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BACKGROUND: The Fibrosis-4 Index (FIB-4)non-
invasively assesses fibrosis risk in chronic liver disease
(CLD), but underdiagnosis limits FIB-4’s application in
primary care.
OBJECTIVE: To evaluate the association of FIB-4 risk
with hazard of severe liver outcomes in primary care pa-
tients with and without diagnosed CLD.
DESIGN: Retrospective cohort study of primary care data
from 2007 to 2018.
PARTICIPANTS: Adult patients with qualifying amino-
transferase and platelet count results were included and
a single FIB-4 score was calculated for each patient using
the first of these values. Patients with a CLD diagnosis or
outcome prior to their FIB-4 score were excluded.
MEASURES: FIB-4 advanced fibrosis risk categorization
(low, indeterminate, and high) was the primary predictor
variable. Patients were followed from FIB-4 score to a
severe liver outcome, a composite of cirrhosis, liver trans-
plantation, and hepatocellular carcinoma. We analyzed
the association of FIB-4 risk categories with hazard risk
of a severe liver outcome using stratified Cox regression
models, stratifying patients by known CLD.
KEY RESULTS: A total of 20,556 patients were followed
for amean2,978 days (SD1,201days), and 4%of patients
experienced a severe liver outcome. Of patients with low-,
indeterminate-, and high-risk FIB-4 scores, 2%, 4%, and
20% suffered a severe liver outcome, respectively. In the
overall adjusted model, high-risk FIB-4 scores were asso-
ciatedwith hazard of severe liver disease (HR6.64; 95%CI
5.58–7.90). High-risk FIB-4 scores were associated with
severe liver outcomes for patients with knownNAFLD (HR
7.32; 95% CI 3.44–15.58), other liver disease (HR 11.39;
95%CI 8.53–15.20), and noknownCLD (HR4.05; 95%CI
3.10–5.28).
CONCLUSIONS:High-risk FIB-4 scores were strongly as-
sociatedwith risk of severe liver outcomes in patients with
and without known CLD. Comprehensive FIB-4 applica-
tion in primary care may signal silently advancing liver
fibrosis.
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BACKGROUND

Accuracy, simplicity, and broad availability have led to the
emergence of the Fibrosis-4 Index (FIB-4) as a potentially
indispensable tool for identifying patients with chronic liver
disease (CLD) at high-risk for advanced fibrosis (Metavir
fibrosis stages 3 and 4 [F3, F4]) in primary care1–6. FIB-4 first
appeared as a non-invasive means to assess fibrosis in patients
with viral hepatitis C (HCV), but its utility in fibrosis risk
assessment has been explored for patients with viral hepatitis
B (HBV), alcohol-related liver disease, and hemochromato-
sis.7–12 The application of FIB-4 to detect advanced fibrosis in
nonalcoholic fatty liver disease (NAFLD) has gained signifi-
cant attention as the burden of NAFLD continues to rise and
increasingly contributes to severe liver disease outcomes in-
cluding cirrhosis, hepatocellular carcinoma, and the need for
liver transplantation.2,4,13,14 NAFLD is the CLD primary care
providers are most likely to encounter, and non-invasive ad-
vanced fibrosis risk stratification is a key component in disease
management since advanced fibrosis is associated with severe
liver-related consequences, cardiovascular death, and all-
cause mortality.1,3,5,14–19 In the recently published NAFLD
Care Pathway guidelines from the American Gastroenterolog-
ical Association, FIB-4 plays a central role in identifying
patients with NAFLD at greatest risk for advanced fibrosis
and most likely to benefit from referral to a hepatology
specialist.14
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Unfo r tuna t e ly , NAFLD and o the r CLDs a re
underdiagnosed and underrecognized in primary care.20–24

While the accuracy of FIB-4 to non-invasively assess fibrosis
risk is encouraging, FIB-4’s application is severely limited by
current diagnostic shortcomings. Primary care providers and
practices have robust FIB-4 data due to the routine ordering of
liver chemistries and platelet counts, but do not make use of
the information to estimate fibrosis risk in the absence of a
CLD diagnosis. Distributions of FIB-4 scores in primary care
patient samples reveal a significant number of undiagnosed
patients with indeterminate-risk (1.3 < FIB-4 ≤ 2.67) and high-
risk (FIB-4 > 2.67) FIB-4 scores.25,26 Recent work using
Swedish registry data suggests the use of FIB-4 in a general
population may facilitate the prediction of future severe liver
outcomes.27 We wanted to know if FIB-4 scores can help us
better identify those patients at highest risk for cirrhosis,
hepatocellular carcinoma, and liver transplantation in primary
care patients with and without known CLD. We chose
NAFLD as the CLD of emphasis to account for its rising
burden and our desire to further understand the relationship
between FIB-4 and severe liver disease in patients with
NAFLD.
This study aims to evaluate the association of FIB-4

risk categories with severe liver disease outcomes, defined
as cirrhosis, hepatocellular carcinoma, and liver transplan-
tation, in a primary care patient population using a strat-
ified Cox regression model. Identification of significant
clinical signals, development of effective diagnostic tools,
and access to decision support are all necessary to im-
prove the recognition and management of CLD in primary
care. We hypothesized that elevated FIB-4 risk assess-
ments would be associated with future severe liver disease
outcomes in a primary care sample.

METHODS

Study Design

This retrospective cohort study of electronic health record
(EHR) data included primary care patients with data elements
necessary for the calculation of a FIB-4 score and analyzed the
association between FIB-4 risk categories (low-, indetermi-
nate-, and high-risk) and the time to severe liver disease
outcomes using a stratified Cox regression model. The Insti-
tutional Review Board at the Medical University of South
Carolina (MUSC) approved this study.

Study Population

All patients receiving care from the Internal Medicine patient-
centered medical home at the MUSC between January 1,
2007, and December 31, 2018, were evaluated. The practice
conducts 32,000 patient visits yearly and delivers care to a
diverse (39% non-white), adult (mean age 59 years)
population.

Patients with aminotransferase (aspartate [AST] and alanine
[ALT]) results during the study period were identified. We
calculated FIB-4 scores (FIB-4=[(Age × AST)/(Platelets ×
√ALT)]) for each set of AST and ALT values where the
AST and ALT values were less than 500 IU/L and there was
a platelet count result at the time of, or within the preceding 2
months of, the aminotransferase values.7 We excluded amino-
transferase values > 500 IU/L because these results were likely
suggestive of an acute process not due solely to CLD, and
FIB-4 calculations using markedly elevated aminotransferase
levels present challenges in interpretation. The age variable in
the calculation was the patient’s age at the time of the amino-
transferase results. All patients with at least two FIB-4 scores
were included in the patient sample to ensure included patients
had more than a single data point for follow-up.
Patients with an International Classification of Diseases

(ICD)-9/10 code for a CLD diagnosis (NAFLD, HCV, hemo-
chromatosis, Wilson’s disease, etc.) or a liver disease outcome
(cirrhosis, hepatocellular carcinoma, or liver transplantation)
prior to their first qualifying FIB-4 score were excluded
(Appendix Table A1).

Outcomes and Follow-up

The primary outcome was the time to the first occurrence of an
ICD-9/10 code for a severe liver disease outcome, a composite
of cirrhosis, liver transplantation, and hepatocellular carcino-
ma (Appendix). The occurrence of cirrhosis relies upon a
combination of ICD-9/10 codes previously validated to most
accurately identify cirrhosis from administrative data.28,29 A
chart review of hepatology clinic notes and pathology results
in the EHRwas performed for the patients with a code for liver
transplant to accurately identify the date of transplantation.
Patient follow-up began at the time of the calculated FIB-4

score and continued until the primary outcome event or the
end of the study period (December 31, 2018). In this analysis,
subjects who did not die, who dropped out, or who survived to
the end of the study were considered censored.

Independent Variables

The primary predictor variables of interest were FIB-4 risk
categories. Using the first FIB-4 score available for each
patient, the patients were categorized into advanced fibrosis
risk categories: low-risk (FIB-4 ≤ 1.3), indeterminate-risk (1.3
< FIB-4 ≤ 2.67), and high-risk (FIB-4 > 2.67). Risk thresholds
were set using established values for NAFLD.30

Since the hazard of a severe liver disease outcome is ex-
pected to vary by the presence of CLD, we stratified our
sample using a CLD variable. The identification of an ICD-
9/10 code for CLD after the first FIB-4, but before the primary
outcome or study endpoint, was used to categorize patients.
This variable included 4 strata: no known CLD (None);
NAFLD; other liver disease (Other Liver Dx); and NAFLD
in combination with another liver disease (NAFLD + Other
Liver Dx). Other CLDs included a composite of HBV, HCV,
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alcohol-related liver disease, autoimmune hepatitis, primary
biliary cholangitis, hemochromatosis, Wilson’s disease, α-1
anti-trypsin deficiency, and drug-induced liver injury
(Appendix).

Covariates

Other independent variables included demographic, vital sign,
and comorbidity data. Gender was coded dichotomously as
Male/Female. Race was a three-level, categorical variable
coded as Black, White, and Other. Body mass index (BMI,
kg/m2) was coded as a continuous variable of the patient’s
BMI recorded at the time of, or just prior to, the FIB-4 score.
The comorbidities of hypertension, diabetes mellitus, hyper-
lipidemia, cardiovascular disease, hypothyroidism, and kidney
disease were identified by ICD-9/10 code placed at any time
during follow-up. Diagnostic codes were composites from the
Elixhauser Comorbidity Index.31

Data Sources

All data came from Medical University Hospital Authority
Enterprise and EPIC© (EPIC Systems Corporation, WI) Clar-
ity databases. Clinical, laboratory, and demographic data were
obtained in the ambulatory, emergency room, and inpatient
settings at the MUSC during the study period.

Statistical Analysis

Patient characteristics were reported as frequency counts
and proportions for categorical variables, and mean and
standard deviation for continuous variables. Patient char-
acteristics were presented for the overall sample and by
FIB-4 advanced fibrosis risk category. Continuous vari-
ables were compared across FIB-4 groups using one-way
analysis of variance (ANOVA) tests and categorical vari-
ables were compared using chi-square tests. Proportions
of patients with severe liver disease outcomes were calcu-
lated for the overall sample, by FIB-4 risk category, and
by CLD strata. The standard deviation and 95% confi-
dence intervals for the proportion of patients with the
primary outcome were also reported.
The Kaplan-Meier analysis of time to severe liver disease

was performed for the overall sample and by CLD diagnosis
(NAFLD, other liver disease, NAFLD + other liver disease,
and no known liver disease). Stratified Cox regression models
were developed to evaluate the association of FIB-4 risk
category with the hazard of severe liver disease. The models
used time in days as the time scale from initial FIB-4 to the
outcome of interest or the end of the study period. The models
estimated the hazard ratios and 95% confidence intervals for
indeterminate- and high-risk FIB-4 scores compared to low-
risk FIB-4 scores (reference). The models were stratified by
the 4-level, CLD variable (None, NAFLD, Other Liver Dx,
and NAFLD + Other Liver Dx). An unadjusted model was
performed, and then, a model adjusting for gender, race,

marital status, smoking history, BMI, and multiple comorbid-
ities was developed. Comorbidities included hypertension,
diabetes, hyperlipidemia, cardiovascular disease, hypothy-
roidism, and kidney disease. Model assumptions of propor-
tionality of hazard over time were first tested and confirmed,
followed by residual assessments to ensure we used the most
appropriate data fit and to identify any potential outliers or
influential observations. The assumption of proportional haz-
ards was tested by testing the interaction between covariates
and log (time) and additional model checking was made via
residual analysis. Statistical analyses were performed using
SAS version 9.4 (Cary, NC).

RESULTS

A total of 20,556 primary care patients with FIB-4 measure-
ments met inclusion and exclusion criteria (Fig. 1). These
patients had a mean age of 51 years (SD 16.6 years) at the
time of the first FIB-4 result and 65% were female. Of the
patient sample, 45% identified as Black. The mean BMI at the
time of the FIB-4 calculation was 29.8 kg/m2 (SD 8.2) and
67% and 30% of the sample had hypertension and diabetes,
respectively (Table 1).
After calculating the FIB-4 scores, 64%were low-risk, 29%

were indeterminate-risk, and 7% were high-risk for advanced
fibrosis. During the follow-up period, 2% of the sample re-
ceived a diagnosis of NAFLD, 8% received a diagnosis of
other CLD, and 1% received a diagnosis of NAFLD and
another CLD, while 89% of the sample received no CLD
diagnosis (Table 1).
Patients were followed for a mean 2,978 days (8.2 years;

SD 1,201 days). The Kaplan-Meier analysis of time to severe
liver outcome is presented for the overall sample (Fig. 2), and
by CLD diagnosis (Fig. 3). A total of 837 (4%) patients
received a diagnostic code for a severe liver disease outcome
during follow-up. Of patients with low-, indeterminate-, and
high-risk FIB-4 scores, 2%, 4%, and 21% suffered a severe
liver disease outcome, respectively (Table 2). In those patients
with high-risk FIB-4 scores, 73% (1,034/1,417) were not
diagnosed with a CLD during follow-up, and 49% (411/837)
of patients with a severe liver outcome had no prior documen-
tation of CLD.
In the unadjusted stratified Cox regression model,

indeterminate-risk (HR 1.70; 95% CI 1.43–2.01) and
high-risk (HR 7.37; 95% CI 6.23–8.71) FIB-4 scores were
associated with a higher risk of severe liver disease out-
comes (Table 3). After adjusting for patient demographics,
BMI, and comorbidities, indeterminate-risk FIB-4 scores
had a hazard ratio of 1.62 (95% CI 1.36–1.92) and high-
risk FIB-4 scores a hazard ratio of 6.64 (95% CI 5.58–
7.90) for the risk of severe liver disease (full adjusted
model in the Appendix). High-risk FIB-4 scores were
associated with severe liver disease outcomes for patients
with known NAFLD (HR 7.32; 95% CI 3.44–15.58),
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other liver disease (HR 11.39; 95% CI 8.53–15.20), and a
combination of NAFLD and another liver disease (HR
6.89; 95% CI 1.82–26.14). FIB-4 scores in the high-risk
range had an estimated hazard ratio of 4.05 (95% CI 3.10–
5.28) for the severe liver outcomes in patients with no
known CLD.

DISCUSSION

High-risk FIB-4 scores are associated with the development of
severe liver outcomes in primary care patients with and with-
out diagnosed CLD over a mean follow-up of 8.2 years. These
results support the value of FIB-4 calculation and use in

Fig. 1 Flow diagram of patients included in the study

Table 1 Patient Characteristics for the Entire Cohort and by FIB-4 Risk Category

Characteristics Total FIB-4 risk category p-value

Low Indeterminate High

≤ 1.3 1.31–2.67 > 2.67

n=20,556 n=13,127 n=6,012 n=1,417

Age (mean ± SD) 51.0 ± 16.6 44.2 ± 14.6 62.8 ± 12.1 64.2 ± 15.0 <0.001*
Gender (%) <0.001†

Female 64.8 71.6 54.6 44.3
Male 35.2 28.4 45.4 55.7

Race (%) <0.001†

Black 45.3 46.1 43.1 46.4
Other 2.6 3.0 1.7 2.3
White 52.2 50.9 55.2 51.2

Marital status (%) <0.001†

Married 45.5 44.4 49.1 40.2
Unmarried 54.5 55.6 50.9 59.8

Current smoker (% yes) 12.5 13.5 10.1 14.0 <0.001†

BMI (mean ± SD) 29.8 ± 8.2 30.6 ± 8.5 28.7 ± 7.3 27.5 ± 6.9 <0.001*
Hypertension (%) 67.1 60.3 78.9 79.8 <0.001†

Diabetes (%) 29.5 27.1 33.5 35.1 <0.001†

Hyperlipidemia (%) 54.4 47.3 69.4 56.9 <0.001†

Cardiovascular disease (%) 26.5 21.0 35.0 40.9 <0.001†

Hypothyroidism (%) 16.0 15.2 17.5 17.2 <0.001†

Kidney disease (%) 18.4 13.6 25.3 33.6 <0.001†

Chronic liver disease (%) <0.001†

None 89.0 91.1 88.2 73.0 <0.001†

NAFLD 2.3 2.4 2.2 2.5 0.6536†

Other Liver Dx 8.2 6.2 9.1 23.2 <0.001†

NAFLD + Other Liver Dx 0.5 0.4 0.5 1.3 <0.001†

*One-way analysis of variance (ANOVA) test to compare means across the 3 risk categories. †Chi-square tests used to compare proportions across the
FIB-4 risk categories. FIB-4, Fibrosis-4 Index; SD, standard deviation; BMI, body mass index (kg/m2); NAFLD, nonalcoholic fatty liver disease; Dx,
diagnosis
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primary care patients with NAFLD, since the high prevalence
of NAFLD may obscure a small but significant population of
patients at risk for severe liver disease over the long term.2,4,5

This study suggests that high-risk FIB-4 scores should trigger
investigation into the possibility of an unrecognized CLD as
well as additional fibrosis assessment (e.g., vibration-
controlled elastography, enhanced liver fibrosis [ELF] test)
and consideration for referral to a hepatology specialist.1–6,32

Primary care can manage patients with low-risk FIB-4 scores
by encouraging weight loss to prevent liver disease progres-
sion and working to reduce cardiovascular risk.14,33 Although
the role of FIB-4 in the primary care management of CLDs
other than NAFLD and HCV is less well-defined, our study
suggests that FIB-4 is useful in identifying advanced fibrosis
in these patients. FIB-4 could provide a signal for referring
patients with alcohol-related liver disease to hepatology, or
performing surveillance for hepatocellular carcinoma in pa-
tients previously treated for HCV.34,35

The strength of association between high-risk FIB-4 scores
and severe liver outcomes in the overall stratified Cox model
(HR 6.64; 95% CI 5.58–7.90) and for those patients with no
previously diagnosed CLD (HR 4.05; 95% CI 3.10–5.28)
supports routine calculation of FIB-4 in primary care. While
momentum continues to build for the primary care utilization
of FIB-4 in patients with NAFLD, FIB-4 could also play an
impactful role as a herald of insidiously advancing liver dis-
ease in previously undiagnosed patients. Our data

demonstrated the availability of FIB-4 score components
(scores for 20,556 patients), a large proportion of patients with
high-risk values (FIB-4 > 2.67) having no previously diag-
nosed CLD (73%), and nearly half of the patients with severe
liver disease outcomes carrying no previously known CLD
diagnosis (49%). Therefore, improving the recognition of
NAFLD and other CLDs in primary care is imperative. While
we work to address this underdiagnosis, the incorporation of
FIB-4 calculation for all primary care patients can serve as a
signal to intensify diagnostic efforts.
Incorporating FIB-4 into primary care will take conscien-

tious effort and innovation. Though the variables for FIB-4
calculation are frequently available and easily accessible in an
EHR, calculation currently requires manual data extraction,
input to a calculator, and reintegration of the result and inter-
pretation into the health record. These steps are unlikely to be
welcomed, and consequently performed, by primary care pro-
viders given their ever-expanding list of clinical and clerical
tasks.36,37 Alternatively, if prospective studies demonstrate
similar associations between FIB-4 and severe liver disease,
one could envision the inclusion of a FIB-4 value with any
liver chemistry panel ordered if a suitable platelet count were
available within the EHR during some designated acceptable
period. Liver chemistries are among the most frequently or-
dered tests in medicine, and the utility of the information
gathered from these is not always clear.38–40 By pairing a
FIB-4 score with each liver test panel, one might incorporate

Fig. 2 Kaplan-Meier curve for severe liver disease risk-free survival by FIB-4 risk category for the entire sample
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a signal of progressing liver disease at no additional cost.
Further work would need to consider how to navigate elevated
scores, specifically indeterminate-risk scores, and how we
communicate these scores to patients, but this warrants con-
sideration as we strive to improve our diagnostic strategies.
We recognize limitations in this work. First, our outcome

of interest is a composite of ICD-9 and ICD-10 diagnostic
codes, which have not always performed well in identifying
chronic and severe liver disease.41Tohandle this concern,we
relied upon previously validated techniques to capture cir-
rhosis diagnostic codes and performed a chart review on

patients with an outcome for liver transplantation. This lim-
itation also applies to the use of ICD-9/10 codes for our
exclusion criteria. Also, the death data in our EHR are sub-
optimal. Patients dying in the hospital are accurately record-
ed, but those dying out of the hospital are irregularly docu-
mented. On account of this, we were unable to use death as a
right censoring event, resulting in some prolonged survival
periods. However, this limitation would likely result in an
overestimation in our sample’s severe liver disease-free sur-
vival time, anda conservativeunderestimationof hazard rate.
The data for FIB-4 calculation come from lab results during

Fig. 3 Kaplan-Meier curves for the severe liver disease risk-free survival by FIB-4 risk category stratified by chronic liver disease: a) no known
chronic liver disease (None); b) nonalcoholic fatty liver disease (NAFLD); c) other liver disease diagnosis (Other Liver Dx); and d) known

NAFLD and another chronic liver disease (NAFLD + Other Liver Dx)
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the study period, but we did not determine the reasons they
were obtained. Also, this work focuses on a single FIB-4
value when multiple FIB-4s per patients could be calculated
throughout the study period. By limiting the analysis to a
single FIB-4 value, patient health details are lost, but the
challenges of choosing other FIB-4 scores to interpret, when
the intervals between scores and patients vary significantly,
are avoided. We are working to address the relationship
between FIB-4 changes over time and severe liver outcomes
in future work. We attempted to restrict qualifying FIB-4
calculations by degree of AST and ALT elevation (<500
IU/L) and the timing of the platelet counts (within 2 months)
to limit the number and frequency with which these data
derived from acute liver diseases. Additionally, this work

may not include all variables important to the progression
of severe liver disease in primary care patients. Evidence of
this concern appears in the adjusted regression analyses
where hyperlipidemia is observed to have a lower odds of
severe liver disease (OR 0.54; 95% CI 0.46–0.63). This
relationship is counterintuitive, and we hypothesize it may
reflect the association between statin therapy (a likely reason
for coding hyperlipidemia) and the occurrence of severe liver
disease, a potentially protective statin effect in CLD receiv-
ing significant attention in the literature.42 Lastly, these data
come from a single center which can threaten generalizabil-
ity. However, we feel that the primary care focus (compared
to a hepatology clinic) and the distribution of comorbid
conditions (Table 1) reflect patients throughout the USA.

Table 2 Proportion of Patients with Severe Liver Disease Outcomes by FIB-4 Risk Category and Chronic Liver Disease Diagnosis

FIB-4 risk category Chronic liver disease diagnosis n % with severe liver disease outcome (SD) SD % 95% confidence
interval

Lower Upper

Low 13,127 2.2% 14.7% 2.0% 2.5%
None 11,954 1.6% 12.6% 1.4% 1.8%
NAFLD 312 7.4% 26.2% 4.5% 10.3%
Other Liver Dx 812 8.3% 27.5% 6.4% 10.1%
NAFLD + Other Liver Dx 49 14.3% 35.3% 4.1% 24.4%

Indeterminate 6,012 4.2% 20.0% 3.7% 4.7%
None 5,302 2.3% 15.1% 1.9% 2.7%
NAFLD 131 13.7% 34.6% 7.8% 19.7%
Other Liver Dx 548 18.4% 38.8% 15.1% 21.7%
NAFLD + Other Liver Dx 31 25.8% 44.5% 9.5% 42.1%

High 1,417 20.8% 4.6% 18.7% 22.9%
None 1,034 9.0% 28.6% 7.2% 10.7%
NAFLD 35 34.3% 48.2% 17.7% 50.8%
Other Liver Dx 329 55.9% 49.7% 50.5% 61.3%
NAFLD + Other Liver Dx 19 31.6% 47.8% 8.6% 54.6%

Total 20,556 4.1% 19.8% 3.8% 4.3%

FIB-4, Fibrosis-4 Index; SD, standard deviation; NAFLD, nonalcoholic fatty liver disease; Dx, diagnosis

Table 3 Estimated Hazard Ratios and 95% Confidence Intervals Using Stratified Cox Regression Models for the Association between FIB-4
Risk Category and Severe Liver Disease

Unadjusted model Adjusted model*

FIB-4 risk (low = reference) FIB-4 risk (low = reference)

Indeterminate High Indeterminate High

Overall
HR 1.70 7.37 1.62 6.64
95% CI 1.43–2.01 6.23–8.71 1.36–1.92 5.58–7.90

Chronic liver disease diagnosis
None
HR 1.38 5.95 1.13 4.05
95% CI 1.10–1.73 4.64–7.62 0.89–1.43 3.10–5.28

NAFLD
HR 1.95 6.38 1.88 7.32
95% CI 1.05–3.62 3.17–12.84 0.99–3.60 3.44–15.58

Other Liver Dx
HR 2.39 10.75 2.65 11.39
95% CI 1.76–3.26 8.11–14.24 1.93–3.63 8.53–15.20

NAFLD + Other Liver Dx
HR 2.73 3.64 2.53 6.89
95% CI 0.98–7.64 1.21–10.94 0.79–8.12 1.82–26.14

*Full adjusted model is in the Appendix. All models use days from the FIB-4 score as the time scale. The adjusted model controls for patient gender,
race, marital status, smoking history, body mass index, and the presence of hypertension, diabetes, hyperlipidemia, cardiovascular disease,
hypothyroidism, and kidney disease (full model in the Appendix). FIB-4, Fibrosis-4 Index; HR, hazard ratio; CI, confidence interval; NAFLD,
nonalcoholic fatty liver disease; Dx, diagnosis
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CONCLUSION

High-risk FIB-4 scores were strongly associated with future
severe liver disease outcomes in patients with and without a
diagnosed CLD in this primary care sample. As work con-
tinues to improve diagnostic and management strategies of
NAFLD and other CLDs in primary care, comprehensive
application of FIB-4 in this setting could provide a critical
signal of silently advancing liver fibrosis and provoke clini-
cians to intensify appropriate diagnostic testing.
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