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Fibrosis-4 Index as an Independent 
Predictor of Mortality and Liver-Related 
Outcomes in NAFLD
Joana Vieira Barbosa,1,2 Scott Milligan,3 Andrew Frick,3 Jeremy Broestl,3 Zobair Younossi ,4,5 Nezam H. Afdhal,1 and  
Michelle Lai1

Nonalcoholic fatty liver disease (NAFLD) is the most common chronic liver disease worldwide, and its prevalence 
continues to rise. Fibrosis-4 index (FIB-4) has been shown to be a prognostic marker of liver-related outcomes in pa-
tients with NAFLD. We analyzed data from TriNetX global federated research network, combining data on 30 million 
patients. Patients were categorized into three diagnostic groups: NAFLD, nonalcoholic steatohepatitis (NASH), and 
at risk of NASH. Primary outcome was all-cause mortality, and secondary outcomes included progression to NASH, 
development of cirrhosis, end-stage liver disease, hepatocellular carcinoma (HCC), and liver transplantation. A total 
of 442,277 subjects (1.5% of the cohort) were assessed, and 81,108 were retained for analysis. Median follow-up was 
34.8 months (interquartile range 12.2). FIB-4 was < 1.3 in 52.3% patients and ≥ 2.67 in 11.4% patients. In multivari-
ate analysis, FIB-4 ≥ 2.67 was significantly and independently associated with all-cause mortality (hazard ratio [HR] 
2.49, 95% confidence interval [CI] 2.20-2.82, P  <  0.001) as well as with progression to NASH (HR 5.78, 95% CI  
4.72-7.07, P  <  0.001), cirrhosis (HR 2.04, 95% CI 1.86-2.24, P  <  0.001), end-stage liver disease (HR 1.86, 95%  
CI 1.68-2.05, P  <  0.001), HCC (HR 3.66, 95% CI 2.71-4.94, P  <  0.001), and liver transplantation (HR 7.98, 95% CI 
4.62-13.79, P  <  0.001). Conclusion: In a real-world nationwide database, FIB-4 ≥ 2.67 was a strong predictor of both 
all-cause mortality and liver-related adverse outcomes independently of the baseline diagnostic group and common risk 
factors. Our findings indicate that FIB-4 could play a role as a risk-stratification tool for a population health approach. 
Significant underdiagnosis of both NAFLD/NASH and NASH cirrhosis in electronic medical records was observed. 
(Hepatology Communications 2022;6:765-779).

Nonalcoholic fatty liver disease (NAFLD) is a 
major public health problem affecting 25% of 
the worldwide population, and its global bur-

den is expected to rise in the next decades.(1,2) In the 
United States (U.S.), it is estimated that NAFLD cur-
rently affects approximately 80 million people, with a 
projection of more than 100 million affected individ-
uals by 2030.(3)

NAFLD, defined by the accumulation of fat (ste-
atosis) in more than 5% of hepatocytes, in the absence 
of excessive alcohol consumption, is a heterogenous 
disease that encompasses simple steatosis without 
fibrosis, steatohepatitis (NASH) with different stages 
of fibrosis, and, ultimately, cirrhosis with its life-
threatening complications. Within the spectrum of 
NAFLD, simple steatosis has a low risk of liver-related 
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complications, whereas NASH has a potentially pro-
gressive course that can lead to liver fibrosis, cirrho-
sis, end-stage liver disease, hepatocellular carcinoma 
(HCC), liver transplantation, and/or extra-hepatic 
complications.(4-6)

Over the last decades, NAFLD has become one of 
the leading causes of cirrhosis, end-stage liver disease, 
HCC, and liver transplantation worldwide.(7,8) NASH 
is the second most common indication—and also the 
fastest increasing indication—for liver transplantation 
in 2019, the leading indication for liver transplanta-
tion among women without HCC,(9) and the most 
rapidly growing cause of HCC among US patients 
listed for liver transplantation.(10)

NAFLD is often underdiagnosed in clinical prac-
tice,(11) contributing to higher rates of morbidity and 
mortality, as most patients are diagnosed when ther-
apeutic interventions are limited. The prevalence of 
NAFLD is highly variable in the literature, depend-
ing on the clinical setting and diagnostic methods. 
The use of International Classification Diseases 
(ICD) coding to diagnose NAFLD/NASH is con-
sistently associated with an underestimation of the 
“true” prevalence of the disease(3,12) compared with 
studies using imaging (ultrasound, computed tomog-
raphy scan, and magnetic resonance imaging/spec-
troscopy), suggesting a significant underdiagnosis in 
real-world clinical practice. Indeed, the prevalence of 
NAFLD in recent claims-database studies showed 
a low NAFLD prevalence, ranging from less than 
1% to almost 6%,(11,13) compared with 21% in other 
studies.(3)

The development and progression of liver fibro-
sis are the best predictors of liver disease progression 
and long-term outcomes.(14-18) Hence, the early iden-
tification of patients with fibrosis is vital to recog-
nize high-risk patients who will need to be referred 
to liver specialists for monitoring and treatment of 
liver complications, potential coming treatments, and, 
in the case of end-stage liver disease, assessment for 
liver transplantation. Although liver biopsy is still 
the gold standard to assess liver fibrosis, its invasive 
nature, high cost, sampling variability, and interob-
server and intra-observer variability makes it unsuit-
able for screening and disease monitoring in clinical 
practice.(19) Therefore, the identification of accurate 
noninvasive methods to identify those patients with 
advanced fibrosis is of high clinical interest. Transient 
elastography is a very well validated noninvasive 
method to assess liver stiffness and estimating stage of 
liver fibrosis; however, it is not widely accessible, and 
from a primary care perspective, would not be appro-
priate as a first-line approach.

Noninvasive scoring systems based on clinical and 
biochemical variables have been widely used in recent 
years, and numerous studies have validated their diag-
nostic accuracy for the assessment of liver fibrosis in 
the population with NAFLD.(20,21) The Fibrosis-4 
index (FIB-4) is a clinical score based on common 
clinical parameters (age, aspartate aminotransferase 
[AST], alanine aminotransferase [ALT], and plate-
lets) and has been shown to have the best diagnostic 
accuracy for advanced fibrosis when compared with 
other noninvasive clinical scores.(22) Recent evidence 
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suggests that, in addition to its diagnostic accuracy, 
FIB-4 also has prognostic value and can predict 
adverse outcomes among patients with NAFLD.(23-27) 
However, current studies are based in small cohorts, 
from tertiary hospitals and specialized centers, and 
their findings may be hard to extrapolate in the gen-
eral population.

Therefore, the aim of this study is to evaluate 
the long-term prognostic value of FIB-4 in a pop-
ulation with NAFLD using a large U.S. database of 
30 million patients and to estimate the extent of the 
underdiagnosis of NAFLD/NASH across different 
clinical settings.

Patients and Methods
STUDY POPULATION AND DESIGN

This study was a retrospective, observational anal-
ysis of longitudinal medical data from the TriNetX 
global federated research network. The TriNetX net-
work is a large electronic medical records (EMR) 
database that at the time of data obtainment con-
tained EMR for 30 million patients in care in one of 
25 health care organizations. The database represents 
a combination of hospital, primary care, and specialty 
care organizations geographically dispersed across the 
U.S., providing inpatient and outpatient care. The 
database includes deidentified enrollee information 
(sex, age, race/ethnicity) and longitudinal clinical 
information (including laboratory, diagnosis, proce-
dures, medications) with historical data of 5 or more 
years on average from each organization. This study 
was approved by the Western Review Board as an 
institutional review board exemption under 45 CFR 
46.101 (b).(4)

Inclusion criteria for the study were (1) ≥18 years 
old at the beginning of the observation time ( July 
2015) and less than 90 years by the end of the obser-
vation window ( June 2019); (2) all patients with an 
ICD-based diagnosis of NAFLD, NASH, and sub-
jects with a risk profile of NAFLD/NASH (risk 
algorithm and ICD codes detailed in Table 1); (3) 
having sufficient demographic, clinical, and labora-
tory data to calculate FIB-4 or to estimate the risk 
profile; and (4) at least 1 year of medical history and 
2 years of follow-up available. Our exclusion criteria 
were (1) >90 years during the time of observation; (2) 

a concurrent diagnosis or history of other chronic liver 
disease, including viral, alcoholic, cholestatic, genetics, 
or autoimmune liver disease; and (3) human immuno-
deficiency virus infection.

DEFINITION OF DIAGNOSTIC 
GROUPS: NAFLD, NASH, AND RISK

In our study, we defined three different diagnos-
tic groups: (1) NAFLD, (2) NASH, and (3) RISK. 
The first two groups included all patients with a for-
mal ICD diagnosis of NAFLD or NASH, respec-
tively. The ICD codes are detailed in Table 1. Given 
the underdiagnosis of NAFLD and NASH,(11) we 
created a third group (RISK), to identify patients 
with NAFLD/NASH who did not carry ICD code. 
RISK-group patients were identified via an algorithm 
designed by an expert panel based on established risk 
factors for NAFLD/NASH(28-31) that reflect daily 
practice and could be implemented by primary care 
providers and diabetics clinics. The risk criteria used 
were age >50 years, ALT > 30 U/L, and either body 
mass index (BMI) > 30 kg/m2 or presence of type 2 
diabetes mellitus (T2DM).

For this study, the index date was the first calcu-
lable FIB-4 between July 2015 and June 2017 with 
more than 1-year history and more than 2 years fol-
low-up or to death.

CLINICAL CHARACTERISTICS 
AND OUTCOMES OF INTEREST

Diagnoses were considered if they occurred 
before or on the index date. Baseline characteristics 
were within 12 months before to 3 months follow-
ing the index date, with reported measures being 
closest to the index date, and preference given to 
measures before the index date. Comorbidities asso-
ciated with NAFLD, such as T2DM, dyslipidemia 
and hypertension, were identified using ICD codes. 

TABLE 1. DEFINITION OF THE DIAGNOSTIC 
GROUPS ACCORDING TO ICD CODING

Diagnostic 
Group ICD Code

Risk of NASH Age > 50 years, ALT > 30 U/L, and (BMI > 30 kg/m2 or T2DM)

NAFLD ICD-10 K76, ICD-9 571.8, and ICD-9 571.9

NASH ICD-10 K75.81
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Metabolic syndrome was indicated when three or 
more of the following criteria were met: (1) plasma 
glucose ≥ 1.1 g/L; (2) high-density lipoprotein–
cholesterol (HDL-C)–cholesterol < 40 mg/dL for 
males and <50 mg/dL for females; (3) triglycerides  
≥ 1.5 g/L; and (4) hypertension defined as ≥130 mmHg  
systolic or ≥90 mmHg diastolic blood pression. 
Patients were classified according to their BMI as 
follows: underweight (BMI < 18.5 kg/m2), normal 
weight (BMI 18.5-24.9 kg/m2), overweight (BMI 
25-29.9 kg/m2), and obese (BMI ≥ 30 kg/m2).  
Major adverse cardiac events included any of the 
following: (1) myocardial infarction; (2) hospital-
ization for unstable angina; (3) hospitalization for 
heart failure; (4) coronary revascularization; and 
(5) stroke, according to ICD codes. The Charlson 
Comorbidity Index was assessed at the index date 
based on previous comorbidities of patients, and 
was calculated using ICD codes as described in a 
previous study. FIB-4 was calculated using the fol-
lowing formula: age × AST/(platelets × sqrt [ALT]). 
According to FIB-4 values, patients were classified 
as (1) low risk, FIB-4 < 1.3; (2) intermediate risk, 
FIB4 1.3-2.66; and (3) high risk, FIB-4 ≥ 2.67.(32)

The primary outcome was all-cause mortality. 
The prespecified secondary outcomes included (1) 
progression to NASH; (2) development of cirrho-
sis; (3) development of end-stage liver disease; (4) 
HCC; and (5) liver transplantation. By study design, 
all subjects in the cohort had a minimum follow-up 
until death or 24 months. Progression to NASH, 
development of cirrhosis, HCC, and liver transplan-
tation were assessed using ICD codes that occurred 
during follow-up and at least 90 days past index. 
End-stage liver disease was defined by the presence 
of a Model for End-Stage Liver Disease score > 14 
and/or the presence of any of the following: (1) por-
tal hypertension, (2) ascites, (3) encephalopathy, and 
(4) liver failure.

STATISTICAL ANALYSIS
Continuous variables were summarized as median 

(interquartile range [IQR]) and categorial variables 
as frequency (percentage). Comparisons of base-
line characteristics between cohorts were performed 
using Wilcoxon test (continuous) and exact test 
(categorical). Cumulative incidence curves were 
generated by the Kaplan-Meier method plotting 

cumulative incidence of study outcomes by years of 
follow-up and compared using a log-rank test. Time 
to all-cause mortality and progression to advanced 
liver disease analyses were performed using Cox 
proportional models with strata for age group and 
BMI group status at index. Each outcome was ana-
lyzed using complete-case analysis by predictors 
included in multiple regression model. All models 
included diagnosis group and FIB-4 status as pre-
dictors, and all demographic and clinical covariates 
with P  < 0.200 for individual models were selected 
to adjust results in multiple regression models. 
Univariate and multivariate Cox regression results 
were reported as hazard ratio (HR) and 95% con-
fidence interval (95% CI). The final models were 
adjusted for diagnostic group, FIB-4 category, 
gender, race/ethnicity and T2DM, hypertension, 
major adverse cardiac events, hyperglycemia, high 
low-density lipoprotein–cholesterol (LDL-C), low 
HDL-C, and high triglycerides. All analyses were 
performed using SPSS statistical software version 
25.0 (IBM, Armonk, NY) and R statistical soft-
ware, version 3.6.1 (R Foundation for Statistical 
Computing). A two-tailed P value < 0.05 was con-
sidered significant.

Results
BASELINE CHARACTERISTICS OF 
THE COHORT

After reviewing the EMR database, 442,277 
patients were identified as having NAFLD, NASH, 
or met criteria for RISK group, which represents 1.5% 
of the entire cohort (442,277 of 30 million). Of those, 
81,108 individuals met the remaining study inclusion 
and exclusion criteria for follow-up and calculable 
FIB-4 (Supporting Fig. S1). Of those, 62,612 (77.2%) 
patients were included in the RISK group, 17,582 
(21.7%) in the NAFLD group, and 914 (1.1%) in the 
NASH group. Baseline characteristics are summarized 
in Table 2.

Median age in the overall population was 62.0 
(IQR 14) years with no gender predominance (50.4% 
female), and 80.3% of patients were of White race. 
NAFLD and NASH patients were younger (median 
age 57 and 58 years, respectively) and predomi-
nantly of female sex (61% and 63.7%, respectively) 
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compared to patients in the RISK group (median 
age 63 years, female sex 47.3%) (P  <  0.001 for all). 
Median BMI was 32 kg/m2 (IQR 5.9), with 19.6% 
of patients being overweight and 72.6% obese. 
Overall, 15.1% percent of patients had metabolic 
syndrome, 34.3% T2DM, 64.3% dyslipidemia, and 
56.7% hypertension.

With regard to FIB-4 values, 52.3% presented a 
FIB-4 < 1.3, 36.3% a FIB-4 1.3-2.66, and 11.4% a 
FIB-4 ≥ 2.67. The proportion of patients with FIB-4 
≥ 2.67 was significantly higher for NASH (31.0%,  
P  < 0.001) compared to all patients with NAFLD 
(12.0%, P < 0.001), which was also significantly higher 
compared to the RISK group (10.9%, P  <  0.001). 
Among patients with cirrhosis, 41.6% (236 of 567) 
had a FIB-4 ≥ 2.67, whereas among patients without 
cirrhosis, only 8.3% (5,288 of 63,505) had a FIB-4 ≥ 
2.67.

Regarding liver-related comorbidities at baseline, 
21.7% of patients had established cirrhosis (com-
pensated in 0.7% of patients and end-stage liver 
disease in 21% of patients), 0.3% had HCC and 
0.4% of patients had undergone a liver transplanta-
tion. The proportion of patients with cirrhosis was 
significantly higher in patients with NASH com-
pared to RISK and patients with NAFLD (38.5% 
vs. 33.1% vs. 29.5%, P  <  0.001). Similarly, patients 
with NASH presented a significantly higher num-
ber of HCC than patients with NAFLD (2.3% vs. 
0.9%, P  <  0.001), whereas patients with NAFLD 
presented a significantly higher proportion of HCC 
than patients in the RISK group (0.9% vs. 0.1%, 
P < 0.001).

UNIVARIATE AND MULTIVARIATE 
ASSOCIATIONS WITH ALL-CAUSE 
MORTALITY AND SECONDARY 
OUTCOMES

During median follow-up of 34.8 months (IQR 
12.2), out of 81,108 patients, 8,652 (10.7%) died, 
1,875 (2.3%) developed NASH, 12,838 (15.8%) 
developed cirrhosis, 13,162 (16.2%) developed end-
stage liver disease, 425 (0.5%) developed an HCC, 
and 207 (0.3%) received a liver transplant.

The incident rate (cases per 1,000 person-years) 
for all-cause mortality and secondary outcomes, 
stratified by FIB-4 category, is described in Fig. 1. 
We observed a higher incidence rate for all-cause 

mortality and secondary outcomes in patients with 
FIB-4 ≥ 2.67 compared to patients with FIB-4 < 
2.67 (P < 0.001).

Significant predictors of all-cause mortality on 
univariate analysis (Table 3) include NAFLD, FIB-4 
1.3-2.67, FIB-4 ≥ 2.67, male sex, T2DM, major 
adverse cardiac events, hyperglycemia, high LDL, 
low HDL, and high triglycerides. In cumulative 
incidence curves, patients with FIB-4 ≥ 2.67 expe-
rienced a substantial increase in all-cause mortal-
ity (Fig. 2) and liver-related outcomes (Supporting 
Figs. S2-S6) compared to those with FIB-4 < 2.67 
(P < 0.001). This finding was consistent in all diag-
nostic groups (P  <  0.001 for NALFD, NASH, and 
RISK groups).

These variables were further analyzed on multivar-
iate analysis, adjusting for diagnostic group (RISK, 
NAFLD, NASH), FIB-4 category (<1.3, 1.3-2.66, 
≥ 2.67), gender, race/ethnicity and T2DM, major 
adverse cardiac events, hyperglycemia, high LDL, low 
HDL, and high triglycerides, and results are presented 
in Table 3. Variables that maintained a significant 
association with all-cause mortality after adjustment 
for confounders included NAFLD, FIB-4 1.3-2.67, 
FIB-4 ≥ 2.67, hyperglycemia, high LDL, major car-
diac adverse events, and high triglycerides. FIB-4  
≥ 2.67 conferred a 2.5-fold higher risk of all-cause 
mortality. After excluding patients with cirrhosis 
at baseline from the analysis, FIB-4 ≥ 2.67 was the 
strongest predictor of mortality (HR 2.13, 95% CI 
1.88-2.42, P < 0.001).

The univariate associations of FIB-4 ≥ 2.67 with 
the secondary outcomes are described in Table 4. 
FIB-4 ≥ 2.67 was the strongest or the second-strongest 
predictor across all of the secondary outcomes 
(Table 4). In multivariate analysis (Table 4), FIB-4 
≥ 2.67 remained a strong predictor of progression to 
NASH, cirrhosis, end-stage liver disease, HCC, and 
liver transplantation.

Discussion
In this retrospective multicenter population-wide 

study, using a database of 30 million patients repre-
senting nearly 10% of the U.S. population, and com-
bining data from hospital, primary and specialty care, 
we identified 18,496 patients who carried a diagnosis 
of NAFLD and NASH and 62,612 patients who met 
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our definition of at risk of NASH. Our main find-
ings were (1) NAFLD/NASH and NASH cirrhosis 
are underdiagnosed in real-world clinical practice; 
(2) high-risk FIB-4 score (≥2.67) was a significant 
independent predictor of all-cause mortality, after 
controlling for the diagnostic group (RISK, NAFLD, 
and NASH) and established clinical risk factors; (3) 
high risk FIB-4 score (≥2.67) was one of the stron-
gest independent predictors of liver-related adverse 
outcomes including progression to NASH, cirrhosis, 
end-stage liver disease, HCC and liver transplantation, 
incremental to the diagnostic group (RISK, NAFLD, 
and NASH) and risk factors.

UNDERDIAGNOSIS OF NAFLD, 
NASH, AND CIRRHOSIS

In this large database, we identified 442,277 patients 
with a diagnosis of NAFLD, NASH, or at RISK of 
NASH—representing 1.5% of our population, which 
is a significantly lower prevalence compared with the 
24% previously described in the literature,(12) indi-
cating a significant underdiagnosis of NAFLD and 
NASH in real-world clinical practice. This finding 
is consistent with results obtained from other claims 
database studies.(11,13) In an attempt to address the 
underdiagnosis bias, we included in our study a RISK 

FIG. 1. Incidence rates of liver-related outcomes and all-cause mortality. Incidence rate (number of cases/1,000 person-years) of liver-
related outcomes (NASH, cirrhosis, end-stage liver disease, HCC, liver transplantation) and all-cause mortality according to FIB-4 and 
diagnostic group (RISK, NAFLD, and NASH). RISK includes patients with a risk profile of NASH using with the following formula: 
age > 50 years and ALT > 30 U/L and (BMI > 30 kg/m2 or T2DM).
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group of patients with common clinical criteria and 
recognized risk factors—T2DM and obesity—who 
likely have NAFLD or NASH but do not carry a for-
mal ICD-diagnosis. Several NAFLD clinical screen-
ing tools have been validated but can be challenging 
to implement in clinical daily practice due to unavail-
ability of liver imaging tests in primary care clinics,(33) 
the lack of necessary clinical parameters,(34) or the 
absence of validation in the U.S. population.(35) Hence, 
based on consensus of an expert panel, we opted for 
a straightforward widely available algorithm, based on 
established risk factors for NAFLD, that would reflect 
daily practice and could be readily implemented by 
primary care providers and diabetic clinics.

We also observed a significantly higher percentage 
of patients with end-stage liver disease compared to 
patients with compensated cirrhosis (21% vs. 0.7%). 

We believe that this discrepancy may be due to an 
undercoding of compensated cirrhosis. In a study by 
Loomba et al.,(11) describing data from a Medicare 
cohort, more than 90% of patients with cirrhosis were 
first diagnosed with decompensated cirrhosis. By 
definition, patients with compensated cirrhosis are, in 
most cases, asymptomatic, which contributes to both 
undercoding and underdiagnosis by primary care pro-
viders. Moreover, identifying patients with NASH 
cirrhosis in EMR is challenging, as there is no ICD-
specific diagnostic code. However, a recent systematic 
analysis(36) showed that from 1990 to 2017 the num-
ber of prevalent cases of decompensated cirrhosis due 
to NASH more than tripled, and predictions estimate 
that incidence of NASH-related decompensated cir-
rhosis will increase 165% by 2030.(37) Early recogni-
tion of NASH cirrhosis by primary care providers is 

TABLE 3. UNIVARIATE AND MULTIVARIATE ANALYSES OF PATIENT CLINICAL AND DEMOGRAPHIC 
CHARACTERISTICS OF FIB-4 WITH ALL-CAUSE MORTALITY

All-Cause Mortality

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value aHR (95% CI) P Value

Diagnostic group

RISK 1 (reference) 1 (reference)

NAFLD 1.15 (1.02-1.28) 0.018 1.15 (1.02-1.29) 0.018

NASH 1.33 (0.88-2.01) 0.175 1.14 (0.75-1.72) 0.540

Sex

Female 1 (reference) 1 (reference)

Male 1.15 (1.05-1.25) 0.002 0.99 (0.91-1.08) 0.820

Race/ethnicity

White 1 (reference) 1 (reference)

Black/African American 0.93 (0.8- 1.06) 0.256 0.78 (0.68-0.89) <0.001

Hispanic 0.99 (0.77-1.27) 0.919 1.01 (0.79-1.30) 0.920

Other 0.91 (0.7-1.18) 0.480 0.95 (0.73-1.24) 0.711

Clinical characteristics

T2DM 1.17 (1.07-1.28) <0.001 0.97 (0.87-1.07) 0.534

Hypertension 0.92 (0.77-1.11) 0.403 - -

MACE* 2.93 (2.68-3.2) <0.001 2.53 (2.31-2.78) <0.001

Hyperglycemia 1.37 (1.26-1.5) <0.001 1.25 (1.14-1.37) <0.001

High LDL-C 0.7 (0.63-0.77) <0.001 0.85 (.077-0.94) 0.002

Low HDL-C 1.19 (1.09-1.29) <0.001 1.07 (0.98-1.17) 0.148

High triglycerides 0.85 (0.77-0.93) <0.001 0.83 (0.75-0.91) <0.001

FIB-4

<1.3 1 (reference) 1 (reference)

1.3-2.66 1.24 (1.12-1.38) <0.001 1.13 (1.02-1.26) 0.020

≥2.67 3.19 (2.83-3.60) <0.001 2.49 (2.20-2.82) <0.001

Note: Statistical analyses were performed using Cox regression and results were reported as HR and 95% CI.
*MACE included myocardial infarction, unstable angina, heart failure, and coronary revascularization, including coronary artery bypass 
graft and stroke.
Abbreviation: aHR, adjusted HR.
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FIG. 2. Cumulative incidence curves for all-cause mortality. Cumulative incidence curves for all-cause mortality according to FIB-4 and 
diagnostic group (all patients, RISK, NAFLD, and NASH). Cumulative incidence curves were generated by the Kaplan-Meier method 
plotting cumulative incidence of study outcomes by years of follow-up and compared using a log-rank test. RISK includes patients with 
risk profile of NASH using with the following formula: age > 50 years and ALT > 30 U/L and (BMI > 30 kg/m2 or T2DM).
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crucial for timely referrals to liver specialists and pre-
vent adverse liver-related outcomes.

Furthermore, in our cohort, nearly 50% had a FIB-4 
≥ 1.3 (corresponding to an intermediate-to-high risk of 
advanced liver fibrosis), from whom 11% had a FIB-4 
≥ 2.67 (corresponding to a high risk of advanced liver 
fibrosis). Previous data validating FIB-4 as a predictor 
of fibrosis in patients with NAFLD showed a substan-
tially lower number of patients classified as high risk. 
Indeed, in the study published by Srivastava et al.,(38) 
with 1,452 patients with NAFLD, only 29% had a 
FIB-4 ≥ 1.3. In another study published by Davyduke 
et al.,(39) with 560 patients with suspected NALFD 
(criteria: 16-65 years old, elevated ALT and/or steato-
sis on imaging, absence of previous liver diagnosis), 
only 13% of patients had a FIB-4 ≥ 1.3. In contrast to 
these studies, almost 80% of our sample consisted of a 
high-risk population with established risk factors for 
NASH (age, obesity, T2DM), which can explain a bias 
toward those with more severe disease.

GENDER AND RACIAL DISPARITIES
In our study, men were significantly less likely to 

have a formal diagnosis of NAFLD/NASH than 
women (NAFLD: 39% vs. 61.0%, NASH: 36.3% 
vs. 63.7%, P  < 0.001). Recent data have showed that 
NAFLD is more prevalent in men than in premeno-
pausal women but occurs at an even higher rate in 
postmenopausal women.(40) In our study, the mean 
age of our population was over 50 years, which may 
explain the lesser rate of NAFLD/NASH in men.

It is noteworthy that in our study Black patients 
were associated with a higher overall mortality and 
adverse liver-related outcomes than White and 
Hispanic patients. A previous study by Younossi et 
al.(41) showed a higher risk of overall mortality in 
Black individuals, although a recent meta-analysis was 
inconclusive.(42) A poorer access to health care system, 
leading to a later a diagnosis - when the disease has 
already progressed to an advanced stage - may play a 
role in the worse prognosis observed in these patients.

ASSOCIATION BETWEEN FIB-4 
AND OVERALL MORTALITY

In this large-scale multicenter cohort combining 
data from inpatient and outpatient care, FIB-4 score 
was a strong predictor of all-cause mortality, after 

adjustment for demographic and the most relevant 
clinical variables, and this finding was independent of 
the diagnostic group. In patients with FIB-4 ≥ 2.67, 
we observed a high rate of cumulative incidence of 
all-cause mortality, which may be explained by an 
advanced age (median age: 69 years), a high burden 
of cardiovascular risk factors, and a high probability 
of advanced hepatic disease in this population. In 
comparison, a previous study of 14,967 patients with 
cirrhosis showed a mortality rate superior to 50% 
in patients with a Charlson Comorbidity Index > 1, 
with diabetes being the second most frequent comor-
bidity.(43) Of note, when patients with cirrhosis were 
excluded from analysis, FIB-4 ≥ 2.67 was the stron-
gest predictor of mortality.

Although the association between FIB-4 and all-
cause mortality has been described in prior stud-
ies, the populations were predominantly selected 
from specialist clinics. Indeed, in previous studies of 
patients with biopsy-proven NAFLD, a high FIB-4 
score (≥2.67) was associated with overall mortali-
ty.(23-25) However, the studied population was smaller 
(<700 patients) and biased toward those with more 
severe disease (patients with biopsy-proven NAFLD 
from tertiary centers). Moreover, in comparison to 
our study, variables were not consistently adjusted to 
key confounders such as cardiovascular disease, race 
or dyslipidemia, which may influence their associa-
tion to the outcome. Another study in 11,154 indi-
viduals, from which 34% had a NAFLD diagnosis by 
liver ultrasound, also showed the association between 
FIB-4 and overall mortality.(26) However, the diag-
nosis of NAFLD by liver ultrasound may miss mild 
steatosis, is operator-dependent, and accuracy may be 
influenced by BMI.

ASSOCIATION BETWEEN FIB-4 
AND ADVERSE LIVER-RELATED 
OUTCOMES

We further observed a strong association between 
a high FIB-4 score (≥2.67) and all the major liver-
related adverse outcomes, including cirrhosis, end-
stage liver disease, HCC, and liver transplantation. 
Again, these findings were independent of the diag-
nostic group.

In a study published by Angulo et al.,(25) with 320 
patients with biopsy-proven NAFLD, a high FIB-4 
score was strongly associated with liver-related events, 
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defined as the development of ascites, gastroesophageal 
varices/bleeding, portosystemic encephalopathy, hepa-
topulmonary syndrome, HCC, spontaneous bacterial 
peritonitis, and hepatorenal syndrome. Onnerhag et 
al.(24) reported similar findings in 144 patients with 
biopsy-proven NAFLD, confirmed these findings, 
and Kim et al.(27) recently showed that FIB-4 was 
a strong predictor of the development of HCC in a 
population of patients with NAFLD.

Both of these findings - FIB-4 as a predictor of 
overall mortality and adverse liver-related events 
- obtained in a “real-world population” representing 
almost 10% of the U.S. population, may have a signif-
icant impact in clinical practice. Being a readily acces-
sible noninvasive tool that can be used in all clinical 
settings (primary care, diabetics clinics, and special-
ized care), FIB-4 can be applied not only to identify 
patients at risk of developing more advanced disease 
but also to stratify those at higher risk of overall mor-
tality and adverse liver-related outcomes, who could 
benefit from closer surveillance, intensive lifestyle 
measures, and inclusion in clinical trials.

STRENGTHS AND LIMITATIONS
To our knowledge, this is the largest U.S. study ana-

lyzing the prognostic value of FIB-4 and combining 
data from all health care settings (hospital, primary 
care, and specialty care). Our study represents a “real-
world population” with the inclusion of a RISK group, 
with established risk factors for NASH, including 
obesity and T2DM.

Our study has several limitations. First, diagno-
ses were based on ICD coding, which may lead to 
an underestimation of NAFLD due to misclassifica-
tion bias related to coding errors. In addition, ICD 
codes for NAFLD/NASH lack accuracy, particularly 
discriminating patients with biopsy-proven diagno-
sis or NASH cirrhosis, and depend on the individual 
physician practices to code. All - these aspects may 
impact the quality of data collection and contribute 
to coding errors. Nonetheless, this study includes not 
only patients with a formal diagnosis of NAFLD 
and NASH, but also patients at risk of NASH - 
defined by the presence of common and established 
risk factors - who have a high likelihood of having 
NAFLD or NASH minimizing the underdiagnosis 
bias. We did, however, observe significant differences 
between NAFLD and NASH with regard to clinical 

characteristics, FIB-4, and liver outcomes. Second, 
NASH diagnosis was based on ICD coding, and we 
do not have information if it was truly based on his-
tological analysis. Moreover, the progress to NASH 
outcomes should be interpreted carefully, as this may 
not represent a real progression to NASH but only 
a formal ICD coding by the physician. With regard 
to the statical analysis, we did not use imputation 
methods for missing data. However, we do not believe 
that the main takeaways from the results would 
have changed substantially given the sample size. 
Furthermore, we were unable to assess the indepen-
dent predictive value of AST, ALT, and platelet count, 
as we used the integrated FIB-4 score in our multi-
variate model. However, all Cox models were appro-
priately stratified by age. Finally, and as discussed 
previously, we observed an unexpectedly high number 
of patients with end-stage liver disease, which may 
indicate a selection bias in the studied population. As 
a calculable FIB-4 was necessary for enrollment, it is 
possible that our population was biased toward those 
with more severe hepatic disease. Patients followed by 
hepatologists may be more likely to have an ICD code 
for cirrhosis and its complications, compared to those 
followed by primary care providers. Increasing aware-
ness about underdiagnosis, undercoding and under-
recognition of NASH in primary care was one of our 
study objectives.

In conclusion, in a nationwide database assessing 
the association between FIB-4 and NAFLD outcomes 
in a real-world setting, a high FIB-4 score (≥2.67) 
was strongly associated with both all-cause mortal-
ity and liver-related adverse outcomes, independently 
of traditional risk prognosticators, in patients at risk 
of NASH and/or a NAFLD and NASH diagnosis. 
These findings underscore that fibrosis stage, and not 
NASH per se, is the strongest predictor of all-cause 
mortality and liver-related adverse outcomes. The 
FIB-4 clinical score can accurately identify patients 
at risk of severe liver disease and adverse outcomes 
and should be used as a part of a population health 
approach to screen high-risk populations, such as 
those with T2DM and patients fulfilling “at RISK” 
criteria described in our study. Furthermore, this real-
world database highlights the significant underdiag-
nosis of both NAFLD/NASH and NASH cirrhosis 
in the U.S., leading to a late diagnosis of liver com-
plications and consequently a higher rate of morbidity 
and mortality.
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