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Abstract

Background and Aims: A need exists for effective and practical tools to
identify individuals at increased risk of liver-related outcomes (LROs) within
the general population.

Approach and Results: We externally validated the chronic liver disease
(CLivD) score for LROs in the UK Biobank cohort. We also investigated the
sequential combined use of CLivD and fibrosis-4 (FIB-4) scores. Our analysis
included 369,832 adults without baseline liver disease and with available data for
CLivD and FIB-4 computation. LROs reflecting compensated or decompensated
liver cirrhosis or HCC were ascertained through linkages with electronic health
care registries. Discriminatory performance and cumulative incidence were
evaluated with competing-risk methodologies. Over a 10-year follow-up, time-
dependent AUC values for LRO prediction were 0.80 for CLivD,, (including
gamma-glutamyltransferase), 0.72 for CLivDon1ap (€XCluding laboratory values),
and 0.75 for FIB-4. CLivD,y, demonstrated AUC values exceeding 0.85 for liver-
related death and severe alcohol-associated liver outcomes. The predictive per-
formance of FIB-4 increased with rising CLivD scores; 10-year FIB-4 AUC values
ranged from 0.60 within the minimal-risk CLivD subgroup to 0.81 within the high-
risk CLivD subgroup. Moreover, in the minimal-risk CLivD subgroup, the cumu-
lative incidence of LRO varied from 0.05% to 0.3% across low-to-high FIB-4
strata. In contrast, within the high-risk CLivD subgroup, the corresponding inci-
dence ranged from 1.7% to 21.1% (up to 33% in individuals with FIB-4 > 3.25).
Conclusions: The CLivD score is a valid tool for LRO risk assessment and
improves the predictive performance of FIB-4. The combined use of CLivD and
FIB-4 identified a subgroup where 1 in 3 individuals developed LROs within
10 years.

Abbreviations: CLivD, predictive Liver Disease score; EASL, European Association for the Study of the Liver; FIB-4, fibrosis-4 index panel; GGT, gamma-
glutamyltransferase; ICD-10, International Classification of Diseases Tenth Revision; LRO, liver-related outcome.
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INTRODUCTION

Early detection of chronic liver disease is challenging
but can be accomplished through noninvasive fibrosis
testing in individuals who do not exhibit symptoms but
are at a high risk for future liver-related outcomes
(LROs). Currently, the recommended first-line method
for risk stratification of fibrosis is the fibrosis-4 (FIB-4)
index, primarily because of its widespread availability
and low cost in clinical practice.l'?l In other studies, a
low FIB-4 value was used to exclude the risk of
advanced liver fibrosis, whereas individuals with
elevated FIB-4 values required further testing.!"-2

However, the performance of the FIB-4 index is
suboptimal when applied to unselected populations. For
instance, in a large population study,?! the sensitivity of
an FIB-4 cutoff of 1.3 was only 37%. Therefore, the
current EASL and AASLD guidelines emphasize that
noninvasive tests such as FIB-4 should be used only in
high-risk populations, specifically those with a suffi-
ciently high pretest probability.l'2 Nevertheless, a final
definition of “high risk” in the general population has yet
to be established.]

The Chronic Liver Disease (CLivD) score was
recently introduced as a prognostic tool for predicting
future LROs in the general population.®! Calculated
based on lifestyle factors alone or by including gamma-
glutamyltransferase (GGT) as the only laboratory
variable, the CLivD assigns a score on a continuous
scale that corresponds to an individual’s risk for LROs.
The CLivD score can be used to identify high-risk
populations, which necessitates subsequent evaluation
with fibrosis testing; however, the effectiveness of such
a strategy has not been firmly established. Although the
CLivD score has been externally validated in 3
independent samples from Denmark, the United King-
dom, and the United States,5¢l further validation
studies are needed. In addition, studies on the
combined or sequential use of the CLivD score and
FIB-4 are lacking.

This study had 2 objectives. The first objective was to
externally validate the predictive ability of the CLivD
score for LROs and compare it with the predictive
performance of FIB-4 in the UK Biobank population.
The secondary objective was to assess the combined
use of CLivD and FIB-4 scores for predicting LROs. We
hypothesized that utilizing the CLivD score to define the
at-risk population could improve the predictive perform-
ance of FIB-4. The findings of this study are important
for designing pathways for screening liver fibrosis.

METHODS

This study used data from a UK Biobank sample. The
UK Biobank is a community cohort study involving
more than a half million individuals. Participants were

interviewed between 2006 and 2010 at 22 assessment
centers across England, Scotland, and Wales. All
individuals aged 40-69 years and living within 25 miles
of an assessment center (~9 million persons in total)
were invited to participate. The participants completed a
comprehensive health questionnaire, underwent a
physical examination, and donated biological speci-
mens. Follow-up data were obtained through record
linkages with mortality, hospital admission, and cancer
registries in the United Kingdom.”!l The UK Biobank
Study was approved by the UK North West Multicentre
Research Ethics Committee. Informed consent was
obtained from all the participants. Some participants
withdrew their consent.

Of all the participants (n=502,412), we excluded
those with known liver disease or liver cancer at or
before baseline based on self-reported data and registry
diagnoses, those with missing registry linkage, missing
values in key baseline variables, baseline age <40 or
> 70 years, extreme outliers in the waist-hip ratio (< 0.6
or >1.4), and those with chronic viral hepatitis
(Figure 1).

Baseline variables

Alcohol consumption was evaluated by using a self-
administered questionnaire. Participants were ques-
tioned about their drinking status and average weekly or
monthly consumption of the number of glasses of red
wine, champagne, white wine, pints of beer or cider,
spirits, or glasses of fortified wine and other types of
alcoholic drinks. For each participant, we calculated the
mean consumption of ethanol in grams per day as
described by Tavaglione et al,®! assuming 2 units of
pure alcohol in a pint of beer or cider, 1.5 units in a glass
(125 mL) of red wine, champagne, white wine, fortified
wine, and other alcoholic drinks, and 1 unit in a measure
(25 mL) of spirit, where one unit contains 8 g of pure
ethanol. Smoking status was categorized as never,
previous, or current smoker, according to a self-

UK Biobank data
502,412 participants

8,768 participants excluded due to
baseline liver disease or missing registry
linkage

493,644 participants |

123,629 participants excluded due missing
values in vital baseline variables (waist and
hip circumference, BMI, alcohol use,
smoking, GGT, ALT, AST, platelet count;
there were no missing data on age or sex)

370,015 participants I

10 excluded due to age <40 or >70 years
29 excluded due to extreme outliers in
waist-hip ratio (<0.6 or >1.4)

144 excluded due to chronic viral hepatitis

Analytical sample:
369,832 participants

FIGURE 1 Flow chart of inclusion and exclusion criteria. Abbreviation:
GGT, gamma-glutamyltransferase.
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reported questionnaire. Body mass index and waist and
hip circumference were measured at baseline. Diabetes
at baseline was defined as either a nonfasting blood
glucose >11.1 mmol/L, glycated hemoglobin
>47 mmol/mol, a self-reported diabetes diagnosis or
insulin treatment, or a registry code for diabetes.
Laboratory methods used to generate biomarker data
from blood samples have been described.!

Risk scores

The nonlaboratory CLivDpon1ap SCOre was calculated
based on age, sex, smoking status (current vs.
previous/never), weekly alcohol use, waist-hip ratio,
and diabetes status (yes vs. no) as described.[!
The laboratory version of the CLivDy,, also includes
GGT (U/L). Both CLivD scores were categorized into
subgroups (minimal, low, intermediate, and high risk)
based on reported thresholds.®! FIB-4 was calculated
based on age, alanine aminotransferase, aspartate
aminotransferase, and platelet count as described.l'?
FIB-4 was categorized into low, intermediate, and high
subgroups using a lower threshold of 1.3 if the age was
<65, 2.0 if the age was >65, and a high threshold
of 2.67. We also evaluated the lower FIB-4 threshold
[1.3 for all ages (age-independent)].

Outcomes

The primary outcome was hospitalization, cancer, or
death related to liver cirrhosis, or complications of
cirrhosis (ie, “liver cirrhosis-related outcome event”)
defined by the International Classification of Diseases
Tenth Revision (ICD-10) codes specified in Supplemen-
tal Table S1, http://links.lww.com/HEP/I1150, in line with a
recent consensus statement.'] We also studied several
secondary outcomes reflecting different types and
severities of liver disease, as well as all-cause death
(Supplemental Table S1, http://links.lww.com/HEP/1150).
The follow-up time was calculated from the date of UK
Biobank enrollment until the date of the outcome event,
death, or censoring (end of the observation period or loss
to follow-up), whichever occurred first. Follow-up was
censored on the date of registry completion (December
1, 2021).

Statistical methods

To compare the groups, we used the chi-squared or
Mann-Whitney tests, as appropriate. Predictive perform-
ance was evaluated using the competing-risk method-
ology. Time-dependent AUCs for the prediction of LROs
were calculated from competing-risk regression models
with the CLivD score or FIB-4 as the sole predictor,

where death without liver disease was considered a
competing-risk event. The cumulative incidence of LROs
was calculated using the cumulative incidence function
(Aalen-Johansen method). Time-dependent sensitivities,
specificities, and positive and negative predictive values
were estimated for various cutoff points, accounting for
competing risks. Calibration was assessed by first
dividing into deciles the predicted 10-year probabilities
derived from cause-specific Cox regression. The mean
predictive probability from cause-specific Cox regression
was then plotted against the mean actual probability
based on the competing-risk cumulative incidence
function for each subgroup. Harrell's Adequacy Index
was used to assess the fraction of new predictive
information provided by a combination of the CLivD
and FIB-4 scores compared with FIB-4 alone.l'? Statis-
tical significance was defined as a two-tailed p value
of <0.05. Data were analyzed using R software,
version 4.0.0.

RESULTS

The final study cohort comprised 369,832 participants.
Of the total, 48% were men, the mean age was
57 years, the mean body mass index was 27.2 kg/m?,
5% had diabetes, and the mean alcohol use was 16.7 g
of ethanol per day (Table 1). According to the CLivD 4,
scores, 25.6% belonged to the minimum-risk group,
69.6% to the low-risk group, 3.1% to the intermediate-
risk group, and 1.6% to the high-risk group. According
to the FIB-4 index, 64.9%, 32.9%, and 2.2% of patients
belonged to the low-risk, intermediate-risk, and high-risk
groups, respectively. No missing values were found for
the parameters listed in Table 1.

During a median follow-up of 12.6 years (IQR:
12.0-13.4, 4,510,872 person-years), we found 1266
liver cirrhosis-associated outcome events (primary
outcomes), 7671 other LROs (secondary outcomes),
and 22,132 deaths without any liver-associated event
(competing-risk events) (Table 2).

External validation of the CLivD score and
comparison with FIB-4

The association between the CLivD score and rates of
the primary outcome of cirrhosis-associated events was
linear above a CLivD score of 0 (Supplemental Figure
S1, http:/llinks.lww.com/HEP/I150). Time-dependent
AUC values at 10 years of follow-up for the prediction
of the primary outcome were CLivD\p, 0.80; CLivDpon-jab,
0.72; and FIB-4, 0.75 (Table 2). At 5 years, the
corresponding AUC values were 0.81, 0.71, and 0.77,
respectively. The AUC for the CLivD score remained
stable throughout the follow-up period (Supplemental
Figure S2, http://links.lww.com/HEP/1150).
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TABLE 1 Baseline demographics
All Men Women p
Individuals 369,832 177,766 192,066
Age 57 (8) 57 (8) 56 (8) <0.001
Body mass index (kg/m?) 27.2 (4.6) 27.7 (4.1) 26.8 (5.0) <0.001
Waist circumference (cm) 90.1 (13.3) 96.7 (11.1) 84.0 (12.2) <0.001
Hip circumference (cm) 103.0 (8.8) 103.3 (7.4) 102.8 (10.0) <0.001
Waist-hip ratio 0.87 (0.09) 0.93 (0.06) 0.82 (0.07) <0.001
Diabetes 19,963 (5.4) 13,072 (7.4) 6891 (3.6) <0.001
Alcohol drinking status <0.001

Lifetime abstainer 19,185 (5.2) 5488 (3.1) 13,697 (7.1)

Previous drinker 15,348 (4.1) 6816 (3.8) 8532 (4.4)

Current drinker 335,299 (90.7) 165,462 (93.1) 169,837 (88.4)

Alcohol intake (ethanol g/d) 16.7 (16.6) 22.3 (19.5) 11.4 (11.1) <0.001
Smoking habits <0.001

Never 200,043 (54.1) 86,639 (48.7) 113,404 (59.0)

Previous 132,816 (35.9) 70,190 (39.5) 62,626 (32.6)

Current 36,973 (10.0) 20,937 (11.8) 16,036 (8.3)
Gamma-glutamyltransferase (U/L) 37 (40) 45 (46) 30 (31) <0.001
Alanine aminotransferase (U/L) 23 (14) 27 (15) 20 (12) <0.001
Aspartate aminotransferase (U/L) 26 (10) 28 (10) 24 (0) <0.001
CLivDjap 0.25 (1.00) 0.62 (1.00) -0.10 (0.87) <0.001
CLivDnon-iab 0.24 (0.95) 0.52 (1.01) -0.03 (0.81) <0.001
FIB-4 1.35 (2.08) 1.43 (2.35) 1.28 (1.79) <0.001
CLivD\yp risk group <0.001

Minimal 120,080 (32.5) 33,538 (18.9) 86,542 (45.1)

Low 232,217 (62.8) 130,177 (73.2) 102,040 (53.1)

Intermediate 11,487 (3.1) 9459 (5.3) 2028 (1.1)

High 6048 (1.6) 4592 (2.6) 1456 (0.8)

CLivDpon-iab risk group <0.001

Minimal 94,849 (25.6) 32,258 (18.1) 62,591 (32.6)

Low 257,262 (69.6) 129,892 (73.1) 127,370 (66.3)

Intermediate 13,932 (3.8) 12,017 (6.8) 1915 (1.0)

High 3789 (1.0) 3599 (2.0) 190 (0.1)

FIB-4 risk group <0.001

Low
Intermediate
High

239,978 (64.9)
121,649 (32.9)
8205 (2.2)

106,722 (60.0)
65,502 (36.8)
5542 (3.1)

133,256 (69.4)
56,147 (29.2)
2663 (1.4)

Note: Results are as mean (SD) or n (%).

Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.

The discriminatory performance of CLivD,,, 10-year
AUC values for all secondary LROs was superior to
that of FIB-4 (Table 2). The AUC values of CLivD,,
were excellent for more severe forms of LROs, such
as liver-associated death (AUC: 0.85-0.86), HCC
(AUC: 0.82), alcohol-associated cirrhosis outcomes
(AUC: 0.90), and alcohol-associated hepatitis (AUC:
0.85). The AUC values of CLivDon.1ap Were generally
lower than those of FIB-4; however, CLivDnon-1an
outperformed FIB-4 in predicting alcohol-associated
liver outcomes (Table 2).

The cumulative incidence of primary LRO at 10 years
was 0.07% in the minimal-risk CLivD 4, group, 0.2% in the
low-risk group, 1.2% in the intermediate-risk group, and
4.8% in the high-risk group (Supplemental Figure S3, http:/
links.mww.com/HEP/I1150). The corresponding 10-year
cumulative incidence rates in the CLivD,onap risk groups
were 0.1%, 0.2%, 1.0%, and 2.7%, respectively (Supple-
mental Figure S3, http:/links.lww.com/HEP/I150). Further-
more, the 10-year cumulative incidence rates in the
low-risk, intermediate-risk, and high-risk FIB-4 groups were
0.1%, 0.3%, and 3.2%, respectively (Supplemental Figure
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TABLE 2
Primary outcome Events
Liver cirrhosis and cirrhosis-associated 1266
complications
Secondary outcomes
All liver outcomes 8937
Advanced liver disease 1859
Compensated liver cirrhosis 879
Decompensated liver cirrhosis 659
Primary liver cancer 248
HCC 142
Alcohol-associated cirrhosis 171
Alcohol-associated hepatitis 77
Unspecified alcohol-associated liver disease 260
Autoimmune liver disease 919
Primary biliary cholangitis 98
Cholangitis 736
Autoimmune hepatitis 93
Liver failure 376
Chronic hepatitis, not elsewhere classified 198
Fatty liver disease 3532
Alcoholic fatty liver 114
Unspecified liver disease 875
Liver disease as the primary cause of death 317
Liver disease as the primary or secondary cause 502
of death
All-cause death 22,750

CLiVD|ab

10-year AUC (95% Cl)

0.799 (0.799-0.799)

0.651 (0.651-0.651)
0.760 (0.760-0.760)
0.801 (0.801-0.801)
0.790 (0.790-0.790)
0.745 (0.744-0.745)
0.822 (0.821-0.822)
0.902 (0.902-0.903)
0.851 (0.850-0.852)
0.847 (0.846-0.847)
0.650 (0.650-0.651)
0.736 (0.735-0.737)
0.646 (0.646-0.647)
0.585 (0.584-0.586)
0.661 (0.661-0.661)
0.619 (0.618-0.619)
0.646 (0.646-0.646)
0.822 (0.821-0.823)
0.619 (0.618-0.619)
0.857 (0.856-0.857)
0.852 (0.852-0.853)

0.654 (0.654-0.654)

CI-iVDnon-lab

10-year AUC (95% ClI)

0.715 (0.715-0.716)

0.600 (0.600-0.600)
0.689 (0.689-0.689)
0.710 (0.709-0.710)
0.718 (0.718-0.719)
0.686 (0.686-0.687)
0.733 (0.733-0.734)
0.849 (0.848-0.849)
0.786 (0.786-0.787)
0.780 (0.780-0.781)
0.558 (0.558-0.559)
0.578 (0.578-0.579)
0.592 (0.592-0.592)
0.539 (0.538-0.540)
0.634 (0.634—0.635)
0.571 (0.570-0.571)
0.586 (0.586-0.586)
0.780 (0.780-0.781)
0.580 (0.579-0.580)
0.782 (0.782-0.782)
0.762 (0.761-0.762)

0.638 (0.638-0.638)

AUC values at 10 years of follow-up of CLivD,,p, CLiVDpon.an, @nd FIB-4 for the prediction of the primary and secondary outcomes

FIB-4
10-year AUC (95% Cl)
0.751 (0.750-0.751)

0.589 (0.589-0.589)
0.707 (0.707-0.707)
0.769 (0.769-0.770)
0.745 (0.745-0.745)
0.672 (0.671-0.672)
0.747 (0.747-0.748)
0.786 (0.786-0.787)
0.729 (0.729-0.730)
0.751 (0.750-0.751)
0.606 (0.605-0.606)
0.553 (0.552—0.554)
0.611 (0.610-0.611)
0.625 (0.624-0.626)
0.598 (0.598-0.599)
0.560 (0.560-0.561)
0.514 (0.514-0.514)
0.597 (0.597—0.598)
0.619 (0.619-0.619)
0.816 (0.816-0.817)
0.793 (0.793-0.793)

0.615 (0.615-0.615)

Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.

S4, http://links.ww.com/HEP/I150). The 10-year cumula-
tive incidence of the primary LRO in the 99.5th percentile of
the CLivD,,, score was 9.0%, and in the 99.5th percentile of
the CLivDon.1ab Score was 3.3%.

The measures of discriminatory performance for
various cutoffs of the CLivD,sp, CLivDponab, and FIB-4
scores are shown in Table 3 and Supplemental Table S2,
http://links.lww.com/HEP/I150. Calibration plots showed
a slight underestimation of the observed 10-year risk at
the higher end of the CLivD scores (Supplemental Figure
S5, http://links.lww.com/HEP/I150).

Combined use of CLivD and FIB-4

When stratified by CLivD,,, and FIB-4 risk groups, we
found that within the minimal and low CLivD,4, groups,
the 10-year cumulative incidence of LROs remained low
(< 1.5%) in all FIB-4 risk groups (Figure 2 and Table 4). In
contrast, within the high-risk CLivD,,, group, the 10-year
cumulative incidence varied from 1.7% with low FIB-4
values to 21.1% with high FIB-4 values (Figure 2 and
Table 4). In contrast, CLivD,,, could discriminate the risk
of LROs within the low-risk, intermediate-risk, and high-

risk FIB-4 groups (Supplemental Figure S6, http://links.
Iww.com/HEP/1150). These findings were similar for the
combination of CLivDponiap @and FIB-4 (Supplemental
Figure S7, http://links.lww.com/HEP/I150, Supplemenatl
Figure S8, http:/links.lww.com/HEP/1150).

We further stratified the study population into smaller
subgroups based on 7 previously reported FIB-4 cutoff
values, and 8 CLivD,y, or 7 CLivDponiap cutoff values,
ensuring a minimum of 100 individuals per stratum. The
number of individuals in each strata is shown in Supple-
mental Tables S3 and S4, http:/links.lww.com/HEP/1150.
We calculated the 10-year risk of LROs separately in each
strata using the competing-risk cumulative incidence
function. This enabled the identification of individuals with
a 10-year risk of LROs of up to 33% (95% ClI: 27%—39%)
(Figure 3, Cls shown in Supplemental Tables S3 and S4,
http://links.lww.com/HEP/1150).

The CLivD score modifies the predictive
performance of FIB-4

The 10-year FIB-4 AUC values for predicting LROs
increased from 0.60 among individuals in the minimal-
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TABLE 3
Model and cutoff
CLivDap: minimal vs. low/intermediate/high (—0.258)
CLivDap: minimal/low vs. intermediate/high (2.066)
CLivD,ap: minimal/low/intermediate vs. high (2.784)
CLivDponiab: minimal vs. low/intermediate/high (-0.412)
CLivDpon-iab: minimal/low vs. intermediate/high (1.912)
CLivDpon.iab: minimal/low/intermediate vs. high (2.632)
FIB-4: low vs. intermediate/high (age-dependent; 1.3/2.0)
FIB-4: low vs. intermediate/high (1.3)

90.7
45.0
30.1
88.7
26.4
10.6
28.1
76.3

Specificity (%)
33.4
95.9
98.7
26.3
95.7
99.2
98.0
55.7

Performance measures for CLivD,,p, CLivDon.1a0, @nd FIB-4 in predicting the primary liver-related outcome

Sensitivity (%)

PPV (%)
0.3
2.6
54
0.3
1.5
3.0
34
0.4

NPV (%)
99.9
99.9
99.8
99.9
99.8
99.8
99.8
99.9

Note: Performance measures using additional cutoffs are shown in Supplemental Table S2, http://links.lww.com/HEP/1150

Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.

risk CLivD,zp group to 0.81 among those in the high-risk
CLivD,gp, group (Table 4). Based on Harrell’'s Adequacy
Index, a cause-specific Cox regression model with
CLivDy, and FIB-4 provided 99.5% new prognostic
information compared with a Cox model including FIB-4
as the only predictor (Supplemental Methods, http:/
links.lww.com/HEP/1150). Correspondingly, CLivDon-jab
provided 98.8% of the new prognostic information
compared to FIB-4 alone. In cause-specific Cox
regression modeling, the interaction term between
CLivDyg, or CLivDponiap and FIB-4 was significant
(p=0.01 and <0.001, respectively).

An improvement in the discriminatory performance of
FIB-4 in individuals with higher CLivD scores was

Minimal CLivD
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FIGURE 2

accompanied by a substantially increased sensitivity of
the lower FIB-4 cutoff (Table 5). The specificity of this
lower FIB-4 cutoff remained above 90% across CLivD
subgroups when using the age-dependent FIB-4 cutoff
(1.3/2.0), but decreased from 68% to 38% when using
the FIB-4 cutoff of 1.3 for all ages (Table 5).

Exploratory analyses: a combination of
CLivDyon.1an, FIB-4, and GGT

Given that GGT seemed to explain the improved perform-
ance of CLivD,y, over CLivDponian, We next explored a
sequential approach, beginning with CLivDpgnan, Which
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Cumulative incidence of the primary liver-related outcome according to FIB-4 within CLivD,yp, strata by the competing-risk

cumulative incidence function (Aalen-Johansen method). Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.
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TABLE 4 AUC values at 10 years of follow-up of FIB-4 in predicting the primary liver-related outcome within CLivD risk groups

10-year risk of liver-related outcome events

Outcome Low FIB-4 Intermediate FIB-4 High FIB-4
Subjects events 10-year AUC of FIB-4 (%) (%) (%)

CLivDigp

Minimal risk 120,080 123 0.598 (0.593-0.603) 0.05 0.10 0.26

Low risk 232,217 627 0.663 (0.663-0.663) 0.13 0.19 1.43

Intermediate risk 11,487 179 0.741 (0.692-0.791) 0.54 1.54 7.28

High risk 6048 337 0.811 (0.783-0.838) 1.71 3.91 21.09
CLivDnon-iab

Minimal risk 94,849 144 0.685 (0.684-0.686) 0.06 0.16 1.12

Low risk 257,262 791 0.728 (0.728-0.729) 0.13 0.24 2.64

Intermediate risk 13,932 203 0.767 (0.720-0.814) 0.47 1.08 8.31

High risk 3789 128 0.745 (0.688-0.802) 1.47 2.19 13.21

Note: Cumulative risks at 10 years by the Aalen-Johansen method are shown in subgroups based on the CLivD and FIB-4 scores.

Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.

does not rely on laboratory data, followed by FIB-4 and
GGT as separate variables. Compared with a cause-
specific Cox regression model with CLivD,,gn1a0 and FIB-4
as predictors, a model with CLivDgn.an, FIB-4, and GGT
showed better discrimination (AUC: 0.78, 95% CI:
0.78-0.78 vs. 0.72, 95% CI: 0.72-0.72). The 10-year
cumulative incidence rates of LROs were likewise con-
sistently markedly higher across CLivDponia and FIB-4
strata among individuals with GGT > compared to <120 U/
L (Supplemental Table S5, http:/links.lww.com/HEP/1150).

DISCUSSION

In this external validation study, the CLivD score version
with GGT (CLivD,,,) demonstrated fairly similar discrim-
inatory performance for incident LROs as the Finnish

derivation study.®! The competing-risk time-dependent
AUC for CLivD,,, was 0.80 in the UK Biobank cohort
and 0.84 in the Finnish derivation cohort.

The absolute risks of LROs in the UK Biobank cohort
were lower than those in the derivation cohort, which
was an expected result because the derivation dataset
used a broader set of ICD codes to define LRO. Here,
we chose to define primary LRO according to a recent
consensus on defining cirrhosis-associated events in
epidemiological studies.l'! In addition, the mortality and
cancer incidence rates in the UK Biobank sample were
generally lower than those in the general population.['3!

This study compares the CLivD score with the FIB-4
index for the prediction of LROs in the population.
The CLivD,,, score demonstrated superior dis-
criminatory performance for various types of LROs,
particularly for more severe forms of liver disease such
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FIGURE 3

Cumulative incidence at 10 years of the primary liver-related outcome in subsets defined by several FIB-4 and CLivD score cutoffs.

The cumulative incidences are calculated using the competing-risk cumulative incidence function (Aalen-Johansen method). Abbreviations:

CLivD, chronic liver disease; FIB-4, fibrosis-4.
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Performance measures of FIB-4 for the primary liver-related outcome within specific CLivD risk groups

TABLE 5

FIB-4 (1.3)

Specificity (%)

FIB-4 (age-dependent, 1.3/2.0)

NPV (%)

PPV (%)

Sensitivity (%)

NPV (%)

PPV (%)

Specificity (%)

Sensitivity (%)

99.9

0.4

55.7

76.3

99.8

34

98.0

28.1

All individuals
Subgroup

100
€e e

0.1

65.6

51.1

99.9

0.3

98.7

4.8
18.0

CLivDjap minimal
CLiVD|ab low

0.3

51.3

67.7

99.9

1.5

8.0
24 1

97.9

99.5

1.9
75
0.2

0.4

447

84.0

99.0

95.9

27.7

CLivD,,p intermediate

CLivDgp high

99.0

37.7

93.1

97.2

91.4

50.5

99.9

65.6

64.9

99.9

1.2
2.8

98.6

16.0

CLivDpon-1ab Minimal

99.9

52.9

74.5

99.8

98.0

26.6

CLivDnoniab low

99.6

1.6
3.7

41.8

84.7

99.3

94
14.7

96.2

34.9

CLivDnonaap intermediate

CLiVDhonias high

98.8

35.1

85.6

98.1

93.5

38.7

Abbreviations: CLivD, chronic liver disease; FIB-4, fibrosis-4.

as liver-associated death, HCC, and alcohol-associated
cirrhosis. This is an important finding because alcohol is
the leading cause of cirrhosis and LROs worldwide.['4]
With only a fraction of harmful drinkers developing
cirrhosis, there is a need for simple and inexpensive risk
prediction tools suitable for use in this population.

The second aim of this study was to explore the
sequential combination of the CLivD and FIB-4 scores to
improve risk predictions. This combined use identified a
subset of individuals with a 10-year LRO risk as high as
33% (Figure 3). These risk estimates were based on a
cumulative incidence function with competing risks. The
risk estimate for this high level is exceptional in general
population studies. In individuals with such a high risk,
proactive interventions to reduce this risk are most likely
merited even without further extensive liver fibrosis testing.

The CLivD score modified the predictive perform-
ance of FIB-4 for LROs. Specifically, the performance of
FIB-4 was poor in the subgroup with low CLivD scores,
and good or excellent in those with high CLivD scores.
This reflects the well-established spectrum effect!'®! and
is also in line with findings from the UK Biobank cohort,
which reported an AUC value for FIB-4 of 0.59 in
individuals without metabolic risk factors and 0.70-0.72
among those with metabolic risk factors!'®l; however,
that study did not assess alcohol use or competing
risks. The effect modification of FIB-4 performance by
the CLivD score reflects the need to accurately define
the at-risk population that best benefits from liver
disease risk stratification using FIB-4.

The strengths of our study include a large external
validation sample size of nearly 400,000 individuals with
a median 12.6-year follow-up, providing a robust data-
set for analyses. We analyzed several types of LROs to
confirm their consistency. The use of competing-risk
methods and the cumulative incidence function instead
of regression modeling are additional strengths.

Although large, the UK Biobank sample may not
represent the general population or the diversity of
populations worldwide,!'3) potentially limiting the general-
izability of our findings. Nonetheless, this limitation is
more important for absolute risk estimates than it is for
risk-factor associations.!'” In addition, the CLivD score
has been externally validated in British, Danish, and US
population cohorts.>®! We acknowledge that the LROs
were based on registry diagnoses, which may not be fully
accurate or complete. Nonetheless, the ICD codes used
to define the primary outcome were selected based on a
comprehensive systematic review, which further reported
positive predictive values for cirrhosis ranging from 83%
to 89% in external validation studies.!'"!

Implications

Based on our findings, targeting the FIB-4 in individuals
with higher CLivD scores enhances the discriminatory
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performance of the FIB-4. Therefore, incorporating the
CLivD score into liver disease risk stratification path-
ways could improve the identification of individuals at
high risk of future LROs. Defining high-risk populations
based on CLivD scores is an inexpensive means of
targeting further evaluation and testing, thereby opti-
mizing the allocation of resources and reducing
unnecessary testing in low-risk individuals. The CLivD
score is based on widely available variables and can be
integrated into digital health care solutions, completed
in general practice, or obtained through the Internet.
Valid self-measurements of the waist-hip ratio can be
acquired using simple measuring tapes or digital
photography technology.[18.19]

CLivDponiap does not require a single blood test,
making it an appealing first-line test for large-scale
screening. Although the overall performance of CLivD-
non-lab Was poorer than that of CLivD,,,, the combined
use of CLivDponiap and FIB-4 could also identify a
subgroup with a high 10-year risk for LROs. Adding
GGT to FIB-4 in second-line testing improved risk
prediction based on CLivDonjapb-

GGT shows only a modest correlation with the severity
of liver disease in cross-sectional studies.??! However,
GGT has been shown to be a stronger predictor of future
liver disease compared to other liver enzymes.[521.22 GGT
serves as a marker for hepatic and whole-body oxidative
stress, potentially reflecting the mechanisms leading to
disease development,?® including the synergistic effects
of alcohol and metabolic dysfunction.2* Therefore, GGT
can be viewed as an indicator of disease risk rather than
existing liver disease.?®l Furthermore, GGT levels
decrease with healthy lifestyle interventions,226! empha-
sizing its potential as a monitoring tool, especially when
incorporated into the CLivD score.

Further research is needed in diverse populations to
validate the performance of the CLivD score and its
combined use with FIB-4, and to explore its impact on
patient outcomes and cost-effectiveness.

In conclusion, the CLivD score is a valuable tool for risk
assessment of chronic liver disease, and the CLivD score
improves the predictive performance of FIB-4. Incorporat-
ing CLivD scores into risk stratification pathways could
enable the early detection of chronic liver disease.
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