
© 2025 Hellenic Society of Gastroenterology� www.annalsgastro.gr

Annals of Gastroenterology (2025) 38, 681-690O R I G I N A L  A R T I C L E

Magnetic resonance elastography combined with fibrosis-4 
index for diagnosing at-risk metabolic dysfunction-associated 
steatohepatitis: a systematic review and meta-analysis of 
diagnostic test accuracy studies
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Georgios Kalopitase, Aris Liakosa, Thomas Karagiannisa, Eleni Theocharidoua, Emmanouil Sinakosf, 
Georgios Germanidise, Apostolos Tsapasa,g
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Background Patients with metabolic dysfunction-associated steatohepatitis (MASH; nonalcoholic 
fatty liver disease activity score ≥4) and significant fibrosis (≥F2; at-risk MASH) are at increased 
risk for disease progression. Magnetic resonance elastography (MRE) combined with the fibrosis-4 
(MEFIB) index enables the noninvasive diagnosis of at-risk MASH and significant fibrosis. We 
assessed the performance of the MEFIB index for ruling in/out both target conditions.

Methods We analyzed studies up to February 2025 assessing the performance of MEFIB index for 
ruling in (MRE≥3.3 kPa plus FIB-4≥1.6) and out (MRE<3.3 kPa plus FIB-4<1.6) at-risk MASH or 
significant fibrosis, using liver biopsy as the reference standard. We calculated pooled diagnostic 
accuracy estimates using bivariate random-effects models.

Results We included 7 studies with 3356 participants. For ruling in at-risk MASH, the MEFIB index 
yielded a pooled specificity of 0.94 (95% confidence interval [CI] 0.74-0.99), and a positive likelihood 
ratio (LRp) of 5.3 (95%CI 1.8-15.7). For ruling out at-risk MASH, the MEFIB index had a pooled 
sensitivity of 0.77 (95%CI 0.62-0.88) and a negative likelihood ratio (LRn) of 0.34 (95%CI 0.23-0.52). 
For ruling in significant fibrosis, the MEFIB index achieved a summary specificity of 0.93 (95%CI 
0.85-0.97) with LRp 8.2 (95%CI 4.5-14.9). For excluding significant fibrosis, the pooled sensitivity 
and LRn of the MEFIB index were 0.88 (95%CI 0.79-0.94) and 0.16 (95%CI 0.08-0.31), respectively.

Conclusions MEFIB index has acceptable accuracy for diagnosing at-risk MASH and significant 
fibrosis. Proposed thresholds can be used to identify both target conditions in high prevalence 
settings and facilitate patient recruitment in clinical trials.

Keywords MEFIB index, metabolic dysfunction-associated steatohepatitis, fibrosis, systematic 
review, meta-analysis
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Introduction

Metabolic dysfunction-associated steatotic liver 
disease (MASLD) is characterized by the accumulation 
of hepatic fat in the presence of specific cardiometabolic 
risk factors, after the exclusion of secondary causes of liver 
steatosis [1,2]. Its progressive form, metabolic dysfunction-
associated steatohepatitis (MASH), has emerged as the second 
most common indication for liver transplantation in the United 
States [3]. Individuals with MASH and significant fibrosis 
(F≥F2), referred to as “at-risk MASH”, are at increased risk for 
disease progression and liver-related mortality, constituting the 
target population for MASH clinical trials [4].
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The requirement for specific histopathologic criteria to 
identify candidates for enrollment in MASH clinical trials 
raise significant challenges, one of which is the high rate 
of screening failure [4]. To mitigate this issue, and reduce 
the need for unnecessary liver biopsies, several noninvasive 
biomarkers have been proposed for the selection of potentially 
eligible participants [5]. Fibrosis-4 index (FIB-4) and vibration 
controlled transient elastography (VCTE) are the most 
validated biomarkers for the assessment of fibrosis, serving as 
initial steps of many recommended pathways [1,2,6]. However, 
their low positive predictive values (PPVs), attributed mainly 
to the low prevalence of MASLD with significant fibrosis, limit 
their ability to set the diagnosis [7].

Following the approval of resmetirom and semaglutide 
for MASLD, there is an even greater need to identify 
patients with at-risk MASH, ideally without requiring a 
liver biopsy [7]. In response, there has been a growing trend 
towards the development of sequential testing strategies 
that integrate serum-based and imaging-based indices [8]. 
Previous studies have shown that the combination of magnetic 
resonance elastography (MRE) and FIB-4 index, known as the 
MEFIB index, is superior to its individual components, and 
to the FibroScan-aspartate aminotransferase (FAST) score, 
for identifying candidates for MASH clinical trials [8,9]. We 
conducted a systematic review and meta-analysis to summarize, 
and critically appraise, findings from individual studies 
assessing the accuracy of the MEFIB index for diagnosing at-
risk MASH and significant fibrosis.

Materials and methods

We conducted this systematic review and meta-analysis 
following a prespecified protocol registered in PROSPERO 
(CRD420251041430). Our methodology and results adhere 
to the Preferred Reporting Items for a Systematic Review and 
Meta-analysis of Diagnostic Test Accuracy Studies (PRISMA-
DTA) guidelines (Supplementary Table 1) [10].

Eligibility criteria

We included cross-sectional studies assessing the accuracy 
of the MEFIB index for diagnosing at-risk MASH or significant 

fibrosis (fibrosis stage ≥F2) in adults with MASLD, using liver 
biopsy as the reference standard. At-risk MASH was defined 
as MASH with nonalcoholic fatty liver disease activity score 
(NAS) ≥4 and fibrosis stage ≥F2. For the MEFIB index we 
considered only the diagnostic thresholds recommended by 
the respective American and European guidelines [1,2] as 
follows: rule-in threshold: MRE≥3.3 kPa plus FIB-4≥1.6; and 
rule-out threshold: MRE<3.3 kPa plus FIB-4<1.6.

Two-gate diagnostic accuracy studies, studies lacking 
sufficient data to reconstruct 2×2 classification tables, and 
studies reporting diagnostic accuracy estimates for MEFIB index 
thresholds other than those prespecified were excluded [11].

Search strategy and study selection

We searched Medline, Cochrane library and Web of Science 
from inception to February 25th, 2025, without restrictions. 
We structured our search strategy using free text words and 
controlled vocabulary (Supplementary Tables  2-4). We used 
the Polyglot Search Translator to convert search strings across 
databases [12]. We did not search conference proceedings from 
relevant scientific meetings.

Search results were imported into reference manager 
software and duplicates were removed. The remaining records 
were then imported into the Covidence web application. 
Pairs of reviewers, working independently, assessed record 
eligibility, initially at title and abstract level and then in full 
text. Disagreements were resolved either through discussion 
between the original reviewers, or by a senior reviewer.

Data extraction and quality assessment

Two reviewers working independently extracted data from 
eligible studies using predesigned and pilot-tested forms. Data 
extraction items included study characteristics, participant 
characteristics and diagnostic accuracy results in terms of 
true positives (TP), false positives (FP), true negatives (TN) 
and false negatives (FN). If raw data for TP, FP, TN, FN were 
not available in the original studies, we computed them from 
the sample size, prevalence and other diagnostic accuracy 
measures using RevMan’s calculator. To identify overlapping 
cohorts among included studies, we took into consideration 
recruitment periods, participating centers and authors. In 
case of overlapping cohorts across publications, we prioritized 
results from the cohorts with the largest sample size, provided 
they reported sufficient information for 2×2 classification 
tables.

Two reviewers working independently assessed the risk of 
bias and applicability of the included studies using the Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool [13]. Details on risk of bias and applicability judgements 
are presented in the Supplementary material. Disagreements 
during the data extraction and quality assessment process were 
resolved through discussion, or by a senior reviewer.
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Data synthesis and statistical analysis

The primary outcomes of interest were the accuracy of 
the MEFIB index for ruling in at-risk MASH (NAS≥4 and 
fibrosis stage ≥F2), and significant fibrosis (F≥F2). Secondary 
outcomes of interest were the accuracy of the MEFIB index for 
ruling out at-risk MASH, and significant fibrosis.

For all outcomes we reconstructed 2×2 classification tables 
from eligible studies. Using respective data, we recalculated 
sensitivity and specificity estimates, with their 95% confidence 
intervals (CIs), and created coupled forest plots to visually 
present these estimates. In view of the homogeneity of thresholds 
for the index test among primary studies, we calculated pooled 
specificity, sensitivity, positive likelihood ratio (LRp) and 
negative likelihood ratio (LRn), using the bivariate random-
effects model [14,15]. We graphically present individual and 
pooled study estimates in receiver operating characteristic 
(ROC) space alongside 95% confidence and prediction regions. 
We assessed heterogeneity through visual inspection of forest 
plots and the size of prediction regions [14]. Given the limited 
number of included studies, we did not investigate for potential 
sources of heterogeneity through meta-regression analysis [16]. 
We assessed for the presence of small-study effect bias by means 
of Deeks’ funnel plots, with P<0.10 for the slope coefficient 
indicating significant asymmetry [17]. We used Cook’s distance 
approach and standardized residuals to identify potentially 
influential studies (Supplementary material) [18]. We conducted 
prespecified sensitivity analyses, excluding influential studies 
identified using Cook’s distance approach, studies with unclear 
or high applicability concerns, and studies of retrospective 
design, because of potential bias related to the disease spectrum 
and the overestimation of diagnostic accuracy estimates [19]. All 
these analyses were conducted solely for the primary outcomes. 
To assess the clinical utility of the MEFIB index for ruling in at-
risk MASH and significant fibrosis we used Fagan nomograms, 
assuming various Pretest probabilities reflecting both high 
and low prevalence settings. In addition, using the pooled 
estimates of sensitivity and specificity, we calculated PPVs and 
negative predictive values (NPVs) for all outcomes for the same 
prevalence scenarios. We performed all analyses using STATA 
statistical software v.11.2 and MetaDTA [20,21].

Results

After removing duplicates, we screened 682 records 
at title and abstract level, from which 30 full-text articles 
were assessed for eligibility. Eventually, 7 studies with 3356 
participants were included in the systematic review and meta-
analysis (Fig. 1) [8,22-27].

Study and participant characteristics

Table 1 presents the main characteristics of the included 
studies and participants. Most studies were multicenter, 

following a prospective design, recruiting mainly 
participants from tertiary healthcare facilities. One study 
included participants from a low prevalence setting (those 
referred for routine colorectal cancer screening) [24]. Two 
studies were identified solely as conference abstracts [24,27]. 
The study by Loomba et al provided the largest amount 
of data, comprising nearly 2000 participants who were 
screened for enrollment in the MAESTRO-MASH clinical 
trial [27]. The mean age of participants ranged from 39.0 
to 65.0  years. Among the 3356 participants, almost half 
(46%) were males and 55.8% (1,872 participants) had type 2 
diabetes. The average mean body mass index (BMI) was 
30.3  kg/m2, with a trend towards lower values for Asian 
cohorts (27.8  kg/m2). The mean aspartate transaminase 
(AST) and alanine transaminase (ALT) values ranged from 
36.6-56.6  IU/L and from 50.6-84.0  IU/L, respectively. The 
average mean FIB-4 index was 1.75, ranging from 0.98-2.80. 
Similarly, the average mean ΜRE value was 3.6 kPa, ranging 
from 2.7-5.1 kPa. Among studies with available data, 
the prevalence of at-risk MASH was 31.3% (393 of 1255 
participants), while the prevalence of significant fibrosis 
was 60.1% (1,916 of 3186 participants).

Risk of bias assessment and applicability

Three studies were at unclear or high risk for bias, because 
of concerns related to patient selection [23,24,26]. One study 
raised applicability concerns due to the low prevalence setting 
from which participants were recruited (during referral 
for colon cancer screening) [24]. A  detailed presentation 
of risk of bias and applicability assessment is presented in 
Supplementary Table 5.

Accuracy of MEFIB index for ruling in/out at-risk MASH

Five studies with 1255 participants contributed data 
to this analysis [8,22-25]. The study by Kim et al included 
2 different cohorts (USCD cohort and Yokohama cohort), 
which were handled separately to facilitate analysis [8]. 
Fig. 2 presents individual study estimates for ruling in at-risk 
MASH. Sensitivity and specificity estimates across studies 
ranged from 0.05-0.64 and from 0.63-1.00, respectively. 
MEFIB index (MRE≥3.3 kPa plus FIB-4≥1.6) yielded a 
pooled sensitivity of 0.34  (95%CI 0.18-0.55), specificity 
0.94  (0.74-0.99), LRp 5.3  (95%CI 1.8-15.7) and LRn 
0.71 (95%CI 0.57-0.88).

For ruling out at-risk MASH, individual study estimates 
for sensitivity and specificity ranged from 0.45-0.93 and 
from 0.43-0.90, respectively (Supplementary Fig.  1). The 
MEFIB index (MRE<3.3 kPa plus FIB-4<1.6) yielded a pooled 
sensitivity of 0.77 (95%CI 0.62-0.88), specificity 0.66 (95%CI 
0.49-0.80), LRp 2.3  (95%CI 1.6-3.2), and LRn 0.34  (95%CI 
0.23-0.52).
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Identification of studies via databases 

Records identified from:
 Medline via PubMed (n=369)
 Cochrane (n=154)
 Web of Science (n=331)

Records removed before screening:
 Endnote duplicate records 
 removed (n=152)
 Covidence duplicate records 
 removed (n=20)

Records screened
(n=682)

Records excluded
(n=652)

Reports sought for retrieval
(n=30)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=30)

Reports excluded:
 Ineligible index test (n=13)
 Ineligible reference standard (n=3)
 Ineligible target condition (n=1)
 Overlapping cohorts (n=2)
 Ineligible outcomes (n=1)
 Ineligible study design (n=3)

Studies included in review
(n=7)
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Figure 1 Flow diagram of the study selection process

Accuracy of MEFIB index for ruling in/out significant 
fibrosis

Fig.  3 presents individual study estimates for ruling in 
significant fibrosis. Sensitivity and specificity estimates 
across studies ranged from 0.33-0.88 and from 0.68-0.98, 
respectively. Based on aggregated data from 4 studies 
with 2909 participants [8,22,26,27], the MEFIB index 
(MRE≥3.3 kPa plus FIB-4≥1.6) yielded a pooled sensitivity 
of 0.56 (95%CI 0.34-0.76), specificity 0.93 (95%CI 0.85-0.97), 
LRp 8.2 (95%CI 4.5-14.9), and LRn 0.47 (95%CI 0.30-0.75) for 
ruling in significant fibrosis.

Two studies (808 participants) provided diagnostic 
accuracy estimates of MEFIB index for ruling out significant 
fibrosis [8,22]. Individual estimates for sensitivity and 
specificity ranged from 0.79-0.94 and from 0.66-0.78, 
respectively (Supplementary Fig.  2). MEFIB index 
(MRE<3.3 kPa plus FIB-4<1.6) yielded a pooled sensitivity 
of 0.88 (95%CI 0.79-0.94), specificity 0.73 (95%CI 0.67-0.79), 
LRp 3.3 (95%CI 2.5-4.3), and LRn 0.16 (95%CI 0.08-0.31) for 
ruling out significant fibrosis.

Additional analysis

Visual inspection of the forest plots and the size of the 
prediction regions indicated substantial heterogeneity 
across all outcomes (Supplementary Fig.  3). To explore 
for potential sources of heterogeneity for the primary 
outcomes, we conducted several sensitivity analyses, with 
results presented in Supplementary Table  6. Specifically, we 
assessed the impact of excluding studies that: (i) exclusively 
recruited participants with type 2 diabetes (T2D); (ii) raised 
applicability concerns; (iii) were conducted retrospectively; 
and (iv) were deemed influential based on Cook’s distance 
approach and standardized residuals. Across all sensitivity 
analyses, results remained consistent with our main findings, 
with specificity estimates exceeding 90% for both primary 
outcomes. Notably, among the 3356 participants included in 
our analyses, 2166 were from 2 studies reported as conference 
abstracts [24,27]. A  sensitivity analysis excluding these 
studies yielded results consistent with the main analyses, 
with specificity estimates of 0.93 for both primary outcomes. 
Only 1 study recruited patients with T2D exclusively [22]. 
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Figure 2 Coupled forest plot of sensitivity and specificity of MEFIB index for ruling in at-risk MASH
MEFIB index, magnetic resonance elastography combined with the fibrosis-4 index; MASH, metabolic dysfunction-associated steatohepatitis; CI, confidence interval
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Figure 3 Coupled forest plot of sensitivity and specificity of the MEFIB index for ruling in significant fibrosis
MEFIB index, magnetic resonance elastography combined with the fibrosis-4 index; CI, confidence interval

This study reported specificity estimates of 0.85 and 0.92 for 
ruling in at risk-MASH and significant fibrosis respectively. 
In post hoc analyses by cohort region, Asian cohorts yielded 
pooled specificity estimates of 0.87 and 0.92 for at-risk 
MASH and significant fibrosis, respectively. The respective 
estimates from Western cohorts were similar at 0.97 and 0.93. 
In sensitivity analyses including only studies at low risk of 

bias for all QUADAS domains, pooled specificity estimates 
for ruling in at-risk MASH and significant fibrosis were 0.82 
and 0.96, respectively. The study by Noureddin et al was 
influential for ruling in at-risk MASH, yielding the highest 
specificity estimate (Supplementary Fig. 4, 5). This study was 
identified solely as a conference abstract, limiting detailed 
assessment of baseline characteristics. However, it is worth 
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mentioning that this study had the lowest prevalence of at-
risk MASH among the included studies (11.8%).

Based on Deeks’ funnel plots (Supplementary Fig.  6, 7) 
there was evidence of small study effect bias for ruling in at risk 
MASH (P=0.02). However, the number of included studies was 
limited, thus limiting the reliability of the respective analysis.

Clinical utility

Assuming a prevalence of 10-50%, the probability of having 
at-risk MASH following a positive test was 37-84%, respectively 
(Supplementary Fig. 8). For a prevalence of 60-80%, the probability 
for at-risk MASH increased, ranging from 89-96% respectively. 
For ruling in significant fibrosis, and for a prevalence setting 
ranging from 10-50%, the post‐test probability after a positive test 
result ranged from 48-89%, respectively (Supplementary Fig. 9). 
For higher prevalence settings (60-80%), respective post-test 
probabilities for having significant fibrosis ranged from 92-97%. 
Table  2 presents PPVs and NPVs of the MEFIB index for all 
outcomes and for the same prevalence scenarios.

Discussion

In this systematic review and meta-analysis, we evaluated 
the accuracy of the MEFIB index for identifying at-risk MASH 
and significant fibrosis in adults with MASLD, using biopsy 
as the reference standard. We limited our analysis to the 
thresholds recommended by relevant societies: MRE≥3.3 kPa 
plus FIB-4≥1.6 to rule in the target conditions, and MRE<3.3 
kPa plus FIB-4<1.6 to rule them out. Given that the MEFIB 
index was developed to address the low PPVs of existing 
noninvasive tests, and to facilitate participant selection for 
clinical trials, our analysis primarily focused on assessing its 
accuracy in diagnosing at-risk MASH and significant fibrosis.

Based on our findings, the MEFIB index demonstrated robust 
performance in identifying both target conditions. For ruling 
in at-risk MASH, MEFIB index achieved a pooled specificity 
of 0.94 and an LRp of 5.3. Similarly, for ruling in significant 
fibrosis, the index yielded a summary specificity of 0.93 and an 
LRp of 8.2. In a prevalence setting of 60%, the MEFIB index 
resulted in a PPV exceeding 90% for significant fibrosis and 
89% for at-risk MASH. For ruling out the target conditions, the 
MEFIB index yielded pooled sensitivity estimates of 0.77 for at-
risk MASH and 0.88 for significant fibrosis.

Our systematic review and meta-analysis provides a 
timely placed synthesis of evidence concerning the diagnostic 
performance of the MEFIB index. Using robust methodology, 
in line with Cochrane recommendations, we searched several 
databases and included 7 studies with more than 3000 participants. 
Our clinically focused results employed the dual cutoff approach, 
using the most widely used MEFIB index thresholds for ruling in 
or ruling out at-risk MASH and significant fibrosis. By focusing 
on specific MEFIB index positivity thresholds, we were able 
to provide summary estimates of sensitivity and specificity—
metrics that offer greater clinical utility than the less informative 
area under the ROC curve (AUROC). Furthermore, for at-risk 
MASH, we employed the definition most commonly used for 
patient selection in MASH clinical trials. This choice was made to 
maximize the external validity and translatability of our findings 
to clinical trial settings and real-world practice.

Certain limitations must be acknowledged. Visual inspection 
of forest plots and the size of prediction regions indicated high 
heterogeneity for all outcomes of interest. Given the limited 
number of studies included in our meta-analysis (7 studies), we 
were unable to assess for potential sources of heterogeneity through 
meta-regression analysis [16]. Nevertheless, several exploratory 
sensitivity analyses were conducted, with results consistent with 
our main findings. Sparse reporting of relevant data prevented 
us from performing subgroup analyses based on specific factors 
previously suggested to influence the diagnostic performance of 
newly developed noninvasive biomarkers, including T2D, BMI, 
and age (≥65 years). Additionally, most included studies were at 
unclear or high risk for bias, primarily due to patient selection 
concerns. This was mainly attributable to the retrospective design 
of the studies and the possibility of convenience sampling, or 
suboptimal reporting of enrolment procedures.

To our knowledge, this is the first meta-analysis evaluating 
the diagnostic performance of the MEFIB index for identifying 
or excluding at-risk MASH and significant fibrosis. For ruling in 
significant fibrosis, our findings (specificity: 0.93) closely align 
with the results reported by Kim et al [8]. In their study, Kim et al 
combined 2 geographically distinct cohorts—a testing cohort 
from the USA (UCSD) (specificity: 0.98) and a validation cohort 
from Japan (Yokohama) (specificity: 0.94). For ruling in at-risk 
MASH, our pooled specificity estimates significantly differed 
from the combined estimates reported by Kim et al (0.94 vs. 0.77). 
Notably, our specificity estimates closely match that reported 
by the UCSD cohort alone (0.94  vs. 0.91), while the primary 
discrepancy arises from the Yokohama cohort, which reported 
a considerably lower specificity of 0.63. Although the Yokohama 
cohort had a lower mean BMI compared to our study population 
(27.9 vs. 30.3 kg/m2), we do not consider this difference in BMI 

Table 2 Positive and negative predictive values for all outcomes across 
different prevalence scenarios

Prevalence At-risk MASH Significant fibrosis

PPVs for 
ruling in

NPVs for 
ruling 

out

PPVs for 
ruling in

NPVs for 
ruling out

10% 39% 96% 47% 98%

20% 59% 92% 67% 96%

30% 71% 87% 77% 93%

40% 79% 81% 84% 90%

50% 85% 74% 89% 86%

60% 89% 66% 92% 80%

70% 93% 55% 95% 72%

80% 96% 42% 97% 60%
PPV, positive predictive value; NPV, negative predictive value. PPV and NPV 
values in this table derive from pooled sensitivity and specificity estimates
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as the main reason for the observed discrepancy. Emerging 
evidence from well-conducted individual patient data meta-
analyses suggests that BMI does not substantially confound MRE 
metrics in MASLD [28], thus highlighting the need for further 
validation of the MEFIB index in other cohorts.

Recently, the MRI-AST (MAST) score, combining MRI-
proton density fat fraction (PDFF), MRE, and AST levels, 
was introduced for diagnosing at-risk MASH [29]. When 
comparing MEFIB and MAST directly, MEFIB appears superior 
based on AUROC comparisons; however, the MAST score has 
the advantage of yielding a lower percentage of unclassified 
participants (gray zone) [8]. Specifically, the pooled prevalence 
of gray zone results for MEFIB index in our analysis was 26.5%, 
whereas the respective reported prevalence for the MAST 
score is 18.1% [29]. The FAST score is another noninvasive 
biomarker that was recently developed in order to facilitate 
patient selection for clinical trials [30]. Published meta-analyses 
report a FAST score specificity of around 0.90 for ruling in at 
risk MASH, with a PPV of 87% for a prevalence of 60% [31,32]. 
Nevertheless, results from comparative diagnostic accuracy 
studies support the superiority of the MEFIB index over the 
FAST score in terms of AUROC comparison (0.76  vs. 0.68), 
with similar gray zone magnitudes (26.1% vs. 30.8%) [8]. On the 
other hand, the FAST score offers the advantages of lower cost 
and easier applicability compared to an MRI examination. 
A  structured comparison between FAST, MEFIB and MAST 
score is presented in Supplementary Table 7.

Early identification of at-risk MASH or significant fibrosis is 
important for timely initiation of appropriate pharmacotherapy, 
intensification of comorbidity management and close 
monitoring for disease progression. With a pooled specificity of 
0.94, the MEFIB index accurately classifies nearly 9 of 10 patients 
with at-risk MASH. Similarly, with a summary specificity of 
0.93, MEFIB reliably identifies approximately 9 of 10  patients 
without significant fibrosis, yielding roughly 1 false positive per 
10 patients tested. In addition, a positive MEFIB result indicates 
that patients are approximately 5 times more likely to have at-
risk MASH (LRp 5.3) and nearly 8  times more likely to have 
significant fibrosis (LRp 8.2) compared to those testing negative. 
As a result, it seems that MEFIB performs better for diagnosing 
significant fibrosis compared to at-risk MASH. This might be 
related to the fact that both MEFIB components mainly target 
fibrosis rather than other histological features of MASH, such as 
steatosis, inflammation and ballooning.

It should be noted that a substantial proportion of patients 
initially classified within the low or indeterminate risk categories 
based on FIB-4 scores have subsequently been identified as having 
clinically significant fibrosis [33]. As a result, a low FIB-4 during 
MEFIB should be followed by further examination and diagnostic 
evaluation in the presence of clinical uncertainty. Noureddin et al 
provide an example of such a case, where a 50-year-old patient with 
MASLD had AST 45 U/L, ALT 60 U/L, platelet count 270×109/L, 
MRI-PDFF 15%, MRE 4 kPa, controlled attenuation parameter 
345 dB/m, and VCTE 12 kPa [34]. This patient would have a FIB-
4 of score of 1.08, while his FAST and MAST scores suggest the 
presence of at-risk MASH [34]. As a result, MEFIB, MAST and 
FAST should not be considered as competing candidates, rather 
as useful tools in the holistic evaluation of a patient with MASLD.

Similarly to other scores utilizing a dual cutoff approach, 
the MEFIB index suffers the limitation of gray zone results 
(26% of participants). Assessment of these patients should be 
done by taking into account proximity to thresholds, patient 
characteristics, and additional testing by means of other 
noninvasive scores, before liver biopsy. Notably, a recently 
published meta-analysis of individual participant data found 
that a positive MEFIB index had a strong association with liver-
related outcomes, hepatocellular carcinoma and death, and a high 
NPV of 99% for hepatic decompensation at 5 years [35,36].

Limitations in the diagnostic accuracy, availability and cost of 
current noninvasive tests have led to recommendations advocating 
for their sequential application. This strategy typically begins 
with tests that are widely accessible and easy to apply, followed 
by more specialized ones [37]. Although various combinations 
of tests may be employed, the underlying principle remains the 
same: increasing the prevalence of the target condition within the 
tested population to enhance the PPV of the subsequent test.

In conclusion, the MEFIB index has acceptable accuracy 
for diagnosing at-risk MASH and significant fibrosis. The 
proposed thresholds can be used to identify both target 
conditions in high prevalence settings, and to facilitate patient 
recruitment in clinical trials.

Summary Box

What is already known:

•	 Patients with metabolic dysfunction-associated 
steatohepatitis ([MASH], nonalcoholic fatty liver 
disease activity score ≥4) and significant fibrosis 
(≥F2) (at-risk MASH) are at increased risk for 
disease progression

•	 Magnetic resonance elastography (MRE) 
combined with the fibrosis-4 index (MEFIB index) 
enables the noninvasive diagnosis of at-risk MASH 
and significant fibrosis

•	 The MEFIB index was originally developed to 
address the low positive predictive values (PPVs) 
of existing noninvasive tests, and to facilitate 
participant selection for clinical trials

What the new findings are:

•	 For ruling in at-risk MASH, the MEFIB index 
achieved a pooled specificity of 0.94 and a positive 
likelihood ratio (LRp) of 5.3

•	 For ruling in significant fibrosis, the index yielded 
a summary specificity of 0.93 and an LRp of 8.2

•	 In a prevalence setting of 60%, the MEFIB index 
resulted in a PPV exceeding 90% for significant 
fibrosis and 89% for at-risk MASH

•	 The MEFIB index can be used to identify both 
target conditions in high prevalence settings, and 
to facilitate patient recruitment in clinical trials
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Risk of bias and applicability assessment

Two reviewers working independently assessed the risk 
of bias and applicability of included studies using the Quality 
Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) 
tool. We took into consideration the following domains: patient 
selection, index test, reference standard, and flow and timing.

DOMAIN 1: PATIENT SELECTION

Signaling question 1: Was a consecutive or random sample 
of patients enrolled?
•	 Answer Yes if: a consecutive or random sample of patients 

was enrolled
•	 Answer Unclear if: not enough information to make a 

decision
•	 Answer No if: neither a consecutive nor a random sample 

of patients was enrolled, and in case of convenience samples 
(i.e, studies that searched records of patients who had 
undergone both MEFIB and liver biopsy), retrospective 
studies

Signaling question 2: Was a case-control design avoided?
•	 Answer Yes if: the study recruited a single group of patients
•	 Answer No if: the study recruited multiple groups with 

different inclusion criteria
•	 Answer Unclear if: not enough information to make a 

decision

Signaling question 3: Did the study avoid inappropriate 
exclusions?
•	 Answer Yes if: all patients at risk were included
•	 Answer No if: specific patient subgroups were excluded for 

the study
•	 Answer Unclear: not enough information to make a 

decision

DOMAIN 2: INDEX TEST

Signaling question 1: Were the index test results interpreted 
without knowledge of the results of the reference standard?
•	 Answer Yes/No if: MEFIB score components were obtained 

without/with knowledge to biopsy results
•	 Answer Unclear if: not enough information to make a 

decision

Signaling question 2: If a threshold was used, was it 
prespecified?
•	 Answer Yes if: MEFIB cutoffs were specified
•	 Answer Unclear: not enough information to make a 

decision
•	 Answer No: If the positivity threshold was based on data 

collected during the study (i.e., Youden index)

DOMAIN 3: REFERENCE STANDARD

Signaling question 1: Is the reference standard likely to 
correctly classify the target

condition?
•	 Answer Yes if: liver biopsy was used as the reference 

standard
•	 Answer No: in any other case

Signaling question 2: Were the reference standard results 
interpreted without knowledge of the results of the index test?
•	 Answer Yes/No if: biopsy was performed without/with 

knowledge to index test results
•	 Answer Unclear if: not enough information to make a 

decision

DOMAIN 4: FLOW AND TIMING

Signaling question 1: Was there an appropriate interval 
between index test and reference standard?
•	 Answer Yes if: time interval between liver biopsy and 

MEFIB ≤ 3months
•	 Answer No if: time interval between liver biopsy and 

MEFIB > 6months
•	 Answer Unclear if: not enough information to make a 

decision

Signaling question 2: Did all participants receive a reference 
standard?
•	 Answer Yes if: If all participants received a reference 

standard
•	 Answer No if: If not all participants received a reference 

standard
•	 Answer Unclear if: not enough information to make a 

decision

Signaling question 3: Did all patients receive the same 
reference standard?
•	 Answer Yes if: If all participants received the same reference 

standard
•	 Answer No if: If some participants received a different 

reference standard
•	 Answer Unclear if: not enough information to make a 

decision

Signaling question 4: Were all patients included in the 
analysis?
•	 Answer Yes if: the number of patients enrolled (i.e the 

number of patients in the baseline table) is same with the 
number of patients in the 2x2 tables.

•	 Answer No: if the number of enrolled patients is different 
from the number of patients included in the 2x2 tables

•	 Answer Unclear if: not enough information to make a 
decision

Supplementary material



APPLICABILITY CONCERNS

Are there concerns that the included patients do not match 
the review question?
•	 Answer No if: all included patients had MASLD
•	 Answer Yes: in case of other liver diseases
•	 Answer Unclear if: not enough information to make a decision

Are there concerns that the index test, its conduct, or 
interpretation differ from the review question?
•	 Answer No if: MRE was conducted based on a prespecified 

protocol and FIB-4 was calculated based on the standard 
formulae

•	 Answer Unclear if: not enough information to make a 
decision

•	 Answer Yes: In any other case

Are there concerns that the target condition as 
defined by the reference standard does not match the review 
question?

•	 Answer No if biopsy was performed in order to detect 
target condition

•	 Answer Unclear if: not enough information to make a 
decision

•	 Answer Yes: In any other case

Cooks distance and standardized residuals

Cook’s distance plots and standardized residuals are 
best interpreted together. Cook’s distance plots help 
identify potentially influential studies, defined as those 
exceeding a specified threshold (indicated by a red line). 
This threshold is calculated by multiplying the number of 
estimated parameters (n=5; sensitivity, specificity, variance 
of sensitivity, variance of specificity, and correlation between 
variances) by 4 and then dividing this product by the total 
number of studies. For standardized residuals, thresholds 
of  -2 and +2 were applied to assess whether studies had a 
notable negative or positive influence on sensitivity and/or 
specificity, respectively.

Supplementary Table 1 PRISMA checklist

Section/topic # PRISMA-DTA Checklist Item Reported on 
page # 

TITLE / ABSTRACT

Title 1 Identify the report as a systematic review (+/- meta-analysis) of diagnostic test 
accuracy (DTA) studies

1

Abstract 2 Abstract: See PRISMA-DTA for abstracts 3

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 4

Clinical role of index test D1 State the scientific and clinical background, including the intended use and 
clinical role of the index test, and if applicable, the rationale for minimally 
acceptable test accuracy (or minimum difference in accuracy for comparative 
design)

4

Objectives 4 Provide an explicit statement of question(s) being addressed in terms of 
participants, index test(s), and target condition(s)

4

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., 
Web address), and, if available, provide registration information including 
registration number

5

Eligibility criteria 6 Specify study characteristics (participants, setting, index test(s), reference 
standard(s), target condition(s), and study design) and report characteristics 
(e.g., years considered, language, publication status) used as criteria for 
eligibility, giving rationale

5

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact 
with study authors to identify additional studies) in the search and date last 
searched

5

Search 8 Present full search strategies for all electronic databases and other sources 
searched, including any limits used, such that they could be repeated

Supplementary 
Tables 2-4

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in 
systematic review, and, if applicable, included in the meta-analysis)

5,6

(Contd...)



Supplementary Table 1 (Continued)

Section/topic # PRISMA-DTA Checklist Item Reported on 
page # 

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, 
independently, in duplicate) and any processes for obtaining and confirming 
data from investigators

6

Definitions for data extraction 11 Provide definitions used in data extraction and classifications of target 
condition(s), index test(s), reference standard(s) and other characteristics (e.g., 
study design, clinical setting)

5,6

Risk of bias and applicability 12 Describe methods used for assessing risk of bias in individual studies and 
concerns regarding the applicability to the review question

6, Supplementary 
1.1

Diagnostic accuracy measures 13 State the principal diagnostic accuracy measure(s) reported (e.g., sensitivity, 
specificity) and state the unit of assessment (e.g., per-patient, per-lesion)

6,7

Synthesis of results 14 Describe methods of handling data, combining results of studies and describing 
variability between studies. This could include, but is not limited to: a) handling 
of multiple definitions of target condition. b) handling of multiple thresholds 
of test positivity, c) handling multiple index test readers, d) handling of 
indeterminate test results, e) grouping and comparing tests, f) handling of 
different reference standards

6,7

Meta-analysis D2 Report the statistical methods used for meta-analyses, if performed 7

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression), if done, indicating which were pre-specified

7

RESULTS 

Study selection 17 Provide numbers of studies screened, assessed for eligibility, included in the 
review (and included in meta-analysis, if applicable) with reasons for exclusions 
at each stage, ideally with a flow diagram

7, Figure 1

Study characteristics 18 For each included study provide citations and present key characteristics 
including: a) participant characteristics (presentation, prior testing), b) clinical 
setting, c) study design, d) target condition definition, e) index test, f) reference 
standard, g) sample size, h) funding sources

Table 1

Risk of bias and applicability 19 Present evaluation of risk of bias and concerns regarding applicability for each 
study

8, Supplementary 
Table 5

Results of individual studies 20 For each analysis in each study (e.g., unique combination of index test, reference 
standard, and positivity threshold) report 2x2 data (TP, FP, FN, TN) with 
estimates of diagnostic accuracy and confidence intervals, ideally with a forest or 
receiver operator characteristic (ROC) plot

Figures 2-3

Synthesis of results 21 Describe test accuracy, including variability; if meta-analysis was done, include 
results and confidence intervals.

9

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, 
meta-regression; analysis of index test: failure rates, proportion of inconclusive 
results, adverse events)

9,10

DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of evidence 11

Limitations 25 Discuss limitations from included studies (e.g., risk of bias and concerns 
regarding applicability) and from the review process (e.g., incomplete retrieval of 
identified research)

11,12

Conclusions 26 Provide a general interpretation of the results in the context of other evidence. 
Discuss implications for future research and clinical practice (e.g., the intended 
use and clinical role of the index test)

12-14

FUNDING 

Funding 27 For the systematic review, describe the sources of funding and other support and 
the role of the funders

2



Supplementary Table 2 Medline via PubMed

Search term Result

1. “MRE”[All Fields] AND “FIB-4”[All Fields] 64

2. MEFIB[tiab] 16

3. MRE [tiab] 3,426

4. Magnetic Resonance Elastography [tiab] 1,534

5. 1 OR 2 OR 3 OR 4 3,903

6. “MASH”[All Fields] 3,855

7. “MASLD”[All Fields] 2,753

8. “NASH”[All Fields] 27,913

9. “NAFLD”[All Fields] 29,773

10. �“metabolic dysfunction-associated 
steatohepatitis”[All Fields]

910

11. �“metabolic dysfunction-associated steatotic liver 
disease”[All Fields]

2,593

12. “non-alcoholic steatohepatitis”[All Fields] 7,156

13. “non-alcoholic fatty liver disease”[All Fields] 36,785

14. “fatty liver”[All Fields] 70,857

15. “steatotic liver disease”[All Fields] 3,011

16. �6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 
14 OR 15

93,013

17. 5 AND 16 369

Supplementary Table 3 Web of science

Search term Result

1. ALL (“MEFIB”) 30

2. ALL (“MRE”) 8,389

3. ALL (“MRE” AND “FIB-4”) 63

4. 1-3/OR 8,404

5. ALL ( “steatotic liver disease” ) 3,351

6. ALL ( “fatty liver” ) 72,125

7. ALL ( “non-alcoholic fatty liver disease” ) 22,572

8. ALL ( “non-alcoholic steatohepatitis” ) 8,288

9. �ALL ( “metabolic dysfunction-associated steatotic 
liver disease” )

2,768

10. �ALL ( “metabolic dysfunction-associated 
steatohepatitis” )

966

11. ALL ( “NAFLD” ) 33,868

12. ALL ( “NASH” ) 84,447

13. ALL ( “MASLD” ) 3,024

14. ALL ( “MASH” ) 9,280

15. 5-14/OR 163,016

16. 4 AND 15 331



Supplementary Table 4 Cochrane library

Search term Result

1. �MeSH descriptor: [Elasticity Imaging Techniques] 
explode all trees

266

2. MRE 240

3. MEFIB 1

4. MRE AND FIB-4 18

5. #1 OR #2 OR #3 OR #4 494

6. “steatotic liver disease” 119

7. “fatty liver” 5,988

8. �MeSH descriptor: [Non-alcoholic Fatty Liver Disease] 
explode all trees

1,924

9. “NAFLD” 3,044

10. “NASH” 3,046

11. “MASLD” 129

12. “MASH” 217

13. ��“metabolic dysfunction-associated steatotic liver 
disease”

108

14. “metabolic dysfunction-associated steatohepatitis” 83

15. �#6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR 
#13 OR #14

7,883

16. #5 AND #15 154

Supplementary Table 5 Risk of bias and applicability concerns of included studies

Risk of bias assessment Applicability assessment

Patient 
selection

Index 
test

Reference 
standard

Flow and 
timing

Patient 
selection

Index 
test

Reference 
standard

Castera, 2024 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Qi, 2024 Unclear Low risk Unclear Low risk Low risk Low risk Low risk

Noureddin, 2023 Unclear Low risk Low risk Unclear High risk Low risk Low risk

Imajo, 2023 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Kim, 2022 Low risk Low risk Low risk Low risk Low risk Low risk Low risk

Inada, 2022 High risk Low risk Low risk Low risk Low risk Low risk Low risk

Loomba, 2022 Low risk Low risk High risk Unclear Low risk Low risk Low risk



Supplementary Table 6 Results from sensitivity analyses

Target Condition N. of 
studies

N. of 
participants

Sensitivity (95%CI) Specificity (95%CI) LRp (95%CI) LRn (95%CI)

Rule in at-risk MASH
Main analysis
Excluding studies recruiting 
solely patients with T2D
Excluding studies with 
applicability concerns
Excluding studies of 
retrospective design
Excluding influential studies
Only studies at low risk of bias 
for all QUADAS domains
Only Asian cohorts
Only Western cohorts 
Excluding studies published as 
conference abstracts

5
4

4

4

4
3

3
3
4

1255
1010

1085

1086

1085
977

591
664

1085

0.34 (0.18 to 0.55)
0.36 (0.17 to 0.60)

0.29 (0.11 to 0.56)

0.35 (0.16 to 0.61)

0.29 (0.11 to 0.56)
0.48 (0.36 to 0.61)

0.46 (0.26 to 0.67)
0.23 (0.06 to 0.56)
0.29 (0.11 to 0.56)

0.94 (0.74 to 0.99)
0.96 (0.70 to 0.99)

0.93 (0.69 to 0.99)

0.91 (0.66 to 0.98)

0.93 (0.69 to 0.99)
0.82 (0.69 to 0.90)

0.87 (0.54 to 0.97)
0.97 (0.68 to 0.99)
0.93 (0.69 to 0.99)

5.3 (1.8 to 15.7)
9.0 (1.7 to 48.9)

4.2 (1.4 to 12.7)

4.0 (1.5 to 10.8)

4.2 (1.4 to 12.7)
2.6 (1.6 to 4.1)

3.6 (1.2 to 11.0)
8.3 (1.1 to 63.2)
4.2 (1.4 to 12.7)

0.71 (0.57 to 0.88)
0.67 (0.51 to 0.88)

0.77 (0.60 to 0.97)

0.71 (0.55 to 0.92)

0.77 (0.60 to 0.97)
0.64 (0.52 to 0.78)

0.13 (0.03 to 0.46)
0.79 (0.59 to 1.05)
0.77 (0.60 to 0.97)

Rule in significant fibrosis
Main analysis
Excluding studies recruiting 
solely patients with T2D
Excluding studies with 
applicability concerns
Excluding studies of 
retrospective design
Excluding influential studies
Only studies at low risk of bias 
for all QUADAS domains
Only Asian cohorts
Only Western cohorts
Excluding studies published as 
conference abstracts

4
3

NA

3

NA

2
2
2
3

2909
2664

NA

2804

NA

808
419
494
913

0.56 (0.34 to 0.76)
0.62 (0.37 to 0.82)

NA

0.58 (0.31 to 0.81)

NA

0.51 (0.33 to 0.68)
0.72 (0.40 to 0.91)
0.51 (0.27 to 0.75)
0.62 (0.38 to 0.81)

0.93 (0.85 to 0.97)
0.93 (0.82 to 0.98)

NA

0.91 (0.82 to 0.96)

NA

0.96 (0.92 to 0.98)
0.92 (0.52 to 0.99)
0.93 (0.89 to 0.96)
0.93 (0.80 to 0.97)

8.2 (4.5 to 14.9)
9.0 (4.3 to 18.9)

NA

6.7 (4.3 to 10.4)

NA

11.5 (5.0 to 26.0)
8.7 (1.4 to 52.1)
7.7 (3.2 to 18.5)
8.4 (3.6 to 19.2)

0.47 (0.30 to 0.75)
0.41 (0.23 to 0.72)

NA

0.46 (0.25 to 0.83)

NA

0.51 (0.35 to 0.75)
0.30 (0.13 to 0.69)
0.52 (0.30 to 0.91)
0.41 (0.23 to 0.71)

N, Number; NA, Not applicable; CI, Confidence interval; LRp, positive likelihood ratio; LRn, negative likelihood ratio; T2D, Type 2 diabetes

Supplementary Table 7 Comparison between MEFIB, FAST and 
MAST scores for at-risk MASH

MEFIB (our meta-analysis)
Sensitivity (rule out cut off)
Specificity (rule in cut off)
Grey zone magnitude

0.77
0.94
26.5%

FAST score 
Sensitivity (rule out cut off, <0.35) 
Specificity (rule in cut off > 0.67)
Grey zone magnitude

0.89
0.89
33%

MAST score
Sensitivity (rule out cut off, <0.165)
Specificity (rule in cut off, >0.242)
Grey zone magnitude

0.89
0.90
18.1%

Data for this table were obtained by Ravaioli et al (PMID: 36599683) and 
Noureddin et al (PMID: 34798176) 
MEFIB, magnetic resonance elastography combined with the fibrosis-4 index; 
FAST, FibroScan-AST score; MAST, MRI-AST score; MASH, metabolic 
dysfunction-associated steatohepatitis



Kim Yokohama 2022 [8]

Kim USCD 2022 [8]

Imajo 2023 [25]

Noureddin 2023 [24]

Qi 2024 [23]

Castera 2024 [22]

COMBINED

Kim Yokohama 2022 [8]

Kim USCD 2022 [8]

Imajo 2023 [25]

Noureddin 2023 [24]

Qi 2024 [23]

Castera 2024 [22]

COMBINED

Study Id SENSITIVITY (95% CI)

SENSITIVITY
0.2 1.0 0.3 0.9

SPECIFICITY (95% CI)

SPECIFICITY

Study Id

0.93 [0.87 - 0.97]

0.89 [0.77 - 0.96]

0.78 [0.67 - 0.87]

0.45 [0.23 - 0.68] 

0.61 [0.41 - 0.78]

0.79 [0.69 - 0.87]

 

0.77 [0.62 - 0.88]

0.43 [0.36 - 0.50]

0.69 [0.62 - 0.76]

0.43 [0.33 - 0.53]

0.90 [0.84 - 0.94]

0.77 [0.67 - 0.86]

0.56 [0.48 - 0.64]

0.66 [0.49 - 0 80]

Supplementary Figure 1 Coupled forest plot of sensitivity and specificity of MEFIB index for ruling out at-risk MASH 
MEFIB, magnetic resonance elastography combined with the fibrosis-4 index; MASH, metabolic dysfunction-associated steatohepatitis; CI, confidence interval

Castera 2024 [22]

Kim USCD 2022 [8]

Kim Yokohama 2022 [8]

Castera 2024 [22]

Kim USCD 2022 [8]

Kim Yokohama 2022 [8]

0.79 [0.71, 0.85]

0.88 [0.78, 0.93]

0.94 [0.90, 0.96]

0.66 [0.57, 0.74]

0.78 [0.71, 0.84]

0.73 [0.63, 0.80]

Forest plot of sensitivity

Sensitivity Specificity

Forest plot of specificity

0.57       0.70        0.840.71       0.84        0.96

Supplementary Figure 2 Coupled forest plot of sensitivity and specificity of MEFIB index for ruling out significant fibrosis
MEFIB, magnetic resonance elastography combined with the fibrosis-4 index
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Supplementary Figure 3 (A-D) Pooled and individual study estimates of MEFIB index in the receiver-operating characteristic (ROC) space 
MEFIB index, magnetic resonance elastography combined with the fibrosis-4 index; MASH, metabolic dysfunction-associated steatohepatitis
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Supplementary Figure 6 Deeks’ funnel plot for ruling in at risk MASH
MASH, metabolic dysfunction-associated steatohepatitis
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Supplementary Figure 7 Deeks’ funnel plot for ruling in significant 
fibrosis
MASH, metabolic dysfunction-associated steatohepatitis

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

99
99.3
99.5
99.7
99.8

99.9

0.1
0.2
0.3
0.5
0.7

1
2
3
5
7

10

20
30
40
50
60
70
80

90
93
95
97
98

Pr
e-

te
st

 P
ro

ba
bi

lit
y 

(%
)

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Po
st

 - 
te

st
 P

ro
ba

bi
lit

y 
(%

)

1
0.7
0.5
0.3
0.2
0.1

99.9
99.8
99.7
99.5
99.3
99
98
97
95
93
90

80
70
60
50
40
30
20

10
7
5
3
2

Likelihood Ratio

Pretest probability 10% Pretest probability 20% Pretest probability 30% Pretest probability 40%

Pretest probability 50% Pretest probability 60% Pretest probability 70% Pretest probability 80%

Likelihood Ratio Likelihood Ratio Likelihood Ratio

Likelihood RatioLikelihood RatioLikelihood Ratio Likelihood Ratio

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

1000
500
200
100
50
20
10
2
1
0.5
0.2
0.1
0.05
0.02
0.01
0.005
0.002
0.001

Prior Prob (%) = 10 Prior Prob (%) = 20 Prior Prob (%) = 30 Prior Prob (%) = 40

Prior Prob (%) = 80Prior Prob (%) = 70Prior Prob (%) = 60Prior Prob (%) = 50

LR_Positive = 5
Post_Prob_Pos(%) = 37

LR_Positive = 5
Post_Prob_Pos(%) = 57

LR_Positive = 5
Post_Prob_Pos(%) = 69

LR_Positive = 5
Post_Prob_Pos(%) = 78

LR_Positive = 5
Post_Prob_Pos(%) = 96

LR_Positive = 5
Post_Prob_Pos(%) = 93

LR_Positive = 5
Post_Prob_Pos(%) = 89

LR_Positive = 5
Post_Prob_Pos(%) = 84

Supplementary Figure 8 (A-H) Fagan nomograms for ruling in at risk MASH
MASH, metabolic dysfunction-associated steatohepatitis
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Supplementary Figure 9 (A-H) Fagan nomograms for ruling in significant fibrosis
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