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ABSTRACT

Background & Aims: Liver fibrosis is stage-dependently associated with non-alcoholic fatty liver disease
(NAFLD) progression. The increased awareness of non-invasive diagnosis has led to the establishment of
many fibrosis diagnosis models with various accuracies. We aimed to evaluate the diagnostic performance of
nine clinical non-invasive fibrosis models in NAFLD and provide an optimal diagnostic method for advanced
fibrosis by step layered combination of non-invasive models.

Methods: 453 consecutive patients with biopsy-proven NAFLD were enrolled from three centers and were
divided into study cohort and validation cohort randomly. Aspartate aminotransferase-to-platelet ratio
index (APRI), BARD, FiB-4, FibroMeter NAFLD, Forns’ Index, Hui model, non-invasive Koeln-Essen-
index (NIKEI), S Index and NAFLD fibrosis score (NFS) were calculated. The high area under the receiver
operating characteristic curve (AUROC) models were stepwise combined for further diagnosing NAFLD
advanced fibrosis.

Results: All models had good performance with high negative predictive value (NPV) and specificity for
diagnosing fibrosis, while positive predictive value (PPV) and sensitivity were low. APRI, BARD, FibroMeter
NAFLD and NIKETI had higher AUROCs and their step layered combination for diagnosing advanced fibrosis
showed high specificity, sensitivity, NPV and PPV up to 89.13%, 72.50%, 74.36%, and 88.17%, which also
performed well in the validation cohort.

Conclusions: APRI, BARD, FibroMeter NAFLD and NIKEI had better diagnostic accuracy, and could be
preferred for diagnosing NAFLD fibrosis. The step layered combination of these models performed much
better than each single scoring system for diagnosing advanced fibrosis, provides valuable reference for clinical
practice and might be a potential substitution of liver biopsy.

Key words: NAFLD - liver fibrosis — non-invasive fibrosis model - stepwise combination.

Abbreviations: Alb: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferases; ApoAl:
apolipoprotein-A1; APRI: aspartate aminotransferase-to-platelet ratio index; AST: aspartate aminotransferases;
BMI: body mass index; CRN: Clinical Research Network; GGT: y-glutamyl transpeptidase; HA: hyaluronic
acid; HCC: hepatocellular carcinoma; HDL: high density lipoprotein; IFG: impaired fasting glucose; LDL:
low-density lipoprotein; NAFLD: non-alcoholic fatty liver disease; NASH: non-alcoholic steatohepatitis; NFS:
NAFLD fibrosis score; NIKEI non-invasive Koeln-Essen-index; NPV: negative predictive value; PLT: platelets;
PPV: positive predictive value; PTA: prothrombin time activity; PIIINP: procollagen IIT N-terminal peptide;
Thil: total bilirubin; TC: total cholesterol; TG: triglyceride; ULN: upper limit of normal.

INTRODUCTION stressed liver injury, relating closely to insulin resistance and
hereditary susceptibility [2]. It has become a primary indication
of liver transplantation and a risk factor leading to an increase
in morbidity and mortality from extrahepatic causes (mainly
cardiovascular) [3-7]. Due to the global prevalence of metabolic
syndrome and the development of potential advanced liver
disease, NAFLD has become a vital public health problem
around the world.

Non-alcoholic fatty liver disease encompasses a spectrum
of diseases from simple fatty liver through non-alcoholic

Non-alcoholic fatty liver
disease (NAFLD) has become
the most common chronic liver
disease and is estimated to impact
at least 17-46% population, with
increasing prevalence in recent
years [1]. Non-alcoholic fatty
liver disease is a metabolic-
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steatohepatitis (NASH), to fatty related liver cirrhosis and
hepatocellular carcinoma (HCC). The critical features
other than steatosis are ballooning degeneration, lobular
inflammation and various stages of fibrosis in NASH patients.
Liver fibrosis stage, but no other histologic features of NASH,
is independently associated with long-term overall mortality,
liver transplantation, and liver-related events (i.e. cirrhosis,
liver failure and portal hypertension) in NAFLD patients
[7]. Advanced liver fibrosis (stage F3 and F4) was the main
determinant of not only hepatic but also extrahepatic prognosis
in NAFLD patients [6, 7]. Since the approved treatment
regimens for NAFLD are limited, timely diagnosis of NAFLD,
especially the detection of advanced fibrosis, has been the key
issue for NAFLD patients, and its reliable testing has been of
vital clinical significance.

At present, percutaneous liver biopsy is the “gold standard”
to evaluate the degree of liver fibrosis. However, it is invasive,
has potentially life-threatening complications and might be
associated with a degree of inter-observer variability and
sampling error [8]. Therefore, establishing a non-invasive
diagnostic method for liver fibrosis is urgent for clinical needs.
Liver stiftness measurement, a non-invasive fibrosis diagnosis
method used in patients with viral liver diseases and alcoholic
hepatitis [9] has some restrictions in NAFLD patients who are
obese and have a high body mass index (BMI). A large number
of biochemical markers related to inflammatory, apoptosis and
oxidative stress have also been reported to diagnose liver fibrosis
in NAFLD patients [10-12]. However, it is not accurate to predict
fibrosis by using only one biochemical marker [13, 14]. Therefore,
the non-invasive diagnostic fibrosis models composed of related
clinical and biochemical indicators have become the research
focus of non-invasive diagnosis of NAFLD fibrosis.

In recent years, several clinical scoring systems established
for viral liver diseases have been applied in diagnosing fibrosis,
such as aspartate aminotransferase (AST)-to-platelet ratio
index (APRI), BARD score, FIB-4, FibroMeter NAFLD, Forns’
Index, Hui model, non-invasive Koeln-Essen-index (NIKEI),
S Index [15-23]. NAFLD fibrosis score (NFS) was used to
diagnose fibrosis in NAFLD [24]. However, the application
effects of these scoring systems for diagnosing fibrosis in
NAFLD patients remain unclear or have not been fully
validated regarding the diagnostic performance. According to
the lack of evidence-based medicine, the American Association
for the Study of Liver Diseases (AASLD), European Association
for the Study of the Liver (EASL) and Asia-Pacific Alliance of
Liver Disease (APALD) guidelines reported that there was no
consensus on thresholds or strategies of the non-invasive model
for evaluating fibrosis in NAFLD. There is no comprehensive
comparison of the accuracy for diagnosing fibrosis in NAFLD
by non-invasive models, and further validation is required.

In this study, we evaluated and compared the performance
of nine clinical existing non-invasive fibrosis models (APRI,
BARD, FIB-4, FibroMeter NAFLD, Forns’ Index, Hui model,
NIKE] S Index and NFS) for diagnosing significant fibrosis
and advanced fibrosis in a large cohort of patients with biopsy-
proven NAFLD and verified the diagnostic accuracy of step
layered combination of these models, aiming to establish an
efficient non-invasive diagnostic method for advanced fibrosis
in NAFLD.
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METHODS

Study patients

The study retrospectively assessed a series of 569
consecutive patients with biopsy-proven NAFLD recruited
from September 2012 to December 2017 at the Department of
Pathology and Hepatology in Beijing 302 Hospital, Department
of Hepatology and Gastroenterology in Tianjin Third Central
Hospital and Department of Traditional and Western Medical
Hepatology in Third Hospital of Hebei Medical University.

All patients who had increased levels (for more than six
months) of liver enzymes, such as aminotransferases and a
diftusely hyperechogenic liver at abdominal ultrasonography
were considered as candidates for liver biopsy [25]. Patients
with normal aminotransferases and hepatomegaly and/or
splenomegaly were also potential candidates. The exclusion
criteria were: patients with a history of excessive alcoholic
consumption (more than 30 g/day for males and 20 g/day
for females); other etiologies of chronic liver disease (viral
hepatitis, drug-induced liver disease, autoimmune hepatitis,
primary biliary cirrhosis, genetic hemochromatosis, Wilson
disease, etc.). All patients had undergone liver biopsy for the
final diagnosis of NAFLD. Enrolled were the patients who had
histological changes and clinical criteria for NAFLD.

The study was conducted in accordance with the
Declaration of Helsinki. The protocol was approved by
the Ethics Committee of the Fifth Medical Center of PLA
General Hospital and informed consent was obtained from
all patients.

Histological assessment

In each center, liver biopsy was performed by experienced
physicians through percutaneous route with a 16-gauge
Hepafix needle under the guidance of B mode ultrasound
[26]. All liver biopsy specimens should have at least 15 mm
length and contain 5 complete portal tracts [27]. Liver sections
were fixed in 10% formalin and embedded in paraffin as soon
as obtained, and stained with hematoxylin and eosin, silver
reticulin, and Masson trichrome routinely. The histological
slides of the three centers were collected together and semi-
quantitatively reevaluated by two experienced pathologists
who were blinded to the identity and clinical data of patients.
These two pathologists evaluated the slides independently
and reevaluated if the results were inconsistent. Histological
assessment was according to the NASH Clinical Research
Network (CRN) scoring system, in which the fibrosis score
is a modification of the Brunt classification score [28]. The
fibrosis score system was as follows: FO: no fibrosis; Fla: zone 3
perisinusoidal, delicate; F1b: zone 3 perisinusoidal, dense; Flc:
portal only; F2=Fla or F1b and periportal fibrosis; F3: bridging
fibrosis; F4: cirrhosis. Stage F2, F3 and F4 were regarded as
significant fibrosis, stage F3 and F4 were considered to indicate
advanced fibrosis [29].

Clinical evaluation, laboratory test and non-invasive
fibrosis model

Physical examination, physiological and biochemical
detection were performed in all NAFLD patients. Fasting blood
samples were obtained within one week before the liver biopsy.
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The usual blood variables were necessary for the assessment of
model scores and laboratory analyses were assessed, including
liver function markers: aspartate and alanine aminotransferases
(AST, ALT), AST/ALT radio (calculated as AST divided by
ALT), alkaline phosphatase (ALP), y-glutamyl transpeptidase
(GGT), total bilirubin, cholinesterase, apolipoprotein-Al
(apoAl), prothrombin time activity (PTA), liver fibrosis
markers: hyaluronic acid (HA), procollagen III N-terminal
peptide (PIIINP), and related biochemical indicators: fasting
glucose, platelets, albumin, ferritin, insulin, etc. BMI was
calculated as weight (kg) / height® (m?).

Based on areview of the literature, the following scores were
calculated for each NAFLD patient: APRI, BARD score, FIB-4,
FibroMeter NAFLD, Forns’ Index, Hui model, NIKEI, S Index
and NAFLD fibrosis score [15-24]. The detailed formulae used
to calculate these model scores are shown in the Supplementary
Table I. The cut-off value for each non-invasive fibrosis model
was obtained by searching the literature. Age-adjusted cut-ofts
for NFS and FIB-4 were also considered [30].

Statistical and diagnostic analysis

Continuous variables were summarized by measures of
central tendency and variability as a mean + standard deviation,
and using percentages and frequency for categorical level
parameters. Student ¢-test was used for quantitative variables
and Chi square test was used for qualitative variables in order
to compare non-significant fibrosis and significant fibrosis,
non-advanced fibrosis and advanced fibrosis. Spearman’s
correlation coefficient was used to estimate the correlation
between each non-invasive fibrotic model and stage of NAFLD
fibrosis. Receiver operating characteristic (ROC) curve analysis
was used to assess the performance of non-invasive fibrosis
models in the diagnosis of NAFLD fibrosis by calculating the
area under receiver operating characteristic curve (AUROC)
with 95% confidence intervals (95% CI). The accuracy of
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for diagnosing NAFLD
fibrosis were calculated according to the cut-off value of
each non-invasive fibrosis model. The high AUROC models
were stepwise combined for the further diagnosis of NAFLD
advanced fibrosis.

The statistical computations were carried out using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA) and SAS 9.4 (SAS
Institute Inc., Cary, NC, USA). The a error was set at 0.05
(two tailed) and p value <0.05 was considered as statistically
significant.

RESULTS

Patients’ characteristics and histology

A total of 453 NAFLD patients were included in our study.
Sixty-eight cases were excluded because of insufficient liver
biopsy length and number of complete portal tracts, and other
48 subjects who did not have a full set of clinical data.

The enrolled NAFLD patients included 267 males and 186
females with a mean age of 36.56 + 16.72 years (Table I): 137
patients (30.24%) were also diagnosed with type 2 diabetes
and 158 cases (34.88%) had arterial hypertension. A BMI > 25
kg/m? was present in 218 patients, and 53 patients had BMI >

30 kg/m?* Higher ALT and AST levels than the normal upper
limit were found in 283 patients (62.47%) and 201 patients
(44.37%), respectively.

In the enrolled NAFLD patients, the mean length of the
liver biopsy was 17.5 + 2.5 mm and the number of complete
portal tracts was 8 + 2. According to the histopathological
examination, 199 cases (43.93%) had a steatosis grade greater
than or equal to 66%. A number of 208 patients (45.92%) had
significant fibrosis and 126 patients (27.81%) had advanced
fibrosis.

All NAFLD patients were divided randomly into a study
cohort and validation cohort, and no significant differences
were found in the clinical and biochemical indicators between
these two cohorts. Table I shows the comparison in clinical and
biochemical indicators between the non-advanced fibrosis and
the advanced fibrosis groups in the study cohort and validation
cohort. Patients with advanced fibrosis had higher levels of
ALT, AST, AST/ALT ratio, ALP, insulin and HA, and lower
levels of Alb, cholinesterase, urea, ferritin and PTA percent
than patients in the non-advanced fibrosis group.

Correlation between each non-invasive fibrotic model
and stage of NAFLD fibrosis

Based on the results of liver biopsy, we analyzed the
correlation between each non-invasive fibrosis model and stage
of NAFLD fibrosis. All nine fibrosis models were correlated
with NAFLD liver fibrosis. APRI and BARD were significantly
correlated with the degree of NASH fibrosis (rho were 0.638
and 0.524, p<0.0001). FibroMeter NAFLD, Hui model, NIKEI
and NFS were moderately correlated with the fibrosis stage (rho
0.484,0.410, 0.471 and 0.437, respectively). Other models had
poor correlation with NAFLD fibrosis (Supplementary Fig. 1,
Supplementary Table II).

Diagnostic performance of singular non-invasive model
for diagnosing fibrosis

To evaluate the diagnostic accuracy of each non-invasive
model for diagnosing NAFLD fibrosis, we performed ROC
curve analysis for both significant fibrosis (Supplementary
Fig 2, Supplementary Table IIT) and advanced fibrosis (Fig 1,
Table IT) in the NAFLD study cohort. APRI, BARD, FibroMeter
NAFLD, NIKEI and S Index were significantly different
between the advanced fibrosis group and non-advanced fibrosis
group (p < 0.01). The top four non-invasive models with the
highest AUROC values were APRI, FibroMeter NAFLD,
NIKEI and BARD. Similar to the performances for diagnosing
significant fibrosis, the specificity and NPV for diagnosing
advanced fibrosis by single non-invasive model were high,
while the sensitivity and PPV were correspondently low. After
NFS and FIB-4 being modified by age, the diagnostic accuracy
for NAFLD advanced fibrosis was not changed.

Diagnostic performance of serial step layered combination
of non-invasive models for diagnosis of advanced fibrosis

Because of the poor performance of one fold non-
invasive model, we finally set up the serial and step layered
combination of several fibrosis models for diagnosing advanced
fibrosis. According to the higher AUROC, serial step layered
combination approach measured APRI for advanced fibrosis
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Table I. Baseline demographic, clinical, and biochemical characteristics of the 453 patients with NAFLD.

Variable (n=453) All patients Study Cohort (n=360) Validation Cohort (n=93)
Stage FO to F2 Stage F3 to F4 Stage FO to F2 Stage F3 to F4
fibrosis (n=258) fibrosis (n=102) fibrosis (n=69) fibrosis (n=24)
Age (years) 36.56+16.72 33.35+15.22 39.19+17.56 34.12+19.03 40.33£17.81
Male (n, %) 267(58.94%) 155(60.08%) 57(55.88%) 41(59.42%) 14(58.33%)
BMI (kg/m?) 25.93%3.69 25.82%3.51 26.25+4.19 26.05+3.49 26.31+4.25
ALT (U/L) ** 135.11+48.92 127.93+£49.15 173.33£51.27 128.33+£49.95 174.23£52.51
AST (U/L) " * 74.12+35.65 68.88+27.93 106.74+49.53 67.50£26.32 105.91+48.55
AST/ALT ratio™* 0.69+0.37 0.63+0.86 0.78+0.66 0.62+0.75 0.77+0.72
ALP (U/L) "* 155.15+£76.82 143.89+66.91 213.92+96.43 142.55+65.31 212.06+95.83
GGT (U/L) 87.66+52.87 83.85+49.65 108.91+£62.06 82.29+50.30 109.53+£63.72
TC (mmol/L) 4.96+1.31 4.98+1.05 4.86+1.55 5.11+1.33 4.88+1.03
TG (mmol/L) 2.15£0.93 2.21+0.99 1.91+0.99 2.11+0.87 1.87+0.76
HDL (mmol/L) 1.51+0.75 1.59+0.86 1.10+0.56 1.53+0.90 1.04+0.71
LDL (mmol/L) 4.51£2.09 4.75%2.31 3.30£1.22 4.82%2.59 3.53+1.96
apoAl (g/L) 1.32+0.43 1.32+0.51 1.34+0.46 1.29+0.70 1.37+0.86
Alb (g/L)"* 44.97+4.96 45.89+4.77 43.55+4.99 45.25+£6.93 42.01+£5.22
Tbil (umol/L) 15.96+8.01 15.74+£9.95 16.03+£9.25 15.68+10.21 16.34+10.44
Cholinesterase (U/L) "* 8935.65+1788.03 9031.06+1632.08 8368.36+2464.81 9005.92+1608.53 8340.79+2397.64
Urea (umol/L) ™ * 67.09+19.33 72.05+19.33 63.11+13.02 71.56+20.59 61.77+15.20
Ferritin (umol/L) 19.91+6.58 20.02+6.98 18.57+7.69 21.57+7.38 18.96+6.85
Fasting glucose (mmol/L) 5.36+1.34 5.34+1.45 5.43+1.22 5.25+2.86 5.52+1.93
PLT(x10°g/L) 240.12+66.57 241.05+64.97 235.01+£83.21 243.66+62.05 237.83+£82.81
Insulin (WU/ml) ™ ** 24.93£17.81 20.88+11.32 38.22£26.79 21.53+12.44 39.05+29.12
HA (ug/L) " * 53.67+49.51 48.90+39.41 82.73+84.49 50.12+38.97 81.90+79.56
PTA (%) * 103.08+15.01 107.03+£14.89 97.91+17.50 105.85+17.34 99.23+19.35
PITIINP (ug/L) 6.78+4.85 6.66+4.06 7.31+5.83 6.51+4.84 7.56+4.99
Diabetes 137 (30.24%) 66 (25.58%) 44 (43.13%) 17(24.64%) 10(41.67%)
Hypertension 158 (34.88%) 78 (30.23%) 48 (47.06%) 22(31.88%) 10(41.67%)

Data were expressed in mean + SD and as number of cases (%). p values were standing for comparisons between stage FO to F2 fibrosis
patients and stage F3 to F4 fibrosis patients. *Between stage FO to F2 fibrosis and stage F3 to F4 fibrosis in study group, significant at p
< 0.05. #Between stage FO to F2 fibrosis and stage F3 to F4 fibrosis in validation group, significant at p < 0.05. **Between stage F0 to F2
fibrosis and stage F3 to F4 fibrosis in study group, significant at p < 0.01. ##Between stage F0 to F2 fibrosis and stage F3 to F4 fibrosis in

validation group, significant at p < 0.05.

Alb: albumin; ALP: alkaline phosphatase; ALT: alanine aminotransferases; ApoA1: apolipoprotein-A1l; AST, aspartate aminotransferases;
BMI: body mass index; GGT: y-glutamyl transpeptidase; HA: hyaluronic acid; HDL: high density lipoprotein; LDL: low-density lipoprotein;
NAFLD: non-alcoholic fatty liver disease; PLT: platelets; PTA:prothrombin time activity; PIIINP: procollagen III N-terminal peptide;

Tbil: total bilirubin; TC: total cholesterol; TG: triglyceride.

sequentially followed by BARD, FibroMeter NAFLD and
NIKEI (Fig. 2A).

At first, APRI for diagnosing NAFLD advanced fibrosis
was tested alone in NAFLD study cohort, and 213 patients
(59.17%) had scores below the cut-oft value 0.98; 170 patients
were non-advanced fibrosis NAFLD, and 43 patients had
advanced fibrosis. The remaining 147 patients (40.83%) had
a score higher than 0.98, of whom 103 had non-advanced
fibrosis, 44 had advanced fibrosis. The sensitivity, specificity,
PPV and NPV for diagnosis of NAFLD advanced fibrosis were
50.57%, 62.27%, 29.93% and 79.81%, respectively.

After NAFLD patients were evaluated by APRI, the BARD,
FibroMeter NAFLD and NIKEI were successively added.
Among 213 patients with APRI value below 0.98, 179 patients
had BARD score less than or equal to 1 point simultaneously;
146 of 179 patients had no advanced fibrosis. In 147 patients
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with APRI higher than 0.98, 103 had more than or equal to
2 point of BARD score, while 52 patients had no advanced
fibrosis and the rest 51 patients had advanced fibrosis. The
sensitivity, specificity, PPV and NPV of two step layered
combination of APRI and BARD for diagnosing advanced
fibrosis were up to 60.71%, 73.74%, 49.51% and 81.56%,
respectively. The diagnostic accuracy was increased.
FibroMeter NAFLD and NIKEI were added in turn to
diagnose following BARD. After FibroMeter NAFLD was
added for diagnosis, the sensitivity, specificity, PPV and NPV
increased to 70.31%, 81.69%, 63.38% and 85.93%, respectively.
Finally, when NIKEI was added as the last successive diagnostic
step to the layered model combination, the sensitivity,
specificity, PPV and NPV improved to 72.50%, 89.13%, 74.36%
and 88.17%, respectively. The diagnostic performance of
serial step layered combination of non-invasive models with
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Fig. 1. ROC performance of single non-invasive model for diagnosing

NAFLD advanced fibrosis. All enrolled NAFLD patients were
diagnosed by each fibrotic model for advanced fibrosis.

APRI, BARD, FibroMeter NAFLD and NIKEI was gradually
increasing.

The step layered combination of non-invasive models
to diagnose advanced fibrosis was validated in the NAFLD
validation cohort (Fig. 2B). In 93 NAFLD validation patients,
55 cases had APRI score below the cut-off value and 38 cases
had higher score. The sensitivity, specificity, PPV and NPV for
diagnosing NAFLD advanced fibrosis were 52.17%, 62.86%,
31.58% and 80.00%, respectively. After BARD, FibroMeter
NAFLD and NIKEI were sequentially added into the diagnosis,
21 cases had non-advanced fibrosis and the sensitivity
improved to 72.73%, NPV to 87.50%. Eight patients were
diagnosed as advanced fibrosis by the step layered combination

of these non-invasive models, and the specificity was 87.50%,
and PPV 72.73%.

DISCUSSION

In the research cohort of 453 NAFLD patients, we
compared nine existing non-invasive fibrosis evaluation
models to diagnose NAFLD fibrosis and we found that
APRI, BARD, FibroMeter NAFLD and NIKEI had the best
performance of diagnosing significant fibrosis and advanced
fibrosis in NAFLD. We demonstrated that the step layered
combination of these four models in diagnosis of advanced
fibrosis showed high specificity, sensitivity, NPV and PPV.
In the NAFLD validation cohort, this noninvasive stepwise
combination test exhibited good stability and accuracy in
diagnosing NAFLD advanced fibrosis. The overall efficiency
for diagnosing NAFLD advanced fibrosis had been improved
by using a step layered combination of APRI, BARD,
FibroMeter NAFLD and NIKEIL

Compared with other studies, our 453 NAFLD patients
had a younger age, and the equal gender ratio might avoid
gender-influencing factors. The characteristics of metabolic
syndrome, such as obesity, hypertension, hyperlipidemia,
diabetes, were present in our patients. This was consistent
with the description of NAFLD associated with the metabolic
syndrome in previous studies [6, 31]. In the histological
evaluation, 43.93% of our patients had hepatic steatosis >
66%, and the percentage of steatosis decreased in the patients
with F4 fibrosis score. This situation may be due to extensive
hepatocyte necrosis, connective tissue hyperplasia and the
formation of fibrous septum, leading to the destruction of the
hepatic lobule structure and the formation of pseudolobular
structure. Meanwhile, lipids may be ,,burned out” in cirrhotic

Table II. Comparisons of the performances of single non-invasive model for diagnosis of advanced fibrosis in NAFLD study group.

Model Cut-off value ~ AUROC (95% CI) for P value Sens (%)  Spec(%) PPV (%) NPV (%)
advanced fibrosis

APRI < 0.98: no 0.706 (0.626, 0.785) 0.000** 50.57 60.27 29.93 79.81
=>0.98: yes

BARD < 2:no 0.625 (0.528, 0.723) 0.009** 46.30 75.82 25.25 88.89
>2:yes

FibroMeter NAFLD <0.611: no 0.691 (0.605, 0.777) 0.000** 59.69 86.55 43.29 87.53
=20.715: yes

FIB-4 < 1.3:no 0.577 (0.467, 0.688) 0.009** 17.95 96.30 41.18 89.04
> 2.67: yes

Forns’ Index <4.21:no 0.515 (0.399, 0.631) 0.013* 50.00 54.75 22.86 80.33
>6.9: yes

Hui model <0.15: no 0.569 (0.465, 0.673) 0.007** 24.39 89.08 27.78 87.24
>0.5: yes

NIKEI <0.0535: no 0.674 (0.578, 0.770) 0.000** 21.15 95.11 42.31 87.69
>0.2294: yes

S Index <0.1: no 0.649 (0.568, 0.729) 0.002** 64.29 85.71 33.33 95.58
=>0.5: yes

NES < -1.455: no 0.527 (0.417, 0.638) 0.008** 19.57 91.7 27.27 87.75
> 0.676: yes

Cut-off value: for advanced fibrosis. P value represented the Delong test. *Significant at P < 0.05. **Significant at P < 0.01. APRI:
aspartate aminotransferase-to-platelet ratio index; AUROC: area under the ROC curve; NAFLD: non-alcoholic fatty liver disease;
NEFS: NAFLD fibrosis score; NIKEI: non-invasive Koeln-Essen-index; NPV: negative predictive value; PPV: positive predictive
value; Sens: sensitivity; Spec: specificity; 95% CI: 95% confidence intervals.
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Fig. 2. Diagnostic performance of serial step layered combination of non-invasive models for diagnosing
NAFLD advanced fibrosis. Serial step layered combination approach measured APRI for advanced fibrosis
sequentially followed by BARD, FibroMeter NAFLD and NIKEI in NAFLD patients in NAFLD study

cohort (A) and NAFLD validation cohort (B).

liver [32-34]. In our patients, 37.53% and 55.63% cases had
normal ALT and AST levels, which was consistent with the
existing studies showing that lower levels of ALT and AST levels
usually exist in NAFLD patients until the disease progresses
to late stages. Thus NAFLD advanced fibrosis could not be
diagnosed by ALT and AST levels [35, 36].

In our study, all the nine fibrotic models were correlated
with the degree of liver fibrosis stage in patients with NAFLD.
According to the cut-off values of each model for diagnosing
fibrosis in NAFLD, all models had high NPV's and specificity,
which were consistent with the existing studies [16, 37, 38],
demonstrating that these models could be used to exclude
NAFLD significant fibrosis and advanced fibrosis with high
accuracy. Nevertheless, none of the models had enough efficacy
in PPV, which shows that models were not excellent to detect
NAFLD fibrosis. Therefore, all nine non-invasive models
showed a greater utility in suggesting the absence of significant
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fibrosis and advanced fibrosis in NAFLD than in predicting
their presence. In our study, the overall performance of the
models for predicting advanced fibrosis in NAFLD was poorer
than that found in some studies [36, 39]. This may be caused
by the inclusion of younger patients in our enrolled cohort,
which might result in a smaller model calculation, affecting
the diagnosis of advanced fibrosis. Bertot et al. [40] found
that non-invasive fibrosis scoring systems had less diagnostic
efficiency at predicting cirrhosis and liver-related outcomes
in patients with NAFLD and diabetes. And there were many
NAFLD patients with diabetes in our cohort and this may be
another reason for the poor performance of the non-invasive
fibrosis models in our study. This situation required a large
sample of patients for validation and other alternative methods
should be used for diagnosis.

According to the performance of diagnosing significant
fibrosis and advanced fibrosis by the nine existing non-invasive
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fibrotic models, APRI, BARD, FibroMeter NAFLD and NIKEI
had higher AUROC and NPV, and could be preferred in
clinical practice for diagnosis of NAFLD fibrosis. Nevertheless,
the ideal non-invasive diagnostic models should have high
accuracy, including high sensitivity, specificity, NPV and PPV.
Our study showed that the singular non-invasive model did
not have sufficient accuracy to be used to diagnose NAFLD
advanced fibrosis, particularly in view of the severity of this
diagnosis. Petta et al. [41] and Demir et al. [42] found that the
combination of non-invasive diagnostic models could improve
the diagnostic efficiency of NAFLD advanced fibrosis. In our
study, step layered combination of APRI, BARD, FibroMeter
NAFLD and NIKEI could achieve an overall diagnostic
performance improvement in NAFLD advanced fibrosis. The
validation experiment showed that this non-invasive step
layered test exhibited good stability and accuracy in diagnosing
advanced fibrosis in NAFLD patients. At the same time, it
was convenient that combination of the scoring systems with
existing biochemical serum indicators could be introduced in
a pre-designed Excel spreadsheet, which could produce the
judgment rapidly without additional costs and avoid invasive
liver biopsy in the patients.

Our study has several limitations. Firstly, in order to
achieve a homogeneous study cohort, in the enrolled patients
we excluded the cases with preexisting diseases and ongoing
medical treatment for other diseases, which might result
in a selection bias. However, strict inclusion criteria can
make the diagnostic judgment more accurate and reduce
the influence of other factors. Secondly, our patients were
recruited consecutively and the number of patients with
NAFLD advanced fibrosis was small. A larger study cohort
and more patients with NAFLD advanced fibrosis should
be required for validation. Thirdly, liver biopsy was used as
the gold standard for evaluation as in all validation studies
of non-invasive methods for liver fibrosis, but the sampling
bias of liver biopsy was unavoidable. We minimized these
biases by an adequate tissue sample length and a number of
portal tracts, while the pathological diagnosis of the patients
was reevaluated by two experienced pathologists, eliminating
the influence of subjective human factors and inter-observer
variability for the diagnosis.

CONCLUSIONS

The APRI, BARD, FibroMeter NAFLD and NIKEI could
be preferentially used in clinical practice for the diagnosis of
NAFLD fibrosis. The step layered combination of these four
fibrosis scores could further improve the diagnostic accuracy
of NAFLD advanced fibrosis with good diagnostic performance
and might be a potential substitute of liver biopsy.
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Supplementary Material

Supplementary Results

Diagnostic performance of singular non-invasive model for diagnosis of significant fibrosis
in NAFLD training cohort

To compare the diagnostic accuracy of the non-invasive models, we performed ROC curve analysis
on both significant fibrosis and non-significant fibrosis group (Figure S2). For each model, the
AUROC, sensitivity, specificity, PPV and NPV were summarized in NAFLD training cohort (Table
S3). APRI, BARD, FibroMeter NAFLD, NIKEI and S Index were significantly distinguished
between the significant fibrosis and non-significant fibrosis group (P < 0.01). All non-invasive
models for significant fibrosis had high specificity and NPV, but the sensitivity and PPV for each
model were low. APRI had the best diagnostic effect on significant fibrosis (AUROC 0.713), which
was followed by FibroMeter NAFLD (AUROC 0.677), BARD (AUROC 0.621) and NIKEI

(AUROC 0.612).



Supplementary Tables

Supplementary Table I. Formulae of non-invasive model scores for diagnosing liver fibrosis

Model Equation

APRI APRI =[AST level (/ULN)/platelet counts (10%/L) ]x100

AST/ALT ratio at least 0.8 — 2 points;
BMI at least 28 kg/m® — 1 point
Presence of diabetes — 1 point.

BARD

Score ranges from 0 to 4 points.

0.4184 x glucose (mmol/l) + 0.0701 x AST (Ul/I) + 0.0008 x ferritin
FibroMeter NAFLD (Ig/l) - 0.0102 x platelet counts (10°/L) - 0.0260 x ALT (Ul/l) +

0.0459 x body weight (kg) + 0.0842 x age (yr) + 11.6226

FIB-4 LT [%]
(Age [years] x AST [IU/L])/(platelet counts [109/L] x
7.811 - 3.131x In(platelet counts) (G/L) + 0.781 x In (GGT) (IU/L) +

Forns’ Index
3.467 x In(age) (year) - 0.014 x cholesterol (g/L)
exp (3.148 + 0.167 x BMI + 0.088 x bilirubin [uM] — 0.151 x Alb
Hui model [g/L] — 0.019 x platelet counts [10%/L]) / (1 + exp (3.148 + 0.167 x
BMI + 0.088 x bilirubin [uM] — 0.151 x Alb [g/L] — 0.019 x platelet
counts [10%L]))
NIKEI LogitP = In(P/1-P) = -24.214 + 0.225 x age (year) + 0.056 x AST
[U/L] + 5.044 x AST/ALT + 3.631 x Tbil, [mg/dL]
S Index 1000 x GGT [IU/L] / (platelet counts [10%/L]xAlb? [g/L] )
-1.675 + 0.037 x age (years) + 0.094 x BMI (kg/m2) + 1.13 x
NFS IFG/diabetes (yes = 1, no = 0) + 0.99 x AST/ALT - 0.013 x platelet

count (x 10°/L) - 0.66 x Alb (g/dL)

Alb, albumin; ALT, alanine aminotransferases; APRI, aspartate aminotransferase-to-platelet ratio index; AST,
aspartate aminotransferases; BMI, body mass index; GGT, y-glutamyl transpeptidase; IFG, impaired fasting
glucose; NFS, NAFLD fibrosis score; NIKEI, non-invasive Koeln-Essen-index; Thbil, total bilirubin; ULN: upper
limit of normal (The lever of AST was 40 IU/L)



Supplementary Table Il. Correlation between each non-invasive fibrotic model and stage of

NAFLD fibrosis

Model rho P value
APRI 0.638 .000”
BARD 0.524 .000”
FibroMeter NAFLD 0.484 .000”
FIB-4 0.384 012
Forns’ Index 0.360 .000”
Hui model 0.410 .009”
NIKEI 0.471 .000”
S Index 0.373 .003”
NFS 0.437 011

"Significant at P < 0.05.

“Significant at P < 0.01.

APRI, aspartate aminotransferase-to-platelet ratio index; NAFLD, non-alcoholic
fatty liver disease; NFS, NAFLD fibrosis score; NIKEI, non-invasive Koeln-Essen-
index;

Supplementary Table 111. AUROCS of single non-invasive models to predict significant fibrosis in

NAFLD training cohort.

AUROC

Sens Spec PPV NPV

Model (95% CI) for P value
. L (%) (%) (%) (%)
Significant fibrosis

APRI 0.713(0.652,0.773) .000” 4665 80.39 3266 89.92
BARD 0.621(0.552,0.691) 001" 56.87  83.20 36.72 90.03
FibroMeter NAFLD 0.677(0.611,0.743) .000" 63.27 88.90 53.33 88.51
FIB-4 0.538(0.464,0.611) 009" 2972 9217 47.06 90.25
Forns’ Index 0.459(0.383,0.535) .008” 6152 68.93 28.75 86.96
Hui model 0.541(0.469,0.614) .008” 2785 8875 29.88 88.63
NIKEI 0.612(0.542,0.681) 001" 2957 96.01 48.65 87.90
S Index 0.590(0.523,0.656) o 66.39  83.25 39.17 93.83
NFS 0.505(0.430,0.581) 015 25.07 90.66 30.56  88.05

P value represented the Delong test.

"Significant at P < 0.05.

"Significant at P < 0.01.

APRI, aspartate aminotransferase-to-platelet ratio index; AUROC, area under the ROC curve;
NAFLD, non-alcoholic fatty liver disease; NFS, NAFLD fibrosis score; NIKEI, non-invasive Koeln-
Essen-index; NPV, negative predictive value; PPV, positive predictive value; Sens, sensitivity; Spec,
specificity; 95% Cl, 95% confidence intervals.
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Supplementary Fig. 1. Correlation between each non-invasive fibrotic model and stage of

NAFLD fibrosis. All 9 existing fibrotic models in clinical were correlated with NAFLD liver

fibrosis. APRI, BARD, FibroMeter NAFLD and NIKEI were moderately correlated with the degree

of fibrosis and others were not performance good.
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Supplementary Fig. 2. ROC performance of singular non-invasive model for diagnosing
NAFLD significant fibrosis. ROC curve analysis were performed for diagnosing significant

fibrosis in NAFLD patients using APRI, BARD, FIB-4, FibroMeter NAFLD, Frons’ Index, Hui

model, NFS, NIKEI and S Index.



