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ABSTRACT 
Background and Aims: Coronavirus disease 2019 (COVID-19) is 

associated with a proinflammatory state that causes elevation of multiple 

serum variables. It has been observed that some biochemical alterations in 

patients with Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) infection can be prognostic markers of severity and mortality. This 

study aims to compare different serum biomarkers to determine whether 

their alteration is associated with mortality due to COVID-19. 

Methods: A case-control clinical study was carried out including patients 

with COVID-19 which were divided into two groups: with clinical 

improvement and those who died. Sociodemographic, clinical and serum 

variables (blood count, blood chemistry, lipid profile, markers of acute 

inflammation and troponin I) were studied. The serum variables were 

analyzed using the Receiver Operating Characteristic (ROC) curve, the 

Odds Ratio (OR) value was analyzed and the predictive value of each one 

was evaluated using the area under the curve. 

Results: Of the 285 patients included, 161 showed clinical improvement 

and 124 died. It was established that lactic dehydrogenase (LDH) has the 

best predictive value for mortality, followed by troponin I and IL-6.  

Conclusions: Elevated LDH upon hospital admission was found to have the 

best predictive value for mortality, followed by troponin I and interleukin 

6 (IL-6). It was determined that the serum variables with the best prognostic 

value for severity and mortality are associated with cardiovascular 

damage, so we infer that if the SARS-CoV-2 virus considerably affects the 

heart, patients have a higher risk of death during their hospital stay. 

Keywords: COVID-19, SARS-CoV-2, prognosis, biomarkers, severity of 

Illness 
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Introduction 
Clinical presentation spectrum of Coronavirus disease 
2019 (COVID-19) goes from the asyntomatic patient to 
severe acute respiratory distress síndrome with invasive 
mechanical ventilation requirement1. The 
pathophysiology of COVID-19 is complex and not only 
involves the respiratory system, but generates a 
multisystemic condition associated with an uncontrolled 
pro-inflammatory state in critically illed patients caused 
by a cytokine storm that leads to a fatal outcome2. This 
severe acute respiratory syndrome coronavirus 2 virus 
(SARS CoV-2) pro-inflammatory state, causes 
biochemical alterations and an increase in biomarkers 
associated with cellular damage and inflammation. 
 

Severity of SARS CoV-2 is related to the patient risk 
factors such as older age, male gender, chronic 
comorbidities, and increased serum chemical markers 
associated with inflammation such as interleukin 6 (IL-6), 
C-reactive protein (CRP), lactic dehydrogenase (DHL), D-
dimer, procalcitonin, ferritin and troponin I3,4. Troponin I 
is a biomarker that tends to increase when acute 
myocardial injury developes and can reflect also a 
severe condition. 
 

Patients with severe COVID-19 present with different 
biochemical alterations and it is currently known that 
some biomarkers can serve as predictors of the disease 
upon hospital admission. Each marker has been studied 
separately and different studies have suggested which is 
the best prognostic biomarker for in-hospital mortality in 
patients with COVID-19, including troponin I, but it has 
not yet been possible to reach a consensus on which serum 
marker has the best mortality predictive value5.6. The aim 
of this study is to compare several serum risk factors in 
order to known which one has the higher mortality 
predictive value for COVID-19. 
 

Methodology 
A case-control clinical study was designed in order to 
compare serum mortality risk factors for COVID-19. 
Inclusion criterial were patients of both genders over 16 
years of age, with clinical diagnosis of COVID-19 
confirmed by polymerase chain reaction with reverse 
transcriptase (RT-PCR), who were admitted from January 
to December at a third level hospital during 2020 
pandemia. Cases with clinical background of ischemic 
heart disease, acute heart failure and acute myocardial 
infarction within the previous 48 hours were excluded.  
 

All cases recruited at the above described period of time, 
were divided into two groups: those who had a favorable 
clinical outcome (control group) and the ones who died 
during their hospital stay (problem group). 
Sociodemographic, clinical and serum data during 
hospital admission were obtained from the electronic 
clinical record of each patient. Data on blood count, 
blood chemistry, lipid profile and systemic markers of 
inflammation (CRP, D-dimer, ferritin, IL-6) were recorded 
out of a blood serum sample from periferic vein. For the 
analysis of serum samples, the enzyme-linked fluorescent 
assay (ELFA) and the enzyme-linked immunosorbent 
assay (ELISA) were use. The established reference values 
correspond to those indicated by the supplier of each 
method used. This study was approved by the Institutional 
Research and Research Ethics Committees. 

Statistic analysis 
The information collected was recorded in an electronic 
Excel spreadsheet. Analysis was performed using SPSS 
statistical software (version 25.0). Numerical variables 
are expressed as mean ± standard deviation with 
minimum and maximum values of variability. Categorical 
variables are expressed as frequency and percentage in 
relation to the population at risk of each study group. 
Student t test was used to compare numerical variables 
with normal distribution, and Chi Square test was used to 
compare categorical variables, calculating the odds ratio 
with a 95% confidence interval. Mann Whitney U test 
was used to compare numerical variables without normal 
distribution. The serum values that presented statistically 
significant differences between the two studied groups, 
were analyzed using a Receiver Operating 
Characteristic (ROC) curve in order to determine the best 
sensibility and sensitivity cut-off point value expressed by 
the higher Area Under the Curve (AUC). Finally, we 
dicotomized each serum risk factor by means of the cut-
off point obtained, and analized with a Chi Square test 
the one that had the best Odds ratio (OR) value (95% 
confidence Interval). A p <0.05 was considered 
statistically significant. 

 

Results 
A total sample of 285 cases was obtained, which were 
distributed into two groups. The cases recruited in the 
problem group were 124 (43.5%), while in the control 
group were 161 (56.5%). Table 1 shows the 
sociodemographic variables. Age and type 2 diabetes 
(DM-2) presented statistically significant differences 
between both groups (24.8% vs 40.3%, p=0.0057). Age 
was higher in cases at the problem group (51 years vs 
55 years, p=0.017). In both groups DM-2 was the most 
prevalent chronic degenerative disease, although in the 
problem group the number of cases with this pathology 
was greater. In both groups, the most frequent 
comorbilities were systemic arterial hypertension 
followed by DM-2, and smoking history. In both groups, 
male gender represented more than half of the cases. 
According to the average body mass index (BMI), we 
observed overweight in both groups (29.3 vs 29.25).  
 
Table 2 shows clinical variables of the studied groups. 
We can see that the respiratory rate upon admission was 
significantly higher in the problem group (27 vs 29, 
p<0.001) as well as the heart rate (99 vs 104, p=0.011). 
Oxygen saturation (SO2) was significantly lower in the 
problem group (81% vs 67%, p<0.0001), as was the 
assessment of the state of consciousness using the 
Glasgow scale (15 vs 14, p=0.003). Capillary refill in 
the problem group was slower compared to the control 
group (2sec vs 3sec, p=0.023). The use of oxygen (O2) 
was significantly higher (126 vs 110, p=0.0205) in the 
problem group, as was the use of a reservoir mask (59 
vs 66, p=0.0052), since more than half of the cases 
required this device to achieve optimal SO2 levels. 
Regarding the use of nasal prongs, simple mask and 
invasive mechanical ventilation (IMV), there were no 
significant differences in their use in both groups. 
Dyspnea occurred in a significantly greater number of 
cases in the problem group (121 vs 112, p=0.0015). 
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Table 1. Sociodemographic variable comparison between the studied groups 

 
Abbreviations: SAH = Systemic arterial hypertension, DM-2 = Diabetes mellitus type 2, COPD = Chronic Obstructive 
Pulmonary Disease, BMI = Body Mass Index 
 
Table 2. Clinical variables of the studied groups 

 
Abbreviations: °C = degrees Celsius, mmHg = millimeters of mercury, HR = heart rate, bpm = beats per minute, RR = 
respiratory rate, bpm = breaths per minute,  
SO2 = oxygen saturation, s = seconds, IMV = invasive mechanical ventilation 
 
Table 3 presents serum variables, where it is observed 
that the problem group compared with the control group 
have a significantly higher values of neutrophils 
(9.29cell/mm3 vs 11.87cell/mm3, p<0.0001), serum 
glucosa (142mg/dl vs 187mg/dl, p<0.0001), and urea 
nitrogen (BUN) (19.61mg/dl vs 28.1mg/dl, p<0.0001) 
are significantly higher in the problem group.  On the 
contrary, there was significantly higher values in the 
control group of lymphocytes (2.02cell/mm3 vs 
1.04cell/mm3, p=0.037) and colesterol (140mg/dl vs 
129mg/dl, p=0.023). Regarding the markers associated 
with severity of COVID-19 disease, CRP, troponin I, D-
dimer, lactic dehydrogenase (DHL), Interleukin-6 (IL-6 
and ferritin), it is observed that their serum levels are 
significantly higher in the problem group. Figure 1 shows 
the ROC curves of the serum risk factors that were used 
to explore the predictive cut-off value for mortality from 
COVID-19. We can see that the serum variable with the 

greatest area under the curve (AUC) is DHL at a value of 
≥413 IU/L, followed by troponin I at the level of ≥15.8 
ng/l, and IL-6 at a value of ≥71.9 pg/ml. The AUC of 
the serum variables studied ranged between 0.6 and 0.7, 
indicating a high predictive value for clinical severity. 
Serum variables that presented statistically significant 
differences are summarized in Table 4. The serum values 
with the highest OR were DHL (7.5), troponin I (5.6) and 
IL-6 (4.9). Both DHL and troponin I are biomarkers 
associated with cardiac injury and have the greatest 
potential for predicting mortality at the cut-off points of 
≥ 413 IU/L and ≥ 15.8 ng/l respectively, established in 
cases with COVID-19. The risk of death when presenting 
high concentrations is 7.5 times for DHL and 5.6 for 
troponin I, which indicates that if the SARS CoV-2 virus 
considerably affects the heart, the risk of progressing to 
severe disease and death during the hospital stay is high. 

CONTROL Group (n=161) PROBLEM Group (n=124)

n (%) / Mean ± SD (Min - Max) n (%) / Mean ± SD (Min - Max)

Age (years) 51 ± 15 (21-84) 55 ± 13 (16-81) 0.017

Gender

Male 101 (62.7%) 91 (73.4%) NS

Female 60 (37.3%) 33 (26.6%) NS

Comorbidity

SAH 37 (23%) 40 (32.3%) NS

DM-2 40 (24.8%) 50 (40.3%) 0.0057

Asthma 3 (1.9%) 0 (0%) NS

COPD 2 (1.2%) 2 (1.6%) NS

Smoking 27 (16.8%) 23 (18.5%) NS

Somatometry

Weight 79 ± 19 (43-120) 78 ± 19 (40-142) NS

Size 1.64 ± 0.09 (1.40-1.87) 1.60 ± 0.8 (1.40-1.80) NS

BMI 29.3 ± 5.41 (47.47-18.20) 29.25 ± 5.81 (49.31-17.78) NS

Variable p

CONTROL Group (n=161) PROBLEM Group (n=124)

n (%) / Mean ± SD (Min - Max) n (%) / Mean ± SD (Min - Max)
Temperature (°C) 37.2 ± 0.94 (35-39.9) 37.2 ± 0.9 (35.5-39.3) NS

Blood pressure (mmHg)

Systolic 114 ± 16 (60-160) 116 ± 17 (69-162) NS

Diastolic 70 ± 9 (40-96) 70 ± 11 (33-95) NS

HR (bpm) 99 ± 19 (60-195) 104 ± 17 (55-149) 0.011

RR (bpm) 27 ± 7 (15-42) 29 ± 7 (15-48) 0.001

SO2 (%) 81 ± 13 (25-100) 67 ± 16 (30-98) < 0.0001

Capillary refill(s) 2 ± 1 (1-4) 3 ± 1 (1-6) 0.023

Glasgow 15 ± 1 (6-15) 14 ± 1 (9-15) 0.003

Oxygen therapy 126 (78.3%) 110 (88.7%) 0.0205

Oxygen supply

Nasal prongs 62 (38.6%) 40 (32.3%) NS

Simple mask 3 (1.9%) 1 (0.8%) NS

Reservoir mask 59 (36.6%) 66 (53.2%) 0.0052

IMV 2 (1.2%) 3 (2.4%) NS

Tachypnea 44 (27.3%) 45 (28%) NS

Polypnea 19 (9.9%) 26 (16.1%) 0.0354

Dyspnea 121 (75.2%) 112 (90.3%) 0.0015

Variable p
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Table 3. Serum variables of the studied groups 

 
Abbreviations: Leu = leukocytes, Neu = neutrophils, Linf = lymphocytes, g = grams, dl = deciliter, cell = cells, mm³ = cubic 
milimetres (mililiters), BUN = Blood urea nitrogen, LDH = high-density lipoprotein, LDL = low-density lipoprotein, CRP = C-
reactive protein, ng = nanograms, mcg = micrograms 
 

 
Figure 1. ROC curves for laboratory variables in the group of deceased patients 

CONTROL Group (n=161) PROBLEM Group (n=124)

n (%) / Mean ± SD (Min - Max) n (%) / Mean ± SD (Min - Max)
Hematic biometry

Hemoglobin (g/dl) 14.3 ± 2 (8.7 - 17.7) 14.3 ± 2.9 (0.8 - 18.51) NS

Leu (cell/mm³) 10.1 ± 5.3 (1.8 - 39.7) 12.7 ± 5.6 (0.6 - 29.4) NS

Neu (cell/mm³) 9.29 ± 9.18 (0.14 - 82) 11.87 ± 8.96 (0.03 - 87.30) < 0.0001

Lymph (cell/mm³) 2.02 ± 9.68 (0.13 - 122) 1.04 ± 1.15 (0.09 - 9.20) 0.037

Blood chemistry

Glucose (mg/dl) 142 ± 112 (45 - 1178) 187 ± 133 (21 - 762) < 0.0001

BUN (mg/dl) 19.61 ± 15.27 (0.8 - 112.9) 28.1 ± 21.5 (4.6 - 129.4) < 0.0001

Creatinine (mg/dl) 1.05 ± 1.4 (0.3 - 17.5) 1.6 ± 2.4 (0.3 - 17.9) < 0.0001

Lipid profile

Cholesterol (mg/dl) 140 ± 42 (15 - 373) 129 ± 39 (60 - 246) 0.023

HDL (mg/dl) 30 ± 14 (2 - 138) 29 ± 11 (9 - 60) NS

LDL (mg/dl) 74 ± 33 (10 - 252) 67 ± 30 (9.3 - 155) NS

Biomarkers

CRP (mg/dl) 156.77 ± 144.90 (0.77 - 1306) 210 ± 98 (11.1 -456.72) < 0.0001

Troponin I (ng/l) 19.17 ± 53.53 (1.5 - 537) 116 ± 472 (1.5 -4645) < 0.0001

Ferritin (mcg/L) 839.8 ± 805.87 (3.5 - 4114) 1380 ± 1828 (31.4 -14054) NS

Variable p
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Table 4. Comparison of serum risk factors for mortality from COVID-19 
 

 
Abbreviations: Neu = neutrophils, dl = deciliter, cell = cells, mm³ = cubic millimeter, mg = milligrams,  
ng = nanograms, BUN = Blood Urea Nitrogen, CRP = C-reactive protein 
 

Discussion 
Identifying the risk factors in a patient with COVID-19 
allows health personnel to detect the cases who are most 
likely to progress to a serious illness and thus provide 
timely treatment to reduce potential complications and 
prevent mortality7. Advanced age in many infectious 
diseases is a determining factor for progression towards 
a serious condition, since the immune system response is 
compromised and comorbidities are more prevalent in 
this age group8. In our study, the cases who had a fatal 
outcome of the disease (problem group) were 
significantly older compared to those who were 
discharged due to improvement, which agrees with what 
is reported in the literature,9. DM-2 was observed more 
frequently in both studied groups, mainly in cases of the 
problem group. It has been shown that this chronic 
degenerative disease increases the risk of death up to 3 
times in cases with COVID-19, which is why it is 
considered an important risk factor. SAH was the second 
most frequent comorbidity in both groups. In the 
literature, SAH has been reported as the comorbidity that 
occurs most frequently in severely ill cases, contrary to 
what was reported in this study10. DM-2 as the main 
comorbidity is associated with the fact that the study 
population is hispanic and, due to genetic issues of insulin 
resistance, this chronic degenerative disease has a higher 
prevalence and incidence in our population11. It has been 
shown that male gender is another factor that 
predisposes to complicated SARS CoV-2 infection, which 
has been associated with the protective effect of 
hormones against an inflammatory state in females. On 
the other hand, the increase in converting enzyme 
receptors of angiotensin 2 (ACE2) in men facilitates the 
entry of the virus into a greater number of cells and a 
higher viral load12. More than half of the study 
population in both groups belonged to the male gender.  
 

Because COVID-19 presented high morbidity and 
mortality worldwide, we tried to identify the risk factors 
that contributed to a worse prognosis of the disease. 
Among the clinical factors already mentioned, serum risk 
factors were studied and it was observed that cases with 
COVID-19 present with different biochemical alterations. 
Among them, markers associated with inflammation stand 
out, since COVID-19 is closely related to a systemic pro-
inflammatory state. In the most severe states of the 
disease, complement activation and the uncontrolled 
secretion of proinflammatory molecules lead to a 

cytokine storm that generates a serious proinflammatory 
state that not only affects the respiratory system, but also 
produces kidney, neurological and cardiovascular 
damage, generating fatal complications in cases13. IL-6 is 
a glycoprotein that is secreted during an acute 
inflammatory response and acts as an immunomodulator, 
activating T cells and promoting the differentiation of B 
cells to give way to the innate and adaptive response14. 
High concentrations of IL-6 in cases with COVID-19 are 
associated with a greater probability of developing 
severe disease15. In this study, it was determined that 
elevation of IL-6 above ≥ 71.9 pg/ml increases the risk 
of death in cases hospitalized with COVID-19 by 4.9 
times. CRP is a protein that is synthesized in the liver in 
response to IL-6, so the increase in this protein is directly 
proportional to IL-6 concentrations. Both are markers of 
acute inflammation and their increase is associated with 
systemic inflammation and severe COVID-19 disease 16. 
CRP concentrations ≥163.80 mg/dl increase the risk of 
mortality 4.4 times and are significantly associated with 
severe disease and can be used as a prognostic indicator. 
 
Among the serum variables studied, it was observed that 
the elevation in LDH concentrations predicts the risk of 
mortality to a greater extent compared to the other 
variables analyzed. LDH is a catalytic enzyme and is 
expressed in multiple tissues of the body, mainly in 
skeletal and cardiac muscle. This protein is released into 
the bloodstream in severe infections that cause tissue 
damage. Therefore, it has been proposed that LDH can 
be used as a prognostic marker of severity in COVID-19, 
since it has been determined that LDH is significantly 
higher in cases with severe COVID-19 17. In our study, 
elevated LDH upon hospital admission increases the risk 
of mortality 7.5 times in cases hospitalized with COVID-
19. This enzyme is a very sensitive marker for tissue 
damage, but it is very nonspecific, since it is not only 
elevated by COVID-19, but also damage to any tissue 
or organ due to an etiology other than SARS-CoV-2 
infection can generate release of this marker. For the use 
of this enzyme as a prognostic marker of severity, it is 
recommended to perform a more complete analysis 
where the isoforms of LDH are measured, especially 
LDH3, which is predominantly found in lung tissue and is 
what could be used as a prognostic marker of severity in 
cases with COVID-19 18,19. The cut-off point for total LDH 
to predict severity has been estimated at 425 IU/L 20 
while in our population the cut-off point was determined 

Control group 161 Problem group 124 p OR (95% CI)

N (%) N (%)
DHL (≥ 413 IU/L) 37 (21.1|%) 86 (69.4%) < 0.0001 7.5 (IC 0.08-0.22)

Troponin I (≥ 15.8 ng/l) 26 (16.1%) 60 (48.4%) < 0.0001 5.6 (IC 	0.12-036)

IL-6 (≥ 71.9 pg/ml) 59 (36.6%) 83 (66.9%) < 0.0001 4.9 (IC 0.17-0.47)

CRP (≥ 163.80 mg/dl) 62 (38.5%) 81 (65.3%) < 0.0001 4.4 (IC 0.20-0.54)

BUN (≥ 19.7 mg/dl) 47 (29.2%) 67 (54%) < 0.0001 4.2 (IC 0.21-0.57)

Neu (≥ 8.6 cells/mm³) 62 (38.5%) 75 (60.5%) 0.0003 3.6 (IC 0.25-0.66)

Glucose (≥ 146.50 mg/dl) 38 (23.6%) 54 (43.5%) 0.0004 3.5 (IC 0.24-0.67)

D-dimer (≥ 1241.5 ng/ml) 58 (36%) 66 (53.2%) 0.0039 2.8 (IC 0.30-0.80)

Creatinine (≥ 2.4 mg/dl) 4 (2.5%) 12 (9.7%) 0.0015 2.4 (IC 0.07-0.76)

Variable
Variable CONTROL Group 

(n=161) 
PROBLEM Group 

(n=124) 
P OR (95% Cl) 
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at ≥413 IU/L, which is very similar to what has already 
been established.  
Another biomarker studied, was the increase in troponin I 
above the 99th percentile which correlates with in-
hospital mortality 5.6 times, so it can be considered an 
independent prognostic marker 21. Troponin I is a protein 
found mainly in cardiac muscle cells and when they 
present functional damage this protein is significantly 
elevated, which is why it has been used as a biomarker 
of acute myocardial injury22. Severe SARS CoV-2 
infection has been related to acute myocardial injury, so 
troponin I can be used as a prognostic marker of severity 
23. It has been shown that elevated troponin I increases 
the mortality associated with acute myocardial injury up 
to 4.7 times 24,25, and even in this study the risk of 
mortality is higher, since it increases the risk of in-hospital 
death by up to 5.6 times with a calculated cut-off value 
of ≥ 15.8 ng/L. Cardiac injury is a common complication 
that occurs as a consequence of COVID-1926, since the 
viral infection spreads beyond the respiratory system, the 
tropism of the virus and the large number of ACE2 
receptors in the heart promote significant miocardial 
injury due to an increase in free radicals, which has been 
associated with a high in-hospital mortality rate27, 28. Both 

DHL and troponin I are biomarkers associated with 
cardiovascular damage, which means that if the SARS-
CoV-2 virus significantly compromises the heart, COVID-
19 acquires severity criteria and a higher risk of mortality 
during the hospital stay29,30. 
 

Conclusion 
Troponin I and DHL cardiac biomarkers are the ones that 
had the highest predictive value for mortality, so we can 
infer that when the great cardiac damage caused by 
COVID-19, the mortality is higher. IL-6 and CRP were the 
inflammatory markers that were also associated with 
mortality but to a lesser extent, increasing the risk of 
death 4.9 times and 4.4 times respectively. Both markers 
are related, since the secretion of IL-6 promotes the 
synthesis of CRP. In cases with SARS-CoV-2 infection, the 
integrity of the cardiovascular system must be monitored, 
because when cardiac damage is detected, these cases 
are at greater risk of complications and death. Therefore, 
serum variables analyzed in this study predict the risk of 
severe disease and mortality to different extents.  
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