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Fibrosis-4 (FIB-4) and the nonalcoholic fatty liver disease fibrosis score (NFS) are the 2 most
popular noninvasive blood-based serum tests proposed for widespread fibrosis screening. We
therefore aimed to describe the accuracy of FIB-4 and NFS to detect elevated liver stiffness as an
indicator of hepatic fibrosis in low-prevalence populations.
METHODS:
 This study included a total of 5129 patients with concomitant measurement of FIB-4, NFS, and
liver stiffness measurement (LSM) by Fibroscan (Echosens, France) from 5 independent
population-based cohorts from Spain, Hong Kong, Denmark, England, and France; 3979 par-
ticipants from the general population and 1150 from at-risk cohorts due to alcohol, diabetes,
or obesity. We correlated LSM with FIB-4 and NFS, and calculated pre- and post-test predictive
values of FIB-4 and NFS to detect elevated LSM at 8 kPa and 12 kPa cutoffs. The mean age was
53 – 12 years, the mean body mass index was 27 – 5 kg/m2, and 2439 (57%) were women.
One in 10 patients (552; 11%) had liver stiffness ‡8 kPa, but 239 of those (43%) had a
normal FIB-4, and 171 (31%) had normal NFS. The proportion of false-negatives was higher
in at-risk patients than the general population. FIB-4 was false-negative in 11% of diabetic
subjects, compared with 2.5% false-negatives with NFS. Waist circumference outperformed
FIB-4 and NFS for detecting LSM ‡8 kPa in the general population. Almost one-third (28%–
29%) of elevated FIB-4/NFS were false-positive in both the general population and at-risk
cohorts.
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CONCLUSIONS:
 FIB-4 and NFS are suboptimal for screening purposes due to a high risk of overdiagnosis and a
non-negligible percentage of false-negatives, especially in patients with risk factors for chronic
liver disease. Waist circumference emerged as a potential first step to identify patients at risk
for liver fibrosis in the general population.
Keywords: Alcoholic Liver Disease; Liver Fibrosis; NITs; Nonalcoholic Fatty Liver Disease; Noninvasive Fibrosis Scores;
Screening; Transient Elastography.
See editorial on page 2448.

The global burden of liver disease is rising. In the
United States, mortality from cirrhosis increases

at a 3% rate per year, with the most prominent annual
increase, exceeding 10%, among people aged 25 to 34
years.1 The obesity epidemic alongside high rates of
excessive alcohol use cause growing prevalence of
nonalcoholic fatty liver disease (NAFLD) and alcohol-
related liver disease (ALD).2,3 Yet, efficient and standard-
ized referral pathways are still lacking, to ensure timely
detection of patients who have progressed to significant
and advanced fibrosis.4 Access to testing is not the
limiting factor: General practice in the United Kingdom
tripled the number of liver blood tests from 2000 to
2015.5 Therefore, most effort now centers around which
blood tests to use for fibrosis screening.4 Liver stiffness
measurement (LSM) by transient elastography (TE) is
the reference noninvasive marker due to its high accu-
racy for advanced fibrosis and its prognostic ability.6–8

Although LSM is a cost-effective screening tool, its avail-
ability is limited in primary care settings.9 Therefore, the
Fibrosis-4 test (FIB-4) and NAFLD fibrosis score (NFS)
have been proposed as easy, low-cost alternatives for
first-line screening.10–12

Sequential use of a cheap, blood-based test first, fol-
lowed by confirmatory LSM, increases the number of
detected patients with cirrhosis,13 reduces the propor-
tion of futile referrals,11 and is highly cost-effective.14

However, tests such as FIB-4 and NFS are developed
and validated for fibrosis diagnostics in high-prevalence
populations from secondary or tertiary care.15,16 In pri-
mary care, evidence from smaller population samples
suggests that there is only a modest correlation between
elevated FIB-4 and evidence of liver fibrosis indicated by
elevated LSM.17 And although a Swedish epidemiological
study found that elevated FIB-4 predicted 10-year risk of
liver-related events in the general population, 65% of
events happened in participants with low FIB-4.18

We therefore aimed to evaluate the discriminatory
ability of FIB-4 and NFS in large population-based study
cohorts from several European countries and Hong Kong,
for their immediate value as predictors of fibrosis
severity evidenced by elevated liver stiffness. Our pri-
mary aim was to correlate FIB-4 and NFS to liver stiff-
ness in both the general population and groups at risk of
chronic liver disease due to alcohol, diabetes, or obesity.
Second, we aimed to describe diagnostic accuracies of
FIB-4 and NFS for detection of elevated liver stiffness at
8 kPa and 12 kPa cutoffs, as standards for ruling in and
ruling out liver fibrosis in NAFLD and ALD.19

Methods

Study Design and Population

This was a cross-sectional study combining 5 inde-
pendent cohorts that performed prospective screening
for liver fibrosis with TE, in different countries: Spain
(ES),20,21 Hong Kong (HK),22 United Kingdom (UK),13

France (FR),23 and Denmark (DK)24 were included.
Data on demographics, physical exam, and clinical and
laboratory parameters were recorded alongside with
comorbidities at the time of TE. For the present study,
we only included participants from the cohorts with TE
and noninvasive test (NIT) serological markers deter-
mined during the same visit. Only patients with at least
10 successful acquisitions and interquartile range/me-
dian <30% were included. Unsuccessful TE measure-
ment rate was 0.5% in general population cohorts and
3.3% in at-risk cohorts. Subjects gave informed consent
to participate in the original screening studies, all of
which were conducted in accordance with the Declara-
tion of Helsinki. A Data Sharing Agreement between the
investigators was used for the present study.

The presence of risk factors for chronic liver disease
increases the prevalence of fibrosis and may change the
performance of a diagnostic test. In the present study, we
therefore divided participants in to 2 different subgroups:
the general population and at-risk. We defined general
population cohorts as those that included randomly
invited participants from the general population (ES and
HK). We defined at risk-cohorts as those that included
patients based on the presence of 1 or more risk factors
for chronic liver disease (UK, DK, and FR).25 The cohort
from the UK included patients above 18 years with haz-
ardous alcohol use or diabetes, and the cohort from DK
comprised patients above 18 years at with hazardous
alcohol consumption. Both studies defined hazardous
alcohol consumption as �14 units per week for women
and �21 units per week for men. The cohort from FR was
originally from the general population; however, only
26% from the original published cohort had concomitant
TE and NIT. All patients from this subset of the FR cohort
had at least 1 risk factor for liver disease, and we there-
fore defined the FR cohort as at-risk. All cohorts excluded
patients with previously known liver disease.
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Consequently, no included subject had chronic viral hep-
atitis. Figure 1 presents the flowchart of the enrollment of
the patients from each original cohort and the final eligi-
bility of patients that were included.
The Fibrosis-4 (FIB-4) and nonalcoholic fatty liver
disease fibrosis (NFS) scores have been proposed as
screening tools, but their accuracy to detect liver
fibrosis has never been tested in a general popula-
tion setting, or in primary care in groups at risk of
liver disease.

Findings
FIB-4 and NFS scores correlate poorly with liver
stiffness, which result in a substantial proportion of
false-positive and false-negatives. This limits their
usefulness as screening tools in the primary care
setting.

Implications for patients care
New noninvasive methods are needed with better
accuracy for fibrosis detection in low-prevalence
fibrosis settings.
Statistical Analysis

Categorical data are presented as numbers (percentage).
Continuousdata are presented asmean (standarddeviation)
for normally distributed variables and medians (range) for
non-normally distributed variables. We compared contin-
uous, parametric variableswith the 2-sample t test and used
the Mann-Whitney test for nonparametric variables. Cate-
gorical variables were compared using the c2 test or the
Fisher exact test. We assessed the correlation between NITs
and LSM by their bivariate distribution in scatter plots and
correlation coefficients.

We assessed the diagnostic performance of FIB-4 and
NFS by computing sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value (NPV), and
area under the receiving operating characteristics curve
(AUC) using LSM as reference, with TE �8 kPa and �12
kPa as cutoffs. We chose LSM �8 kPa because several
referral pathways have recommended it as the cutoff to
identify patients with presumed liver fibrosis who
require further evaluation.6,19 We added analyses for
�12 kPa because recent data suggests that this cutoff is
optimal for ruling in advanced liver fibrosis (� stage
3).19 All statistical tests were 2-sided using an a level of
0.05. Cutoff points for NITs were derived from the
literature. For FIB-4, cutoffs of <1.30 and of �2.67 were
used to their accuracy to rule-out and rule-in elevated
liver stiffness, with additional sensitivity analysis for
cutoff of 3.25. We also tested the robustness of FIB-4
results by excluding patients with elevated trans-
aminases, body mass index (BMI) >35 kg/m2, and young
or old age. For NFS, we used <�1.455 and � 0.676.
Additionally, we built a multivariable logistic regression
model to assess the relative associations of individual
variables.
Figure 1. Patient se
All analyses were performed in R (R Foundation for
Statistical Computing, Vienna, 2019).
Results

Patients’ Demographics

Of the 6474 participants from the original cohorts, we
included 5129 with concomitant LSM and NITs, 3979
from general population cohorts and 1150 from at-risk
cohorts. Figure 1 presents the flowchart of the original
study populations and final inclusion of the patients from
each cohort.

Table 1 shows the baseline characteristics of the
subjects of the 5 cohorts. Subjects from the general
population cohorts, ES and HK, had lower proportions of
diabetes, arterial hypertension, or hazardous alcohol
lection flowchart.



Table 1. Patient Characteristics of the Cohorts

All (N ¼ 5129) ES (n ¼ 3087) HK (n ¼ 892) FR (n ¼ 351) UK (n ¼ 367) DK (n ¼ 432)

Women 2678 (52.2) 1772 (57.4) 512 (57.4) 159 (45.3) 120 (32.7) 115 (26.6)

Age, y 55.0 (12.2) 55.5 (11.9) 48.0 (10.6) 59.8 (9.24) 61.5 (15.0) 56.5 (10.5)

Alcohol, yes 1538 (30.1) 403 (13.1) 198 (22.2) 211 (60.1) 294 (82.8) 432 (100)

BMI, kg/m2 27.2 (5.15) 28.3 (4.89) 22.7 (3.50) 27.0 (4.34) 28.5 (5.31) 27.3 (5.29)

Waist circumference, cm 91.9 (13.5) 94.7 (12.8) 81.5 (10.1) 90.7 (12.4) – 104 (15.6)

SBP, mm Hg 129 (18.2) 126 (17.0) 129 (19.7) 133 (14.3) – 139 (21.2)

DBP, mm Hg 80 (10.6) 80 (10.0) 82 (12.3) 79 (8.70) – 79 (12.1)

DM, yes 642 (13.4) 354 (11.5) 38 (4.3) – 205 (55.9) 45 (10.4)

Obesity, yes 1334 (26.0) 978 (31.7) 25 (2.80) 80 (22.8) 125 (34.6) 126 (29.2)

HT, yes 1437 (30.1) 886 (28.7) 136 (15.2) – 167 (45.6) 248 (57.4)

Glucose, mg/dL 5.79 (8.10) 5.87 (10.0) 5.15 (0.93) 5.75 (1.81) – 6.64 (1.93)

Cholesterol, umol/L 5.38 (1.07) 5.53 (1.03) 5.14 (1.00) 5.38 (0.96) 4.63 (1.28) –

LDL-C 3.28 (0.98) 3.48 (0.90) 3.00 (0.87) 3.35 (0.81) 2.43 (1.14) 3.05 (1.25)
HDL-C 1.45 (0.39) 1.43 (0.34) 1.54 (0.41) 1.46 (0.39) 1.46 (0.56) 1.41 (0.46)

Triglycerides, umol/L 1.32 (0.92) 1.23 (0.75) 1.37 (1.21) 1.30 (0.78) 1.75 (1.04) 1.60 (1.14)

AST, UI/L 25.4 (16.7) 23.7 (9.16) 21.4 (12.3) 22.6 (14.8) 28.0 (19.0) 45.9 (37.8)

ALT, UI/L 26.0 (18.2) 24.0 (14.5) 25.9 (16.1) 23.4 (16.1) 28.3 (19.4) 40.1 (33.6)

GGT, UI/L 49.6 (120) 33.4 (39.0) – 30.9 (36.4) – 180 (314)

Bilirubin, umol/L 11.9 (5.71) 11.3 (4.89) 13.5 (5.98) – 11.9 (5.06) 12.3 (9.25)

Albumin, g/L 43.6 (3.77) 44.0 (3.24) 45.2 (2.59) – 37.8 (2.90) 41.9 (4.80)

Ferritin, ng/L 206 (294) 119 (119) 483 (478) 165 (179) – 292 (366)

Platelets, � 109/L 243 (61.6) 243 (59.4) 244 (54.3) 252 (58.6) 241 (62.3) 241 (87.7)

LSM, kPa 6.0 (6.4) 5.0 (2.2) 4.8 (2.6) 6.1 (2.6) 8.0 (7.4) 14.1 (17.3)
LSM ‡8 552 (10.8) 169 (5.5) 55 (6.2) 42 (12.0) 99 (27.0) 187 (43.3)
LSM ‡12 209 (4.1) 36 (1.2) 13 (1.5) 7 (2.0) 46 (12.5) 107 (24.8)

Note: Data are presented as number (%) or mean (standard deviation).
Abd, Abdominal; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; DK, Denmark; DM, diabetes
mellitus; ES, Spain; FIB-4, Fibrosis-4 Index for Liver Fibrosis; FR, France; GGT, gamma-glutamyl transferase; Hb, hemoglobin; HDL-C, high-density lipoprotein
cholesterol; HK, Hong Kong; HT, hypertension; LDL-C, low-density lipoprotein cholesterol; LSM, liver stiffness measurement; NFS, Nonalcoholic Fatty Liver
Disease Fibrosis Score; SBP, systolic blood pressure; UK, United Kingdom.
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consumption compared the cohorts from FR, UK, and DK.
Overweight and obesity were present in almost two-
thirds of the population (38% with BMI between 25
and 29.9 and 25% with BMI �30). Subjects of the at-risk
populations had higher transaminase levels and lower
albumin. Median alanine aminotransferase (ALT) levels
were below the gender-specific cutoffs, and only 0.1% of
men and 0.4% of women presented ALT levels 2 to 3
times the upper limit of normal (ULN).

LSM and Performance of NITs

There was a significant but poor correlation between
LSM values and FIB-4 and NFS, both in the general
population cohorts (Figure 2a) and at-risk population
cohorts (Figure 2b). The correlation between FIB4 and
TE was 45%, whereas the correlation between NFS and
TE was 29% (both P-values < .001). We observed the
lowest median LSM values in the general population
cohorts from HK (4.8 � 2.6 kPa) and ES (5.0 � 2.2 kPa),
compared with higher median LSM in the at-risk cohorts,
at 6.1 � 2.6, 8.0 � 7.4, and 14.1 � 17.3 kPa for FR, UK,
and DK cohorts, respectively (Table 1). The prevalence of
LSM �8 kPa as indirect evidence of significant liver
fibrosis in our cohorts was 5.6% for the general popu-
lation and 29% for at-risk patients, whereas LSM �12
kPa occurred in 1.2% of the general population and 14%
of at-risk patients (Table 1).

As seen in Figure 2, the majority of patients with LSM
<8 kPa were well-classified by NITs. However, 239 of
3308 patients (7.2%) with FIB-4 <1.3 had LSM �8 kPa.
Something similar was seen with NFS, where we
observed 5.7% false-negatives (171 of 3019 with low
NFS had LSM �8 kPa). At-risk population cohorts



Figure 2. Bivariate distributions of LSM and NITs by population. a, General population; b, At-risk population. a, Correlation
LSM – FIB-4: 16.53%, LSM – NFS: 16.67%; b, Correlation LSM - FIB-4: 46.93%, LSM – NFS: 39.35%.
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exhibited a higher proportion of false-negative patients
(8%–9%) than the general population cohorts (2%–4%)
with both NIT scores. Tables 2 and 3 display the fre-
quencies and distributions of LSM �8 and �12 kPa in
the 2 types of population cohorts.

We also observed a significant proportion of false-
positives with both noninvasive scores in the general
population and at-risk population cohorts. There were
1179 participants (29%) with FIB-4 �1.3 and LSM <8
kPa and 1130 participants (28%) with NFS ��1.45
among the general population, and similar percentages in
at-risk cohorts with 329 patients (28%) for FIB-4 and
225 (28%) for NFS.

Supplementary Tables 1 to 3 show the sensitivity,
specificity, NPV, and PPV of FIB-4 and NFS to detect pa-
tients above specific cutoffs of liver stiffness. In the gen-
eral population, NFS performed better than FIB-4, with
higher sensitivity to detect patients above 8 kPa. However,
in at risk-populations, there were no differences between
NFS and FIB-4 performances for detection of increased
liver stiffness. The sensitivity and specificity for the cutoff
commonly used to rule out fibrosis (LSM <8 kPa) with
FIB-4 in the general population was 37% and 69%,
respectively, whereas NFS had a sensitivity of 52% and
specificity of 69%. In at-risk populations, FIB-4 and NFS
sensitivity to rule out fibrosis was 70% and 77%, and
specificity to rule in was 60% and 55%.

The comparison of the baseline characteristics of
patients misclassified due to false-negative results in
NITs (FIB-4 and NFS) with those well-classified
(Supplementary Table 4) showed that false-negative re-
sults of NITs were associated to obesity, diabetes, arterial
hypertension, hazardous alcohol consumption, higher
waist circumference, and higher values of ALT. We also
found younger age to predict false negative results by
FIB-4. In 341 patients aged <35 years, 14 of 16 (87%)
had FIB-4 <1.30 despite having LSM �8 kPa. In contrast,
older age predicted FIB-4 false-positives. In 1118 pa-
tients >65 years, 658 of 782 (84%) had FIB-4 �1.30
despite having LSM <8 kPa. Excluding participants with
ALT >2 � ULN did not change results, nor did excluding
obese patients with BMI >35 kg/m2.
Performance of Waist Circumference for Liver
Fibrosis Screening

We next performed a multivariate analysis of indi-
vidual risk factors associated with elevated LSM. Waist
circumference appeared as one of the most significant



Table 2. Classification of Patients From General Population
Cohorts by NIT and LSM

LSM

FIB-4 �1.3 FIB-4 �2.7

Negative
n ¼ 2717

Positive
n ¼ 1262

Negative
n ¼ 3910

Positive
n ¼ 69

�8 kPa
Positive 141 (5.19) 83 (6.58) 213 (5.45) 11 (15.9)
Negative 2576 (94.8) 1179 (93.4) 3697 (94.6) 58 (84.1)

�12 kPa
Positive 25 (0.92) 24 (1.90) 43 (2.43) 6 (8.70)
Negative 3256 (99.1) 1238 (98.1) 3867 (98.9) 60 (91.3)

LSM

NFS ��1.45 NFS ��0.67

Negative
n ¼ 2677

Positive
n ¼ 1244

Negative
n ¼ 3847

Positive
n ¼ 74

�8 kPa
Positive 105 (3.92) 114 (9.16) 200 (5.20) 19 (25.7)
Negative 2572 (96.1) 1130 (90.8) 3647 (94.8) 55 (74.3)

�12 kPa
Positive 14 (0.52) 32 (2.57) 36 (0.94) 10 (13.5)
Negative 2663 (99.5) 1212 (97.4) 3811 (99.1) 64 (86.5)

Note: Data are presented as number (percent).
FIB-4, Fibrosis-4 test; LSM, liver stiffness measurement; NFS, nonalcoholic
fatty liver disease fibrosis score; NIT, noninvasive testing.

Table 3. Classification of Patients From At-risk Cohorts by
NIT and LSM

LSM

Low FIB-4 cutoff High FIB-4 cutoff

FIB-4 <1.3
n ¼ 591

FIB-4 �1.3
n ¼ 559

FIB-4 <2.7
n ¼ 1027

FIB-4 �2.7
n ¼ 123

8 kPa
�8 kPa 98 (16.6) 230 (41.1) 226 (22.0) 102 (82.9)
<8 kPa 493 (83.4) 329 (58.9) 801 (78.0) 21 (17.1)

12 kPa
�12 kPa 27 (4.57) 133 (23.8) 77 (7.50) 83 (67.5)
<12 kPa 564 (95.4) 426 (76.2) 950 (92.5) 40 (32.5)

LSM

Low NFS cutoff High NFS cutoff

NFS <�1.45
n ¼ 342

NFS ��1.45
n ¼ 444

NFS<�0.67
n ¼ 665

NFS
��0.67
n ¼ 121

8 kPa
�8kPa 66 (19.3) 219 (49.3) 209 (31.4) 76 (62.8)
<8kPa 276 (80.7) 225 (50.7) 456 (68.6) 45 (37.2)

12 kPa
�12

kPa
23 (6.73) 130 (29.3) 91 (13.7) 62 (51.2)

<12
kPa

319 (93.3) 314 (70.7) 574 (86.3) 59 (48.8)

Note: Data are presented as number (percent).
FIB-4, Fibrosis-4 test; LSM, liver stiffness measurement; NFS, nonalcoholic
fatty liver disease fibrosis score; NIT, noninvasive testing.

2572 Graupera et al Clinical Gastroenterology and Hepatology Vol. 20, No. 11
factors (Supplementary Figure 1). When compared with
FIB-4 and NFS, waist circumference had a significantly
higher AUC in the general population for liver fibrosis
detection at TE �8 kPa (FIB-4 AUC, 0.572; NFS, 0.643;
waist circumference, 0.716). The diagnostic accuracy of
waist circumference also exceeded that of FIB-4 and NFS
for TE �12 kPa, albeit not significantly so (AUC FIB-4,
0.642; NFS, 0.727; waist circumference, 0.756).
Figure 3 shows the comparison of AUCs for waist
circumference, FIB-4, and NFS in the combined cohorts,
in the general population cohorts and the at-risk popu-
lation cohorts.
NITS Performance in Patients With Specific
Risk Factors: Diabetes or Hazardous Alcohol
Consumption

Previous studies suggest that FIB-4 and NFS under-
perform in patients with diabetes,26,27 so we explored
how FIB-4 and NFS worked in the specific at-risk sub-
population of patients with diabetes. FIB-4 resulted in a
high rate of false-negatives for the cutoff of LSM �8 kPa
in the diabetic population (72 patients; 12%), but not
NFS (16 patients; 2.5%) (Supplementary Table 6). In
patients with a hazardous alcohol consumption, 30% had
a false-negative FIB-4 (469 of 1538 patients), and 29%
had a false-negative NFS.
Discussion

In the present study, we tested the ability of the 2
most used noninvasive scores, FIB-4 and NFS, for
screening for elevated liver stiffness as the main pre-
dictive factor of liver fibrosis progression to decompen-
sation and liver-related mortality.28–31 Our large cohort
study reports a significant proportion of false-negative
subjects with FIB-4 or NFS, and a larger number of
false-positives. A screening strategy based on either of
these 2 scores would both miss patients that need
referral and risk overdiagnosis and futile referrals. Waist
circumference showed up as a potential useful tool to
identify patients from the general population with high
risk of liver fibrosis.

FIB-4 and NFS have been developed in high-
prevalence populations at secondary centers, but their
performance in population-based studies where
screening is relevant has not been tested. To our
knowledge, this is the largest study, with more than 5000
patients, that compares FIB-4 and NFS with TE in a
population setting, constituting a representative spec-
trum of disease. From the random population with a
5.6% prevalence of elevated liver stiffness, to 43% with
elevated liver stiffness in the population pre-selected for



Figure 3. AUCs of FIB-4,
NFS, and waist circumfer-
ence. a, Combined popu-
lation; b, General
population; c, At-risk pop-
ulation. a, 8kPa: FIB-4,
0.683; NFS, 0.723; WC,
0.756. 12kPa: FIB-4, 0.805;
NFS, 0.826; WC, 0.783. a,
8kPa: FIB-4, 0.572; NFS,
0.643; WC, 0.716. 12kPa:
FIB-4, 0.642; NFS, 0.727;
WC, 0.756. a, 8kPa: FIB-4,
0.729; NFS, 0.705; WC,
0.749. 12kPa: FIB-4, 0.821;
NFS, 0.777; WC, 0.715.
Abd, Abdominal perimeter;
WC, waist circumference.
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screening due to the most common lifestyle risk factors:
obesity, type-2 diabetes, and alcohol consumption.

More than one-third of patients were misclassified by
FIB-4 and NFS, worse in at-risk cohorts than the general
population. Specifically, using TE �8 kPa, a total of 2% to
4% of all subjects had false-negative values of FIB-4/NFS
and would have been missed. This proportion increased
to 8% to 9% of the at-risk cohorts. In patients with dia-
betes, hazardous alcohol consumption, or age <35 years
using FIB-4, the proportion of false-negatives was even
higher. This is important, because screening tools should be
especially suited for fibrosis detection in at-risk patients.
Despite the high number of false-negatives, NPVs for FIB-4
and NFS were above 90% in the general population co-
horts. This may give the impression of a good test perfor-
mance to rule out disease. However, NPV is a misleading
metric in low prevalence cohorts, because even a coin toss
would have a high NPV. If the prevalence is 5.6%, as in the
general population cohort presented here, flipping a coin
would result in a NPV of 94.4%. Accordingly, the FIB-4 NPV
of 95% or NFS NPV of 96% as seen in Supplementary
Table 2 is only marginally better than a coin toss. We are
therefore cautious of suggesting FIB-4 or NFS as screening
tools. We instead suggest to continue searching for more
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sensitive tests. An optimal screening program will likely
consist of 3 phases: preselection based on risk factors for
chronic liver disease, followed by screening with a highly
sensitive test to rule in disease, but with adequate speci-
ficity to avoid over-diagnosis. Finally, this would be fol-
lowed by a confirmatory test with high specificity in those
patients who screened positive.

The proportion of false-positives was also high in our
study, at 28% to 29%. This was especially true for par-
ticipants >65 years, where FIB-4 frequently over-
estimated the risk of fibrosis. Overdiagnosis is potentially
harmful to healthy subjects and leads to futile use of
health care resources.32,33

An interesting finding of our study is that waist
circumference was strongly associated with increased
liver stiffness, and outperformed FIB-4 and NFS for
detection of patients with TE �8 kPa in the general
population, but not in at-risk cohorts. Waist circumfer-
ence is easy to measure, cheap, and was recently
shown to be an independent predictor of all-cause
mortality in patients with ALD and NAFLD.34 However,
its ability as a diagnostic and prognostic marker needs
validation.

We are aware that our reference standard, LSM with
TE, is a surrogate for liver fibrosis and risk of liver-
related events. However, outcome assessments in pa-
tients with TE �8 kPa require a very long follow-up
period. Additionally, liver biopsy is not feasible in the
screening setting and is an imperfect gold standard.35,36

Several studies support the applicability and validity of
liver stiffness as a useful surrogate for liver fibrosis in
low prevalence population.22–24 With respect to TE false-
positives, it is worth noting that increased LSM due to
inflammation would also raise FIB-4/NFS. Moreover,
exclusion of patients with ALT above 2 � ULN or BMI
>35 did not change our results. Another limitation of the
present study is that we could not assess the Enhanced
Liver Fibrosis Test’s role in a 2-step approach, as
recently proposed.11,14

Currently there are several projects under evaluation
in Europe and the United States (LiverScreen, Renown,
Seal, Scarred liver project) to establish the best strategy
for fibrosis screening.37 Data coming from these con-
sortia will help define the best approach for liver fibrosis
detection and personalized referral pathways.
Conclusion

In conclusion, although several studies have reported
a reduction in referrals after introduction of NITs, our
data show a significant percentage of false-negatives and
false-positives with FIB-4 and NFS in the general popu-
lation setting, even higher in the at-risk population.
Therefore, although FIB-4 and NFS represent a step in
the right direction, we should be cautious implementing
them without first searching for better first-line
screening tools and referral pathways.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2021.12.034.
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Supplementary Figure 1.Multivariate model coefficients. Note: Logistic regression estimates. Includes study-fixed effects.
Abd, Abdominal; AST, aspartate aminotransferase.
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Supplementary Table 1. Performance Metrics of the Combined Population

LSM kPa >8 LSM kPa >9.1 LSM kPa >10 LSM kPa >12 LSM kPa >15

FIB-4 Threshold ¼ 1.3 95% CI

Sens. 57 52 61 62 57 67 66 61 71 75 69 81 82 75 87

Spec. 67 66 68 67 65 68 67 65 68 66 65 68 66 65 67

PPV 17 15 19 13 12 15 12 10 13 9 7 10 7 6 8

NPV 93 92 94 96 95 96 97 96 97 98 98 99 99 99 99

Threshold ¼ 2.676

Sens. 20 17 24 27 22 31 30 25 35 43 36 50 54 46 62

Spec. 98 98 99 98 98 98 98 98 98 98 97 98 98 97 98

PPV 59 52 66 54 46 61 51 44 58 46 39 54 43 36 51

NPV 91 90 92 94 94 95 95 95 96 98 97 98 99 98 99

Threshold ¼ 3.25

Sens. 14 17 24 19 15 24 22 17 27 33 26 39 41 33 49

Spec. 99 99 100 99 99 100 99 99 99 99 99 99 99 99 99

PPV 74 65 82 69 59 77 66 56 75 63 53 72 58 48 68

NPV 91 90 91 94 93 94 95 94 96 97 97 98 98 98 99

NFS Threshold ¼ �1.455

Sens. 66 62 70 72 67 77 74 69 79 81 75 87 84 78 90

Spec. 68 66 69 67 66 69 67 65 68 66 65 68 66 64 67

PPV 20 18 22 15 14 17 14 12 15 10 8 11 7 6 9

NPV 94 93 95 97 96 97 97 97 98 99 99 99 99 99 100

Threshold ¼ 0.676

Sens. 19 16 23 24 19 28 26 22 32 36 30 43 42 34 50

Spec. 98 97 98 97 97 98 97 97 98 97 97 98 97 97 98

PPV 49 42 56 44 37 51 42 35 49 37 30 44 32 25 39

NPV 91 90 92 94 93 95 95 94 96 97 97 98 98 98 98

Note: Data are presented as percentages.
CI, Confidence interval; FIB-4, Fibrosis-4 Index for Liver Fibrosis; LSM, liver stiffness measurement; NFS, nonalcoholic fatty liver disease fibrosis score; NPV,
negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.
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Supplementary Table 2. Performance Metrics of the General Population Cohorts

LSM kPa >8 LSM kPa >9.1 LSM kPa >10 LSM kPa >12 LSM kPa >15

FIB-4 Threshold ¼ 1.3 95% CI

Sens. 37 31 44 42 34 51 45 35 54 49 34 64 65 41 85

Spec. 69 67 70 69 67 70 69 67 70 68 67 70 68 67 70

PPV 7 5 8 5 3 6 4 3 5 2 1 3 1 1 2

NPV 95 94 96 97 96 98 98 97 98 99 99 99 100 99 100

Threshold ¼ 2.676

Sens. 5 2 9 7 3 12 8 4 15 12 5 25 25 9 49

Spec. 98 98 99 98 98 99 98 98 99 98 98 99 98 98 99

PPV 16 8 27 13 6 23 13 6 23 9 3 18 7 2 16

NPV 95 94 95 97 96 97 97 97 98 99 99 100 100 99 100

Threshold ¼ 3.25

Sens. 2 0 5 3 1 7 4 1 9 8 2 20 15 3 38

Spec. 100 99 100 100 99 100 100 99 100 100 99 100 100 99 100

PPV 20 6 44 20 6 44 20 6 44 20 6 44 15 3 38

NPV 94 94 95 97 96 97 97 97 98 99 98 99 100 99 100

NFS Threshold ¼ �1.455

Sens. 52 45 59 59 51 68 61 52 71 70 54 82 63 38 84

Spec. 69 68 71 69 68 71 69 68 71 69 67 70 68 67 70

PPV 9 8 11 6 5 8 5 4 7 3 2 4 1 0 2

NPV 96 95 97 98 97 98 98 98 99 100 99 100 100 99 100

NFS Threshold ¼ 0.676

Sens. 9 5 13 12 7 19 14 8 22 22 11 36 32 13 57

Spec. 99 98 99 98 98 99 98 98 99 98 98 99 98 98 99

PPV 26 16 37 22 13 33 20 12 31 14 7 23 8 3 17

NPV 95 94 95 97 96 97 98 97 98 99 99 99 100 99 100

Note: Data are presented as percentages.
CI, Confidence interval; FIB-4, Fibrosis-4 Index for Liver Fibrosis; LSM, liver stiffness measurement; NFS, nonalcoholic fatty liver disease fibrosis score; NPV,
negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.
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Supplemental Table 3. Performance Metrics of the At-risk Population Cohorts

LSM kPa >8 LSM kPa >9.1 LSM kPa >10 LSM kPa >1 LSM kPa >15

FIB-4 Threshold ¼ 1.3 95% CI

Sens. 70 65 75 73 68 79 77 71 83 83 76 89 84 77 90

Spec. 60 57 63 58 55 62 58 55 61 57 54 60 56 53 59

PPV 41 37 45 33 29 37 30 26 33 24 20 28 20 17 24

NPV 83 80 86 89 86 91 92 89 94 95 93 97 96 95 98

Threshold ¼ 2.676

Sens. 31 26 36 38 32 44 42 35 49 52 44 60 59 50 67

Spec. 97 96 98 97 95 98 96 95 97 96 95 97 96 94 97

PPV 83 75 89 76 68 84 72 64 80 67 58 76 63 54 72

NPV 78 75 80 85 83 87 88 86 90 93 91 94 95 93 96

Threshold ¼ 3.25

Sens. 23 19 28 28 23 34 31 25 38 40 32 48 45 36 54

Spec. 99 97 99 98 97 99 98 97 99 98 96 98 97 96 98

PPV 86 77 93 80 70 87 76 66 85 73 62 82 68 57 78

NPV 76 74 79 83 81 85 86 84 88 91 89 93 93 91 95

NFS Threshold ¼ �1.455

Sens. 77 72 82 80 74 85 81 75 86 85 78 90 88 81 93

Spec. 55 51 60 53 49 57 52 48 56 50 46 54 50 46 54

PPV 49 45 54 41 36 45 36 32 41 29 25 34 25 21 30

NPV 81 76 85 87 83 90 89 85 92 93 90 96 95 93 97

Threshold ¼ 0.676

Sens. 27 22 32 31 25 37 33 27 40 41 34 49 43 35 52

Spec. 91 88 93 91 88 93 91 88 93 91 88 93 90 88 92

PPV 63 54 71 57 48 66 55 45 64 51 40 60 46 37 56

NPV 69 65 72 77 73 80 80 77 83 86 83 89 89 86 91

Note: Data are presented as percentages.
CI, Confidence interval; FIB-4, Fibrosis-4 Index for Liver Fibrosis; LSM, liver stiffness measurement; NFS, nonalcoholic fatty liver disease fibrosis score; NPV,
negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec, specificity.
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Supplementary Table 4. False Positive and Negative Characteristics (Additional)

Variable

LSM kPa 8 – FIB-4 1.3 LSM kPa 8 – NFS �1.45

False negative
n ¼ 239

False positive
n ¼ 1508

Correct class
n ¼ 3382

False negative
n ¼ 171

False positive
n ¼ 1355

Correct class
n ¼ 3181

Age 54.4 (11.8) 63.0 (8.90) 51.5 (11.9) 50.8 (11.4) 63.3 (8.97) 51.2 (11.9)

Alcohol 0.42 (0.49) 0.31 (0.46) 0.29 (0.45) 0.49 (0.50) 0.28 (0.45) 0.27 (0.44)

BMI 30.4 (6.49) 27.4 (4.64) 26.8 (5.18) 27.0 (5.53) 29.7 (4.82) 26.1 (4.98)

Abd. perimeter 101 (17.2) 93.8 (12.3) 90.6 (13.5) 94.0 (15.8) 98.7 (12.0) 89.1 (13.1)

SBP 133 (20.1) 132 (17.9) 127 (18.0) 131 (21.0) 131 (17.5) 127 (18.5)

DBP 82.3 (12.4) 81.2 (10.5) 80.0 (10.6) 81.8 (12.6) 81.3 (10.1) 80.1 (10.9)

DM 0.33 (0.47) 0.15 (0.35) 0.12 (0.32) 0.09 (0.29) 0.28 (0.45) 0.07 (0.26)

Obesity 0.53 (0.50) 0.24 (0.43) 0.25 (0.43) 0.31 (0.46) 0.42 (0.49) 0.19 (0.39)

HT 0.44 (0.50) 0.41 (0.49) 0.24 (0.43) 0.35 (0.48) 0.45 (0.50) 0.24 (0.42)

Glucose 6.38 (2.01) 5.64 (0.86) 5.82 (9.89) 5.90 (1.29) 5.91 (1.18) 5.75 (10.1)

Creatinine 0.89 (0.26) 0.92 (0.23) 0.84 (0.22) 0.81 (0.22) 0.92 (0.24) 0.84 (0.23)

Cholesterol 5.02 (1.03) 5.42 (1.06) 5.39 (1.08) 5.18 (1.03) 5.30 (1.11) 5.42 (1.07)

LDL-C 2.90 (0.95) 3.31 (0.96) 3.30 (0.99) 3.01 (0.97) 3.23 (1.00) 3.31 (0.99)

HDL-C 1.30 (0.36) 1.50 (0.41) 1.44 (0.38) 1.40 (0.41) 1.43 (0.39) 1.47 (0.38)

Triglycerides 1.67 (0.96) 1.27 (0.80) 1.32 (0.96) 1.54 (0.93) 1.34 (0.79) 1.31 (0.98)

AST 26.1 (11.8) 27.1 (14.7) 24.6 (17.7) 34.9 (32.1) 24.1 (12.5) 25.7 (17.2)

ALT 35.3 (34.7) 24.1 (15.5) 26.1 (17.3) 39.9 (39.1) 22.3 (11.5) 27.0 (18.4)

GGT 81.7 (156) 37.2 (54.4) 53.9 (140) 171 (317) 32.7 (36.8) 55.5 (136)

Bilirubin 11.9 (5.35) 12.3 (5.33) 11.7 (5.88) 12.8 (6.29) 11.9 (5.19) 11.8 (5.90)

Protein 76.6 (5.34) 72.7 (4.53) 74.9 (5.64) 77.7 (5.51) 71.8 (4.96) 75.2 (5.25)

Albumin 43.2 (4.22) 43.4 (3.50) 43.7 (3.85) 43.5 (4.34) 42.5 (3.80) 44.1 (3.62)

Ferritin 260 (362) 176 (213) 215 (318) 324 (443) 154 (189) 226 (325)

Leucocytes 7.56 (2.15) 6.20 (1.69) 6.77 (1.90) 7.31 (2.28) 6.45 (1.81) 6.68 (1.88)

Hb 13.2 (2.43) 13.9 (1.88) 13.5 (2.04) 12.5 (2.80) 14.0 (1.71) 13.5 (2.07)

Platelets 271 (67.2) 206 (43.5) 258 (60.8) 276 (74.1) 208 (45.7) 255 (61.1)

LSM, kPa 11.7 (7.08) 4.76 (1.22) 6.13 (7.35) 11.9 (6.76) 4.82 (1.20) 6.17 (7.65)

Units expressed as BMI (kg/m2), Waist Circumference (cm), SBP (mmHg), DBP (mmHg), Glucose (mmol/L), Creatinine (mg/dL), Cholesterol (mmol/L), Choles-
terol_HDL (mmol/L), Triglycerides (mmol/L), AST (IU/L), ALT (IU/L), GGT (IU/L), Bilirrubin (mmol/L), Leucocytes (109/L), Hemoglobin (g/dL), Platelets (1,000/mL), LSM
(kPa).
Note: Data are presented as mean (standard deviation)
Abd, Abdominal; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; DBP, diastolic blood pressure; DM, diabetes mellitus; FIB-4,
Fibrosis-4 Index for Liver Fibrosis; GGT, gamma-glutamyl transferase; Hb, hemoglobin; HDL-C, high-density lipoprotein cholesterol; HT, hypertension; LDL-C,
low-density lipoprotein cholesterol; LSM, liver stiffness measurement; NFS, nonalcoholic fatty liver disease fibrosis score; SBP, systolic blood pressure.
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Supplementary Table 5. Diagnostic Performance of Ethnic-/Gender-specific Waist Circumference Thresholds

Combined population General population At-risk population

Value 95% CI Value 95% CI Value 95% CI

LSM �8 kPa
Apparent prevalence 0.1 (0.09–0.10) 0.06 (0.05–0.06) 0.3 (0.26–0.33)
True prevalence 0.61 (0.60–0.63) 0.68 (0.67–0.70) 0.26 (0.23–0.29)
Sensitivity 0.08 (0.07–0.09) 0.07 (0.06–0.08) 0.15 (0.10–0.20)
Specificity 0.88 (0.86–0.89) 0.98 (0.97–0.98) 0.65 (0.61–0.69)
Positive predictive value 0.49 (0.45–0.54) 0.87 (0.82–0.91) 0.13 (0.09–0.18)
Negative predictive value 0.37 (0.36–0.39) 0.33 (0.31–0.34) 0.69 (0.65–0.73)
Positive likelihood ratio 0.61 (0.51–0.73) 3.09 (2.10–4.54) 0.42 (0.29–0.60)
Negative likelihood ratio 1.06 (1.03–1.08) 0.95 (0.94–0.96) 1.31 (1.20–1.42)

LSM �12 kPa
Apparent prevalence 0.03 (0.03–0.04) 0.01 (0.01–0.02) 0.15 (0.12–0.17)
True prevalence 0.61 (0.60–0.63) 0.68 (0.67–0.70) 0.26 (0.23–0.29)
Sensitivity 0.02 (0.01–0.02) 0.02 (0.01–0.02) 0.03 (0.01–0.06)
Specificity 0.94 (0.93–0.95) 1 (0.99–1.00) 0.81 (0.78–0.84)
Positive predictive value 0.3 (0.23–0.37) 0.9 (0.77–0.97) 0.04 (0.01–0.10)
Negative predictive value 0.38 (0.36–0.39) 0.32 (0.31–0.33) 0.71 (0.67–0.74)
Positive likelihood ratio 0.27 (0.19–0.37) 3.99 (1.59–10.06) 0.13 (0.06–0.32)
Negative likelihood ratio 1.05 (1.04–1.06) 0.99 (0.98–0.99) 1.2 (1.15–1.26)

Note: Thresholds: Caucasic men, 94 cm; Caucasic women, 80 cm; Asian men, 90 cm; Asian women, 80 cm.
CI, Confidence interval; LSM, liver stiffness measurement.

Supplementary Table 6. Classification of Patients With
Diabetes by NIT and LSM

LSM

FIB-4 �1.3 FIB-4 �2.7

Negative
n ¼ 337

Positive
n ¼ 305

Negative
n ¼ 600

Positive
n ¼ 42

8 kPa
Positive 72 (21.4) 99 (32.5) 141 (23.5) 30 (71.4)
Negative 265 (78.6) 206 (67.5) 459 (76.5) 12 (28.6)

12 kPa
Positive 28 (8.31) 53 (17.4) 58 (9.67) 23 (54.8)
Negative 309 (91.7) 252 (82.6) 542 (90.3) 19 (45.2)

LSM

NFS ��1.45 NFS ��0.67

Negative
n ¼ 98

Positive
n ¼ 536

Negative
n ¼ 490

Positive
n ¼ 144

8 kPa
Positive 16 (16.3) 153 (28.5) 108 (22.0) 61 (42.4)
Negative 82 (83.7) 383 (71.5) 382 (78.0) 83 (57.6)

12 kPa
Positive 3 (3.06) 78 (14.6) 39 (7.96) 42 (29.2)
Negative 95 (96.9) 458 (85.4) 451 (92.0) 102 (70.8)

Note: Data are presented as number (%).
FIB-4, Fibrosis-4 test; LSM, liver stiffness measurement; NFS, nonalcoholic
fatty liver disease fibrosis score; NIT, noninvasive testing.
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