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A B S T R A C T   

Introduction: Apolipoproteins are predictive biomarkers for cardiovascular, neoplasms and cerebrovascular dis-
eases and are postulated as prognostic biomarkers in infectious diseases, as COVID-19. Thus, we assessed the 
prognosis value of apolipoproteins for COVID-19 severity and mortality. 
Methods: We conducted a systematic review and meta-analysis using observational studies that reported the 
association between apolipoproteins and severity or mortality in COVID-19 patients. Newcastle-Ottawa was used 
for the quality assessment of included studies. Effects measurements were shown as odds ratios (ORs) with 95% 
confidence intervals (CIs), and Egger-test was developed for assessing the risk of bias publication. 
Results: We analyzed 12 cohort studies (n = 3580). Patients with low ApoliproteinA1 (ApoA1) (OR 0.35; 95%CI 
0.24 to 0.49; P < 0.001) and ApoliproteinB (ApoB) (OR = 0.78; 95%CI 0.69 to 0.87; P < 0.001) values had a 
higher risk of developing severe disease. ApoB/ApoA1 ratio showed no statistically significant association with 
higher odds of severity. Low ApoA1 levels were associated with higher odds of all-cause mortality (OR = 0.34; 
95%CI 0.20 to 0.57; P < 0.001). ApoB values showed no statistically significant association with a high risk of all- 
cause mortality. 
Conclusion: We suggest that adequate levels of ApoA1 and ApoB can be a protective factor for severity in COVID- 
19, and ApoB/ApoA1 ratio did not show predictive utility for severity.   

1. Introduction 

Since new coronavirus disease 2019 (COVID-19) was declared as 
pandemic and a global health emergency by World Health Organization 
(WHO) [1], clinical research has been focused on describing the natural 
history of disease and setting effective treatments, as well as on devel-
oping vaccines for COVID-19. As a result, it has provided evidence for 
diagnosis criteria, categorizing patients with a higher risk of poor out-
comes, and suitable allocation of resources, especially for 
middle-income and low-income countries. This way, clinical research 
has been able for health systems to manage COVID-19 patients optimally 
and build an evidence-based treatment. 

Nonetheless, the emergence of new SARS-CoV-2 variants with higher 
associated mortality and the likelihood that SARS-CoV-2 will become an 

endemic virus constitutes an uncertain future for the population and 
mainly for health staff [2,3]. Furthermore, daily COVID-19 patient care 
requires routine laboratory examinations and specific laboratory pro-
files for underlying diseases. As a result, laboratory tests can be helpful 
to classify patients according to their risk of progression, prognosis, 
treatment strategies and other objectives [4]. 

In this sense, several biological markers and proportions derived 
from them have been evaluated as indicators of severity and mortality in 
COVID-19 patients, such as D-dimer [5–7], C-reactive protein [8,9], 
neutrophil to lymphocyte ratio [10], apolipoproteins [11], albumin to 
globulin ratio [12], among others. In the case of ApoA1, ApoB and the 
ApoA1/ApoB ratio, its prognostic value in cardiovascular and cerebro-
vascular diseases and neoplasms is known. Although there are studies 
that suggest its prognostic value in sepsis and bacterial diseases, to our 
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knowledge, the evidence of its prognostic value in patients hospitalized 
for COVID-19 was not systematized. Recently, these biological markers 
have been evaluated as prognosis indicators of severity in COVID-19 
patients [13–15]. In order to keep increasing knowledge about 
COVID-19 and supporting clinical practise, we conducted a 
meta-analysis of available evidence to assess the prognosis value of 
apolipoproteins and ApoB/ApoA1 ratio for COVID-19 severity and 
mortality. 

2. Methods 

2.1. Report, register, study design and research question 

This systematic review was registered on the International Prospec-
tive Register of Systematic Reviews (PROSPERO) with code 
CRD42021274326, and the Preferred Reporting Items for Systematic 
Reviews and Meta-analysis (PRISMA) statement was followed for 
reporting [16]. The research question was based on Population, Expo-
sure, Comparison and Outcome (PECO) strategy: Do COVID-19 patients 
(P) with low values of apolipoproteins (E) have more risk of severity or 
all-cause mortality (O) compared to normal values of apolipoproteins 
(C)? 

2.2. Data sources and searches 

The Peer Review of Electronic Search Strategies (PRESS) [17] 
checklist was used for building the search strategy, and no language or 
date restriction was applied. On August 28, 2021, a systematic search 
was performed for retrieving studies assessing the association between 
Apolipoprotein A1 (ApoA1), Apolipoprotein B (ApoB) or ApoB/ApoA1 

ratio, and severity of COVID-19, through the following peer review 
databases: Embase, PubMed, Web of Science, Scielo, Scopus, LILACS and 
The Cochrane Library. In addition, a manual search was carried out in 
preprint databases (Medrixv, Scielo Preprints and ResearchSquare) and 
other sources (Wangfang Database and CNKI databases). At first, a 
search strategy based on MeSH and free terms was built for Pubmed, and 
it was adapted to the other databases (see Search Strategy in Appendix 1 
of the Supplemental Information). 

2.3. Study selection and data extraction 

We included studies with a case-control or cohort design, conducted 
in patients aged more than 18 years old with a confirmed COVID-19 
diagnosis, and assessed the association between ApoA1, ApoB or 
ApoB/ApoA1 ratio values reported at hospital admission and COVID-19 
severity or mortality. Duplicates and studies without all eligibility 
criteria were excluded. The primary outcome was the severity of COVID- 
19, and mortality was a secondary outcome. COVID-19 severity was 
defined as meeting at least one of the following criteria: shortness of 
breath, respiration rate (RR) ≥ 30 times per minute, blood oxygen 
saturation at rest ≤93%, PaO2/FiO2 ≤ 300 mmHg or ICU admission. 
However, definitions for severity are diverse among studies and could be 
sources of heterogeneity. 

Rayyan QCRI software was used for study selection and removing 
duplicates [18]. First, two authors (JRUB and EAHB) screened the 
retrieved records independently by titles and abstracts. Then, the same 
two authors assessed the remaining records independently by full-text. 
Any conflict in the screening process was resolved by two authors 
(VABZ, PH-A). Afterwards, two authors collected data from included 
studies in a preset data extraction Microsoft Excel © sheet (JRUB and 

Fig. 1. Prisma flow diagram.  
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EAHB). Collected data were: first author, study title, publication date, 
study design, study location, population baseline characteristics (num-
ber of participants, age, sex, comorbidities, stratified sample data), 
exposure measurements (mean with standard deviation or median with 
interquartile range, for ApoA1, ApoB or ApoB/ApoA1 ratio from the 
overall sample and according to sample stratification) outcome type 

(severity or mortality) and association measures (crude and adjusted). 

2.4. Evaluation of study quality and publication bias 

Quality assessment was evaluated independently with the 
Newcastle-Ottawa Scale (NOS) [19] by two authors (JRUB and EAHB), 

Table 1 
Characteristics of studies evaluating the association of Apolipoproteins and Severity.  

Author Year Location Outcome Participants 
(Male) 

Median/ 
mean 
Age 
(IQR/ 
SD) 

Apolipoprotein 
analyzed 

Apolipoprotein 
mean (SD) in 
severe patients 

Apolipoprotein 
mean (SD) in 
non-severe 
patients 

Std Mean 
Difference 
between 
severe and 
non-severe 
patients 

OR 

Hilser J 
et al. 

2021 United 
Kingdom 

Severity 1110(NR) 60 (14) ApoA1 NR NR NR 0.82 (0.73–0.91) p 
< 0.001 ± b 

Zhu Z 
et al. 

2021 China Severity 142 (55) 49 (16) ApoA1 0.98(0.14) 1.22 (0.16) − 1.51 
[-2.05, 
− 0.98] 

NR 

ApoB 0.76(0.14) 0.81 (0.17) − 0.30 
[-0.81, 0.21] 

NR 

Shuke N 
et al. 

2020 China Severity 97 (34) 39 
(30–60) 

ApoA1 1.22(0.23) 1.51 (0.14) − 1.61 
[-2.18, 
− 1.05] 

NR 

ApoB 0.76(0.23) 0.88 (0.25) − 0.49 
[-0.99, 0.01] 

NR 

ApoB/A1 ratio 1.64(0.6) 1.84 (0.42) − 0.40 
[-0.90, 0.09] 

NR 

Qin C et al. 2020 China Severity 248 (130) 55 (16) ApoA1 0.73 (0.18) 0.81 (0.24) − 0.34 
[-0.82, 0.14] 

NR 

ApoB 0.72 (0,18) 0,76 (0,25) − 0.16 
[-0.64, 0.31] 

NR 

Sun JT et. 
al 

2020 China Severity 
Mortality 

99 (60) 61 
(42–83) 

ApoA1 1.01(0.32) 1.42 (0.3) − 1.32 
[-1.66, 
− 0.98] 

NR 

ApoB 0.85(0.33) 0.93 (0.21) − 0.29 
[-0.60, 0.02] 

NR 

Dierckx T 
et.al 
(Cohort 
A) 

2020 Hasselt, 
Belgium 

Severity 164 (84) 58 (81) ApoA1 NR NR NR 0.513 
(0.375–0.691), p 
< 0.001a 

ApoB NR NR NR 0.71(0.53–0.94), p 
< 0.05a 

ApoB/A1 ratio NR NR NR 1.39(0.83–2.34), p 
= 0.07a 

Dierckx T 
et.al 
(Cohort 
B) 

2020 Leuven, 
Belgium 

Severity 219 (114) 67 
(56–80) 

ApoA1 NR NR NR 0.571 
(0.436–0.7478), p 
< 0.001a 

ApoB NR NR NR 0.71(0.55–0.91), p 
< 0.001 

ApoB/A1 ratio NR NR NR 1.28 
(0.98–1.6718), p 
= 0.07a 

Julkunen 
H et.al 

2021 United 
Kingdom 

Severity 652 (372) 60 
(40–70) 

ApoA1 NR NR NR 0.8151 
(0.7454–0.8913), 
p < 0.001 ± c 

ApoB NR NR NR 0.8645 
(0.7983–0.9363) 
< 0.001 ± c 

ApoB/A1 ratio NR NR NR 0.9754 
(0.8920–1.0667) p 
= 0.5857 ± c 

Li C et.al 2020 China Severity 242 (133) 63 
(53–68) 

ApoA1 1.02(0.22) 1.07(0.22) − 0.23 
[-0.51, 0.05] 

NR 

ApoB 0.87(0.22) 0.92(0.22) − 0.23 
[-0.51, 0.05]  

ApoB/A1 ratio 0.9(0.29) 0.82(0.37) 0.23 [-0.05, 
0.51] 

NR 

Qi J et.al 2020 China Severity 104 (47) 42 
(33–56) 

ApoA1 0.71(0.12) 0.92(0.14) − 1.51 
[-2.19, 
− 0.83] 

NR 

ApoB 0.72(0.22) 0.8(0.25) − 0.32 
[-0.96, 0.31] 

NR  

a OR CRUDE, ±: OR Adjusted, ‡ NR: NOT REPORTED. 
b Adjusted to age, sex, obesity, hypertension, type 2 diabetes, and coronary artery disease. 
c Adjusted to adjusted for age, sex, and assessment centre. 
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and scores greater than or equal to six were categorized as low risk of 
bias. Publication bias was assessed through funnel plots, Egger’s test and 
the trim-and-fill method [20]. 

2.5. Data synthesis and analysis 

Statistical analysis was performed using Review Manager 5.4 (Rev-
Man 5.4) (The Cochrane Collaboration, Copenhagen, Denmark). 
Continuous data reported as the median and interquartile range (IQR) 
were transformed into means and standard deviations (SD) according to 
Wan et al. [21]. In order to analyze continuous values of apolipopro-
teins, standardized mean differences were converted to the natural 
logarithm of odds ratio and its standard error following Chinn method 
[22]. 

Heterogeneity analysis was assessed using the I2 test and Cochran’s 
Q-statistic. Test values were categorized as severe heterogeneity 
(>60%), moderate heterogeneity (40–60%) and mild heterogeneity 
(<40%). A p-value of <0.05 was considered statistically significant. Due 
to anticipated heterogeneity, a random-effects meta-analysis was per-
formed. Additionally, a subgroup analysis was carried out by study 
location (Chinese vs non-Chinese studies), and the interaction test p- 
value per subgroup analysis was reported. Finally, sensitivity analyses 
were performed using the low risk of bias studies only. 

3. Results 

3.1. Study selection 

The comprehensive search strategy identified 432 articles, and 214 
studies remained after removing duplicates. The screening process by 
titles and abstracts left 32 studies for full-text review (see Excluded ar-
ticles by full-text in Supplemental Table S1). In turn, screening by full- 
text left 12 studies respecting all eligibility criteria [13–15,23–31]. 
This process is summarised in a flow chart (Fig. 1). 

3.2. Study characteristics 

Collected data from included studies are reported in Table 1 and 
Table 2. A total of 12 cohort studies were included, of which nine studies 
analyzed severity, three studies analyzed mortality, and only one study 
analyzed both outcomes. In addition, eight studies were conducted in 
China, two in the United Kingdom, one in France and one in Belgium. 

The included studies were conducted between 2020 and 2021, with 
3580 patients hospitalized for COVID-19, of which only 1305 are male. 
The age range among the total participants ranged from 33 to 83 years. 

According to the quality assessment of included studies by NOS, 
seven studies were at low risk of bias, while the remaining five were at 
moderate risk of bias (Supplemental Table S2). 

3.3. Association of apolipoproteins with severity in hospitalized COVID- 
19 patients 

3.3.1. Apolipoprotein A1 
The association was found in 10 studies (n = 3077). We found that 

COVID-19 patients with low ApoA1 values have a higher risk of devel-
oping severe disease (OR 0.35; 95% CI 0.24 to 0.49; P < 0.001) with 
severe heterogeneity (I2 = 93%) (Fig. 2A). In the analysis of subgroups 
by study location, differences were found between Chinese studies (OR 
0.14; 95% CI 0.06 to 0.36; P < 0.001) and non-Chinese studies (OR 0.71; 
95% CI 0.59 to 0.84; P < 0.001) (Fig. 2B). In the sensitivity analysis for 
including only articles with a low risk of bias (Fig. 2C), it was found that 
the association between ApoA1 and the risk of developing severity is still 
present (OR 0.81; 95% CI 0.76 to 0.87; P < 0.001), but with null het-
erogeneity (I2 = 0%) 

3.3.2. Apolipoprotein B 
The association was found in nine studies (n = 1375). We found that 

COVID-19 patients with low ApoB values have a higher risk of devel-
oping severe disease (OR = 0.78; 95% CI 0.69 to 0.87; P < 0.001) with 
mild heterogeneity (I2 = 12%) (Fig. 3). 

3.3.3. ApoB/ApoA1 ratio 
The association was found in five studies (n = 1374). However, no 

statistically significant association was found when low ApoB/ApoA1 
values increased the risk of developing the severe disease due to COVID- 
19 (OR = 1.18; 95% CI 0.95 to 1.46; p = 0.14) with moderate hetero-
geneity (I2 = 49%) (Fig. 4). 

3.4. Association of apolipoproteins with mortality in hospitalized COVID- 
19 patients 

3.4.1. ApolipoproteinA1 
The association was found in three studies (n = 554). We found that 

COVID-19 patients with low ApoA1 values have a higher risk of all-cause 
mortality (OR = 0.34; 95% CI 0.20 to 0.57; P < 0.001) with no het-
erogeneity (I2 = 0%) (Fig. 5). 

3.4.2. Apolipoprotein B 
The association was found in four studies (n = 602). No statistically 

significant association was found when low ApoB values increase the 
risk of death of COVID-19 patients (OR = 0.63; 95% CI 0.32 to 1.23; p =
0.17) with moderate heterogeneity (I2 = 41%) (Fig. 6). 

3.5. Publication bias 

In the association between ApoA1 and ApoB with disease severity, 
publication bias was found (Egger test <0.1). We corrected the publi-
cation bias using the trim-and-fill method (OR = 0.39; 95% CI 0.28 to 
0.56 and OR: 0.82; 95% CI: 0.74 to 0.90, respectively) (supplemental 
Figures S1A and S1⋅B). 

Table 2 
Characteristics of studies evaluating the association of Apolipoproteins and mortality.  

Author Year Location Outcome Participants 
(Male) 

Median/ 
mean Age 
(IQR/SD) 

Apolipoprotein 
analyzed 

Apolipoprotein mean 
(SD) in deceased 

Apolipoprotein mean 
(SD) in survivors 

Std Mean Difference 
between deceased 
and survivors 

Ressaire Q 
et al. 

2020 France Mortality 31 (24) 63 (60–68) ApoA1 0.65 (0.2) 0.72 (0.24) − 0.29 [-1.14, 0.55] 
ApoB 0.58 (0.17) 0.8 (0.2) − 1.10 [-2.00, − 0.21] 

Sun JT et. 
al 

2020 China Mortality 
Severity 

99 (60) 61 (42–83) ApoA1 0.87 (0.4) 1.02 (0.33) − 0.42 [-1.03, 0.19] 
ApoB 0.78 (0.3) 0.89 (0.3) − 0.36 [-0.97, 0.25] 

Li Yi et.al 2021 China Mortality 424 (220) 61 (12) ApoA1 0.67 (0.07) 0.82 (0.22) − 0.71 [-1.06, − 0.35] 
ApoB 0.95 (0.29) 0.97 (0.22) − 0.09 [-0.44, 0.26] 

Yue J et al. 2021 China Mortality 48 (32) 68 (62–78) ApoB 0.83 (0.28) 0.82 (0.37) 0.03 [-0.56, 0.61]  
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4. Discussion 

The present systematic review found evidence to recommend low 
levels of ApoA1 and Apo B as predictors of disease severity and low 
levels of ApoA1 as a predictor of mortality in patients hospitalized for 
COVID-19. 

Exchangeable Apolipoproteins, including Apo As, Apo E, and ApoCs, 
are constituents of HDL and triglyceride-rich lipoproteins such as VLDL. 
The best-studied family members are Apo A-I, the most significant HDL 

protein, in which an anti-atherogenic effect has been documented [32]. 
In contrast, non-exchangeable Apolipoproteins, such as Apo B, share a 
similar sequence and structure and can be reversibly associated with 
lipid surfaces [33]. Apo A is primarily bound to low-density lipoprotein 
(LDL) in subjects with average triglyceride values. However, Apo A can 
also bind to APOB100 or triglyceride particles in dyslipidemic states, 
called very low and intermediate-density lipoproteins [33]. 

Due to their potential effects and prominence in different pathol-
ogies, apolipoproteins have been studied as predictors of clinical 

Fig. 2. A Association of ApoA1 and COVID-19 severity 
Fig. 2B. Subgroup analysis according to the origin country of the association between ApoA1 and severity in COVID-19 patients. 
Fig. 2C. Sensitivity analysis according to risk of bias of the association between ApoA1 and severity in COVID-19 patients. 
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outcomes in some diseases. For example, various systematic reviews 
associated the Apo E with ischemic and hemorrhagic stroke and a higher 
risk of worse outcomes in patients with traumatic brain disease [34–38]. 
Similarly, Apo C was associated with the risk of ischemic stroke, 
although a systematic review found no evidence of this association [39]. 

In the case of Apo A1, probably due to its anti-atherogenic effect, 
some systematic reviews and meta-analyses sought its association with 
cardiovascular outcomes. Haji Aghajani M et al., in a review of seven-
teen case-control studies, found an association between Apo A 1 levels 

and premature coronary artery disease. However, the authors note the 
lack of good quality prospective cohort studies [40]. Erqou S et al., in a 
systematic review of thirty-six studies, found that people with smaller 
Apo A isoforms have an approximately 2-fold higher risk of coronary 
heart disease or ischemic stroke than those with larger proteins [41]. As 
with cardiovascular outcomes, other systematic reviews found evidence 
of Apo A1 as a diagnostic marker for bladder cancer [42], a poor 
prognosis of multiple cancers [43,44], and it was found at lower levels in 
patients with Alzheimer’s disease [45]. 

Fig. 3. Association of ApoB and COVID-19 severity.  

Fig. 4. Association of ApoB/ApoA1 ratio and COVID-19 severity.  

Fig. 5. Association of ApoA1 ratio and COVID-19 mortality.  

Fig. 6. Association of ApoB and COVID-19 mortality.  
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To the best of our knowledge, no systematic reviews have been 
published on the association between Apolipoprotein values as a prog-
nostic factor in patients with COVID-19 or some other infectious disease; 
however, our results are not surprising. Apo-I’s presence characterizes 
High-density lipoproteins (HDL), and their ability to transport choles-
terol from peripheral tissues back to the liver gives it a cardioprotective 
function [46]. Similarly, it has antioxidant, anti-apoptotic, anti-th-
rombotic, anti-inflammatory or anti-infectious functions and decreases 
rapidly in patients with sepsis, which could explain our findings [46]. A 
study in pediatric patients in intensive care for sepsis found that Apo A5 
serum levels were significantly lower in patients who died than survi-
vors. Similarly, Apo A5 serum levels were significantly correlated with 
multiple organ failure, shock, acute kidney injury, acute liver injury, and 
gastrointestinal dysfunction, although not respiratory failure [47]. In 
adults, an association was also found between low levels of Apolipo-
proteins and a poor prognosis in patients with sepsis. Although the 
mechanisms are not well understood, it is suggested that the association 
is explained due to increased platelet activation and monocyte activa-
tion [48,49]. In addition, the low levels of Apo A are related to high 
levels of inflammation [50], and this being a prognostic marker in pa-
tients infected by COVID-19 [51], its role in the binding and neutrali-
zation of lipopolysaccharides in bacterial infections is known [52]. 

In patients with virus infections, changes in plasma HDL-C levels 
were reported during infections, where the viruses would take advan-
tage of the HDL lipid transfer activity in host cells [53]. Although the 
best evidence is in patients with hepatitis C virus and acquired immu-
nodeficiency virus, in the case of patients with COVID-19 infection, a 
similar theory is suggested [54]. Therefore, the HDL lipid transfer ac-
tivity mechanism could explain our results as the relationship between 
viral load and worse prognosis in patients with COVID-19 is known [55]. 
Similarly, the hypothesis of the relationship between lipoproteins and 
inflammation and thrombosis was raised. In this way, our findings could 
explain since the association between thrombosis and the prognosis are 
known [56]. 

Finally, due to its known association with brain and cardiovascular 
disease, it is possible that in patients with COVID-19, the prognostic 
value of ApoA1 is mediated by the occurrence of these diseases. Indeed, 
complications including myocarditis, acute myocardial infarction, heart 
failure, arrhythmias and venous thromboembolic events are described in 
these patients [57,58]. Similarly, concerning cerebrovascular compli-
cations, episodes of stroke, necrotizing hemorrhagic encephalitis, 
among others, were reported [59,60]. 

Our study is the first systematic review to evaluate the prognostic 
value of Apo A1, ApoB and the ratio of both in patients with an infec-
tious disease. In addition, our study used the NOS to assess the risk of 
bias of the included articles, which allowed sensitivity analyses when 
the association between Apo A1 and Apo B with the severity of the 
disease of patients hospitalized for COVID-19 was analyzed. Our find-
ings allow us to suggest a potential low-cost prognostic marker in pa-
tients hospitalized for COVID-19 that will allow health personnel to 
prioritize or individualize management strategies in patients with low 
values of these markers. 

4.1. Limitations 

The main limitation is the clinical and methodological heterogeneity 
in the studies analyzed, which we assumed a priori. However, hetero-
geneity was addressed and explained mainly by studies with a high risk 
of bias and, to a lesser extent, by studies done in China. Also, the small 
number of participants in some studies could be overrepresented in their 
weights in the meta-analysis. In addition, we found publication bias, 
which was addressed using the trim and fill method, which did not 
change the direction of the effect found in the meta-analysis. Likewise, 
the studies in this meta-analysis do not evaluate the effect that some 
sociodemographic and clinic variables may have on Apo A1 and Apo B. 
Indeed, some studies find that Apo AI was significantly higher and Apo B 

levels were significantly lower among women in general, but, between 
women, Apo B levels were higher in post-versus premenopausal women 
[61]. Other studies show that some parameters present a large interin-
dividual variability of response, which is significantly influenced by 
cofactors, such as weight or BMI, for apo B and apo E [62]. We did not 
find studies reported in African, American or Oceanic countries, so the 
generalizability of the results should be taken with caution. Therefore, 
cohort studies are necessary for various populations to establish Apoli-
poproteins’ generalizability in the severity prognosis of COVID-19. 
Finally, the heterogeneity of the quantitative assays of plasma Apoli-
poproteins was not considered, which has been suggested as a problem 
previously [63,64] and still represents a challenge since tools are needed 
for the characterization and accurate quantification of apolipoproteins, 
including their diverse array of variant forms, are required to under-
stand their salutary and disease-related roles [65]. 

5. Conclusion 

We conclude that adequate levels of Apolipoproteins are a protective 
factor for severity in COVID-19. In contrast, only adequate levels of Apo 
A1 evidenced a protective effect against mortality in patients hospital-
ized for COVID-19. Furthermore, our findings showed that the ApoA1/ 
ApoB ratio did not show more excellent predictive utility for severity. 
Therefore, apolipoproteins could be included in the clinical assessment 
of hospitalized patients with COVID-19. However, primary studies are 
necessary to define the optimal cut-off point for Apolipoproteins ac-
cording to the profile of the hospitalized COVID-19 patient. 
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[6] Düz ME, Balci A, Menekşe E. D-dimer levels and covid-19 severity: systematic 
Review and Meta-analysis. Tuberk Toraks 2020;68:353–60. https://doi.org/ 
10.5578/TT.70351. 

[7] Paliogiannis P, Mangoni AA, Dettori P, Nasrallah GK, Pintus G, Zinellu A. D-dimer 
concentrations and COVID-19 severity: a systematic review and meta-analysis. 
Frontiers in Public Health 2020;8:1–7. https://doi.org/10.3389/ 
FPUBH.2020.00432. 

[8] Sahu BR, Kampa RK, Padhi A, Panda AK. C-reactive protein: a promising biomarker 
for poor prognosis in COVID-19 infection. Clin Chim Acta 2020;509:91–4. https:// 
doi.org/10.1016/J.CCA.2020.06.013. 

[9] Erika P, Domenica Z, Paolo I, Luca R, Giulia L, Alessandro D, et al. Lactate 
dehydrogenase and C-reactive protein as predictors of respiratory failure in CoVID- 
19 patients. Clin Chim Acta 2020. https://doi.org/10.1016/j.cca.2020.06.012. 

[10] Ulloque-Badaracco JR, Salas-Tello WI, Al-kassab-Córdova A, Alarcón-Braga EA, 
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