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a  b  s  t  r  a  c  t

Introduction  and  Objectives:  As of  January  2021,  over  88  million  people  have  been  infected  with  COVID-19.
Almost  two  million  people  have  died of severe  acute  respiratory  syndrome  coronavirus  2  (SARS-CoV-
2).  A  high  SOFA  score  and a  D-Dimer  >1 �g/mL identifies  patients  with  high  risk  of  mortality.  High
lactate dehydrogenase  (LDH)  levels  on  admission  are  associated  with  severity  and  mortality.  Different
degrees  of  alanine  aminotransferase  (ALT)  and/or  aspartate  aminotransferase  (AST)  abnormalities  have
been reported  in  these  patients,  its association  with  a mortality  risk  remains  controversial.  The  aim  of
this study  was  to explore  the  correlation  between  LDH  and  in-hospital  mortality  in Mexican  patients
admitted  with  COVID-19.
Materials & Methods:  We  performed  a retrospective  multi-centre  cohort  study  with  377  hospitalized
patients  with  confirmed  SARS-CoV-2  in three  centres  in Mexico  City,  Mexico,  who  were  ≥18  years  old
and died  or were  discharged  between  April  1  and  May  31, 2020.
Results:  A  total  of 377  patients  were  evaluated,  298  (79.1%)  patients  were  discharged,  and  79  (20.9%)
patients  died  during  hospitalization.  Non-survivors  were  older,  with  a median  age  of 46.7  ± 25.7  years

old,  most  patients  were  male.  An  ALT >  61  U/l (OR  3.45,  95%  CI 1.27−9.37;  p = 0.015),  C-reactive  protein
(CRP)  > 231  mg/l (OR  4.71,  95%  CI 2.35−9.46;  p = 0.000),  LDH >  561  U/l (OR  3.03,  95%  CI 1.40−6.55;
p =  0.005)  were  associated  with  higher  odds  for in-hospital  death.
Conclusions:  Our  results  indicate  that higher  levels  of  LDH,  CRP,  and  ALT  are associated  with  higher
in-hospital  mortality  risk  in  Mexican  patients  admitted  with  COVID-19.

© 2021  Fundación  Clínica  Médica  Sur,  A.C.  Published  by  Elsevier  Espa?a,  S.L.U.  This  is an  open  access
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1. Introduction
In December 2019 a new human infecting betacoronavirus was
described in China [1], by March 2020 coronavirus disease 2019
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COVID-19) had infected people from over a hundred countries and
as  deemed a pandemic [2]. As of January 2021, over 88 million
eople have been infected with COVID-19, and almost two million
eople have died of severe acute respiratory syndrome coronavi-

us 2 (SARS-CoV-2). In Mexico, over a million people have been
nfected, and over 131,000 deaths have been reported. In the last
ear, many attempts have been made to identify risk factors for
ortality.
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A retrospective cohort study has found that older age, a high
sequential organ failure assessment (SOFA) score and a D-Dimer
>1 �g/mL identifies patients with high risk of mortality [3]. Another
study has found that high cytokine levels (IL-2R, IL-6, IL-10, and
TNF-a), and high lactate dehydrogenase (LDH) levels on admis-
sion were associated with the severity of COVID-19 infection [4].
Neutrophilia, organ and coagulation dysfunction (as indicated by
high levels of lactate dehydrogenase), have also been associated
with mortality in patients with severe acute respiratory syndrome
(SARS) [2].

The global prevalence of metabolic syndrome is hard to mea-
sure, however it has been estimated to be around 25% [5]. In Mexico,
a recent meta-analysis reported a prevalence of 41% of metabolic
syndrome (95% CI 0.34−0.47) [6], the reported prevalence of obe-
sity (BMI ≥ 30 kg/m2) in the adult population of 2018 was 36.1% [7],
the prevalence of type 2 diabetes mellitus was 10.6% and of hyper-
tension 18.4% [8]. It has been found that SARS-CoV-2 affects older
males with comorbidities [9], however an association with higher
mortality risk remains controversial [3].

In a Chinese cohort, 43% of the patients with COVID-19 had
different degrees of alanine aminotransferase (ALT) and/or aspar-
tate aminotransferase (AST) abnormalities [9]. A large cohort in
China reported that 50% of patients who died of SARS-CoV-2 had an
ALT > 40 U/l, compared with 20.1% of survivors [10]. Increased lev-
els of serum lactate dehydrogenase indicate tissue injury, necrosis,
and hypoxia [11]. High LDH levels have been found to be an impor-
tant prognostic factor [11], and a predictor for mortality in patients
with sepsis [12].

Risk factors for severity and mortality of COVID-19 infection
have previously been reported, nevertheless, most of these studies
are single-centre and based on relatively small samples. The aim of
this study was to explore the correlation between serum biomark-
ers and in-hospital mortality in Mexican patients admitted with
COVID-19.

2. Methods

We  performed a retrospective multi-centre cohort study with
377 hospitalized patients with COVID-19 infection in three centres
in Mexico City, Mexico (Medica Sur Clinic and Foundation, Hospital
General de Mexico and Hospital Central Militar Mexico) admitted
from April 1 and May  31, 2020. To confirm SARS-CoV-2 infection,
throat swab samples were taken from all patients upon admis-
sion and tested using real-time reverse transcriptase-polymerase
chain reaction (PCR). The general sociodemographic data including
age, sex, and chronic diseases (diabetes mellitus, hypertension, his-
tory of cardiovascular disease and chronic obstructive pulmonary
disease) and biochemical data, including haemoglobin, leukocytes,
platelets, creatinine, total bilirubin, alkaline phosphatase, ALT, AST,
C-reactive protein (CRP), international normalized ratio (INR), albu-
min, sodium and LDH were extracted from medical records using a
standardised data collection.

We included patients with a confirmed diagnosis of SARS-CoV-
2 infection who were ≥18 years old and died or were discharged
between April 1 and May  31, 2020. We  excluded patients with
incomplete sociodemographic and biochemical data. Treatment
varied from one centre to the other depending on available
resources and the criteria of each physician.

2.1. Statistical analysis
Sociodemographic data are presented using numbers (per-
centages) or median (interquartile range [IQR]) as appropriate.
Categorical variables were compared using Chi Square Test (or
Fisher’s exact test when non-parametric). Continuous variables
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ere compared using Student’s T test (or Mann Whitney’s U test
hen non-parametric). We  subjected all variables to univariate

nalyses to select patients with p < 0.05 for multivariate analysis.
e  performed a multivariate binary logistical regression to identify

actors independently associated with the primary outcome. Two-
ailed p values <0.05 were considered statistically significant. Data
ere analysed using IBM SPSS Statistics software (version 23.0;

PSS Inc., Chicago, IL).
The present study complies with the basic principles of human

esearch following the Helsinki Declaration of the Medical Associ-
tion (Helsinki Finland 1964, last amendment at the 52nd General
ssembly, in Fortaleza, Brazil, October 2013). The data collected
as handled confidentially.

. Results

A total of 377 patients were included in the final analysis, 298
79.1%) patients were discharged, and 79 (20.9%) patients died
uring hospitalization (Fig. 1). Non-survivors were older, with a
edian age of 46.7 ± 25.7 years old, and most patients were male

Table 1). The most frequent comorbidities were diabetes mellitus
nd hypertension; cardiovascular disease, chronic obstructive pul-
onary disease (COPD) and the need of dialysis were more frequent

n the non-survivors group (Table 1).
Laboratory findings on admission are presented in Table 1. In the

on-survivors group, haemoglobin levels were lower, and leuko-
ytes, creatinine, total bilirubin, alkaline phosphatase, ALT (alanine
minotransferase), AST (aspartate aminotransferase), CPR (C reac-
ive protein) and LDH (lactate dehydrogenase) levels were higher.

In univariate analysis odds for in-hospital death were higher in
atients aged >59 years old, those who needed dialysis during hos-
italization, with leukocytes >11.2 × 109/L, creatinine >1.09 mg/dl,
otal bilirubin >1.11 mg/dl, alkaline phosphatase >111 U/l, ALT > 61
/l, AST > 69 U/l, CRP > 231 mg/l, LDH > 561 U/l, and a MELD score

 11 on admission (Table 2).
In the multivariate logistic regression model an ALT > 61 U/l (OR

.45, 95% CI 1.27−9.37; p = 0.015), CRP > 231 mg/l (OR 4.71, 95% CI

.35−9.46; p = 0.000), LDH > 561 U/l (OR 3.03, 95% CI 1.40−6.55;
 = 0.005) were associated with higher odd for in-hospital death,
he results were adjusted for study centre (Table 2, Fig. 2).

. Conclusions

This retrospective cohort study of 377 patients identified several
isk factors for mortality in patients hospitalized with diagnosis of
OVID-19, ALT greater than 61 U/l, CRP greater than 231 mg/l, and
DH greater than 561 U/l on admission were associated with higher
dds of in-hospital mortality.

In the 2003 epidemic of severe acute respiratory syndrome
oronavirus (SARS-CoV), a study found that elevated LDH, as an
ndicator of organ damage, was  elevated in 58% of the patients at
dmission [13]. Elevated neutrophil count, D-Dimer, BUN, creati-
ine and LDH have been found to be a common occurrence during
ospitalization in non-survivor patients with SARS-CoV-2 [14].

LDH is an ubiquitous enzyme in the human tissue that serves
s the last step of aerobic glycolysis by catalysing the conversion
f pyruvate to lactate reversibly [12]. In septic shock, inadequate
hole-body oxygen delivery results in a reduced ability of tissues

o extract oxygen to less than 50% so that lactic acid formation
ncreases, the endothelial inflammatory response also results in

icrocirculatory dysfunction that results in microregional oxygen

elivery not being sufficient to match demand [15]. Higher LDH lev-
ls have been previously found in non-survivor patients with sepsis
11], with an area under the curve for prediction for mortality of
.783 [12], and for severity of 0.799 [16].
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Fig. 1. Flowchart of study population.

Table 1
Demographic characteristics and laboratory findings on admission.

Variable Survivors (n = 298) Non-survivors(n = 79) p value

Age, mean (range), years 41.8 (±22.7) 46.72 (±25.7) 0.016
Male,  n (%) 215 (72.1%) 62 (78.5%) 0.257
Diabetes Mellitus, n (%) 64 (21.5%) 24 (30.4%) 0.096
Hypertension, n (%) 56 (18.8%) 20 (25.3%) 0.199
Cardiovascular disease, n (%) 6 (2%) 9 (11.4%) 0.000
COPD, n (%) 8 (2.7%) 8 (10.1%) 0.013
Dialysis, n (%) 10 (3.4%) 8 (10.1%) 0.012
Haemoglobin g/dl, median (IQR) 14.8 (13.3−15.8) 14 (12.2−15.5) 0.022
Leukocytes x103/�L, median (IQR) 7.3 (5.4−10.8) 9.4 (8.2−13.1) 0.000
Platelets x103/�L, median (IQR) 219 (171.7−301.5) 243 (180−310) 0.454
Creatinine mg/dl, median (IQR) 0.86 (0.7−1) 0.95 (0.7−1.7) 0.005
Total  bilirubin mg/dl, median (IQR) 0.77 (0.51−1) 0.97 (0.6−2.2) 0.000
Alkaline phosphatase U/l, median (IQR) 76 (58−102.5) 102 (68−124) 0.001
ALT  U/l, median (IQR) 36 (26−56) 46 (24−100) 0.040
AST  U/l, median (IQR) 43.5 (31−61.5) 51 (36−142) 0.000
CRP  mg/dl, median (IQR) 121 (48−197) 232 (126.5−321.5) 0.000
INR,  median (IQR) 1 (1−1.2) 1 (1−1.2) 0.888
Albumin g/dl, median (IQR) 3.5 (3−3.9) 3.3 (3−3.7) 0.283
Sodium mmol/l, median (IQR) 138 (136−140) 137 (135−140) 0.421
LDH  U/l, median (IQR) 380.5 (265.7−523.2) 536 (419−776) 0.000
MELD score, median (IQR) 8 (6−10) 9 (8−16) 0.000

COPD (Chronic Obstructive Pulmonary Disease), ALT (alanine aminotransferase), AST (aspartate aminotransferase), CRP (C reactive protein), INR (international normalized
ratio),  LDH (lactate dehydrogenase), MELD (Model of End-Stage Liver Disease).

Table 2
Univariate and Multivariate Analysis.

Variable UnivariateOR (95% CI) p value MultivariateOR (95% CI) p value

Age >59 years old 1.86 (1.08−3.19) 0.023 1.47 (0.53−3.90) 0.440
Cardiovascular disease 0.16 (0.05−0.46) 0.000 0.259 (0.66−1.00) 0.051
COPD  0.24 (0.08−0.67) 0.013 0.57 (0.14−2.19) 0.413
Dialysis 3.24 (1.23−8.52) 0.012 0.61 (0.13−2.88) 0.538
Centre 0.30 (0.15−0.61) 0.000 0.455 (0.09−2.14) 0.320
Haemoglobin <15.8 g/dl 0.67 (0.362−1.29) 0.207 – –
Leukocytes >11.2 × 109/L 2.00 (1.17−3.43) 0.010 1.00 (0.47−2.13) 0.986
Creatinine >1.09 mg/dl 2.96 (1.74−5.04) 0.000 1.21 (0.49−2.99) 0.679
Total  bilirubin >1.11 mg/dl 2.75 (1.62−4.69) 0.000 2.08 (0.84−5.14) 0.110
Alkaline phosphatase >111 U/l 2.19 (1.28−3.75) 0.003 0.86 (0.31−2.37) 0.779
ALT  >61 U/l 2.40 (1.41−4.09) 0.001 3.45 (1.27−9.37) 0.015
AST  >69 U/l 2.59 (1.52−4.39) 0.000 0.85 (0.32−2.30) 0.763
CRP  >231 mg/l 5.77 (3.24−10.26) 0.000 4.71 (2.35−9.46) 0.000
LDH  > 561U/l 3.54 (2.08−6.00) 0.000 3.03 (1.40−6.55) 0.005
MELD > 11 3.75 (2.11−6.64) 0.000 1.79 (0.73−4.37) 0.199

COPD (Chronic Obstructive Pulmonary Disease), ALT (alanine aminotransferase), AST (aspartate aminotransferase), CRP (C reactive protein), LDH (lactate dehydrogenase),
MELD  (Model of End-Stage Liver Disease).
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Fig. 2. Difference in proportion of patients with alterations in ALT (alanine aminotr
and  non-survivors.

In murine models with acute liver failure, it has been found
that increased LDH concentrations in nuclear fractions in the liver
are associated with increased histone H3 hyper-acetylation, which
induces the expression of genes related to damage response [17].
It has also been found that the production of LDH by hepatocytes
is markedly increase at the acute phase of acute liver failure [18].

Our findings agree with other studies where a LDH higher than
245 U/l (OR 45.5, 95% CI 6.10–338.44; p = 0.0002) was associated
with higher in-hospital death [3].

Whether COVID-19 directly causes liver injury, or the changes
are secondary to systemic inflammation remains to be demon-
strated [19], the most frequent abnormal liver biochemical marker
is reported to be albumin (39.8%) [20]. Concentrations of ALT have
been found to be higher in non-survivors [21], a recent meta-
analysis found that ALT is the most commonly elevated liver
enzyme among these patients [20], elevations of ALT have been
found to be mild (less than 5 times normal) in 2-5% of patients
[22]. Nevertheless, the predictive value of abnormal ALT is not com-
pletely elucidated, some studies have found an association with
progression to severe illness [23] and mortality [20,24,25], while
others have not found an association [26,27]. In our study, higher
levels of ALT were associated with higher odds for in-hospital mor-
tality.

It must be highlighted that some of the characteristics of COVID-
19 related liver injury may  be shared with drug-induced liver
injury (DILI) and herb-induced liver injury (HILI). However, in these
patients where polypharmacy is often present, along with various
factors that can cause liver injury, it can become difficult to deter-
mine the cause. It has been suggested that the updated 2016 Roussel
Uclaf Causality Assessment Method (RUCAM) [28] can be a valuable
tool to help associate DILI or HILI as a cause of liver injury in these
population [29].

CRP is a pattern recognition molecule, its synthesis by hepato-
cytes rapidly increases after tissue injury or infection, suggesting a
contribution in the host defence [30], it has been suggested to be an
indicator of disease progression [31]. A CRP greater than 41.8 mg/l
has been found to predict disease severity and severe complications

with an area under the curve of 0.858 [32]. CRP levels have also been
found to correlate with the diameter of lung lesions (correlation
coefficient = 0.873, p < 0.001) and sever presentation (correlation
coefficient = 0.734, p < 0.001) [33]. Another study found that high

C
I
M

4

ase), CRP (C reactive protein), and LDH (lactate dehydrogenase) between survivors

RP and LDH levels correlate with PaO2/FiO2 values, suggesting
 relationship between tissue damage and infective status [34]. A
ositive relationship between CRP, LDH and AST with both APACHE

I and SOFA scores has also been reported [35].
Non-survivors had higher levels of CRP, LDH and ALT, this could

robably be a reflection of acute inflammatory injury, reflecting
ypoxia and tissue injury due to a strong inflammatory response
o infection. Thus, patients with abnormal levels upon arrival
hould be closely monitored for a prompt intervention and outcome
mprovement.

In spite of the fact that some studies have found that the pres-
nce of comorbidities such as cardiovascular disease and diabetes
ellitus are associated with higher odds for mortality [2], the asso-

iation has been inconsistent [3], and was  not found in our study.
One of the main strengths of our study is that it includes patients

orm three different centres, a private hospital, a public hospital and
 military hospital. Another strength is that the sample size is one
f the largest published in Mexico.

Limitations of the study are those inherent to retrospective
tudies. Second, although this was  a multicentre study, the cohort
onsisted only of Mexicans treated in Mexico City, so results can-
ot be generalized to other populations. Third, only hospitalized
atients were included, which may  be a selection bias for more
everely ill patients. Fourth, we had insufficient data to calculate
he risk of severity, intensive care unit (ICU) admission or need of

echanical ventilation.

bbreviation
OVID-19 coronavirus disease 2019
ARS-CoV-2 severe acute respiratory syndrome coronavirus 2
OFA sequential organ failure assessment
ARS severe acute respiratory syndrome
MI  body mass index
LT alanine aminotransferase
ST aspartate aminotransferase
DH lactate dehydrogenase
CR real-time reverse transcriptase-polymerase chain reac-
tion
RP C-reactive protein

NR international normalized ratio
ELD Model of End-Stage Liver Disease
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[35] Han Y, Zhang H, Mu S, Wei  W,  Jin C, Tong C, et al. Lactate dehydrogenase,
an independent risk factor of severe COVID-19 patients: a retrospective and
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COPD Chronic Obstructive Pulmonary Disease
SARS-CoV severe acute respiratory syndrome coronavirus
APACHE II acute physiology and chronic health disease classifica-

tion system II
ICU intensive care unit.
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