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Abstract
Patients with pre- existing liver diseases are considered to have an increased 
risk of morbidity and mortality from any type of infection, including viruses. 
The aim of this work was to explore the implications of metabolic dysfunction- 
associated fatty liver disease (MAFLD) and nonalcoholic fatty liver disease 
(NAFLD) definitions in coronavirus disease 2019 (COVID- 19) and to study 
the interaction between advanced fibrosis (AF) and each of these diseases 
in the death and intubation of patients hospitalized with COVID- 19. We per-
formed a retrospective study with 359 patients hospitalized with confirmed 
COVID- 19 infection in a tertiary referral hospital who were admitted between 
April and June 2020. A multivariate Cox model was performed regarding the 
interaction of AF with MAFLD and NAFLD in the mortality and intubation of 
patients with COVID- 19. The death rate was statistically significantly higher in 
the MAFLD group compared to the control group (55% vs. 38.3%, p = 0.02). 
No significant difference was seen in the death rate between the NAFLD and 
control group. The MAFLD (44.09% vs. 20%, p = 0.001) and NAFLD (40.51% 
vs. 20%, p = 0.01) groups had statistically significantly higher intubation rates 
than the control group. A statistically significant interaction between NAFLD 
and AF was associated with an increase in mortality (p = 0.01), while a statis-
tically significant interaction between MAFLD and AF was associated with an 
increased risk of mortality (p = 0.006) and intubation (p = 0.049). In the case 
of patients hospitalized with COVID- 19, our results indicate that the death 
rate was higher in the MAFLD group but not the NAFLD group compared to 
that in the control group. The intubation rates were higher in the NAFLD and 
MAFLD groups compared to rates in the control group, suggesting that both 
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INTRODUCTION

Liver health is critical for an effective immune response. 
The liver is a major source of proteins for the innate and 
adaptive immune responses (e.g., complement compo-
nents and acute- phase proteins responding to different 
proinflammatory cytokines). In addition, hepatocytes 
express different pattern recognition receptors, such 
as toll- like receptors, cytoplasmic nucleotide- binding 
oligomerization domain- like receptors, and RNA 
helicase.[1]

Patients with pre- existing liver diseases, such as 
cirrhosis and cancer, are considered to have an in-
creased risk of morbidity and mortality from any type 
of infection, including viruses.[1] At the beginning of the 
coronavirus disease 2019 (COVID- 19) pandemic, it did 
not seem that hepatic damage could have a role in the 
death toll caused by COVID- 19. However, many reports 
started showing an association between COVID- 19 
and alteration of liver function tests,[2] and patients with 
cirrhosis seemed to have a higher death rate.[3] Several 
studies have found an association between metabolic 
dysfunction- associated fatty liver disease (MAFLD) 
and nonalcoholic fatty liver disease (NAFLD) with an 
increased risk of developing severe COVID- 19 disease. 
However, there is controversy whether NAFLD and 
MAFLD could be associated with a higher death rate 
from COVID- 19.[4,5]

MAFLD is one of the most common conditions world-
wide, and it is estimated to be the most frequent chronic 
hepatic disease. In Mexico, MAFLD is a public health 
problem as it is present in more than 30% of its general 
population.[6] MAFLD was distinguished from NAFLD 
in 2020. One of the main aspects of MAFLD is that it 
focuses on metabolic dysregulation as the root of the 
condition. It also has positive criteria instead of being a 
diagnosis of exclusion.[7,8] MAFLD is characterized by 
“low- grade chronic inflammation with endothelial dys-
function, changes in the function of monocytes, and 
altered antigen presentation.” In the case of COVID- 19, 
mechanisms involved in acute inflammation could 
overlap with the proinflammatory state of MAFLD, oc-
casioning immune system dysregulation with excessive 
release of proinflammatory mediators (cytokine storm 
[CS]) that could increase the probability of organ dam-
age or even multiple organ failure.[8,9]

Hepatic fibrosis is the final common result of injury to 
the liver. It occurs not only in patients with chronic liver 
disease but also in other conditions, such as obesity, 
diabetes mellitus, hypertension, and chronic kidney 
disease.[10,11] Hepatic fibrogenesis could progress to a 
stage called advanced fibrosis (AF), which is related 

to several clinical settings (including portal hyperten-
sion, variceal bleeding, hepatorenal syndrome, hepatic 
encephalopathy, and ascites).[12] The relation between 
liver fibrosis and death from COVID- 19 has been doc-
umented in few retrospective studies. High values for 
the fibrosis- 4 (FIB- 4) index for liver fibrosis have been 
related to a higher death rate, longer hospital stay, and 
higher need for mechanical ventilation.[13,14] However, 
different cut- off points for the FIB- 4 index have been 
employed, leading to contradictory results, and some 
studies have not considered the most reported char-
acteristics associated with the severity of COVID- 19 as 
confounding variables. Furthermore, an interaction of 
MAFLD and NAFLD with AF has not been considered.

The aim of this work was to explore the implications 
of MAFLD and NAFLD definitions in COVID- 19 and 
study the interaction between AF and each of these 
diseases in the death and intubation of patients hospi-
talized with COVID- 19.

MATERIALS AND METHODS

Patients and methods

We performed a retrospective study. All patients admit-
ted to a tertiary referral hospital (Central Military Hospital 
[CMH], Secretaría De La Defensa Nacional) located in 
Mexico City, Mexico, with confirmed COVID- 19 infec-
tion from April 4, 2020, to June 24, 2020, were studied. 
COVID- 19 infection was confirmed using real- time re-
verse transcription polymerase chain reaction on na-
sopharyngeal swabs. Epidemiological data (age, sex, 
body mass index [BMI], type 2 diabetes, hypertension, 
and obesity), outcomes (length of hospital stay, death, 
and intubation), and laboratory test results (hematologi-
cal biometry, blood chemistry, and liver function tests) 
were obtained from the electronic health record (Digital 
Health System) of the CMH. We included the patients 
who died or were discharged between April 4, 2020, 
and June 24, 2020. Patients without liver function tests 
in the first 24 hours of hospitalization were excluded. 
In addition, patients with significant consumption of al-
cohol (>30 g/day for men and >20 g/day for women); 
known history of autoimmune liver disease, liver can-
cer, decompensated cirrhosis, platelet disorders, or 
myopathies; or incomplete data were excluded.

The following three groups were formed: (1) patients 
without NAFLD or MAFLD (control); (2) patients with 
NAFLD not meeting the criteria for MAFLD; and (3) 
patients with MAFLD. These groups were also divided 
depending on the presence or absence of AF. MAFLD 

could be associated with COVID- 19 severity. In addition, we found interac-
tions between AF with MAFLD and NAFLD.



2002 |   INTERACTION OF MAFLD AND NAFLD WITH ADVANCED FIBROSIS

was diagnosed according to the international expert 
consensus statement as the presence of steatosis with 
a noninvasive method and one of the following: (a) over-
weight BMI (25– 29.9 kg/m2); (b) type 2 diabetes; and (c) 
presence of two metabolic abnormalities (blood pres-
sure >140/90 mm Hg, plasma triglycerides >150 mg/dL,   
plasma high- density lipoprotein cholesterol [HDL- C] 
<40 mg/dL in men and <50 mg/dL in women, and predi-
abetes).[7] Patients with hepatic steatosis but not meet-
ing the criteria to diagnose MAFLD were included in the 
group with NAFLD.

In this study, hepatic steatosis was identified with 
a validated instrument with the following regression 
model (RM): 113.163 + 0.252 × ALT + 6.316 × BMI. A 
cut- off value of 277.62 was established; at higher val-
ues, it has a sensitivity of 87.68% and a specificity of 
90% in the identification of liver steatosis. We decided 
to use the RM instrument given the higher accuracy of 
the instrument identifying liver steatosis compared to 
the FibroScan (82.6% vs. 69.6%).[15] We had insuffi-
cient information to calculate other instruments of liver 
steatosis.

Fibrosis was evaluated with the FIB- 4 index using 
the following formula: FIB- 4 = [age × aspartate ami-
notransferase (AST)]/{platelets × [alanine aminotrans-
ferase (ALT)^1/2]}, and AF was identified with a FIB- 4 
index value >2.67.[16]

Statistical analysis

Data are presented using mean (SD) and count (per-
centage [%]) for numerical and categorical variables, 
respectively. Numerical variables were compared 
using the two- tailed t test or one- way analysis of vari-
ance, depending on the number of compared groups. 
The assumption of the equality of variances across 
groups was assessed with Bartlett's test. The normal 
distribution of the residuals in each group was verified. 
Categorical variables were compared using Fisher's 
exact test. The death rate and intubation rate among 
the groups were compared, and a subgroup analysis 
was performed between the control group and each of 
the following three groups: NAFLD, MAFLD, and the 
overlap of MAFLD and NAFLD.

An analysis of the interaction of MAFLD and NAFLD 
with AF in the mortality and intubation of patients hos-
pitalized with COVID- 19 was performed with a multi-
variate Cox proportional hazard regression (CPHR) 
model. The covariates used in the multivariate model 
were considered based on univariate analysis and by 
its clinical importance as the main factors for mortality 
and intubation described in this population.[17,18] The ad-
justment variables included age (continuous variable), 
sex, type 2 diabetes, hypertension, overweight (BMI, 
25– 29.9 kg/m2), and obesity (BMI, ≥30 kg/m2). Hazard 
ratios (HRs) were estimated as a measure of effect size 

of the variables included in the CPHR model. Time con-
sidered in the CPHR model was days of hospitalization 
to the outcomes. The outcomes studied were the oc-
currence of death or intubation during the hospitaliza-
tion of patients with COVID- 19. In the death outcome, 
patients who recovered and were discharged from the 
hospital were censored; in the intubation outcome, 
patients who died during hospitalization or recovered 
and were discharged from the hospital without being 
intubated were censored. The goodness- of- fit of the 
CPHR models was estimated with the likelihood ratio 
chi- square test. The proportional hazard assumption 
was evaluated with the Schoenfeld residuals method.

In the case of statistically significant interactions, 
a subgroup analysis among factors (MAFLD, NAFLD, 
and AF) was performed. Post hoc analysis was per-
formed using 2 × 2 contingency tables with Fisher´s 
exact test. When comparing more than three groups, 
α was adjusted with the Bonferroni correction for cate-
gorical variables according to all the possible number 
of comparisons using the following inequality: ad-
justed p < Bonferroni- adjusted α value = α/number of 
comparisons.

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 27.0., whereas bar 
graphs and forest plots were elaborated in GraphPad 
Prism for Windows, version 8.4.0.

Ethical considerations

This study was approved (registration no. 066/2020) 
by the Research Committee at the CMH. The present 
study complies with the basic principles of human re-
search following the Declaration of Helsinki. In this 
study, we used a de- identified version of this data set, 
with the assent of the Research Committee at the CMH 
to process patient confidential data without explicit pa-
tient consent. All methods were carried out in accord-
ance with relevant guidelines and regulations.

RESULTS

A total of 359 patients were included in the study. 
The mean age was 54.3 years (SD, 14.69 years), 257 
(71.59%) were men, 79 (22.01%) had NAFLD, and 220 
(61.21%) had MAFLD. The three most frequent co-
morbidities were overweight (33.43%), hypertension 
(15.32%), and type 2 diabetes (14.48%). The most fre-
quent symptoms were fever (68.8%), dyspnea (64.9%), 
and cough (58.5%).

Of these patients, 141 (39.28%) were intubated and 
185 (51.53%) died. The mean length of stay was 11.11 
days (SD, 8.97). Nonsurvivors were older, with a mean 
age of 58.4 years (SD, 13.88 years); these patients 
had higher frequencies of both hypertension (20.54% 
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vs. 9.77%, p = 0.005) and obesity (13.51% vs. 6.32%,  
p = 0.03) compared to survivors. In regard to the 
 laboratory tests, nonsurvivors had higher levels of leu-
kocytes 103/µL (mean, 11.05; SD, 5.14 vs. mean, 7.95; 
SD, 3.82; p = 0.001), neutrophils 103/µL (mean, 9.99; 
SD, 7.86 vs. mean, 6.5; SD, 3.9; p < 0.001), glucose 
mg/dL (mean, 175.05; SD, 108.43 vs. mean, 130.6; SD, 
86.24; p < 0.001), urea mg/dL (mean, 65.96; SD, 48.69 
vs. mean, 43.66; SD, 45.04; p < 0.001), triglycerides 
mg/dL (mean, 250.4; SD, 304.15 vs. mean, 216.75; 
SD, 150.1; p < 0.001), C- reactive protein (CRP) mg/dL  
(mean, 188.93; SD, 135.39 vs. mean, 120.89; SD, 
108.24; p < 0.001), and lactate dehydrogenase (LDH) 
UI/L (mean, 840.33; SD, 878.08 vs. mean, 560.06; 
SD, 348.02; p < 0.001) as well as lower levels of albu-
min g/dL (mean, 3; SD, 0.65 vs. mean, 3.67; SD, 2.45;  
p < 0.001) and HDL- C mg/dL (mean, 22.55; SD, 9.39 
vs. mean, 32.13; SD, 19.32; p < 0.001) (Table 1).

A statistically significant difference in the death rate 
was found between the MAFLD and NAFLD groups 
compared to the control group (54.18% vs. 38.33%,  
p = 0.03). The MAFLD group had a statistically 
 significantly higher death rate compared to the control 
group (55% vs. 38.33%, p = 0.02). However, no dif-
ferences were found between the NAFLD and control 
groups. Similarly, the intubation rate was significantly 
different between the MAFLD and NAFLD groups com-
pared to the control group (43.14% vs. 20%, p < 0.001). 
The MAFLD (44.09% vs. 20%, p = 0.001) and NAFLD 
(40.51% vs. 20%, p = 0.01) groups had higher intubation 
rates compared to the control group (Figure 1). There 
were statistically significant differences in glucose, 
triglycerides, and HDL- C among the groups. Patients 
with MAFLD had higher levels of glucose than the con-
trol and NAFLD groups, while patients with NAFLD and 
MAFLD had lower levels of HDL- C and triglycerides 
compared to the control group (Table 2).

The CPHR found statistically significant interactions 
between AF and MAFLD (p = 0.05) in the intubation 
outcome. For the death outcome, AF had a statistically 
significant interaction with both NAFLD (p = 0.01) and 
MAFLD (p = 0.006) (Table 3). When groups were di-
vided according to the presence of AF, there were 
statistically significant global differences in mortality 
(p < 0.001) and intubation (p = 0.002) among them. 
Bonferroni- adjusted α established the statistically sig-
nificant level at adjusted p < 0.0033 for the subgroup 
analysis. Statistically significant differences in intuba-
tion rates were found between the control group with 
the MAFLD (16.3% vs. 39.9%, adjusted p = 0.003) and 
MAFLD + AF (16.3% vs. 53.7 %, adjusted p < 0.001) 
groups. In addition, the subgroup analysis found differ-
ences in mortality between the control group with the 
NAFLD + AF (adjusted p = 0.002) and MAFLD + AF 
(adjusted p < 0.001) groups (Figure 2; Table 4).

Adjusted and unadjusted CPHR models are shown 
in Figure 3. The adjusted model found that patients 

with NAFLD (adjusted HR, 2.15; 95% confidence in-
terval [CI], 1.1– 4.21; p = 0.02) and MAFLD (adjusted 
HR, 2.79; 95% CI, 1.46– 5.31; p = 0.002) had a higher 
risk of intubation compared to patients in the control 
group. Patients with MAFLD had an increased risk of 
death compared to the control group (adjusted HR, 
1.75; 95% CI, 1.07– 2.88; p = 0.02). Between the adjust-
ment covariables, only age was associated with intuba-
tion (adjusted HR, 1.02; 95% CI, 1.01– 1.02; p < 0.001) 
and death (adjusted HR, 1.02; 95% CI, 1.01– 1.03;   
p < 0.001).

Adjusted and unadjusted CPHR models when 
groups were divided according to the presence of AF 
are presented in Figure 4. Patients with NAFLD (ad-
justed HR, 2.62; 95% CI, 1.1– 6.21; p = 0.02), MAFLD 
(adjusted HR, 3.09; 95% CI, 1.36– 7.02; p = 0.007), and 
MAFLD + AF (adjusted HR, 3.81; 95% CI, 1.65– 8.81; 
p = 0.002) were associated with an increased risk of 
intubation compared to patients in the control group. 
Patients with NAFLD + AF (adjusted HR, 2.44; 95% CI, 
1.21– 4.9; p = 0.01) and MAFLD + AF (adjusted HR, 
2.25; 95% CI, 1.23– 4.12; p = 0.008) were associated 
with a higher risk of death.

DISCUSSION

In the case of patients hospitalized with COVID- 19, 
our results indicate that the death rate was higher in 
the MAFLD group but not the NAFLD group compared 
to that in the control group. The intubation rates were 
higher in the NAFLD and MAFLD group compared to 
the rate in the control group. In addition, we found a sta-
tistically significant interaction of NAFLD and MAFLD 
with AF that increased the risk of mortality and intu-
bation of the patients. Age was a determinant variable 
for mortality and intubation in patients hospitalized with 
COVID- 19.

There are few comparable studies in methodol-
ogy and the studied population. However, our results 
agree with the meta- analysis performed by Hegyi and 
colleagues[19] that found patients with NAFLD were 
associated with a more severe course of COVID- 19 
disease (intensive care unit [ICU] admission and clin-
ical severity); however, they were unable to evaluate 
mortality as an outcome. A meta- analysis by Singh and 
colleagues[20] showed that patients with NAFLD had an 
increased risk for severe COVID- 19 infection (by clin-
ical criteria) and ICU admission with no difference in 
mortality compared to the non- NAFLD group.

In the case of patients with MAFLD, the meta- analysis 
by Sharma and Kumar[21] found that MAFLD was asso-
ciated with a 4- fold to 6- fold increase in COVID- 19 se-
verity compared to patients without MAFLD. Likewise, it 
was found in the same study that patients with MAFLD 
did not have an increased risk of dying from COVID- 19. 
The meta- analysis by Tao and colleagues[22] also found 
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TA B L E  1  Comparison of epidemiological data and baseline laboratory tests between survivor and nonsurvivor patients with COVID- 19

Variable

Overall Survivors Nonsurvivors

p valuen = 359 n = 174 n = 185

Characteristics

Age in years, mean (SD) 54.3 (14.69) 50 (14.31) 58.4 (13.88) <0.001a

SBP, mm Hg 124.71 (26.71) 122.73 (15.62) 126.58 (33.39) 0.1

DBP, mm Hg 73.21 (12- 9) 74.46 (11.09) 72.04 (14.33) 0.07

Sex (male) n (%) 257 (71.59) 123 (47.86) 134 (52.14) 0.7b

Intubation 141 (39.28) 18 (12.77) 123 (87.23) <0.001

Symptoms

Fever, n (%) 247 (68.8) 122 (49.39) 125 (50.61) 0.6b

Dyspnea 233 (64.9) 112 (64.37) 121 (65.41) 0.9

Cough 210 (58.5) 103 (59.2) 71 (40.8) 0.8

Myalgia 151 (42.06) 75 (43.1) 76 (41.08) 0.7

Arthralgia 146 (40.67) 72 (41.38) 74 (70) 0.8

Headache 75 (20.89) 39 (22.41) 36 (19.46) 0.5

Pharyngalgia 53 (14.76) 30 (56.6) 23 (43.4) 0.2

Chest pain 36 (10.03) 18 (10.34) 18 (9.73) 0.8

Diarrhea 23 (6.41) 12 (6.9) 11 (5.95) 0.8

Vomiting 14 (3.9) 10 (5.75) 4 (2.16) 0.1

Anosmia 6 (1.61) 4 (2.3) 2 (1.08) 0.4

Comorbilities

Overweight n (%) 120 (33.43) 59 (33.91) 61 (32.97) 0.9b

Hypertension 55 (15.32) 17 (9.77) 38 (20.54) 0.005

Type 2 diabetes 52 (14.48) 21 (12.07) 32 (17.3) 0.1

Obesity 36 (10.03) 11 (6.32) 25 (13.51) 0.03

COPD 11 (3.06) 7 (4.02) 4 (2.16) 0.2

Laboratory tests

Hemoglobin in g/dL, mean (SD) 14.36 (3.67) 14.6 (4.32) 14.1 (2.92) 0.2a 

Platelets, 103 238.97 (114.43) 233.95 (110.6) 243.7(118.01) 0.4

Leukocytes, 103/µL 9.55 (4.8) 7.95 (3.82) 11.05 (5.14) <0.001

Lymphocytes, 103/µL 1.12 (0.79) 1.17 (0.81) 1.06 (0.77) 0.2

Neutrophils, 103/µL 8.34 (6.5) 6.5 (3.9) 9.99 (7.86) <0.001

Creatinine, mg/dL 1.97 (6.58) 2.21 (9.18) 1.75 (2.22) 0.5

Glucose, mg/dL 153.51 (101.01) 130.6 (86.92) 175.05 (108.43) <0.001

Urea, mg/dL 55.18 (48.21) 43.66 (45.04) 65.96 (48.69) <0.001

ALT, UI/L 55.23 (86.7) 47.68 (33.08) 62.32 (116.16) 0.1

AST, UI/L 79.14 (368.8) 48.11(28.79) 108.32 (511.97) 0.1

Albumin, g/dL 3.32 (1.79) 3.67 (2.45) 3 (0.65) <0.001

TB, mg/dL 0.98 (3.97) 0.67 (0.4) 1.28 (5.48) 0.1

HDL- C, mg/dL 27.19 (15.77) 32.13 (19.32) 22.55 (9.39) <0.001

Triglycerides, mg/dL 273.3 (214.78) 216.75 (150.1) 326.49 (250.4) <0.001

CRP, mg/dL 156.96 (127.82) 120.89 (108.24) 188.93(135.39) <0.001

LDH, UI/L 708.89 (696.1) 560.09 (348.02) 840.33 (878.08) <0.001

FIB- 4 score 3.14 (7.54) 2.12 (3.51) 4.1 (9.86) 0.01

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease; COVID- 19, coronavirus 
disease 2019; CRP, C- reactive protein; DBP, diastolic blood pressure; FIB- 4, fibrosis- 4; HDL- C, high- density lipoprotein cholesterol; LDH, lactate 
dehydrogenase; SBP, systolic blood pressure; TB, total bilirubin.
aTwo- tailed t test for independent measures.
bFisher´s exact test.
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that the risk of severe COVID- 19 increased with MAFLD 
and that there was no association of MAFLD with death 
from COVID- 19. However, in both meta- analyses, there 
was heterogeneity in the criteria for diagnosing MAFLD 
among the different studies, and multivariate models 
were not considered.

Our results agree with the international literature 
suggesting that both NAFLD and MAFLD may increase 
the risk of severity in COVID- 19. The association of 
MAFLD and NAFLD with severe COVID- 19 could 
be related to the low proinflammatory state that has 
been associated with metabolic dysregulation. Severe 
COVID- 19 has been associated with a proinflammatory 
state called a CS. A CS is composed of the activation 
of inflammasomes and excessive release of interleukin 
(IL)- 6 and IL- 1B into the bloodstream by macrophages; 

this could lead to organ damage or even circulatory 
collapse.[23]

The liver has the largest macrophage (Kupffer cells) 
reservoir in the body, and it is known that Kupffer cells 
shift to proinflammatory M1 polarization in response 
to weight gain and insulin resistance, which are two 
important factors in NAFLD and MAFLD, favoring a 
chronic low proinflammatory state.[9,24] Consequently, 
the proinflammatory state in MAFLD or NAFLD could 
overlap with the acute proinflammatory state caused by 
COVID- 19 infection, resulting in immune system dys-
regulation with excessive release of proinflammatory 
mediators (i.e., CS).

However, in this study, we found that patients with 
MAFLD, in addition to having a higher risk of sever-
ity, have a statistically significantly higher risk of dying 

F I G U R E  1  Bar graphs representing subgroup analysis of death and intubation among the groups. MAFLD, metabolic dysfunction- 
associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; ns, not significant
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TABLE 2 Comparison of epidemiological data and baseline laboratory tests between control and patients with NAFLD and MAFLD with COVID- 19

Variable
Control NAFLD MAFLD

p valuen = 60 n = 79 n = 220

Characteristics

Age in years, mean (SD) 55.96 (17.48) 54.56 (14) 53.87 (14.13) 0.6a

Length of stay in days, mean (SD) 11.18 (7.77) 11 (9.16) 11.14 (9.24) 0.9

SBP, mm Hg, mean (SD) 124.76 (42.1) 123.23 (19.2) 125.23 (22.88) 0.8

DBP, mm Hg, mean (SD) 71.1 (10.23) 71.79 (13.06) 74.3 (13.42) 0.1

Sex (male) n (%) 42 (70) 62 (78.48) 153 (69.55) 0.3b

Death n (%) 23 (38.33) 41 (51.9) 121 (55) 0.07

Intubated n (%) 12 (20) 32 (40.51) 97 (44.09) 0.002

Symptoms, n (%)

Fever 39 (65) 59 (74.68) 149 (67.73) 0.4b

Dyspnea 41 (68.33) 53 (67.09) 139 (63.18) 0.7

Cough 39 (65) 49 (62.03) 122 (55.45) 0.3

Myalgia 23 (38.33) 35 (44.3) 93 (42.27) 0.7

Arthralgia 19 (31.67) 33 (41.77) 94 (42.73) 0.3

Headache 13 (21.67) 14 (17.72) 48 (21.82) 0.7

Pharyngalgia 12 (20) 16 (20.25) 25 (11.36) 0.06

Chest pain 7 (11.67) 5 (6.33) 24 (10.91) 0.4

Diarrhea 6 (10) 3 (3.8) 14 (6.36) 0.3

Vomiting 1 (1.67) 1 (1.27) 12 (5.45) 0.2

Anosmia 1 (1.67) 1 (1.27) 4 (1.82) 1

Comorbilities, n (%)

Overweight 3 (5) 0 (0) 117 (53.18) <0.001b

Hypertension 9 (15) 3 (3.8) 43 (19.55) 0.002

Type 2 diabetes 8 (13.33) 0 (0) 45 (20.45) <0.001

Obesity 0 (0) 6 (7.59) 30 (13.64) 0.002

COPD 1 (1.67) 1 (1.27) 9 (4.09) 0.6

Laboratory tests, mean (SD)

Hemoglobin, mg/dL 14.14 (6.81) 14.45 (2.31) 14.39 (2.75) 0.8a

Platelets, 103/µL 256.76 (139.59) 242.45 (106.17) 232.87 (109.59) 0.3

Leukocytes, 103/µL 8.73 (4.86) 9.62 (4.55) 9.75 (4.87) 0.3

Lymphocytes, 103/µL 1.05 (0.43) 0.98 (0.62) 1.18 (0.91) 0.1

Neutrophils, 103/µL 7.16 (4.93) 8.38 (4.78) 8.65 (7.34) 0.2

Creatinine, mg/dL 2.4 (4.14) 1.15 (1.22) 2.15 (8.09) 0.4

Glucose, mg/dL 139.4 (91.53) 123.54 (65.01) 168.1(110.91) 0.001

Urea, mg/dL 57.21 (58.85) 48.51 (45.06) 57.03 (46.06) 0.3

ALT, UI/L 27.56 (16.58) 67.54 (49.99) 58.38 (105.12) 0.01

AST, UI/L 40.2 (19.38) 69.98 (54.67) 93.4 (469.62) 0.5

Albumin, mg/dL 3.79 (4.02) 3.29 (0.67) 3.19 (0.70) 0.07

TB, mg/dL 0.74 (0.46) 0.83 (0.56) 1.11 (5.04) 0.7

HDL-  C, mg/dL 39.91 (29.91) 26.94 (9.83) 23.81 (8.68) <0.001

Triglycerides, mg/dL 410.08 (353.6) 230.76 (121.66) 251.27 (173.74) <0.001

CRP, mg/dL 150.23 (137) 149.49 (124.2) 161.64 (126.84) 0.7

LDH, UI/L 567 (403.03) 682.59 (414.09) 754.3 (819.67) 0.1

FIB- 4 score 3.45 (7.03) 3.17 (7.42) 3.05 (7.75) 0.9

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic obstructive pulmonary disease; COVID- 19, coronavirus disease 
2019; CRP, C- reactive protein; DBP, diastolic blood pressure; FIB- 4, fibrosis- 4; HDL- C, high- density lipoprotein cholesterol; LDH, lactate dehydrogenase; MAFLD, 
metabolic dysfunction- associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; SBP, systolic blood pressure; TB, total bilirubin.
aOne- way analysis of variance.
bFisher´s exact test.
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from COVID- 19. Among the main causes of this situa-
tion are the high heterogeneity of criteria for diagnos-
ing MAFLD among the studies; in the present study, 
we tried to adhere as closely as possible to the crite-
ria of the international group of experts. The MAFLD 
definition has more importance in metabolic risk and 
is therefore superior in detecting people at increased 
risk of dying from COVID- 19. For instance, it has been 
estimated that patients with MAFLD have a higher risk 
of atherosclerotic cardiovascular disease compared to 
those with NAFLD.[25] In addition, patients with MAFLD 

have been found to have a higher prevalence of col-
orectal adenomas.[26]

This is the first study that reports a significant in-
teraction of NAFLD and MAFLD with AF in the deaths 
and intubations of patients hospitalized with COVID- 19. 
However, this finding agrees with Calapod and col-
leagues[27] who showed that patients with NAFLD and 
a FIB- 4 index >3.25 had longer hospital stays, more 
admissions to the ICU, and higher death rates; and with 
Targher and colleagues[28] who found that patients with 
MAFLD with significant AF had a higher likelihood of 

TA B L E  3  Cox proportional hazards regression model analysis of interactions between NAFLD and MAFLD with AF in death and 
intubation

AF NAFLD
Interaction 
AF × NAFLD MAFLD

Interaction 
AF × MAFLD

coef (SE) p value coef (SE) p value coef (SE) p value coef (SE) p value coef (SE) p value

Intubation 0.25 (0.19) 0.1 0.76( 0.34) 0.02 0.14 (0.33) 0.6 1.02 (0.32) 0.002 0.41 (0.21) 0.049

Death 0.46 (0.16) 0.004 0.44 (0.27) 0.9 0.65 (0.26) 0.01 0.56 (0.25) 0.02 0.5 (0.18) 0.006

Note: Adjusted to age, sex, and the comorbidities hypertension, type 2 diabetes, overweight, and obesity.
Abbreviations: AF, advanced fibrosis; coef, coefficient; SE, standard error; MAFLD, metabolic dysfunction- associated fatty liver disease; NAFLD, nonalcoholic 
fatty liver disease.

F I G U R E  2  Bar graphs representing post hoc analysis of the association of NAFLD and MAFLD with mortality and intubation compared 
to the control group when AF was considered. Bonferroni correction for α (0.05) was performed considering all possible comparisons 
among groups. A significant result is when the adjusted p value is less that Bonferroni- adjusted α = 0.0033. AF, advanced fibrosis; MAFLD, 
metabolic dysfunction- associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; ns, not significant
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having severe COVID- 19 disease. In addition, Campos 
et al.[29] reported that patients with MAFLD and liver 
fibrosis had associations with intubation, mortality, and 
acute kidney injury. Our results contradict the study of 

Lopez- Mendez et al.[30] who reported no association 
between AF and NAFLD with mortality. However, their 
cut- off point for AF was different from the international 
consensus (FIB- 4 index >2.67), and their method was 
a logistic regression that was not adjusted for age and 
sex, increasing the possibility of bias.

Liver fibrosis is a process initiated by the activation 
of stellate cells, followed by release of profibrotic and 
proinflammatory mediators. The key in the activation 
of stellate cells in MAFLD or NAFLD is the perpet-
uation of the proinflammatory stimuli by the Kupffer 
cells.[31] Despite having a profibrotic effect, stellate 
cells can also promote the production of adhesion 
proteins and chemokines, which result in the recruit-
ment of inflammatory cells and the amplification of 
proinflammatory stimuli.[32] Presumably, the activa-
tion of stellate cells could synergize with the M1 po-
larization of macrophages in the acute inflammatory 
state caused by COVID- 19, leading to a more severe 
presentation of the disease with higher mortality. Our 
results may indicate that both NAFLD and MAFLD, 
when significant fibrosis is present, are at a statisti-
cally significant increase of death during hospitaliza-
tion for COVID- 19.

Our study has a number of strengths. First is that 
MAFLD was diagnosed according to international expert 
consensus and not only as the presence of liver steato-
sis, and to the best of our knowledge, few papers have 
correctly classified MAFLD. Second, we were able to ad-
just the risk to the main determinants in mortality reported 
for COVID- 19 in a Mexican population. Third, the sample 

TA B L E  4  Comparison of death and intubation rates among 
groups with advanced fibrosis

Group
Survivors 
n = 174

Nonsurvivors   
n = 185 p value

Controla 27 (15.52) 16 (8.65) <0.001*

Control and AFabc 10 (5.75) 7 (3.71)

NAFLDa 32 (18.39) 22 (11.89)

NAFLD and AFbc 6 (3.45) 19(10.27)

MAFLDab 81 (46.55) 72 (38.92)

MAFLD and AFc 18 (10.34) 49 (26.49)

Nonintubated 
n = 218

Intubated   
n = 141 p value

Controla 36 (16.5) 7 (4.96) 0.004

Control and AFabc 13 (5.5) 5 (3.55)

NAFLDabc 33 (15.14) 21 (14.89)

NAFLD and AFabc 14 (6.42) 11 (7.8)

MAFLDbc 92 (42.2) 61 (43.26)

MAFLD and AFc 31 (14.22) 36 (25.53)

Abbreviations: AF, advanced fibrosis; MAFLD, metabolic dysfunction- 
associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease.
a– cDifferent supercript letters indicate differences between groups 
(Bonferroni- adjusted p < 0.0033).
*Significant using Fisher´s exact test.

F I G U R E  3  Forest plot with the unadjusted and adjusted hazard ratios for MAFLD and NAFLD relative to the control group. Adjusted 
models include age, sex, and the comorbidities hypertension, type 2 diabetes, overweight, and obesity. Age was considered a continuous 
variable. The model for the death outcome had a global likelihood chi- square test with p = 0.001 and global Schoenfeld residual tests 
chi- square with p = 0.3. The model for the intubation outcome had a global likelihood chi- square test with p = 0.001 and global Schoenfeld 
residual tests chi- square with p = 0.8. CI, confidence interval; MAFLD, metabolic dysfunction- associated fatty liver disease; NAFLD, 
nonalcoholic fatty liver disease
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size exploring MAFLD was one of the largest reported in 
Mexico. Fourth, the patients analyzed were admitted in 
the first months of the pandemic and therefore did not re-
ceive drugs with evidence for reducing mortality, limiting 
their management to supportive measures.

Our study also had a number of limitations. First, the 
limitations of this study are those inherent to retrospec-
tive studies. Second, our study population consisted only 
of a Mexican population treated in Mexico, so the results 
cannot be generalized to other populations. Third, we 
have insufficient data to calculate the risk of severity 
and ICU admission. Fourth, the data correspond to the 
first months of the pandemic when treatments were less 
standardized, including the criteria for mechanical ven-
tilation. Fifth, there were limitations of use of the FIB- 4 
score to determine fibrosis and the inability to stage fi-
brosis rather than reliance on a single cutoff. Sixth, pa-
tients with decompensated cirrhosis were excluded.

In conclusion, in the case of patients hospitalized with 
COVID- 19, our results indicate that the death rate was 
higher in the MAFLD group but not the NAFLD group 
compared to that in the control group. The intubation 
rates were higher in the NAFLD and MAFLD groups 
compared to rates in the control group, suggesting that 
both could be associated with COVID- 19 severity. In 
addition, AF may additively affect the prognosis of pa-
tients with NAFLD and MAFLD. Further studies should 
focus on finding the pathophysiological mechanisms 
for the interactions found between AF with MAFLD and 
NAFLD.
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