until definite outcomes. These outcomes
included: complete recovery and/or discharge, partial recovery
(patients who were discharged from the hospital using respiratory
aids such as nasal catheters or masks and continued to receive
respiratory care at home) or death. Longer stay in the hospital
(which is mostly a sign of deterioration in those patients) was
another outcome since the length of stay in hospital could be used
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as an indicator of severity of the disease [14]. The study was
approved by the Research Ethics Committee of the Hamadan Uni-
versity of Medical Sciences, Hamadan, Iran, with code (IR.UM-
SHA.REC.1400.289) and written informed consent of participants
was obtained.

2.2. Data collection

Patients demographic characteristic (age, gender, history
concerning drug treatment and surgery), comorbidities (diabetes,
hypertension, coronary heart disease, chronic renal disease,
chronic pulmonary disease, chronic liver disorders, and malig-
nancy), vital signs at the beginning of hospitalization (Apache II
score, blood pressure, pulse rate, respiratory rate, temperature
and percutaneous oxygen saturation (SPO2)), CT scan findings
(consolidation, ground-glass, and bilateral pulmonary) were
collected. The patients were treated with antiviral and antibiotic
treatment as single drug therapy (antiviral drug lopinavir/rito-
navir or hydroxychloroquine), double treatment (an antiviral
drug lopinavir/ritonavir or hydroxychloroquine and a cephalo-
sporin or glycopeptide antibiotics such as vancomycin) and triple
drug therapy (an antiviral drug such as lopinavir/ritonavir or
hydroxychloroquine and two cephalosporins or a cephalosporin
and a glycopeptide drug — vancomycin) and some were treated
with statins and antihypertensives as well. Laboratory measure-
ments were performed for following parameter: white blood
cells count (WBC), lymphocytes count, neutrophil count, plate-
lets count, hemoglobin (HB), erythrocyte sedimentation rate
(ESR), creatine phosphokinase (CPK), C-reactive protein (CRP),
international normalized ratio (INR), prothrombin time (PT),
partial thromboplastin time (PTT), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactic acid dehydrogenase
(LDH), and lipid profile including total cholesterol (TC), tri-
glycerides (TG), HDL-cholesterol (HDL-C), LDL-cholesterol (LDL-
C), and non-HDL-C. Data concerning mortality, length of stay in
the intensive care unit (ICU) and in the hospital and treatment
procedures including respiratory support (extracorporeal mem-
brane oxygenation (ECMO)), treatment with hyper immune
plasma, hemoperfusion and mechanical ventilation (MV) were
collected.

2.3. Definitions

In the present study, patients who were admitted to ICU were
considered as severe cases. The presence of one of the following
criteria was considered for ICU admission: invasive mechanical
ventilation due to presence of respiratory distress; cardiovascular
shock; acute extrapulmonary organ failure in newly diagnosed
patients who required organ support treatment; other critical
conditions based on expert specialists' decision for ICU manage-
ment in accordance with patients' situation.

Cardiovascular disease was defined as experiencing ischemic
heart disease, cardiomyopathy, myocardial infarction, serious
arrhythmia as well as heart valve disease resulting in myocardial
injury and/or cardiac dysfunction. Chronic respiratory disease
referred to as respiratory system dysfunction leading to disorder of
pulmonary ventilation problems, such as chronic obstructive pul-
monary disease (COPD), pulmonary tuberculosis, lung cancer,
interstitial lung disease, and bronchial asthma. Acute respiratory
distress syndrome (ARDS) was categorized as Berlin definition [15].
Chronic kidney disease was determined as impairment structure or
function of kidneys, such as chronic glomerulonephritis, uraemia,
interstitial nephritis, polycystic kidney disease, diabetic nephrop-
athy, and hypertensive nephropathy. Acute kidney injury was
characterized based on the Kidney Disease Improving Global
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Outcomes (KDIGO) definition [16]. Also, chronic liver disease was
defined as liver dysfunction, such as chronic viral hepatitis, liver
cirrhosis, autoimmune hepatitis, and liver cancer.

TC, TG, HDL-C and LDL-C concentration were assessed at
admission in ICU and then every day in the Biochemistry Labora-
tory of Sina Hospital in Hamedan, Iran. TC, HDL-C, LDL-C and TG
concentrations were detected by routine enzymatic assays (CHOL,
HDL-C, LDL-C and TRIG methods, Dimension VISTA1 System,
Siemens Healthineers™). HDL-C > 1.40 mmol/L; TC < 5.2 mmol/L;
and TG < 1.7 mmol/L were considered as reference values. Ac-
cording to the French National Authority for Health (HAS) in 2017
and the ESC/EAS Guidelines for the Management of Dyslipidaemias,
LDL-C concentration target values have been recommended as LDL-
C <3.0 mmol/L in low to moderate cardiovascular risk patients, and
LDL-C <2.6 mmol/L in high risk patients [17].

2.4. Statistical analysis

Mean =+ standard deviation (SD) was applied for continuous vari-
ables and frequency (percentage) was considered for categorical
variables. Since the median of hospitalization was 10 days, we pro-
posed less and more than 10 days as a measure of severity, comparing
between non-severe (duration of <10 days ICU stay) and severe
(duration of >10 days ICU stay) patients. Also and non-survivors vs.
survivors were analyzed using Independent sample t-test or
Mann—Whitney U-test (this test was used to analyze all continuous
variables because data was not normally distributed). Chi-square test
or Fisher exact test (in case of small samples) where used to compare
the distribution of categorical data. Finally, univariate and multivari-
able analyses were performed to check the associations between the
laboratory parameters and disease severity. Effects of laboratory
variables on the risk of severe events were estimated using the Cox
regression model. IBM SPSS version 16 software was used for all sta-
tistical analyses. Significance level of 0.05 was used.
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3. Results

A total of 367 confirmed COVID-19 patients were recruited in
current study. Table 1 shows the demographic and baseline clinical
data of patients with COVID-19. No sex and comorbidity differences
were identified between the survivors and non-survivor patients
neither between the patients with a “duration of <10 days ICU stay”
nor patients with a “duration of >10 days ICU stay”. No vital signs
including Apache II score, SPO2, WBC, number of days between
symptoms onset and ICU admission and days of hospitalization
before ICU admission were significantly associated with severity or
mortality. Non-survivor patients were significantly older than-
survivors (p = 0.01). Atorvastatin was administered in 81 patients
(before and during admission) and among them 75 patients (91.5%)
received 40 mg while the others were treated with a lower dose.
There was a significant negative association between atorvastatin
treatment and mortality. Mortality was significantly lower in pa-
tients who were treated with atorvastatin (p = 0.036). However after
adjusting for age and sex as the potential confounders for both
treatement with statins and mortality in a logistic regression, no
statistical significance between statins and mortality could be
proven (p = 0.213). Also, 129 patients were treated with antihyper-
tensive drugs (before and during admission). There was no associa-
tion between antihypertensive drugs and severity of the disease or
mortality. A total of 48 patients were treated with captopril as an
angiotensin-converting enzyme (ACE) inhibitor, 60 patients used
losartan as an angiotensin Il receptor blocker (ARB) and 21 patients
used other antihypertensive drugs including metoprolol and amilo-
dipine. No association was found between the type of antihyper-
tensive drugs and severity of the disease or mortality (Table 1).

As shown in Table 2, there were no statistically differences in
laboratory parameters between patients with a “duration of <10
days ICU stay” and patients with a “duration of >10 days ICU stay”.
Only total cholesterol, LDL-C, TG/HDL-C, and monocytes/HDL-C

Table 1
Demographics and clinical data of patients infected with COVID-19.
Parameter Total (n = 367) Severity p-value Mortality p-value
Duration <10 days Duration >10 days Survivor Non-Survivor
(n =160) (n=185) (n =206) (n=161)
Age, years® 66.33 (15.96) 66.54 (16.05) 66.30 (15.89) 0.889 63.37 (16.17) 70.12 (14.91) 0.001
Male 205 (56%) 86 (54%) 105 (57%) 0.59 111 (54%) 94 (58%) 0.40
Comorbidity
Hypertension 161 (44%) 73 (46%) 79 (43%) 0.30 89 (43%) 72 (45%) 0.29
Diabetes 96 (26%) 43 (27%) 47 (25%) 0.81 48 (30%) 48 (30%) 0.15
CVvD 98 (27%) 43 (27%) 49 (26%) 1.00 48 (30%) 50 (31%) 0.07
CRD 13 (3.5%) 7 (4.4%) 5(2.7%) 0.557 7 (3.4%) 6 (3.7%) 0.78
CKD 6 (1/6%) 5(3.1%) 1 (0.54%) 0.103 3 (1.5%) 3 (1.9%) 0.70
Apache II score® 15.47 (2.45) 15.59 (2.42) 15.31 (2.46) 0.29 15.51 (2.28) 15.39 (2.28) 0.66
Oxigen saturation” 79.9 (11.54) 78.9(11.9) 80.9 (10.8) 0.093 80.6 (10.8) 78.9 (12.4) 0.19
White blood cell count® 9.98 (8.52) 10.05 (6.42) 9.9 (10.2) 0.092 9.5(7.15) 10.6 (10.01) 0.24
Days between symptoms 6(2) 6(2) 6(2) 0.31 6(2) 6(3) 0.27
onset and ICU admission”
Days of hospitalization before 4(3) 4(3) 4(3) 0.19 4(3) 4(3) 0.92
ICU admission”
Atorvastatin 81 (22.2%) 36 (22.5%) 41 (22.2%) 0.940 44 (27.3%) 37(18.1%) 0.036
Antihypertensives 129 (35.3%) 64 (40%) 59 (31.9%) 0.117 65 (31.9%) 64(39.8%) 0.118
ACE inhibitor (captopril) 48 (37.2%) 24 (37.5%) 24 (40.7%) 0.935 25 (38.5%) 23 (35.9%) 0.680
ARB (losartan) 60 (46.5%) 30 (46.9%) 26 (44.1%) 28 (43.1%) 32 (50.0%)
Others 21 (16.3%) 10 (15.6%) 9 (15.3%) 12 (18.5%) 9 (14.1%)

ACE: Angiotensin-converting enzyme (ACE) inhibitors; ARB: Angiotensin Il Receptor Blockers; CRD: Chronic respiratory disease, CVD: Cardiovascular disease, CKD: Chronic

kidney disease; ICU: intensive care unit.
Significant p-values are marked in bold.
4 Mean (sd).
b Median (IQR).
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Table 2

Baseline laboratory results of patients infected with COVID-19.
Parameter Severity p-value Mortality p-value

Duration <10 days (n = 160) Duration >10 days (n = 185) Survivor (n = 206) Non-Survivor (n = 161)

Total cholesterol, mg/dL 126.58 (38.420) 130.21 (36.170) 0.446° 128.99 (38.98) 133.26 (127.19) 0.652°
Triglycerides, mg/dL 154.20 (89.44) 159.66 (96.04) 0.594° 145.16 (72.14) 168.97 (109.38) 0.019°
HDL-C, mg/dL 2921 (13.14) 30.43 (13.63) 0.404° 30.85 (12.83) 28.69 (13.79) 0.125"
LDL-C, mg/dL 77.39 (35.93) 79.96 (34.36) 0.515° 82.09 (31.89) 72.99 (36.99) 0.017°
Non-HDL-C mg/dL 98.28 (35.97) 98.55 (52.12) 0.594° 97.61 (48.4) 97.18 (38.9) 0.927°
TG/HDL-C 8.03 (10.91) 7.47 (11.98) 0.660° 6.25 (6.19) 923 (15.21) 0.023"
LDL-C/HDL-C 3.23 (2.23) 3.20 (2.05) 0.878° 3.19 (1.99) 3.13 (2.21) 0.806°
Monocytes/HDL-C 0.13 (0.14) 0.11 (0.12) 0.227° 0.11 (0.12) 0.14 (0.14) 0.041°
Neutrophils/Lymphocytes 6.49 (5.37) 7.11 (7.07) 0.375" 6.35 (5.85) 7.53 (7.38) 0.096"
Lymphocytes/Monocytes 9.26 (9.20) 9.62 (9.82) 0.738" 10.30 (11.23) 9.44 (11.98) 0.491°
Platelets/Lymphocytes 17.21 (18.31) 17.71 (20.01) 0.816° 17.31 (18.61) 30.30 (154.7) 0.305°
MPV, fL 9.21 (3.03) 9.05 (3.91) 0.672° 9.28 (3.51) 8.85 (3.55) 0.243°
Monocytes, (x10°%/L) 2.81(1.78) 2.58 (1.44) 0.185" 2.63 (1.63) 2.76 (1.60) 0.453"

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; TG: triglycerides; MPV: Mean platelets volume.

Significant p-values are marked in bold.
4 Mann—Whitney U test.
® Independent samples t test.

showed significant differences between the survivors and non-
survivors.

Cox regression analysis was made to analyze the association
between the lipids/lipoproteins levels and the “risk of developing
severe events” in COVID-19 patients. Table 3 shows multivariate
cox regression analysis for severe events in COVID-19 patients. Our
results indicated that only mean platelet volume (MPV) and age
were associated with lower and higher risk of severe events,
respectively (Tables 3 and 4).

4. Discussion

We could find no association between any lipid/lipoprotein
parameter and the severity of COVID-19 but there survivors and
non-survivors did differ concerning TC and LDL-C concentrations.
However, multivariate cox regression analysis could not prove any
association between lipids/lipoproteins and severe events in
COVID-19 patients.

The results of current study differ from the results of some other
studies. Hu et al. were among the first who describe that TC, LDL-C
and particularly HDL-C were decreased in COVID-19 patients when
compared with the controls and that HDL-C was associated with

Table 3

Multivariate Cox regression analysis for severe events in COVID-19 patients.
Parameter Hazard ratio 95% CI p-value

Lower Upper

Age (year) 1.022 1.010 1.035 0.001
Gender 0.967 0.670 1.397 0.860
LDL-C, mg/dL 0.995 0.984 1.007 0.439
Triglycerides, mg/dL 1.002 0.999 1.005 0.111
LDL-C/HDL-C ratio 1.080 0.885 1.319 0.448
HDL-C, mg/dL 1.009 0.984 1.034 0.496
Monocyte/HDL-C ratio 1.194 0.046 1.938 0.915
TG/HDL-C 0.998 0.974 1.023 0.880
Total cholesterol, mg/dL 0.995 0.984 1.005 0.306
NonHDL-C mg/dL 1.003 0.994 1.011 0.530
MPV, f 0.943 0.895 0.994 0.028
Monocytes (x10°/L) 1.027 0.840 1.254 0.797
Neutrophils/Lymphocytes 1.010 0.959 1.063 0.713
Platelets/Lymphocytes 0.999 0.980 1.018 0.913
Lymphocytes/Monocytes 0.983 0.966 1.016 0.455

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; TG: triglycerides; MPV: Mean platelets volume.
Significant p-values are marked in bold.
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the severity of COVID-19. They have also noted that in patients with
severe disease, in the early stage serum cholesterol level signifi-
cantly decreased and in the recovery period it tended to be normal
[18]. Wang et al. in an observational study showed that HDL-C was
lower in COVID-19 patients compared with healthy participants,
and that low HDL-C in COVID-19 patients was inversely correlated
with developing severe events [19].

Results of some other studies differ from some previously
mentioned. Some of them indicated low LDL-C and HDL-C con-
centrations in ICU admitted patients in severe COVID-19 pneu-
monia without any association with poor outcomes [20].
Nevertheless, in a retrospective study on 248 patients, severe
COVID-19 pneumonia cases (n = 74) had higher TG and HDL-C but
lower LDL-C levels while TC and LDL-C levels at admission were
negatively correlated with length of hospital stay [21]. In Huang
et al. recently published cross-sectional retrospective study on 86
severe COVID-19 patients, 132 non-severe COVID-19 patients and
76 healthy individuals. HDL-C was significantly lower in COVID-19
group than in control group and even more significantly lower in
severe COVID-19 group than in non-severe COVID-19 group [22].
These results might suggest that HDL-C levels in patients with
COVID-19 could reflect the severity of the disease and might have a

Table 4

Univariate Cox regression analysis for severe events in adult COVID-19 patients.
Parameter Hazard ratio 95% CI p-value

Lower Upper

Age 1.017 1.006 1.027 0.002
Gender 0.912 0.796 1.512 0.572
LDL-C, mg/dL 0.996 0.991 1.001 0.120
Triglycerides, mg/dL 1.001 0.999 1.003 0.109
LDL-C/HDL-C ratio 1.021 0.943 1.105 0.613
HDL-C, mg/dL 0.990 0.978 1.002 0.115
Monocytes/HDL-C ratio 2.119 1.839 2.246 0.002
TG/HDL-C 1.012 1.003 1.022 0.008
Total cholesterol, mg/dL 0.997 0.992 1.001 0.158
NonHDL-C, mg/dL 1.000 0.996 1.004 0.942
MPV, fl 0.970 0.892 1.012 0.161
Monocytes, (x10°/L) 1.087 0.986 1.199 0.094
Neutrophils/Lymphocytes 1.017 0.995 1.039 0.125
Platelets/Lymphocytes 1.004 0.996 1.013 0.286
Lymphocytes/Monocytes 0.987 0.968 1.007 0.194

HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein
cholesterol; TG: triglycerides; MPV: Mean platelets volume.
Significant p-values are marked in bold.
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significant impact on the prognosis. The only retrospective study on
severe COVID-19 infected patients with confirmed outcomes (sur-
vivors or non-survivors) showed an increasing trend of TC, LDL-C
and HDL-C in survivors but HDL-C levels were dramatically
decreased in non-survivors [23].

In our study survivors were more likely to receive atorvastatin
than non-survivors. It is well known that statins are LDL-C lowering
drugs with many pleiotropic effects, such as anti-inflammatory
activity [24—32]. Although there were some ideas that statins
might increase mortality risk in COVID-19 patients, we were among
the first groups to suggest using a molecular docking study that
statins are potential SARS-CoV-2 main protease inhibitors which
can directly affect the virus particle [33]. Afterwards it has been
shown that there was an association between antecedent statin use
in admitted COVID-19 patients and lower inpatient mortality [34]
which may alleviate disease severity leading to a modest reduction
in mortality [35]. Several studies have shown that pre-admission
statin use was associated with reduced in-hospital mortality in
COVID-19 [36]. In two meta-analyses recently published in-hospital
use of statins was associated with a lower mortality rate in patients
with COVID-19 [37—39]. However, some other authors based upon
a study including 7780 patients could not prove that statin therapy
might have an effect on hospital mortality of COVID-19 patients
although odds of developing COVID-19 were 35% lower in the statin
therapy group than in the control group [40]. Another study on
4842 patients with COVID-19 could also not prove any association
between recent statin exposure and risk of all-cause mortality or
severity of the disease [41]. Therefore, it seems that there are still
many open questions concerning the role of statins in COVID-19
patients. However, the results of this study indicating that survi-
vors were more likely to receive atorvastatin than non-survivors
are consistent with the most of the published studies.

Concerning the limitations of this study, although the number of
participants was not small, a larger number would give a more
reliable result. Only one in five of our patients did take a statin, and
all of them were treated only with atorvastatin. Therefore, the re-
sults concerning the effects of statins on COVID-19 are difficult to
interpret. Finally, in the present study lipid/lipoprotein levels were
assessed at admission to ICU and not at admission to the hospital.
This might be a limitation when comparing the results of this study
with some other studies investigating similar issues [20,42—44].

5. Conclusion

There was no association between lipid/lipoprotein parameters
and the severity of COVID-19 but there was a significant difference
between survivors and non-survivors concerning TC and LDL-C.
However, multivariate cox regression analysis could not confirm
any association between lipids/lipoproteins and severe events in
COVID-19 patients. Non-survivors were less likely to receive ator-
vastatin than survivors but due to a small number of patients this
result has to be reconsidered based upon a much larger number of
patients.
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