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INTRODUCTION

Metabolic dysfunction-associated steatotic liver disease 
(MASLD) has a global prevalence of 25%–32%, and the preva-
lence is gradually increasing worldwide.1,2 The prevalence of 
MASLD in South Korea is 30.3%–31.5%, and the incidence is 

42.8 per 1000 person-years.3-5 MASLD can evolve into more se-
rious conditions, including metabolic dysfunction-associated 
steatohepatitis, liver cirrhosis, or hepatocellular carcinoma 
(HCC).1 Therefore, it is important to assess the risk and prevent 
disease progression of MASLD. Among various prognostic fac-
tors of MASLD, fibrosis stage is one of the most important fac-
tors associated with poor clinical outcomes. Therefore, predict-
ing fibrosis extent is important for timely referral of patients to a 
tertiary center.

Compared with patients with lower fibrosis stages [Fibrosis 
(F) 0 or F1], those with higher stages (≥F2) have an increased 
risk of severe liver disease, liver-related mortality, and overall 
mortality.2-5 Currently, liver biopsy is the gold standard to as-
sess liver fibrosis. However, due to the invasiveness of liver bi-
opsy, non-invasive methods to evaluate liver fibrosis have been 
studied extensively, including the Fibrosis-4 (FIB-4) index, the 
nonalcoholic fatty liver disease (NAFLD) fibrosis score (NFS), 
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and transient elastography (TE).6-8 Although FIB-4 and NFS 
are recommended for fibrosis screening, they were not origi-
nally developed in MASLD patients. Additionally, TE is not 
routinely available in many primary care settings.9 

Given the limitations, the steatosis-associated fibrosis esti-
mator (SAFE) score was recently developed to detect signifi-
cant fibrosis in primary care.10 The SAFE score can predict sig-
nificant fibrosis (≥F2) with an area under the receiver operating 
characteristic curve (AUROC) of 0.80–0.83. Although the SAFE 
score showed good performance, it was developed primarily 
in Caucasian populations and needs validation in Asian popu-
lations. In this study, 90% of the study population had a body 
mass index (BMI) over 25 kg/m2, and there was insufficient 
representation of Asian patients, who have a higher rate of lean 
MASLD. Hence, it is essential to validate the SAFE score in 
Asia, especially among non-obese patients with MASLD.

Thus, we aimed to externally validate the SAFE score in Asian 
patients with MASLD. We also investigated the utility of the 
SAFE score in lean or non-obese MASLD patients. Additionally, 
we explored the feasibility of the SAFE score as a screening tool 
to identify at-risk MASLD patients in primary care. 

MATERIALS AND METHODS

Study population 
Between 2012 and 2022, a total of 6229 patients diagnosed 
with MASLD at Severance Hospital, Seoul, Korea were en-
rolled in this study (Fig. 1). The exclusion criteria were as fol-
lows: 1) age <19 years; 2) prior liver transplantation (LT) or 
prior HCC diagnosis before baseline; 3) insufficient data to 
calculate NFS, FIB-4, or SAFE score; 4) interquartile range 
(IQR) to median liver stiffness (LS) ratio >0.3. Patients with 
hepatitis B virus or hepatis C virus infection and excessive alco-
hol drinkers (male ≥210 g/week and female ≥140 g/week) were 
not included in the cohort.

This study was approved by the Institutional Review Board 
of Severance Hospital (IRB no. 4-2023-0082) and conducted 
according to the ethical guidelines of the 2013 Declaration of 
Helsinki and 2018 Declaration of Istanbul. The need for in-

formed consent was waived because of the retrospective de-
sign of the study. 

Diagnosis of MASLD and definition of lean, 
overweight, and obese patients
Steatotic liver disease was diagnosed based on image studies. 
MASLD was defined as steatotic liver disease and any of the 
cardiometabolic criteria without other causes of steatosis.11 All 
patients underwent TE using FibroScan® (Echosens, Paris, 
France). TE was performed by expert operators and the results 
were noted in kilopascals (kPa). All examinations were con-
ducted using a M or XL probe, with patients lying in a dorsal 
decubitus position and right arm in abduction.12 Only LS val-
ues with at least 10 successful measurements with a success 
rate of >60% were recorded.13 Clinically significant fibrosis 
(≥F2) was defined as LS values ≥8 kPa by TE.14,15 Histologically 
confirmed fibrosis of stage F2 or greater was considered signifi-
cant fibrosis.

Patients were categorized by BMI as follows, according to the 
definitions for Asian individuals: lean (BMI <23 kg/m2), over-
weight or obese (BMI ≥23 kg/m2), non-obese (BMI <25 kg/m2), 
and obese (BMI ≥25 kg/m2).16

Calculation of SAFE, FIB-4, and NFS scores and cutoff 
values of SAFE score
We used the following formulas to calculate the SAFE score, 
FIB-4, and NFS:

The SAFE score was calculated using a predefined formula 
incorporating age, BMI (capped at 40 kg/m2 if >40), diabetes 
status (0=no, 1=yes), and log-transformed values of aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), se-
rum globulin, and platelet count. The complete formula is pre-
sented below.

SAFE=(2.97×age)+(5.99×BMI)+(62.85×diabetes)+[154.85×
Ln (AST)]–[58.23×Ln (ALT)]+[195.48×Ln (globulins)]–[141.61× 
Ln (platelets)]–75.10

FIB-48 and NFS6 were defined as in previous studies.
Impaired fasting glucose was defined as fasting glucose of 

110 mg/dL or higher, according to the original article.6

Cutoff values of SAFE scores were set as follows: SAFE <0 (low 
risk), 0≤SAFE<100 (indeterminate risk), 100≤SAFE (high risk).10

Statistical analysis
Categorical variables are presented as numbers and percent-
ages; continuous variables are shown as medians and IQRs, as 
normality assessed by the Shapiro–Wilk test was not satisfied. 
The baseline characteristics of the patients were compared us-
ing the Student t-test, analysis of variance, and the Pearson 
chi-square test. Two-sided p-values less than 0.05 were consid-
ered statistically significant. We used the DeLong test to calcu-
late the 95% confidence interval (CI) for the AUROC.17 Since 
SAFE <0 is used to rule out MASLD, sensitivity, specificity, and 
negative predictive value (NPV) were used to assess diagnostic 

6229 patients who were  
diagnosed with MASLD 
between 2012 and 2022   Exclusion criteria

    - Age <19 years
    - HCC, LT before baseline
    - Insufficient data for SAFE, FIB-4, NFS
    - IQR-to-median LS ratio >0.3A total of 5480 participants  

were finally included

Fig. 1. Flowchart of the study population. MASLD, metabolic dysfunction-
associated steatotic liver disease; HCC, hepatocellular carcinoma; LT, liv-
er transplantation; SAFE, steatosis-associated fibrosis estimator; FIB-4, 
Fibrosis-4; NFS, NAFLD fibrosis score; IQR, interquartile range; LS, liver 
stiffness.
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accuracy. Similarly, since SAFE ≥100 is used to rule in MASLD, 
sensitivity, specificity, and positive predictive value (PPV) were 
used to assess diagnostic accuracy. All statistical analyses were 
conducted using R ver. 4.0.3 (R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

Baseline characteristics 
After excluding 749 patients, a total of 5480 patients were fi-
nally analyzed. The median patient age was 52.0 years, and 
3236 (59.1%) were male (Table 1). 3959 (72.2%) patients were 
obese (BMI ≥25 kg/m2), and 1521 (27.8%) were not obese. 
Based on TE data, patients with clinically significant fibrosis 
(n=1228, 22.4%), compared with those without significant fi-
brosis, had a lower proportion of males (53.2% vs. 60.7%, p= 
0.001), and higher rates of diabetes mellitus (DM) (48.9% vs. 
35.7%, p<0.001), hypertension (HTN) (44.9% vs. 33.6%, p<0.001), 
and obesity (83.4% vs. 69.0%, p<0.001), a higher BMI (28.7 kg/m2 
vs. 26.6 kg/m2, p<0.001), and higher levels of total protein, albu-
min, globulin, ALT, AST, γ-glutamyl transferase, creatinine, and 
platelet count. Moreover, we analyzed the baseline variables 
according to biopsy availability (Supplementary Table 1, only 
online). Patients who underwent biopsy had higher AST and 
ALT values, as well as higher LS and SAFE scores.

Risk groups based on cutoff values of SAFE score  
(0 and 100 points)
A total of 5480 patients were divided into three groups: 1) SAFE 

score <0 (47.1%, n=2583); 2) 0 ≤SAFE score <100 (31.1%, n= 
1702); and 3) SAFE score ≥100 (21.8%, n=1195). The propor-
tions of DM (19.8% vs. 48.3% vs. 65.7%, p<0.001), HTN (23.9% 
vs. 42.1% vs. 55.3%, p<0.001), and obesity (66.9% vs. 74.7% vs. 
80.3%, p<0.001) increased with higher SAFE scores. Age, BMI, 
total protein, globulin, ALT, AST, and γ-glutamyl transferase 
also increased with higher SAFE scores. In contrast, the pro-
portion of males, albumin, and platelet count decreased with 
higher SAFE scores (Supplementary Table 2, only online). 

SAFE score validation using TE data
Among 2568 (47.3%) patients with a SAFE score <0, 10.4% (n= 
262) had ≥F2 (Table 2). The sensitivity, specificity, and NPV of 
a SAFE score <0 for ruling out clinically significant fibrosis were 
78.2%, 54.8%, and 89.6%, respectively. Among 1165 (21.5%) pa-
tients with a SAFE score ≥100, 52% (n=613) had clinically sig-
nificant fibrosis (≥F2). The sensitivity, specificity, and PPV of a 
SAFE score ≥100 for ruling in clinically significant fibrosis were 
50.0%, 86.8%, and 52.6%, respectively.

The performance of the SAFE score was compared between 
non-obese patients (BMI <25 kg/m2, n=1521, 27.8%) and obese 
patients (BMI ≥25 kg/m2, n=3959, 72.2%). Non-obese and obese 
patients had similar sensitivity (77.0% vs. 78.4%) and specificity 
(61.5% vs. 51.8%) for a SAFE score <0, and similar sensitivity 
(50.0% vs. 50.0%) and specificity (90.1% vs. 85.4%) for a SAFE 
score ≥100. The NPV for a SAFE score <0 was higher in non-
obese than obese patients (94.5% vs. 87.1%), and the PPV for a 
SAFE score ≥100 was higher in obese than in non-obese pa-
tients (44.0% vs. 54.8%). The sensitivity of a SAFE score <0 in-
creased with age (41.9% vs. 54.5% vs. 76.6% vs. 89.3% vs. 97.3% 

Table 1. Baseline Characteristics

Total (n=5480)
Transient elastography

p
LSM <8 kPa (n=4252) LSM ≥8 kPa (n=1228)

Age (yr) 52.0 (40.0–61.0) 52.0 (40.0–60.0) 52.5 (39.0–63.0) 0.097 
Sex 0.001 

Male 3236 (59.1) 2583 (60.7) 653 (53.2)
Female 2244 (40.9) 1669 (39.3) 575 (46.8)

DM 2118 (38.6) 1518 (35.7) 600 (48.9) <0.001
HTN 1782 (35.8) 1348 (33.6) 434 (44.9) <0.001
BMI (kg/m2) 27.0 (24.8–29.7) 26.6 (24.5–29.1) 28.7 (26.0–32.0) <0.001
Obesity 3959 (72.2) 2935 (69.0) 1024 (83.4) <0.001
Total protein (g/dL) 7.3 (7.0–7.5) 7.2 (7.0–7.5) 7.3 (7.0–7.6) <0.001
Albumin (g/dL) 4.5 (4.3–4.7) 4.5 (4.3–4.7) 4.5 (4.3–4.7) <0.001
Globulin (g/dL) 2.7 (2.5–2.9) 2.7 (2.5–2.9) 2.8 (2.6–3.1) <0.001
Total bilirubin (mg/dL) 0.7 (0.6–1.0) 0.7 (0.6–1.0) 0.7 (0.6–0.9) 0.057 
ALT (U/L) 38.0 (23.0–64.0) 36.0 (22.0–59.0) 52.0 (30.0–87.0) <0.001
AST (U/L) 32.0 (23.0–48.0) 29.0 (22.0–41.0) 49.5 (34.0–73.0) <0.001
GGT (IU/L) 42.0 (26.0–69.0) 37.0 (24.0–61.0) 59.0 (40.0–96.0) <0.001
Creatinine (mg/dL) 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.8 (0.7–0.9) 0.001 
PLT (×103/µL) 244.0 (205.0–287.0) 248.0 (211.0–290.0) 225.5 (183.0–275.3) <0.001
LSM, liver stiffness measurement; DM, diabetes mellitus; HTN, hypertension; BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase; GGT, gammaglutamyl transferase; PLT, platelet count.
Values are n (%) or median (interquartile range).
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for age of 19–30, 31–40, 41–50, 51–60, 61 years or more), where-
as the specificity decreased with age (87.6% vs. 80.7% vs. 68.8% 
vs. 49.2% vs. 18.7%).

SAFE score validation using biopsy data
Among 5480 patients, liver biopsy was performed in 9.0% (n= 
492). Of the 156 (31.7%) patients with a SAFE score <0, 20 
(12.8%) showed significant fibrosis (≥F2). The sensitivity, spec-
ificity, and NPV of a SAFE score <0 for ruling out significant fi-
brosis (≥F2) were 89.7%, 45.6%, and 87.2%, respectively. Among 
190 (38.6%) patients with a SAFE score ≥100, 126 (66.3%) had 
significant fibrosis. The sensitivity, specificity, and NPV of a 
SAFE score ≥100 for diagnosing significant fibrosis were 64.9%, 
78.5%, and 66.3%, respectively.

We further compared the performance between non-obese 
(BMI <25 kg/m2, n=100, 20.3%) and obese (BMI ≥25 kg/m2, n= 
392, 79.7%) patients. Non-obese and obese patients had similar 
performance in sensitivity (95.7% vs. 87.8%), specificity (42.6% 
vs. 46.3%), and NPV (92.0% vs. 86.3%) for a SAFE score <0 and 
similar sensitivity (63.0% vs. 65.5%), specificity (77.8% vs. 
78.7%), and PPV (70.7% vs. 65.1%) for a SAFE score ≥100. Male 
patients, compared with female patients, had a similar sensitiv-
ity (82.0% vs. 93.2%) but higher specificity (58.2% vs. 27.3%) for a 
SAFE score <0, and a lower sensitivity (55.7% vs. 69.2%) but 
higher specificity (90.4% vs. 61.2%) for a SAFE score ≥100. For a 
SAFE score <0, sensitivity increased with age (50.0% vs. 83.3% vs. 
97.6% for age of 19–30, 31–50, 51 years or more), whereas speci-
ficity decreased with age (76.5% vs. 48.0% vs. 15.9%).

SAFE score performance predicting ≥F2 compared to 
FIB-4 or NFS
For predicting ≥F2 using TE data, the AUROC of the SAFE 
score was 0.753 (95% CI 0.737–0.769), which was significantly 
higher than those of the FIB-4 (0.672, 95% CI 0.654–0.691) and 
NFS (0.663, 95% CI 0.645–0.681) (Fig. 2). As shown in Table 3, 
non-obese patients had a higher AUROC for the SAFE score 
(0.786, 95% CI 0.749–0.822) than obese patients (0.738, 95% CI 
0.720–0.757, p=0.024), while AUROCs were similar between lean 

Fig. 2. Comparison of the areas under the curve for SAFE, FIB-4, and NFS 
in predicting ≥F2 using transient elastography results. SAFE, steatosis-
associated fibrosis estimator; FIB-4, Fibrosis-4; NFS, NAFLD fibrosis score; 
AUC, area under the curve.

Table 2. Diagnostic Accuracy of the SAFE Score for Predicting ≥F2 according to TE Results

SAFE <0 SAFE ≥100
n Fibrosis Sensitivity (%) Specificity (%) NPV (%) n Fibrosis Sensitivity (%) Specificity (%) PPV (%)

All 2568 268 78.2 54.8 89.6 1165 613 50.0 86.8 52.6
BMI

Lean (<23)   292   23 68.9 63.7 92.1     68   33 44.6 91.7 48.5
Overweight or obese (≥23) 2276 245 78.8 53.8 89.2 1097 580 50.3 86.3 52.9
Non-obese (<25)   851   47 77.0 61.5 94.5   232 102 50.0 90.1 44.0
Obese (≥25) 1717 221 78.4 51.8 87.1   933 511 50.0 85.4 54.8

Sex
Male 1693 196 69.9 58.5 88.4   549 253 38.8 88.4 46.1
Female   875   72 87.5 49.0 91.8   616 360 62.6 84.4 58.4

DM
No 2060 212 66.2 68.1 89.7   405 217 34.6 93.1 53.6
Yes   508   56 90.7 30.5 89.0   760 396 66.0 75.5 52.1

Age groups
19–30 years   444   90 41.9 87.6 79.7     36   25 16.1 97.3 69.4
31–40 years   624   86 54.5 80.7 86.2     57   40 21.2 97.5 70.2
41–50 years   685   51 76.6 68.8 92.6   119   82 37.6 96.0 68.9
51–60 years   614   31 89.3 49.2 95.0   301 167 57.6 88.7 55.5
≥61 years   201   10 97.3 18.7 95.0   652 299 79.7 65.4 45.9

SAFE, steatosis-associated fibrosis estimator; TE, transient elastography; NPV, negative predictive value; PPV, positive predictive value; BMI, body mass index; 
DM, diabetes mellitus.
Clinically significant fibrosis was defined as liver stiffness measurement by TE ≥8 kPa.
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Fig. 3. Comparison of the receiver operating characteristic curves for SAFE, 
FIB-4, and NFS in predicting significant fibrosis using histologic data. SAFE, 
steatosis-associated fibrosis estimator; FIB-4, Fibrosis-4; NFS, NAFLD fi-
brosis score; AUC, area under the curve.

(0.738, 95% CI 0.669–0.807) and overweight or obese (0.752, 95% 
CI 0.735–0.769) patients (p=0.695). AUROC increased with age: 
19–30 years (0.732, 95% CI 0.686–0.778), 31–40 years (0.763, 95% 
CI 0.725–0.802), 41–50 years (0.804, 95% CI 0.770–0.837), 51–
60 years (0.820, 95% CI 0.791–0.848), and ≥61 years (0.812, 95% 
CI 0.786–0.838). Pairwise p-values are listed in Supplementary 
Table 3 (only online).

Based on biopsy data, the AUROC of the SAFE score was 
0.790 (95% CI 0.749–0.831), which was similar to those of the 
FIB-4 (0.800, 95% CI 0.759–0.841), and NFS (0.802, 95% CI 
0.761–0.843) (Fig. 3). Non-obese (0.792, 95% CI 0.702–0.881) 
and obese (0.790, 95% CI 0.743–0.837) patients had similar 
AUROCs for the SAFE score (p=0.972). AUROC was higher in 
lean patients (0.901, 95% CI 0.813–0.989) than in overweight or 
obese patients (0.784, 95% CI 0.740–0.828, p=0.022). By age, 
AUROC varied: 19–30 years (0.616, 95% CI 0.467–0.765), 31–50 
years (0.772, 95% CI 0.698–0.846), and ≥51 years (0.710, 95% 
CI 0.638–0.781).

We also analyzed the accuracy of the recently proposed 
metabolic dysfunction-asssociated fIbrosis-5 (MAF-5) score.18 
AUROC for predicting significant fibrosis with MAF 5 was 0.772 
(95% CI 0.755–0.790) by TE and 0.580 (95% CI 0.520–0.640) by 
biopsy. Since the AUROC of SAFE for TE prediction falls within 
the CI of MAF-5, their performance can be considered compa-
rable in this context. However, for biopsy-based prediction, the 
SAFE score demonstrated superior performance. These findings 
further support the applicability of the SAFE score in Asian pa-
tients.

DISCUSSION

In this study, we validated the performance of the SAFE score in 
Asian patients with MASLD which were less obese than West-
ern population. The SAFE score showed good performance for 
predicting significant fibrosis. This performance was consistent 
at both non-obese and obese patients with MASLD. The SAFE 
score outperformed the NFS and FIB-4 in predicting clinically 
significant fibrosis. Interestingly, the sensitivity and AUROC of 
the SAFE score tended to be lower in the younger group, which 
may require adjustment of the cutoff value in this age group. 
When we applied SAFE score to our liver biopsy cohort, the 

Table 3. Areas Under the Receiver Operating Characteristic Curve for Each Model Using TE Results

SAFE FIB-4 NFS
All 0.753 (0.737–0.769) 0.672 (0.654–0.691) 0.663 (0.645–0.681)
BMI

Lean (<23) 0.738 (0.669–0.807) 0.717 (0.642–0.792) 0.661 (0.582–0.740)
Overweight or obese (≥23) 0.752 (0.735–0.769) 0.672 (0.652–0.692) 0.661 (0.642–0.679)
Non-obese (<25) 0.786 (0.749–0.822) 0.758 (0.717–0.799) 0.693 (0.650–0.735)
Obese (≥25) 0.738 (0.720–0.757) 0.665 (0.644–0.686) 0.650 (0.630–0.671)

Sex
Male 0.706 (0.683–0.730) 0.616 (0.590–0.643) 0.627 (0.602–0.652)
Female 0.806 (0.785–0.827) 0.734 (0.708–0.760) 0.701 (0.675–0.726)

DM
No 0.728 (0.705–0.751) 0.645 (0.618–0.672) 0.642 (0.616–0.668)
Yes 0.770 (0.746–0.793) 0.687 (0.660–0.714) 0.637 (0.610–0.664)

Age groups
19–30 years 0.732 (0.686–0.778) 0.652 (0.601–0.702) 0.635 (0.582–0.688)
31–40 years 0.763 (0.725–0.802) 0.650 (0.605–0.694) 0.685 (0.639–0.730)
41–50 years 0.804 (0.770–0.837) 0.741 (0.702–0.780) 0.715 (0.676–0.755)
51–60 years 0.820 (0.791–0.848) 0.774 (0.742–0.806) 0.714 (0.681–0.747)
≥61 years 0.812 (0.786–0.838) 0.775 (0.747–0.804) 0.710 (0.679–0.740)

TE, transient elastography; SAFE, steatosis-associated fibrosis estimator; FIB-4, Fibrosis-4; NFS, NAFLD fibrosis score; BMI, body mass index; DM, diabetes mellitus.
95% confidence intervals were calculated using DeLong’s method.
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AUROC of the SAFE score was similar to those of the NFS and 
FIB-4. These results suggest that SAFE score, which focused 
more on metabolic risk factors, might be utilized as a screening 
tool to identify high risk group in MASLD patients. 

The AUROC of the SAFE score for predicting clinically sig-
nificant fibrosis was 0.753, which was similar to the AUROC of 
the previous validation study.19 Based on its predictive power 
>0.7, the SAFE score is suitable for predicting significant fibro-
sis in Asian populations. The sensitivity of a SAFE score <0 for 
ruling out clinically significant fibrosis was 78.2% , which was 
lower than that of the previous study, which ranged from 90% 
to 98%.10 However, the sensitivity for predicting significant fi-
brosis based on liver biopsy (89.7%) was similar to the previ-
ous data.10 Since the original SAFE score was originated from 
biopsy results, this difference could be a result of discrepan-
cies between diagnostic procedures. Despite the difference of 
study population, the sensitivity, specificity, NPV, and PPV for 
predicting clinically significant fibrosis were similar to those 
reported previously in a validation study.19 For predicting F2 
fibrosis based on biopsy results, the SAFE score was not supe-
rior to other scoring systems. However, since biopsy is an inva-
sive procedure, there could be a selection bias toward patients 
with higher disease severity (high SAFE score, LS, AST, and 
ALT), as shown in Supplementary Table 2 (only online). Since 
the SAFE score was originally intended to screen for significant 
fibrosis in low-risk rather than high-risk groups, this result 
might be expected.

In a recent study, SAFE score was validated with good per-
formance in Asian patients with NAFLD.20 In this study, the 
cohort included fewer low-risk patients and more high-risk pa-
tients. In our study, 47.1% of patients were in the low-risk group. 
This reflects that the even Asian can have different at-risks of 
disease progression according to food, lifestyle, or metabolic 
risks. When we consider that SAFE score was developed to de-
tect low-risk NAFLD, our cohort seems to be appropriate to 
validate this score. In addition, unlike previous studies, we fo-
cused on lean and non-obese patients, because original paper 
included patients who were mostly obese (BMI ≥30 kg/m2) and 
had few lean patients.10 Asians have a higher proportion of 
MASLD with normal body weight compared with Westerners.21 
Among people with non-obese or lean NAFLD, 39.0% had ste-
atohepatitis, 29.2% had significant fibrosis, and 3.2% had liver 
cirrhosis.22 Additionally, lean patients with MASLD tend to have 
more severe liver disease and poorer outcomes compared with 
obese patients with MASLD.23 Thus, it is important to validate 
the SAFE score in lean or non-obese patients, especially in Asian 
patients.

In our study, clinically significant fibrosis was more prevalent 
in obese patients compared to non-obese patients (25.9% vs. 
13.4%). This is consistent with a previous report showing that 
lean NAFLD patients have less severe histologic findings than 
obese subjects.22 The AUROC of SAFE score was slightly higher 
in lean or non-obese patients compared to overweight or obese 

patients. For predicting significant fibrosis based on TE, the 
AUROC was higher in females than males, whereas for predict-
ing significant fibrosis based on biopsy results, the AUROC was 
higher in males than females, although statistically insignifi-
cant. These differences may be explained by the fact that, among 
patients undergoing liver biopsy, males had less severe fibrosis 
stages than females. When patients were divided into age 
groups 19–30, 31–40, 41–50, 51–60, and ≥61 years, sensitivity 
increased and specificity decreased with age. Since the SAFE 
score is used to assess the risk of significant fibrosis, the 16.1% 
sensitivity of a SAFE score cutoff ≥100 in patients 19–30 years 
of age is concerning. Moreover, the AUROC for predicting clin-
ically significant fibrosis in the younger age groups was lower 
than that in the older age groups. Therefore, minor adjustments 
of parameters or cutoff values might be needed in younger pa-
tients. As in the previous validation study, patients aged 19–40 
years had lower sensitivity (18.9%) compared to those aged 
41–60 years (49.0%), and ≥61 years (79.7%).19

One possible explanation for the low AUROC and sensitivity 
observed in the younger age group, especially patients with 
19–30 years could be lower proportion of DM patients within 
this age range. For example, among patients aged 19–30 years, 
only 21.9% (119/544) had DM, whereas among all patients the 
DM prevalence was 38.7% (2087/5393), consistent with previ-
ous reports.24 When we calculated the sensitivity and specificity 
for non-DM and DM patients using the TE data, sensitivity was 
lower in non-DM patients (65.6% vs. 90.5% in SAFE <0, 33.4% 
vs. 65.7% in SAFE ≥100), and specificity was higher in non-DM 
patients (68.3% vs. 30.6% in SAFE <0, 93.2% vs. 75.6% in SAFE 
≥100). Moreover, when we calculated AUROC of SAFE score in 
DM and non-DM patients using the TE data, AUROC was 
higher in DM patients (0.768) than in non-DM patients (0.724). 
Therefore, since patients aged 19–30 years include a higher pro-
portion of non-DM individuals who have lower AUROC and 
sensitivity but higher specificity, these age related differences 
may account for the overall lower sensitivity and AUROC. These 
results suggest a potential need for separate modeling or dif-
ferent cut off values by age group, and they provide an expla-
nation for the lower AUROC observed in younger patients. 

Primary risk assessment is important for identifying patients 
with MASLD who are at-risk for disease progression. The Amer-
ican Association for the Study of Liver Diseases and European 
Association for the Study of Liver Diseases guidelines recom-
mend a two-step algorithm using FIB-4 and TE to identify pa-
tients at risk.25,26 FIB-4 has reasonable specificity but low sensi-
tivity, and is mainly composed of liver-oriented variables.27 
Additionally, in patients with an indeterminate or high FIB-4, 
additional risk stratification using TE should be considered. Al-
though TE is the best-validated imaging technique for fibrosis 
risk stratification, TE is not always available to use in primary 
care setting. Therefore, the SAFE score can be used as a new 
and simple method that includes more metabolic variables 
such as BMI and DM. We also analyzed the proportion of pa-
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tients with ≥F2 according to both previous referral criteria and 
SAFE-based criteria: in both referred and non-referred groups, 
the SAFE-identified referral group had a higher proportion with 
≥F2 (Supplementary Table 4, only online). The American Dia-
betes Association also emphasizes initial fibrosis risk stratifi-
cation and appropriate referral of at-risk DM patients to a gas-
troenterologist or hepatologist for further workup.28 The SAFE 
score is expected to be the primary tool for risk stratification of 
patients with MASLD and/or DM.

This study has several limitations. First, these are retrospective 
data from a single tertiary center. Most MASLD patients were re-
ferred from health check-ups or by primary care physicians. 
Thus, this cohort is suitable for validating the SAFE score to de-
tect low-risk MASLD patients. Third, BMI, DM, and age are 
components of the SAFE score, possibly resulting in overfitting if 
the values were fitted to the individual subgroups. However, we 
used subgroups to validate the performance of the SAFE score, 
rather than for fitting the model. We focused on demonstrating 
that the SAFE score has non-inferior performance in non-obese 
patients. Moreover, biopsy results were available for 492 patients, 
resulting in wide CIs. TE has been validated as a non-invasive 
test for predicting fibrosis,9,29 and not all MASLD patients under-
go liver biopsy; therefore, the results of this study remain clini-
cally relevant.

In conclusion, we externally validated the good performance 
of the SAFE score in Asian patients. The SAFE score has poten-
tial as an initial assessment to identify a low-risk population in 
a primary care setting. Further studies are needed to validate 
the use of the SAFE score with long-term follow-up. 
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