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Our analysis using the UK Biobank study shows the
potential of the fatty liver index as a risk stratification
tool for identifying the risk of developing NAFLD,
ischaemic heart disease, ischaemic stroke, type 2
diabetes mellitus, hypertension, hyperlipidaemia, he-
patic malignancy, specific metabolism-related malig-
nancies and all-cause mortality. These results suggest
that the fatty liver index should be considered as a
non-invasive steatosis score that may help guide pri-
mary prevention strategies for NAFLD and related
outcomes.
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Background & Aims: Population screening for non-alcoholic fatty liver disease (NAFLD) and associated comorbidities remains
an unaddressed clinical need. We aimed to assess the utility of the fatty liver index (FLI) for risk stratification of NAFLD and
related comorbidities using the UK Biobank.
Methods: Electronic health records and liver MRI-proton density fat fraction (PDFF) were used to define NAFLD cases. FLI was
calculated and individuals with high alcohol intake and other liver diseases were excluded. Using listwise deletion analysis,
the area under receiver-operating characteristic curve (AUROC) of FLI for NAFLD risk was determined. Thereafter, time-
dependent covariate-adjusted Cox regression models were used to estimate FLI’s risk stratification potential for comorbid-
ities of interest.
Results: FLI was derived for 327,800 individuals with a median age of 58 (IQR 51.5-64.5), of whom 59.8% were females. Using
Perspectum Diagnostics and AMRA protocols as references, FLI identified the risk of NAFLD with AUROCs (95% CI, n) of 0.858
(0.848-0.867, n = 7,566) and 0.851 (0.844-0.856, n = 10,777), respectively. Intermediate and high-risk FLI was associated with
increased cardiometabolic and malignant disease. In the first 3 years, high-risk FLI conferred an increased risk (adjusted
hazard ratio, 95% CI) of ischaemic heart disease (2.14, 1.94-2.36), hypertension (2.84, 2.70-2.98), type 2 diabetes mellitus (4.55,
4.04-5.12), dyslipidaemia (2.48, 2.32-2.64), ischaemic stroke (1.31, 1.20-1.42) and hepatic malignancy (1.69, 1.23-2.30). FLI was
not associated with risk of extrahepatic malignancy but was associated with a higher risk of specific cancers (colon, upper
gastrointestinal and breast). All-cause mortality was similarly stratified by FLI, independently of non-invasive fibrosis scores.
Conclusions: FLI identifies NAFLD and holds potential for the risk stratification of cardiometabolic and malignant disease
outcomes (including some extrahepatic malignancies), as well as all-cause mortality. Its use in population screening for
primary and secondary prevention of NAFLD should be considered.
Impact and implications: Our analysis using the UK Biobank study shows the potential of the fatty liver index as a risk
stratification tool for identifying the risk of developing NAFLD, ischaemic heart disease, ischaemic stroke, type 2 diabetes
mellitus, hypertension, hyperlipidaemia, hepatic malignancy, specific metabolism-related malignancies and all-cause mor-
tality. These results suggest that the fatty liver index should be considered as a non-invasive steatosis score that may help
guide primary prevention strategies for NAFLD and related outcomes.
© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction
Non-alcoholic fatty liver disease (NAFLD) is estimated to affect 25%
of the world’s population and is predicted to become the most
prevalent liver disease globally, contributing to healthcare cost
and burden.1,2 NAFLD is independently associated with cardio-
vascular and malignant outcomes, in addition to increasing the
risk of progressive liver disease, contributing to morbidity and
mortality.3–6 As such, NAFLD can be considered as part of a disease
syndrome encompassing multiple disease-related comorbidities.

This syndrome or “comorbidome” may largely be preventable by
addressing metabolic risk factors, but NAFLD-specific primary
prevention measures are lacking. In the community, NAFLD is
often detected through abnormal liver function tests, such as
aminotransferase levels, which are not sensitive and can be
normal in advanced disease.7,8 Abdominal ultrasound, often con-
ducted for other reasons, is another modality which NAFLD is
identified, but it performs poorly at detectingmild steatosis and is
operator-dependent.9 As such, identification and clinical stratifi-
cation of NAFLD risk in the community remains suboptimal, with
most individuals with disease being undiagnosed and patient risk
factors unaddressed.10 This is in contrast to cardiovascular dis-
eases,whereprimaryprevention iswidelypracticedbyaddressing
risk factors, such as hypertension and dyslipidaemia.

There is interest in identifying chronic liver disease, including
NAFLD, at the population level.11 To achieve this, automated
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integrated reflex testing systems have been proposed in the
primary care setting – these have been shown to be effective,
practical and cost effective.12–14 For the identification of NAFLD
specifically, a variety of non-invasive clinical tests have also been
devised to assess the risk of the presence of steatosis – one such
test is the fatty liver index (FLI).15 FLI uses BMI, waist circum-
ference, gamma-glutamyltransferase (GGT) and total triglyceride
levels for its calculation. The components are simple measures
commonly available in primary care and not dependent on co-
existent disease.16 Since comorbidities of NAFLD can develop
before or after the development of liver disease, FLI has been
suggested as a promising tool to identify NAFLD-prone in-
dividuals and their risk of associated comorbid conditions in
primary care, enabling stratification for primary or secondary
prevention. However, FLI has not been widely implemented in
clinical practice, and indeed there are no national screening
programmes to identify individuals with NAFLD, with significant
variation in practice between different localities.17

In this study, we have utilised the UK Biobank (UKB) to
explore the utility of FLI to identify individuals at risk of NAFLD,
and its ability to risk stratify incident comorbidities across
multiple cardiovascular, metabolic, and malignant outcomes.
Further, we mimicked current NAFLD risk stratification strategies
by examining the risk of mortality predicted by FLI alone and in
combination with two non-invasive fibrosis scores, fibrosis-4
index (FIB4) and NAFLD fibrosis score (NFS).

Materials and methods
UK biobank study
The UKB is a prospective study that recruited �500,000 in-
dividuals aged between 40-69 years in the UK between 2006 and
2010.18 The study collected demographic, behavioural, physical,
biological sampling, clinical bedside measurement and imaging
data from its participants. There is also linked data to national
inpatient andprimarycare records.19 Ethics approvalwasobtained
from the UK North-West Multi-Centre Ethics Committee (ref: 16/
NW/0274) and informed consent was obtained from each partic-
ipant for data usage in research purposes. The following data
analysis stems from UKB research application ID 54764.

Study population
FLI was calculated for every individual in the UKB from mea-
surements collected at the initial visit as published by Bedogni
et al.16 All participants with available FLI were included in the
study. Individuals with FLI scores of <30, 30-59 and >−60 were
classified as having low, intermediate and high risk of steatosis,
respectively. We calculated the weekly alcohol intake of partic-
ipants as described previously by our group and excluded males
and females who drank >21 and 14 weekly standard UK alcohol
units, respectively.20 Further exclusion criteria included other
causes of liver disease, including inherited, viral and alcohol,
defined by ICD-9 and ICD-10 codes from linked hospital inpatient
data (Tables S1 and S2) or positive serum virology results. NFS
and FIB4, two non-invasive fibrosis scores, were also calculated
and used to stratify patients into low, intermediate and high-risk
groups as previously reported.21,22

NAFLD case/control definitions
MRI imaging was performed on a Siemens 1.5 Tesla MAGNETOM
Aera scanner (Siemens Healthineers, Erlangen, Germany). The
analysis protocol for liver MRI-derived proton density fat fraction

(PDFF) was developed by two separate companies, Perspectum
Diagnostics and AMRA.23,24 At time of data extraction, there were
4,614 and 9,892 participants with available MRI-PDFF data from
each company’s protocol, respectively. We arbitrarily derived two
case-control cohorts with overlap using each MRI protocol,
whereby participants with >−5% PDFF were defined as having
NAFLD. To increaseour sample size, ICD9/ICD10 codes andprimary
care data were used to identify additional NAFLD cases (Fig. S1,
Table S3). Healthy individuals were defined by MRI-PDFF <5%.

Exposure, covariate and outcome variables
Covariates of interest for time-to-event modelling were selected
based on previous literature for known associations with NAFLD:
age, gender, Townsend deprivation index, smoking status,
alcohol intake and type 2 diabetes mellitus (T2DM). We inves-
tigated ischaemic heart disease, ischaemic stroke, T2DM, hy-
pertension, hyperlipidaemia, hepatic malignancy, extrahepatic
malignancies, and all-cause mortality as events of interest. For
extrahepatic malignancies, an additional sub-analysis specific to
metabolism-associated cancers, namely colon (including rectal),
upper gastrointestinal (GI: oesophageal and stomach) and breast
cancer, was performed.Waist-hip ratio and BMI were not used as
covariates due to inclusion of BMI and waist circumference in the
calculation of FLI. All disease covariates and events of interest
were identified through available linked clinical data registries
(supplementary methods). The earliest date of recorded disease
was considered the time of diagnosis. Exposures of interest are
FLI classification for all outcomes and additionally non-invasive
fibrosis scores when examining all-cause mortality. Participants
who withdrew from the study or died were censored. The
analysis was right censored using an arbitrary study end date of
31 December 2019, and the start date for each participant was
defined at the UKB’s initial visit date (time of FLI calculation).

Statistical analysis
The methodology used for statistical analysis is detailed in the
supplementary methods. Briefly, descriptive statistics are pre-
sented as median and interquartile ranges and proportions for
continuous and categorical descriptors, respectively. Perfor-
mance of FLI in identifying combined incident and prevalent
NAFLD was first assessed using receiver-operating characteristic
(ROC) analyses, while calculated sensitivities, specificities, posi-
tive predictive and negative predictive values are presented for
previously published cut-offs of FLI, against defined NAFLD cases
and controls. ROC analysis was further performed for two other
non-invasive steatosis tests, lipid accumulation product and
hepatic steatosis index, calculated as previously published.25,26

Incidence disease rates were calculated for each FLI risk cate-
gory and for misclassified individuals by FLI for NAFLD. Subse-
quently, Cox proportional hazard models were fitted to assess
incidental disease risk stratification by FLI classification. Uni-
variate models were first fitted to select variables to be included
in subsequent multivariate models, with p <0.10 used as a loose
selection threshold. Model assumptions were tested, and our
models were modified to account for any violations of propor-
tional hazards and non-linearity. Two multivariate models were
fitted for each outcome. The first model included age and sex,
while the second one additionally included all covariates
selected from the univariate analysis. Incidental all-cause mor-
tality was investigated in a similar manner through Cox regres-
sion modelling. In addition, modelling of FLI and one of the non-
invasive fibrosis scores (NFS or FIB4) were investigated with and
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without adjustment for covariates. In all time-to-event analyses,
a listwise deletion dataset was used. p values were adjusted by
Bonferroni-correction for multiplicity of tests and usefulness of
model fitting with FLI and/or fibrosis scores were tested with
likelihood ratio tests where appropriate. Additional sensitivity
analyses were performed for significance of components of FLI
(BMI, waist circumference, triglyceride and GGT levels), and
missing covariate data. Analyses was performed on R version
4.0.2 using package pROC, ggplot2, forestplot, survival and
survminer.

Results
FLI analysis cohort
From the initial UKB cohort of 502,460 participants, 327,800 had
all data available for the calculation of FLI after implementing our
exclusion criteria. Participant characteristics are described in
Table 1. In contrast to individuals in the low-risk FLI, those with
higher FLI risk tended to be older, male, smokers, and had higher
BMI, waist-hip ratios, as well as greater levels of socioeconomic
deprivation. Biochemistry results demonstrated that higher FLI
risk was reflective of individuals with increased risk of metabolic
and hepatic disease. The median hepatic MRI-PDFF values
increased from low- to high-risk FLI.

Identification of NAFLD risk by FLI
The performance of FLI to identify combined incident and
prevalent NAFLD in the UKB was first assessed against two
NAFLD case-control definitions, which differ by the proprietary
protocol used to measure MRI liver fat fraction. Using the Per-
spectum Diagnostics’ protocol and clinical health records coding
to define NAFLD in the UKB enabled an analysis of 7,656 in-
dividuals with available FLI data. Partitioning at a lower FLI cut-
off (>30) resulted in a sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) of 93.04%,
53.46%, 75.03% and 83.63%, respectively. Partitioning at the
higher cut-off (>60) resulted in a sensitivity, specificity, PPV and
NPV of 75.28%, 80.55%, 56.04% and 90.82% respectively (Fig. S2).
Similarly, using the alternative MRI protocol derived by AMRA
and clinical coding enabled an analysis of 10,777 participants
with FLI data. Partitioning at the lower FLI cut-off resulted in a
sensitivity, specificity, PPV and NPV of 92.49%, 53.38%, 84.15%
and 72.65%, respectively. At the higher cut-off, the values were
73.39%, 80.59%, 69.34% and 83.51%, respectively. On ROC ana-
lyses, the AUROC was 0.858 (95% CI 0.848-0.867) and 0.851 (95%
CI 0.844-0.856) for these two definitions of NAFLD (Fig. 1). With
FLI, 24.3% and 15.6% would be classified as low risk despite
having NAFLD, whereas 9.4% and 16.8% would be classified as
high risk despite having a normal liver, against our two respec-
tive NAFLD definitions. This corresponds to a misclassification
rate of 13.3% and 16.4%, when excluding the intermediate-risk
group from the calculation. Further comparison was made with
two other non-invasive steatosis scores, hepatic steatosis index
and lipid accumulation product, which showed inferior ROC re-
sults compared to FLI in identifying the risk of NAFLD against
these two case-control definitions (Fig. 1).

Univariate analysis of incident outcomes
We next assessed whether FLI and potential covariates may
predict the selected comorbid outcomes of NAFLD. The incident
rates for low- to high-risk FLI (per 100 person-years) increased
from 0.31 to 0.93 for ischaemic heart disease, 0.11 to 0.20 for

ischaemic stroke, 1.07 to 3.25 for hypertension, 0.56 to 1.65 for
dyslipidaemia, 0.25 to 1.03 for T2DM, 0.01 to 0.02 for hepatic
malignancy and 1.22 to 1.56 for extrahepatic malignancy (Figs 2,
3, Table S4). Having determined the misclassification rates of FLI,
we also calculated the subgroup absolute incidence rates of in-
dividuals with NAFLD classified as low-risk FLI and healthy per-
sons with high-risk FLI (Table S5).

Using a listwise deletion approach, over 190,000 individuals
were available for univariate and downstream multivariable time-
to-event analyses across disease outcomes of interest, with a me-
dian follow-up of >10 years (Fig. S3). Univariate analysis showed FLI
was associatedwith all disease outcomes. All covariates selected on
univariate analysis also passed the threshold for selection (p <0.10)
in multivariate models, with some exceptions (Table S6). These
were Townsend index (p = 0.69) and alcohol intake (p = 0.55) for
hepatic malignancy and T2DM (p = 0.16) for extrahepatic malig-
nancy. Similarly, for all-cause mortality, all covariates passed the
selection threshold for multivariable analysis. For FIB-4 and NFS,
individualswith intermediate-risk (HR [95% CI] 1.81 [1.74-1.89], p =
2.5x10-176 and 1.98 [1.90-2.06], p = 2x10-220) and high-risk (HR [95%
CI] 3.51 [3.19-3.86], p = 7.10x10-148 and 3.77 [3.38-4.19], p =
1.4x10-131) were at significantly increased risk of death, respec-
tively. Furthermore, intermediate andhighFLI risk (HR [95%CI] 1.42
[1.35-1.50], p = 1.13x10-38 and 1.96 [1.87-2.06], p = 5.3x10-176) had
increased risk of all-cause mortality compared to low-risk coun-
terparts (Fig. 3 and Fig. S4, Table S7).

Multivariate analysis of FLI for incident disease outcomes
To assess the ability of FLI to stratify the incidence of selected
NAFLD comorbidities, Cox proportional hazards models were
fitted with covariates selected from univariate analysis. Of the
disease outcomes investigated, FLI met the proportional hazards
assumption required for Cox regression on examination of scaled
Schoenfeld residuals for ischaemic stroke and hepatic malig-
nancy. Given this, time-dependent coefficient modelling was
employed for FLI for all other disease outcomes investigated. For
the two outcomes where time-dependent models were not
applied, individuals with intermediate-risk FLI had an increased
incident risk of ischaemic stroke (HR [95% CI] 1.21 [1.11-1.33], p =
2.55x10-5), but similar risk of hepatic malignancy (HR [95% CI]
1.01 [0.70-1.45], p = 0.965) when compared to those with low-
risk FLI. However, high-risk FLI risk-stratified both diseases (HR
[95% CI] 1.31 [1.20-1.42], p = 1.26x10-9 and 1.69 [1.23-2.32], p =
0.001, respectively) (Fig. 4).

For time-dependent modelling of FLI, we arbitrarily split the
follow-up period into 3-yearly intervals to allow for more refined
estimation of risk by FLI during follow-up. Our analysis shows that
the incident risk of ischaemic heart disease, hypertension, dysli-
pidaemia, and T2DM was informed by the non-invasive steatosis
score, for both the intermediate- and high-risk category at all in-
tervals of the follow-up period, but not for extrahepatic malig-
nancy (Fig. 4, Table S8). To illustrate, an intermediate-risk FLI was
associated with a 1.52-fold [95% CI 1.37-1.70] increased risk of
ischaemic heart disease in the first 3 years of follow-up, which
reduced to 1.31-fold [95% CI 1.17-1.47] at >9 years of follow-up,
when compared to individuals with low-risk FLI. Similarly, high-
risk FLI was associated with a 2.14-fold [95% CI 1.94-2.36] and
1.66-fold [95% CI 1.49-1.85] increase in risk when compared to
low-risk FLI for these twoperiods of follow-up, respectively. There
was a general trend in the reduction of risk with both intermedi-
ate- and high-risk FLI with longer periods of follow-up, except for
T2DM. The reduction in estimated risk wasmost prominentwhen
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Table 1. Characteristics of patient cohort.

Characteristic

FLI risk Entire cohort

Low (n = 124,126) n Intermediate (n = 86,062) n High (n = 177,612) n Total (n = 327,800) n

Female 78.62% 97,592 54.03% 46,501 44.17% 51,946 59.80% 196,039
Type 2 diabetes 6.58% 8,162 8.71% 7,495 15.96% 18,765 10.50% 34,422
Smoking status

Never 66.44% 82,139 61.31% 52,462 54.28% 63,370 60.48% 197,971
Previous 25.72% 31,798 30.14% 25,792 35.94% 41,957 30.41% 99,547
Current 7.84% 9,696 8.55% 7,314 9.79% 11,425 8.69% 28,435

Age (years) 56 (48–62) 124,126 59 (51–64) 86,062 59 (52–64) 117,612 58 (51.5–64.5) 327,800
BMI (kg/h2) 23.52 (21.94–25.1) 124,126 26.75 (25.27–28.4) 86,062 31.05 (28.67–34.22) 117,612 26.66 (23.7–29.63) 327,800
Waist-hip ratio 0.47 (0.44–0.49) 124,126 0.53 (0.51–0.55) 86,062 0.6 (0.56–0.64) 117,612 0.53 (0.48–0.58) 327,800
Systolic blood pressure (mmHg) 125 (115–139) 124,075 133 (122–145) 86,016 136 (125–148) 117,372 131 (119–143) 327,463
Diastolic blood pressure (mmHg) 76 (69–82) 124,075 80 (74–86) 86,017 83 (76–89) 117,373 79 (72.5–85.5) 327,465
Alcohol intake (units/week) 7.5 (4–10.5) 88,048 8.2 (4.1–12.1) 60,040 8.6 (4–13.1) 75,490 7.8 (3.8–11.8) 223,578
Townsend deprivation index –2.33 (–3.75–0.13) 123,980 –2.26 (–3.7–0.33) 85,950 –1.84 (–3.47–1.14) 117,455 –2.15 (–4.24––0.05) 327,385

Blood parameters
Hb (g/dl) 13.6 (12.92–14.3) 120,921 14.2 (13.4–15) 83,839 14.5 (13.62–15.36) 114,417 14.03 (13.2–14.86) 319,177
WBC (x109 cells/L) 6.26 (5.3–7.39) 120,920 6.61 (5.66–7.77) 83,839 7.14 (6.1–8.39) 114,413 6.67 (5.56–7.78) 319,172
Platelet (x109 cells/L) 248.1 (214–286.6) 120,919 249.5 (214.2–288.92) 83,840 250.2 (214.3–291) 114,417 249.2 (211.85–286.55) 319,176
Creatinine (lmol/L) 65.3 (58.4–73.9) 124,109 71.4 (62.1–81.8) 86,046 73.9 (63.9–84.6) 117,602 69.6 (59.9–79.3) 327,757
Total bilirubin 7.92 (6.36–10.21) 123,690 7.91 (6.28–10.28) 85,800 7.8 (6.18–10.12) 117,110 7.87 (5.91–9.83) 326,600
ALT (U/L) 16.01 (13.01–19.98) 124,089 19.86 (15.85–25.29) 86,048 25.2 (19.22–33.99) 117,483 19.59 (13.92–25.26) 327,620
AST (U/L) 22.8 (19.8–26.3) 123,719 24 (20.9–27.9) 85,822 25.7 (22–30.7) 117,068 24.1 (20.35–27.85) 326,609
ALP (U/L) 75.9 (63.1–90.7) 124,092 82.6 (69.8–98) 86,052 86.5 (72.9–102.8) 117,580 81.4 (66.85–95.95) 327,724
GGT (U/L) 17.8 (14.4–23.2) 124,126 24.7 (19.2–33.7) 86,062 35.7 (25.9–53.3) 117,612 24.4 (14.8–34) 327,800
Alb (g/dl) 45.2 (43.52–46.91) 112,878 45.07 (43.4–46.79) 78,753 44.96 (43.22–46.71) 108,369 45.09 (43.38–46.8) 300,000
Urate (lmol/L) 250.9 (214.5–292.7) 123,936 299.3 (256.6–346) 85,923 339.8 (292.4–390.5) 117,467 293.7 (241.2–346.2) 327,326
CRP (mg/L) 0.78 (0.42–1.55) 123,851 1.37 (0.74–2.59) 85,900 2.27 (1.21–4.39) 117,301 1.34 (0.27–2.42) 327,052
HDL-C (mmol/L) 1.6 (1.37–1.85) 112,855 1.35 (1.17–1.57) 78,746 1.18 (1.02–1.38) 108,345 1.37 (1.13–1.62) 299,946
LDL-C (mmol/L) 3.39 (2.88–3.94) 123,936 3.62 (3.05–4.22) 85,931 3.6 (2.95–4.24) 117,415 3.52 (2.93–4.11) 327,282
Triglyceride (mmol/L) 1.05 (0.82–1.36) 124,126 1.54 (1.19–2.02) 86,062 2.13 (1.57–2.9) 117,612 1.48 (0.94–2.02) 327,800
Cholesterol (mmol/L) 5.56 (4.88–6.28) 124,098 5.7 (4.94–6.47) 86,041 5.63 (4.79–6.47) 117,602 5.62 (4.85–6.38) 327,741
MRI-PDFF quantification (% steatosis)
Perspectum Diagnostics algorithm 1.3 (0.97–2) 1,246 2.3 (1.49–4.22) 755 4.21 (2.18–9.32) 790 1.96 (0.51–3.41) 2,791
AMRA Algorithm 1.52 (1.16–2.22) 2,636 2.52 (1.67–4.49) 1,632 4.47 (2.44–9.24) 1,682 2.2 (0.74–3.65) 5,950

Table showing characteristics of UKB participants with data available to calculate FLI and also by the index risk categories. Summary statistics are shown in median and interquartile ranges for continuous values and percentages for
categorical values, with the number of available for analysis.
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; FLI, fatty liver index; GGT, gamma-glutamyltransferase; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-
density lipoprotein-cholesterol; UKB, UK biobank; WBC, white blood cell count.
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Fig. 1. Performance of non-invasive steatosis scores estimating combined prevalent and incident NAFLD risk. Receiver-operating characteristic curves of FLI
(A, B), hepatic steatosis index (C, D) and lipid accumulation product (E, F) against two case-control definitions of NAFLD. First definition (left column) and second
definition (right column) based on MRI results derived from Perspectum Diagnostics and AMRA, respectively. AUC and best binary cut-off shown, with sensitivity
and specificity values. 95% CI were derived from bootstrapping (n = 1,000) and shown in shaded areas. FLI, fatty liver index; NAFLD, non-alcoholic fatty liver
disease.
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Fig. 2. FLI category and cumulative incidence of NAFLD comorbid outcomes. Shown are Kaplan-Meier curves of disease outcomes of interest for low-, in-
termediate- and high-risk FLI, as defined by scores <30, 30-59 and >−60, respectively. Incident (A) ischaemic heart disease, (B) ischaemic stroke, (C) hypertension,
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comparing incident risk of hypertension and dyslipidaemia at up
to 3 years with >9 years of follow-up by FLI risk: for intermediate-
risk FLI (HR [95% CI] 1.74 [1.64-1.83] vs. 1.48 [1.38-1.59] and 1.70
[1.58-1.83 vs. 1.40 [1.28-1.54], respectively); and for high-risk FLI
(HR [95% CI] 2.84 [2.7-2.98] vs. 2.36 [2.21-2.53] and 2.48 [2.32-
2.64] vs. 2.05 [1.89-2.23], respectively).

In risk-stratifying T2DM, our analysis showed a bimodal
pattern of fold-change in the incident risk given by FLI, with
higher hazard ratios during the first 3 years and after 6 years of
follow-up. When compared to individuals with low-risk FLI (HR,
[95% CI]), the intermediate-risk FLI group had 1.83-fold [1.59-
2.10], 1.36-fold [1.25-1.48], 2.23-fold [1.97-2.52] and 2.76-fold
[2.78-3.34] and the high-risk FLI group had 4.55-fold [4.04-
5.12], 2.69-fold [2.50-2.88], 5.69-fold [5.11-6.34] and 7.05-fold
[5.95-8.34] higher risk of developing diabetes at 0-3, 4-6, 7-9
and >9 years of follow-up, respectively.

FLI risk stratification of metabolism-related cancer
As the value of FLI risk stratification was minimal for overall
extrahepatic malignancy, we surmised that non-metabolism-
related cancer risk is poorly captured by the components of
FLI, which correlate strongly with metabolic disease states, and
may therefore dilute estimates of metabolism-related cancers.
Additional analysis was therefore performed for selected cancers,
which have a known association to metabolic syndrome: colo-
rectal, upper GI (oesophageal and stomach) and breast cancer
(Fig. 5). High-risk FLI conferred an increased risk of developing
colorectal, upper GI and breast cancer (HR [95% CI] 1.2 [1.08-
1.34], 1.52 [1.25-1.86] and 1.17 [1.09-1.26], respectively), when
compared to low-risk FLI in the covariate-adjusted model. An
intermediate-risk FLI was associated with a 1.09-fold [1.01-1.17]
higher risk of breast cancer but not with an increased risk of
the luminal GI cancers tested.
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Fig. 3. FLI category and cumulative incidence of hepatic and extrahepatic malignancy. Shown are Kaplan-Meier curves for incident (A) hepatic malignancy
(B) extrahepatic malignancy and (C) All-cause mortality for low-, intermediate- and high-risk FLI, as defined by scores <30, 30-59 and >−60, respectively. 95% CIs
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index.

7JHEP Reports 2023 vol. 5 j 100896



Event
Ischaemic heart disease

Stroke

Hypertension

Dyslipidaemia

Diabetes mellitus

Hepatic malignancy

Extrahepatic malignancy

All-cause mortality

Model
Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Age-sex adjusted

Covariates adjusted

Term
FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk
FLI high vs. low risk
FLI intermediate vs. low risk
FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk
FLI high vs. low risk
FLI intermediate vs. low risk
FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk

FLI high vs. low risk

FLI intermediate vs. low risk
FLI high vs. low risk
FLI intermediate vs. low risk
FLI high vs. low risk

Follow-up period
0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

Full
Full
Full
Full

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

Full
Full
Full
Full

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

0-3 years
4-6 years
7-9 years
>9 years

Full
Full
Full
Full

HR (95% CI)
1.52 (1.37-1.7)
1.4 (1.27-1.55)

1.47 (1.35-1.61)
1.33 (1.19-1.49)
2.36 (2.14-2.6)

2.13 (1.95-2.33)
1.94 (1.78-2.11)
1.79 (1.61-1.99)
1.47 (1.32-1.63)
1.38 (1.25-1.52)
1.45 (1.33-1.59)
1.31 (1.17-1.47)
2.14 (1.94-2.36)
1.97 (1.8-2.15)
1.8 (1.65-1.96)

1.66 (1.49-1.85)

1.23 (1.13-1.35)
1.41 (1.29-1.53)
1.21 (1.11-1.33)
1.31 (1.2-1.42)

1.76 (1.67-1.86)
1.66 (1.57-1.75)
1.61 (1.53-1.7)
1.5 (1.39-1.61)

3.01 (2.86-3.16)
2.76 (2.63-2.9)

2.55 (2.43-2.68)
2.5 (2.34-2.67)

1.74 (1.64-1.83)
1.63 (1.55-1.72)
1.59 (1.51-1.68)
1.48 (1.38-1.59)
2.84 (2.7-2.98)

2.61 (2.48-2.74)
2.42 (2.3-2.55)

2.36 (2.21-2.53)

1.74 (1.62-1.87)
1.55 (1.45-1.67)
1.59 (1.48-1.71)
1.44 (1.31-1.58)
2.72 (2.55-2.9)
2.3 (2.16-2.46)

2.38 (2.23-2.55)
2.29 (2.11-2.49)
1.7 (1.58-1.83)

1.52 (1.41-1.63)
1.55 (1.44-1.67)
1.4 (1.28-1.54)

2.48 (2.32-2.64)
2.09 (1.96-2.23)
2.15 (2.01-2.3)

2.05 (1.89-2.23)

1.68 (1.46-1.93)
1.3 (1.19-1.41)
2.03 (1.79-2.3)

2.49 (2.06-3.02)
4.37 (3.88-4.91)
2.6 (2.42-2.79)

5.44 (4.89-6.06)
6.76 (5.72-8)

1.65 (1.43-1.89)
1.28 (1.18-1.39)
2.01 (1.77-2.27)
2.45 (2.02-2.97)
4.14 (3.68-4.66)
2.53 (2.35-2.71)
5.2 (4.66-5.79)

6.36 (5.37-7.53)

1.04 (0.723-1.49)
1.96 (1.43-2.67)

1.01 (0.703-1.45)
1.69 (1.23-2.32)

0.912 (0.858-0.97)
1.05 (0.988-1.11)
1.04 (0.984-1.1)

0.951 (0.881-1.03)
0.935 (0.881-0.991)

1.05 (0.99-1.1)
1.1 (1.04-1.16)

1.04 (0.964-1.12)
0.91 (0.856-0.967)

1.04 (0.986-1.1)
1.04 (0.981-1.1)

0.948 (0.878-1.02)
0.929 (0.876-0.985)

1.04 (0.984-1.1)
1.1 (1.04-1.16)

1.03 (0.956-1.11)

1.04 (0.986-1.1)
1.4 (1.33-1.47)
1 (0.951-1.06)
1.2 (1.14-1.27)

p value
3.42e-218

1.59e-163

1.75e-14

4.92e-09

<2.20e-16

<2.20e-16

<2.20e-16

<2.20e-16

<2.20e-16

<2.20e-16

3.2e-06

0.000451

0.0001325

0.000277

7.55e-51

3.84e-17

1 2 3 4 5 6 7 8
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Fig. 5. FLI risk stratification of selected incident metabolism-related cancers. Shown are Kaplan-Meier curves for (A) colon, (B) breast and (C) upper GI cancer
(oesophageal and gastric) for low-, intermediate- and high-risk FLI, as defined by scores of <30, 30-59 and >−60. 95% CIs are plotted for general interpretation
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covariates for each of these cancers. FLI, fatty liver index; HR, hazard ratio.
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FLI and non-invasive fibrosis scores stratify all-cause
mortality
Finally, all-cause mortality was examined in a similar manner. In
the covariate-adjusted model, high-risk FLI was associated with a
1.2-fold [95% CI 1.14-1.27] increased risk of death from any cause,
whereas individuals with intermediate-risk scores had a similar
risk of death as those with low-risk FLI (Fig. 4). As current
advanced liver disease risk assessment involves confirming the
presence of fibrosis, which is independently associated with
mortality, we examined whether FLI provides any independent
information over non-invasive fibrosis scores (NFS or FIB4), a

surrogate to the presence of fibrotic liver disease. To do this, we
first fitted separate stratified Cox models by FLI risk category,
which showed that high-risk NFS and FIB4 predicted an
increased risk of all-cause mortality in individuals with inter-
mediate- or high-risk, but not low-risk, FLI (Fig. 6 and Fig. S7).
Incorporation of FLI with each non-invasive fibrosis score into a
unified covariate-adjusted model showed that only the high-risk
category of each non-invasive fibrosis score was significantly
associated with a higher risk of death from all-causes. In each of
these models, individuals with a high-risk FLI had a 1.2-fold [95%
CI: 1.13 - 1.26] and 1.22-fold [1.16-1.28] higher risk of all-cause
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mortality compared to individuals with low-risk FLI when
adjusted for NFS and FIB4, respectively (Table 2 and Table S9).

Sensitivity analysis for components of FLI and missing data
Given the strong risk differences in FLI risk groups for the disease
outcomes investigated, sensitivity analyses were performed to
investigate whether components of FLI vary in their risk pre-
dictive capacity for these different outcomes. Using multivariate
analysis to determine the role of the individual FLI components
showed that ischaemic heart disease, T2DM, hypertension, dys-
lipidaemia and extrahepatic malignancy were informed by all
components of FLI. The only outcome associated with three FLI
components was all-cause mortality (waist circumference, BMI
and GGT levels). Hepatic malignancy and ischaemic stroke were
only significantly associated with two components of FLI
(Table S10). Of note, waist circumference and BMI exhibited
opposite effects towards the risk of extrahepatic malignancy. A
further sensitivity analysis was performed for the main outcome
analysis to investigate effects of missing data when using listwise
deletion. To crudely investigate this, we ran the same time-to-
event regression analysis for disease outcomes of interest with
a listwise deletion cohort excluding alcohol intake as a variable,
which had the largest proportion of missingness (of up to 20%).
Comparing it with the main analysis cohort, little difference in
risk estimates was shown for FLI, whereby estimates of risk were
consistently more conservative in the final models used
(Table S11).

Discussion
In one of the largest studies undertaken to date, we have
demonstrated that a higher FLI from a single measurement
performed in the UKB identified individuals at risk of existent
and incident NAFLD and its comorbidities. A previous meta-
analysis of 27,221 individuals showed that the sensitivity, spec-
ificity, PPV, and NPV for FLI were 81%, 65%, 53%, and 84%,
respectively, for the lower cut-off, while the corresponding
values at the higher cut-off were 44%, 90%, 67%, and 76%,
respectively.27 Our data compare favourably with these esti-
mates, but with slightly higher sensitivity values and slightly
lower specificity at both cut-off thresholds. A previous study
comparing FLI with 1H-magnetic resonance spectroscopy
showed an AUROC of 0.79 compared with our value of 0.85,
suggesting FLI has good diagnostic value.28 However, in contrast
to its use for point of care diagnosis in the previous studies, our
results suggest that FLI may be capable of identifying NAFLD and
associated comorbidities over a lifetime period up to middle and
early old-age. This is reflected by the age group recruited in the
UKB and reflects risk stratification of a one-off score between the
ages of 40-69.

A misclassification rate of FLI for NAFLD is also observed from
our analysis. This is expected given only a small proportion of
risk is captured by the index for the complex trait disorder. As
such, it is important to distinguish that our time-to-event anal-
ysis results do not reflect a direct assessment of NAFLD towards
the risk of developing the disease, but rather the risk from
metabolic factors associated with NAFLD development, which it
shares with many other metabolic conditions. FLI thus provides a
validated score to link NAFLD with incident disease outcome
assessment, which has not been considered in the development
of many established risk stratification tools in use, such as
QRISK3 for cardiovascular disease.29 Misclassification may Ta

bl
e
2.

R
is
k
st
ra
ti
fi
ca

ti
on

of
al
l-
ca

u
se

m
or

ta
li
ty

w
h
en

co
m
bi
n
in
g
FL

I
an

d
n
on

-i
n
va

si
ve

fi
br

os
is

sc
or

es
.

Co
x
re
gr
es
si
on

m
od

el
Fo

ll
ow

-u
p
pe

ri
od

Fi
br

o s
is

sc
or

e
(i
n
te
rm

ed
ia
te

vs
.

lo
w

ri
sk

)
Fi
br

os
is

sc
or

e
(h

ig
h
vs
.l
ow

ri
sk

)
FL

I
(i
n
te
rm

ed
ia
te

vs
.l
ow

ri
sk

)
FL

I
(h

ig
h
vs
.l
ow

ri
sk

)

H
R
(9
5%

CI
)

p
va

lu
e

H
R
(9
5%

CI
)

p
va

lu
e

H
R
(9
5%

CI
)

p
va

lu
e

H
R
(9
5%

CI
)

p
va

lu
e

FL
I
+
FI
B4

0-
3
ye

ar
s

1.
80

(1
.6
1–

2.
00

)
3.
83

E-
2
7

4.
03

(3
.2
3–

5.
04

)
1.
80

E-
3
4

1.
42

(1
.3
5–

1.
50

)
1.
21

E-
37

2.
03

(1
.9
3–

2.
13

)
4.
44

E-
18

7

4-
6
ye

ar
s

1.
68

(1
.5
5–

1.
83

)
1.
95

E-
3
6

3.
78

(3
.1
8–

4.
50

)
8.
32

E-
51

–
–

–
–

7-
9
ye

ar
s

1.
89

(1
.7
6–

2.
03

)
8.
13

E-
71

3.
13

(2
.6
4–

3.
71

)
8.
23

E-
4
0

–
–

–
–

>9
ye

ar
s

2.
06

(1
.9
0–

2.
23

)
1.
25

E-
6
6

3.
33

(2
.7
0–

4.
11

)
2.
37

E-
2
9

–
–

–
–

FL
I
+
N
FS

0-
3
ye

ar
s

1.
68

(1
.5
1–

1.
88

)
9.
74

E-
21

3.
39

(2
.6
3–

4.
37

)
3.
39

E-
21

1.
33

(1
.2
6–

1.
41

)
1.
72

E-
2
3

1.
68

(1
.6
0–

1.
77

)
8.
46

E-
9
0

4-
6
ye

ar
s

1.
71

(1
.5
7–

1.
86

)
2.
52

E-
3
6

2.
89

(2
.3
4–

3.
57

)
5.
40

E-
2
3

–
–

–
–

7-
9
ye

ar
s

1.
83

(1
.7
0–

1.
97

)
4.
92

E-
6
0

3.
21

(2
.6
9–

3.
84

)
1.
68

E-
37

–
–

–
–

>9
ye

ar
s

2.
00

(1
.8
4–

2.
18

)
3.
25

E-
5
8

3.
23

(2
.5
5–

4.
08

)
1.
17

E-
2
2

–
–

–
–

FL
I
+
FI
B4

+
Co

v
0-
3
ye

ar
s

1.
06

(0
.9
4–

1.
18

)
0.
36

1.
85

(1
.4
6–

2.
33

)
2.
08

E-
0
7

1.
01

(0
.9
5–

1.
07

)
0.
76

1.
22

(1
.1
6–

1.
28

)
6.
71

E-
14

4-
6
ye

ar
s

0.
94

(0
.8
6–

1.
03

)
0.
16

1.
61

(1
.3
4–

1.
93

)
2.
37

E-
0
7

–
–

–
–

7-
9
ye

ar
s

1.
01

(0
.9
4–

1.
09

)
0.
74

1.
26

(1
.0
6–

1.
50

)
0.
01

0
–

–
–

–

>9
ye

ar
s

1.
05

(0
.9
6–

1.
15

)
0.
27

1.
27

(1
.0
3–

1.
58

)
0.
02

7
–

–
–

–

FL
I
+
N
FS

+
Co

v
0-
3
ye

ar
s

1.
04

(0
.9
3–

1.
16

)
0.
52

1.
60

(1
.2
3–

2.
07

)
0.
00

04
1.
00

(0
.9
4–

1.
06

)
0.
97

1.
20

(1
.1
3–

1.
26

)
8.
3E

-1
1

4-
6
ye

ar
s

1.
01

(0
.9
2–

1.
10

)
0.
85

1.
24

(1
.0
0–

1.
53

)
0.
05

2
–

–
–

–

7-
9
ye

ar
s

1.
03

(0
.9
5–

1.
11

)
0.
47

1.
27

(1
.0
5–

1.
52

)
0.
01

2
–

–
–

–

>9
ye

ar
s

1.
05

(0
.9
7–

1.
15

)
0.
24

1.
15

(0
.9
0–

1.
46

)
0.
26

3
–

–
–

–

Ta
bl
e
sh

ow
s
ti
m
e-
de

pe
nd

en
tC

ox
re
gr
es
si
on

re
su

lt
s
of

FL
Ia

nd
on

e
no

n-
in
va

si
ve

fi
br
os
is
sc
or
es

(F
IB
4
or

N
A
FL
D
fi
br
os
is
sc
or
e)
,a
dj
us

te
d
an

d
no

ta
dj
us

te
d
fo
r
co

va
ri
at
es
,w

hi
ch

in
cl
ud

e
ag

e,
se
x,

To
w
ns

en
d
in
de

x,
ty
pe

2
di
ab

et
es

m
el
lit
us

,
sm

ok
in
g
st
at
us

,a
nd

al
co

ho
l
in
ta
ke

.
Co

v,
co

va
ri
at
es
;
FI
B4

,fi
br
os
is
-4

in
de

x;
FL
I,
fa
tt
y
liv

er
in
de

x;
H
R,

ha
za
rd

ra
ti
o;

N
FS

,N
A
FL
D

fi
br
os
is

sc
or
e.

11JHEP Reports 2023 vol. 5 j 100896



hamper the prediction capacity of disease outcomes, but from
our results, there were generally comparable comorbid event
rates in NAFLD cases with a low-risk FLI and those with healthy
livers and a high-risk FLI.

Bearing this in mind, our results show that the risk of
ischaemic heart disease, stroke, diabetes, hypertension, hyper-
lipidaemia, hepatic malignancy, and all-cause mortality was
stratified by FLI longitudinally over a median follow-up >10
years, after adjustment of known covariates associated with
NAFLD development. Several studies have shown that FLI can
predict the risk of cardiometabolic disease and overall mortal-
ity, which is consistent with our finding.30–34 However, we have
also shown that FLI predicts of the risk of hepatic and certain
extrahepatic malignancies as well, which is a novel finding. A
previous study has examined FLI stratification of cardiac events
and stroke within the UKB, in which the authors used FLI
deciles for modelling.35 This may hamper ease of clinical
interpretation given the index was originally designed as a
tripartite classification system (low, intermediate and high risk
for NAFLD). The presented results show a similar direction of
the estimated effect, with our use of time-dependent models
potentially providing more precise risk estimates in an updated
analysis with a longer follow-up period. Separately, FLI has also
been shown to risk stratify incident hypertension and dyslipi-
daemia in comparatively smaller Asian cohorts.31,36 Our results
therefore provide further information on FLI’s utility for risk
stratification, specifically in a UK cohort composed mainly of
Caucasians.

We show that a high-risk FLI (>60) was predictive of a higher
risk of hepatic malignancy when compared to an index score of
<30. This conforms well with the current understanding that
NAFLD-related metabolic risk factors increase the risk of disease
progression. However, there was no overall risk prediction of
incident extrahepatic malignancy, which is contrary to the asso-
ciation of NAFLD with the development of and mortality from
extrahepatic malignancy.37,38 The discrepancy is likely related to
differences in the outcome investigated, whereby cancer-related
mortality is more strongly predicted by metabolic comorbidities
reflected by FLI but potentially less sowith incidence of all types of
cancer. Supporting this, in a recent study investigating
incident cancer and cancer-related mortality, using raised alanine
aminotransferase levels as a surrogate marker for NAFLD in
three independent Scottish cohorts, it was shown that FLI pre-
dicted risk of mortality from cancer.39 However, the differences in
modelling and covariates with the present study could also in-
fluence these results. In other studies, FLI was shown to be asso-
ciated with risk of colorectal, pancreatic and breast cancer
development in a Korean population.40–42 We also examined
specific incidences of metabolism-related malignancies, namely
colorectal, breast and upper GI cancers (oesophageal and gastric),
and show that high-risk FLI was able to identify increased risk

relative to low-risk scoring individuals, independent of common
risk factors for NAFLD.

Lastly, we demonstrate that high-risk FLI was also associated
with increased all-cause mortality independent of age, sex, dia-
betes, alcohol intake and socioeconomic deprivation, consistent
with NAFLD and metabolic risk factors being predictive factors.
To mimic the current two-step strategy of clinical NAFLD
assessment which first stratifies risk of disease and then subse-
quently risk of advance disease, we explored whether FLI com-
bined with non-invasive fibrosis scores can be used to assess
mortality risk. Results show that non-invasive fibrosis scores and
FLI independently stratified risk of all-cause mortality. Further-
more, in individuals with intermediate- and high-risk FLI, both
fibrosis scores predicted all-cause mortality in their high-risk
category in our adjusted model. This suggests FLI adds infor-
mation to risk assessment of all-cause mortality and can poten-
tially be used in tandem with fibrosis scores for this purpose.

Our study has certain limitations. The use of a listwise deletion
cohortmay have created bias, but our sensitivity analysis suggests
our estimates were relatively precise when discounting for the
largest missing variable (alcohol intake). Given the observational
nature of the UKB, FLI’s use in the general population and in in-
dividuals with NAFLD as a means of follow-up should be directly
assessed in future intervention studies. Lastly, cost-effectiveness
analysis will be required to build a case for implementation,
which is beyond the scope of our study. With different compo-
nents of FLI showing different directions of risk in certain disease
outcomes assessed, further refinement of the index for specific
outcomesmay be attractive, but thismust be balanced against the
fact that diversification of risk stratification tools may increase
complexity and thereby difficulty in clinical implementation.

Overall our results suggest that the FLI is an attractive po-
tential option to identify individuals at risk of NAFLD and related
comorbidities within the community, particularly during routine
follow-up for other metabolic diseases in primary care. Whether
the degree of misclassification we have identified is clinically
acceptable warrants further debate, but it is probably better than
the current standard of care which varies with geography and
mostly amounts to doing nothing.17 Clearly, as we have observed,
the risk effect estimates observed from a single FLI may change
over time, and thus repeated FLI measurements may provide
better indication of comorbid disease and mortality risk, as
shown by a previous study.43

In summary, the FLI identified prevalent and incident NAFLD
and stratified the risk of incident cardiovascular and metabolic
diseases, hepatic malignancy, and some extrahepatic cancers. FLI
alone or in combination with NFS or FIB-4 independently
enabled the risk assessment of all-cause mortality. FLI shows
potential as a tool to stratify individuals for further assessment
and to guide the development of prevention strategies for NAFLD
and its related comorbidities in the population.
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