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Abstract

The coronavirus disease 2019 (COVID-19) pandemic has swept through nations,
crippled economies and caused millions of deaths worldwide. Many people
diagnosed with COVID-19 infections are often found to develop liver injury,
which, in a small portion of patients, progresses to severe liver disease. Liver
injury in the form of elevated transaminases, hyperbilirubinemia and alterations
in serum albumin has been observed to be higher in patients with severe forms of
the disease. Those who already have insult to the liver from chronic disease, such
as nonalcoholic fatty liver disease (NAFLD) may be at the greatest disadvantage.
The severity of COVID-19 also seems to be driven by the presence of NAFLD and
other co-morbidities. About 25% of the global population has NAFLD. With such
a widespread prevalence of NAFLD, understanding the disease progression of
COVID-19 and the occurrence of liver injury in this vulnerable population
assumes great significance. In this review, we present an overview of COVID-19
infection in patients with NAFLD.

Key Words: SARS-CoV-2; Fatty liver; Mitochondria; Nitrosative stress; Oxidative stress;
COVID-19; Metabolic associated fatty liver disease; Nonalcoholic fatty liver disease;
Progressive liver disease; Nonalcoholic steatohepatitis
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Core Tip: Liver injury in the form of elevated transaminases and hyperbilirubinemia in
coronavirus disease 2019 (COVID-19) may be attributed to multiple factors, including
the presence of pre-existing liver disease. The presence of nonalcoholic fatty liver
disease (NAFLD) in patients with COVID-19 is likely to make them susceptible to
severe forms of liver injury. Given the high prevalence of NAFLD worldwide, it is
important to understand the implications of COVID-19 in such patients including role
of comorbidities, disease progression, and the severity of COVID-19.

Citation: Anirvan P, Singh SP, Giammarino A, Satapathy SK. Association of non-alcoholic fatty
liver disease and COVID-19: A literature review of current evidence. World J Hepatol 2021;
13(8): 916-925

URL: https://www.wjgnet.com/1948-5182/full/v13/i8/916.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i8.916

INTRODUCTION

The worldwide figures of coronavirus disease 2019 (COVID-19) presently stand at
154640649 confirmed cases with 3232285 deaths[1]. Although primarily a respiratory
syndrome, COVID-19 has been reported to cause liver injury in multiple studies,
including metanalyses[2-4]. The incidence of liver injury as assessed by several
indicators like transaminases, bilirubin and albumin has been found to be higher in
patients with severe COVID-19 infection[3,5]. Increasing severity of liver chemistry
abnormalities on hospital admission predicts early in-hospital mortality in COVID-19
patients[4].

There is a high global burden of pre-existing liver disease[6], including chronic viral
hepatitis, nonalcoholic fatty liver disease (NAFLD) and alcohol-associated liver disease
(ALD). For example, in China, where the pandemic originated, liver cirrhosis affects
around 7 million people[7]. Similarly, in the United States which has the highest
number of recorded COVID 19 cases, about 4.5 million of adults are diagnosed with
chronic liver disease[8]. In a cross-sectional analysis based on data from National
Health and Nutrition Examination Surveys (NHANES), it was observed that the
prevalence of NAFLD (by US-Fatty Liver Index) spiked from 20.0% (1988-1994) to
28.3% (1999-2004) to 33.2% (2009-2012) and 31.9% (2013-2016)[9]. This increasing trend
is in concurrence with increases in obesity, diabetes mellitus, hypertension and insulin
resistance[9]. It is also to be noted that many patients with fatty liver disease remain
undiagnosed and are incidentally detected. Therefore, the actual prevalence of NAFLD
may be much higher. In such a background of widespread prevalence of chronic liver
disease especially NAFLD, the incidence of liver injury in COVID-19 and its impact on
disease progression assumes greater significance. In a recent study, we found that
mortality associated with the known risk factors of COVID19 (hypertension, diabetes,
male sex, and old age) was accentuated in the presence of liver chemistry abnor-
malities in those diagnosed with COVID-19[4].

PATHOGENESIS AND PATTERN OF LIVER INJURY IN COVID-19

The pathogenesis of liver injury in COVID-19 is multifactorial. A number of factors
have been identified for perpetuating and potentiating liver injury in COVID-19.
Direct viral-mediated hepatocyte injury, liver injury ensuing from cytokine release
syndrome, drug-induced liver injury and ischemic hepatitis are just some of the
mechanisms responsible for hepatic dysfunction in COVID-19[10]. The pattern of liver
injury in COVID-19, as evidence from multiple studies, is a rise in liver enzymes
[primarily aspartate aminotransferase and alanine aminotransferase (ALT)] with mild
increases in bilirubin[10]. In a study by Cai et al[11] from China, among 417 patients,
20.75% had hepatocellular pattern of liver injury, 29.25% had a cholestatic pattern,
while 43.4% had a mixed type of liver injury. Liver injury is transient in most cases and
liver enzymes usually return to normal with recovery from COVID-19[2]. The rampant
use of multiple medications-antibiotics, antivirals, nonsteroidal anti-inflammatory
drugs, herbal medications, interferon and other immunomodulators has been as-
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sociated with increased liver test abnormalities[11]. To add to this is the presence of
pre-existing liver disease in patients with COVID-19 which makes the pathogenesis of
hepatic dysfunction even more complex. In the largest reported cohort of 745 chronic
liver disease and cirrhotic patients with COVID-19, it was observed that baseline liver
disease stage and ALD were independent risk factors for death from COVID-19[12].
The APASL COVID19 Liver Injury Spectrum (APCOLIS) Study has shown that pre-
existing liver disease is associated with poor outcome in patients with SARS CoV2
infection. Additionally, if these patients also have chronic liver disease, diabetes
and/or obesity, they are more vulnerable and should be closely monitored[13]. In a
study on 12 COVID-19 patients with pulmonary embolism on autopsy, hepatic
steatosis involving 50-60 percent of hepatocytes was found in all patients. This data
supports the fact that pre-existing liver diseases like ALD and NAFLD could play
significant roles in COVID-19 progression[14].

COVID-19 IN THE SETTING OF NAFLD

Whether NAFLD is an independent or dependent determinant for worse outcomes in
COVID-19 has been a hot topic of debate in recent times. A look at the figures and the
results of several studies done in the midst of this pandemic opens up conflicting and
debatable viewpoints in this regard. Interestingly, in this above-mentioned cohort of
745 patients, 43% of patients had NAFLD, while hypertension, diabetes and obesity —
established risk factors for developing severe COVID-19 — constituted the major
comorbidities[12]. While one can argue that it is ALD and not NAFLD which has been
observed to be a significant predictor of mortality in COVID-19, it would be wor-
thwhile to take note of the fact that patients with ALD had more severe underlying
liver disease compared to those with NAFLD. In a retrospective study on 202 patients
with confirmed COVID-19, it was observed that patients with NAFLD had a higher
risk of disease progression, greater likelihood of abnormal liver function from ad-
mission to discharge and longer viral shedding time[15]. An association between the
presence of metabolic associated fatty liver disease (MAFLD) and COVID-19 severity
was observed in younger patients[16]. In another study on 589 patients from the
eastern Mediterranean region, NAFLD has been found to be a predictor of liver injury
in COVID-19. However, quite contrary to the results of other studies, NAFLD did not
seem to be an independent predictor of mortality, disease severity, or markers of
disease progression[17]. Similarly, in another study by Huang et al[18], although more
patients with NAFLD developed abnormal liver function tests, concurrent NAFLD
was not found to be associated with adverse clinical outcomes in patients with
COVID-19. Table 1 shows a summary of the various studies describing the association
between NAFLD and COVID-19.

MECHANISM OF COVID-19 PROGRESSION IN PATIENTS WITH NAFLD

The role of inflammation in the pathophysiology of NAFLD has been well recognized
[19]. It has been hypothesized that hepatic inflammation resulting from pro-inflam-
matory cytokines released by adipose tissue is even furthered by COVID-19[15]. The
liver is a major site of lipid metabolism and the generation of lipid species plays an
important role in regulating metabolic inflammation. The complex pathways in lipid
metabolism drive innate immunity and have been found to affect the progression to
steatohepatitis and fibrosis in NAFLD[20]. Additionally, NAFLD patients are found to
have elevated plasma levels of von Willebrand factor and circulating plasminogen
activator inhibitor type 1[21]. This has been hypothesized to predispose such patients
to higher risks of adverse cardiovascular events. It has also been postulated that
hepatic and systemic immune responses due to underlying NAFLD could contribute
to the cytokine storm in younger patients with COVID-19[16,22]. While severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) binds to angiotensin-converting
enzyme 2 (ACE2) receptors and attaches to the cell, cellular entry is made possible by
cleavage of the SARS-CoV-2 spike protein by transmembrane serine protease 2
(TMPRSS2)[23]. Interestingly, it has been seen that while there were no differences in
liver mRNA expression of both ACE2 and TMPRSS2 between subjects without liver
injury and patients with only steatosis, upregulation of these genes occurred in obese
patients with nonalcoholic steatohepatitis (NASH). Additionally, there was positive
correlation of ACE2 and TMPRSS2 with NAFLD activity score and TMPRSS2 po-
sitively correlated with weight, body mass index (BMI) and cholesterol[24]. However,
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Table 1 Summary of various studies describing the association between nonalcoholic fatty liver disease and coronavirus disease 2019

Number of COVID ¢, o impact of
Type of - patients/number of P . Impact of NAFLD on COVID-19 liver
Ref. Study origin occurrence of concomitant . .
study NAFLD/NASH injury
. NAFLD and COVID-19
patients
Marjotet  Retrospective Multinational Cohort ~ No. of COVID patients  Baseline liver disease stage and NA
al[12] with CLD: 745; No. of ~ ALD are independent risk factor
NAFLD patients: 322 for death from COVID-19
Sarinetal Retrospective Multinational Cohort ~ No. of COVID patients CLD patients with diabetes and ~Comorbidities like MAFLD, obesity and
[13] with CLD: 228; No. of ~ obesity are more vulnerable and diabetes were present in 80% of the
fatty liver disease should be closely monitored patients. MAFLD was the commonest
patients: 113 cause for CLD without cirrhosis. Obese
cirrhotics had more acute liver injury
than normal weight patients [OR 8.9
(95%CI: 1.9-38.8) P = 0.02]. Patients of
CLD with diabetes had higher risk
[57.7% vs 39.7%, P = 0.01, OR = 2.061.14-
3.73)] of liver injury
Jietal[15] Retrospective China No. of COVID patients: Patients with NAFLD also had a Patients with NAFLD had a higher
202; No. of NAFLD higher risk of progression to likelihood of abnormal liver function
patients: 76 severe COVID-19 and longer from admission to discharge [70%
viral shedding time (53/76) vs 11.1% (14/126); P < 0.0001]
compared to patients without NAFLD
Zhouetal Retrospective Wenzhou, China No. of COVID patients: In patients younger than 60 yr,a NA
[16] 327; No. of patients more than 2-fold higher
with fatty liver disease: ~prevalence of severe COVID-19
93 was observed in those with
MAFLD compared to those
without. MAFLD was not
associated with disease severity
in multivariable analysis in
elderly patients
Mushtaq ~ Retrospective Qatar No. of COVID patients: NAFLD was not an Presence of NAFLD was a predictor of
etal[17] 589; No. of NAFLD independent predictor of the development of mild liver injury
patients: 320 mortality, disease severity on (OR 2.99; 95%ClI: 1.62-4.37; P = 0.000)
presentation, or disease and moderate liver injury (OR 5.104;
progression in patients with 95%CI: 3.21-6.99; P = 0.000)
COVID-19
Huanget Retrospective Jiangsu, China No. of COVID patients: No patient developed severe Concurrent NAFLD was identified as a
al[18] 280; No. of NAFLD liver-related complications risk factor of elevated ALT (OR, 2.962;
patients: 86 during hospitalization 95%ClI: 1.745-5.028; P < 0.001) on
univariate analysis. Concurrent NAFLD
(OR, 2.956; 95%ClI: 1.526-5.726; P =
0.001) was an independent risk factor of
ALT elevation on multivariate analysis
Fondevila Retrospective Spain No. of patients without Obese patients with NASH NA
et al[24] NAFLD: 17; No. of show markedly higher
patients with NAFLD:  expression of ACE2 and
77 TMPRSS2, suggesting that
advanced stages of NAFLD
might predispose individuals to
COVID-19
Biquard et Retrospective France No. of patients without MAFLD is not associated with ~ NA
al[25] fatty liver disease: 28;  changes in liver expression of
No. of patients with genes implicated in SARS-CoV-
fatty liver disease: 26 2 infection
Zhenget  Retrospective Wenzhou, China No. of COVID patients: Risk of obesity to COVID-19 NA
al[28] 214; No. of NAFLD severity is greater in those with
patients: 66 compared to those without
MAFLD
Ghoneim  Retrospective Multination electronic ~ No. of COVID patients: The adjusted odds ratio of NA
et al[29] health records 8885; No. of NAFLD having COVID-19 were higher
patients: 102 in patients if they were
diagnosed with NASH
Targher et Retrospective Zhejiang Province, No. of COVID patients: Patients with MAFLD with COVID-19 patients with MAFLD with
al[33] China 310; No. of NAFLD increased FIB-4 or NFS are at intermediate or high FIB-4 scores were
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Forlano et  Retrospective Imperial College

comorbidities compared with their counterparts with
low FIB-4 score or those without
MAFLD [AST >401U/L (%) 7.9/9.1,
ALT >401U/L (%) -13/29.6], P < 0.001

No. of COVID patients: Presence of NAFLD per se was ~ NA

al[34] Healthcare NHS Trust  193; No. of NAFLD not associated with worse
(London, United patients: 61 outcomes in hospitalised
Kingdom) patients. Mortality was
associated with pronounced
inflammatory response in
NAFLD group
Gaoetal  Retrospective 3 Chinese hospitals: No. of COVID-19 MAFLD patients with elevated ~NA
35] (the First Affiliated patients: 167; No. of serum IL-6 levels at admission

Hospital of Wenzhou = MAFLD patients: 46 are at higher risk for severe

Medical University, the

illness from COVID-19

Ningbo No. 2 Hospital,
and the Ruian People’s

Hospital)

Sachdeva Pooled -
et al[37] analysis

No. of COVID patients: NAFLD is a predictor of severe ~NA
8142; No. of NAFLD COVID-19, even after adjusting
patients: 833 for the presence of obesity

NAFLD: Nonalcoholic fatty liver disease; COVID-19: Coronavirus disease 2019; CLD: Chronic liver disease; ALD: Alcohol-associated liver disease; NA:
Not available; MAFLD: Metabolic associated fatty liver disease; CI: Confidence interval; OR: Odds ratio; ALT: Alanine aminotransferase; NASH:
Nonalcoholic steatohepatitis; ACE2: Angiotensin-converting enzyme 2; TMPRSS2: Transmembrane serine protease 2; SARS-CoV-2: Severe acute
respiratory syndrome coronavirus 2; AST: Aspartate aminotransferase; IL-6: Interleukin-6.
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to complicate matters, in another study by Biquard et al[25], none of the genes ne-
cessary for SARS-CoV-2 infection-TMPRSS2 and ACE2 included- were differentially
expressed between lean or obese controls and patients with simple steatosis or with
NASH. Hence the role of underlying NAFLD on the outcomes of COVID-19 infection
is still up for debate.

ROLE OF COMORBIDITIES

In such a background of conflicting data, it is worthwhile to analyze the role of co-
morbidities that are present in patients with NAFLD which might lead to disease
progression in COVID-19. It needs no reiteration that NAFLD is usually accompanied
by a cluster of several other conditions such as obesity, insulin resistance, dyslipidemia
and hypertension, collectively reflecting underlying metabolic syndrome (MS). Ac-
cording to the ATP III criteria, the prevalence of the MS in patients with NAFLD is
22.8%[26]. The strong association between MS and NAFLD has led investigators to
term NAFLD the hepatic component of MS[27]. Thus, it is entirely understandable that
the presence of these components would potentially cause increased severity of
COVID-19. This has been validated by a multicentric study by Zheng et al[28] which
showed that obesity conferred a nearly sixfold higher risk of severe COVID-19 in
patients with NAFLD. A strong positive association between the different components
of MS and COVID-19 has also been reported in a population-based study[29]. Obesity
and a state of insulin resistance impairs the ability to mount an effective immune
response and predisposes to viral infections and respiratory diseases[30,31]. The
questions that naturally arise from these observations are: (1) Do the different
components of MS drive outcomes in COVID-19 infection and is NAFLD merely a
bystander? and (2) Does NAFLD independently drive inflammation and disease
progression in COVID-19? The latter is supported by the finding that NAFLD is
associated with 30-d all-cause mortality in patients with community-acquired pneu-
monia with a significant higher degree of association in patients with advanced
hepatic fibrosis[32].

IS NAFLD INDEPENDENTLY ASSOCIATED WITH COVID-19 SEVERITY?

In the population-based study by Ghoneim et al[29], among different components of
MS, NASH was found to be associated with the highest risk of COVID-19 after
calculating the adjusted odds ratio. A study by Targher et al[33] sheds some light on

August 27,2021 | Volume13 | Issue8 |
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this conundrum. In this study on 310 COVID-19 patients, subjects with MAFLD with
increased fibrosis-4 (FIB-4) or NAFLD fibrosis score were more likely to have severe
COVID-19 illness, irrespective of metabolic comorbidities like obesity and diabetes.
Forlano et al[34] showed that although NAFLD patients have higher levels of inflam-
matory markers like CRP compared to the non-NAFLD group, the presence of NAFLD
per se was not associated with adverse outcomes in the whole study population.
Additionally, the presence of intermediate/high-risk FIB-4 scores as well as the
presence of liver cirrhosis did not demonstrate any association with adverse outcomes
in the NAFLD cohort[34]. Furthermore, a study by Gao et al[35] showed that patients
with MAFLD and elevated serum interleukin-6 levels at admission are at higher risk
for severe illness from COVID-19. However, mortality in the NAFLD cohort was
associated with a pronounced inflammatory response. Therefore, what could be
inferred from these results is that rather than attributing the severity of COVID-19 to
underlying liver disease, it might possibly be a result of the general state of host
inflammation in NAFLD patients. Increased liver fat has been independently asso-
ciated with a higher likelihood of testing positive for COVID-19 in a United Kingdom
based study[36]. In a pooled analysis on the association of fatty liver and COVID-19, it
was found that NAFLD was associated with an increased risk of severe COVID-19,
even after adjusting for obesity as a possible confounding factor[37]. From these
results, one is led to believe that NAFLD is indeed independently associated with
increased severity in COVID-19. Whether it is the liver disease that is responsible for
this increasing severity, the general state of inflammation that accompanies NAFLD or
the associated comorbidities that drives the outcome is a matter of debate. Intere-
stingly, a recent study showed that the presence of fibrosis rather than the presence of
MAFLD is associated with increased risk for mechanical ventilation, development of
acute kidney injury, and higher mortality in COVID-19 patients[38].

LEAN VS OBESE NAFLD IN COVID-19

While a BMI greater than 23 kg/sq. metres increases the risk of developing fatty liver
disease[39], many people with normal BMI’s are capable of developing NAFLD.
Additionally, significant proportion of NAFLD patients do not have insulin resistance
either[40,41]. Termed ‘lean” NAFLD, this so-called ‘entity” indicates that there is more
to NAFLD than just the mere presence of MS. Zheng et al[28] showed that compared to
MAFLD patients without obesity those with obesity were at a 6-fold increased risk of
severe COVID-19 illness and this association was significant even after adjusting for
various parameters like diabetes, hypertension and dyslipidemia. This raises an
important question as to whether the worse outcome in NAFLD patients is related to
underlying liver disease or related to associated obesity? However, the small sample
size of this study makes it difficult to arrive at such sweeping conclusions. Also, the
cut-off for obesity in this study has been taken as 25 kg/m?

INFLAMMATION IN NAFLD

The bidirectional relationship between hepatic steatosis and insulin resistance is well
established[42]. Hepatic steatosis can itself be a driver of insulin resistance and MS has
opened avenues for further investigation in the pathophysiology of inflammation in
NAFLD. There has been increasing evidence of the presence of significant cross-talk
between the liver and other extrahepatic tissues and organs mediated by cytokines,
hepatokines. It also involves nuclear factor-kB and c-Jun N-terminal kinase pathways
which implies that hepatic inflammation could be a potential driver of cellular dys-
function, cell death and deleterious remodelling in various body tissues and organs
[43]. This state of chronic inflammation may directly impact disease severity by adding
up to the dysregulated immune response in COVID-19. In a peripheral blood genome-
wide gene expression analysis among 1650 participants, it was observed that after
adjustment for known risk factors, fatty liver was associated with blood gene sets of
extracellular matrix turnover, inflammatory response, immune system activation and a
prothrombotic state[44]. This could lead to morbidities in multiple organs including
the cardiovascular system, and may, in our opinion, exacerbate disease processes in
COVID-19.
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Figure 1 Pathophysiological processes driving disease progression in patients of nonalcoholic fatty liver disease with coronavirus
disease 2019 and the impact on hepatic status. NAFLD: Nonalcoholic fatty liver disease; COVID-19: Coronavirus disease 2019.
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LIVER INJURY IN NAFLD PATIENTS WITH COVID-19

NAFLD patients have been reported to be more likely to develop liver injury when
infected by COVID-19[18]. Median ALT levels and the proportion of elevated ALT
were found to be significantly greater in patients with NAFLD than in patients wi-
thout NAFLD on admission. In addition, the proportion of elevated ALT in patients
with NAFLD was significantly higher than patients without NAFLD during hospital-
ization. However, severe liver-related complications during hospitalization were not
observed in any of the patients. Mushtaq et al[17] found that NAFLD is an inde-
pendent predictor of the development of mild to moderate liver injury in hospitalized
patients with COVID-19. Moreover, COVID-19 patients with persistent liver injury
have been found to have NAFLD and high BMI in one particular study[15]. The
APCOLIS study also found that the presence of MAFLD aggravates the risk of liver
injury in COVID-19[13]. In the study by Targher ef al[33], COVID-19 patients with
MAFLD with intermediate or high FIB-4 scores were more likely to have higher liver
enzymes, compared with their counterparts with low FIB-4 score or those without
MAFLD. The reasons for this increased likelihood of liver injury in NAFLD patients
affected by COVID-19 could be multifactorial- pre-existing steatohepatitis, systemic
inflammation, the severity of COVID-19 itself and a combination of any of these. The
‘cocktail” of medications used in this pandemic deserves special attention while
evaluating the relationship between NAFLD and COVID-19. Antivirals, antibiotics
and glucocorticoids have been the most rampantly used medications in the quest to
control COVID-19 and may contribute to liver injury, especially in those with NAFLD.

A summary of the pathophysiological processes that could presumably drive di-
sease progression in patients of NAFLD with COVID-19 and the resulting impact on
hepatic status is illustrated in Figure 1.

CONCLUSION

The bulk of the evidence-based on pooled analysis so far shows NAFLD patients are at
increased risk of severe COVID-19 infection. However, judging by the results based on
few studies that have been carried out to date, it seems the disease severity is de-
termined more by the presence of co-morbidities like obesity, insulin resistance and
dyslipidemia which are frequent accompaniments of NAFLD. The studies showing the
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association of NAFLD/MAFLD with severity of COVID-19 independent of associated
comorbidities have shown conflicting results. The presence of fibrosis rather than the
presence of MAFLD/NAFLD is associated with worse clinical outcomes and higher
mortality in COVID-19 patients. Additionally, there seems to be an increased like-
lihood of liver injury in NAFLD patients with COVID-19. Further studies are required
to delineate these pathophysiological details.
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