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Abstract
Background  Severity of disease and outcomes in patient with COVID-19 has been associated with several risk factors tied 
to the metabolic syndrome.
Aims  We conducted a study with the objective of describing the association between the baseline Fibrosis-4 (FIB-4) index 
prior to SARS-CoV-2 infection and the severity of COVID-19 among patients at risk of non-alcoholic fatty liver disease 
(NAFLD).
Methods  This was a retrospective cohort study of patients with at least two risk factors for metabolic syndrome diagnosed 
with COVID-19. The main exposure of interest was FIB-4 index prior to infection, categorized into three previously vali-
dated age-specific levels. The main outcomes of interest were disease requiring hospitalization and in-hospital mortality.
Results  We included 373 patients [median age, 62 years; 194 male (52%); median number of metabolic syndrome risk fac-
tors, 3]. The median FIB-4 index was 1.10 (interquartile range 0.78–1.61). In models adjusting for diabetes mellitus and 
chronic kidney disease, patients with intermediate FIB-4 index had 67% higher odds of hospitalization compared to those in 
the low category {odds ratio (OR) 1.67 [(95% CI 1.06–2.64); p = 0.03]} and patients with high FIB-4 index had higher odds 
of mortality compared to intermediate and low category with an OR 2.22 (95% CI 1.20–4.12; p = 0.01). However, when we 
evaluated components of FIB-4 (age and AST/ALT ratio), we found that age alone was the best predictor of hospitalization 
and mortality.
Conclusions  Among patients at risk of NAFLD with COVID-19 infection, elevated pre-infection FIB-4 index was associated 
with worsened clinical outcomes, but age was the strongest predictor.
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Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and its corresponding disease, coronavirus disease 
(COVID-19) were initially described in Wuhan, China in 
December 2019 [1]. The rapid worldwide spread of SARS-
CoV-2 led the World Health Organization (WHO) to declare 
COVID-19 a global pandemic on March 11, 2020 [2]. The 
USA has been widely affected by SARS-CoV-2, with over 
25 million cases and 425,000 deaths as of January 2021 [3].

Early during the COVID-19 pandemic, reports tied pre-
existing chronic medical comorbidities and advanced age to 
the severity of COVID-19 illness [4]. There is now a grow-
ing body of literature specifically describing the deleteri-
ous effects of pre-existing metabolic syndrome (MetS) risk 
factors (central obesity, diabetes mellitus [DM], hyperten-
sion, hypertriglyceridemia and low levels of high-density 
lipoproteins [HDL]) on the severity of COVID-19 illness 
[5–7]. In the USA, it is estimated that nearly a third of the 
population meets the definition for metabolic syndrome [8], 
thus potentially exacerbating the risks from COVID-19.

Non-alcoholic fatty liver disease (NAFLD), recently 
renamed as metabolic-associated fatty liver disease 
(MAFLD) [9, 10], is a quiescent disease with a slow asymp-
tomatic progress for years before it declares itself clinically. 
Genetic, racial and environmental risk factors may con-
tribute to acceleration of the disease course. The progno-
sis of NAFLD is primarily determined by the severity of 
liver fibrosis [11] Furthermore, patients with NAFLD have 
been noted to have a higher risk of liver injury when diag-
nosed with COVID-19 [12]. The Fibrosis-4 (FIB-4) index 
is a simple, well-validated point-of-care tool that is used 
to risk-stratify the degree of liver fibrosis among patients 
with suspected NAFLD [13, 14]. It includes patient’s age, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST) and platelet count, which can be easily calculated by 
frontline providers.

In this study, we aimed to describe the relationship 
between intermediate or elevated FIB-4 prior to SARS-
CoV-2 infection and the severity of COVID-19 among 
patients at risk of NAFLD.

Methods

Setting and Population

This study was conducted among patients presenting to 
any UnityPoint clinic or hospital in the state of Iowa, USA, 
from March 15, 2020, to April 30, 2020, and diagnosed with 
COVID-19 by polymerase chain reaction (PCR) test. Unity-
Point has a network of medical facilities throughout the state 

of Iowa which are divided in 7 geographical regions (Sup-
plemental Fig. 1). The sample was limited to individuals at 
risk of NAFLD (defined as the presence of ≥ 2 MetS risk 
factors in absence of significant alcohol use). Study partici-
pants were identified from a microbiology central database. 
Baseline clinical and demographic information was obtained 
from the centralized electronic medical record. We included 
patients with complete data for AST, ALT, platelets, HDL 
and triglycerides at a minimum of 2 weeks and maximum of 
3 years prior to COVID-19 diagnosis in order to ensure that 
these values reflected a pre-COVID-19 diagnosis baseline. 
Exclusion criteria were age < 35 years, significant alcohol 
use and history of underlying chronic liver disease due to 
viral hepatitis, alcohol use disorder, autoimmune diseases 
or hereditary disorders.

Design, Outcome and Exposures

This was a retrospective cohort study. The main outcomes 
of interest were disease requiring hospitalization and in-
hospital mortality (including discharge to hospice). The 
main exposure of interest was FIB-4 index categorized 
into three previously validated age-specific levels [14]. For 
patients between age 35 years old and less than 65, cutoffs 
were < 1.30, 1.30–2.67 and > 2.67 for low, intermediate and 
high risk of fibrosis, respectively. For patients 65 years and 
older, the cutoffs used were < 2, 2–2.67 and > 2.67 for low, 
intermediate and high risk of fibrosis, respectively.

Data regarding comorbidities of interest were abstracted 
from the electronic medical record and included gender, 
body mass index (BMI), hyperlipidemia, hypertriglyceri-
demia, hypertension, diabetes mellitus, obstructive sleep 
apnea (OSA), chronic kidney disease (CKD), coronary 
artery disease (CAD), and hypothyroidism. Since data 
regarding abdominal circumference were not available, a 
formula for conversion of BMI to abdominal circumference 
was used in order to estimate central obesity [15].

Statistical Analysis

Variables were described using proportions and medians as 
appropriate. Effects of FIB-4 index on odds of hospitaliza-
tion and in-hospital mortality were estimated using logistic 
regression with clustered-robust standard errors to account 
for clustering by different geographic regions. Direct acyclic 
graphs were constructed to identify relationships between 
variables and to inform selection of variables as potential 
confounders (Supplemental Fig. 2) [16]. Since age, platelet 
count, AST and ALT are included in the FIB-4 index it was 
decided a priori not to adjust for the individual patient values 
in our primary model. We also investigated associations of 
age and AST/ALT ratio with our outcomes by fitting mod-
els with these variables and comparing c-statistics between 
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these models and our primary model (FIB-4). All analyses 
were performed on Stata v14 (College Station, Texas).

Results

A total of 373 patients were included in the final cohort 
(Fig. 1). The median age was 62 years [Interquartile range 
(IQR) 54–74], 194 (52%) were male, and 50 (13.40%) were 
Hispanic. A total of 91 (24.40%) patients required hospitali-
zation and 27 (7.24%) died. The median number of meta-
bolic risk factors was 3 (IQR 2–4), and the median FIB-4 
index was 1.10 (IQR 0.78–1.61). Differences in baseline 
characteristics by FIB-4 level are presented in Table 1. 
Patients in the highest category of FIB-4 index were older 
(median 81 years, IQR 76–88.5) and had higher proportions 
of CAD (57.14%) and CKD (57.14%).

Hospitalization

Patients with intermediate FIB-4 score had 63% higher odds 
of hospitalization compared to those in the low category 
(odds ratio [OR] 1.63 (95% CI 1.13–2.35); p = 0.01) and 
those with a high FIB-4 index had 67% higher odds (OR 
1.67 (95% CI 1.14–2.45); p = 0.01) (Table 2). After adjust-
ing for DM and CKD, the estimates were largely unchanged 

for patients in the intermediate category having 67% higher 
odds of hospitalization (OR 1.67 (95% CI 1.06–2.64); 
p = 0.03) but an association was no longer seen for those 
with values > 2.67 (OR 0.96; 95% CI 0.84–1.10); p = 0.54). 
Other variables associated with increased odds of hospi-
talization in our cohort were male sex (OR 1.48, 95% CI 
1.02–2.14; p = 0.04) and CAD (OR 1.69, 95% CI 1.14–2.50; 
p = 0.01). Hispanic patients had 56% lower odds of hospitali-
zation (OR 0.44 (95% CI 0.26–0.75); p = 0.01) compared to 
non-Hispanic patients.

Mortality

Patients with FIB-4 score > 2.67 were found to have almost 
fivefold odds of in-hospital mortality compared to those in 
the low and intermediate categories, with an OR of 4.59 
(95% CI 1.46–14.44; p = 0.01) (Table 2) but no association 
with intermediate FIB-4 index (OR 1.53 (95% CI 0.34–6.94; 
p = 0.58). After adjusting for DM and CKD, the effect of 
FIB-4 decreased, with an OR of 2.22 (95% CI 1.20–4.12; 
p = 0.01) in the high-risk category. Higher odds of in-hospi-
tal mortality were also seen with increasing age (OR 1.08, 
95% CI 1.05–1.10; p < 0.001), history of hypothyroidism 
(OR 1.82, 95% CI 1.14–2.89; p = 0.01), and low HDL at 
baseline (OR 7.82, 95% CI 1.45–42.10; p = 0.02).

Fig. 1   Patient selection flow chart
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Age and AST/ALT ratio

Our final model with FIB-4 as the only independent variable 
had a c-statistic of 0.548 for hospitalization and 0.604 for 
mortality. When adjusted for CKD and DM these increased 
to 0.630 and 0.677, respectively. CVD was considered to 
be on a causal pathway. Male sex, Hispanic race, hypothy-
roidism and low HDL at baseline did not meet criteria for 
confounding therefore we made no adjustment for these 
variables. Models with age as the only independent vari-
able had a c-statistic of 0.570 for hospitalization and 0.788 
for mortality, and with AST/ALT ratio as the only independ-
ent variable, 0.550 for hospitalization and 0.658 for mortal-
ity. Age and AST/ALT ratio combined gave c-statistics for 

hospitalization and mortality of 0.579 and 0.789, respec-
tively. With adjustment for CKD, these increased to 0.609 
and 0.795.

Discussion

In this study, we demonstrated that, among patients at risk of 
NAFLD, baseline FIB-4 index elevation prior to COVID-19 
was associated with increased odds of hospitalization and in-
hospital mortality compared to those with low FIB-4. This 
association remained significant after adjusting for DM and 
CKD. However, when we evaluated the components of age 
and AST/ALT ratio in FIB-4 we found that models only 

Table 1   Baseline demographic characteristics by FIB-4 score

Median (IQR) or n (%); p values from Kruskal–Wallis test for continuous variables, Chi-squared test for categorical variables (or Fisher’s Exact 
test if any cell sizes < 5)
† FIB-4 categories, age 35–65: low < 1.30, intermediate 1.30–2.67 and high > 2,67; age 65 and older: low < 2, intermediate 2–2.67, high > 2.67
†† See Supplemental Fig. 1

All Low† Intermediate† High† p value
N = 373 n = 285 n = 60 n = 28

Age (years) 62 (54–74) 62 (51–73) 61 (54–71.5) 81 (76–88.5) 0.001
Male 194 (52%) 148 (51.9%) 32 (53.3%) 14 (50%) 0.96
Hispanic 50 (13.4%) 41 (14.4%) 8 (13.3%) 1 (3.4%) 0.28
Metabolic syndrome risk 3 (2–4) 3 (2–4) 3 (2–4) 3 (2–4) 0.67
 Diabetes mellitus type 2 134 (35.9%) 108 (37.9%) 18 (30%) 8 (28.6%) 0.36
 Hypertension 265 (71%) 197 (69.1%) 46 (76.7%) 22 (78.6%) 0.33
 Hypertriglyceridemia 179 (48%) 140 (49.1%) 28 (46.7%) 11 (39.3%) 0.60
 Dyslipidemia 292 (78.3%) 220 (77.2%) 46 (76.7%) 26 (92.9%) 0.15
 Central obesity 303 (81.2%) 234 (82.1%) 52 (86.7%) 17 (60.7%) 0.01

BMI category  < 0.001
 Less than 25 kg/m2 51 (13.7%) 34 (11.9%) 6 (10%) 11 (39.3%)
 25–29.9 kg/m2 111 (29.8%) 78 (27.4%) 22 (36.7%) 11 (39.3%)
 30 kg/m2 or higher 211 (56.6%) 173 (60.7%) 32 (53.3%) 6 (21.4%)
 Coronary artery disease 80 (21.4%) 54 (18.9%) 10 (16.7%) 16 (57.1%)  < 0.001
 Chronic kidney disease 65 (17.4%) 40 (14%) 9 (15%) 16 (57.1%)  < 0.001
 Hypothyroidism 53 (14.2%) 39 (13.7%) 10 (16.7%) 4 (14.3%) 0.83
 Obstructive sleep apnea 67 (18%) 49 (17.2%) 14 (23.3%) 4 (14.3%) 0.46
 Baseline AST (Units/Liter) 21 (17–29) 20 (15–27) 31 (23–42.5) 25.5 (19–40)  < 0.001
 Baseline ALT (Units/Liter) 26 (18–38) 26 (18–38) 29.5 (23–46.5) 16.5 (11.5–23.5) 0.002
 Baseline platelet count (× 109 per liter) 236 (188–288) 252 (209–301) 181 (139.5–243) 151.5 (130–182) 0.001

Region†† 0.06
 Region 1 130 (31.2%) 89 (31.2%) 25 (41.7%) 16 (57.1%)
 Region 2 69 (18.5%) 62 (21.8%) 5 (8.3%) 2 (7.1%)
 Region 3 1 (0.3%) 0 1 (1.7%) 0
 Region 4 15 (4%) 12 (4.2%) 2 (3.3%) 1 (3.6%)
 Region 5 25 (6.7%) 20 (7%) 5 (8.3%) 0
 Region 6 132 (35.4%) 101 (35.4%) 22 (36.7%) 9 (32.1%)
 Region 7 1 (0.3%) 1 (0.3%) 0 0
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with exact age were better at predicting hospitalization and 
mortality.

NAFLD is usually present as a clinically silent disease 
among patients with Type 2 DM and obesity and is often 
discovered incidentally during abdominal imaging per-
formed for other indications. These two major MetS risk 
factors can precipitate and drive NAFLD progression to the 
aggressive non-alcoholic steatohepatitis (NASH) phenotype 
and advanced fibrosis if not controlled. Furthermore, MetS 
represent an ongoing pro-inflammatory state that is associ-
ated with excess of circulating cytokines and attenuation of 
body’s immune response. In the setting of acute COVID-19 
illness, the direct cytopathic effect of SARS CoV-2 in addi-
tion to underlying advanced liver fibrosis might exacerbate 
the virus-induced cytokine storm, possibly through hepatic 
release of proinflammatory cytokines [17]. While it is quite 
challenging to discern the independent contributions of 
the direct cytotoxic effect of SARS CoV-2 or the degree of 
underlying liver fibrosis on the poor clinical outcomes seen 
in patients with underlying risk factors for MetS such as 
those in our population, an adjunctive effect of underlying 
fibrosis and direct cytotoxic effect seems plausible.

Our findings are consistent with Targher et al. [18], who 
reported that intermediate and elevated FIB-4 on admission 
was associated with severe COVID-19 illness (unadjusted 
OR 4.32, 95% CI 1.94 – 9.59) and (unadjusted OR 5.73, 
95% CI 1.84–17.90), respectively, among patients with 
imaging-based NAFLD. This association remained evident 
after adjusting for sex, obesity and diabetes if intermediate 
and elevated FIB-4 were combined. However, no adjustment 
for age was done. The findings of Targher et al. likely reflect 
some of the direct cytopathic effect of SARS-CoV-2 rather 
than the severity of underlying liver disease (as they relied 
on laboratory data drawn while individuals were acutely 
infected with SARS-CoV-2).

Although we found that FIB-4 index prior to acute ill-
ness can serve as a predictor of poor COVID-19 clinical 
outcomes among patients at risk of NAFLD, further analysis 
indicated that even in this high-risk population, age alone 
was the best predictor of hospitalization and mortality. This 
reflects the very strong age-dependent survival rates for 
COVID-19 [19].

Previous studies have also suggested a role for the 
FIB-4 score in predicting poor clinical outcomes regard-
less of underlying risk factors for NAFLD although adjust-
ment for age has not always been carried out. In a recent 
multicenter study, lbanez-Samaniego et al. [20] reported 
that, among 160 middle-aged patients hospitalized with 
acute COVID-19, FIB-4 ≥ 2.67 calculated from baseline 
laboratory data drawn on admission was positively associ-
ated with a greater need for intensive care and mechani-
cal ventilatory support (OR 3.41, 95% CI 1.30 – 8.92). 
Similarly, Sterling et al. [21] reported in a single-center 
retrospective study of 256 hospitalized patients with acute 
COVID-19 that FIB-4 ≥ 2.67 was independently associated 
with the need for mechanical ventilation (OR 3.09; 95% 
CI 1.38–6.93) and increased 30-day mortality (HR 1.68; 
95% CI 1.19–2.38: p = 0.003). These two studies did not 
adjust for age. A pre-published study by Rentsch et al. 
[22] reported that, among 297 patients hospitalized with 
acute COVID-19, 122 (21%) required intensive care. After 
adjustment for significant clinical risk factors (DM, CKD, 
cardiovascular/respiratory disease and age), FIB-4 > 3.25 
had an adjusted OR of 8.73 (95% CI 4.11–18.56) for hospi-
talization and OR 8.40 (95% CI 2.90–24.28) for intensive 
care compared to those with FIB-4 < 1.45.

More recently, Sterling et al. in a large cohort of 4901 
COVID-19 patients estimated twofold odds [OR 2.20 (95% 
CI 1.40–3.46)] for mechanical ventilation using FIB-4 
dichotomized at 3.04 [23]. This is similar to the effect 

Table 2   Crude and adjusted 
estimates of the effect of 
baseline FIB-4 score on 
hospitalization and in-hospital 
mortality among patients at 
risk of Non-Alcoholic Fatty 
Liver Disease diagnosed with 
COVID-19 (N = 373)

*For patients between age 35  years old and less than 65, cutoffs were < 1.30, 1.30–2.67 and > 2.67 for 
low, intermediate and high risk of fibrosis, respectively. For patients 65 years and older, the cutoffs used 
were < 2, 2–2.67 and > 2.76 for low, intermediate and high risk of fibrosis, respectively
**Co-variate selection based on direct acyclic graphs presented in Supplemental Figure 2

Hospitalized Hospitalization p value Died In-hospital mortality p value

Crude effect
 FIB-4 score*
  Low 63/285 1.00 (reference) 16/285 1.00 (reference)
  Intermediate 19/60 1.63 (1.13–2.35) 0.01 5/60 1.53 (0.34–6.94) 0.58
  High 9/28 1.67 (1.14–2.45) 0.01 6/28 4.59 (1.46–14.44) 0.01

Effect adjusted for DM2 and CKD**
 FIB-4 score*
  Low 63/285 1.00 (reference) 16/285 1.00 (reference)
  Intermediate 19/60 1.67 (1.06–2.64) 0.03 5/60 1.52 (0.37–6.34) 0.56
  High 9/28 0.96 (0.84–1.10) 0.54 6/28 2.22 (1.20–4.12) 0.01
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that we estimated for mortality in our highest risk FIB-4 
group (Sterling et al. did not report mortality). Our study 
had few patients (n = 20) with a FIB-4 score > 3.04, and 
our findings suggest that moving our high-risk threshold 
would have made little or no difference. Indeed, Sterling 
et al. found similar area-under-the-curve for cut-points in 
the range 2.15–3.25 [23].

Our study has several limitations. There was limited 
ethnic diversity among our patient population as the 
majority of patients in our cohort were non-Hispanic 
Caucasians. Our cohort comprised patients considered to 
be at increased risk of NAFLD. We lacked objective data 
for NAFLD diagnosis because we were unable to confirm 
NAFLD either by imaging or biopsy due to the retrospec-
tive design of our study. Finally, despite this being one of 
the largest cohorts applying the FIB-4 index to patients 
with COVID-19, the sample was of modest size.

In conclusion, although the FIB-4 index is a simple point-
of-care tool that can be applied by frontline providers to 
identify patients with metabolic syndrome risk factors and 
COVID-19 who are at higher risk of hospitalization or death, 
among patients with a high number of comorbidities, age 
alone is a stronger predictor of hospitalization and mortality. 
Larger prospective cohort studies with imaging or biopsy-
proven NAFLD are needed to examine the complex interplay 
between NAFLD and severity of acute COVID-19 illness 
and to improve the application of FIB-4 index beyond that 
provided by age alone.
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