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Background: The LiverRisk score (LRS) has recently been proposed to predict liver fibrosis and future develop-
ment of liver-related outcomes in the general population. Here, we performed an external validation of this score.
Methods: We used data from National Health and Nutrition Examination Survey 2017-2020, a United States
population-based cohort to assess the diagnostic accuracy of the LRS to detect a liver stiffness measurement
(LSM)$8 and$12 kPa. Performance was tested among the entire general population and clinically relevant sub-
groups. Results: The cohort comprised 7,025 participants (aged 49 [33-63], 49% male), and 9.7% had an LSM $8
and 3.2% had an LSM $12 kPa. The area under the receiver characteristic operator curve (AUC) in the overall
population was 0.73 (95% confidence interval [CI] :0.71-0.75) and 0.78 (95% CI: 0.74-0.81) to detect an LSM $8
and$ 12 kPa, respectively, significantly outperforming the fibrosis 4 index (FIB-4) but not the nonalcoholic fatty
liver disease fibrosis score, steatosis-associated fibrosis estimator (SAFE), or metabolic dysfunction–associated
fibrosis 5 (MAF-5). Performance was consistent among most subgroups, but AUC levels to detect an LSM
$8 kPa decreased to <0.70 among participants aged 18-40 or 60-80 years, blacks, and individuals with diabetes
or liver steatosis. The LRS categorized 80.5% as very low risk, 17.7% as low risk, and 1.8% as at risk, prevalence
of an LSM $8 in these groups was 6.3%, 20.8%, and 50.5%, respectively. The sensitivity to detect an LSM
$8 kPa was 47.3% in the overall population (but dropped to 21.3% for individuals aged 18-40 years) despite
applying the lowest cut-off, which should yield the highest sensitivity. Conclusion: The LRS score is a promising
new tool to predict liver fibrosis; however, its diagnostic accuracy attenuates especially among patients aged 18-40
or 60-80 years. The overall sensitivity was only 47.3% at the lowest LRS cut-off. Further studies assessing cost-
benefit ratios according to the LRS compared to FIB-4 and other risk scores such asMAF-5 and SAFE are required
to determine its usefulness in referral strategies. ( J CLIN EXP HEPATOL 2025;15:102512)
Steatotic liver disease (SLD) has an estimated preva-
lence of over 30% and has thereby become the
most prevalent chronic liver disease.1 It is expected

that it will replace viral hepatitis in the coming decade as
the leading cause of advanced liver disease.2 Fortunately,
most patients with SLD do not have any symptoms and
will not develop advanced liver disease.3–5 However, this
illustrates the challenge to detect those who will
eventually develop decompensated liver disease and may
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have benefited from early referral, lifestyle changes, and
medical treatment.6 Despite several noninvasive tests being
available, it remains challenging to identify those who have
liver fibrosis and are therefore at risk of liver-related events
like decompensated cirrhosis and hepatocellular carci-
noma (HCC).

Recently, the LiverRisk score (LRS) has been published
by the LiverScreen consortium, which aims to identify in-
dividuals at risk for future liver-related outcomes.7 The
LRS was developed in a general population and included
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What is already known on this topic

Detection of advanced liver disease in low-prevalence populations remains challenging. The LiverRisk score, a
noninvasive test to predict fibrosis and long-term complications, has recently been published to aid in this subject.

How this study might affect research, practice, or policy

The LiverRisk score can be used for risk stratification. However, it requires careful interpretation since it may not
rule out advanced liver disease, especially among participants aged 18-40 or 60-80 years or with profoundmetabolic
dysfunction.

What this study adds

In this external validation among 7,025 participants, the AUC of the LiverRisk score to detect an LSM $8
and $12 kPa was 0.73 and 0.78, respectively, significantly outperforming the fibrosis 4 index (FIB-4) but not the
nonalcoholic fatty liver disease fibrosis score (NFS), steatosis-associated fibrosis estimator (SAFE), or metabolic
dysfunction–associated fibrosis 5 (MAF-5). The sensitivity at the low-risk cut-off to detect an LSM $8 kPa was
47.3%. Performance attenuated in individuals aged 18-40 or 60-80 years and with diabetes or steatosis.
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age, sex, glucose, cholesterol, aspartate aminotransferase
(AST), alanine aminotransferase (ALT), gamma-glutamyl
transferase (GGT), and platelets and was calibrated to
detect increased liver stiffness. In their derivation and vali-
dation cohorts, the area under the receiver characteristic
operator curve (AUC) to detect a liver stiffness $10 kPa
was 0.88 and 0.77–0.83, respectively. It significantly outper-
formed other biomarkers of fibrosis. Importantly, in the
prognostication phase, the LRS was associated with a
higher risk for liver-related complications and mortality
in the UK Biobank cohort.

The LRS may fill an urgent need to identify participants
with increased liver stiffness who may opt for hepatic
health assessment and hepatologist referral. Although per-
formance across subgroups regarding liver-related events
was performed, no data were presented on its ability to
detect increased liver stiffness across clinically relevant sub-
groups. Moreover, despite previously reported concerns
about including age in noninvasive scores, the LRS in-
cludes age, which may impact the performance across age
subgroups.8–10

Hence, in this study, we want to externally validate the
LRS regarding its ability to detect increased liver stiffness
across clinically relevant subgroups in a United States,
multiethnic general population by using the 2017-2020
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo

2 © 2025 Indian National Association for Study of the Liver. Published by El
National Health and Nutrition Examination Survey
(NHANES) cohort.
METHODS

Ethical Consent
Participants of the NHANES 2017-2020 cycle provided
informed consent. This study was conducted according
to the principles as outlined in the Declaration of Helsinki.
Data collection for NHANES has been approved by the Na-
tional Center for Health Statistics Research Ethics Review
Board.

Study Population
For the purpose of this study, NHANES 2017-2020 data
were used. Briefly, the NHANES was designed to assess in-
dividuals’ health and nutritional status throughout the
United States. Data were collected by extensive interviews,
physical examination, clinical measurements, and tests by
trained research assistants. These tests included laboratory
measurements and transient elastography, which allows
for the calculation of the LRS and validation against liver
stiffness measurement (LSM). Further details on the
aims, procedures, and design are available elsewhere.11,12
Score to Detect Increased Liver Stiffness Among a United States General
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For the specific purpose of this study, we excluded partic-
ipants with incomplete data on LRS components as well
as patients with potentially unreliable LSM due to the pres-
ence of heart failure.13 Data are publicly available from the
NHANES database. (https://www.cdc.gov/nchs/nhanes/
index.htm).

Biomarker-based Noninvasive Scores
Since the formula of the LRS was not publicly available, it
was calculated online using their dedicated tool available at
www.liverriskscore.com on the 5th of January 2024. We
calculated the fibrosis-4 index (FIB-4), nonalcoholic fatty
liver disease fibrosis score (NFS), steatosis-associated
fibrosis estimator (SAFE) and metabolic dysfunction–
associated fibrosis 5 (MAF-5) following the formulas
mentioned afterward.14–17

SAFE¼ 2:97 � Ageþ 154:85 � lnðASTÞ � 58:23 � lnðALTÞ
þ 195:48 � lnðglobulinÞ � 141:61 � lnðplateletsÞ
þ 62:85 IF diabetes� 75

NFS¼ � 1:675þ 0:037 � Ageþ 0:094 � BMI

þ 1:13 IF ðpreÞdiabetesþ 0:99 � AST

ALT

� 0:013 � platelets� 0:66 � albumin

FIB4¼ Age � AST

platelets � ffiffiffiffiffiffiffiffiffi

ALT
p

MAF-5¼ � 11:3674þ waist circumference � 0:0282� BMI

� 0:1761þ waist circumference � BMI � 0:0019
þ 2:0762 for diabetesþ lnðASTÞ � 2:9207
� platelets � 0:0059

Age was expressed in years, body mass index (BMI) in kg/
m2, waist circumference in cm, AST and ALT in U/L, plate-
lets as 109/L, and albumin and globulin in g/dL.

Transient Elastography
Participants underwent transient elastography after a min-
imal 3-h fast using the FibroScan model 502 V2 Touch
equipped with an M and XL probe (FibroScan, Echosens,
Paris) to assess liver stiffness. Measurements were consid-
ered valid if at least 10 measurements were obtained with
an interquartile range <30%. Fibrosis was defined as a liver
stiffness$8 kPa.18 Steatosis was assessed by a same-session
controlled attenuation parameter (CAP) measurement.
CAP levels $275 dB/m were used to diagnose steatosis.6

Covariates
Research assistants systematically collected data among all
participants, including age, race, and anthropometrics
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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(length, height, and waist circumference). Questionnaires
included questions on the presence of heart failure. Blood
samples were taken and analyzed for among others ALT,
AST, albumin, globulin, platelets, triglycerides, and high-
density lipoprotein cholesterol.

Metabolic dysfunction was defined according to the set
of criteria provided for the definition of MASLD and
included the presence of at least one of the following
criteria: overweight, (pre)diabetes, hypertension, high waist
circumference, or dyslipidemia.19

Statistical Analysis
First, we performed AUC analysis for the detection of an
LSM $8 kPa and an LSM $12 kPa. The performance of
the LRS was compared to the performance of the FIB-4,
MAF-5, NFS, and SAFE in this general population cohort.
AUCs were assessed for significant differences using the
DeLong's test. Next, we assessed the increased LSM distri-
bution for LRS categories. In addition, we calculated the
diagnostic accuracy (sensitivity, specificity, negative predic-
tive value [NPV], and positive predictive value [PPV]) of the
LRS at the prespecified cut-offs for very low risk and low
risk (6 and 10) in the detection of an LSM $8
and $12 kPa. Performance was tested firstly among the
entire general population and secondly among clinically
relevant subgroups. These subgroups include participants
aged 18-40, 40-60, and 60-80 years, sex (male/female), race
(White, Black, Hispanic, or Asian), steatosis (yes/no) dia-
betes (yes/no), dyslipidaemia (yes/no), BMI (<30 kg/m2/
$ 30 kg/m2), andmetabolic dysfunction (yes/no). Further-
more, we visualized the fibrosis risk as assessed by the LRS
against the actual LSM prevalence of $8 kPa. Analyses
were performed in R (version 4.0.4; Foundation for Statis-
tical Computing, Vienna, Austria). P values <0.05 were
considered statistically significant.
RESULTS

Participants
The cohort comprised 7,768 participants with LSM data.
We excluded 186 participants for the presence of heart fail-
ure and 557 participants for lack of data on the LRS com-
ponents, leaving 7,025 participants for analysis. The
median age was 49 (33-63) years, and 49% were male.
Among them, 9.7% had an LSM $8 and 3.2% had an
LSM $12 kPa. The LRS predefined cut-offs were <6 for
very low risk, 6-10 for low risk, 10-15 for medium risk,
and >15 for high risk of liver-related events and were pre-
sent in 80.5%, 17.7%, 1.5%, and 0.3% of the included popu-
lation, respectively; prevalence of an LSM $8 kPa in these
risk groups was 6.3%, 20.8%, 47.7%, and 63.2%, respectively.
Specific details about these subgroups are available in
Score to Detect Increased Liver Stiffness Among a United States General
gy, https://doi.org/10.1016/j.jceh.2025.102512
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Table 1. Due to the limited numbers of medium- and high-
risk participants in this general population, these have
been combined in this paper.

LRS Performance in the Overall Population
Among the overall population, the LRS showed an AUC of
0.726 (95% confidence interval [CI]: 0.705-0.747) in the detec-
tion of an LSM$8 kPa and an AUC of 0.775 (95% CI: 0.742-
0.807) in the detection of an LSM$12 kPa. When compared
to the FIB-4, NFS, and SAFE score; the LRS only outper-
formed the FIB-4 (P < 0.001) and not the NFS and SAFE.
In fact, the SAFE score outperformed the LRS (P = 0.008)
in the detection of an LSM $8 kPa. Similar results were ob-
tained for the detection of an LSM $12 kPa. As previously
shown, the MAF-5 outperformed all of the other aforemen-
tioned scores both for LSMs $8 and $12 kPa.17
Table 1 Baseline Characteristics Stratified for LRS Category.

LRS: <6 LRS

n 5656 1243

Demographics

Age (years) 45 [31, 60] 62 [5

Male 2468 (43.6) 900

Race

White 1943 (34.4) 444

Black 1403 (24.8) 299

Hispanic 1312 (23.2) 298

Asian 708 (12.5) 139

Other 290 (5.1) 63 (5

Current smoking 961 (17.0) 214

Metabolic health

BMI (kg/m2) 29.3 (7.2) 30.7

Diabetes 509 (9.0) 637

Dyslipidaemia 2754 (48.7) 897

Biochemistry

AST (U/L) 19 [16, 22] 23 [1

ALT (U/L) 16 [12, 23] 24 [1

HDL-C (mmol/L) 1.4 (0.4) 1.3 (

Triglycerides (mmol/L) 1.2 [0.9, 1.8] 1.4 [

Platelets (109/L) 255 (63) 216

Liver stiffness (kPa)

Continuous 4.8 [4.0, 5.8] 5.9 [

$8 kPa 359 (6.3) 259

$12 kPa 89 (1.6) 101

Data is presented as mean (SD), median, [P25-P75] or n and percentage.
ALT, alanineaminotransferase; AST, aspartateaminotransferase;BMI, bodyma

Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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Among the 1,369 (19.5%) participants with an LRS $6,
the prevalence of an LSM$8 kPa was 23.5% and that of an
LSM $12 kPa was 9.7%. Among those with an LRS $10
(n = 126, [1.8%]), the prevalence increased to 50.0% and
25.4%. A higher LRS was associated with a higher fibrosis
prevalence (Figure 1).

LRS Performance Across Subgroups
The AUC to detect an LSM $8 kPa was consistent across
most subgroups; however, it dropped to below 0.700 for
participants aged <40 or$60 years, Black ethnicity and in-
dividuals with steatosis BMI $30 kg/m2, or diabetes.
Although the AUCs for the detection of an LSM
$12 kPa were higher, similar drops in performance were
observed in these aforementioned subgroups compared
to the overall population (Table 2).
: 6-10 LRS: 10-15 LRS: $15

107 19

2, 72] 57 [47, 62] 54 [50.50, 64]

(72.4) 65 (60.7) 15 (78.9)

(35.7) 23 (21.5) 5 (26.3)

(24.1) 34 (31.8) 5 (26.3)

(24.0) 36 (33.6) 7 (36.8)

(11.2) 9 (8.4) 2 (10.5)

.1) 5 (4.7) 0 (0.0)

(17.2) 27 (25.2) 7 (36.8)

(6.8) 32.2 (7.6) 25.8 (6.3)

(51.2) 84 (78.5) 9 (47.4)

(72.2) 86 (80.4) 13 (68.4)

8, 31] 30 [17, 51] 107 [32, 189]

7, 38] 36 [22, 61] 108 [54, 151]

0.4) 1.2 (0.4) 1.8 (1.0)

1.0, 2.1] 1.9 [1.3, 3.1] 1.6 [1.1, 3.1]

(61) 207 (60) 198 (60)

4.7, 7.5] 7.6 [5.1, 11.3] 9.7 [6.1, 14.2]

(20.8) 51 (47.7) 12 (63.2)

(8.1) 24 (22.4) 8 (42.1)

ss index; LRS, LiverRisk score;HDL-C, high-density lipoprotein cholesterol.
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Figure 1 Prevalence of a liver stiffness $ 8 kPa per LiverRisk score category together with the LiverRisk score distribution among the general pop-
ulation. LRS distribution among the general population and risk of an LSM$8 kPa. The population comprised 7,025 individuals of which 9.7% had an
LSM$8 kPa. Abbreviations: LRS, liver risk score; LSM, liver stiffness measurement. Data are presented as mean (SD), median, [P25-P75], or n and
percentage; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
P25-P75, 25th to 75th percentile; SD, standard deviation.

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

-
-

-

LRS Performance at Different Cut-offs
Details on the prevalence of LSMs$8 and$12kPa based on
LRS outcomes are depicted in Table 3. In general, 80.5% of
participants were considered to be at very low risk for liver-
related events (LRS < 6); however, despite being considered
very low risk, 6.3% still had an LSM$8 kPa. This increased
to 17.5% in participants with diabetes. As previously out-
Table 2 AUC for LRS to Detect Increased Liver Stiffness for the E

LSM $ 8 kPa

AUC 95%

Entire population 0.726 0.705–

Age subgroups

18–40 0.685 0.634–

40–60 0.731 0.695–

60–80 0.681 0.648–

Race

White 0.738 0.705–

Black 0.659 0.614–

Hispanic 0.729 0.687–

Asian 0.805 0.747–

Sex

Male 0.708 0.679–

Female 0.735 0.703–

Steatosis

Yes 0.673 0.647–

No 0.730 0.690–

Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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lined, most participants classify as very low risk (80.5%),
but this was even higher among participants aged 18-40
(94.8%) and females (89.1%), while in these groups, the ma-
jority of liver fibrosis cases were found. In fact, 79% of cases
with an LSM $8 kPa among participants aged 18-40 years
and 63% of cases with an of LSM$8 kPa among females re-
mained undetected with the lowest LRS cut-off.
ntire Population and Subgroups.

LSM $ 12 kPa

CI AUC 95% CI

0.747 0.775 0.742–0.807

0.736 0.728 0.643–0.812

0.767 0.789 0.730–0.848

0.714 0.731 0.682–0.779

0.772 0.745 0.691–0.798

0.703 0.725 0.643–0.806

0.772 0.799 0.734–0.864

0.863 0.884 0.827–0.941

0.736 0.745 0.698–0.791

0.767 0.803 0.757–0.850

0.700 0.700 0.658–0.743

0.771 0.837 0.779–0.896

(Continued on next page )
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Table 3 LSM Distribution Stratified for LRS for the Overall Population and Subgroups.

Population LRS distribution LSM < 8 kPa LSM $ 8 kPa LSM $ 12 kPa

Overall <6 80.5% 93.7% 6.3% 1.6%

6–10 17.7% 79.2% 20.8% 8.1%

>10 1.8% 50.0% 50.0% 25.4%

Age 18–40 <6 94.8% 95.3% 4.7% 1.2%
6–10 4.6% 80.4% 19.6% 8.9%
>10 0.6% 53.3% 46.7% 33.3%

40–60 <6 79.8% 93.7% 6.3% 1.4%
6–10 17.4% 78.5% 21.5% 7.5%
>10 2.7% 54.0% 46.0% 20.6%

60–80 <6 66.2% 91.1% 8.9% 2.4%
6–10 31.7% 79.3% 20.7% 8.3%
>10 2.1% 43.8% 56.3% 29.2%

Race White <6 80.5% 93.9% 6.1% 2.0%

6–10 18.4% 76.1% 23.9% 9.7%

>10 1.2% 50.0% 50.0% 25.0%

Black <6 80.6% 91.9% 8.1% 1.6%

6–10 17.2% 82.6% 17.4% 4.7%

>10 2.2% 53.8% 46.2% 20.5%

Hispanic <6 79.4% 93.4% 6.6% 1.4%

6–10 18.0% 80.5% 19.5% 8.7%

>10 2.6% 46.5% 53.5% 30.2%

Asian <6 82.5% 96.5% 3.5% 0.7%

6–10 16.2% 81.3% 18.7% 6.5%

>10 1.3% 63.6% 36.4% 18.2%

Table 2 (Continued )

LSM $ 8 kPa LSM $ 12 kPa

AUC 95% CI AUC 95% CI

Diabetes mellitus

Yes 0.612 0.574–0.651 0.762 0.729–0.796

No 0.698 0.670–0.726 0.753 0.705–0.801

Dyslipidaemia

Yes 0.702 0.676–0.728 0.738 0.699–0.778

No 0.728 0.690–0.767 0.798 0.736–0.860

Metabolic dysfunction

Yes 0.713 0.691–0.735 0.762 0.729–0.796

No 0.861 0.786–0.935 0.957 0.888–1.000

BMI

$30 kg/m2 0.684 0.657–0.711 0.710 0.668–0.752

<30 kg/m2 0.786 0.752–0.819 0.886 0.848–0.923

AUC is calculated for the entire population (n = 7,025) and clinically relevant subgroups for the detection of LSMs $8 kPa and $12 kPa.
Abbreviations: AUC, area under the receiver characteristic operator curve; BMI, body mass index; CI, confidence interval; LRS, LiverRisk score; LSM,
liver stiffness measurement.
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Table 3 (Continued )

Population LRS distribution LSM < 8 kPa LSM $ 8 kPa LSM $ 12 kPa

Sex Male <6 71.6% 92.9% 7.1% 1.9%
6–10 26.1% 80.9% 19.1% 7.2%
>10 2.3% 46.3% 53.8% 25.0%

Female <6 89.1% 94.2% 5.8% 1.3%
6–10 9.6% 74.6% 25.4% 10.5%
>10 1.3% 56.5% 43.5% 26.1%

Steatosis Yes <6 70.9% 87.9% 12.1% 3.3%

6–10 26.3% 74.5% 25.5% 9.6%

>10 2.8% 46.3% 53.7% 25.6%

No <6 87.4% 97.0% 3.0% 0.6%

6–10 11.6% 86.7% 13.3% 5.7%

>10 1.1% 56.8% 43.2% 25.0%

Diabetes
mellitus

Yes <6 41.1% 82.5% 17.5% 4.9%
6–10 51.4% 76.9% 23.1% 7.8%
>10 7.5% 52.7% 47.3% 21.5%

No <6 89.0% 94.8% 5.2% 1.2%
6–10 10.5% 81.5% 18.5% 8.4%
>10 0.6% 42.4% 57.6% 36.4%

Dyslipidaemia Yes <6 73.4% 91.7% 8.3% 2.2%

6–10 23.9% 78.8% 21.2% 7.8%

>10 2.6% 51.5% 48.5% 21.2%

No <6 88.6% 95.5% 4.5% 1.0%

6–10 10.6% 80.1% 19.9% 9.0%

>10 0.8% 44.4% 55.6% 40.7%

Metabolic
dysfunction

Yes <6 78.9% 93.1% 6.9% 1.7%
6–10 19.2% 79.3% 20.7% 8.2%
>10 1.9% 49.6% 50.4% 25.6%

No <6 95.8% 97.8% 2.2% 0.2%
6–10 3.4% 72.7% 27.3% 4.5%
>10 0.8% 60.0% 40.0% 20.0%

BMI $30 kg/m2 <6 76.6% 87.8% 12.2% 3.4%

6–10 21.2% 72.0% 28.0% 11.0%

>10 2.2% 43.5% 56.5% 27.4%

<30 kg/m2
<6 83.4% 97.3% 2.7% 0.4%

6–10 15.1% 85.9% 14.1% 5.4%

>10 1.4% 60.0% 40.0% 20.0%

LRS cut–offs were based on predefined liver–related events risk categories, in which an LRS <6 indicates very low risk, LRS 6–10 indicates low risk,
and LRS >10 indicates medium and high risk.
Abbreviations: BMI, body mass index; LRS, liver risk score; LSM, liver stiffness measurement.
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Diagnostic Parameters of the LRS
Sensitivity, specificity, NPV, and PPV for the detection of
an increased LSM are provided for LRS 6 (Table 4) and
LRS 10 (Table 5). The sensitivity of the LRS to detect an
LSM $12 kPa was better than that for detecting an LSM
$8 kPa at both investigated LRS thresholds. What stands
out is the poor sensitivity of the LRS, even at its most
lenient cut-off (LRS: 6), to detect an LSM $8 kPa and an
LSM$12 kPa (21.3% and 35.7%, respectively) among indi-
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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viduals aged 18-40 years. Other subgroups in which sensi-
tivity is substantially poorer than the overall population
are females and participants without diabetes. As a result
of the poor sensitivity, the NPV (in light of the background
prevalence) is low across all subgroups.

DISCUSSION

We investigated the diagnostic performance and clinical util-
ity of the LRS in the detection of participants with increased
Score to Detect Increased Liver Stiffness Among a United States General
gy, https://doi.org/10.1016/j.jceh.2025.102512
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Table 4 Diagnostic Accuracy of the LRS at the Threshold for Very Low Risk (LRS = 6) in the Detection of Increased LSM in the
General Population and Clinically Relevant Subgroups.

prev Detection of an LSM $8 kPa prev Detection of an LSM $12 kPa

sens spec PPV NPV sens spec PPV NPV

All 9.7% 47.3% 83.5% 23.5% 93.7% 3.2% 59.9% 81.8% 9.7% 98.4%

Age groups

18-40 5.6% 21.3% 95.7% 22.8% 95.3% 1.7% 35.7% 95.3% 11.8% 98.8%

40-60 10.1% 49.8% 83.1% 24.8% 93.7% 3.0% 63.2% 81.1% 9.3% 98.6%

60-80 13.6% 56.7% 69.8% 22.8% 91.1% 4.9% 67.0% 67.9% 9.6% 97.6%

Race

White 9.9% 50.2% 83.8% 25.4% 93.9% 3.6% 56.8% 81.9% 10.6% 98.0%

Black 10.5% 38.3% 82.8% 20.7% 91.9% 2.6% 48.9% 81.4% 6.5% 98.4%

Hispanic 10.1% 48.5% 82.5% 23.8% 93.4% 3.5% 67.2% 81.1% 11.4% 98.6%

Asian 6.4% 54.5% 85.1% 20.0% 96.5% 1.9% 68.8% 83.5% 7.3% 99.3%

Sex

Male 11.3% 55.1% 75.0% 21.9% 92.9% 3.8% 64.9% 73.0% 8.7% 98.1%

Female 8.1% 36.8% 91.4% 27.5% 94.2% 2.5% 52.7% 90.2% 12.3% 98.7%

Steatosis

Yes 16.8% 48.9% 74.9% 28.2% 87.9% 5.6% 58.3% 72.6% 11.2% 96.7%

No 4.6% 43.2% 88.9% 15.8% 97.0% 1.4% 64.4% 88.1% 7.3% 99.4%

Diabetes

Yes 22.6% 68.2% 43.8% 26.2% 82.5% 7.7% 73.7% 42.3% 9.6% 95.1%

No 6.9% 32.7% 90.6% 20.5% 94.8% 2.2% 49.6% 89.8% 9.9% 98.8%

Dyslipidaemia

Yes 12.5% 51.0% 76.9% 23.9% 91.7% 4.1% 59.9% 74.8% 9.1% 97.8%

No 6.5% 39.3% 90.6% 22.5% 95.5% 2.1% 60.0% 89.7% 11.3% 99.0%

Metabolic dysfunction

Yes 10.3% 47.6% 82.0% 23.4% 93.1% 3.4% 59.8% 80.3% 9.8% 98.3%

No 3.4% 36.4% 97.0% 29.6% 97.8% 0.5% 66.7% 96.1% 7.4% 99.8%

BMI

$30 kg/m2 16.6% 43.5% 80.5% 30.7% 87.8% 5.6% 52.9% 78.3% 12.6% 96.6%

<30 kg/m2 4.9% 55.1% 85.4% 16.4% 97.3% 1.5% 75.4% 84.3% 6.7% 99.6%

The total population comprised 7,025 participants of which 9.7% had an LSM $8 kPa and 3.2% had an LSM $12 kPa.
Abbreviations: BMI, body mass index; LRS, liver risk score; LSM, liver stiffness measurement; NPV, negative predictive value; prev, prevalence; PPV,
positive predictive value; sens, sensitivity; spec, specificity.
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liver stiffness defined as LSMs $8 kPa and $12 kPa. The
LRS outperformed the FIB-4 and has an acceptable discrim-
inative value, especially among middle-aged populations
(aged 40-60 years). Its performance was independent of the
presence of any form of metabolic dysfunction (e.g., hyper-
tension, a BMI $25, or dyslipidemia), but its AUC attenu-
ated in younger and older populations and Black
individuals, as well as among those with more profound
metabolic dysfunction such as diabetes or steatosis. The
latter observation may be a significant hurdle as European
Association for the Study of the Liver, American Association
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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for the Study of Liver Diseases, and American Gastroentero-
logical Association clinical practice guidelines all recom-
mend screening for liver fibrosis in this population.6,20–22

An important strength of the LRS is its development in
a predominantly general population.7 This corresponds
with the population for which noninvasive tests are most
urgently needed.23 By design, this score is thus calibrated
on liver stiffness (and extensively validated) and not pri-
marily calibrated on liver histology data. This prevents
the issue with other scores that are calibrated in highly
selected patient populations that underwent liver biopsy.
Score to Detect Increased Liver Stiffness Among a United States General
gy, https://doi.org/10.1016/j.jceh.2025.102512
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Table 5 Diagnostic Accuracy of the LRS at the Threshold for Medium Risk (LRS = 10) in the Detection of Increased LSM in the
General Population and Clinically Relevant Subgroups.

prev Detection of an LSM $8 kPa prev Detection of an LSM $12 kPa

sens spec PPV NPV sens spec PPV NPV

All 9.7% 9.3% 99.0% 50.0% 91.0% 3.2% 14.4% 98.6% 25.4% 97.2%

Age groups

18-40 5.6% 5.1% 99.7% 46.7% 94.6% 1.7% 11.9% 99.6% 33.3% 98.5%

40-60 10.1% 12.6% 98.4% 46.0% 91.0% 3.0% 19.1% 97.8% 20.6% 97.5%

60-80 13.6% 8.6% 98.9% 56.3% 87.3% 4.9% 12.5% 98.4% 29.2% 95.7%

Race

White 9.9% 5.9% 99.4% 50.0% 90.6% 3.6% 8.0% 99.1% 25.0% 96.6%

Black 10.5% 9.8% 98.7% 46.2% 90.3% 2.6% 17.8% 98.2% 20.5% 97.8%

Hispanic 10.1% 13.8% 98.7% 53.5% 91.1% 3.5% 22.4% 98.1% 30.2% 97.2%

Asian 6.4% 7.3% 99.1% 36.4% 94.0% 1.9% 12.5% 98.9% 18.2% 98.3%

Sex

Male 11.3% 11.0% 98.8% 53.8% 89.7% 3.8% 15.3% 98.2% 25.0% 96.7%

Female 8.1% 6.9% 99.2% 43.5% 92.3% 2.5% 13.2% 99.0% 26.1% 97.8%

Steatosis

Yes 16.8% 9.0% 98.4% 53.7% 84.3% 5.6% 12.9% 97.8% 25.6% 95.0%

No 4.6% 10.0% 99.4% 43.2% 95.8% 1.4% 18.6% 99.2% 25.0% 98.8%

Diabetes

Yes 22.6% 15.7% 94.9% 47.3% 79.4% 7.7% 21.1% 93.6% 21.5% 93.5%

No 6.9% 4.7% 99.7% 57.6% 93.4% 2.2% 9.4% 99.6% 36.4% 98.0%

Dyslipidaemia

Yes 12.5% 10.3% 98.4% 48.5% 88.5% 4.1% 13.8% 97.8% 21.2% 96.4%

No 6.5% 7.0% 99.6% 55.6% 93.9% 2.1% 15.7% 99.5% 40.7% 98.2%

Metabolic dysfunction

Yes 10.3% 9.3% 99.0% 50.4% 90.4% 3.4% 14.2% 98.5% 25.6% 97.0%

No 3.4% 9.1% 99.5% 40.0% 96.9% 0.5% 33.3% 99.4% 20.0% 99.7%

BMI

$30 kg/m2 16.6% 7.5% 98.9% 56.5% 84.3% 5.6% 10.8% 98.3% 27.4% 94.9%

<30 kg/m2 4.9% 11.7% 99.1% 40.0% 95.6% 1.5% 19.7% 98.8% 20.0% 98.8%

The total population comprised 7,025 participants of which 9.7% had an LSM $8 kPa and 3.2% had an LSM $12 kPa.
Abbreviations: BMI, body mass index; LRS, liver risk score; LSM, liver stiffness measurement; NPV, negative predictive value; prev, prevalence; PPV,
positive predictive value; sens, sensitivity; spec, specificity.
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These populations reflect only the tip of the iceberg, which
is likely not homogeneous to the undetected population
(due to selection bias), as illustrated by the poorer perfor-
mance of noninvasive scores in the general population
compared to hospital populations.24–27

Consistent performance of noninvasive tests across sub-
groups is important for its clinical utility. However, unfor-
tunately, we demonstrated that the performance of the
LRS was poorer among those aged 18-40 years and 60-80
years than among those aged 40-60 years. In fact, the sensi-
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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tivity to detect increased liver stiffness at the lowest cut-off
(LRS: 6, which should yield the highest sensitivity) among
young participants was only 21%; hence 79% remain unde-
tected. This is problematic, given the expected rise in inci-
dence and prevalence of MASLD and metabolic-
dysfunction associated steatohepatitis (MASH) among
younger populations. As such, these young individuals
may face the highest lifetime risk of liver disease and poten-
tially the greatest need for the detection of at-risk liver dis-
ease. In the older group, despite 34% of participants having
Score to Detect Increased Liver Stiffness Among a United States General
gy, https://doi.org/10.1016/j.jceh.2025.102512
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an LRS $6, the fibrosis prevalence remained high (9%)
among those with an LRS <6, which may falsely reassure
healthcare providers in ruling out advanced liver disease.

Age as a complicating factor is not unique to the
LRS since similar issues have previously been demon-
strated for FIB-4, NFS, and SAFE.9,10 One can even argue
that age (especially as a linear factor) should not be
included in non-invasive tests (NITs), as fibrosis can occur
at all ages and age itself is likely not the explanatory factor,
but rather the increased exposure duration to MASLD
and/or presence of metabolic dysfunction.8–10 Indeed,
the recently published MAF-5, which did not include age,
demonstrated consistent performance across subgroups
in the internal and external validation.17,28 Moreover, the
components included in NITs might have less discrimina-
tive value in an elderly population, where metabolic
dysfunction and other diseases are more prevalent, distort-
ing the algorithms. Finally, individuals who already have
fibrosis before the age of 40 years might have a different
(sub)phenotype, aligning the discovery of two distinct phe-
notypes recently.29 These factors all contribute to the
poorer performance of the LRS and other NITs in younger
and older populations, which can only be partially pre-
vented by not including age in algorithms.

Metabolic dysfunction is one of the key drivers of fibro-
genesis in the general population and is accounted for by
glucose and cholesterol levels in the LRS. Although the
LRS performance among those with any form of metabolic
dysfunction as defined by theMASLD criteria was similar to
the overall population, its performance attenuated substan-
tially when focusing on individuals with more profound
forms of metabolic dysfunction in the form of diabetes, a
BMI $30 kg/m2, or steatosis. For example, almost 60% of
the diabetes population had an LRS $6, but, nonetheless,
32% of those with increased liver stiffness were missed,
and still 17% of those with an LRS <6 (very low risk) had
an LSM $8 kPa. Although less distinct, similar results
were found for participants with steatosis. Additionally,
the NPV was only slightly better than that of a nondiscrimi-
native test (which is 100% background prevalence). The LRS
therefore may have no place in ruling out increased liver
stiffness, especially in patients with profound metabolic
dysfunction or already known steatosis. This is a substantial
issue since all clinical practice guidelines advocate ruling
out fibrosis in this particular population.6,20–22 Further
studies assessing cost-benefit ratios according to the LRS
and other risk scores such as MAF-5 and SAFE are required
to assess the usefulness in referral strategies.

The LRS is validated against liver relatedoutcomes,which
included liver-related death, liver-relatedhospital admission,
and incident HCC in the UK Biobank.7,17 For example, the
riskof liver-related eventswas exceptionally lowamong those
with an LRS <6. For example, <0.1% developed HCC when
having an LRS <6 during the median follow-up of 8 years,
Please cite this article as: van Kleef et al., Diagnostic Accuracy of the LiverRisk
Population and Subgroups, Journal of Clinical and Experimental Hepatolo
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this cumulative incident rate increased to 0.1%, 1.0%, and
4.4% for an LRS of 6-10, 10-15, and $ 15, respectively. At
the first glance, the clinical relevance of those having
increased liver stiffness while having a low LRS may thus
be limited. However, it needs to be stressed that the progres-
sion of one stage of fibrosis takes several years; hence, as a
result, these individuals with low LRSs while having
increased liver stiffness may be at the risk for liver-related
events later on.3–5 In fact, these individuals may be the
target population in which liver-related events can be pre-
vented with lifestyle changes and medical treatment when
available to prevent further disease progression and finally
the occurrence of (decompensated) cirrhosis or HCC.

Limitations
The following limitations need to be mentioned. First, in
this general population cohort, no liver biopsy data were
available due to its invasive nature. Instead, LSM was
used similar to the development of the LRS. Following
the EASL and AASLD guidelines, we used the LSM $ 8
kPa and $ 12 kPa as clinically relevant cut-offs, rather
than the categories used for LRS.6,21 Second, no follow-
up data were available on liver-related events, and further
validation of the associations with adverse outcomes could
not be verified. Third, although most ethnicities are
included in the NHANES, the number of Asian partici-
pants is low, and its result may therefore be different.
Moreover, although it was validated among different eth-
nicities, all individuals were living in the USA, and the life-
style may not correspond with the lifestyle of their genetic
origin. Further validation is required.

In conclusion, the LRS is a promising new tool that can
aid clinicians in identifying those who are at risk of
fibrosis. However, like other scores that include age, its per-
formance attenuated beyond its prime population (aged
40-60 years). Moreover, among young patients, those
with diabetes or a diagnosis of steatosis, the LRS was not
able to accurately rule out increased liver stiffness even at
the lowest cut-off. These limitations should be considered
in the interpretation of the LRS on an individual basis.
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