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Introduction 
 

ince December 2019, the coronavirus disease 
2019 (Covid-19) has affected more than 200 
countries [1], including ours, causing a public 

health problem with increasing incidence, high 
mortality, and greater pressure on the health care 
system. Acute Covid-19 infection ranges from 
constitutional symptoms and mild pneumonia to 
multiple organ failure [2]. At the cardiac level, the 
severe inflammatory response induced by cytokines 
generates subclinical diastolic dysfunction of the left 
ventricle, new and reversible, or triggered by 
exacerbation of pre-existing cardiovascular disease 
(CVD). This process has been documented in viral 
diseases such as influenza, precipitating heart damage 
and poor prognosis [3]. On the other hand, natriuretic 
peptides identify hemodynamic stress such as systolic  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
and/or diastolic dysfunction [2], and a level of brain 
natriuretic peptide (BNP) <100pg/ml has been 
associated with severity of hypoxia [4]. Furthermore, 
BNP cut-off points for heart failure (HF)> 100 pg/ml 
(sensitivity 90%, specificity 76%), in patients who are 
not critically ill with pneumonia, maintain a high 
positive predictive value as an early indicator of 
dysfunction ventricular systolic [5]. Likewise, the 
American College of Cardiology did not mention any 
recommendations regarding the prognosis offered by 
cardiac biomarkers in patients with Covid-19 [6], so at 
the beginning of the pandemic its use was suggested to 
detect and quantify injury and/or cardiac stress, 
however, it was not specified when and if they should 
be measured as prognostic markers [5]. 
  

S

Abstract: Background. In the general population, Ast/Alt is related to BNP as 
a predictor of mortality and in coronavirus disease 2019 (Covid-19); 
Elevations in alanine aminotransferase (Alt) or aspartate aminotransferase 
(Ast) are associated with liver damage, Ast/Alt with mortality, and brain 
natriuretic peptide (BNP) identifies subclinical myocardial dysfunction. 
Objective. To evaluate the Ast/Alt association with subclinical BNP, and its 
use as prognostic risk factors, at hospital admission of patients with Covid-
19. 
Methods. A cohort study (240 patients with Covid-19) was carried out until 
the clinical outcome (improvement, death). Performing descriptive statistics, 
curves: operating characteristic of the receiver and Kaplan Meier, Pearson's 
correlation, Wilcoxon test, Cox analysis and multivariate logistic. 
Results. BNP (AUC 0.77; p<0.0001) and Ast/Alt (AUC 0.67; p<0.0001) 
predicted mortality, in patients with Covid-19, a BNP level> 67 (HR 2.99) 
and Ast/Alt> 1.09 (HR 1.74) explained lower survival (p<0.0001). Ast/Alt 
predicted BNP> 67 (AUC 0.63, p=0.0004), with significant association 
(r=0.219; p<0.001); both associated with: creatinine, Ast, creatine kinase, 
fibrinogen, D-dimer, lactate, glomerular filtration rate. Risk factors for 
mortality were: BNP OR 2.203, hypertension OR 45.452, Ast/Alt OR 1.004, 
ferritin OR 1.002, and lymphopenia OR 0.998. There was a significant 
decrease in BNP (p<0.05), Ast (p<0.001) and Ast/Alt (p<0.0001) in non-
survivors. 
Conclusions. Ast/Alt (> 1.09) and subclinical BNP (> 67) were evaluated as 
risk factors for mortality at hospital admission, given their association, 
Ast/Alt could be a risk factor for subclinical cardiovascular disease. 
Key words: Ast/Alt, BNP, Covid-19, mortality, subclinical myocardial 
dysfunction. 
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 In turn, the liver plays an important role in the 
course of Covid-19; since liver function tests (Lft) 
have modest elevations, being higher during 
hospitalization than at admission [7], and both 
elevations of alanine aminotransferase (Alt) or 
aspartate aminotransferase (Ast) are associated with 
liver damage, and in as a whole, the Ast/Alt ratio is 
associated with a poor prognosis including higher 
mortality [1]. In the general population, patients with 
heart disease have a greater increase in Ast, since it is 
located at the hepatic and myocardial level [8], and the 
Ast/Alt ratio (> 1.5 is associated with worsening of 
hepatitis acute viral and alcoholic, and increased 
fibrosis in liver disease) [9], is related to BNP as a 
predictor of all-cause mortality [8]. Given the 
allocation of limited resources and as the Covid-19 
pandemic continues in our country, it contributes to an 
increase in hospitalizations and deaths, as well as the 
early elevation of BNP identifies greater comorbidity 
(such as new-onset subclinical myocardial dysfunction 
asso ciated with a poor prognosis) and likewise, the 
exploration of the Ast/Alt ratio as an indicator of poor 
prognosis; both parameters are useful individually to 
differentiate high risk of mortality, modifying crucial 
decision-making to improve prognosis. However, 
there are no studies of its possible relationship and 
prognosis in patients with Covid-19, so in the absence 
of studies and given their easy availability as low-cost 
and economic tools in situations of limited resources 
such as the one that we are living. The objective of this 
study was to evaluate the association of Ast/Alt with 
subclinical BNP and its use as prognostic risk factors, 
at hospital admission of patients with Covid-19. 
 
Methods 

 
 We conducted a cohort study: prospective 
longitudinal observational analytical, in the Covid-19 
area of Internal Medicine, in hospitals of the Secretary 
of Health of Mexico City (SEDESA), from May to  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
December 2020, included data from 240 patients with 
infection by Covid-19 confirmed by polymerase chain 
reaction with reverse transcriptase by nasopharyngeal 
swab; approved by the research and ethics committee 
of SEDESA; representing minimal risk, with prior 
signed informed consent by the patient or responsible 
family member, and respecting the recommendations 
of the Helsinki Declaration of the World Medical 
Association.  

At hospital admission (<24 hours), the 
following were recorded: epidemiological, 
demographic, clinical and laboratory data (Table A.1). 
The Ast/Alt ratio: Ast/Alt and other biochemical 
indicators were calculated (Eq. A.1). The patients were 
followed until discharge (survivor) or death (non-
survivor) and recorded: last determination of BNP, Ast 
and Alt, days of hospital stay and need for invasive 
mechanical ventilation (IMV). Not included: mild 
cases of Covid-19, ambulatory or from intensive care 
units, who requested voluntary discharge, with 
incomplete clinical records, pregnant women, in 
lactation stage and/or puerperium, and since they can 
affect BNP levels, Ast and/or Alt, patients with: 
history or recent consumption of alcohol, history or 
diagnosis of heart disease, liver disease, chronic 
kidney disease, thyroid disease, chronic glucocorticoid 
treatment> 3 months, and in-hospital treatment with: 
macrolides, lopinavir/ritonavir, hydroxychloroquine, 
and/or tocilizumab. 
 Statistical analysis. To determine the data 
distribution, the Kolmogorov Smirnov test was 
performed. Quantitative variables were represented 
with median and interquartile range ([IQR]: 25th–75th 
percentile), and qualitative variables with frequency 
and percentage. Qualitative variables were compared 
with the chi-square test and quantitative variables with 
the non-parametric Mann-Whitney U test. The cut-off 
points to predict mortality and the ability of Ast/Alt to 
predict BNP were calculated according to the area 
under the curve (AUC) of the receptor operating 
characteristic (ROC), considering the optimal cut-off  

Figure 1. BNP and AST/ALT distinguish Covid-19 patients with different prognosis. (A) The ROC curve of BNP, AST/ALT, AST and 
ALT was used to compare the ability to predict mortality in hospitalized patients with Covid 19. Cut-off values were determined using 
the Youden index. The p value was obtained from the chi-square test. (B) Kaplan-Meier survival analysis in Covid-19 patients with BNP 
<67 and> 67, and (C) with AST/ALT <1.09 and> 1.09. AUC: area under the curve, CI: confidence interval, BNP: brain natriuretic 
peptide. AST: aspartate aminotransferase, ALT: alanine aminotransferase, AST/ALT: AST/ALT ratio. The p value was obtained from the 
Logrank test. It was considered statistically significant if p = ≤0.05. 
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point using the index of Youden. Patients were 
compared according to these cut-off points. Survival 
was analyzed using Kaplan Meier curves (KM), and 
groups were compared with log-rank tests. To predict 
mortality, the Hazard Ratio (HR) was estimated, with 
95% confidence intervals (95% CI), using multivariate 
Cox proportional hazards regression analysis, adjusted 
for age and gender. Pearson's correlation was 
performed between BNP, Ast/Alt, and biochemical 
variables. To predict independent risk factors for BNP, 
Ast/Alt, mortality and IMV, the Odds Ratio (OR) was 
estimated, with 95% CI, using univariate logistic 
regression analysis and the variables with statistical 
significance were introduced to an analysis of 
multivariate logistic regression, and using Cox 
proportional hazards regression analysis. Finally, 
BNP, Ast/Alt, Alt and Ast were compared at hospital 
admission and prior to clinical outcome with the 
Wilcoxon paired test. Statistical analyzes of 
quantitative and qualitative variables were performed 
with SPSS software, version 25; and graphs 
(correlation analysis, ROC curves, survival) with R 
version 4.0.3. Statistically significant differences were 
considered when the "p" value was <0.05. 
 
Results 
 

 Comparison of demographic and biochemical 
characteristics. 146 men (60.8%) and 94 women 
(39.2%) were included. Compared with survivors, 118 
patients were non-survivors (49.2%); were older 
(median 63, IQR 55-69; vs 50 years), 41.5% had 
systemic arterial hypertension [SAH] (vs 22.1%), and 
74.6% with IMV (vs 13.9%), fewer days hospitalized ( 
median of 8, IQR 6-11; vs 9 days), at hospital 
admission they had higher: Ast/Alt (median of 1.36, 
IQR 1.11-1.62; vs 1.10), Ast (median of 56.0, IQR 
39.3-80.0; vs 38.2), and BNP (median 113, IQR 80-
183; vs 55); and at discharge, higher BNP (median 79, 
IQR 49-180; vs. 43.5), with statistically significant 
differences, significant differences were also observed 
with respect to other laboratory tests (Table A.2 and 
A.3). 
 Mortality was predicted according to the 
analysis of the ROC curves by calculating the AUC 
(Fig. 1A). BNP, Ast/Alt and Ast predicted mortality in 
hospitalized patients with Covid-19, compared to Ast  

 
 
 
 
 
 
 
 
 
 (AUC 0.66; sensitivity 64%; specificity 65%; 95% CI 
0.60-0.72; p<0.0001) or Alt, BNP (AUC 0.77; 
sensitivity 85 %; specificity 59%; 95% CI 0.71-0.82; 
p<0.0001) and Ast/Alt (AUC 0.67; sensitivity 81%; 
specificity 50%; 95% CI 0.60-0.73; p<0.0001), had 
higher AUC and sensitivity, with a statistically 
significant difference. By balancing sensitivity and 
specificity, the best cutoff value for BNP (67) and 
Ast/Alt (1.09) was determined. In the survival analysis 
(Fig. 1B, 1C), patients with Covid-19 at hospital 
admission, with BNP> 67 and Ast/Alt> 1.09, 
compared with BNP<67 and Ast/Alt<1.09, presented 
significantly poor survival (p=<0.0001), with a median 
of 14 days (95% CI 11-16), for both cut-off points. 
50% of non-survivors, compared to survivors, for 
BNP> 67 showed a median of 11 days (95% CI 9-12; 
vs 20 days, 95% CI 17-22) and for Ast/Alt>1.09 it 
showed median of 11 days (95% CI 10-14: vs 23 days, 
95% CI 17-23). Multivariate Cox proportional hazards 
regression analysis adjusted for age and gender was 
performed for BNP>67 (HR 2.99; 95% CI 1.80-4.99; 
p=<0.0001) and Ast/Alt>1.09 (HR 1.74; 95% CI 1.08-
2.79; p=0.0214), a significantly higher risk of 
mortality was associated, compared to BNP<67 and 
Ast/Alt<1.09. Demonstrating that they were 
independent predictors of future mortality (Table 1).  
Covid-19 patients with BNP>67, compared to 
BNP<67: were older (median 59, IQR 49-66, vs 53), 
38.4% had diabetes mellitus 2 [DM2] (vs 25.8%), 
55.3% with IMV (vs 24.4%), 33.3% survival (vs 
80%), at hospital admission they had higher Ast/Alt 
(median of 1.32, IQR 1.07-1.62; vs 1.10), BNP 
(median of 112, IQR 89-164; vs 30.5), Ast (median 
50, IQR 34-77; vs 40), Alt (median 41.5, IQR 23.1-56, 
vs 39); and at discharge, higher BNP (median 82, IQR 
56.8-165; vs 29); likewise, patients with Ast/Alt>1.09, 
compared with Ast/Alt<1.09: were older (median 58, 
IQR 49.5-65; vs 51), 49.7% with IMV (vs 31.6%), 
40.4 % survival (vs 72.2%), at hospital admission they 
had higher Ast/Alt (median 1.4, IQR 1.1-1.7; vs 0.9), 
BNP (median 97, IQR 53-144; vs 60), Ast (median 
50.4, IQR 33.9-78; vs 43), lower Alt (median 34, IQR 
19.3-53; vs 50); and at discharge, higher BNP (median 
70.6, IQR 43-139; vs 40.3); for both groups with 
statistically significant differences, as well as between 
survivors and non-survivors, significant differences 
were also observed with respect to other laboratory  

Table 1. Prediction of mortality in patients with Covid-19. CI: confidence interval, HR: Hazard ratio, BNP: brain natriuretic peptide. 
AST: aspartate aminotransferase, ALT: alanine aminotransferase, AST/ALT: AST/ALT ratio. * Adjusted for age and gender. The p value 
was obtained from the Cox proportional hazards regression analysis. It was considered statistically significant if p = ≤0.05 
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tests (Table 2-3). The prediction of BNP was 
determined according to the analysis of the ROC 
curves calculating the AUC (Fig. 2). Ast/Alt predicted 
BNP>67 (AUC 0.63, 95% CI 0.56-0.69; p=0.0004); 
compared to Ast (AUC 0.58, 95% CI 0.52-0.65; 
p=0.0220) or Alt. Ast/Alt had higher AUC with 
statistically significant difference, suggesting better 
predictive capacity, than Ast or Alt alone. 
 There was an association (r=0.189, p=<0.05) 
in the correlation analysis, between BNP and Ast/Alt 
in non-survivors, and considering survivors, it was 
maintained (r=0.219; p=<0.001), with a statistically 
difference significant. Statistically significant 
associations, specifically for BNP and Ast/Alt, in 
common were with: creatinine (p<0.01), Ast (p<0.01), 
creatine kinase [Ck] (p<0.001), fibrinogen (p<0.001), 
D-Dimer [DD] (p<0.001), lactate (p≤0.05), and 
estimated glomerular filtration rate [eGFR] (p<0.01). 
Individually, they had other statistically significant 
associations, between BNP with: leukocytes (p<0.01), 
neutrophils (p<0.001), lactic dehydrogenase [LDH] 
(p<0.001), C-reactive protein [CRP] (p<0.001) and 
albumin (p<0.01); and between Ast/Alt with blood 
urea nitrogen [BUN] (p<0.001), total bilirubin [TB] 
(p<0.001), hemoglobin (p≤0.05), and platelets 
(p<0.01) (Fig. 3). A multivariate logistic regression 
analysis was performed, after selecting variables with 
statistical significance (Table A.4), the independent  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
risk factors for BNP>67 were: SAH (OR 43.6; 95% CI 
13.039-145.761; p=<0.001) and IMV (OR 4.169; 95% 
IC 1.350-12.872; p=0.013), in addition to Ast/Alt, age, 
ferritin, Ck, albumin fibrinogen ratio (Alb/Fib), and 
days hospitalized, with ORs close to 1; and for 
Ast/Alt>1.09 they were: albumin (OR 0.622; 95% IC 
0.41-0.944; p=0.026) and gamma glutamyl 
transpeptidase (GGT, OR 0.997; 95% IC 0.994-0.999; 
p=0.019). Among non-survivors (Table A.5), the 
independent risk factors for BNP>67 were: Ast/Alt, 
lymphocytes (OR 0.402; 95% IC 0.908-0.972, 
p=<0.001) and weight; and for Ast/Alt>1.09: alkaline 
phosphatase (ALP, OR 7.276; 95% IC 1.498-35.343; 
p=0.014) and lymphocytes (OR 0.940; 95% IC 0.908-
0.972, p=<0.001). The independent risk factors 
obtained from the Cox proportional hazards regression 
analysis with statistically significant association 
(Table 4), for mortality and IMV in common, were: 
BNP (OR 2.203; 95% IC 1.128-4.300; p=0.021 and 
OR 1.699; 95% IC 1.043-2.766; p=0.033, 
respectively), and SAH (OR 45.452; 95% IC 24.000-
86.700; p=0.012 and OR 44.682; 95% IC 35.560-
56.140; p=0.021 respectively); individually the risk 
factors for mortality were: IMV (OR 2.416; 95% IC 
1.454-4.016; p=<0.001), in addition to Ast/Alt, Ck, 
ferritin, and lymphocytes, with ORs close to 1; and for 
IMV they were: age, LDH, DD and systemic immune 
inflammation index (SII), with ORs close to 1. Finally, 
a paired Wilcoxon test was performed, and upon  

Table 2. Demographic characteristics of patients with Covid-19 according to cut-off points for BNP and AST/ALT. BMI, body mass 
index; DM2, type 2 diabetes mellitus; SAH, systemic arterial hypertension; IMV, invasive mechanical ventilation. Values are expressed 
as numbers (percentages) unless otherwise indicated median (p25 - p75) *. The p value was obtained from: achi-square test, bMann-
Whitney U test. It was considered statistically significant if p = ≤0.05. 
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discharge a decrease was found among non-survivors 
of: BNP (p=<0.05), Ast (p=<0.001) and Ast/Alt 
(p=<0.0001), with statistically significant differences 
compared to survivors (Fig. 4). 
 
Discussion 
 
 The main cause of death in Covid-19 is acute 
respiratory distress syndrome (ARDS) [2], however, 
the second most affected organ is the heart [3,10], 
causing myocardial dysfunction [1,11], and in liver 
acute liver injury [1]. On the other hand, Covid-19 
implies significant elevation of multiple biomarkers, 
specifically BNP in patients who died or critically ill 
[12], and Ast/Alt in non-survivors [13], being BNP a 
marker of cardiovascular risk, and Ast of liver and 
myocardial involvement due to its location [8]; these 
findings, according to ours, would corroborate that 
their elevation to hospital admission in patients with 
Covid-19 are risk factors that indicate a poor 
prognosis. Notably BNP> 67 (AUC 0.77) and 
Ast/Alt> 1.09 (AUC 0.67) predicted mortality, with 
HR of 2.99 and 1.74 respectively, explaining lower 
survival (11 days), similar to that reported in the 
general population [8], and with lower cut-off points 
as 28-day prognosis of death [14,15], suggesting 
predisposition to latent CVD [8,16], therefore, its 
prognostic value goes in the same direction as in other 
studies [1,12,14,17]. 
 On the one hand, our country has a high 
prevalence of chronic diseases according to the 2018 
National Health and Nutrition Survey of Mexico, 
36.1% of adults> 19 years old were obese, 39.1% were 
overweight, 13.7% with DM2 and 25% with SAH [18 
]; and according to 2019 reports [19] the 5 main causes 
of death: ischemic heart disease, DM2, chronic kidney 
disease, cirrhosis [7] and cerebrovascular accident; 
contrasting with world reports of factors associated 
with death from Covid-19, such as: male gender, age> 
65 years, ethnicity, SAH, DM2, CVD, and respiratory 
disease [20], while noting factors such as limited 
resources and absenteeism due to infections in health 
workers [12,21]. Although we did not find gender 
differences, we were able to identify other factors 
previously indicated such as: older age, SAH, IMV, 
days hospitalized between non-survivors and 
survivors, similar to what was reported 
[1,14,15,20,22,23]. Similarly, when comparing  

 
 
 
 
 
 
 
 
patients with BNP> 67 and Ast/Alt> 1.09 at hospital 
admission, we found older age, IMV and lower 
survival, and curiously DM2 as comorbidity, different 
from what was observed [8,21,23,24] , where the 
prevalence of chronic diseases in our country could 
explain it. In addition, upon admission to hospital, we 
observed laboratory parameters between non-survivors 
and survivors with a significant difference, specifically 
BNP and Ast/Alt were high, coinciding with patients 
with BNP> 67 and Ast/Alt> 1.09, with values close to 
those of non-survivors, similar to other reports 
[1,14,15]. Over time, the significant decrease in BNP, 
Ast and Ast/Alt, among non-survivors, was similar to 
that reported in the general population [8], contrary to 
that reported in Covid-19 [1]. The “bystander 
hepatitis” described as an increase in transaminases 
due to immune stimulation or systemic inflammation, 
due to viral infections without compromising liver 
function [10], a similar effect on BNP could be caused 
by Covid-19 without compromising cardiac function, 
therefore further study is required. 
 In the cardio-hepatic interaction, Ast/Alt 
(AUC 0.63) predominates in the prediction of BNP> 
67, with a significant correlation (r=0.219, p=<0.001), 
similar to that established in the general population 
[8]. When evaluating its association with other clinical 
and biochemical data independently related to higher 
mortality and severity [3,4,25], its association was 
constant with BNP and Ast/Alt in common and 
individually, such as: Ck, Ast, fibrinogen, creatinine, 
eGFR, DD, and lactate. In addition, for BNP with: 
CRP, leukocytes, neutrophils, and albumin 
[1,3,7,19,25]; similarly, Ast/Alt with: BUN, Alt, TB, 
hemoglobin and platelets [1,8,25], indicating a 
systemic inflammatory response aggravated by the 
storm and release of pro-inflammatory cytokines [10], 
higher degree of hypoxia [4], lung damage and death 
from ARDS [3,25], revealing the need for timely 
hospitalization. Interestingly, in patients with Ast/Alt> 
1.09 we observed older age and lower Alt, similar to 
that reported in aging, frailty, and death in old age 
[8,25]. 
 Complete knowledge of the factors related to 
BNP> 67 and Ast/Alt> 1.09 was essential since their 
early identification is key in patients who require 
timely care, such as: SAH and IMV mainly, although 
other risk factors with association statistically 
significant, they had OR close to 1, our results are  

Table 3. Biochemical characteristics of patients with Covid-19 according to cut-off points of BNP and AST / ALT. HbA1c, Glycated 
Hemoglobin; BUN, blood urea nitrogen; eGFR,  estimated glomerular filtration rate; TB, total bilirubin; GGT, gamma glutamyl 
transpeptidase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AST/ALT, AST/ALT ratio; 
LDH, lactic dehydrogenase; CK, creatine kinase; CK-MB, creatine kinase-MB; DD, D-Dimer; BNP, brain natriuretic peptide; CRP, C-
reactive protein; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; dNLR, lymphocyte neutrophil derivative ratio; SII, 
systemic immune inflammation index; PNI, prognostic nutritional index; ALB/FIB, albumin fibrinogen ratio; CRP/ALB, albumin CRP 
ratio; LIN/CRP lymphocyte CRP ratio; DD/BNP, DD BNP ratio. Values are expressed as median (p25 - p75) unless otherwise indicated 
number (percentage). The p value was obtained from: achi-square test,  Mann-Whitney U test. It was considered statistically significant if 
p = ≤ 0.05. 
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similar with reports where they are associated with 
greater severity and mortality [3,4,25], for BNP> 67: 
age, Ck, ferritin, Alb/Fib, days hospitalized 
[3,10,22,23,25], specifically Ast/Alt is reported 
associated with the probability of suffering systemic 
injury, including the circulatory system and the heart, 
deteriorating myocardial function [8]; and for Ast/Alt> 
1.09: GGT and albumin associated with delay in viral 
elimination of Covid-19, greater severity and death 
[25]. Among non-survivors, lymphopenia was 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
associated as an independent risk factor, compared 
with critically ill patients due to Covid-19, who also 
present an excessive immune and inflammatory 
response, due to a decrease in the regulatory function 
of T cells [3,7,25]; and ALP indicating greater cellular 
damage in the bile duct [14]. Factors associated with a 
worse prognosis, such as uncontrolled SAH, generate 
more severity due to a negative impact on the immune 
system [21,24], and BNP associated with greater 
intubation with a value >100pg/ml [4,15], suggesting  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 2. AST/ALT predicts BNP level in hospitalized patients with Covid-19. The ROC curve of AST/ALT, AST and ALT was used to 
compare the predictive capacity of BNP> 67. AUC: area under the curve, CI: confidence interval, AST: aspartate aminotransferase, ALT: 
alanine aminotransferase, AST/ALT: AST/ALT ratio. The p value was obtained from the chi square test. It was considered statistically 
significant if p = ≤0.05. 

 

Figure 3. Association between BNP, AST/ALT and biochemical parameters in patients with Covid-19 at hospital admission. AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; AST/ALT, AST/ALT ratio; BNP, brain natriuretic peptide; eGFR,  estimated 
glomerular filtration rate; CK, creatine kinase; LDH, lactic dehydrogenase; CRP, C-reactive protein; DD, D-Dimer; CRP/ALB, albumin 
CRP ratio; PNI, prognostic nutritional index; ALB/FIB, albumin fibrinogen ratio; DD/BNP, DD BNP ratio. The p value was obtained 
from Pearson's correlation coefficient and was considered statistically significant if * p = ≤0.05; ** p = <0.01, *** p = <0.001. 

 



Martinez Cardozo D et al.                           • Am J Med Surg • July 2021; 4(2). 21-34. 

 www.amjmedsurg.org DOI: 10.17605/OSF.IO/VK3M2 
Copyright 2021 © Unauthorized reproduction of this article is prohibited. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
underlying pre-existing conditions without prior 
history, such as HF and atrial fibrillation [16]; other 
factors associated with a higher risk of death, 
described in several studies [1,3,14,25], were: IMV, 
Ast/Alt, Ck, ferritin, and lymphopenia; similarly, for 
IMV were: age, LDH, DD and SII [3,7,19,22,25],  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
although BNP alone indicates hypoxic susceptibility 
due to endothelial dysfunction, reported in subclinical 
states such as prediabetes and subclinical pulmonary 
dysfunction [4,17], this effect is reinforced by constant 
associations such as Ast/Alt and other previously 
described indicators of severity, IMV, and death. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4. Cox regression analysis. Risk factors for mortality and IMV in patients with Covid-19. OR, odds ratio; CI, confidence intervals; 
SAH, systemic arterial hypertension; IMV, invasive mechanical ventilation; AST, aspartate aminotransferase; ALT, alanine 
aminotransferase; AST/ALT, AST/ALT ratio; CK, creatine kinase; LDH, lactic dehydrogenase; BNP, brain natriuretic peptide; CRP, C-
reactive protein; SII, systemic immune inflammation index. It was considered statistically significant if p = ≤0.05 

 

Figure 4. Comparison of dynamic changes in survivors and non-survivors, with Covid-19 during their hospitalization. (A) BNP (B) AST 
(C) ALT (D) and AST/ALT. AST, aspartate aminotransferase; ALT, alanine aminotransferase; AST/ALT, AST/ALT ratio; BNP, brain 
natriuretic peptide; OA, Hospital admission; EH, End of hospitalization; ns, not significant. Data are shown as median. The p value was 
obtained from Wilcoxon tests and was considered statistically significant if * p = ≤0.05; *** p = <0.001, **** p = <0.0001. 
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 All this information indicates that Covid-19 
generates damage even with a lower level of BNP and 
Ast/Alt, while still causing poor prognosis, the Ast/Alt 
ratio, for unclear reasons, has extrahepatic 
implications to predict bad results as in: pancreatic 
cancer, cardiac injury in Kawasaki disease [1], and 
progression to severe pneumonia in Covid-19, the role 
of which remains to be further analyzed [7]; and at the 
cardiac level, the endothelial dysfunction and 
myocardial hypoxia leads to frank ventricular 
dysfunction and HF [10], however BNP is reported as 
an indicator of reversible subclinical ventricular 
diastolic dysfunction [3], without existing consensus 
on its treatment or reports of points cut-off for 
identification, supporting their study [7,15,18]. To our 
knowledge, our study is the first to address the Ast/Alt 
association with BNP at a subclinical level and its 
prognostic impact during the pandemic, so we could 
be underestimating latent CVD, which precedes a state 
of microcirculatory dysfunction [4], and in turn a 
subclinical state of ventricular dysfunction [3,4]; 
therefore, Ast/Alt could be a biomarker for its 
identification, in the presence of “normal” levels of 
BNP, leaving as a perspective, the usefulness of 
Ast/Alt as a risk factor for cardiovascular mortality in 
patients with Covid-19. 
 Study limitations. There is no biochemical 
information before the Covid-19 infection, the 
treatment and its relationship with the prognosis were 
not evaluated (it is worth mentioning that the 
treatments were even less standardized than now), no 
serum troponin levels were obtained at hospital 
admission (limited by scarce resources), no 
electrocardiogram, echocardiogram and liver 
ultrasound were performed, limiting the ability to 
identify the true burden of CVD and liver. Although 
these data cannot be generalized since they only 
represent a part of hospitalized patients at SEDESA, 
our results are interesting and could contribute to 
improving the evaluation of patients prior to hospital 
admission. 
 
Conclusion 
 
 In conclusion, this study evaluated Ast/Alt (> 
1.09) and subclinical BNP (> 67), as risk factors for 
mortality and IMV, at hospital admission of patients 
with Covid-19, and given their association, Ast/Alt it 
could be considered at hospital admission as a risk 
factor for subclinical CVD. 
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Eq. A.1 Biochemical indicators calculated. CRP, C-reactive protein; BNP, brain natriuretic peptide; DD, D-dimer. 

 

Table A.1 Laboratory tests at hospital admission 

Table A.2 Comparison of demographic characteristics of patients with Covid-19. BMI, body mass index; DM2, type 2 diabetes mellitus; 
SAH, systemic arterial hypertension; IMV, invasive mechanical ventilation. Values are expressed as numbers (percentages) unless 
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Table A.3 Comparison of biochemical characteristics of patients with Covid-19. HbA1c, Glycated Hemoglobin; BUN, blood urea nitrogen; eGFR,  
estimated glomerular filtration rate; TB, total bilirubin; GGT, gamma glutamyl transpeptidase; ALP, alkaline phosphatase; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; AST/ALT, AST/ALT ratio; LDH, lactic dehydrogenase; CK, creatine kinase; CK-MB, creatine kinase-
MB; DD, D-Dimer; BNP, brain natriuretic peptide; CRP, C-reactive protein; NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; dNLR, 
lymphocyte neutrophil derivative ratio; SII, systemic immune inflammation index; PNI, prognostic nutritional index; ALB/FIB, albumin fibrinogen ratio; 
CRP/ALB, albumin CRP ratio; LIN/CRP lymphocyte CRP ratio; DD/BNP, DD BNP ratio. Values are expressed as median (p25 - p75) unless otherwise 
indicated number (percentage). The p value was obtained from: achi-square test,  Mann-Whitney U test. It was considered statistically significant if p = ≤ 
0.05. 
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Table A.4  Logistic regression analysis for risk factors (BNP and AST/ALT) independent of hospital admission. OR, odds ratio; CI, 
confidence intervals; SAH, systemic arterial hypertension; IMV, invasive mechanical ventilation, AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; AST/ALT, AST/ALT ratio; GGT, gamma glutamyl transpeptidase; CK, creatine kinase; BNP, brain natriuretic 
peptide; ALB/FIB, albumin fibrinogen ratio. It was considered statistically significant if p = <0.05. 
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Table A.5 Logistic regression analysis for independent risk factors (BNP and AST/ALT) in non-survivors to hospital admission. OR, 
odds ratio; CI, confidence intervals; BMI, body mass index; GGT, gamma glutamyl transpeptidase; ALP, alkaline phosphatase; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; AST/ALT, AST/ALT ratio; DD, D-Dimer; BNP, brain natriuretic peptide; 
DD/BNP, DD BNP ratio. It was considered statistically significant if p = ≤0.05. 


