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Low HDL and high triglycerides 
predict COVID‑19 severity
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Lipids are indispensable in the SARS‑CoV‑2 infection process. The clinical significance of plasma lipid 
profile during COVID‑19 has not been rigorously evaluated. We aim to ascertain the association of 
the plasma lipid profile with SARS‑CoV‑2 infection clinical evolution. Observational cross‑sectional 
study including 1411 hospitalized patients with COVID‑19 and an available standard lipid profile prior 
(n: 1305) or during hospitalization (n: 297). The usefulness of serum total, LDL, non‑HDL and HDL 
cholesterol to predict the COVID‑19 prognosis (severe vs mild) was analysed. Patients with severe 
COVID‑19 evolution had lower HDL cholesterol and higher triglyceride levels before the infection. The 
lipid profile measured during hospitalization also showed that a severe outcome was associated with 
lower HDL cholesterol levels and higher triglycerides. HDL cholesterol and triglyceride concentrations 
were correlated with ferritin and D‑dimer levels but not with CRP levels. The presence of atherogenic 
dyslipidaemia during the infection was strongly and independently associated with a worse COVID‑19 
infection prognosis. The low HDL cholesterol and high triglyceride concentrations measured before 
or during hospitalization are strong predictors of a severe course of the disease. The lipid profile 
should be considered as a sensitive marker of inflammation and should be measured in patients with 
COVID‑19.

The COVID-19 pandemic has rapidly spread worldwide, and it appears to be far from being controlled. While 
the main pathophysiological mechanisms are being revealed, only some of the factors determining whether 
some patients have an asymptomatic course while others die have been identified. Given the limited treatment 
options, the identification of risk factors related to severe COVID-19 is of paramount importance to improve the 
prognosis. Age, sex, background therapies and comorbidities are the main clinical determinants of  severity1–3. 
High blood pressure and dysglycaemia are associated with a worse prognosis; however, although dyslipidaemia 
is one of the main cardiovascular risk factors, the association between baseline lipid levels and the prognosis 
has been less frequently studied. In this respect, a recent umbrella review of systematic reviews suggested that 
dyslipidaemia may play a role in the severity of SARS-CoV-2  infection4.

Lipids are crucial in the infection process, as they are important structural components of cellular and sub-
cellular organellar membranes. Membrane lipid components participate in the regulation of transmembrane 
molecular trafficking, including infectious materials such as viruses. Viral internalization requires the attachment 
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of the virus to the host cell membrane, activating an endocytosis  mechanism5. The membrane lipid composi-
tion and particularly the lipid rafts influence this  process6. Once inside the cell, the virus replicates using the 
metabolic machinery of the invaded  cell7. The newly synthesized viral particles exit the cells again by crossing 
the lipid-rich cell membrane. Based on studies of animal models, intracellular cholesterol may increase cel-
lular SARS-CoV-2  infectivity8. Recently, the SREBP-2 C-terminal fragment discovered in blood samples from 
patients with COVID-19 was identified as an indicator of the severity of the diagnosis and a therapeutic target 
for preventing the cytokine storm and organ  damage9. In the host cell, the virus modifies cellular metabolism 
by altering energy production pathways for its own benefit. Both cellular glucose and lipid metabolism are 
extensively  modified6, and a recent metabolomic study of patients infected with SARS-CoV-2 has described a 
specific lipidomic  fingerprint10.

In addition to structural and energy supply functions, intracellular lipids also act as intracellular signalling 
molecules or transcription factors. Viral particles also interfere with these pathways, altering cell physiology and 
leading to apoptosis and cell  death5.

The standard clinical approach to assessing alterations in lipid metabolism is based on the measurement of 
cholesterol in several lipoprotein particles and triglyceride levels. Researchers have not determined how these 
parameters will improve our understanding of the important role of cellular lipids in viral infections. Infectious 
diseases are usually associated with low HDL cholesterol (HDL-C) concentrations and sometimes with low 
LDL cholesterol (LDL-C) concentrations, while triglyceride levels are typically maintained or even  increased6, 

11. Low HDL-C levels have been proposed as a risk biomarker for different  infections12. Regarding the SARS-
CoV-2 infection, low LDL-C, HDL-C and triglyceride (TG) levels have been described to be associated with an 
increasing infection  severity6, and a role for these lipids in immune mechanisms has been  suggested13. Low lipid 
levels during the infection have been associated with the severity of COVID-1914. Meanwhile, low plasma lipid 
concentrations are regarded as a consequence of the hypermetabolic state and undernutrition in the infected 
patient; however, many metabolic pathways associated with the immune response and infection itself participate 
in these  alterations11. Cytokines, inflammatory mediators, modified lipids and intermediate lipid classes gener-
ated during the infection interfere with several steps of lipid metabolism by reducing cholesterol synthesis and 
absorption, decreasing triglyceride-rich lipoprotein clearance or reducing apolipoprotein (apo) A1  synthesis15. 
Taken together, we hypothesise that an analysis of lipid metabolism should be contemplated as another clinical 
tool to evaluate the SARS-CoV-2 infection state and prognosis. Thus, the present study aimed to determine the 
variation in the lipid profile due to COVID-19 and its association with disease severity.

Results
Of the 2159 patients included in the STACOV database, 1305 had an available standard lipid profile (TC, LDL-C, 
HDL-C, non-HDL-C, TG) before the infection and 297 had a lipid profile that was measured during hospitaliza-
tion. One hundred ninety-one patients had values for profiles measured at both time points (Fig. 1).

The demographic and clinical characteristics of the patients included in the study with an available lipid 
profile before (n = 1305) or during (n = 297) hospitalization sorted by the COVID-19 severity according the 
aforementioned criteria are shown in supplementary material (Table S1). Regarding the group with pre-infection 
lipid data, patients with a severe SARS-CoV-2 infection were 6 years older, included a higher proportion of men 
and as expected, displayed a higher prevalence of comorbidities with significant differences in hypertension, 

Figure 1.  Distribution of patients included in the study according lipid profile availability.
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smokers, hyperlipidaemia diagnosis, diabetes, cardiovascular vascular diseases, chronic obstructive pulmonary 
disease, chronic kidney disease and cancer. While LDL-C levels were similar between patients who developed 
mild and severe COVID-19, HDL-C concentrations obtained before COVID-19 were lower in patients who 
developed a severe infection; in contrast, TG levels were significantly higher (Table 1). In the group with a lipid 
profile that was measured during hospitalization, the demographic and baseline clinical data were better matched 
between patients who developed a mild or severe disease (supplementary material Table S1). When comparing 
patients with a mild and severe evolution in this group, again, while LDL-C levels were similar, patients with 
severe forms of COVID-19 presented significantly lower HDL and higher TG and non-HDL-C concentrations 
(Table 1 and Fig. 2).

Total cholesterol (TC), LDL-C, non-HDL-C and HDL-C concentrations obtained before COVID-19 were 
significantly higher than the levels measured during hospitalization. In contrast, higher TG levels were measured 
during the infection (Table 1).

When examining the lipid profile obtained during hospitalization, the median HDL concentrations were 
significantly reduced by 16% in patients with a severe disease while the TG concentrations were 20% higher 
(Table 1).

These differences were confirmed in the group in which a lipid profile was available before and during 
COVID-19 (n = 191), showing statistically significant differences in all lipid parameters (Fig. 3). Interestingly, 
in this specific group that allowed a direct comparison, the percent variation of mean values in HDL-C and 
triglyceride levels was significantly higher for those patients who developed serious COVID-19 (Fig. 3).

As shown in Fig. 4, patients who developed severe symptoms tended to be grouped in the low HDL-C and 
high TG area.

Triglyceride concentrations showed a weak but significant direct correlation with ferritin levels (R: 0.25; 
p < 0.05), while HDL-C levels correlated inversely with ferritin (R: − 0.28; p < 0.01) and D-dimer (R: − 0.016; 
p < 0.05) concentrations. CRP levels were not significantly correlated with any lipid parameter. We also performed 
a multivariate analysis as outlined in the statistical methods section to assess the effectiveness of lipid parameters 
as COVID-19 biomarkers. The highest performing model was a random forest model, with an accuracy of 76% 
for the test set and an AUC of 0.84 (95% CI 0.79–0.88). The most important variables in this model were Ferritin, 
CRP and D-dimer, followed closely by the lipid profile, specifically TG, HDL-cholesterol and LDL-cholesterol lev-
els, which showed the same importance level as age and body mass index (Fig. 5a). In Fig. 5b we show the sign of 
the impact of each variable. As expected, high TG and low HDL-C levels were associated with a worse prognosis.

Discussion
As shown in the present study, plasma lipid concentrations should assist with the clinical management of COVID-
19. Including lipid profile alterations as one of the poor prognostic criteria could help the decision-making 
process driving to an earlier treatment intensification. Our data are sufficiently robust for us to conclude that 
low HDL-C levels and high triglyceride levels during hospitalization should be considered high risk markers 
for COVID-19. On the other hand, in patients with an available pre-infection lipid profile, low HDL cholesterol 
levels and high triglyceride levels are also associated with a worse prognosis of COVID 19.

Surprisingly, only 297 of the 2159 patients (13.7%) included in the database had a lipid profile that was deter-
mined during hospitalization, which was lower than other inflammatory markers, such as CRP or ferritin. Lipids 
are usually associated with the nutritional status of patients, but not as markers of infection or inflammation. 
Our data support the relevance of lipids, even the standard lipid profile, as markers of the global inflammatory 
status and helpful risk markers.

Several studies have described rapid changes in the lipid profile in response to COVID-19 and the progression 
of the  disease4. Therefore, a major gap may exist between the presence of dyslipidaemia prior to viral infection 

Table 1.  Lipid profile of patients with data available before or during COVID-19 infection. *Median 
[interquartile range]. To convert mmol/L to mg/dl: cholesterol values × 38.6; triglyceride values × 88.4.

Lipid profile available before COVID-19 hospitalization (median [IQR] in mmol/L)*

All
N = 1305

Mild
N = 794

Severe
N = 511 P value

Total cholesterol 4.84 [4.14; 5.54] 4,84 [4.17; 5.59] 4.82 [4.07; 5.46] 0.314

HDL cholesterol 1.3[1.09; 1.53] 1.32 [1.09; 1.58] 1.25[1.06; 1.48] 0.007

LDL cholesterol 2.85[2.25; 3.5] 2.87[2.25; 3.5] 2.85 [2.23; 3.42] 0.331

No-HDL cholesterol 3.5 [2.82; 4.2] 3.5 [2.8; 4.25] 3.52 [2.85; 4.1] 0.845

Triglycerides 1.37 [0.99; 1.87] 1.31 [0.95; 1.78] 1.44 [1.06; 1.99]  < 0.001

Lipid profile available during COVID-19 hospitalization

All
N = 297

Mild
N = 149

Severe
N = 148 P value

Total cholesterol 3.65 [3.03; 4.35] 3.63 [3.13; 163] 3.68 [2.97; 4.79] 0.528

HDL cholesterol 0.8 [0.64; 1.04] 0.88 [0.72; 1.08] 0.73 [0.59; 0.98]  < 0.001

LDL cholesterol 1.90 [1.39; 2.53] 1.86 [1.45; 2.40] 1.95 [1.32; 2.66] 0.757

No-HDL cholesterol 2.82 [2.15; 3.41] 2.79 [2.12; 3.26] 2.97 [2.19; 3.78] 0.033

Triglycerides 1.76 [1.22; 2.47] 1.61 [1.13; 2.18] 1.94 [1.39; 2.88]  < 0.001
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and the time at which lipid disturbances were detected at the time of hospitalization. In the present study, infected 
patients presented lower TC, LDL-C, HDL-C and non-HDL-C levels compared to the levels measured before the 
disease; however, TG levels were significantly higher (Table 1 and Fig. 3). Several explanations for these varia-
tions have been proposed. A hypercatabolic status and the usual undernourishment during acute infections must 
play a role; however, the paradoxical behaviour of triglyceride concentrations requires additional explanation. 
Of interest, patients with a severe evolution presented significantly higher triglyceride and lower HDL-C levels, 
suggesting that factors associated with COVID 19 evolution influence these lipid parameters. In the group of 
patients with a lipid profile that was determined before the infection, patients with a worse clinical outcome 
were older and had more comorbidities, which might influence the differences in the levels of both  lipids16, 17 
and outcomes; however, in the group where lipids were measured at admission, no age-related differences were 
observed, and the comorbidity burden was balanced (supplementary material, table S1). A possible effect of 
background therapies or COVID-19 treatments should also be considered. While no important differences in 
baseline therapies, including statin  therapy18, was observed, patients with a worse COVID-19 evolution received 
more special therapies. More patients with severe COVID-19 were on corticosteroid therapy, which might be 
responsible for the high triglyceride levels; however, the lack of an effect on LDL and HDL cholesterol levels, 
the fact that the lipid profile is usually determined at admission and the result from the multivariate analysis 
suggesting the independent role of lipid parameters in determining the COVID-19 prognosis indicates that the 
pharmacological effect is not the only explanation for our  observations19, 20. The combination of low HDL levels 
and high triglyceride levels, which is referred to as atherogenic dyslipidaemia, is associated with qualitative 
changes in LDL particles that lead to an increase in the levels of small and dense LDL particles. This pattern is 
driven by insulin resistance and usually associated with diabetes and obesity. However, in our patients, the body 
mass index and the prevalence rates of diabetes and obesity were similar between groups with a mild or severe 
COVID-19 evolution.

Strong scientific evidence supports the hypothesis that both inflammatory states and infectious diseases are 
associated with striking changes in lipid  metabolism21. The general pattern is exactly as observed in our study: 
low HDL-C levels and normal or even high levels of triglycerides for the clinical context. LDL-C levels may be 

Figure 2.  Box plot depicting lipid values obtained during COVID 19 hospitalization sorted according clinical 
severity.
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Figure 3.  Percentage variation of mean (SD) lipid values in the group with data before and during 
hospitalization sorted by COVID-19 severity. TC total cholesterol, TG triglycerides; *p < 0.001.

Figure 4.  Distribution of patients according HDL-C and TG concentrations and COVID-19 severity. The upper 
left square shows that only severe patients were in the low HDL-C, high triglyceride area.



6

Vol:.(1234567890)

Scientific Reports |         (2021) 11:7217  | https://doi.org/10.1038/s41598-021-86747-5

www.nature.com/scientificreports/

maintained or also reduced but are generally associated with an increased presence of smaller LDL particles. 
Although insulin resistance plays an important role in these lipid abnormalities, the pathophysiology of these 
modifications is more complex. A key enzyme participating in these alterations is lipoprotein  lipase15 (LPL). In 
the presence of inflammation, several mediators interfere with glucose and lipid  metabolism22. Several cytokines 
and inflammatory mediators that are overexpressed during COVID-19 may interact directly with LPL or its regu-
latory proteins, such as apo  CII23. Among these proteins, several products delivered by activated macrophages, 
such as tumour necrosis factor (TNF), interleukin (IL)-1, IL-11, and Interferon-γ24, 25, as well as products derived 
from bacteria, such as lipopolysaccharide (LPS) associated with septicaemia, and modified lipoproteins such as 
oxidized LDL or lysophosphatidylcholine have been shown to inhibit LPL  activity15, 21, 26.

Lower LPL activity results in a decreased conversion of triglyceride-rich lipoproteins (TRL) to LDL, lead-
ing to high TG and low HDL levels. Moreover, altered activity of the cholesteryl ester transfer protein (CETP) 
leading to smaller LDL particles and lower HDL concentrations has also been described and associated with a 
poor infection  prognosis27, 28. Although some of these pathways may partially explain the low HDL levels, other 
factors, including the inhibition of apo A1 synthesis or increased HDL clearance due to the uptake of inflamma-
tory mediators such as serum amyloid A (SAA) by HDL, must be taken into  consideration11.

Recent plasma lipidomic data from patients infected with SARS-CoV-2 have revealed substantial modi-
fications of lipid families during the infection. Plasma monosialodihexosyl ganglioside concentrations were 
negatively correlated with CD4 + T cells and positively correlated with disease  severity10. Interestingly, clinical 
lipid parameters were differentially correlated with lipid families. In general, cholesterol levels in both apo B 
and apo A1 lipoproteins tend to display direct correlations with plasma phosphatidylcholine levels and extracel-
lular vesicle sphingomyelin levels, while triglyceride concentrations were more strongly associated with phos-
phatidylethanolamine  levels10. Although the clinical implications of these observations remain to be completely 
elucidated, they provide evidence for a relationship between standard lipids measured at the clinical level and 
lipid derangements throughout COVID-19.

Lipoprotein modifications observed during COVID-19, as in other infectious situations, should not be con-
sidered as only a marker of severity or a surrogate marker of inflammation, as they may have a pathogenic role. 
Triglyceride-rich lipoproteins have been associated with innate  immunity26 due to their capacity to bind toxins. 
Furthermore, low HDL cholesterol levels may cause dysfunction in innate immunity, a first-line defence mecha-
nism against COVID-1929. HDL is an inflammatory mediator that buffers toxic molecules by absorbing them 
and transporting them to the liver for  clearance11. Therefore, the structural and functional changes observed 
during COVID-19 might influence the disease evolution.

The present study has some limitations. First, it was a retrospective study, precluding any analysis of the causal 
relationship in our results. Second, the lipid concentrations measured before the infection were obtained at any 
moment during the previous year; therefore, we were unable to ascertain the proximity of these concentrations 
to the clinical event. Similarly, we were unable to precisely determine when the lipid profile was measured during 

Figure 5.  (a) Plot depicting the out of bag importance of each analysed variable on COVID-19 random forest 
model. P values of the variables of interest according a variable permutation analysis: Ferritin: 0.017; CRP: 
0.009; D-Dimer: < 0.001; triglycerides: 0.006; HDL-C: 0.019; LDL-C: 0.026; Body mass index: 0.008; age: < 0.001; 
total cholesterol:  < 0.001; non-HDL-C: < 0.001. (b) Coefficients for regularized classification model of severity 
applicable to (a) data indicating the direction of the effect.
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hospitalization for COVID-19, although it is usually included in the first standard blood test performed after 
admission; therefore, we were only able to deduce that the lipid profile was measured within the first 48 h. Finally, 
only 191 patients had both measurements before and during the infection, limiting our ability to obtain robust 
conclusions about the effect of lipid variations during the infection.

Standard lipid concentrations are not only a marker of nutritional status but also a biomarker of infection 
and the degree of inflammation that may play a pathophysiological role. A high triglyceride level associated with 
a low HDL-C concentration must be considered as a marker of a poor prognosis. Our data strongly support 
the need for lipid profile measurements during the course of COVID-19, since the lipid profile appears to be a 
potent risk biomarker.

Methods
Study design. This study employed a observational cross-sectional design. Data from patients included in 
the STACOV cohort (Cohort registration code NCT04407273-STACOV) with an available lipid profile were 
included in the analysis. Clinical characteristics of the STACOV cohort have been described  previously18. Briefly, 
members of the Lipids and Arteriosclerosis Units Net (XULA) of Catalonia (Spain) retrieved clinical data col-
lected from patients admitted to their hospitals because of a SARS-CoV-2 infection up to May 31, 2020. Consec-
utive patients aged at least 18 years who were hospitalized for at least 24 h were eligible. Only data from patients 
with a definite COVID-19 diagnosis obtained by reverse transcription-polymerase chain reaction (PCR) whose 
infections were acquired in the community were included. A total of 2159 patients were included in the final 
database.

Data acquisition and confidentiality. All collected data were anonymized, preventing reidentification. 
All procedures were conducted in accordance with the legal provisions of the protection of personal data in 
Spain and according the European Union Regulations (EU) 2016/6799 on the physical protection of the treat-
ment of personal data. The study was compliant with the Declaration of Helsinki. It was approved by the Ethics 
Committee of the University Research Institute “Pere Virgili” (Reus), including the exemption of the require-
ment for informed consent.

Eligibility criteria. Only those patients from the STACOV database with an available lipid profile (TC, 
LDL-C, HDL-C, non-HDL-C, and TG levels) that was measured within the previous year or during hospitaliza-
tion were included to study the effect of circulating lipid and lipoprotein levels on patients who were admitted 
to hospital for COVID-19.

Main objective. The main objective of the study was to assess the relationship between standard serum lipid 
concentrations measured before or during hospitalization for COVID-19 with the infection evolution. Infection 
severity was categorized as mild (patients without oxygen therapy or oxygen provided only by a mask or nasal 
prongs) or severe (patients requiring ventilation, high flow oxygen, mechanical ventilation, or special therapy for 
organ function support, and patients who died).

Lipid variations associated with COVID-19 and their correlations to clinical variables and effects on clinical 
severity were also analysed.

Statistical analyses. Continuous variables were tested for normality using the Shapiro–Wilk test. Data 
are presented as medians and 25th and 75th percentiles for continuous variables with a non-normal distribu-
tion or as the means and standard deviations (SDs) for variables with a normal distribution. Unless indicated 
otherwise, categorical variables are reported as percentages. Differences between groups were analysed using the 
non-parametric Mann–Whitney test or Student’s parametric t test for continuous variables and the chi-square 
test or Fisher’s exact test for categorical variables. All continuous variables were standardized and normalized 
when necessary.

Regarding the multivariate test, we constructed a series of predictive models to assess the relationship between 
clinical and lipid variables and the COVID-19 prognosis (mild vs. severe). The methodology is as follows: first, 
we divided our dataset into a training set, consisting of 80% of the observations (patients), in which models were 
constructed, and a test set, with the other 20%, where we evaluated the model performance. Two types of models 
were used: logistic regression models regularized via an elastic net and random forest models. For each scenario, 
we trained several versions of each type of model and adjusted their parameters via fivefold cross-validation and 
chose the model with better performance. This model was then evaluated using the test set, and its performance 
is the one that we report.

The system under study proved to be rather complex, especially due to the non-linearity of the relationships 
between predictor and predicted variables and also because of the relations between predictor variables. It’s 
for this reason that we resorted to Random Forests models, which are able to capture non-linearity as well as 
accommodate relations between predictor variables and are much better suited for these complex  scenarios30. 
Furthermore, they allow us to assess the relative importance and p-value of each variable against all others by 
determining the out-of-bag accuracy and importance before and after variable  permutation31. However, these 
models do not provide information as to the protective or harmful effect of each variable on the prognosis of 
patients with COVID-19. Since this assessment is clearly a very important measure in our clinical setting, we 
also computed the regularized logistic regression analyses, through which we evaluated the direction of the effect 
based on the sign of the coefficient. Since this effect is the only parameter in which we are interested and variable 
importance will be inferred from the non-linear models, confidence intervals and p-values were not reported. 
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As we shall see, both models were slightly different in terms of variable selection, but sufficiently similar to be 
able to combine them to draw meaningful conclusions.

Statistical analyses were performed using the R software package version 3.5. (R Core Team. R: A language 
and environment for statistical computing. R Foundation for Statistical Computing. 2020. Vienna, Austria. URL: 
https:// www.R- proje ct. org/).

The dataset supporting the conclusions of this article is available in https:// osf. io/ mwc8n/? view_ only= 82bb2 
153fb b04aa d890a 3fb26 6fc7b a4 previous requirement to authors.

Received: 8 December 2020; Accepted: 15 March 2021

References
 1. Grasselli, G. et al. Baseline characteristics and outcomes of 1591 patients infected with SARS-CoV-2 admitted to ICUs of the 

Lombardy region Italy. JAMA 323, 1574–1581 (2020).
 2. Ji, W. et al. Effect of underlying comorbidities on the infection and severity of covid-19 in Korea: a nationwide case-control study. 

J. Korean Med. Sci. 35, 1–15 (2020).
 3. Richardson, S. et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with covid-19 in 

the New York city area. JAMA 323, 2052–2059 (2020).
 4. Choi, G. J. & Kim, H. M. The potential role of dyslipidemia in COVID-19 severity: An umbrella review of systematic reviews. J. 

Lipid Atheroscler. 9, 435–442 (2020).
 5. Wiersinga, W. J., Rhodes, A., Cheng, A. C., Peacock, S. J. & Prescott, H. C. Pathophysiology, transmission, diagnosis, and treatment 

of coronavirus disease 2019 (COVID-19): A review. JAMA 324, 782–793 (2020).
 6. Abu-Farha, M. et al. The role of lipid metabolism in COVID-19 virus infection and as a drug target. Int. J. Mol. Sci. 21, 3544–3555 

(2020).
 7. Gualdoni, G. A. et al. Rhinovirus induces an anabolic reprogramming in host cell metabolism essential for viral replication. Proc. 

Natl. Acad. Sci. USA 115, E7158–E7165 (2018).
 8. Wang, H., Yuan, Z., Pavel, M.A., & Hansen, S.B. The role of high cholesterol in age-related COVID19 lethality. bioRxiv. May 

29:2020.05.09.086249 (2020). doi: https:// doi. org/ 10. 1101/ 2020. 05. 09. 086249.
 9. Lee, W. et al. COVID-19-activated SREBP2 disturbs cholesterol biosynthesis and leads to cytokine storm. Signal Transduct. Target 

Ther. 5, 186–197 (2020).
 10. Song, J. W. et al. Omics-driven systems interrogation of metabolic dysregulation in COVID-19 pathogenesis. Cell Metab. 32, 

188–202 (2020).
 11. Trinder, M., Boyd, J. H. & Brunham, L. R. Molecular regulation of plasma lipid levels during systemic inflammation and sepsis. 

Curr. Opin. Lipidol. 30, 108–116 (2019).
 12. Saballs, M. et al. HDL-c levels predict the presence of pleural effusion and the clinical outcome of community-acquired pneumonia. 

Springerplus 5, 1491–1500 (2016).
 13. Harris, H. W., Gosnell, J. E. & Kumwenda, Z. L. The lipemia of sepsis: Triglyceride-rich lipoproteins as agents of innate immunity. 

J. Endotoxin Res. 6, 421–430 (2000).
 14. Wei, X. et al. Hypolipidemia is associated with the severity of COVID-19. J. Clin. Lipidol. 14, 297–304 (2020).
 15. Mead, J. R., Irvine, S. A. & Ramji, D. P. Lipoprotein lipase: Structure, function, regulation, and role in disease. J. Mol. Med. 80, 

753–769 (2002).
 16. Sittiwet, C., Simonen, P., Gylling, H. & Strandberg, T. E. Mortality and cholesterol metabolism in subjects aged 75 years and older: 

The Helsinki businessmen study. J. Am. Geriatr. Soc. 68, 281–287 (2020).
 17. Orkaby, A. R. The highs and lows of cholesterol: A paradox of healthy aging?. J. Am. Geriatr. Soc. 68, 236–237 (2020).
 18. Masana, L. et al. Effect of statin therapy on sars-cov-2 infection-related mortality in hospitalized patients. Eur. Heart J. Cardiovasc. 

Pharmacother. 1, 1. https:// doi. org/ 10. 1093/ ehjcvp/ pvaa1 28 (2020).
 19. Wu, Q. et al. Altered lipid metabolism in recovered SARS patients twelve years after infection. Sci. Rep. 7, 1–12 (2017).
 20. Saladin, R., Vu-Dac, N., Fruchart, J. C., Auwerx, J. & Staels, B. Transcriptional induction of rat liver apolipoprotein A-I gene 

expression by glucocorticoids requires the glucocorticoid receptor and a labile cell-specific protein. Eur. J. Biochem. 239, 451–459 
(1996).

 21. Filippas-Ntekouan, S., Liberopoulos, E. & Elisaf, M. Lipid testing in infectious diseases: Possible role in diagnosis and prognosis. 
Infection 45, 575–588 (2017).

 22. Kersten, S. Physiological regulation of lipoprotein lipase. Biochim. Biophys. Acta Mol. Cell Biol. Lipids. 1841, 919–933 (2014).
 23. Cheung, N. P. et al. Host-response biomarkers for diagnosis of late-onset septicemia and necrotizing enterocolitis in preterm 

infants. J. Clin. Invest. 120, 2989–3000 (2010).
 24. Grunfeld, C. & Feingold, K. R. Regulation of lipid metabolism by cytokines during host defense. Nutrition 12(suppl 1), S24–S26 

(1996).
 25. Tengku-Muhammad, T. S., Hughes, T. R., Cryer, A. & Ramji, D. P. Differential regulation of lipoprotein lipase in the macrophage 

J774.2 cell line by cytokines. Cytokine 8, 525–533 (1996).
 26. Barcia, A. M. & Harris, H. W. Triglyceride-rich lipoproteins as agents of innate immunity. Clin. Infect. Dis. 41(Suppl 7), S498–S503 

(2005).
 27. Thompson, A. et al. Association of cholesteryl ester transfer protein genotypes with CETP mass and activity, lipid levels, and 

coronary risk. JAMA 299, 2777–2788 (2008).
 28. Trinder, M. et al. Cholesteryl ester transfer protein influences high-density lipoprotein levels and survival in sepsis. Am. J. Respir. 

Crit. Care Med. 199, 854–862 (2019).
 29. McKechnie, JL. Blish, CA. The innate immune system: Fighting on the front lines or fanning the flames of COVID-19? Cell Host 

and Microbe. 27, 863–9 (2020).
 30. Couronné, R., Probst, P. & Boulesteix, A.-L. Random forest versus logistic regression: a large-scale benchmark experiment. BMC 

Bioinformatics 19, 270–284 (2018).
 31. Breiman, L., Friedman, J., & Stone, C.J., Olshen, R.A. Variables permutation in Classification and regression trees. (Ed CRC Press, 

Boca Raton); 36–43 (1984).

Author contributions
L.M.: Contributed to conception and design of the work; acquisition and analysis of data; wrote the manuscript; 
approved the final version. E.C.: Contributed to the design of the work, performed the statistical analyses, 
contributed to paper drafting, reviewed the manuscript, approved the final version. J.P.-B.: Contributed to the 

https://www.R-project.org/
https://osf.io/mwc8n/?view_only=82bb2153fbb04aad890a3fb266fc7ba4
https://osf.io/mwc8n/?view_only=82bb2153fbb04aad890a3fb266fc7ba4
https://doi.org/10.1101/2020.05.09.086249
https://doi.org/10.1093/ehjcvp/pvaa128


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7217  | https://doi.org/10.1038/s41598-021-86747-5

www.nature.com/scientificreports/

conception and design of the work; acquisition and analysis of data; contributed to paper drafting; approved 
the final version. D.I., E.A., J.A.., C.J., C.G., M.la.M., S.N., A.P., V.P., R.P.-B., N.P., R.R.-M., M.R., C.S., M.U.-P., 
A.Z.: Contributed to conception of the work, acquisition and interpretation of data and reviewed the manuscript 
approving the final version. All authors agreed both to be personally accountable for the author’s own contribu-
tions and to ensure the accuracy or integrity of any part of the work.

Funding
The work was supported by unrestricted grants from the Institut de Investigació Sanitària Pere Virgili (IISPV) 
and Xarxa de Unitat de Lipids i Ateriosclerosis (XULA) de Catalunya.

Competing interests 
L. Masana: Has received personal fees for lectures and/or advisory work from Amgen, Sanofi, Mylan, Servier, 
MSD, Novartis, and Daiichi-Sankyo.N. Plana: Personal fees for lectures from Amgen, Mylan, and Sanofi. J. 
Pedro-Botet: Personal fees for lectures and/or advisory work from Amgen, Astra-Zeneca, Esteve, Ferrer, MSD, 
Mylan, Sanofi, Servier, and Rovi. C. Soler: Personal fees for lectures from Almirall, MSD, VISO farmacèutica, 
Mylan, and Esteve. M. Miret: Personal fees for lectures and/or advisory work from Sanofi, Novartis, Novonor-
disk, Astra-Zeneca, Esteve, Lilly, MSD, Ferrer, and Janssen, C. Jericó: Personal fees for lectures and/or advisory 
work from Sanofi, Amgen, MSD, Ferrer, Astra-Zeneca, Boehringer-Ingelheim, Lilly, Esteve, Novo-Nordisk, and 
Rovi. D. Ibarretxe: Personal fees for lectures from Sanofi, Rubió.E. Anoro, E. Correig, A. Pardo, C. Guerrero, S. 
Naf, JA. Arroyo, M. Urquizu-Padilla, V. Perea, R. Pérez-Berbalte, R. Ramirez-Montesinos, M. Royuela, and A. 
Zamora: Declare no conflicts of interest.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 86747-5.

Correspondence and requests for materials should be addressed to L.M.

Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

 

the STACOV‑XULA research group

Cèlia Rodríguez‑Borjabad1, Natalia Andreychuk1, Ana Malo1, Laia Matas4, Maria del 
Señor Cortes‑Fernandez5, Marta Mauri6, Rosa M. Borrallo6, Àngels Pedragosa6, Pilar 
Gil‑Lluís7, Ana Lacal‑Martínez11, Patricia Barragan‑Galló11, Glòria Vives‑Masdeu11, 
Carmen Arto‑Fernández12, Omar El Boutrouki13, Andrea Vázquez‑Escobales13, Maria 
Cristina Antón‑Alonso13, Sergio Rivero‑Santana13, Albert Gómez14, Sara García14, Núria 
Rial‑Lorenzo15, Lourdes Ruiz‑Ortega15, Oriol Alonso‑Gisbert16, Ana Inés Méndez‑Martínez16, 
Hada Iglesias‑López16, Elisenda Climent17, Roberto Güerri17, Jade Soldado17, Marta Fanlo18, 
Alicia Taboada19 & Liliana Gutierrez20

18Hospital Universitari de Bellvitge, Universitat de Barcelona, Hospitalet de Llobregat, Barcelona, Spain. 19Hospital 
de l’ Esperit Sant, Santa Coloma de Gramanet, Barcelona, Spain. 20Hospital Universitari Arnau de Vilanova, Lleida, 
Spain.

https://doi.org/10.1038/s41598-021-86747-5
https://doi.org/10.1038/s41598-021-86747-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Low HDL and high triglycerides predict COVID-19 severity
	Results
	Discussion
	Methods
	Study design. 
	Data acquisition and confidentiality. 
	Eligibility criteria. 
	Main objective. 
	Statistical analyses. 

	References


