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Abstract
Background: Previous studies have found some evidence of association between changes in lipids and lipoprotein and viral
pneumonia. No data are available about the effect of coronavirus disease 2019 (Covid-19) on lipids. The aim of this study was to
investigate the relationships between lipid pro�les and in�ammation markers among patients with Covid-19.

Methods: In this retrospective analysis, Covid-19 patients in Jin-yin-tan Hospital and healthy individuals from Daping Hospital were
enrolled. The clinical and biochemical characteristics of Covid-19 patients and healthy controls were compared. We correlated lipid
parameters to disease severity and in�ammatory markers. The severity of Covid-19 for all patients were stipulated according to the
diagnostic and treatment guideline for Covid-19 issued by Chinese National Health Committee (the 7th edition).

Results: A total of 242 Covid-19 patients and 242 sex-age matched controls were enrolled. Compared with controls, Covid-19
patients had lower lymphocyte counts as well as total cholesterol (TC), high density lipoprotein (HDL-c), low density lipoprotein
cholesterol (LDL-c), non-high density lipoprotein cholesterol (non-HDL-c) and apoA-I levels on admission. Whereas apolipoprotein B
(apoB) and apoB/apoA-I ratio were slightly higher in patients with Covid-19. There was no difference in lipid levels between the
moderate and severe groups. The total lymphocytes were weakly positively associated with TC, LDL-c and apoA-I.

Conclusion: Patients with Covid-19 are associated with decreased lipid and lipoprotein levels. Covid-19 infection induced
in�ammation response and cytokine storm were associated with a shift of lipids, lipoproteins toward a more atherogenic lipid
pro�le.

Background
The outbreak of novel coronavirus disease 2019 (Covid-19) is evolving rapidly in China and worldwide since December 2019 and
attracted extensive attention around the world. The World Health Organization (WHO) has already declared Covid-19 a public health
emergency of international concern. As of Aug 17, 2020, a total of 21, 979,927 laboratory-con�rmed cases had been documented
globally [1]. We and my colleagues have worked in Wuhan as emergency medical aid for about three months to control the
prevalence. All population groups were generally susceptible to the virus, the clinical manifestations of Covid-19 are heterogeneous,
most patients are asymptomatic or have mild symptoms and with good prognosis. However, some patients deteriorate rapidly in the
later stages or in the recovery process due to vital complications, including shock, adult respiratory distress syndrome and organ
failure and the mortality increased sharply in critical patients [2]. Some evidence shows that such an event has been closely related
to the virally driven proin�ammatory cytokine storm and extrapulmonary multiple-organ damage in their bodies [3]. The intrinsic anti-
in�ammatory properties act as the �rst defense to excessive cytokine production. Lipids and lipoproteins are an integral part of the
innate and adaptive immune system and play an important role in in�ammatory response [4]. In addition, almost all lipid parameters
have been found to be signi�cantly re-arranged during acute virus infection, including Epstein–Barr virus (EBV), cytomegalovirus
(CMV) and others [5–6]. The changes in lipoproteins especially the high density lipoprotein (HDL) and apolipoprotein A-I (apoA-I)
contribute to disease pathogenesis in respiratory disorders [7]. The pathogenicity and infectiosity of Covid-19 were distinct from
previous respiratory infectious virus diseases. There are no data on possible alterations in serum lipid pro�le in patients with Covid-
19. In the present study, we investigated the lipid levels with laboratory con�rmed Covid-19 who were admitted to Wuhan Jin-yin-tan
Hospital and sex-age matched healthy controls in Chongqing Daping Hospital. We explore the relationship between lipid and
lipoprotein levels and the in�ammatory markers of Covid-19 patients.

Methods

Study design and participants
We obtained the medical records for hospitalized patients in Jin-yin-tan Hospital, a hospital for adults (aged ≥ 14 years) specialising
in infectious diseases with laboratory-con�rmed moderate or severe Covid-19 patients, as reported to the National Health
Commission of China between January 29, 2020 and February 27, 2020. All patients involved in this study were living in Wuhan
during the outbreak period of Covid-19. A con�rmed case of Covid-19 was de�ned as a positive result on real-time reverse-
transcriptase polymerase-chain-reaction (RT-PCR) assay of nasal swab specimens.
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We enrolled 242 age and sex matched healthy individuals who received regular health examination in the Medical Examination
Center of Daping Hospital without documented acute infectious disease as control population. No study individual was receiving
any hypolipidaemic agents or had any clinical or laboratory evidence of any disease known to affect lipid metabolism, such as
neoplasia, renal or liver dysfunction, and hypo- or hyperthyroidism. The Ethics Commission of Third Military Medical University
approved this study. Written informed consent was waived due to the rapid emergence of this infectious disease.

Data collection
We extracted the clinical symptoms, and laboratory �ndings on admission from electronic medical records. Laboratory assessments
consisted of a complete blood count, blood chemical analysis, fasting glucose, coagulation testing, assessment of liver and renal
function, fasting lipoprotein levels, and measures of C-reactive protein (CRP), procalcitonin (PCT), interleukin-6 (IL-6) within 48 hours
after admission. Patients were classi�ed as having moderate or severe Covid-19 based on the diagnostic and treatment guideline for
Covid-19 issued by Chinese National Health Committee (the 7th edition) at the time of admission [8]. Data were entered into a
computerized database and cross-checked.

Statistical Analysis
The categorical variables are summarized as counts and percentages. Mean values and percentages were compared among
different groups by χ2 tests. The Kolmogorov-Smirnov test was used to evaluate whether each variable followed a Gaussian
distribution. Continuous variables not following a Gaussian distribution are expressed as median (interquartile range, IQR) and were
compared between two groups using the Mann-Whitney U test. Correlations between lipoprotein levels and the in�ammatory markers
were tested using Spearman correlation coe�cient (rho). All data were analyzed using IBM SPSS Statistics version 19.0 (SPSS,
Chicago, IL, USA). P < 0.05 (two-tailed) was considered to be statistically signi�cant.

Results

Characteristics of study population
A total of 283 patients were included in the Covid-19 hospital study, 2 cases died within 12 hours of admission, while 39 cases
missing part or all cholesterol measurements, leaving 242 patients available for analysis. The clinical characteristics of the 242
Covid-19 patients are shown in Table 1. According to the guidelines for diagnosis and management of Covid-19 (7th edition) issued
by the National Health Commission of China, patients with percutaneous oxygen saturation of 93% or lower or respiratory rates of
30/min or greater on room air who required high-�ow nasal cannula or noninvasive mechanical ventilation using the bilevel positive
airway pressure mode to correct hypoxemia, were classi�ed as severe group, whereas patients not reaching the criteria for severe
Covid-19 were considered as moderate.8 On admission, the degree of severity of Covid-19 was categorized as moderate in 173
patients and severe in 69 patients. The median age of the patients was 63.0 years (IQR 53.0 to 68.3), there was no signi�cant
differences in median age among the moderate group (63.0, IQR 52.9–69.0) and the severe group (64.0, IQR 53.5–68.0).
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Table 1
Demographics and baseline characteristics of patients

  All patients

(n = 242)

Non severe
group

(n = 173)

Severe group

(n = 69)

P for the comparison of moderate and
severe patients

Age (years) 63.0(53.0-68.3) 63.0(52.9–69.0) 64.0(53.5–
68.0)

NS

Male (%) 133/242(55.0%) 96/173(55.5%) 37/69(53.6%) NS

comorbidities        

Hypertension 76/242(31.4%) 42/173(24.3%) 34/69(49.3%) <0.001

Known history of diabetes 61/242(25.2%) 35/173 (20.2%) 26/69(27.7%) < 0.01

Coronary heart disease 12/242(5.0%) 7/173(4.0%) 5/69(7.2%) NS

symptoms        

Fever 191/242(78.9%) 133/173(76.9%) 58/69(84.6%) NS

Cough 169/242(69.8%) 120/173(69.4%) 49/69(71.0%) NS

Dyspnea 104/242(43.0%) 59/173(34.1%) 45/69(65.2%) < 0.001

Days from illness onset to
admission

11.5(9.0–15.0) 11.0(8.5–15.0) 12.0(9.3–
16.0)

NS

Data are expressed as median (interquartile range) or n (%). NS, not signi�cant.

Fever was the most dominant symptom, accounting 78.9% of the patients on admission, followed by cough (169 [69.8%] of 242
patients), dyspnea (104 [43.0%]) and others (myalgia, haemoptysis, diarrhoea). The proportion of dyspnea in the severe group
(45[65.2%] of 69 patients) differs signi�cantly from that of the moderate group (59[34.1%] of 173 patients). Among the overall
population, 49.6% had at least one coexisting illness (e.g., hypertension, diabetes and coronary heart disease). Moreover, the
presence of any coexisting illness was more common among the severe patients than the moderate group.

Biochemical measurements and lipid pro�les
Another 242 sex and age matched healthy controls without acute infection were included in this study, the median age of the
patients was 59.0 years (IQR 53.0 to 68.0) (Table 2). On admission, the lymphocyte counts were signi�cantly lower in the Covid-19
patients (1.1, IQR 0.8–1.4*10 /L) than the control (1.4, IQR 1.0-1.8*10 /L). There was no signi�cant difference in white blood cell and
neutrocyte counts among the two groups. The Covid-19 patients had elevated levels of C-reactive protein (CRP). The concentrations
of total cholesterol (TC), high density lipoprotein (HDL-c), low density lipoprotein cholesterol (LDL-c), non-high density lipoprotein
cholesterol (non-HDL-c) as well as apoA-I were all reduced, whereas apolipoprotein B (apoB) and apoB/apoA-I ratio were slightly
increased in patients with Covid-19 compared with controls. Moreover, the severe group had more prominent laboratory
abnormalities, including lymphocytopenia, leucocytosis and granulocytosis than the moderate group and higher in�ammatory
markers (CRP and IL-6). Although we found that lipids and lipoproteins were signi�cantly changed in Covid-19 patients compared
with healthy subjects, no signi�cant difference was observed regarding the levels of TC, triglyceride (TG), HDL-c, LDL-c, non-HDL-c,
apoA and apoB in the severe patients compared with the moderate cases (Table 2).



Page 5/11

Table 2
Laboratory �ndings of patients infected with Covid-19 on admission to hospital

  Normal
Range

Control

(n = 242)

All patients

(n = 242)

P for the
comparison
of patients

with
controls

Non severe
group

(n = 173)

Severe group

(n = 69)

P for the
comparison
of
moderate
and severe
patients

Age (years) NA 59.0(53.0–68.0) 63.0(53.0-68.3) NS 63.0(52.9–
69.0)

64.0(53.5–
68.0)

NS

Male (%) NA 135/242(55.8%) 133/242(55.0%) NS 96/173(55.5%) 37/69(53.6%) NS

WBC

(*10 /L)

3.5–
9.5

6.2(5.2–7.3) 5.8(4.6–7.7) NS 5.5(4.2-7.0) 6.69(5.2–
11.5)

< 0.001

NEUT

(*10 /L)

1.8–
6.3

4.2(3.2–4.1) 4.0(2.8–5.8) NS 3.8(2.7–5.1) 4.9(3.7–9.1) < 0.001

LYMPH

(*10 /L)

1.1–
3.2

1.4(1.0-1.8) 1.1(0.8–1.4) < 0.001 1.1(0.8–1.5) 0.9(0.6–1.3) < 0.05

PLT (10 /L) 125–
350

196.0(151.5-
239.3)

213.0(162.0-
297.0)

< 0.001 217.0(169.5-
286.5)

211.5(153.5-
337.8)

NS

NEUT /
LYMPH

NA 3.1(2.1–4.6) 3.7(2.2–5.9) NS 3.1(1.9–4.8) 5.4(3.4–12.5) < 0.001

PLT/
LYMPH

NA 139.8(106.6–
188.0)

195.8(150.0-
300.5)

< 0.001 188.7(147.3-
278.9)

246.3(158.4-
384.7)

< 0.01

Creatinine
(µmol/L)

57–97 71.5(60.6–90.3) 68.0(57.9–81.0) < 0.05 69.0(59.7–
80.0)

66.6(55.2–
85.3)

NS

Glucose
(mmol/l)

3.9–
6.1

5.2(4.8–5.8) 6.0(5.2–7.7) < 0.001 5.8(5.1-7.0) 6.9(5.4–8.6) < 0.001

CRP (mg/L) 0–4 1.3(1.0-2.6) 21.5(4.9–68.5) < 0.001 18.8(3.6–54.5) 43.6(11.1-
157.7)

< 0.001

IL-6 (pg/nl) 0–7 NA 9.1(7.0-14.6) NA 8.6(7.1–13.2) 10.9(6.6–
18.9)

NS

TC
(mmol/l)

3.3–
5.2

4.8(4.1–5.4) 3.9(3.4–4.4) < 0.001 3.9(3.4–4.4) 3.8(3.2–4.6) NS

TG
(mmol/l)

0.5–
1.7

1.2(0.8–1.9) 1.3(0.9–1.7) NS 1.2(0.9–1.7) 1.3(1.0-1.9) NS

LDL-c
(mmol/l)

2.1–
3.4

2.5(2.0-3.2) 2.3(1.9–2.8) < 0.05 2.4(1.9–2.8) 2.2(1.8–2.7) NS

HDL-c
(mmol/l)

1.3–
1.6

1.3(1.1–1.6) 0.9(0.8–1.1) < 0.001 0.9(0.8–1.2) 0.9(0.8–1.1) NS

Non-HDL-c
(mmol/l)

NA 3.3(2.7-4.0) 2.9(2.4–3.4) < 0.001 2.9(2.5–3.4) 2.9(2.4–3.5) NS

apoA-I (g/l) 1.0-1.6 1.2(0.9–1.4) 1.1(0.9–1.2) < 0.001 1.1(0.9–1.2) 1.0(0.9–1.2) NS

apoB (g/l) 0.6–
1.1

0.8(0.7-1.0) 0.9(0.8-1.0) < 0.05 0.9(0.7-1.0) 0.9(0.8–1.1) NS

Data are expressed as median (interquartile range) or n (%). WBC, white blood cell; NEUT, neutrocytes LYMPH, lymphocytes; PLT,
platelet; CRP, C-reactive protein; IL-6, interleukin-6; TC, total cholesterol; TG, triglyceride; LDL-c, low density lipoprotein cholesterol;
HDL-c, high density lipoprotein cholesterol; Non-HDL-c, non-high density lipoprotein cholesterol; apoA-I, apolipoprotein A-I; apoB,
apolipoprotein B; Lp(a), lipoprotein(a). NS, not signi�cant; NA, not applicable.
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  Normal
Range

Control

(n = 242)

All patients

(n = 242)

P for the
comparison
of patients

with
controls

Non severe
group

(n = 173)

Severe group

(n = 69)

P for the
comparison
of
moderate
and severe
patients

apoB/apoA-
I

NA 0.7(0.5-1.0) 0.9(0.7–1.1) < 0.001 0.8(0.6–1.1) 0.9(0.7–1.1) NS

Lp(a)
(mg/l)

0-300 NA 131.8(63.2-
274.3)

NA 131.2(57.7-
267.7)

156.7(65.9-
300.9)

NS

Data are expressed as median (interquartile range) or n (%). WBC, white blood cell; NEUT, neutrocytes LYMPH, lymphocytes; PLT,
platelet; CRP, C-reactive protein; IL-6, interleukin-6; TC, total cholesterol; TG, triglyceride; LDL-c, low density lipoprotein cholesterol;
HDL-c, high density lipoprotein cholesterol; Non-HDL-c, non-high density lipoprotein cholesterol; apoA-I, apolipoprotein A-I; apoB,
apolipoprotein B; Lp(a), lipoprotein(a). NS, not signi�cant; NA, not applicable.

There were notable positive correlations between CRP levels and total neutrocytes (rho = 0.457, P < 0.001), CRP and
neutrocyte/lymphocyte ratio (rho = 0.636, P < 0.001). We also observed an inverse correlation between CRP and total lymphocytes
(rho = -0.539, P < 0.001). In addition, the total lymphocytes were weakly positively associated with TC (rho = 0.271, P < 0.001), LDL-c
(rho = 0.319, P < 0.001) and apoA-I (rho = 0.194, P < 0.01) (Fig. 1).

In�ammatory markers and lipid pro�les
In the Covid-19 patients, the elevated CRP levels were inversely associated with TC (rho= -0.244, P < 0.001), LDL-c (rho= -0.288, P < 
0.001), HDL-c (rho= -0.191, P < 0.01), non-HDL-c (rho= -0.205, P < 0.001) and apoA-I (rho= -0.361, P < 0.001), but positively associated
with apoB/apoA-I ratio (rho = 0.242, P < 0.001) (Fig. 2). The IL-6 levels were also weakly negatively associated with TC (rho= -0.188,
P < 0.05), apoA-I (rho= -0.154, P < 0.05) and apoB (rho= -0.154, P < 0.05). No signi�cant correlations between the levels of erythrocyte
sedimentation rate (ESR) and the values of lipid or lipoprotein were found. We also observed patients with elevated PCT levels (> 
0.05 ng/ml) have lower levels of TC(3.9 IQR 3.4–4.4 Vs. 4.0 IQR 3.6–4.5 mmol/l, P < 0.01), LDL-c(2.3 IQR 1.0-2.8 Vs. 2.5 IQR 2.1–
2.9 mmol/l, P < 0.001), HDL-c(0.9 IQR 0.8–1.1 Vs. 1.0 IQR 0.8–1.2 mmol/l, P < 0.01), non-HDL-c(2.8 IQR 2.3–3.4 Vs. 3.1 IQR 2.6–
3.5 mmol/l, P < 0.05), apoA-I (1.0 IQR 0.8–1.1 Vs. 1.1 IQR 0.9–1.3 g/l, P < 0.001) than the normal PCT patients.

Discussion
To the best of our knowledge, this is the �rst preliminary study descriptively evaluating the effects of global pandemic Covid-19 on
the lipoprotein pro�les. The TC, HDL-C, LDL-C, non-HDL-c and apoA-I were reduced while apoB/apoA-I ratio increased after Covid-19
infection, while there were no differences in lipid or lipoprotein levels in the severe patients compared with the moderate group. Given
that the epidemic situation of Covid-19 infection is becoming more and more serious all over the world and is shedding more and
more threats on human beings, this timely study provides important data on the lipid and lipoprotein changes observed in this
setting.

Previous studies report that various viral infections, including EBV, Dengue virus and in�uenza A are associated with lower
cholesterol levels [9–11]. Since all the Covid-19 patients developed hypocholesterolemia in our study, and the changes in
lipoproteins were equal among the moderate and severe groups, all of those suggests it was a nonspeci�c response to acute viral
infections. In addition, we found the increased in�ammatory markers (CRP, IL-6) on admission were inversely correlated with lipid
and lipoprotein levels, suggesting that the possible common mechanism for hypocholesterolemia in acute viral infections was
in�ammatory processes. IL-6 released from the immunocytes stimulates LDL receptor expression in hepatocytes and subsequently
lead to increased LDL uptake and decreased LDL-c levels [12]. The cytokines in�uence the activities essential for lipoprotein mature
and metabolism in the circulation and further reform the lipoproteins. A decrease in lecithin:cholesterol acyltranferase activity could
decrease HDL-c concentration and the enhanced cholesteryl ester transfer protein activity further decreased HDL-c and increased TG
levels. Consistent with the decreased lipoprotein levels, the lipoproteins lost its physiological functions and become more
atherogenic after in�ammatory stimulation. The cytokines reversibly remodel the LDL to smaller particles (small-dense LDL) and
predisposed to oxidization in the arterial wall and become more atherogenic.4 We failed to observe the differences in lipid and
lipoproteins among the moderate and sever groups, one possible reason is that a cytokine storm was exhibited in nearly all these
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populations and exhaust the anti-in�ammatory properties of lipids [13]. Moreover, rather than simply affected by the viral infection,
the lipid system has been reported to engaged in pathological process of viral infection, subsequent immune response and
in�ammatory activation. The HCV virions and dengue virus may fuse with premature very low-density lipoproteins (VLDL) and form
a lipoviroparticle with VLDL particles, thus enabling it to circulate throughout the body as normal lipoproteins and then follow entry
host cell by the LDL receptor [14–16].

We also observed a marked decrease in serum levels of HDL-c and apoA-I in Covid-19 patients. Previous studies have found that
HDL and apoA-I in the setting of cytokine storm further lost their function in cholesterol e�ux, anti-oxidative, anti-in�ammatory, anti-
apoptotic, and vasoprotective effects. The decreased HDL-associated enzyme paraoxonase1 (PON1) further exacerbate the
oxidative modi�cations in LDL. We also observed that consistent with the decrease in apoA-I and increase in apoB, the apoB/apoA-1
ratio, which worked as indices for risk of acute myocardial infarction, were notable increased. In addition, both the CRP and IL-6 are
negatively associated with apoA-1 levels, suggesting that the protein components are superior to re�ect the anti-in�ammatory
properties of HDL. All together, the comprehensive changes in lipid and lipoprotein levels and proatherogenic functions may partly
explain the observed phenomenon of increase in heart attack and stroke after Covid-19 infection and the mortality were signi�cantly
higher among the patients with circulatory comorbidities (including hypertension and coronary heart diseases) [17].

Proper in�ammation plays a critical role in an effective immune response, while exuberant in�ammatory responses cause damage
to extrapulmonary tissues and organs. The cytokine and in�ammation driven atherogenic lipid pro�les after Covid-19 infection could
be a therapeutic target for pneumonia and extrapulmonary organ protection. The corticosteroids were most frequently prescribed in
order to reduce in�ammatory-induced lung injury in patients with severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS). However, evidence from patients with SARS and MERS and early experience from Covid-19 patients in
Wuhan, China suggest that corticosteroids treatment failed to reduce mortality, but rather delayed viral clearance and induced
sequelae such as femoral head necrosis [18–19]. D-4F, synthetic apoA-I mimetic peptides, were reported to restore the decreased
HDL-c and PON activity in animal models of in�uenza pneumonia. In addition, D-4F administration suppress virus-induced cytokine
production and reduces viral titers in lungs, resulting in alleviated lung injury [20]. As an emerging virus, an effective treatment
especially the antiviral treatment for Covid-19 infection has not been developed except extensive supportive care [3], new options for
treatment should be considered urgently in recent Covid-19 research. Thus, HDL and apoA-I, together with other lipids, may have a
predictive role in Covid-19 induced cytokine storm, potentially becoming a new therapeutic target.

The main limitation of the study is the fact that we did not measure the lipid levels after the complete resolution (eg. 3–4 months
after discharge) of febrile illness due to the outbreaks of the disease. Second, because data regarding the viral load are not available,
further studies are needed to investigate the correlation between the viral load, cytokine storm and lipid levels.

Conclusions
Patients with Covid-19 exhibit atherogenic lipid changes which might be correlated with exuberant in�ammatory responses. Gaining
a deeper understanding of the factors that affect lipids in patients with Covid-19 and its clinical signi�cance, is of importance for
Covid-19 management.
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Figures
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Figure 1

Association of the CRP and lipid levels with dysregulation of blood lymphoid and myeloid cells in Covid-19 patients. A Correlations
between CRP levels at admission with total neutrocytes. B Correlations between CRP levels at admission with
neutrocyte/lymphocyte ratio. C Correlations between CRP levels at admission with total lymphocytes. D Correlations between total
lymphocytes with TC. E Correlations between total lymphocytes with LDL-c. F Correlations between total lymphocytes with apoA-I.
TC, total cholesterol; LDL-c, low density lipoprotein cholesterol; apoA-I, apolipoprotein A-I.The Spearman's test was used to evaluate
the correlation. Each symbol represents an individual participant (N = 242). P values < 0.05 were considered signi�cant.
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Figure 2

Association of the CRP levels with lipids and lipoproteins in Covid-19 patients. Correlations between CRP levels at admission with TC
(A), LDL-c (B), HDL-c (C), non-HDL-c (D), apoA-I (E), apoB/apoA-I (F). The Spearman's test was used to evaluate the correlation. Each
symbol represents an individual participant (N = 242). P values < 0.05 were considered signi�cant.


