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Abstract
Background Non-invasive �brosis scores are not yet validated in the newly de�ned metabolic associated fatty liver
disease (MAFLD). This study evaluated the diagnostic performance of four non-invasive scores including AST to
platelet ratio index (APRI), �brosis-4 index (FIB-4), BMI, AST/ALT ratio, and diabetes score (BARD), and NAFLD
�brosis score(NFS) in patients with MAFLD.

Methods: Consecutive patients with histologically-con�rmed MAFLD were included. The discrimination ability of
different non-invasive scores was compared.

Results: A total of 417 patients were included, 156 (37.4%) of them had advanced �brosis (METAVIR ≥F3). The area
under receiver operating characteristic curve (AUROC) of FIB-4, NFS, APRI and BARD for predicting advanced �brosis
were 0.736, 0.724, 0.671 and 0.609 respectively. The AUROC between FIB-4 and NFS were similar (P=0.523), while the
difference between FIB-4 and APRI (P=0.001) and FIB-4 and BARD (P<0.001) was statistically signi�cant. The best
thresholds of FIB-4 NFS APRI and BARD for diagnosis of advanced �brosis in MAFLD were 1.05, -2.1, 0.42 and 2. A
subgroup analysis showed that FIB-4, APRI and NFS performed worse in pure MAFLD than HBV-MAFLD group.

Conclusions: APRI and BARD score do not perform well in MAFLD. The FIB-4 and NFS could be more useful but new
threshold is needed. Novel non-invasive scoring system for �brosis is required for MAFLD. 

Background
Non-alcoholic fatty liver disease (NAFLD), de�ned as excessive fat accumulation in liver cells in the absence of other
liver diseases, has become a new epidemic due to its growing prevalence1,2. As of to date, NAFLD is believed to
affect more than a quarter of the global population2,3. The natural history of NAFLD is highly variable, however it is
believed to progresses through various �brosis stages to end up in liver cirrhosis in a signi�cant number of patients.
The development and grade of liver �brosis are strongly related with the adverse outcomes of NAFLD4–6. Thus, it is
critical to identify patients with advanced �brosis to optimize the management of NAFLD.

Liver biopsy is currently regarded as the “gold standard” for the diagnosis of liver �brosis. However, due to the high
prevalence of NAFLD, it is nearly impossible to perform biopsy for each patient. Moreover, the inherent issue
including safety, sampling errors, and the inter- and intra-observer variation in reporting limits its application7,8. These
limitations warrant the need for non-invasive scores for assessing liver �brosis.

Numerous non-invasive assessment tools have been developed for diagnosis of advanced �brosis9. The most widely
used non-invasive scores include aspartate aminotransferase (AST) to platelet ratio index (APRI), �brosis-4 index
(FIB-4), body mass index (BMI), AST/ALT ratio, and diabetes score (BARD), and NAFLD �brosis score (NFS). Most of
them have been tested in subjects with NAFLD, showing great diagnostic accuracy in predicting �brosis 10–13.

Metabolic associated fatty liver disease (MAFLD) is a recently proposed concept to replace NAFLD14. Signi�cantly
different from NAFLD, the MAFLD criteria does not require the exclusion of any chronic liver diseases, however the
presence of metabolic associated disease or dysfunction is required15,16. It is known that metabolic pro�les are
associated with risk for severe �brosis in patient with NAFLD17 and MAFLD population had higher non-�brosis
scores than NAFLD18. Thus, in the light of new concept of MAFLD which incorporates metabolic disorder, the
performance of those non-invasive models requires re-evaluation and further validation. This study aimed to evaluate
the utility of conventional non-invasive scoring systems in MAFLD.
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Methods
Ethics

The study protocol was approved by the Institutional Review Board of the First A�liated Hospital of Fujian Medical
University and was in accordance with the Declaration of Helsinki. Written consent form was obtained from all
patients. The data was anonymized prior to the analysis.

Patients

Consecutive patients with histologically-con�rmed MAFLD admitted to the First A�liated Hospital of Fujian Medical
University from 2005 to 2015 were retrospectively reviewed and included in this study.

Histologic evaluation

All patients enrolled in this study underwent percutaneous liver biopsy under ultrasonic guidance. The liver
specimens were �xed in formalin, embedded in para�n and stained with hematoxylin and eosin, and Masson’s
trichrome. For the liver biopsy to be considered adequate, the minimum biopsy length was 15 mm and at least 6
portal areas were required19. Histopathological slides were reviewed independently by two pathologists experienced
in reading liver histopathology slides and were blinded to the patient’s clinical data.

Fatty liver was de�ned as the presence of steatosis in at least 5% of hepatocytes. The liver �brosis were graded as 0
to 4 points according to Metavir �brosis stage20, which is 0=absence of �brosis; 1 = perisinusoidal or periportal; 2 =
perisinusoidal and portal/periportal; 3 = bridging �brosis; 4 = cirrhosis. Advanced �brosis was de�ned as stage 3 or 4
�brosis (bridging �brosis or cirrhosis).

Diagnosis of MAFLD

The diagnosis of MAFLD was based on the following criteria15: a histological evidence of hepatic steatosis and the
presence of one of the following three conditions: BMI≥23kg/m2, presence of type 2 diabetes mellitus (T2DM), or
evidence of metabolic dysregulation. The metabolic dysregulation was de�ned by the presence of at least two of the
following conditions: 1) waist circumference ≥ 90cm in men and 80cm in women; 2) blood pressure ≥130/85mmHg
or speci�c drug treatment; 3) plasma triglycerides ≥1.70 mmol/L or speci�c drug treatment; 4) plasma high-density
lipoprotein cholesterol (HDL-C) <1.0 mmol/L for men and <1.3 mmol/L for women or speci�c drug treatment; 5)
prediabetes (i.e., fasting glucose levels 5.6 to 6.9 mmol/L, or 2-hour post-load glucose levels 7.8 to 11.0 mmol/L or
glycated hemoglobin (HbA1c) 5.7% to 6.4%); 6) homeostasis model assessment-insulin resistance (HOMA-IR) score
≥2.5; 7) plasma high-sensitivity C-reactive protein (hs-CRP) level >2 mg/L.

According to the result of hepatitis B surface antigen (HBsAg) seropositivity, patients were divided into “pure MAFLD”
group (HBsAg negative) and “HBV-MAFLD” group (HBsAg positive for > 6 months) for the purpose of subgroup
analysis.

Demographic and laboratory evaluation

The following characteristics were collected on the time of biopsy from all patients: age, gender, BMI, waist
circumference, history of diabetes and hypertension. Results of the following laboratory parameters were collected:
blood cell count, AST, alanine aminotransferase (ALT), γ-glutamyl transpeptidase (GGT), albumin, globulin, bilirubin,
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fasting plasma glucose (FPG), total cholesterol, HDL-C, low-density lipoprotein cholesterol (LDL-C), triglyceride, urea,
creatinine, uric acid, fasting insulin, HbA1c, hs-CRP and HBsAg.

All biochemical assessments were performed by standard laboratory methods. Non-invasive liver �brosis
assessment included APRI, FIB-4, BARD, and NFS, which were calculated based on previously published formulas
which are listed in Table 110,12,21,22 .

Statistical analysis

Continuous variables are expressed as mean ± standard deviation or median (interquartile range) and were
compared using Student’s t-test in the case of normally distributed data or Mann-Whitney test in the remaining cases.
Categorical variables are expressed as counts (percentages) and evaluated by Chi-squared test or the Fisher’s exact
test. The diagnostic accuracy of conventional non-invasive scoring systems was evaluated by the receiver operating
characteristic (ROC) curve. The best cut-off points to determine the presence of advanced �brosis were chosen based
on Youden’s index. The discrimination ability of different models were compared using area under ROC curve
(AUROC), positive predictive value (PPV), negative predictive value (NPV), sensitivity, speci�city, and accuracy.
Statistical analyses were performed using the SPSS software, version 18.0 (SPSS, Chicago, IL, USA) and MedCalc
software version15.2.2 (MedCalc Software, Mariakerke, Belgium). A P-value<0.05 was considered statistically
signi�cant.

Results

Baseline characteristics of patients
A total of 417 patients with biopsy-proven MAFLD were included in this study (Consort diagram: Fig. 1). The mean
age was 40.54 ± 10.95 years, and the BMI was 25.48 ± 2.66 kg/m2. Of them, 354 (84.9%) were male, 82 (19.7%) had
T2DM, 42 (10.1%) had hypertension and 156 (37.4%) had advanced �brosis (Table 2). Patients with advanced
�brosis were signi�cantly older, had higher AST, GGT, and lower albumin, triglyceride and platelet count. In addition,
the FIB-4 (P < 0.001), NFS (P < 0.001), APRI (P = 0.003) and BARD (P < 0.001) were all signi�cantly higher in patients
with advanced �brosis, compared with patients with no/mild �brosis.
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Table 1
An overview of formulas and cutoffs for determining noninvasive marker panels for detection of liver �brosis10–12,

21,22.
Formula Equation Lower

cutoff
Higher
cutoff

FIB-4 (Age [years] × AST [IU/L])/(platelet count [109/L] × √ALT[IU/L]) 1.3 2.6711

1.45 3.2522

APRI ([AST/ULN]/platelet count [109/L]) × 100 0.5 1.521

NFS -1.675 + 0.037 × age (years) + 0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes = 1,
no = 0) + 0.99 × AST/ALT-0.013 × platelet count (× 109/L) − 0.66 × albumin (g/dL).

-0.676 1.45510

BARD Scale 0–4

BMI ≥ 28 kg/m2 = 1 point

AST/ALT ≥ 0.8 = 2 points

Diabetes = 1 point

212
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Table 2
Baseline characteristics of patients.

  Overall (n = 417) No/mild �brosis (n = 
261)

Advanced �brosis (n = 
156)

p-value

Age (years) 40.54 ± 10.95 39.42 ± 11.39 42.41 ± 9.94 0.007

Male, n% 354 (84.9%) 219(83.9%) 135 (86.5%) 0.468

BMI(kg/m2) 25.48 ± 2.66 25.51 ± 2.56 25.42 ± 2.83 0.757

Diabetes mellitus,
n%

82(19.7%) 46(17.6%) 36(23.1%) 0.175

Hypertension, n% 42(10.1%) 30(11.5%) 12(7.7%) 0.212

ALB(g/L) 42.53 ± 4.96 43.65 ± 5.14 40.65 ± 3.98 < 0.001

GLO(g/L) 29.88 ± 14.11 29.11 ± 6.00 31.13 ± 21.53 0.160

ALT(U/L) 65.00 (41.00-
143.00)

67.00 (42.00-144.50) 61.50 (40.25–141.00) 0.884

AST(U/L) 42.00 (30.00-71.50) 40.00 (28.00–64.00) 46.00 (34.00–91.00) 0.003

GGT(U/L) 53.00 (31.00-98.50) 51.00 (29.00–90.00) 57.00 (35.00-110.50) 0.033

FPG(mmol/L) 5.34 ± 1.42 5.28 ± 1.20 5.45 ± 1.73 0.251

Cr(umol/L) 73.41 ± 13.71 74.00 ± 13.50 72.41 ± 14.07 0.273

UA(umol/L) 368.49 ± 82.08 377.02 ± 83.87 353.77 ± 76.98 0.007

TG(mmol/L) 1.67 ± 1.12 1.78 ± 1.45 1.48 ± 0.71 0.016

HDL-C(mmol/L) 1.12 ± 0.30 1.12 ± 0.29 1.12 ± 0.33 0.959

PLT(× 109/L) 204.00 ± 64.22 221.00 ± 62.76 175.52 ± 56.22 < 0.001

FIB-4 1.48 ± 1.64 1.19 ± 1.65 1.97 ± 1.49 < 0.001

APRI 1.03 ± 1.72 0.84 ± 1.33 1.34 ± 2.19 0.003

NFS -2.16 ± 1.38 -2.56 ± 1.24 -1.50 ± 1.33 < 0.001

BARD       < 0.001

0 209(50.1%) 145(55.6%) 64(41.0%)  

1 86(20.6%) 59(22.6%) 27(17.3%)  

BMI, body mass index; ALB, albumin; GLO, globulin, AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, γ-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; FPG, fasting plasma glucose; Cr, creatinine; UA, uric acid; TG, triglyceride; PLT, platelet.Loading [MathJax]/jax/output/CommonHTML/jax.js
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  Overall (n = 417) No/mild �brosis (n = 
261)

Advanced �brosis (n = 
156)

p-value

2 92(22.1%) 48(18.4%) 44(28.2%)  

3 25(6.0%) 8(3.1%) 17(10.9%)  

4 5(1.2%) 1(0.4%) 4(2.6%)  

BMI, body mass index; ALB, albumin; GLO, globulin, AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, γ-glutamyl transpeptidase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; FPG, fasting plasma glucose; Cr, creatinine; UA, uric acid; TG, triglyceride; PLT, platelet.

Performance of FIB-4,NFS, APRI and BARD for advanced �brosis in MAFLD

The ROC curves were used to evaluate the utility of noninvasive scoring systems for identi�cation of advanced
�brosis (Fig. 2). The AUROC was greatest for FIB-4 (0.736; 95% CI, 0.691–0.778), followed by NFS (0.724; 95% CI,
0.679–0.767), APRI (0.671; 95% CI, 0.623–0.715) and BARD (0.609; 95% CI, 0.560–0.656). The comparison between
AUROCs showed that the discrimination abilities of FIB-4 and NFS were similar (P = 0.523). Similar result was noted
with NFS and APRI (P = 0.080). The differences between FIB-4 and APRI (P = 0.001), FIB-4 and BARD (P < 0.001), as
well as NFS and BARD (P < 0.001) were statistically signi�cant.

Table 3 summarizes the best cut-off points developed for prediction of advanced �brosis by these four non-invasive
models and the validation of previously reported cutoffs (for NAFLD) in this MAFLD cohort10–12, 21,22. The best cutoff
points of FIB-4,APRI NFS and BARD for the diagnosis of advanced �brosis in MAFLD were 1.05, 0.42, -2.1 and 2,
respectively. Most cutoff points were lower than prior reported thresholds for each model. Using the newly developed
thresholds, the sensitivity, speci�city, PPV and NPV of the above four models ranged 41.7%-81.4%, 44.4–78.2%,
46.7–55.8%, and 69.2–80.0% respectively (Table 3).
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Table 3
Comparison of the diagnostic value among FIB-4, NFS, APRI, and BARD in MAFLD.

  Cutoffs AUROC Accuracy
(%)

False negative
rate (%)

Sensitivity

(%)

Speci�city

(%)

PPV

(%)

NPV

(%)

Youden
index

FIB-4 1.05 0.736 66.2 20.3 73.7 61.7 53.5 79.7 0.354

  1.30   68.1 25.4 57.7 74.3 57.3 74.6 0.320

  1.45   68.8 26.5 52.6 78.5 59.4 73.5 0.311

  2.67   66.2 34.1 17.3 95.4 69.2 65.9 0.127

  3.25   66.7 34.4 14.1 98.1 81.5 65.6 0.122

NFS -2.1 0.724 68.1 20.9 70.5 66.7 55.8 79.1 0.372

  -1.455   66.2 29.5 44.9 78.9 56.0 70.6 0.238

  0.676   63.8 36.5 4.5 99.2 77.8 63.5 0.037

APRI 0.42 0.671 58.3 20.0 81.4 44.4 46.7 80.0 0.258

  0.5   59.2 24.7 71.2 52.5 47.2 75.3 0.237

  1.5   63.3 34.6 22.4 87.7 52.2 65.4 0.101

BARD 2 0.609 64.5 30.8 41.7 78.2 53.3 69.2 0.199

Best cutoff value in bold.

AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative
predictive value.

With the previously reported cutoff value of 1.30 (lower) and 2.67 (higher) of FIB-4 for advanced �brosis, the PPV
was only 57.3% and 69.2%, and the NPV was 74.6% and 65.9%, respectively. Similar results were found for the NFS
score, the PPV and NPV of the well-accepted threshold (-1.455) were only 56.0% and 70.6% (Table 3).

With the FIB-4 and NFS scores, irrespective of the numerical value of cutoff used, the accuracy was only 63.8–68.8%.
The accuracy was even lower for APRI and BARD (58.3–64.5%). On the other hand, 20–35% cases were mis-
diagnosed as “no advanced �brosis” when the histology actually showed presence of “advanced �brosis” by these
four scores (Table 3).

The performance of the non-invasive scores in “HBV-MAFLD” and “pure MAFLD” subgroups

According to the result of HBsAg, patients were divided into HBV-MAFLD (359, 86.1%) and pure MAFLD (58, 13.9%)
subgroups. The AUROC of FIB-4, NFS and APRI in HBV-MAFLD group were 0.738, 0.725 and 0.671, all higher than in
pure MAFLD group (FIB-4 0.658, NFS 0.692 and APRI 0.633), while the AUROC of BARD was lower in HBV-MAFLD
group than pure MAFLD group (0.609 vs. 0.644). Using different thresholds mentioned above, the overall
performance of the FIB-4, APRI and NFS, including sensitivity, speci�city, PPV and NPV, were all better in HBV-MAFLD
group. The BARD score performed better in pure MAFLD population (Table 4).
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Table 4
Comparison of the diagnostic value among FIB-4, NFS, APRI, and BARD in HBV-MAFLD (group A) and pure MAFLD

(group B) subgroups.

  Cutoffs AUROC Accuracy
(%)

Sensitivity
(%)

Speci�city
(%)

PPV (%) NPV (%)

    A B A B A B A B A B A B

FIB-4 1.05 0.738 0.658 67.7 56.9 74.8 55.6 62.7 57.1 58.2 19.2 78.2 87.5

  1.30     68.2 67.2 58.5 44.4 75.0 71.4 61.9 22.2 72.3 87.5

  1.45     68.5 70.7 54.4 22.2 78.3 79.6 63.5 16.7 71.2 84.8

  2.67     63.2 84.5 17.0 22.2 95.3 95.9 71.4 50.0 62.3 87.0

  3.25     63.5 86.2 13.6 22.2 98.1 98.0 83.3 66.7 62.1 87.3

NFS -2.1 0.725 0.692 68.2 67.2 70.1 77.8 67.0 65.3 59.5 29.2 76.3 94.1

  -1.455     64.9 74.1 44.2 55.6 79.2 77.6 59.6 31.3 67.2 90.5

  0.676     60.4 84.5 4.1 11.1 99.5 98.0 85.7 50.0 59.9 85.7

APRI 0.42 0.671 0.633 59.3 51.7 81.6 77.8 43.9 46.9 50.2 21.2 77.5 92.0

  0.5     60.2 55.2 70.7 77.8 52.8 51.0 51.0 22.6 72.3 92.6

  1.5     61.0 77.6 23.1 11.1 87.3 89.8 55.7 16.7 62.1 84.6

BARD 2 0.609 0.644 63.0 74.1 42.2 33.3 77.4 81.6 56.4 25.0 65.9 87.0

AUROC, area under the receiver operating characteristic curve; PPV, positive predictive value; NPV, negative
predictive value.

Discussion
Non-invasive scoring systems are widely used to identify or exclude advanced �brosis in patients with chronic liver
disease. The main �nding of our study is that, FIB-4 and NFS performed better than APRI and BARD in MAFLD
patients. These scores are more useful in HBV-MAFLD than pure MAFLD population. However, the performance of all
above models were not as good as previous reported in NAFLD.

The non-invasive �brosis scoring systems are derived from widely available clinical, laboratory and anthropometric
parameters. Although due to ease of use the APRI and BARD scores are more user-friendly, the discrimination abilities
of the APRI and BARD in prediction of advanced �brosis is not satisfactory in this group of MAFLD patients. The
AUROC of BARD was 0.609 and the accuracy was less than 65%. It is not a surprising result as the two variables for
calculating BARD score (BMI and diabetes) were also variables for the diagnosis of MAFLD. This led to low
sensitivity and higher false positive for detecting advanced �brosis in MAFLD patients, thus BARD score should not
be recommended for MAFLD patients in clinical practice. APRI score, although was easy to calculate, did not perform
well in MAFLD as well. The NPV did not exceed 80% and the PPV were only around 50% at any cutoff values tested.
Thus, APRI should not be used in for assessment of advanced �brosis in MAFLD population either.

The calculation of FIB-4 and NFS requires the use of more complex formulas and may not be easy to use. Even
though the results of our study indicate that both FIB-4 and NFS signi�cantly outperforms APRI and BARD for
prediction of advanced �brosis in MAFLD, the NPV and PPV of these two models did not reach the similar numbersLoading [MathJax]/jax/output/CommonHTML/jax.js
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reported by previous studies using cohort of NAFLD patients 10,11,23. As per the previously reported studies on
patients with NAFLD 10,11,23, when the cutoffs of the FIB-4 and NFS was set at 1.3 and − 1.455 respectively, the NPV
increased from 90–93%, respectively. And when FIB-4 was set at 2.67, the PPV could reach 80%. However, in our
cohort of MAFLD patients, by using the aforementioned cutoffs, or the new threshold being found in present study,
the NPV did not ever exceed 75% and PPV not exceed 70%. This �nding is of utmost clinical importance and tells us
that in the light of new concept of MAFLD, newer non-invasive �brosis scores will need to be developed and validated
to assess the presence of advanced �brosis in patients with MAFLD. Another worrying yet important �nding of our
study is that the use of these non-invasive �brosis scores even with the new cutoffs missed out advanced �brosis in
20–35% patients, mis-diagnosing them as “no advanced �brosis” (Table 3) in this cohort of MAFLD patient.

As our cohort consisted of 359 (86.1%) cases with chronic HBV infection, which is frequently seen in Asian
countries24, we performed a subgroup analysis to test the performance of the non-invasive scores in a “pure-MAFLD”
group which is very close to previous NAFLD and “HBV-MAFLD”. Three out of the four non-invasive models (FIB-4,
NFS and APRI) performed even worse in “pure-MAFLD” group than “HBV-MAFLD”. As MAFLD is a new entity, this
result further reinforces the need to develop and validate novel scoring systems for �brosis in MAFLD population.

The strength of our study is that, to our knowledge this is the �rst validation of conventional non-invasive �brosis
scoring systems in a large sample of histology-proven MAFLD. However, the results of this study should be
interpreted in light of some limitations. First of all, a large proportion of included patients (86%) had concomitant
chronic HBV infection, which could be a seen as a potential limitation as the western MAFLD population differs
substantially from Asian’s in the HBsAg seropositivity rates, the results may only be applicable to a subset of the
entire MAFLD pool namely “HBV-MAFLD”, which is the most important subtype of MAFLD in clinical practice in Asia.
Second, as our study is a single center study with only Asian population, the �ndings will need further validation in
other Asian and western cohorts.

In conclusion, APRI and BARD score do not perform well and is not suitable for the diagnosis of advanced �brosis in
MAFLD. The FIB-4 and NFS could be more useful and we propose a new threshold of 1.05 and − 2.1, respectively,
which had the best diagnostic performance for advanced �brosis. There is an urgent need of MAFLD speci�c novel
non-invasive scoring system for predicting advanced �brosis in patients with MAFLD including its subtypes.
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Figures

Figure 1

Flow chart of case selection.
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Figure 2

The ROC curves of different scores for advanced �brosis.
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