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Abstract

Background: Noninvasive tests are important in the initial risk stratification

of people at risk of fibrosis. The recently developed steatosis-associated

fibrosis estimator (SAFE) score may have such potential but awaits external

validation.

Methods: We analyzed 6973 participants aged 18–80 in the National Health

and Nutrition Examination Survey 2017-2020 cycle with data on liver stiff-

ness and SAFE score without prevalent heart failure. Fibrosis was defined as

liver stiffness ≥8.0 kPa. Accuracy was evaluated by AUC and assessment

of test characteristics at the prespecified cutoffs for ruling out/ruling in

fibrosis.

Results: The SAFE score categorized 14.7% of the population as high risk,

30.4% as intermediate risk, and 54.9% as low risk for fibrosis. The actual

fibrosis prevalence in these groups was 28.0%, 10.9%, and 4.0%, respec-

tively, translating into a positive predictive value of 0.28 at the high-risk cutoff

and a negative predictive value of 0.96 at the low-risk cutoff. The AUC of the

SAFE score (0.748) was significantly higher than the fibrosis-4 index (0.619)

or NAFLD fibrosis score (0.718). However, test performance strongly

depended on age categories: 90% of participants aged 18–40 years were

considered at low risk for fibrosis, including 89/134 (66%) of clinically sig-

nificant fibrosis cases. In the oldest group (60–80 y), fibrosis could only be

safely ruled out among 17%, corresponding to a high referral rate of up to

83%. The best SAFE score performance was found in the middle-aged

group (40–60 y). The results were consistent in target populations with

metabolic dysfunction or steatosis.

Abbreviations: AUC, area under the receiver characteristic operator curve; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DOR, diagnostic OR;
FIB-4, fibrosis-4 index; HDL-C, HDL-cholesterol; MAFLD, metabolic dysfunction associated fatty liver disease; NHANES, National Health and Nutrition Examination
Survey; NHCS, National Center for Health Statistics; NFS, NAFLD fibrosis score; NPV, negative predictive value; P25-P75, 25th to 75th percentile; PPV, positive
predictive value; SAFE, steatosis-associated fibrosis estimator.
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Conclusions: The SAFE score has overall good diagnostic accuracy in

detecting fibrosis but was highly dependent on age. The SAFE score lacked

sensitivity in younger populations and the ability to rule out fibrosis in older

populations.

INTRODUCTION

Fatty liver disease is increasingly prevalent, estimated
to affect 1 in 3 adults globally.[1] It has become one of
the major causes of advanced liver disease, a leading
cause of HCC also in noncirrhotic livers, and is already
the second leading indication for liver transplantation in
the US.[2] The rising obesity and fatty liver epidemic
combined with an aging population may lead to a surge
in patient referrals for specialist care and may lead to a
dramatic increase in health care costs. Therefore, it is
imperative to identify patients at high risk for advanced
liver disease who may benefit from hepatologist
consultation. Despite several noninvasive tests being
available, it remains challenging to identify these
patients either because of their poor performance,
costs, limited availability, or dependence on age.[3,4]

Recently, the steatosis-associated fibrosis estimator
(SAFE) score was published by Sripongpun et al[5], as a
means to detect clinically significant fibrosis in a noninvasive
manner. A defining feature of this score is the inclusion of
globulins, which has previously been used together with
platelets in the prediction of fibrosis in chronic hepatitis B
patients.[6] The SAFE score, in addition to globulins,
included age, body mass index (BMI), diabetes, aspartate
aminotransferase, alanine aminotransferase, and platelets.

The SAFE-score yielded good performance in their
training [area under the receiver characteristic operator
curve (AUC) 0.79] and testing sets (AUC 0.80 and
0.83). However, this score was developed among a
selected NAFLD population in which clinically signifi-
cant fibrosis was highly prevalent (45%), contrasting the
general population for which this score was actually
designed for. Moreover, no subgroup analyses have
been reported, probably because of the limited sample
size of the training and testing sets (n= 130–676). In the
National Health and Nutrition Examination Survey
(NHANES) III, the authors promisingly demonstrated
the SAFE score being a predictor for excess mortality.
However, whether this was attributed to fibrosis is
unclear, since no data were available for fibrosis.

Hence, we aimed to externally validate this SAFE
score in a nonhospital-based, multiethnic community-
dwelling population cohort using the 2017-2020
NHANES cycle (independent of NHANES III), which
included transient elastography outcomes. Moreover,
we aimed to validate this score across a range of
clinically relevant subgroups.

METHODS

Study population

This study was a secondary analysis of existing data
performed within the NHANES study. The NHANES
was designed to investigate individuals’ health and
nutritional status throughout the US. In short, across all
study participants, extensive data on health and
nutrition were collected by interview, physical examina-
tion, and a range of clinical measurements and tests
(including transient elastography). Detailed information
regarding the procedures and rationale has been
described elsewhere.[7,8] For the specific purpose of
this study, we excluded participants with incomplete
data on the SAFE score components or with a history of
heart failure and, therefore, potentially unreliable liver
stiffness measurement.[9] Data are publicly available
from the NHANES database (https://www.cdc.gov/nchs/
nhanes/index.htm).

Biomarker-based noninvasive scores

We calculated the SAFE, NAFLD fibrosis score (NFS),
and Fibrosis-4 index (FIB-4) according to their
formulas.[5,10,11] Of note, BMI levels > 40 were truncated
at 40, aligning with the formula instructions.

SAFE 2.97 Age 5.99 BMI

154.85 ln AST 58.23 ln ALT

195.48 ln globulin 141.61 ln platelets

62.85 IF diabetes 75

= * + *

+ * ( ) − * ( )

+ * ( ) − * ( )
+ −

NFS 1.675 0.037 Age 0.094 BMI

1.13 IF pre diabetes 0.99
AST
ALT

0.013 platelets 0.66 albumin

= − + * + *

+ ( ) + *

− * − *

FIB4
Age AST

platelets ALT
= *

*

Age was expressed in years, BMI in kg/m2,
aspartate aminotransferase and alanine aminotrans-
ferase in U/L, platelets as 109/L, and albumin and
globulin in g/dL.
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Transient elastography

Participants underwent transient elastography using the
FibroScan model 502 V2 Touch equipped with an M
and XL probe (FibroScan, Echosens, Paris) to assess
liver stiffness. Participants were requested to fast for at
least 3 hours. Measurements were considered valid if at
least 10 measurements were obtained with an IQR
<30%. Clinically significant fibrosis was defined as liver
stiffness ≥8.0 kPa.[12] Steatosis was assessed by a
same-session controlled attenuation parameter (CAP)
measurement. Controlled attenuation parameter levels
≥ 275 dB/m were used to diagnose steatosis since it
had over 90% of sensitivity.[13] Additional details about
the procedures are described.[14,15]

Covariates

Research assistants systematically collected data
among all participants, including age, race, and anthro-
pometrics (length, height, and waist circumference).
Questionnaires included questions on the presence of
heart failure and alcohol consumption. Excessive
alcohol consumption was defined as > 10 g/d in women
and > 20 g/d in men. This cutoff was already associated
with increased all-cause mortality in the NHANES III
data set.[16] Blood samples were taken and analyzed for
among others alanine aminotransferase, aspartate
aminotransferase, albumin, globulin, platelets, triglycer-
ides, and HDL-C. Metabolic dysfunction was defined
according to the metabolic dysfunction–associated fatty
liver disease (MAFLD) criteria: overweight, diabetes, or
at least 2 minor criteria (eg, hypertension, high waist
circumference, and dyslipidemia).[17]

Statistical analysis

First, we assessed the diagnostic accuracy for the
presence of clinically significant fibrosis according to the
SAFE score in the overall population. Besides visualizing
the clinically significant fibrosis rate per SAFE score
category, this assessment included an AUC analysis.
Next, we investigated the diagnostic accuracy across
subgroups, which were based on age (18–40, 40–60, and
60–80 y), sex (male/female), race (White, Black, or
Hispanic), excessive alcohol consumption (Yes/No),
steatosis (Yes/No), and metabolic dysfunction (Yes/No).

Second, we analyzed the SAFE score performance at
the prespecified cutoffs (low risk of fibrosis with a SAFE
score of <0 or high risk with a score of ≥100 and
intermediate for 0–100), according to the previous
publication.[5] Using these prespecified cutoffs, we
investigated the pretest and posttest prevalence of
clinically significant fibrosis across the entire population
and the aforementioned clinically relevant subgroups. In

addition, we assessed the sensitivity, specificity, positive
predictive value, negative predictive value (NPV), and
diagnostic odds ratio at the outer borders of the SAFE
score (0 and 100), according to the prespecified cutoffs.
Sensitivity analyses included an assessment of SAFE
score performance among the age categories in target
populations: (1) metabolic dysfunction and (2) steatosis.

Third, we visualized the distribution of low risk,
intermediate, and high risk of clinically significant
fibrosis, according to the SAFE score per age category
(of 5 y), which was then plotted relative to the rate of
clinically significant fibrosis as assessed by liver stiff-
ness ≥8.0 kPa. The additional analysis included the
same visualization for the FIB-4 and the NFS.

Finally, we compared the performance of the SAFE
score in the overall population with the performance of
the FIB-4 and NFS. AUCs were assessed for significant
differences using the DeLong test. We did not use the
provided weights of the NHANES, as this study was
designed not to study prevalences but to test the SAFE
score performance across subgroups. Analyses were
performed in R version 4.0.4 (Foundation for Statistical
Computing, Vienna, Austria. p-values < 0.05 were
considered statistically significant).

Ethics

NHANES was approved by the National Centre for Health
Statistics research ethics review board, and all the
participants provided informed consent. This study was
conducted according to the principles as set forth in the
Declaration of Helsinki and Istanbul. All authors had
access to the study data and reviewed and approved the
final manuscript.

RESULTS

Participants

We included 7768 adults of the NHANES 2017-2020
cycle, with available data on liver stiffness. Of them, 202
were excluded for the presence of heart failure and 593
for missing data on the individual components of the
SAFE score, leaving 6973 participants for analysis. The
median age was 49 years (33–63), 49.0% were male,
and 73.1% had a BMI ≥ 25 kg/m2. The median liver
stiffness was 5.0 kPa (4.1–6.1) and exceeded
≥8.0 kPa in 9.6% (n=672). The SAFE score was
categorized according to the prespecified cutoffs (≤0,
0–100, and ≥ 100) and indicated low risk in 3.831
(54.9%), intermediate risk in 2.119 (30.4%) and high
risk in 1.023 (14.7%) participants. Clinically significant
fibrosis prevalence in these groups was 4.0%, 10.9%,
and 28.0%, respectively. Detailed baseline character-
istics for these subgroups are available in Table 1.
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Overall SAFE score performance

In the overall population, the SAFE score yielded an
AUC of 0.748 (95% CI, 0.728–0.768) in the detection of
clinically significant fibrosis. Similar performance was
obtained in the target populations with steatosis (AUC:
0.704) or metabolic dysfunction (AUC: 0.728). Higher
SAFE scores were increasingly associated with a
higher prevalence of liver stiffness ≥ 8.0 kPa among
all participants, as shown in Figure 1. Interestingly,
scores ≥200 were associated with 40%–70% risk of
clinically significant fibrosis but were relatively
uncommon (2.5%).

SAFE score performance according to age

Next, the performance of the SAFE score was analyzed
according to the prespecified cutoffs: <0 for ruling out,

0–100 meaning intermediate, and ≥100 for ruling in
liver clinically significant fibrosis. It was observed that
the distribution of the SAFE score categories differed
substantially across the different age groups (Table 2).
Clinically significant fibrosis was ruled out in 91.3% of
young participants, while in contrast, this was only
16.5% among participants aged 60–80. Importantly, the
posttest clinically significant fibrosis prevalence within
the low-risk (3.6%–5.3%), intermediate (9.0%–19.4%),
and high-risk groups (24.3%–43.5%) varied significantly
for the age subgroups. Moreover, of the total clinically
significant fibrosis cases (n=134) in the young group,
89 (66%) resided in the SAFE<0 (ruled out) group and
were thus missed. Depicted in Table 3 are additional
markers for diagnostic accuracy at the prespecified
cutoffs. Aligning previous outcomes, the sensitivity
among young participants was low (34% low cut-off,
7% high cut-off), whereas, in the elderly, the specificity
was poor (18% low cutoff and 71% high cutoff). The

TABLE 1 Participants’ characteristics stratified for SAFE score categories

All n= 6973 SAFE < 0 n= 3831 SAFE 0–100 n=2119 SAFE ≥ 100 n=1023

Demographics

Age (y) 49 (33, 63) 36 (26, 48) 60 (51, 68) 67 (59, 75)

Male 3418 (49.0) 1793 (46.8) 1056 (49.8) 569 (55.6)

Race

Mexican-American 1634 (23.4) 954 (24.9) 460 (21.7) 220 (21.5)

Non-Hispanic Black 1729 (24.8) 812 (21.2) 578 (27.3) 339 (33.1)

Non-Hispanic White 2401 (34.4) 1315 (34.3) 728 (34.4) 358 (35.0)

Other 1209 (17.3) 750 (19.6) 353 (16.7) 106 (10.4)

College 3858 (58.1) 2162 (61.6) 1192 (56.4) 504 (49.4)

Current smoking 1198 (17.2) 740 (19.3) 316 (14.9) 142 (13.9)

Metabolic health

BMI ≥25 5094 (73.1) 2472 (64.5) 1735 (81.9) 887 (86.7)

Diabetes 1224 (17.6) 147 (3.8) 527 (24.9) 550 (53.8)

Biochemistry

AST (U/L) 19 (16, 24) 18 (15, 22) 20 (17, 25) 23 (19, 32)

ALT (U/L) 18 (13, 26) 17 (12, 24) 18 (14, 26) 21 (15, 32)

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

Triglycerides (mmol/L) 1.3 (0.9, 1.8) 1.1 (0.8, 1.7) 1.4 (1.0, 2.0) 1.4 (1.0, 2.0)

Globulin (g/L) 30.9 (4.3) 30.1 (3.8) 31.1 (4.2) 32.9 (5.2)

Albumin (g/L) 40.8 (3.3) 41.4 (3.3) 40.3 (3.0) 39.8 (3.4)

Platelets (109/L) 247 (65) 267 (64) 236 (56) 197 (51)

Transient elastography

Liver stiffness (kPa) 5.0 (4.1, 6.1) 4.7 (3.9, 5.6) 5.2 (4.3, 6.4) 6.0 (4.7, 8.3)

Clinically significant fibrosis 672 (9.6) 154 (4.0) 232 (10.9) 286 (28.0)

CAP (dB/m) 263 (62) 247 (59) 278 (60) 290 (62)

Steatosis 2899 (41.6) 1226 (32.0) 1066 (50.3) 607 (59.3)

Note: Data are presented as mean (SD), median (P25–P75) or n and percentage. Standard International (SI) units are used, which may differ from the units used in the
formulas for the noninvasive tests. Fibrosis was defined as liver stiffness ≥ 8.0 kPa and steatosis as CAP ≥ 275.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CAP, controlled attenuation parameter; HDL-C, high density
lipoprotein cholesterol; SAFE, steatosis-associated fibrosis estimator.
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results were consistent when diagnostic performance
was investigated across age subgroups among
participants with metabolic dysfunction or steatosis
(Supplemental Table 1, http://links.lww.com/HC9/
A169).

Focusing on age as an important factor in the SAFE
score performance, we assessed the distribution of this
score according to age groups. As shown in Figure 2,
the proportion of SAFE scores predicting a low risk of
clinically significant fibrosis attenuates from > 95% in
the youngest group (18–25 y) to < 10% in the oldest
subgroup (75–80 y). It should be noted that this
subsequent major increase for the “at high risk for
fibrosis” subgroup by increasing age does not corre-
spond with the prevalence of high liver stiffness for the
same age groups (illustrated by the green line).

SAFE score performance according to
different subgroups

The performance was good in participants with metabolic
dysfunction, but among those without metabolic dysfunc-
tion (that had a low clinically significant fibrosis prevalence
of 3.4%), the sensitivity was poor (26% high cutoff, 52%
low cutoff; Table 3). Interestingly, the ability to rule out
clinically relevant fibrosis was especially good in patients
with excessive alcohol consumption (NPV 0.98). In
the other clinically relevant subgroups (race and sex),
the posttest clinically significant fibrosis prevalence in the

indeterminate group across the remaining subgroups was
similar to the pretest prevalence (Table 2). In addition, the
performance of the SAFE score was more comparable to
the overall performance (Table 3). Importantly, the
performance of the SAFE score was not dependent on
the prevalence of metabolic dysfunction or steatosis,
illustrated by similar results across subgroups after
excluding participants without metabolic dysfunction or
steatosis (Supplemental Table 1, http://links.lww.com/
HC9/A169).

Performance of SAFE score versus FIB-4
or NFS

Finally, we compared the SAFE score to the FIB-4 and
NFS. In the overall population, the SAFE score (AUC
0.748) significantly outperformed the FIB-4 (AUC:
0.619) and NFS (AUC: 0.718) based on the DeLong
test (both p<0.001). The performance across sub-
groups has been depicted in Supplemental Table 2,
http://links.lww.com/HC9/A169. In general, the FIB-4
has low predictive value, even among the middle aged
(40–60 y) for which it was designed, whereas the NFS
had better performance across subgroups. However,
the NFS had (similar to the SAFE score) great differ-
ences in test characteristics across age groups while
maintaining reasonable AUCs. Moreover, the NFS, like
the SAFE score, had a large proportion (30%) in which
the fibrosis risk remained indeterminate using the

F IGURE 1 Observed clinically significant fibrosis prevalence per SAFE score group. The bars represent clinically significant fibrosis preva-
lence with 95% CI as assessed by liver stiffness ≥ 8.0 kPa. The gray area is the distribution of participants within the SAFE score category. The
shaded bar covering SAFE scores between 0 and 100, illustrates the area in which the SAFE score remains intermediate according to these
prespecified cutoffs. Abbreviations: SAFE, steatosis-associated fibrosis estimator.
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prespecified cutoffs of <−1.455 for ruling out and
> 0.675 for ruling in fibrosis. Finally, similar to the SAFE
score, the high-risk group, according to the FIB-4 and
NFS, increased substantially with age, disconcordant
with the clinically significant fibrosis prevalence.

DISCUSSION

We investigated the performance of the SAFE score in
the detection of patients at high risk of clinically
significant fibrosis in the general population and
demonstrated that the SAFE score has an overall good
performance, especially among middle-aged individuals
(aged 40–60) but lacks performance in younger (aged
18–40) and the ability to rule out clinically significant
fibrosis in older (aged 60–80) populations. The test
characteristics were comparable in target populations
with metabolic dysfunction or steatosis, in which non-
invasive assessment of fibrosis is indicated.

Identifying patients at risk of clinically significant fibrosis
remains challenging. There is an urgent need for readily
available, inexpensive, and reliable noninvasive tests in
the assessment of liver health, which is recommended

in individuals with metabolic risk factors.[13,18] Our com-
prehensive external validation of the newly presented
SAFE score indicates that the AUC derived in the training
and small testing sets (AUC: 0.79–0.83) was significantly
higher than what we obtained in this large population-
based cohort (AUC: 0.748, 95% CI, 0.728–0.768).[5]

Nonetheless, the SAFE score yielded significantly better
AUCs than their direct competitors, such as the FIB-4 and
NFS, indicating the good performance of the SAFE score
in the overall population.

The discriminative value of the SAFE score across
subgroups was good (as illustrated by the AUC) and not
negatively affected by no strict exclusion criteria for
alcohol use. However, with increasing age, there was a
gradual decrease in the proportion categorized as low
risk, starting at > 95% in participants aged 18–25 years
to <10% in participants aged 75–80 years, similar to
other age-dependent indices, as shown in this cohort
and by previous studies.[19,20] Hence, it is not surprising
that the SAFE score was associated with mortality in the
NHANES III.[5] This dependence on age resulted in a
poor 7% sensitivity at the high cutoff and 34% at the low
cutoff in the youngest subgroup (aged 18–40). Con-
sequently, 93% of young participants with clinically

TABLE 2 Pretest clinically significant fibrosis prevalence in the entire population and posttest clinically significant fibrosis prevalence in SAFE
score risk categories

Pretest SAFE < 0 SAFE 0–100 SAFE ≥100

n Fibrosis % Fibrosis % Fibrosis % Fibrosis

All 6973 9.6 54.9 4.0 30.4 10.9 14.7 28.0

Age

18–40 2416 5.6 91.3 4.0 7.7 19.4 1.0 43.5

40–60 2281 10.0 54.7 3.6 34.8 11.7 10.5 38.1

60+ 2276 13.5 16.5 5.3 50.0 9.0 33.4 24.3

Race

White 2401 9.9 54.8 4.5 30.3 11.3 14.9 26.8

Black 1729 10.5 47.0 4.6 33.4 9.7 19.6 26.0

Hispanic 1634 10.1 58.4 3.9 28.2 12.8 13.5 31.4

Sex

Male 3418 11.2 52.5 4.9 30.9 12.7 16.6 28.6

Female 3555 8.1 57.3 3.3 29.9 9.2 12.8 27.1

Excessive alcohol

Yes 747 9.0 57.3 2.1 25.7 9.4 17.0 31.5

No 5898 9.8 54.5 4.4 31.0 11.0 14.5 27.4

Metabolic dysfunction

Yes 5720 11.0 48.4 4.8 34.5 11.2 17.1 28.1

No 1253 3.4 84.6 1.9 11.8 7.4 3.6 24.4

Steatosis

Yes 2899 16.7 42.3 7.8 36.8 16.9 20.9 34.3

No 4073 4.6 63.9 2.2 25.9 4.9 10.2 18.8

Note: Data are presented as n or percentage. The posttest fibrosis prevalence is depicted for SAFE <0 (low risk), SAFE 0–100 (indeterminate, and SAFE ≥ 100 (high
risk). Clinically significant fibrosis was defined as liver stiffness ≥ 8.0 kPa and steatosis as controlled attenuation parameter ≥ 275.
Abbreviations: SAFE, steatosis-associated fibrosis estimator.
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TABLE 3 Diagnostic accuracy of the SAFE score in ruling out and ruling in clinically significant fibrosis

Ruled out: SAFE score <0 Ruled in: SAFE score ≥100

n Fibrosis Sens Spec NPV DOR n Fibrosis Sens Spec PPV DOR

All 3831 154 77 58 0.96 0.21 1023 286 43 88 0.28 5.59

Age groups

18–40 2207 89 34 93 0.96 0.15 23 10 7 99 0.43 13.96

40–60 1248 45 80 59 0.96 0.17 239 91 40 93 0.38 8.48

60–80 376 20 94 18 0.95 0.31 761 185 60 71 0.24 3.63

Race

White 1315 59 75 58 0.96 0.24 358 96 41 88 0.27 4.94

Black 812 37 80 50 0.95 0.26 339 88 49 84 0.26 4.89

Hispanic 954 37 78 62 0.96 0.17 220 69 42 90 0.31 6.27

Sex

Male 1793 87 77 56 0.95 0.23 569 163 42 87 0.29 4.77

Female 2038 67 77 60 0.97 0.20 454 123 43 90 0.27 6.61

Excessive alcohol

Yes 428 9 87 62 0.98 0.10 127 40 60 87 0.31 10.10

No 3216 142 75 58 0.96 0.24 854 234 41 88 0.27 5.17

Metabolic dysfunction

Yes 2771 134 79 52 0.95 0.25 978 275 44 86 0.28 4.83

No 1060 20 52 86 0.98 0.15 45 11 26 97 0.24 12.28

Steatosis

Yes 1226 96 80 47 0.92 0.28 607 208 43 83 0.34 3.81

No 2604 58 69 66 0.98 0.23 416 78 41 91 0.19 7.44

Note: Diagnostic accuracy for the SAFE score at the thresholds to rule out (SAFE <0) or rule in (SAFE ≥ 100) fibrosis. Fibrosis was defined as liver stiffness ≥ 8.0 kPa
and steatosis as controlled attenuation parameter ≥ 275.
Abbreviations: DOR, diagnostic OR; NPV, negative predictive value; PPV, positive predictive value; SAFE, steatosis-associated fibrosis estimator.

F IGURE 2 SAFE score predicted intermediate-risk/high-risk groups increase with older age, in contrast to observed clinically significant
fibrosis prevalence. Blue reflects predicted low risk (SAFE <0), gray intermediate (SAFE 0-100), and orange high risk (SAFE ≥100) for the
presence of fibrosis. The green line reflects the observed clinically significant fibrosis prevalence assessed by liver stiffness ≥8.0 kPa.
Abbreviations: LSM, Liver stiffness measurement; SAFE, steatosis-associated fibrosis estimator.
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significant fibrosis were not classified as high risk
for clinically significant fibrosis. Of note, the poor
performance among young participants was not
explained by the prevalence of metabolic dysfunction
or steatosis. Missing out on clinically significant fibrosis
in this young group is worrisome because they might
benefit most from early detection, given the life
span ahead.

Another concern is that clinically significant fibrosis
was only considered low risk (and could thus be ruled
out) in 17% of the participants aged 60–80, resulting in
high referral rates (up to 83%) for additional tests among
the elderly. This poor performance in the oldest subgroup
is a significant problem, as there is an increasingly aging
population with steatosis wrongly referred leading to
increasing and potentially high health care costs,
whereas the clinical relevance of (advanced) fatty liver
disease is disputed.[21,22] Hence, this category of patients
should better be stratified according to their risk of fibrosis
and health care use and possible preventable societal
costs. Therefore, although there is an apparent benefit of
using this SAFE score over the FIB-4 and NFS in terms of
the whole range of participants, further optimization and/
or development of risk scores with consistent perform-
ance across age groups is of utmost importance.
However, regardless of which score is being used, a
holistic assessment of individual patients should drive
referral decisions.

The SAFE score yields high NPVs (96% for the entire
population) and is >90% across all subgroups. How-
ever, one should take into consideration that the NPV for
relatively rare diseases is always high. In fact, the NPV
for a test that randomly selects patients, like tossing a
coin, is 100% minus the disease prevalence. This is
especially important for population-based studies, given
the lower prevalence of disease compared with hospital
populations. For example, when fibrosis has a preva-
lence of ~10% as in this study, a nondiscriminative test
like tossing a coin would result in a high NPV of 90%.
Hence, it is important to go beyond the NPV to assess
test performance, for example, focusing on referral rates
and clinical utility in different subgroups. Nonetheless,
the NPV of the SAFE score (96%) still convincingly
illustrates the rather good ability to rule out clinically
significant fibrosis among the 60% of the population with
a SAFE score of<0, which exceeded the NPV of the FIB-
4 or NFS in this cohort (data not shown).

Another significant drawback of the SAFE score
(similar to other non-invasive tests like the NFS) is the
large proportion (30%) of this community-dwelling
population scoring between 0 and 100, which thus fell
in the intermediate group. This was even higher among
participants with metabolic dysfunction (35%) or steato-
sis (37%), in which noninvasive tests are recommended
to assess liver health.[13] Given the large proportion of the
population that fell in this intermediate group, this may
result in a tremendous amount of referrals (up to 83% in

the elderly), likely exceeding the current health care
capacity in already strained systems.

Future studies should evaluate whether the SAFE
score could be improved by accounting for age in a
different manner. For example, potential improvements
may lay in (1) recalibrating the weight attributed to age
and considering the use of natural cubic splines to
account for the different impact of age on fibrosis risk
across age categories; (2) truncating age at, for example,
a minimum of 40 years and a maximum of 60 years,
likewise was done for BMI in the SAFE score formula; (3)
introducing age-specific cutoffs such as previously
suggested for the FIB-4 and NFS, which also included
age.[19] Although beyond the aim of this study, over-
coming the differences in performance and interpretation
of the SAFE score across age strata could further
improve its utility in referral strategies and decision-
making, avoiding potentially increasing health care costs.

Limitations

The following limitations need to be mentioned. First,
validating noninvasive tests for fibrosis using transient
elastography instead of histology may, at first glance,
seem suboptimal. However, current referral strategies rely
on transient elastography as a validation test in case FIB-4
or NFS are suggestive of fibrosis.[13,18] Thus, in clinical
practice, an initial test result indicating high risk for fibrosis
will likely result in validation with transient elastography
and not directly in performing a liver biopsy. Therefore, it
makes sense to validate noninvasive tests designed to
select participants for referral using transient elastogra-
phy. However, we concede that liver stiffness can be
increased attributable to causes other than fibrosis, such
as venous congestion.[9] Hence, we ruled out participants
with a history of heart failure in this external validation.
However, residual impact of venous congestion on liver
stiffness could not be ruled out. Second, our study aimed
to investigate the SAFE score performance in specific
subgroups, and therefore, the weights to simulate the US
population were not applied. As a consequence, the
overall performance, when applied to the general pop-
ulation, might be slightly different. Finally, it should be
noted that the FIB-4 and NFS are actually designed to
detect F3 fibrosis unlike the SAFE score, which was
designed to detect F2 fibrosis. This may have favored the
SAFE score performance over the FIB-4 and NFS.

CONCLUSIONS

In conclusion, in this external validation study, the SAFE
score has good diagnostic accuracy in identifying
individuals with high liver stiffness, suggestive of fibrosis,
especially among individuals aged 40–60 years. How-
ever, the SAFE score lacked the ability to detect clinically
significant fibrosis in younger populations and the ability
to rule out clinically significant fibrosis in older
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populations, potentially leading to a high but not-justified
referral rate in the elderly with a negative impact on
health care costs. Nonetheless, the performance of the
SAFE score exceeded other commonly used noninva-
sive tests and should, in our opinion, better be used
instead of the FIB-4 and NFS as a tool to determine who
requires further liver health evaluation.
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