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Abstract

Purpose: This study’s purpose was to assess the impact of
metabolic associated fatty liver disease (MAFLD) on the outcome
of patients affected by Corona Virus Disease — 2019 (COVID-19).
Patients and Methods: This prospective observational study “was
conducted on patients affected by COVID-19 who were treated at
our Hospital from January 2022 to February 2023. The study
involved 200 adult patients with confirmed COVID-19, excluding
those with other chronic hepatic disorders, and included
comprehensive  clinical, laboratory, and ultrasonographic
assessments. The existence of MAFLD was assessed as newly
established, and the COVID-19 severity was evaluated per the
Egyptian protocol, and the diagnosis of MAFLD followed
international consensus criteria. Results: Patients with MAFLD
and COVID-19 (Group 1) had a significantly higher number of
patients with severe disease (n = 60, 60%) than patients with
COVID-19 alone (Group II) (n = 21, 21%, p < 0.001). The
mortality rate was 11% (n = 22), with a significantly higher rate
encountered in Group I (n = 16, 16% vs. n = 6, 6%, p = 0.024).
Conclusion: Patients with MAFLD exhibited distinct clinical and
laboratory features and were more likely to develop severe
COVID-19, with a higher mortality rate.

Key words: COVID-19, metabolic associated fatty liver disease
(MAFLD), outcome.
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Introduction

The global impact of Corona Virus
Disease — 2019 (COVID-19), a disease
developed by infection with the severe
acute respiratory syndrome coronavirus 2
(SARS-CoV2), has touched the lives of
countless individuals. This outbreak
initially surfaced in China, towards the
conclusion of 2019 ®. Subsequently, it
rapidly disseminated across the world,
with documented cases in over 180
nations. This compelled the World Health
Organization (WHQO) to endorse it as a
pandemic in February 2020, a designation
it maintains as it continues to cause the
loss of thousands of lives daily @.

In the initial stages of the pandemic, it
became evident that although COVID-19
primarily manifests with respiratory
symptoms, it exerts its influence on a
range of organ systems, including the
cardiovascular, hematological,
neurological, gastrointestinal, and renal
systems &9,

Liver damage stands out as a significant
aspect of COVID-19, as it is associated
with elevated hepatic enzymes in up to
65% of patients during the acute state (7,
8), and some individuals experience post-
COVID-19 hepatic complications (9, 10).
Various factors contribute to this liver
damage, including direct viral hepatic
cytotoxicity, hypoxic effects, the systemic
inflammatory  process,  coagulopathic

changes, and drug-induced liver toxicity
®)

Notably, angiotensin-converting enzyme 2
(ACE2) is a main entry route for SARS-
COV-2, and it is intriguing to observe that
inflammatory processes and hypoxic states
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can up regulate ACE-2 expression (11, 12).
It's important to mention that patients with
pre-existing chronic liver diseases may
experience more severe liver injury, partly
due to the elevated ACE2 expression in
these individuals ¢**%),

Non-alcoholic fatty liver disease (NAFLD)
is a globally prevalent disorder.
Recognizing that the term "NAFLD" does
not adequately manifest our stream
understanding of the condition, a panel of
experts has proposed a more fitting
terminology: metabolically associated fatty
liver disease, or "MAFLD." According to
an  experts  provided international
consensus, MAFLD is characterized by the
existence of liver steatosis in individuals
who meet a minimum of being overweight
or obese, showing indication of metabolic
dysfunction, or having type 2 diabetes
mellitus (DM) @19,

MAFLD has been associated with the risk
of experiencing more severe infections,
including conditions like community-
acquired pneumonia and other infectious
diseases ”. Nevertheless, it remains a
subject of debate whether MAFLD is
implicated in advancing the progression of
COVID-19 infection. Therefore, this study
aimed to evaluate the impact of MAFLD
on patients affected by COVID-19, and the
potential  predictors of COVID-19-
associated mortality.

Patients and methods

This is a prospective observational study
that involved patients affected by COVID-
19 who were managed in Toukh Fever
hospital during the period from January



2022 to February 2023. The study was
conducted after approval by the Research
Ethics Committee (No. 2-2022/12), and
the Declaration of Helsinki was adhered
to.

All adult patients who were presented to
the hospital with COVID-19 were eligible
for the study if the infection was proved
using the polymerase chain reaction
(PCR). Patients with a history of alcohol
intake, chronic viral hepatitis, autoimmune
hepatitis, systemic debilitating disease, or
malignancy were excluded. Patients were
followed-up until their discharge from
hospital, either with recovery or mortality.
Patients with incomplete required data
were also excluded. A written informed
consent was obtained from each included
patient.

The study patients (n = 200) underwent
detailed history-taking and a full clinical
examination. A comprehensive battery of
laboratory tests was conducted to evaluate
various aspects of the patients' health.
These tests encompassed assessments of
hemoglobin (Hb) levels (in g/dL), total
leukocyte count (TLC) x 1079 cells/L,
lymphocyte counts x 10”9 cells/L, platelet
count x 1079 cells/L, serum creatinine
levels (in mg/dL), C-reactive protein
(CRP) levels (in mg/L), ferritin levels (in
ng/mL), lipid profile (in mg/dL), D-dimer
(in  pg/L), aspartate aminotransferase
(AST) levels (in U/L), and alanine
aminotransferase (ALT) levels (in U/L).

All  patients were  subjected to
ultrasonographic examinations that were
performed by an expert radiologist who
was blinded to the clinical and laboratory
conditions. The examination was done
using a Mindray 2200 Medica apparatus
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equipped with a probe suitable for
abdominal examination (3-5 MHz probe).
The degree of liver steatosis was assessed
using a semi-quantitative scoring system
on a scale of 0 to 3, where 0 indicated the
absence of steatosis, 1 denoted mild
steatosis, 2 signified moderate steatosis,
and 3 represented severe steatosis. This
grading of steatosis followed the criteria
established by Saverymuttu et al. ®®
which took into consideration the presence
of abnormal high-level echoes emanating
from the parenchyma of the liver, the
discrepancy in the amplitude of echo
between the hepatic and renal parenchyma,
the extent of penetration of echo into the
deeper sections of the liver, and the ability
to delineate the structure of the hepatic
blood vessels.

The severity of COVID was determined
per Egyptian protocol for diagnosis and
treatment version 1.4 ®°, in which severe
cases were defined as those with any of the
following criteria: respiratory rate > 30,
oxygen saturation < 92 at room air, the
partial pressure of oxygen (PaO2) by the
fraction of inspired oxygen (FiO2)o < 300,
and /or chest radiology showing more than
50% lesion or progressive lesion within 24
to 48 hours. The MAFLD diagnosis was
done per the novel proposed criteria ®* ),
which defined patient as having MAFLD
if there was evidence of hepatic steatosis
(mostly by imaging) with at least one of
the following metabolic abnormalities:
overweight/obesity, type 2 diabetes
mellitus, and/or two or more signs of
metabolic dysregulation that included
hypertension, dyslipidemia, prediabetes,
insulin resistance, and elevated CRP.

The study patients with COVID-19 were
categorized into Group I, which included
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patients with MAFLD, and Group |,
which included patients without MAFLD.

The statistical analytic processes were
implemented using IBM SPSS Statistics
version 27 (IBM Inc., Armonk, NY, USA).
For comparison of the numerical and
categorical data, the independent t test and
the chi-square test were used, respectively.
To assess the predictors for COVID-19-
associated mortality, binary logistic
regression analysis was performed with a
calculation of the odds ratios (ORs) and
their confidence intervals (Cls). The
differences between groups were judged as
statistically significant if p-values were
less than 0.05.

Results

This study involved a total of 100 patients
in each group. The patients’ ages ranged
from 47 to 72 years, with a mean of 59.99
+ 6.77 in Group | and 60.46 = 7.07 in
Group Il. Males comprised more than half
of the study patients, constituting 57% of
Group | (n =57) and 60% of Group Il (n =
60). Both groups had comparable mean
age (p = 0.632) and the sex distribution (p
=0.677).

The patients body mass index (BMI;
kg/m?) was higher in Group | (27.52 +
1.51) than Group Il (25.5 + 1.26), with a
statistically significant difference (p <
0.001). Smoking prevalence was rather
similar in the two groups (13% in Group |
and 16% in Group Il, p = 0.547). Patients
in Group | had a significantly higher
prevalence of hypertension (48% vs. 29%,
p = 0.009) and type 2 DM (34% vs. 11%,
p <0.001) (Table 1).
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Concerning the laboratory findings,
patients in Group | exhibited significantly
lower hemoglobin levels (11.04 + 0.9 vs.
11.57 £ 0.6, p < 0.001), lymphocyte counts
(0.709 + 0.17 vs. 0.871 £ 0.35, p < 0.001),
and HDL levels (59.6 = 14.9 vs. 79.7
13.5, p < 0.001). Platelet counts were
comparable (239.18 + 71.16 vs. 251.97 +
45, p = 0.131). Group | also showed
significantly higher TLC (8.72 = 3.9 vs.
7.38 £ 3.6, p =0.014), CRP levels (70.45 =
26.1 vs. 58.79 £ 32.3, p = 0.005), ferritin
levels (468.9 £ 190.7 vs. 357.3 + 189, p <
0.001), creatinine levels (1.23 £+ 0.33 vs.
1.04 + 0.35, p < 0.001), D-dimer (599.96 +
226.99 vs. 442.37 + 227.55, p < 0.001),
ALT levels (80.56 + 31.7 vs. 64.37 + 29.5,
p < 0.001), AST levels (61.8 £ 24.6 vs.
50.86 + 26.3, p = 0.001), LDL levels
(136.1 +£39.3vs. 75+ 23.1, p<0.001), TG
levels (271.23 + 85.3 vs. 192.28 + 47, p <
0.001) (Table 2).

The ultrasound assessment revealed that
grade 1, grade 2, and grade 3 steatosis
were found in 18% (n = 18), 52% (n = 52),
and 30% (n = 30) of the patients in Group
I, respectively, while all patients in Group
I1 (100%) had grade O steatosis (p<0.001)
(Table 3).

As for disease severity, Group | showed a
significantly higher number of patients
with severe disease (n = 60, 60%) than
Group Il (n = 21, 21%) (p < 0.001). The
mortality rate was 11% (n = 22), with a
significantly higher rate encountered in
Group I (n = 16, 16% vs. n = 6, 6%, p =
0.024) (Table 4, Figure 1, 2).

Binary logistic regression revealed that the
predictors of mortality in all patients
affected by COVID-19 were the presence
of MAFLD (OR =298, Cl = 1.12 — 7.98,



p = 0.029), BMI (OR = 1.36, Cl = 1.04 —
1.98, p = 0.024), lymphocytes count (OR =
0.036, Cl = 0.003 — 0.377, p = 0.006),
CRP (OR =1.022, Cl = 1.005 - 1.04, p =
0.013), AST (OR = 1.024, Cl = 1.004 —
1.044, p = 0.018), ALT (OR = 1.022, CI
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HDL (OR =0.955, CI =0.927 —0.983, p =
0.002), ferritin (OR = 1.003, Cl = 1.0 —
1.005, p = 0.021), D-dimer (OR = 1.002,
Cl = 1.0 — 1.004, p = 0.025), and the
classification as a severe disease (OR =
0.165, CI = 0.058 — 0.469, p < 0.001)

1.007 — 1.037, p = 0.005), LDL (OR = (Table 5).

1.011, CI = 1.002 - 1.021, p = 0.021),

Table 1: The patients demographic characteristics

Characteristic Group | Group 11 p-value

Age (years): mean £ SD 59.99 + 6.77 60.46 £ 7.07 0.632

Male Sex: n (%) 57 (57%) 60 (60%) 0.677

BMI (kg/m2): mean + SD 27.52+1.51 255+ 1.26 <0.001*

Smoking: n (%) 13 (13%) 16 (16%) 0.547

Hypertension: n (%) 48 (48%) 29 (29%) 0.009*

Type 2 diabetes mellitus: n (%) 34 (34%) 11 (11%) <0.001*

BMI: body mass index, *: statistically significant.

Table 2: The patients’ laboratory findings

Laboratory Parameter Group | Group 11 p-value
mean + SD mean + SD

Hemoglobin (g/dL) 11.04 £0.9 11.57+£0.6 <0.001*

Lymphocyte Count (x 1079 cells/L) 0.709 £ 0.17 0.871+0.35 <0.001*

HDL Levels (mg/dL) 59.6 £ 14.9 79.7+135 <0.001*

Platelet Count (x 1079 cells/L) 239.18 £ 71.16 251.97 + 45 0.131

TLC (x 109 cells/L) 8.72+3.9 7.38+£3.6 0.014*

CRP Levels (mg/L) 70.45+26.1 58.79 + 32.3 0.005*

Ferritin Levels (ng/mL) 468.9 £ 190.7 357.3+189 <0.001*

Creatinine Levels (mg/dL) 1.23+0.33 1.04+£0.35 <0.001*

ALT Levels (U/L) 80.56 + 31.7 64.37 £ 29.5 <0.001*

AST Levels (U/L) 61.8 £24.6 50.86 £ 26.3 0.001*

LDL Levels (mg/dL) 136.1 £ 39.3 75+23.1 <0.001*

TG Levels (mg/dL) 271.23 +85.3 192.28 + 47 <0.001*

MAFLD: Metabolic Associated Fatty Liver Disease, BMI: Body Mass Index, CRP: C-Reactive Protein, AST: Aspartate
Aminotransferase, ALT: Alanine Aminotransferase, LDL: Low-Density Lipoprotein, HDL: High-Density Lipoprotein, *:

statistically significant.

Table 3: The patients’ ultrasound hepatic steatosis grade

Steatosis Grade Group | Group Il p-value
Grade 0 (None) 0 (0%) 100 (100%) <0.001*
Grade 1 (Mild) 18 (18%) 0 (0%)

Grade 2 (Moderate) 52 (52%) 0 (0%)

Grade 3 (Severe) 30 (30%) 0 (0%)
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Table 4: Disease severity and mortality

Group | Group Il p-value
Mild COVID-19: n (%) 15 (15%) 50 (50%) <0.001*
Moderate COVID-19: n (%) 25 (25%) 29 (29%)
Severe COVID-19: n (%) 60 (60%) 21 (21%)
Mortality: n (%) 16 (16%) 6 (6%) 0.024*

Table 5: Predictors of mortality in the study patients:

Predictor Odds Ratio 95% CI p-value
MAFLD 2.98 1.12-7.98 0.029
BMI 1.36 1.04-1.98 0.024
Lymphocytes Count 0.036 0.003 - 0.377 0.006
CRP 1.022 1.005-1.04 0.013
AST 1.024 1.004 - 1.044 0.018
ALT 1.022 1.007 - 1.037 0.005
LDL 1.011 1.002 -1.021 0.021
HDL 0.955 0.927 - 0.983 0.002
Ferritin 1.003 1.0 -1.005 0.021
D-dimer 1.002 1.0 -1.004 0.025
Severe Disease 0.165 0.058 - 0.469 <0.001

MAFLD: Metabolic Associated Fatty Liver Disease, BMI: Body Mass Index, CRP: C-Reactive Protein, AST:
Aspartate Aminotransferase, ALT: Alanine Aminotransferase, LDL: Low-Density Lipoprotein, HDL: High-
Density Lipoprotein, Cl: Confidence Interval*: statistically significant.

o Severe Disease (%)

60

50

40

30r

20

10

Group | Group Il

Figure 1: The percentage of severe disease in both groups.
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Mortality Rate (%)
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Figure 2: The percentage of mortality in both groups.

Discussion

In light of the ongoing global pandemic,
understanding the relationship between
pre-existing metabolic conditions such as
MAFLD and COVID-19 severity is of
paramount importance.

In this study, patients with MAFLD were
found to have a significantly higher BMI
compared to those without MAFLD. This
finding is consistent with previous
research indicating that obesity is a
predisposing factor for both MAFLD
and severe COVID-19 @Y. Furthermore,
patients with MAFLD had a higher
prevalence of hypertension and type 2
diabetes mellitus (DM). Both hypertension
and type 2 DM are common comorbidities
in individuals with MAFLD @, It is
known that these conditions can
exacerbate the severity of COVID-19 ©¥,
Therefore, the presence of MAFLD, along
with its associated comorbidities, may
increase the odds of developing severe
COVID-19.
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The observed lower hemoglobin levels in
patients with MAFLD raise concerns about
the presence of anemia. Anemia has been
recognized as a potential predisposing
factor for developing severe COVID-19,
as it can exacerbate hypoxia and weaken
the body's immune response ¥,
Lymphocyte counts, a critical component
of the immune system, were significantly
lower in patients with MAFLD. Reduced
lymphocyte counts are associated with
immune system dysfunction and have been
linked to severe COVID-19 ©®. These
findings suggest that patients with
MAFLD may face additional challenges in
mounting an effective immune response
against the virus, which could contribute to
worse outcomes.

Elevated TLC, CRP, and ferritin in
patients with MAFLD suggest a more
robust inflammatory response in this
group. These are hallmarks of the cytokine
storm, a severe immunogenic response
seen in some COVID-19 cases that can
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lead to tissue damage and multi-organ
failure ®®. The finding emphasizes the
need for vigilant monitoring and tailored
therapeutic interventions in COVID-19
patients with MAFLD to mitigate the
potential consequences of an exaggerated
immune response.

The reduced levels of HDL and the higher
levels of LDL and triglycerides in patients
with MAFLD are denoting dyslipidemia
that can heighten cardiovascular risk ©”,
which is particularly relevant in the
context of both MAFLD and COVID-19,
as these conditions have well-documented
impacts on the cardiovascular system “®.

Another notable finding is the higher
creatinine levels in patients with MAFLD,
indicating potential kidney dysfunction.
Kidney injury is a recognized sequel of
severe COVID-19 © and the coexistence
of MAFLD may exacerbate these
complications.

The significantly elevated levels of ALT
and AST in patients with MAFLD
underscore the impact of pre-existing liver
conditions on the liver's response to
COVID-19. These findings align with the
concept that MAFLD primarily affects the
liver and that the liver's capacity to cope
with additional stress from viral infections
may be compromised 2.

In this study, we observed a noteworthy
elevation in the D-dimer levels in patients
with  MAFLD who were affected by
COVID-19. This  observation  has
important clinical implications. Elevated
D-dimer levels often indicate an increased
risk of thrombosis or blood clot formation
2% "In the context of COVID-19, with the
established elevated risk of clotting
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disorders ©'% the findings suggest that

MAFLD patients with COVID-19 may
face a heightened risk of clot-related
complications and the susceptibility to
severe forms of the disease.

In congruence with this work, the recent
study of Milivojevi¢ et al. ® found that
patients with MAFLD and COVID-19,
when compared to those with COVID-19
only, had significantly higher BMI
measures,  diabetes  mellitus, and
hypertension prevalence, as well as a
worse lipid profile and higher CRP,
ferritin, and D-dimer. Also, the study of
Vrsaljko et al.  ©”  demonstrated
significantly higher levels of AST, ALT,
and inflammatory biomarkers in patients
with MAFLD and COVID-19 than those
with COVID-19 only.

Regarding disease severity, patients having
MAFLD were more likely to develop
severe COVID-19, and the mortality rate
was also higher among this group. These
results are supported by previous studies
linking MAFLD to the worse outcome of
COVID-19 * 30 As for mortality,
Milivojevi¢ et al. @, in line with this
study, found that the presence of MAFLD
was a significant predictor for mortality in
patients with COVID-19. Moreover, the
study of Lopez-Mendez et al. ®® identified
heightened risks of mortality associated
with MAFLD in patients with COVID-19.
Additionally, analyses done by Kim et al.
G" based on the United States national
mortality records showed that the
previously consistent rise in MAFLD-
associated mortality accelerated during the
COVID-19 pandemic.

Given that metabolic elements like obesity
and diabetes are well-recognized to be



associated with severe cases of COVID-19
and predispose to high risk of mortality
®Y it is reasonable to infer that a poorer
prognosis for COVID-19 is also linked to
MAFLD ©?_ The reasons behind these
unfavorable outcomes have sparked
debate, with various potential mechanisms
coming into play. Some argue that, in
patients affected by COVID-19, MAFLD
may exaggerate the cytokine storm seen by
triggering the liver to produce pro-
inflammatory cytokines ®* ). Conversely,
an alternative hypothesis posits that natural
immunity weakens as the immune cells
transition in the liver from pro-
inflammatory  macrophages (M1) to
regulatory  macrophages (M2)  ©9,
potentially contributing to the worsening
of a patient's condition. Another plausible
mechanism  could be the ACE2
upregulation in patients with MAFLD ©2.
These mechanisms collectively contribute
to the unfavorable prognosis of the
disease, leading to more severe cases and
an increased mortality rate.

While this study provides valuable
insights, it is not without limitations. The
research was performed at a single center,
which might limit this study findings
generalizability. Additionally, the study
design is observational, which cannot
establish causal relationships.

Conclusion

This work demonstrated that MAFLD was
associated with poorer outcomes in
patients affected by COVID-19, including
a significantly higher cases developing
severe disease and mortality cases. These
findings emphasize the need for increased
vigilance and monitoring of patients with
MAFLD when they contract COVID-109.
825
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Moreover, future research should explore
the mechanistic links between MAFLD,
metabolic dysfunction, and the immune
response to COVID-19, as a better
understanding of these connections may
lead to improved therapeutic strategies.
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