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Abstract
Background: Lipids play a central role in the virus life cycle and are a crucial target to develop antiviral therapeutics.
Importantly, among the other lipoproteins, the ‘good cholesterol’ high-density lipoprotein (HDL) has been widely
studied for its role in not only cardiovascular but several infectious diseases as well. Studies have suggested a role of
serum lipids and lipoproteins including HDL, total cholesterol (TC), triglycerides (TG), and low-density lipoproteins
(LDL) in several viral infections including COVID-19. This disease is currently a major public health problem and there
is a need to explore the role of these host lipids/lipoproteins in virus pathogenesis.
Methodology: A total of 75 retrospective COVID-19 positive serum samples and 10 COVID-19 negative controls were
studied for their lipid profiles including TC, HDL, LDL, and very-low-density lipoproteins (VLDL), and TG.
Results: Systematic literature search on dyslipidemia status in India shows that low HDL is the most common dyslipidemia. In this cohort, 65% (49) of COVID-19 patients had severely low HDL levels whereas 35% (26) had moderately
low HDL and none had normal HDL levels. On the other hand, ~ 96% of samples had normal TC (72) and LDL (72)
levels. VLDL and TG levels were also variable. In the controls, 100% of samples had moderately low HDL but none
severely low HDL levels.
Conclusion: HDL likely plays a crucial role in COVID-19 infection and outcomes. The causal relationships between
HDL levels and COVID-19 need to be studied extensively for an understanding of disease pathogenesis and
management.
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Introduction
Lipoproteins are complex particles composed of cholesterol esters, free cholesterol, phospholipids, apolipoproteins, and triglycerides [1]. They act as lipid carriers and
are categorized into seven classes i.e. low-density lipoproteins (LDL), very low-density lipoproteins (VLDL),
high-density lipoproteins (HDL), chylomicrons, chylomicrons remnants, intermediate-density lipoproteins (IDL)
and lipoprotein a (Lpa) [1]. Amongst these, only HDL is
anti-atherogenic while all others are pro-atherogenic [2,
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3]. HDL are heterogeneous lipid carriers composed of
lipids, proteins, enzymes, bile acids, and miRNAs [4].
The liver is the central organ for HDL synthesis as well
as recycling and recirculation of lipid-rich HDL particles.
Despite the dynamic composition of HDL, cholesterol
is still the most widely used clinical biomarker for HDL
[5]. HDL is responsible for reverse cholesterol transport (RCT) where it transports excessive cholesterol to
the liver thus preventing its accumulation in peripheral
arteries [5]. Apart from RCT, HDL protects LDL from
free radical oxidation thus preventing the accumulation
of oxidation products in the arterial wall [3, 6]. These
functions of HDL make it a ‘good cholesterol’. HDL is
distributed in different subclasses based on their size,
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density, protein, lipid composition, and electrophoretic
mobility [7].
Apart from playing a crucial role as the structural component of cells, lipids also act as signaling mediators [8,
9], energy resources, and conduct antiviral host immune
responses [10, 11]. Altered plasma lipid levels have been
earlier noted in multiple viruses including Human immunodeficiency virus (HIV), Hepatitis C, Dengue, and
Epstein-Barr virus (EBV) [12–14]. Dengue virus modulates host lipid metabolism for its replication [15]. Total
cholesterol (TC), LDL, and HDL were inversely correlated to dengue severity [15] and HDL levels were found
to be reduced during infection. The apoA-1, an important component of HDL has been shown to render antiviral properties and apart from inhibiting DENV entry into
host cells, it prevents cell penetration of herpes and HIV
by inhibiting fusion with the host cell membrane [16].
Dyslipidemia, more importantly, reduced HDL levels
are the most common abnormality reported in 85–90%
of antiretroviral therapy (ART) naïve and treated HIV
patients [17, 18]. CVD following HIV infection is frequently reported mainly due to changes in composition
and levels of HDL and LDL during HIV infection [19].
Lipids play an important role in the Hepatitis C virus life
cycle including entry, replication, packaging, and egress
[20, 21]. The apoM, another important HDL component
is enhanced during HBV infection and seems to suppress
its replication [22]. EBV infection is also shown to be
associated with atherosclerotic risk. In acute EBV infections, the levels of TC, LDL, HDL, apoA-1, apoB-1 are
reduced and TG is increased [14]. In most of these viral
infections, there are infection-induced alterations in lipid
metabolism and serum lipid, lipoproteins, and associated
enzyme levels, and abnormal HDL levels are shown to be
associated with the risk of developing several infectious
diseases [23, 24].
As observed with other viral infections, there have
been multiple reports of changes in lipid profile levels in
COVID-19 patients [25, 26] since the beginning of the
COVID-19 pandemic. These are marked by a decrease in
total cholesterol, LDL, HDL, and variable TG levels [27–
29]. Decreased levels of TC, HDL, LDL and increased TG
are also shown to be positively correlated with disease
severity [30, 31]. It was observed that TC, HDL, and LDL
kept declining as the disease progresses and starts getting
normal/base level as the clinical symptoms improve [27,
32]. The decreased levels of HDL, LDL, and increased
levels of TG may be predictors for disease severity but
not mortality [33]. The study on lipid profiles of ICU
patients showed decreased levels of LDL and HDL levels,
supporting the role of these lipoproteins in COVID-19
pathogenesis [34]. This change of lipid profile in COVID19 patients increases the risk for CVD in these patients
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by altering cholesterol metabolism at the cellular level
and hence altering the serum lipid levels [35]. Thus,
COVID-19 induced heart failure can be attributed to the
complex interplay between dysregulation of lipid levels,
cytokine storm, and multiple neuro-metabolic derangements [36]. There is no conclusive report on the exact
mechanism of HDL reduction during COVID-19 to date
and certainly needs to be explored thoroughly. Nevertheless, there are a few probable explanations for the same
including the role of HDL in SARS-CoV-2 binding and
entry, which might lead to HDL consumption and hence
reduced HDL levels during COVID-19 [37]. Also, HDL
isolated from COVID-19 patients shows a protective
effect against TNF-alpha–induced increase in vascular
endothelial–cadherin disorganization, apoptosis, and
endothelial cell permeability [38]. Hence, HDL can incur
a protective effect against COVID-19 via modulating
inflammatory response [39] as well as due to its antioxidant, cytopathic, and anti-apoptotic properties [40, 41].
Apart from serum HDL levels, changes in HDL composition and function affect COVID-19 pathogenesis and
outcome [42]. HDL from COVID-19 individuals with
decreased levels of Apo A-1 and paraoxonase 1(PON)
proteins shows compromised anti-apoptotic activity
as compared to native HDL from non-COVID-19 controls [38]. In the elderly and comorbid individuals, there
is oxidation and glycation of HDL resulting in reduced
antiviral and anti-inflammatory activity [39]. This proatherogenic and pro-inflammatory activity of glycated
HDL might explain the COVID-19 severity in elderly
and co-morbid individuals [39]. This significant variation in HDL composition between mild, moderate, and
severe COVID-19 infections, indicates the role of HDL
in COVID-19-induced hyperinflammation [38, 42].
Changes in protein and lipid composition of HDL particles upon viral infection may transform the anti-inflammatory HDL to pro-inflammatory HDL particles which
are less protective in endothelial cells and might promote
TNFα and MCP-1 production by macrophages/monocytes [43–45]. These pro-inflammatory HDLs might lead
to endothelial injury contributing to COVID-19-associated hyper inflammation and organ failure [38]. Sphingosine-1 phosphate(S1P) is an important component of
HDL and facilitates endothelial permeability [46, 47]. It
also exerts anti-apoptotic and anti-inflammatory effects
by interacting with the sphingosine-1 phosphate receptor
[48]. S1P dampens the cytokine storm by inhibiting the
release of pro-inflammatory cytokines [49, 50]. So, modified S1P levels as a result of alterations in HDL levels
increases the chances of disrupted endothelial cell structure and function as well as an enhanced proinflammatory responses during COVID-19 [51]. S1PR modulators
like fingolimod, Siponimod and ozanimod are currently
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being explored in COVID-19 treatment [50]. Also, HDL
prevents ROS synthesis and averts LDL oxidation as well
as copper ion-induced oxidative damage [52]. ApaA1,
S1P, ApoE, ApoM, and hydrolases like PON, and lecithincholesterol acyltransferase(LCAT) are the HDL components with anti-oxidative properties [53]. Thus, both
HDL levels and composition may alter its anti-oxidative
properties even during COVID-19.
Dyslipidemia is quite common in the world including
in India as is evident from studies in the last few decades.
As per these reports, low HDL is the most common dyslipidemia (Table 1). Given the crucial role of lipids and
lipoproteins in the pathogen/virus life cycle, the high
prevalence of dyslipidemia puts more than half of the
population at the risk of developing diseases including
COVID-19 and CVD. Hence there is a need to study the
role of these lipids in COVID-19 infections. Since its first
report in Wuhan in Dec 2020, it has claimed 5,757,562
deaths worldwide [54]. People with comorbidities like
hypertension, obesity, and diabetes mellitus are more
prone to developing severe disease and mortality [55, 56]
To study the role of lipoproteins in COVID-19 infection, we aimed to assess the lipid profile in COVID-19
positive serum samples from Delhi, India. These lipid

profile studies will help fill the gap in our understanding
of disease pathogenesis and may pave the way for more
elaborate molecular and clinical studies on the role of
lipids/lipoproteins in the virus life cycle.

Methodology
Dyslipidemia data India

The terms “Dyslipidemia”, “prevalence” and “hypercholesterolemia” were used to search the registered and published studies in PubMed, and Google Scholar with filters
“only humans source”, “Indian studies” and the year “2000
onwards”. After removing duplication, manual screening of retrieved Indian studies was based on abstracts
and titles for their potential inclusion. In the screening
studies, those that have at least one of the lipid profile
parameters i.e. HDL, LDL, TC, VLDL, and TG studied
in the population were retained. In addition, full texts
of the included studies were reviewed for eligibility, and
those with missing information on prevalence data were
excluded from the final dataset. The data was extracted
from the final dataset based on “Author”, “No of subjects”,
“PubMed ID”, “Year”, “HDL prevalence (%)”, “LDL prevalence (%)”, “Cholesterol Prevalence (%)”, “Triglycerides
prevalence (%)”.

Table 1 Prevalence (%) of abnormal total cholesterol, high-density lipoproteins, low-density lipoproteins, and triglyceride levels in the
Indian population as documented in several studies across different parts of the country
Authors/references

No of subjects

Pubmed Id

Year

High TC
High LDL
Low HDL
TG
(%) > 200 mg/dl (%) > 130 mg/dl (%) < 55 mg/dl (%) > 150 mg/
dl

Gupta et al. [60]

1800

11,999,090

2002

39.1

41.5

55

–

Prabhakaran et al. [59]

2122

15,981,439

2005

30.1

67.2

33

–

Mehan et al. [62]

220

16,855,315

2006

40.5

–

–

–

Gupta et al. [57]

1091

18,051,732

2007

39.1

41.5

55

–

Chow et al. [58]

345

16,839,628

2007

12.3

12.3

87.2

–

Kaur et al. [61]

2262

18,290,552

2007

30.3

–

–

–

Sawant et al. [75]

1805

18,472,509

2008

38.7

–

64.2

–

Sawant et al. [75]

1805

18,472,509

2008

23.3

–

33.8

–

Choa et al. (Male data) [63]

1375

20,876,149

2010

–

–

–

26.9

608

20,876,149

2010

–

–

–

27.4

Pandey et al. [64]

4435

21,880,382

2013

–

–

–

20

Joshi et al. [66]

2000

24,817,067

2014

13.9

11.8

72.3

29.5

Guptha et al. (Male data) [65]

3388

24,973,832

2014

25.1

16.3

33.6

–

Guptha et al. (Female data) [65]

2735

24,973,832

2014

25.1

16.3

33.6

–

Choa et al. (Female data) [63]

Ajay Raj et al. (Urban) [76]

325

–

2016

30.9

33.4

30.9

47.9

Ajay Raj et al. (Rural) [76]

325

–

2016

25.1

23.1

36.9

40.0

2102

28,648,438

2017

–

–

–

32.2

781

28,648,438

2017

–

–

–

20.1

–

2018

2

4

4

14

Gupta et al. (Male data) [67]
Gupta et al. (Female data) [67]
Gupta et al. [77]

50

Fatmi et al. (Chennai, India) [78]

6906

33,904,416

2021

31.3

29.1

49.7

34.6

Fatmi et al. (Delhi, India) [78]

5364

33,904,416

2021

28.8

21.2

67.1

33.6
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Sample selection

5–10 ml blood samples from COVID-19-positive
patients, as confirmed by RT-PCR of nasal/throat swab
were collected under the Indian Council of Medical
Research (ICMR)’s project ‘Establishment of a network
of ICMR-COVID-19 biorepositories in India’. Under
this, bio-repository of duly specified clinical samples of
COVID-19 patients are maintained at individual institutions for research to better understand COVID-19
disease and develop novel solutions for COVID-19 prevention, control, and treatment. For this study, 75 retrospective samples from the biorepository were tested for
their lipid profiles. Also, blood samples of 10 healthy volunteers with no history of COVID-19 infection were collected after consent.
Serum isolation and lipid profile test

The whole blood from COVID-19 positive patients was
collected in vacutainers and kept undisturbed at room
temperature for 30 min followed by centrifugation at
1000–2000 g for 10 min in a refrigerated centrifuge. The
resulting supernatant was the serum which was then
carefully transferred to polypropylene and processed for
lipid profile testing. The remaining serum is aliquoted
and stored at − 80 °C for long-term use.
Lipid profiles including triglyceride, HDL cholesterol,
total cholesterol, VLDL cholesterol, LDL cholesterol,
total/HDL cholesterol ratio, LDL/HDL cholesterol ratio
of 75 COVID-19 positive serum samples and 10 COVID19 negative samples were tested by standard enzymatic,
colorimetric assays. The normal ranges for these lipids
are summarized in Additional file 1: Table S1.
Limitations of the study

This study includes mild/moderate patient samples from
a single geographical region and a single time point. As
the samples were retrospective and COVID-19 was widespread with asymptomatic and multiple infections, only
10 healthy negative controls without COVID-19 infection
ever, could be enrolled for the current study. Also, the age
data of only 66/75 tested samples are available. The role
of lipid dysregulation in COVID-19 severity, susceptibility, pathogenesis, and outcome need to be explored in
different cohorts based on disease symptoms/severity,
co-morbidities, and disease progression.

Results
Status of dyslipidemia in India

The comprehensive search yielded 820 de-duplicated
studies and after subjection to the screening, the final
dataset contained 15 articles from the years 2006–2021
with prevalence (%) of different lipoproteins. The data
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extracted and structure have been summarized in
Table 1, Fig. 1. The data show that moderate to severe low
HDL is prevalent in 33–87% Indian population whereas
12–67% and 13–40% of individuals have high LDL and
high TC levels respectively (Table 1) [57–67]. The variation in the prevalence rate of different lipoproteins is
attributed to the socioeconomic status of the study population, diversity of selected study sites, and sample size.
However, the latest data available from the study by the
Indian Council of Medical Research-India Diabetes with
diverse study sites shows the prevalence of low HDL is
as high as 72.3% of tested individuals while high TC and
LDL were found in 13.9% and 11.8% individuals. Low
HDL is the most common dyslipidemia found in all these
studies.
Levels and distribution of lipids in COVID‑19 positive
patients

65% of COVID-19 patients had severely low HDL levels whereas 35% had moderately low HDL and none had
normal HDL levels (Fig. 2a). The majority of males fall
under the severely low HDL category (Fig. 3a, b). In the
case of total cholesterol, only 3% of test samples had high
TC, and the rest 96% had normal TC while only 1 patient
had TC in the low range. All females tested had normal
TC levels and 5% of males had low or high TC (Fig. 3a,
b). Similarly, LDL levels seemed to be unperturbed in the
case of COVID-19 infection here unlike other published
studies as 96% had normal, whereas only 1% and 2% had
moderate levels and very high LDL levels respectively.
(Fig. 2a). The distribution levels of LDL seem independent of genders (Fig. 3a, b).
The levels of TG and VLDL were however variable
among the tested samples. Upto 43% had high TG levels,
57% had normal while none had low TG. For VLDL, 41%
had elevated, 8% had below normal, and the rest 51% had
VLDL in the normal range (Fig. 2a). There was no significant difference in TG and VLDL levels between males
and females (Fig. 3a, b).
Among the control samples, 100% samples had normal
TC, moderately low HDL, and none with severely low
HDL levels, unlike test samples where 65% samples had
HDL in the severely low category (Fig. 2b). This shows
that HDL might play a crucial role in either susceptibility to COVID-19 infection or disease pathogenesis.
More elaborate studies are needed to study the HDL and
COVID-19 causal relationship. Upto 80% of control samples had normal TG as compared to 57% of test samples
(Fig. 2b). LDL levels were normal in 80% of control and
96% of test groups (Fig. 2b). The difference between the
lipid profile of the test and control samples was however inconclusive due to the very small sample size of
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Fig. 1 Consort-flow diagram to identify literature on the “Status of dyslipidemia in India” in the last two decades

the control group. TC was normal in 100% of old age
group > 60Y whereas 20% of young < 40Y individuals had
low TC and 80% had normal TC (Fig. 4a, b). There was
no significant difference in distribution pattern and lipid
levels of other lipoproteins among different age groups
(Fig. 4a, b). Lipid profiles in comorbid individuals show
almost the same lipid profile as in non-comorbid individuals. These data suggest that the levels of HDL were
reduced whereas that of LDL remained unperturbed during COVID-19 infection. TG and VLDL levels remained
normal or elevated in most of the tested samples.

Discussion
The crucial role of lipids and lipoproteins in the virus
life cycle makes them a promising target for developing therapeutics against infectious diseases. Given the
significant role of these lipids in the virus life cycle,
dyslipidemia not only elevates the risk of CVD but
also along with other demographic and clinical factors might put people at the risk of developing several

viral infections like Dengue, hepatitis C, HIV, EBV and
COVID-19. Thus, interventions targeting lipids and
lipoproteins can play a significant role in combating
infections, especially when viral. As per the latest dyslipidemia statement by the Lipid Association of India
Expert Consensus, ~ 79% of Indians have at least one
lipid abnormality, with decreased HDL in 72.3% of
individuals, hypertriglyceridemia in 29.5%, and elevated LDL in 11.8% [68]. The high prevalence of dyslipidemia shows that majority of the population might
be at risk of developing virus infections including
COVID-19 and associated complications. In this study,
we evaluated the lipid profile of COVID-19 positive
patients to explore the causal relationship between
lipids and COVID-19 infection. Earlier studies on the
levels of lipids in COVID-19 patients suggested that
the levels of TC, HDL, and LDL decreased whereas TG
levels increased during infection. In line with this, our
study showed that the levels of HDL were low while
LDL and TC levels remained normal in the COVID-19
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Fig. 2 a Lipid status of COVID-19 patients. The levels and distribution of lipoproteins in 75 COVID-19 positive patient serum samples. HDL levels are
reduced, LDL and TC remain normal whereas most of the individuals have normal or increased TG and VLDL levels. b Test versus control. Lipid profile
prevalence (%) in COVID-19 positive and control samples

positive samples. The TG and VLDL levels varied more
dynamically and remained inconclusive. The distribution and lipid profile levels remained almost the same
in samples irrespective of gender, age, and comorbidities with almost all samples having low HDL. The

higher risk of developing severe COVID-19 infection
and associated mortality in a comorbid population
with already abnormal lipid levels suggests a crucial
role for these lipids in COVID-19 pathogenesis. Statin, an HDL-raising drug has been previously shown
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Fig. 3 a, b Levels and distribution of lipids in Males (58/75), and females (17/75)

to inhibit replication in several positive-strand RNA
viruses including Hepatitis C, Dengue, West Nile, and
Influenza A [69, 70]. Disease management by administering such HDL infusion therapies and HDL-raising
drugs like statins and finofibrate-Crataegus oxyacantha
combination therapy in COVID-19 treatment may be
a promising option. To develop HDL-based therapies
[71–73], explorations of the causative relationships
between HDL levels and infection risk are needed. It
is necessary to study and understand whether the low
abnormal levels of lipids are risk factors for COVID-19
infection or whether it is the COVID-19 infection that
leads to abnormal host lipids. Infection-induced alterations in lipoproteins levels and composition might
lead to the development of CVD in the long run. These

cases will need further care and follow-ups to assess
their cardiovascular health. Physicochemical composition and quality of HDL can be decisive for its harmful
or useful effects. HDL can change its composition and
shift to another subclass in the presence of risk factors
like a cardiovascular or foreign infection [7, 74]. So,
there is also a need to shift the focus and identify more
potent, accurate, and functionally significant biomarkers for HDL function from other components of HDL
particles including proteins, enzymes, and miRNAs.
The crucial role of lipids in the virus infection cycle
can be utilized to develop broad-spectrum antiviral
drugs. These lipid-based drugs, either alone or in combination can be used to target multiple virus infections
including COVID-19.
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Fig. 4 a, b Levels and distribution of lipids in different age groups, young, < 40Y (10/66), middle, 40–60 Y (30/66), and old, > 60Y (26/66)

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12985-022-01865-4.
Additional file 1. Supplementary Table 1. Standard ranges for multiple
lipids.

Author contributions
MN did the experimental part, extensive literature search, and drafted the
manuscript. AG assisted in data analysis. SM reviewed the manuscript and
gave his input. AS conceived the idea and reviewed the manuscript. All
authors have read and approved the final manuscript.
Funding
Current work is funded by ICMR-NIMR.

Nain et al. Virology Journal

(2022) 19:135

Availability of data and materials
The datasets generated during and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Declarations
Ethical approval and consent to participate
This study was performed in line with the principles of the Declaration of
Helsinki. Ethical approval for serum sample collection, storage, and use for
research purposes is taken from the Institutional Ethics committee (IEC)
with Ethical Clearance No. PHB/NIMR/EC/2020/127. Informed consent was
obtained from all individual participants included in the study.
Competing interest
The authors declare no competing interests.
Author details
1
National Institute of Malaria Research, New Delhi 110 077, India. 2 Centre for Community Medicine, All India Institute of Medical Sciences, New
Delhi 110029, India. 3 Molecular Medicine, International Centre for Genetic
Engineering and Biotechnology, Aruna Asaf Ali Marg, New Delhi 110 067,
India.
Received: 1 July 2022 Accepted: 16 August 2022

References
1. Feingold KR. Introduction to lipids and lipoproteins. In: Introduction to
lipids and lipoproteins. Endotext. MDtext.com, Inc, South Dartmouth.
2021.
2. Catapano AL. Atherogenic lipoproteins as treatment targets. Nat Rev
Cardiol. 2018;15:75–6. https://doi.org/10.1038/nrcardio.2017.221.
3. Kontush A, Chapman MJ. Antiatherogenic function of HDL particle
subpopulations: focus on antioxidative activities. Curr Opin Lipidol.
2010;21:312–8. https://doi.org/10.1097/MOL.0b013e32833bcdc1.
4. Jomard A, Osto E. High density lipoproteins: metabolism, function, and
therapeutic potential. Front Cardiovasc Med. 2020;7:39. https://doi.org/
10.3389/fcvm.2020.00039.
5. Xiang AS, Kingwell BA. Rethinking good cholesterol: a clinicians’ guide to
understanding HDL. Lancet Diabetes Endocrinol. 2019;7:575–82. https://
doi.org/10.1016/S2213-8587(19)30003-8.
6. Stocker R, Keaney JF. Role of oxidative modifications in atherosclerosis.
Physiol Rev. 2004;84:1381–478. https://doi.org/10.1152/physrev.00047.
2003.
7. Diab A, Valenzuela Ripoll C, Guo Z, Javaheri A. HDL composition, heart
failure, and its comorbidities. Front Cardiovasc Med. 2022;9:846990.
https://doi.org/10.3389/fcvm.2022.846990.
8. Heaton NS, Randall G. Multifaceted roles for lipids in viral infection. Trends
Microbiol. 2011;19:368–75. https://doi.org/10.1016/j.tim.2011.03.007.
9. Ketter E, Randall G. Virus impact on lipids and membranes. Annu
Rev Virol. 2019;6:319–40. https://doi.org/10.1146/annurev-virol
ogy-092818-015748.
10. Bezgovsek J, Gulbins E, Friedrich S-K, et al. Sphingolipids in early viral
replication and innate immune activation. Biol Chem. 2018;399:1115–23.
https://doi.org/10.1515/hsz-2018-0181.
11. Schoggins JW, Randall G. Lipids in innate antiviral defense. Cell Host
Microbe. 2013;14:379–85. https://doi.org/10.1016/j.chom.2013.09.010.
12. Grunfeld C, Pang M, Doerrler W, et al. Lipids, lipoproteins, triglyceride
clearance, and cytokines in human immunodeficiency virus infection
and the acquired immunodeficiency syndrome. J Clin Endocrinol Metab.
1992;74:1045–52. https://doi.org/10.1210/jcem.74.5.1373735.
13. Marin-Palma D, Sirois CM, Urcuqui-Inchima S, Hernandez JC. Inflammatory status and severity of disease in dengue patients are associated with
lipoprotein alterations. PLoS ONE. 2019;14:e0214245. https://doi.org/10.
1371/journal.pone.0214245.
14. Apostolou F, Gazi IF, Lagos K, et al. Acute infection with Epstein-Barr
virus is associated with atherogenic lipid changes. Atherosclerosis.
2010;212:607–13. https://doi.org/10.1016/j.atherosclerosis.2010.06.006.

Page 9 of 10

15. Lima WG, Souza NA, Fernandes SOA, et al. Serum lipid profile as a predictor of dengue severity: a systematic review and meta-analysis. Rev Med
Virol. 2019. https://doi.org/10.1002/rmv.2056.
16. von Eckardstein A, Kardassis D. High density lipoproteins from biological
understanding to clinical exploitation. In: Handbook of experimental
pharmacology. Springer, New York; 2015.
17. Feeney ER. HIV and HAART-associated dyslipidemia. TOCMJ. 2011;5:49–63.
https://doi.org/10.2174/1874192401105010049.
18. Friis-Møller N, Weber R, Reiss P, et al. Cardiovascular disease risk factors in HIV
patients—association with antiretroviral therapy. Results DAD Study AIDS.
2003;17:1179–93. https://doi.org/10.1097/00002030-200305230-00010.
19. Moreno JA, Beltran LM, Rubio-Navarro A, et al. Influence of immune
activation and inflammatory response on cardiovascular risk associated
with the human immunodeficiency virus. VHRM. 2015. https://doi.org/10.
2147/VHRM.S65885.
20. Zhang F, Sodroski C, Cha H, et al. Infection of hepatocytes with HCV
increases cell surface levels of heparan sulfate proteoglycans, uptake of
cholesterol and lipoprotein, and virus entry by up-regulating SMAD6 and
SMAD7. Gastroenterology. 2017;152:257-270.e7. https://doi.org/10.1053/j.
gastro.2016.09.033.
21. Popescu C, Dubuisson J. Role of lipid metabolism in hepatitis C virus
assembly and entry. Biol Cell. 2010;102:63–74. https://doi.org/10.1042/
BC20090125.
22. Gazi IF, Elisaf MS. Effect of infection on lipid profile: focus on EpsteinBarr virus. Clin Lipidol. 2010;5:607–10. https://doi.org/10.2217/clp.10.
53.
23. Speer T, Zewinger S. High-density lipoprotein (HDL) and infections: a
versatile culprit. Eur Heart J. 2018;39:1191–3. https://doi.org/10.1093/
eurheartj/ehx734.
24. Madsen CM, Varbo A, Tybjærg-Hansen A, et al. U-shaped relationship of
HDL and risk of infectious disease: two prospective population-based
cohort studies. Eur Heart J. 2018;39:1181–90. https://doi.org/10.1093/
eurheartj/ehx665.
25. Li G-M, Li Y-G, Yamate M, et al. Lipid rafts play an important role in the early
stage of severe acute respiratory syndrome-coronavirus life cycle. Microbes
Infect. 2007;9:96–102. https://doi.org/10.1016/j.micinf.2006.10.015.
26. Baglivo M, Baronio M, Natalini G, et al. Natural small molecules as
inhibitors of coronavirus lipid-dependent attachment to host cells: a
possible strategy for reducing SARS-COV-2 infectivity? SARS-COV-2
lipid-dependent attachment to host cells. Acta Bio Med Atenei Parm
2020; 91:161–164. https://doi.org/10.23750/abm.v91i1.9402.
27. Rezaei A, Neshat S, Heshmat-Ghahdarijani K. Alterations of lipid profile
in COVID-19: a narrative review. Curr Probl Cardiol. 2022;47:100907.
https://doi.org/10.1016/j.cpcardiol.2021.100907.
28. Abu-Farha M, Thanaraj TA, Qaddoumi MG, et al. The role of lipid
metabolism in COVID-19 virus infection and as a drug target. IJMS.
2020;21:3544. https://doi.org/10.3390/ijms21103544.
29. Ressaire Q, Dudoignon E, Moreno N, et al. Low total cholesterol blood
level is correlated with pulmonary severity in COVID-19 critical ill
patients. Anaesth Crit Care Pain Med. 2020;39:733–5. https://doi.org/
10.1016/j.accpm.2020.07.015.
30. Hu X, Chen D, Wu L, et al. Declined serum high density lipoprotein
cholesterol is associated with the severity of COVID-19 infection. Clin
Chim Acta. 2020;510:105–10. https://doi.org/10.1016/j.cca.2020.07.015.
31. Wang G, Zhang Q, Zhao X, et al. Low high-density lipoprotein level
is correlated with the severity of COVID-19 patients: an observational study. Lipids Health Dis. 2020;19:204. https://doi.org/10.1186/
s12944-020-01382-9.
32. Ouyang S-M, Zhu H-Q, Xie Y-N, et al. Temporal changes in laboratory markers of survivors and non-survivors of adult inpatients with
COVID-19. BMC Infect Dis. 2020;20:952. https://doi.org/10.1186/
s12879-020-05678-0.
33. Turgay Yıldırım Ö, Kaya Ş. The atherogenic index of plasma as a predictor
of mortality in patients with COVID-19. Heart Lung. 2021;50:329–33.
https://doi.org/10.1016/j.hrtlng.2021.01.016.
34. Tanaka S, De Tymowski C, Assadi M, et al. Lipoprotein concentrations
over time in the intensive care unit COVID-19 patients: results from the
ApoCOVID study. PLoS ONE. 2020;15:e0239573. https://doi.org/10.1371/
journal.pone.0239573.
35. Zhang B, Dong C, Li S, et al. Triglyceride to high-density lipoprotein cholesterol ratio is an important determinant of cardiovascular risk and poor

Nain et al. Virology Journal

36.

37.
38.
39.

40.
41.
42.
43.
44.

45.
46.
47.
48.
49.
50.
51.

52.
53.
54.
55.
56.

57.

(2022) 19:135

prognosis in coronavirus disease-19: a retrospective case series study.
DMSO. 2020;13:3925–36. https://doi.org/10.2147/DMSO.S268992.
Onohuean H, Al-kuraishy HM, Al-Gareeb AI, et al. Covid-19 and
development of heart failure: mystery and truth. Naunyn-Schmiedeberg’s Arch Pharmacol. 2021;394:2013–21. https://doi.org/10.1007/
s00210-021-02147-6.
Wei C, Wan L, Yan Q, et al. HDL-scavenger receptor B type 1 facilitates
SARS-CoV-2 entry. Nat Metab. 2020;2:1391–400. https://doi.org/10.1038/
s42255-020-00324-0.
Begue F, Tanaka S, Mouktadi Z, et al. Altered high-density lipoprotein composition and functions during severe COVID-19. Sci Rep.
2021;11:2291. https://doi.org/10.1038/s41598-021-81638-1.
Cho K-H, Kim J-R, Lee I-C, Kwon H-J. Native high-density lipoproteins
(HDL) with higher paraoxonase exerts a potent antiviral effect against
SARS-CoV-2 (COVID-19), while glycated HDL lost the antiviral activity.
Antioxidants. 2021;10:209. https://doi.org/10.3390/antiox10020209.
Song C-Y, Xu J, He J-Q, Lu Y-Q. Immune dysfunction following COVID-19,
especially in severe patients. Sci Rep. 2020;10:15838. https://doi.org/10.
1038/s41598-020-72718-9.
Zafer MM, El-Mahallawy HA, Ashour HM. Severe COVID-19 and sepsis:
immune pathogenesis and laboratory markers. Microorganisms.
2021;9:159. https://doi.org/10.3390/microorganisms9010159.
Souza Junior DR, Silva ARM, Rosa-Fernandes L, et al. HDL proteome remodeling associates with COVID-19 severity. J Clin Lipidol.
2021;15:796–804. https://doi.org/10.1016/j.jacl.2021.10.005.
Tran-Dinh A, Diallo D, Delbosc S, et al. HDL and endothelial protection:
HDL and endothelial protection. Br J Pharmacol. 2013;169:493–511.
https://doi.org/10.1111/bph.12174.
Van Lenten BJ, Hama SY, de Beer FC, et al. Anti-inflammatory HDL
becomes pro-inflammatory during the acute phase response. Loss of
protective effect of HDL against LDL oxidation in aortic wall cell cocultures. J Clin Invest. 1995;96:2758–67. https://doi.org/10.1172/JCI118345.
Skaggs BJ, Hahn BH, Sahakian L, et al. Dysfunctional, pro-inflammatory HDL
directly upregulates monocyte PDGFRβ, chemotaxis and TNFα production.
Clin Immunol. 2010;137:147–56. https://doi.org/10.1016/j.clim.2010.06.014.
Velagapudi S, Rohrer L, Poti F, et al. Apolipoprotein M and sphingosine-1-phosphate receptor 1 promote the transendothelial transport of high-density
lipoprotein. ATVB. 2021. https://doi.org/10.1161/ATVBAHA.121.316725.
Sattler K, Levkau B. Sphingosine-1-phosphate as a mediator of highdensity lipoprotein effects in cardiovascular protection. Cardiovasc Res.
2008;82:201–11. https://doi.org/10.1093/cvr/cvp070.
Meacci E, Garcia-Gil M, Pierucci F. SARS-CoV-2 infection: a role for S1P/S1P
receptor signaling in the nervous system? IJMS. 2020;21:6773. https://doi.
org/10.3390/ijms21186773.
Liu Q, Zhou Y, Yang Z. The cytokine storm of severe influenza and development of immunomodulatory therapy. Cell Mol Immunol. 2016;13:3–10.
https://doi.org/10.1038/cmi.2015.74.
Naz F, Arish M. Battling COVID-19 pandemic: sphingosine-1-phosphate
analogs as an adjunctive therapy? Front Immunol. 2020;11:1102. https://
doi.org/10.3389/fimmu.2020.01102.
Zhang R, Wang Q, Yang J. Potential of sphingosine-1-phosphate in preventing SARS-CoV-2 infection by stabilizing and protecting endothelial
cells: narrative review. Medicine. 2022;101:e29164. https://doi.org/10.
1097/MD.0000000000029164.
Ferretti G, Bacchetti T, Moroni C, et al. Protective effect of human HDL
against Cu(2+)-induced oxidation of astrocytes. J Trace Elem Med Biol.
2003;17(Suppl 1):25–30.
Kluck GEG, Yoo J-A, Sakarya EH, Trigatti BL. Good cholesterol gone bad? HDL
and COVID-19. IJMS. 2021;22:10182. https://doi.org/10.3390/ijms221910182.
World Health Organization (WHO). Emergencies preparedness, response.
Pneumonia of unknown cause. 2020.
Sanyaolu A, Okorie C, Marinkovic A, et al. Comorbidity and its impact on
patients with COVID-19. SN Compr Clin Med. 2020;2:1069–76. https://doi.
org/10.1007/s42399-020-00363-4.
Malhotra S, Rahi M, Das P, et al. Epidemiological profiles and associated
risk factors of SARS-CoV-2 positive patients based on a high-throughput
testing facility in India. Open Biol. 2021;11:200288. https://doi.org/10.
1098/rsob.200288.
Gupta R, Rastogi P, Sarna M, et al. Body-mass index, waist-size, waist-hip
ratio and cardiovascular risk factors in urban subejcts. J Assoc Phys India.
2007;55:621–7.

Page 10 of 10

58. Chow C, Cardona M, Raju PK, et al. Cardiovascular disease and risk factors
among 345 adults in rural India—the Andhra Pradesh Rural Health Initiative.
Int J Cardiol. 2007;116:180–5. https://doi.org/10.1016/j.ijcard.2006.03.043.
59. Prabhakaran D, Shah P, Chaturvedi V, et al. Cardiovascular risk factor
prevalence among men in a large industry of northern India. Natl Med J
India. 2005;18:59–65.
60. Gupta R, Gupta VP, Sarna M, et al. Prevalence of coronary heart disease
and risk factors in an urban Indian population: Jaipur Heart Watch-2.
Indian Heart J. 2002;54:59–66.
61. Kaur P, Rao TV, Sankarasubbaiyan S, et al. Prevalence and distribution
of cardiovascular risk factors in an urban industrial population in south
India: a cross-sectional study. J Assoc Phys India. 2007;55:771–6.
62. Mehan MB, Srivastava N, Pandya H. Profile of non communicable disease
risk factors in an industrial setting. J Postgrad Med. 2006;52:167–71 (dis‑
cussion 171–173).
63. Choa R, Sharp R, Mahtani KR. Hallux valgus. BMJ. 2010;341:c5130. https://
doi.org/10.1136/bmj.c5130.
64. Pandey RM, Gupta R, Misra A, et al. Determinants of urban-rural differences in cardiovascular risk factors in middle-aged women in India: a
cross-sectional study. Int J Cardiol. 2013;163:157–62. https://doi.org/10.
1016/j.ijcard.2011.06.008.
65. Guptha S, Gupta R, Deedwania P, et al. Cholesterol lipoproteins and
prevalence of dyslipidemias in urban Asian Indians: a cross sectional study.
Indian Heart J. 2014;66:280–8. https://doi.org/10.1016/j.ihj.2014.03.005.
66. Joshi SR, Anjana RM, Deepa M, et al. Prevalence of dyslipidemia in urban
and rural India: the ICMR-INDIAB study. PLoS ONE. 2014;9:e96808. https://
doi.org/10.1371/journal.pone.0096808.
67. Gupta R, Rao RS, Misra A, Sharma SK. Recent trends in epidemiology of
dyslipidemias in India. Indian Heart J. 2017;69:382–92. https://doi.org/10.
1016/j.ihj.2017.02.020.
68. Puri R, Mehta V, Iyengar SS, et al. Lipid Association of India expert consensus statement on management of dyslipidemia in Indians 2020: part III. J
Assoc Phys India. 2020;68:8–9.
69. Permana H, Huang I, Purwiga A, et al. In-hospital use of statins is associated with a reduced risk of mortality in coronavirus-2019 (COVID-19):
systematic review and meta-analysis. Pharmacol Rep. 2021;73:769–80.
https://doi.org/10.1007/s43440-021-00233-3.
70. Gordon D. Statins may be a key therapeutic for Covid-19. Med Hypotheses. 2020;144:110001. https://doi.org/10.1016/j.mehy.2020.110001.
71. Al-kuraishy H, Al-Gareeb A, Al-Buhadilly A. Rosuvastatin improves vaspin
serum levels in obese patients with acute coronary syndrome. Diseases.
2018;6:9. https://doi.org/10.3390/diseases6010009.
72. Kadhim S, Al-Windy S, Al-Nami M, et al. Statins improve periodontal disease—induced inflammatory changes and associated lipid peroxidation
in patients with dyslipidemia: two birds by one stone. J Int Oral Health.
2020;12:66. https://doi.org/10.4103/jioh.jioh_194_19.
73. Rasheed H, Hussien N, Al-Naimi M, et al. Fenofibrate and Crataegus oxyacantha is an effectual combo for mixed dyslipidemia. Biomed Biotechnol
Res J. 2020;4:259. https://doi.org/10.4103/bbrj.bbrj_26_20.
74. Pirillo A, Catapano AL, Norata GD. HDL in infectious diseases and sepsis.
In: von Eckardstein A, Kardassis D, editors. High density lipoproteins.
Cham: Springer; 2015. p. 483–508.
75. Sawant AM, Shetty D, Mankeshwar R, Ashavaid TF. Prevalence of dyslipidemia in young adult Indian population. J Assoc Phys India. 2008;56:99–102.
76. Ajay Raj S, Sivakumar K, Sujatha K. Prevalence of dyslipidemia in South
Indian adults: an urban-rural comparison. Int J Community Med Public
Health. 2016. https://doi.org/10.18203/2394-6040.ijcmph20162571.
77. Gupta P, Chaurasia AK, Mishra A, Prakash G. Study of prevalence of dyslipidemia in newly diagnosed essential hypertension. IJCMSR. 2018. https://
doi.org/10.21276/ijcmsr.2018.3.4.22.
78. Fatmi Z, Kondal D, Shivashankar R, et al. Prevalence of dyslipidaemia and
factors associated with dyslipidaemia among South Asian adults: The
Center for Cardiometabolic Risk Reduction in South Asia Cohort Study. Natl
Med J India. 2020;33:137–45. https://doi.org/10.4103/0970-258X.314005.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

