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Abstract

Background & Aims: Currently, there is no consistent information on the course of fibrosis-4 

(FIB-4) score changes in non-alcoholic fatty liver disease (NAFLD) or their association with 

subsequent risk of cirrhosis and/or hepatocellular carcinoma (HCC). Thus, we aimed to evaluate 

the association between longitudinal changes in FIB-4 and subsequent risk of HCC and a 

composite endpoint of cirrhosis and HCC in patients with NAFLD.

Methods: We conducted a retrospective cohort study of patients with NAFLD seen in 130 

Veterans Administration hospitals between 1/1/2004–12/31/2008, with follow-up through to 

12/31/2018. We calculated FIB-4 longitudinally and categorized patients based on risk of 

advanced fibrosis (low-risk FIB-4 <1.45, indeterminate-risk FIB-4 1.45–2.67, and high-risk FIB-4 
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>2.67). We used landmark Fine-Gray competing risks models to determine the effects of change in 

FIB-4 between NAFLD diagnosis date and 3-year landmark time on the subsequent risk of HCC 

and a composite endpoint.

Results: Among the 202,319 patients with NAFLD in the 3-year landmark analysis, 473 

progressed to HCC at an incidence rate of 0.28 per 1,000 person years (PY) (95% CI 0.26–

0.30). The incidence rate of the composite endpoint was 1.31 per 1,000 PY (95% CI 1.25–1.37). 

At baseline, 74.7%, 21.4%, and 3.8% of patients had a low, indeterminate, and high FIB-4, 

respectively. Compared to patients who were at stable low FIB-4 at both time points, the risk of 

HCC and that of the composite endpoint was higher for all other subgroups with the highest risk 

in patients with persistently high FIB-4 (HCC adjusted sub-distribution hazard ratio 57.7, 95% CI 

40.5–82.2 and composite endpoint hazard ratio 28.6, 95% CI 24.6–33.2).

Conclusion: Longitudinal changes in FIB-4 were strongly associated with progression to 

cirrhosis and HCC.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is now the most common liver disease with 

a population prevalence among adults estimated to be 20–30% worldwide.1–3 NAFLD is 

growing at a rate parallel with the obesity epidemic and is predicted to become one of the 

leading causes of cirrhosis and hepatocellular carcinoma (HCC).4,5 Unfortunately, NAFLD-

related HCC (NAFLD-HCC) is associated with a high mortality rate due to being diagnosed 

at a later stage and in older individuals.6–9 There are several challenges in identifying at-risk 

individuals with NAFLD who may benefit from HCC surveillance. For example, progression 

to cirrhosis, the main precursor to HCC, is lower with variable risk in NAFLD compared to 

other etiologies. Furthermore, up to one-third of HCC cases arise in the setting of NAFLD 

without cirrhosis; however, current clinical guidelines do not recommend HCC surveillance 

in individuals with NAFLD without cirrhosis.10,11
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The heterogeneous risk of progression to cirrhosis and NAFLD-HCC in patients may come 

from variations in the extent and evolution of liver fibrosis, which may be captured by non-

invasive markers.12,13 In this regard, blood-based biomarkers of liver fibrosis are promising 

because they can be standardized and easily applied in limited resource settings compared 

to use of liver biopsy or repeated imaging for fibrosis assessment. Using these markers may 

be a cost-effective and easily implementable method for risk stratifying patients. Changes in 

the fibrosis-4 (FIB-4) score over time were strongly associated with risk of HCC in a cohort 

of patients treated for chronic hepatitis C. Currently, there is no consistent information on 

the course of FIB-4 changes in NAFLD or its association with subsequent risk of cirrhosis 

and/or NAFLD-HCC.14 These data could be important for risk stratification of patients. 

For example, identifying patients who may be at a high enough risk for HCC can alter 

surveillance decisions, with more aggressive surveillance considered in those more likely to 

have a high risk. To clarify these important questions, we evaluated changes in FIB-4 over 

time and the associated risk of progression, including progression to HCC, among a large 

retrospective cohort of patients with NAFLD who sought care at 130 Veterans Affairs (VA) 

hospitals and affiliated clinics. VA is the largest integrated healthcare system in the US. It is 

also a semi-closed system with a stable population with comprehensive clinical, laboratory 

and outcome data rendering longitudinal studies feasible.

Materials and methods

Data sources

We used the national VA Corporate Data Warehouse (CDW) and VA Central Cancer 

Registry (CCR). CDW includes all diagnostic codes (ICD-9, ICD-10, and CPT), radiology 

reports from the Radiology Raw Data domain, laboratory test results, and pharmacy data 

for each patient encounter.15 CDW also contains information from annual Alcohol Use 

Disorders Identification Test (AUDIT-C) screen and Vital Status files with date of death 

from four sources.8 CCR is a centralized repository for over 750,000 VA patients with 

cancer and includes information on date of diagnosis, primary site, and histology. We also 

accessed electronic medical records for patients nationwide through the VA Compensation 

and Pension Records Interchange.

Study population

We defined patients as having NAFLD if they had two or more elevated alanine 

aminotransferase (ALT) values (>−40 IU/ml for men and >−31 IU/ml for women) in the 

ambulatory setting and more than 6 months apart, with no positive serologic laboratory 

testing for HBV (i.e., HBV surface antigen) or HCV (i.e., HCV RNA).8 We excluded 

patients with any alcohol-related ICD-9 codes or positive AUDIT-C scores (>−4 in men 

and >−3 in women) any time prior to or during study follow-up. We also excluded patients 

with evidence of rare chronic liver disorders (hereditary hemochromatosis, primary biliary 

cirrhosis, primary sclerosing cholangitis, Wilsons disease, alpha-1 antitrypsin disease, or 

autoimmune hepatitis) defined based on ICD-9 codes. This combined definition was highly 

predictive of NAFLD diagnosis based on explicit chart review (positive predictive value 

89%, 95% CI 84–94%; negative predictive value 98%, 95% CI 93–99%).8

Cholankeril et al. Page 3

J Hepatol. Author manuscript; available in PMC 2023 November 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



We used the date of first elevated ALT as the date of NAFLD diagnosis. We included 

patients with a NAFLD diagnosis date from January 1, 2004 to December 31, 2008 in this 

analysis because AUDIT-C was implemented in the VA in 2004. Patients had to be 18 years 

or older and have an evaluable FIB-4 (see below) within 6 months of NAFLD diagnosis to 

be included in our analysis. For our analysis, we constructed two separate cohorts of patients 

and followed them to December 31, 2018 to examine our outcomes of interest (see statistical 

analysis section).

Variable specification

FIB-4—We calculated FIB-4 longitudinally using age and laboratory results from aspartate 

aminotransferase (AST), ALT and platelet tests performed within 6 months of each other 

in ambulatory settings as described: FIB-4 = Age (years) × AST (U/L)/[platelets (109/L)

×ALT1/2 (U/L)].16 We examined FIB-4 as a continuous variable and also categorized it using 

established (<1.45, >2.67) cut-offs.17 FIB-4 scores >2.67 (positive predictive value 80%) 

are predictive of having high risk for advanced fibrosis, whereas values <1.45 (negative 

predictive value: 90%) are predictive of absence of advanced fibrosis.18

Other covariates—Demographic variables collected included age, sex, race and ethnicity 

(non-Hispanic white, non-Hispanic black, Hispanic, and other). We defined diabetes and 

hypertension by >−2 outpatient or >−1 inpatient ICD-9 code or >−1 filled prescription 

of diabetes medications (oral hypoglycemic medications or insu-lin) or anti-hypertensives 

respectively; we used the first evidence of the condition as the date of diagnosis. The key 

features of metabolic syndrome-associated dyslipidemia included high serum triglycerides 

and low HDL levels.19 We defined dyslipidemia by examining serial laboratory values for 

abnormal serum triglycerides (>−200) and/or HDL (<40), starting from the value (within 

1 year prior to or after) closest to the NAFLD diagnosis date and then updated over time. 

We used height and weight values (any time before to 1 year after) nearest to the NAFLD 

diagnosis to define BMI. Healthcare utilization was measured as the number of clinical visits 

within the first year from the NAFLD diagnosis date.

Outcome

The study outcomes were incident HCC and a composite endpoint of either cirrhosis 

or HCC, whichever was diagnosed first. We used a hierarchical approach to define the 

occurrence of HCC, as described previously.8,15 Briefly, the VA CCR contains variables 

related to primary site and diagnosis, which we used to determine HCC by keyword searches 

for “liver” and “hepatocellular carcinoma”, respectively. In addition to using CCR, we also 

identified HCC cases by the presence of ICD 9/10 codes. We conducted a manual review 

of the VA electronic medical records for each discordant patient who had an ICD-9/10 code 

but was not identified as having HCC in the CCR data to determine their true HCC status. 

This hierarchical approach ensured high validity of all the captured HCC cases. We defined 

cirrhosis as >−2 outpatient or >−1 inpatient ICD 9/10 code for cirrhosis or its complications 

(such as ascites, encephalopathy, varices with or without bleeding) and used the date of first 

instance of the code to define date of cirrhosis diagnosis. We obtained all-cause mortality 

data from VA Vital Status file.
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Statistical analysis

We used landmark Fine and Gray model for competing risks constructed at two 

representative landmark times (3 and 5 years after the NAFLD diagnosis date)14 to examine 

the associations between evolution of fibrosis scores between NAFLD diagnosis and these 

landmark times and the subsequent risk of progression to HCC or the composite outcome 

through end of follow-up (December 31, 2018). This approach accounts for immortal time 

bias by defining exposures based on longitudinal history before the landmark, with outcome 

events that occurred after the landmark.20

Our main outcome was the time from the landmark to HCC or composite outcome of 

cirrhosis or HCC; we treated death as a competing risk in the Fine and Gray model. At 

each of the two landmarks for each endpoint (HCC or composite endpoint), the data only 

included at-risk patients (e.g., those who had NAFLD with at least two elevated ALT 

tests prior to the landmark time and who were alive without experiencing the outcome 

of interest) at that time. Patients who had their second elevated ALT after landmark time 

(immortal time bias), died or had event before landmark time, or had missing baseline 

FIB-4 values were excluded. Inclusion and exclusion criteria for study entry into the 3-year 

and 5-year landmark cohort analysis is detailed in Fig. S1. Patients who did not develop 

events (HCC, cirrhosis, or death) by the end of follow-up were censored. The model at 

a landmark time was based on the regression model from the specified landmark time. 

The predictors incorporated longitudinal information of a patient up to the landmark time, 

including change in FIB-4 as well as changes in age and metabolic traits based on time, 

updating variables prior to the landmark time. The use of two landmark times allowed us 

to evaluate whether the relationship between prior exposure and subsequent outcome is 

consistent over the follow-up period. At each landmark time, data were missing for some 

patients (for example, 10.6% of race/ ethnicity, 18.3% of ALT, 19.9% of AST, 23.8% of 

platelet count, and 12.5% of BMI data were missing at the 3-year landmark time). We used 

multiple imputation (PROC MI and PROC MIANALYZE in SAS) and fit the models to the 

five imputed datasets. The multiple imputation was done at each landmark time separately. 

The variables involved in the imputation model included all covariates and time-to-event 

outcomes corresponding to the landmark time.

In our preliminary analyses, we also evaluated the linear association between baseline and 

change in FIB-4 score as a continuous variable and subsequent development of HCC. Their 

effects were expressed as spline functions in the linear predictor of the Fine-Gray model in 

order to accommodate any non-linear association (an example result at the 3-year landmark 

time is shown in Fig. S2). The spline functions were approximately linear with a monotone 

increasing trend, suggesting that both higher baseline FIB-4 and increasing FIB-4 during 

the follow-up were associated with higher risk of HCC. However, as is often the case in 

non-parametric curve estimation, the confidence intervals were wide in the two ends of the 

curve where data are sparse with possible skewness and outliers. Given this, we opted to 

use a categorical version for FIB-4 in our final analysis to avoid instability that might be 

caused by outliers, skewness, and data sparsity. The chosen cut-off values for categorization 

are widely used in clinical research.21–23
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Sensitivity and secondary analyses

In our secondary analyses, we examined whether associations between risk factors 

(including change in FIB-4) and HCC were modified by cirrhosis status using stratified 

analyses. We classified patients as having cirrhosis if they had a diagnostic code for cirrhosis 

prior to each landmark time. Some data, including FIB-4 values at landmark time, were 

missing for our cohort. To examine the validity of our results, we also performed a complete 

case analysis including only patients with non-missing FIB-4 values.

In clinical practice, NAFLD is often diagnosed by the presence of abnormal liver enzymes 

in the absence of other causes of liver disease (HBV, HCV, alcohol abuse, rare chronic 

liver disease), as is employed in the current study. However, patients with NAFLD can have 

persistently normal enzymes and our cohort construction strategy missed these patients. To 

examine the robustness of our results in this group, we conducted a secondary analysis using 

a separate retrospective cohort of patients with hepatic steatosis and persistently normal liver 

enzymes, as described in detail previously.15 Briefly, in this previous study, patients were 

classified as participants with hepatic steatosis and normal enzymes based on a validated 

natural language processing algorithm that identified hepatic steatosis in abdominal imaging 

reports in electronic medical records) and longitudinal laboratory data, respectively. For this 

cohort, we extended follow-up time to December 31, 2018 and constructed an analysis at the 

3-year landmark time.

We used SAS version 9.4 (Charlotte, North Carolina) for all statistical analyses. p values 

<0.05 were considered significant. This study was approved by the Institutional Review 

Boards of Baylor College of Medicine and Michael E. DeBakey Veterans Affairs Hospital, 

Houston, Texas. Informed consent was waived by the board because the study was register-

based. For further details regarding the materials and methods used, please refer to the 

Supplementary CTAT Table.

Results

Clinical characteristics

Table 1 lists the characteristics of patients included in the 3- and 5-year landmark time 

cohorts for HCC. Mean follow-up time from 3-year and 5-year landmark time were 8.2 (SD, 

2.8) and 6.6 (SD, 2.3) years. Among those included in the 3-year landmark analysis, the 

mean age at NAFLD diagnosis was 55.2 years (SD,12.9), 93.9% were male, 69.5% were 

white and 11.4% were African American. At baseline, the mean FIB-4 score was 1.20 (SD, 

0.91), nearly three-quarters (74.7%) of patients had a FIB-4 value <1.45, 21.4% had FIB-4 

value between 1.45 and 2.67, and 3.9% had FIB-4 >2.67. Medical comorbidities related 

to metabolic syndrome were frequently present; 57.6% had obesity, 51.9% hypertension, 

47.5% had dyslipidemia, and 20.4% had diabetes. These proportions increased over time. 

For example, by year 3, 82.3% had dyslipidemia, 79.2% had hypertension, and 36.4% had 

diabetes.

Among patients included in the 3-year landmark analysis for HCC, 74.7%, 21.4%, and 

3.8% of patients had a low, indeterminate, and high FIB-4, respectively. Most patients 

remained stable within the same FIB-4 risk group at 3-year landmark time (low-low 79.1%, 
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indeterminate-indeterminate 61.3%, high-high 55.3%) (Table 2). In total, 20.9% of patients 

who were at low risk at baseline progressed to either indeterminate or high risk after 3 

years, and 44.7% of those who were indeterminate at baseline progressed to high risk after 3 

years. In those who were indeterminate at baseline, 22.4% declined to low risk after 3 years, 

and 44.7% declined from high to low/indeterminate risk after 3 years. We observed similar 

trends in FIB-4 between baseline and 5-year landmark time (Table S1).

We excluded patients who had already progressed to cirrhosis from the cohorts for 3- and 

5-year landmark analyses focusing on the composite endpoint. Otherwise, the demographic 

and clinical characteristics of these cohorts were similar to those reported in Table 1.

Associations between changes in FIB-4 and subsequent risk of HCC

Among the 202,319 patients included in the 3-year landmark analysis, there were 473 

patients diagnosed with HCC following the landmark time at an incidence rate (IR) of 0.28 

(95% CI 0.27–0.30) per 1,000 person years (PY). Among 208,690 patients included in the 

5-year landmark analysis, 403 developed HCC at an IR of 0.29 (95% CI 0.26–0.32) per 

1,000 PY after the 5-year landmark time.

Table 2 describes the longitudinal change in FIB-4 and subsequent risk of developing HCC. 

The IR of HCC increased with an increase in FIB-4 value from baseline. At the 3-year 

landmark time, among patients who remained stable at low risk (low FIB-4 at baseline and 

at 3 years), HCC developed at an IR of 0.05 (95% CI 0.04–0.07) per 1,000 PY but increased 

to 0.21 (95% CI 0.16–0.28) and 0.76 (95% CI 0.38–1.37) per 1,000 PY in patients who were 

low risk at baseline but progressed to indeterminate or high risk, respectively. Patients who 

remained stable at indeterminate risk developed HCC at an IR of 0.53 per 1,000 PY (95% 

CI 0.43–0.64). In those who progressed from intermediate to high risk or remained stable at 

high risk after 3 years, HCC developed at an IR of 1.90 (95% CI 1.52–2.33) and 4.56 (95% 

CI 3.77–5.47), respectively. Cumulative risk of developing HCC stratified from the change 

of FIB-4 risk groups after 3-year landmark time are depicted in Fig. 1.

Table 3 displays the association between change in FIB-4 between baseline and at 3 

years and subsequent risk of incident HCC adjusted for race/ethnicity and metabolic 

comorbidities. Compared to patients who remained stable at low risk, the IR of developing 

HCC was 8-fold (adjusted sub-distribution hazard ratio [adjusted HR] 7.96, 95% CI 5.67–

11.19) and 58- fold (adjusted HR 57.69, 95% CI 40.50–82.18) higher in those who remained 

stable at indeterminate and high risk, respectively. Risk of developing HCC corresponded 

to a subsequent increase or decline in risk group over 3 years. Other significant predictors 

for increased IR of HCC irrespective of FIB-4 included diabetes (adjusted HR 2.65, 95% 

CI 2.12–3.30), hypertension (adjusted HR 1.83, 95% CI 1.18–0.69), and obesity with BMI 

>−30 (adjusted HR 1.43, 95% CI 1.16–1.76).

Associations between changes in FIB-4 and subsequent risk of cirrhosis or HCC 
(composite outcome)

We examined the risk of developing a liver-related event (cirrhosis or HCC as a composite 

outcome) with longitudinal change in FIB-4 over time (Table 2). Among 201,224 patients 

included in this analysis, 2,161 patients developed cirrhosis or HCC after the 3-year 
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landmark time, with an overall IR of the composite endpoint of 1.31 per 1,000 PY (95% 

CI 1.25–1.37). The IR for the composite endpoint in those who remained stable at low-risk 

FIB-4 at 3 years was 0.41 per 1,00 PY (95% CI 0.37–0.45) but increased to an IR of 8.59 

(95% CI 7.11–10.28) in those who progressed to high risk, with similar findings seen in 

those who were in the intermediate-risk group at baseline. As expected, those remained at 

high risk at 3 years had the highest IR of 14.25 (95% CI 12.76–15.89). In multivariable 

analyses, those who progressed from low risk to high risk had a 17.1-fold higher risk 

(adjusted HR 17.09, 95% CI 13.77–21.20) of developing cirrhosis/HCC than those who 

were stable at low risk. Patients who progressed from intermediate to high risk (adjusted 

HR 15.67, 95% CI 13.50–18.20) or remained stable at high risk (adjusted HR 28.6, 95% CI 

24.6–33.2) also had a significantly higher risk of developing cirrhosis/HCC than those who 

were stable at low risk. Regression to a lower risk group conferred a reduction in the risk of 

developing cirrhosis/HCC. The association between change in FIB-4 and risk of developing 

HCC or the composite endpoint after the 5-year landmark time is shown in Table S2, with 

findings consistent with the 3-year landmark analysis.

Secondary and sensitivity analyses

Cirrhosis—Cirrhosis is the most important precursor lesion for HCC. We examined the 

association between changes of FIB-4 and HCC IR in patients with a diagnosis of cirrhosis 

at each landmark time (Table S3). At 3 years, 3,013 patients had a clinical diagnosis of 

cirrhosis. Of these, 22.9% (n = 690) had stable high FIB-4 (at baseline and 3-year landmark 

time). HCC IR was the highest in this group (26.62 per 1,000 PY, 95% CI 21.29–32.87). 

HCC IR was lowest at 3.43 per 1,000 PY (95% CI 1.88, 5.76) in patients with cirrhosis who 

had stable low FIB-4 over time. HCC IR fell in-between for other subgroups. In patients 

without cirrhosis, those who had a stable high FIB-4 had an HCC IR of 1.35 per 1,000 PY 

(95% CI 0.91–1.93).

Hepatic steatosis with normal ALT—We analyzed risk of cirrhosis and/or HCC over 

time in patients with normal liver enzymes and radiologic evidence of steatosis, shown in 

Table S4. In this subgroup of 2,377 patients with normal liver enzymes and hepatic steatosis, 

23 developed cirrhosis and 3 developed HCC following the 3-year landmark time. The IR 

for HCC also increased with higher FIB-4 values over time, with the highest IR seen in 

those who remained stable at high risk at the 3-year landmark (16.21 per 1,000 PY, 95% CI 

6.52–33.40).

Analyses in patients with non-missing FIB-4—In the primary analysis, we employed 

multiple imputation methods for missing FIB-4 values. To examine the validity of our 

results, we also performed a complete case analysis including only patients with NAFLD 

with non-missing FIB-4 values at the 3-year landmark time and calculated the subsequent IR 

for HCC (Table S5). Overall, we found similar HCC IR between FIB-4 groups in all patients 

with NAFLD and in those with non-missing FIB-4 values at the 3-year landmark time. For 

example, HCC IR for all patients with stable low FIB-4 was 0.05 per 1,000 PY (95% CI 

0.04–0.07) and 0.06 per 1,000 PY (95% CI 0.05–0.09) in patients with only non-missing 

FIB-4 values. Similarly, in those who were stable at high risk, HCC IR was 4.56 per 1,000 
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PY (95% CI 3.77–5.47) in all patients and 4.61 per 1,000 PY (95% CI 3.73–5.65) in those 

with non-missing FIB-4 values.

We also compared clinical characteristics of patients with and without missing FIB-4 

values at 3-year landmark time shown in Table S6. Sociodemographic differences were 

comparable but patients with missing FIB-4 values had a slightly lower prevalence of 

metabolic comorbidities. However, the number of incident HCC cases among patients with 

or without FIB-4 data remained similar.

Discussion

Risk stratification lies at the core of medical management for patients with NAFLD. Non-

invasive markers of liver fibrosis have the potential to guide risk stratification in patients 

with NAFLD. In this large cohort of patients with NAFLD, we found longitudinal changes 

in FIB-4 to be associated with the magnitude of risk of subsequent liver-related endpoints. 

Progression or regression of fibrosis from baseline was associated with an incremental 

increase or decrease in the IR of HCC and the composite endpoint, respectively. Specifically, 

patients with persistently high FIB-4 values had a >50-fold higher risk of developing HCC 

than those with stable low values over time. Similarly, an increase in FIB-4 value over time 

was also strongly associated with development of the composite endpoint, cirrhosis and 

HCC. This study also highlights the need for concordant FIB-4 measurements before clinical 

decision making. With non-invasive tests for fibrosis readily available in clinical practice, 

serial measurements of fibrosis markers such as FIB-4 may be a cost-effective and easily 

implementable method for clinicians to identify patients with NAFLD who are at low risk of 

progressing to cirrhosis and HCC.

Identifying high-risk NAFLD subgroups in whom HCC surveillance provides a clear 

survival benefit has remained a significant challenge.24–26 Cirrhosis is the predominant risk 

factor for HCC in patients with NAFLD. However, we and others have reported that the 

annual risk of HCC in patients with NAFLD cirrhosis is lower than the 2 to 7% risk reported 

from cohorts with active viral (HCV or HBV) cirrhosis26 and can be variable depending on 

age and other factors. Better stratification of HCC risk in patients with NAFLD cirrhosis 

can allow for tailored HCC surveillance, possibly matching surveillance intensity and type 

with patients’ underlying risk. This approach can maximize the benefits of surveillance by 

shifting resource intensive efforts towards high-risk patients while reducing harms of testing 

(including false positive results) in patients at low risk of HCC. In our study, we found 

that the annual risk of HCC was as high as 2.5% in patients with cirrhosis and persistently 

high FIB-4 values, whereas it was below 0.3% in patients who had a cirrhosis diagnosis 

but persistently low FIB-4 values. These data could have important implications for tailored 

HCC surveillance in patients with NAFLD cirrhosis.

NAFLD-HCC that develops in the absence of cirrhosis remains a major clinical challenge. 

High-risk FIB-4, especially if it remained persistently high, was strongly associated 

with HCC risk in patients without a cirrhosis diagnosis. Furthermore, longitudinal FIB-4 

measurements were strongly associated with developing the composite outcome, cirrhosis 

or HCC. Given the low IR for NAFLD-HCC and our inability to winnow down individuals 
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at-risk of developing HCC, identifying patients at-risk of a liver-related event may be a 

reasonable approach in clinical practice. In those with NAFLD, our results demonstrate the 

clinical significance of detecting individuals with high-risk FIB-4 and suggest the potential 

to use this information to optimize risk stratification and management of this large group of 

patients. Our data can improve shared decision making between patients and their clinicians 

by providing a quantifiable risk assessment, including how it changes over time. Our results 

about longitudinal changes in fibrosis and risk of progression to cirrhosis or HCC can also 

help future cost-effectiveness studies in determining who among this heterogeneous NAFLD 

population may benefit from close monitoring. One of the best uses of these data in patients 

with NAFLD may be to set the stage for developing precision prevention strategies and 

care pathways tailored to the individual’s risk. We found progression of fibrosis to be a 

key determinant in progression risk for patients with NAFLD, and serial measurements of 

fibrosis should be integrated into the NAFLD care pathway. Recent guidelines recommend 

utilizing non-invasive fibrosis tests, including FIB-4 measurements, to screen for those 

at high risk of advanced fibrosis among patients with NAFLD.27 Moreover, a proposed 

joint societal algorithm for risk stratification in patients with NAFLD recommends serial 

non-invasive testing for fibrosis every 2–3 years and close monitoring in secondary care 

clinics (i.e. hepatology and endocrinology) in those with advanced fibrosis.24 Our data 

corroborate this systematic approach to managing NAFLD. We show that risk of developing 

the composite endpoint, cirrhosis or HCC, is magnified by at least 3- to 28-fold in those with 

at least one indeterminate FIB-4 value within 3 years compared to those with persistently 

low FIB-4 values. This risk further increases with duration and progression of fibrosis over 

time. Progression from low to high-risk FIB-4 values after 3 years was associated with 

a 14-fold higher risk for the composite endpoint, which demonstrates the time-dependent 

association of fibrosis and risk of cirrhosis or HCC in NAFLD. Patients with persistently 

high FIB-4 values after 3 years were found to have a 1.4% annual IR for developing a 

liver-related event, and represent at-risk individuals that may benefit from repeated FIB-4 

measurements and surveillance. The strength of association between change in FIB-4 and 

HCC in patients with NAFLD suggests that incorporating longitudinal information on non-

invasive markers may also strengthen the predictive ability of risk prediction models in 

future studies.

Our study has a few limitations. Our VA cohort was predominantly male which may limit 

the generalizability of incidence estimates. Further studies of non-veteran populations would 

be needed to confirm our results. However, the VA NAFLD cohort represents one of the 

largest population-based cohorts and the biological processes related to progression risk in 

this cohort are likely generalizable to cohorts outside the VA. FIB-4 values were missing 

in a significant subset of patients at different landmark times. However, there were no 

clinically meaningful differences in patients with and without repeat FIB-4 tests with regard 

to demographic factors or outcomes. Furthermore, there were no meaningful differences in 

our primary analyses that relied on multiple imputation and the secondary analysis using 

complete cases, providing support for the validity of the results. We might have missed 

early-stage HCCs, which would have biased our findings towards a lower estimate of HCC 

risk (i.e. actual HCC risk would be higher than observed in this study). Most HCCs progress 

to advanced and clinically symptomatic stages during a short period of time and would be 
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identified by routine clinical care. Other limitations include potential misclassification of 

patients with advanced fibrosis or cirrhosis; however, given the FIB-4 has 90% negative 

predictive value for advanced fibrosis we expect this to have been minimal.18 Although 

many Veterans receive their care exclusively through VA facilities, some patients may seek 

their care outside the VA, resulting in incomplete capture of their data.

In conclusion, we found longitudinal changes of non-invasive markers for liver fibrosis 

were associated with future risk of cirrhosis and HCC in a large US population of patients 

with NAFLD. Persistently high-risk FIB-4 may be an additional risk stratification tool. 

Integrating serial measurements of non-invasive tests for fibrosis in the care pathway for 

patients with NAFLD can help tailor risk prevention. These data also provide valuable 

information for future cost-effectiveness studies determining which high-risk NAFLD 

subgroups will benefit from frequent monitoring and HCC surveillance.
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Highlights

• An increase in FIB-4 value over time was associated with risk of developing 

cirrhosis and HCC in patients with NAFLD.

• High FIB-4 (>2.67) at baseline and 3 years linked to a >50- fold higher risk of 

HCC than persistently low FIB-4 (<1.45) values.

• 75% of patients were at low, 21% indeterminate (1.45–2.67) and 4% high risk 

of advanced fibrosis based on baseline FIB-4 value.

• More than 50% of patients with NAFLD remained within the same FIB-4 risk 

group after 3 years.

• Repeating FIB-4 measurements in clinical practice was strongly associated 

with progression to cirrhosis and HCC.
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Impact and implications

Tools to stratify the risk of HCC development in patients with NAFLD are currently 

lacking. The fibrosis-4 (FIB-4) score is a widely available non-invasive test for liver 

fibrosis, a primary determinant of the development of cirrhosis and HCC. In a large 

retrospective cohort of patients with NAFLD, we found that serial changes in FIB-4 over 

time were strongly associated with progression to cirrhosis and HCC. Integrating serial 

measurements of non-invasive tests for fibrosis into the care pathway for patients with 

NAFLD could help tailor HCC risk prevention.
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Fig. 1. 
Cumulative risk of developing HCC stratified on the FIB-4 transition groups from the 

time of the second FIB-4 test at 3 years. FIB-4 value: low risk <1.45; indeterminate risk 

1.45–2.67; high risk: >2.67. FIB-4, fibrosis-4; HCC, hepatocellular carcinoma. (This figure 

appears in color on the web.)
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