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Background: Respiratory illnesses is the most common manifestation of Coronavirus disease 2019
(COVID-19); however, myocardial injury has recently emerged as a frequent complication.
Methods: An observational, longitudinal, prospective, and multicenter study of hospitalized Mexican
patients was made. We assessed the prevalence of myocardial injury and its relationship with complica-
tions and mortality.
Results: 254 COVID-19 patients were included. Their average age was 53.8 years old, 167 (65.7%) were
male and 87 (34.3%) female. According to troponin levels, two populations were generated, those with
and without myocardial injury. There was no difference in gender or age between both groups.
However, there was a greater proportion of obesity and hypertension in myocardial injury group.
Multivariate logistic regression analysis revealed that obesity (OR 2.029, 95% CI 1.039–3.961;
p = 0.038), arterial oxygen saturation <90% (OR 2.250, 95% CI 1.216–3.560; p = 0.025), and systolic blood
pressure <90 mmHg (OR 2.636, 95% CI 1.530–4.343; p = 0.042), were directly related to higher levels of
troponins. Multivariate cox proportional hazards analysis showed that primary endpoint (mortality) was
determined by overweight/obesity (OR 1.290, 95% CI 0.115–0.730; p = 0.009), ferritin levels (OR 1.001,
95% CI 1.000–1.001; p < 0.001), myocardial injury (OR 3.764, 95% CI 1.307–10.838; p = 0.014), septic
shock (OR 4.104, 95% CI 1.142–14.132; p = 0.024), acute respiratory distress syndrome (OR 3.001, 95%
CI 1.008–10.165; p = 0.040), and treatment with Hydroxychloroquine/Azithromycin (OR 0.357, 95% IC
0.133–0.955; p = 0.040). Secondary endpoint (Mechanical ventilation risk) was associated to the same
factors.
Conclusions: Myocardial injury represents an increased risk of complications and death in Mexican hos-
pitalized patients with COVID-19.
� 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Until a few years ago, infection by coronaviruses had been in
control. On December 31, 2019, China reported a cluster of cases
of pneumonia [1]. On January 7, 2020, Chinese health authorities,
through high-throughput sequencing from lower respiratory tract
samples has revealed a novel coronavirus that was named 2019
novel coronavirus (2019-nCoV), also named Severe Acute Respira-
tory Syndrome (SARS)-Coronavirus (CoV)-2 (SARS-CoV-2) [2].

The rapid spread of coronavirus disease 2019 (COVID-19) war-
rants intense surveillance and isolation protocols to prevent fur-
ther transmission. At the time of preparing this manuscript, the
World Health Organization (WHO) last information June 16, 2020
has reported 7,941,791 confirmed cases, 434,796 confirmed
deaths, and 216 countries affected. https://www.who.int/emergen-
cies/diseases/novel-coronavirus-2019. At the same time, Mexico
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reports 150,264 confirmed cases and 17,580 deaths. https://coron-
avirus.gob.mx/datos/.

Although the respiratory tract is the main system affected by
SARS-CoV-2, the cardiovascular (CV) system has been involved in
this disease. Four putative and direct mechanisms of acute cardiac
injury due to COVID-19 have been proposed: (i) viral angiotensin-
converting enzyme 2 (ACE-2)-mediated direct damage; (ii)
hypoxia-induced myocardial injury; (iii) cardiac microvascular
damage due to perfusion defects, vessel hyperpermeability, or
angiospasm; and (iv) systemic inflammatory response syndrome
including cytokine storm, dysregulated immunocytes, and uncon-
trolled inflammation [3]. Also, the SARS-CoV-2 viral RNA presence
was detected in a series of heart samples that underwent autopsy,
suggesting a direct invasion of the virus and probably direct heart
damage [4,5].

Myocardial injury defined by cardiac enzymes elevation has
been found in approximately 8–12% of positive cases [6,7]. Some
studies support the use of high-sensitivity cardiac Troponin I (hs-
cTnI) as a prognostic predictor for patients with COVID-19. A
recent meta-analysis showed that cardiac injury has an indepen-
dent adverse prognostic value in COVID-19. It suggest that the
increased value of high sensitive troponin might be useful in the
risk stratification of COVID-19 patients and should be included in
the routine assessment [8].

Our study aim to clarify the incidence of myocardial injury in
the Mexican population and to know its relationship between in-
hospital complications and death.
2. Methods

2.1. Study population

The study was carried out in two hospitals in Mexico; beneficia-
ries of the Centro Médico Nacional ‘‘20 de Noviembre” ISSSTE in
Mexico City and beneficiaries of the Hospital Regional de Alta Espe-
cialidad ISSSTE in the state of Puebla.

- The inclusion criteria were: Both genders, over 18-year-old
patients, and patients confirmed test result of COVID-19 with
positive real-time reverse transcriptase-polymerase chain reac-
tion (RT-PCR). Patients who did not undergo testing, had no
record of testing in the collaborative database, or had a negative
test were not included in the present study.

- The exclusion criteria were: Patients under 18-year-old, preg-
nancy, and patients with COVID-19 without informed consent.

The protocol, informed consent, study procedures and measure-
ments were approved by the bioethics committee of hospitals
involved. Prior written informed consent was obtained from each
patient to be included in the study. We certify that the study
was performed in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards.
2.2. Study design and protocol

An analytical, observational, longitudinal, prospective and mul-
ticenter study was designed.

The initial sample size was based on a positive RT-PCR test for
COVID-19 (n = 380). We exclude 100 patients because they were
not hospitalized and 26 more patients because they were trans-
ferred to other hospitals. The total of 126 patients were excluded.
Total population included in this study was 254 hospitalized
patients admitted between March 2020 and April 2020.
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Demographic analysis and biochemical characterization of total
population was performed. After that, two patient populations
were generated accord to hs-cTnI levels, those with myocardial
injury and without myocardial injury. Samples of hs-cTnI and
pro-B-type Natriuretic Peptide (NT pro-BNP) was taken at hospital
admission and repeated seven days later. This process was done to
monitor the dynamic changes of these variables and evaluate the
possibility of new myocardial injury cases.

An ECG was performed in all patients at the time of hospital
admission, after that the ECG was repeat in patients presenting
chest pain, troponin elevation levels or telemetry disturbances.

The primary endpoint was to determine the prevalence of
myocardial injury and its relationship with mortality in COVID-
19 patients. The secondary endpoint was to determine if there
exists a higher risk of complications, such as the necessity of
mechanical ventilation therapy in this group.

2.3. Definition and data collection

– Diagnosis of COVID-19: Initially, any subject with symptoms
related to COVID-19 was be considered a suspect for COVID-
19 infection. The diagnosis of COVID-19 was confirmed as pos-
itive result for nasopharyngeal swab and respiratory pathogen
nucleic acid test with high-throughput sequencing or real-
time reverse transcriptase polymerase chain reaction.

– Diagnosis of myocardial injury:Myocardial injury was defined
as an elevated serum level of hs-cTnI greater than the 99th per-
centile upper reference limit recommended cut-off of 17.5 ng/L
(pg/mL) by the Access hs-cTnI assay (Beckman Coulter) [9,10].

2.4. Statistical analysis

Statistical analyses were performed using the Statistical Pack-
age for the Social Sciences program for Windows, version 25 (SPSS,
Chicago, IL). All continuous variables were determined. The nor-
mality of distribution was determined by performing the
Kolmogorov-Smirnov test. Normally distributed variables were
described as the means ± standard deviation, and the skewed dis-
tributed variables were expressed as the median and interquartile
range (IQR). We compared the normally distributed continuous
variables using the Student t-test and skewed distributed variables
using the Mann-Whitney U test. The difference between categori-
cal variables was expressed as number (%) and compared by the
Chi-Square test. We perform a multivariate logistic regression
analysis to identify independent predictors of increased troponin
value and cox regression analysis to identify the primary end-
points’ predictors. Survival curves were plotted using the Kaplan-
Meier method and compared between patients with vs without
myocardial injury using the log-rank test. Statistical charts were
generated using Excel 2016 (Microsoft). For all the statistical anal-
yses, P < 0.05 was considered significant.
3. Results

3.1. Demographic, clinical and biochemical characteristics

The demographics and clinical characteristics of COVID-19
patients were summarized in Table 1.

A total 254 patients with confirmed COVID-19 test were
included in the final analysis. The median age was 53.8 SD 12.7,
167 (65.7%) were male, and 87 (34.3%) were female, a total of 89
(35.0%) patients died, and 165 (64.9%) survived to discharge.

A sample of hs-cTnI was taken at hospital admission, diagnosing
64 patients with myocardial injury. After seven days of hospitaliza-
tion, a new determination was made, adding 9 more patients to the
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Table 1
Clinical characteristics, treatment and outcomes of COVID-19 total patients and subdivided in with or without myocardial injury.

Total
(n = 254)

Myocardial injury (+)
(n = 73)

Myocardial injury (�)
(n = 181)

p value

Age (years) 53.8 SD 12.7 54.3 SD 10.7 53.6 SD 13.1 NS
Male n (%)

Female n (%)
167 (65.7)
87 (34.3)

47 (64.5)
26 (35.5)

120 (66.2)
61 (33.8)

NS

BMI (Kg/Mm2) 29.8 SD 7.7 29.5 SD 9.0 26.5 SD 9.0 0.014
Comorbidities n (%)

Coronary Heart Disease
Autoimmune Diseases
COPD
Overweight or Obesity
Smoking
Hypertension
Diabetes mellitus
Chronic Kidney Disease
ACE2i or ARBs treatment

14 (5.5)
6 (2.4)
1 (0.4)
158 (62.2)
38 (15.0)
90 (35.4)
80 (31.5)
2 (0.8)
70 (27.6)

5 (6.8)
1 (1.4)
0 (0.0)
60 (82.2)
14 (19.2)
34 (45.3)
27 (37.0)
1 (1.4)
20 (27.4)

9 (5.0)
5 (2.8)
1 (0.6)
98 (54.1)
24 (13.2)
56 (31.0)
53 (29.3)
1 (0.6)
50 (27.6)

NS
NS
NS
0.001
NS
0.014
NS
NS
NS

Symptoms n (%)
Fever
Odynophagia
Dyspnea
Headache
Cough
Diarrhea
Myalgia or Arthralgia
Tiredness
Rhinorrhea

220 (86.6)
130 (51.2)
220 (86.6)
126 (49.6)
211 (83.0)
52 (20.5)
203 (79.9)
220 (86.6)
52 (20.5)

54 (74.0)
30 (41.1)
70 (95.9)
23 (31.5)
54 (74.0)
14 (19.2)
57 (78.0)
62 (84.9)
7 (9.6)

166 (92.8)
100 (55.2)
150 (82.9)
103 (56.9)
157 (86.7)
38 (20.9)
146 (80.6)
158 (87.3)
45 (24.8)

0.004
NS
0.020
0.001
NS
NS
NS
NS
0.004

Complications n (%)
Acute Kidney Injury
Renal Replacement Therapy
ARSD
Septic Shock
Arrhythmias (ST, SB, AF) (n%)

64 (25.2)
23 (9.0)
133 (52.3)
82 (32.2)
20 (7.9)

36 (49.3)
11 (15.0)
49 (67.1)
50 (68.5)
20 (27.4)

27 (14.9)
12 (6.6)
84 (46.4)
32 (17.6)
0 (0%)

<0.001
0.003
0.009
<0.001
<0.001

Hospitalization days
Mechanical Ventilation (%)
Mechanical Ventilation days

12.0 SD 3.0
133 (52.3)
9.0 SD 1.5

11.5 SD 2.8
49 (67.1)
10 SD 1.5

12.0 SD 3.0
84 (46.4)
9.0 SD 1.5

NS
<0.001
NS

Treatment n (%)
HCQ + Azithromycin
High dose Steroids
VTE prophylaxis

139 (54.7)
105 (41.3)
73 (28.7)

50 (68.5)
49 (67.1)
50 (68.5)

89 (49.1)
56 (30.9)
85 (46.9)

<0.001
<0.001
<0.001

Death n (%) 89 (35.0) 46 (63.0) 43(23.7) <0.001

Each value represents the mean ± SD or the number (%). p < 0.05 was considered statistically significant. Chronic obstructive pulmonary disease (COPD), Angiotensin-
converting enzyme 2 inhibitors (ACE2i), Angiotensin II receptor blockers (ARBs), acute respiratory distress syndrome (ARDS), Sinus tachycardia (ST), Sinus bradycardia (SB),
Atrial fibrillation (AF), Hydroxychloroquine (HCQ), venous thromboembolism (VTE).
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diagnosis, obtaining a total population of 73 (28.7%) patients with
myocardial injury, and 181 (71.3%) without myocardial injury.

After comparing this two populations, we found that there was
no significant difference in gender or age between both groups.
Regarding comorbidities, a significant difference in myocardial
injury group was found for obese and hypertension patients. Cor-
onary Heart Disease (CHD), chronic obstructive pulmonary disease
(COPD), diabetes mellitus (DM), chronic kidney disease (CKD);
autoimmune diseases and smoking did not demonstrate differ-
ences in both groups.

Regarding biochemical variables (Table 2), we found in patients
with myocardial injury lower levels of leukocyte count, lympho-
cytes and albumin, but higher levels of high-sensitivity C-
reactive Protein (hs-CRP), Creatine kinase-MB (CK-MB), Ferritin,
Glucose, Lactate Dehydrogenase (LDH), Creatinine, Blood Urea
Nitrogen (BUN), Aspartate Aminotransferase (AST), NT pro-BNP
and hs-cTnI.

Baseline electrocardiographic characteristics in the myocardial
injury group were: mean heart rate of 80 ± 40 bpm and mean
Bazett-corrected QT interval of 420 ± 40 ms. The majority were
in normal sinus rhythm; only 10 patients were detected with sinus
tachycardia, 6 patients with sinus bradycardia, and 4 developed
atrial fibrillation. Repolarization abnormalities such as symmetric
T-wave inversion was found in 15 patients. There was no evidence
of ST-segment elevation, atrial premature contractions, ventricular
premature contractions, or atrioventricular block. In the group,
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without myocardial injury, the mean heart rate was
80 ± 15 bpm, and the Bazett-corrected QT interval 400 ± 20 ms.
Only 5 patients showed symmetric T-wave inversion, and there
was also no evidence of arrhythmias.

Multivariate logistic regression analysis (Table 3), shows that
the independent predictors related to increasing troponin levels
were: overweight/obesity (OR 2.029, 95% CI 1.103–3.96; p 0.038),
arterial oxygen saturation at admission <90% (OR 2.250, 95% CI
1.216–3.560; p = 0.025), and systolic blood pressure at admission
<90 mmHg (OR 2.636, 95% CI 1.530–4.343; p = 0.042). It also
showed that previous treatment with angiotensin-converting
enzyme 2 inhibitors (ACE2i) or ARBs (Angiotensin II receptor
blockers) was not related to increased troponin levels (OR 1.347,
95% CI 0.665–2.722; p 0.408).

The proportion of administered therapy was: hydroxychloro-
quine (HCQ) + azithromycin in 68.5% of myocardial injury group
and 49.1% without myocardial injury, high dose steroids (pred-
nisone 30–100 mg/day or equivalent) in 67.1% of myocardial injury
group and 30.9% without myocardial injury and, anticoagulation
therapy for Venous Thromboembolism (VTE) prophylaxis was
administered to68.5%ofmyocardial injury groupand46.9%patients
without myocardial injury, according to the next dosage [11]:

(a) For all non-critically ill hospitalized, standard dose VTE pro-
phylaxis was administered (enoxaparin 40 mg subcutaneous
once a day).



Table 2
Laboratory findings of total patients and subdivided in with or without myocardial injury.

Laboratory findings Total
(n = 254)

Myocardiacl injury (+)
(n = 73)

Myocardial injury (�)
(n = 181)

p value

Hemoglobin (g/dL) 14.6(13.4–15.5) 14.7 (13.5–15.7) 14.6(13.4–15.4) NS
Platelets count (� 103/lL) 207(166.0–275.0) 199(165.3–240) 222.0(166.0–280.0) NS
Leukocytes count (� 103/lL) 7.8(5.7–11.0) 9.5(7.5–18.8) 10.2(7.4–13.9) <0.001
Neutrophils (� 103/lL) 6.1(3.9–9.1) 7.9(6.4–11.5) 5.6(3.5–8.6) <0.001
Lymphocytes (� 103/lL) 0.8(0.6–1.2) 0.7(0.5–1.2) 0.9(0.7–1.3) <0.021
hs-CRP (mg/L) 126.6(61.3–200.1) 188.2(127.0–220.7) 103.4(50.2–194.0) <0.001
CK-MB (ng/mL) 2.3(0.7–7.1) 4.5(2.0–12.8) 1.3(0.7–7.1) <0.001
Fibrinogen (g/L) 5.5(4.3–6.69 5.3(4.3–6.3) 5.6(4.3–6.6) NS
ESR (mm/hr) 40.5(30.0–48.0) 35.0(30.0–47.0) 41(23.0–48.0) NS
Ferritin (ng/mL) 690(376.0–1168.0) 939(428.1–1354.0) 583(350.0–1141.5) <0.001
Glucose (mg/dL) 109.5(89.0–148.0) 128.4(89.0–170.4) 109.0(88.0–139.0) 0.033
Sodium (mmol/L) 137.0(134.0–140) 137.0(132.4–140.0) 137.0(134.0–140.0) NS
Potassium (mmol/L) 4.0(3.7–4.4) 4.1(3.8–4.4) 4.0(3.7–4.4) NS
Albumin (g/dL) 3.5 SD 0.5 3.2 SD 0.5 3.6 SD 0.4 <0.001
LDH (U/L) 397(280.0–501.0) 430.8(344.4–527.1) 346.0(271.8–485.0) <0.001
Creatinine (mg/dL) 0.9(0.7–1.1) 1.0(0.8–1.2) 0.8(0.7–1.0) 0.002
BUN (mg/dL) 16.9(13.0–29.2) 21.0(14.9–29.2) 15.4(12.0–21.0) <0.001
Total Cholesterol (mg/dL) 114.0(92.0–139.0) 105.5883.0–139.0) 117.0(100.0–139.0) NS
Triglycerides (mg/dL) 130.0(98.3–183.3) 145.0(101.8–196.5) 125.0(96.8–182.8) NS
LDL (mg/dL) 72.8(53.1–93.4) 37.6(30.6–60.3) 77.6(66.0–96.1) <0.001
ALT (U/L) 43.0(26.0–60.2) 43.7(24.5–88.0) 40.8(26.0–59.0) NS
AST (U/L) 45.3(31.0–65.5) 58.7(35.8–84.5) 43.5(29.6–60.0) 0.008
D-dimer (lg/mL) 0.6(0.4–1.3) 0.6(0.3–3.5) 0.6(0.4–1.3) NS
hs-cTnI (pg/mL) 9(5.0–17) 34.9(22.2–95.7) 9.0(4.3–9.0) <0.001
hs-cTnI after 7 day (pg/mL) 6.5(3.0–24.8) 66.3(20.4–208.0) 3.9(2.5–6.1) <0.001
NT pro-BNP (pg/mL) 196.0(52.0–2095.0) 704.5(246.0–2130.8) 100.0(42.6–361.0) <0.001
NT pro-BNP after 7 day (pg/mL) 230.0(101.5–1563.0) 2250.0(596.0–9408.5) 129.0(68.8–581.3) 0.004

Each value represents the median (interquartile range), mean ± SD or the number (%), p < 0.05 was considered statistically significant. Hemoglobin (Hb), Creatine kinase-MB
(CK-MB), high-sensitivity C-reactive Protein (hs-CRP), Erythrocyte Sedimentation Rate (ESR), Lactate Dehydrogenase (LDH), Blood Urea Nitrogen (BUN), Low-Density
Lipoprotein (LDL), Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), high-sensitivity cardiac Troponin I (hs-cTnI), N-terminal pro-B-type Natriuretic Peptide
(NT pro-BNP).

Table 3
Multivariate logistic regression analysis of independent predictors related to
increased troponin levels.

Variables Odds ratio 95% CI p

Age 1.007 0.980–1.035 0.607
Male gender 0.828 0.430–1.593 0.572
Hypertension 1.718 0.895–3.298 0.104
Diabetes mellitus 1.260 0.639–2.485 0.505
Smoking 1.507 0.645–3.520 0.343
Overweight/Obesity 2.029 1.039–3.961 0.038
Dyspnea 3.805 1.051–13.772 0.042
Hearth Rate > 100

(At hospital admission)
1.016 0.960–1.354 0.923

Arterial oxygen saturation <90%
(At hospital admission)

2.250 1.216–3.560 0.025

Systolic blood pressure <90 mmHg
(At hospital admission)

2.636 1.530–4.343 0.042

ACE2i or ARBs treatment 1.347 0.665–2.722 0.408

CI: Confidence interval, Angiotensin-converting enzyme 2 inhibitors (ACE2i),
Angiotensin II receptor blockers (ARBs). p < 0.05 was considered statistically
significant.
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(b) For critically ill patients was administered enoxaparin
0.5 mg/kg subcutaneous twice daily.

Critically ill patients was defined as meeting any one of follow-
ing items: Respiratory rate �30 breaths/min; arterial oxygen satu-
ration �93% at rest; PaO2/FiO2 �300 mm Hg [12].

3.2. Clinical outcomes

Complications such as Acute Respiratory Distress Syndrome
(ARDS), acute kidney injury (AKI), septic shock, and arrhythmias
were more common in patients with myocardial injury. Also,
greater proportions of patients with myocardial injury required
invasive mechanical ventilation (p < 0.001) and Renal Replace-
ment Therapy (RRT) (p = 0.003), but hospitalization days were no
4

different. At the end, patients with myocardial injury had higher
mortality (46 of 73 [63.0%] vs 43 of 181 [23.7%]; p < 0.001).

Cox regression analysis (Table 4) was performed to identify
demographic, electrocardiographic and biochemical predictors of
the main endpoints. Accord to death risk the next variables were
related: Overweight/obesity (OR 1.290, 95% CI 0.115–0.730;
p = 0.009), ferritin levels (OR 1.001, 95% CI 1.000–1.001;
p < 0.001), hs-cTnI levels (OR 1.002, 95% CI 1.001–1.003;
p = 0.004), myocardial injury (OR 3.764, 95% CI 1.307–10.838;
p = 0.014), localized T-wave inversion (ischemia) (OR 3.642, 95%
CI 1.850–6.443; p = 0.002), septic shock (OR 4.104, 95% CI 1.142–
14.132; p = 0.024), and ARDS (OR 3.001, 95% CI 1.008–10.165;
p = 0.040), while treatment with HCQ/Azithromycin (OR 0.357,
95% CI 0.133–0.955; p = 0.040) and male gender (OR 0.545, 95%
CI 0.159–0.833; p = 0.017), were related with less mortality risk.
Accord to mechanical ventilation risk the next variables were
related: Overweight/obesity (OR 1.293, 95% CI 0.112–0.768;
p = 0.013), myocardial injury (OR 9.999, 95% CI 2.772–36.738;
p = 0.001), localized T-wave inversion (ischemia) (OR 2.480, 95%
CI 1.430–5.355; p = 0.020)septic shock (OR 8.094, 95% CI 1.533–
42.790, p = 0.014) and ARDS (OR 7.085, 95% CI 1.263–26.540;
p = 0.001) while treatment with HCQ/Azithromycin (OR 0.204,
95% CI 0.063–0.602; p = 0.008) and steroids (OR 0.342, 95% CI
0.122–0.959; p = 0.018) were related with less risk.

After comparing the Kaplan-Meier curve with the Log Rank test,
the survival (days) of both populations showed a significant differ-
ence in favor of more prolonged survival in patients without
myocardial injury (Fig. 1).
4. Discussion

Our study’s total population was 254 patients, where the most
affected sex was male 167 (65.7%). Similar findings are observed in
other studies, such as the one observed and described by Chen



Table 4
Cox regression analysis identifying predictors of mechanical ventilation and mortality risk.

Mortality risk Mechanical Ventilation Risk

OR 95% CI p OR 95% CI p

Age 1.018 0.976–1.062 0.414 1.005 0.980–1.045 0.833
Male gender 0.545 0.159–0.833 0.017 1.245 0.561–2.177 0.611
Hypertension 0.691 0.259–1.778 0.444 0.833 0.406–1.546 0.708
Diabetes mellitus 1.784 1.349–4.003 0.160 0.692 0.825–2.835 0.385
Overweight or Obesity 1.290 0.115–0.730 0.009 1.293 0.112–0.768 0.013
NT pro-BNP 1.000 1.000–1.000 0.469 1.000 1.000–1.000 0.989
Ferritin 1.001 1.000–1.001 <0.001 1.000 1.000–1.001 0.172
hs-CRP (mg/L) 1.001 0.998–1.004 0.966 0.996 0.998–1.004 0.052
hs-cTnI (pg/mL) 1.002 1.001–1.003 0.004 1.001 1.001–1.003 0.158
Lymphocytes (� 103/lL) 0.928 0.534–1.613 0.335 2.315 0.682–3.467 0.159
D-dimer (lg/mL) 0.971 0.915–1.030 0.971 0.970 0.914–0.994 0.290
Myocardial injury 3.764 1.307–10.838 0.014 9.999 2.772–36.738 0.001
Localized T-wave inversion 3.642 1.850–6.443 0.002 2.480 1.430–5.355 0.020
Septic Shock 4.104 1.142–14.132 0.024 8.094 1.533–42.790 0.014
ARDS 3.001 1.008–10.165 0.040 7.085 1.263–26.540 0.001
In-hospital hemodialysis 0.347 0.121–0.998 0.050 0.567 0.177–1.815 0.339
HCQ/Azithromycin 0.357 0.133–0.955 0.040 0.204 0.063–0.602 0.008
Steroids 1.273 0.532–3.022 0.581 0.342 0.122–0.959 0.018
Anticoagulant therapy 0.370 0.123–1.112 0.077 0.191 0.048–0.757 0.992

High-sensitivity C - reactive protein (hs-CRP), high-sensitivity cardiac Troponin I (hs-cTnI), N-terminal pro-B-type Natriuretic Peptide (NT pro-BNP), (ARDS) Acute respiratory
distress syndrome, (HCQ) Hydroxychloroquine.

Fig. 1. Kaplan-Meier curves with log-rank tests of Survival Analysis. Kaplan-Meier
curve with log Rank test shows the survival (days) of both populations. A significant
difference was found in favor of more prolonged survival in patients without
myocardial injury.
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et al., where 68% of the cases with COVID-19 were men [13]. Stud-
ies in Italy and the United States show a higher proportion of men
affected, up to 70% [14,15]. Only one study was found which con-
trasts with this information, that described by Han et al. which
evaluated 273 patients of which 64% were women. [16]

As for the age range most affected by SARS-CoV-2, our popula-
tion had an average age of 53, similar value to studies carried out in
Asian population where the most affected age ranges are from 35
to 55 years [17], However, the average age of SARS-CoV-2 patients
can be variable; for example in the United States, the average that
has been observed is 29 years [14] and in Italy, it is approximately
80 years [15].

Of the total population, 73 patients (28.7%) presented myocar-
dial injury, a figure higher than those reported in the international
literature (7.2–19.7%) [18].Of those diagnosed with myocardial
injury, 64 fulfilled the diagnosis at the time of hospital admission
5

and only 9 patients after seven days of hospitalization; It should
be emphasized that most patients were admitted with myocardial
injury, suggesting myocardial injury prior to systemic complica-
tions. Unlike previous studies where they observed altered
biomarkers of heart damage at the midpoint of hospitalization
and immediately before death [18,19].

While the increase in troponins determines the existence or not
of myocardial injury, the interpretation of this biomarker requires
careful integration with a range of other clinical factors [symp-
toms, history of CVD and other comorbidities, electrocardiogram
(ECG) changes, etc.]. Besides the dynamic nature of this biomarker
should be considered [20].

A relationship has been shown between electrocardiographic
findings and mortality in patients with COVID-19, among these
findings are alterations of repolarization as the inversion of the T
wave of ischemic type. [21] This same electrocardiographic finding
was the most frequent in our study, and it was related to increased
mortality and mechanical intubation risk.

Some reports mention a mild increase in troponins in patients
with COVID-19 and a pre-existing CHD or CKD [22], however, in
our study, the percentage of the population with a history of
CHD and CKD was minimal, without statistical significance in favor
of myocardial injury. This finding leads us to believe that tro-
ponin’s elevation was secondary to the SARS-CoV-2 infection and
not secondary to previous comorbidities.

The prevalence of comorbidities is also an important factor in
patients evaluated. The most frequent pathologies in COVID-19
patients were: obesity (62.2%), systemic arterial hypertension
(35.4%) and diabetes (31.5%); when comparing these findings with
the Chinese population where prevalence of 20.7% of hypertensive
patients as well as 10.5% of diabetes were observed [23,24], we can
see that the Mexican population tends to associate more comor-
bidities, which means a worsening of the prognosis.

In the population with myocardial injury was found more
prevalence of hypertension (45.3%) and obesity (82.2%), figures
that match those reported in several previous series [18,25,26]; it
is interesting to mention that the prevalence of diabetes in the
myocardial injury group was not statistically significant. Data that
contrast with the reported records where diabetes has been iden-
tified as significant comorbidity for myocardial injury and mortal-
ity. [15,25]
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The clinical presentation of COVID-19 is very similar to that
reported in other case series, with the main symptoms being fever,
dyspnea, tiredness and cough. [13,17].

At the biochemical level, the elevation of leukocytes, neu-
trophils, ferritin, DHL, hs-CRP, AST, creatinine, BUN, hs-cTnI, NT
pro-BNP and decreased lymphocyte count, and albumin, are simi-
lar to those observed in the international literature [26–29]. The
detection of inflammatory markers simultaneously with cardiac
enzymes reveals a strong relationship between the myocardial
lesion and the inflammatory process.

No drugs are formally approved for COVID-19, although some
have been tried out. In our study was administered
azithromycin + HCQ based on the hypothesis that these drugs
had efficacy in the treatment of COVID-19 [30,31]. Patients who
underwent treatment showed less mortality risk even though cur-
rent data do not support hydroxychloroquine and azithromycin for
prophylaxis or treatment of COVID-19 [32].

Interest in corticosteroid therapy in COVID-19 has been rekin-
dled after the results from Randomized Evaluation of COVID-19
therapy (RECOVERY) Trial. This is the only randomized controlled
trial that has shown a significant reduction of death by 35% in ven-
tilated patients and by 20% amongst patients on supplemental oxy-
gen therapy with the dexamethasone [33]. Our study found that
patients under assisted mechanical ventilation showed less mor-
tality risk in those who underwent high dose steroids, regardless
of the type of steroid.

Anticoagulant therapy with low molecular weight heparin
appears to be associated with better prognosis in severe COVID-
19 patients, especially in patients with severe disease or high fer-
ritin levels. [34,35] In our study, no difference was found with this
treatment. It is also important to mention that no thromboem-
bolism episode was evidenced.

The overall mortality of our population with COVID-19 was
35.0%. This is a high proportion compared to other studies in China,
where mortality is reported as 4.3–28%. [13,19,26]

Mortality in patients with myocardial injury was approximately
2.5 times higher, 46 (63.0%) vs 43 (23.7%) p (<0.001); reporting
higher mortality than in previous studies where the myocardial
injury is associated with up to 51.2% mortality [18]. Therefore,
myocardial injury in patients with COVID-19 is strongly associated
with worse outcomes, the same results are reported in Chinese
population studies [18,25,36]. Survival in days from hospital
admission was significantly superior in patients without myocar-
dial injury vs. patients with myocardial injury.
5. Conclusions

Myocardial injury in COVID-19 Mexican patients is associated
with an increase in systemic complications and mortality. Some
demographic and biochemical predictors are primarily associated
with these outcomes and must be taken into consideration during
the hospital stay.

We consider incorporating cardiac biomarkers to their routine
laboratory panel for COVID-19 is vital because serial measure-
ments facilitate the understanding of results as compared to single
point measurements.

Randomized trials are urgently needed to investigate specifi-
cally treatment modalities to reduce the incidence and mortality
associated with COVID-19 related acute myocardial injury.
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