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Abstract

Background and Aims: Nonalcoholic fatty liver disease
(NAFLD) is associated with metabolic disorders. This study
aimed to explore the role of metabolic disorders in screen-
ing advanced fibrosis in NAFLD patients. Methods: A total
of 246 histologically-proven NAFLD patients were enrolled
across 14 centers. We compared the severity of fibrosis in
patients with different components of metabolic disorders.
Based on standard noninvasive tests and metabolic disor-
ders, we developed new algorithms to identify advanced fi-

Keywords: Nonalcoholic fatty liver disease; Liver fibrosis; Metabolic syndrome;
Noninvasive measurement.

Abbreviations: APRI, aspartate aminotransferase to platelet ratio index; AU-
ROC, Area under the ROC curve; BMI, body mass index; CI, confidence interval;
FIB-4, fibrosis-4 score; FPG, fasting plasma glucose; HDL-C, high-density li-
poprotein cholesterol; HOMA-IR, homeostasis model assessment-insulin resist-
ance; LSM, liver stiffness measurement; MAFLD, metabolic dysfunction-associ-
ated fatty liver disease; MetS, metabolic syndrome; NAFLD, nonalcoholic fatty
liver disease; NASH, nonalcoholic steatohepatitis; NFS, NAFLD fibrosis score;
ORs, odds ratios; SAF, steatosis, activity score and fibrosis stages; T2DM, type
2 diabetes mellitus; TG, triglyceride.

#Contributed equally to this work.

“Correspondence to: Bi-Hui Zhong, Department of Gastroenterology, The
First Affiliated Hospital, Sun Yat-Sen University, No. 58 Zhongshan Road II,
Yuexiu District, Guangzhou, Guangdong 510080, China. ORCID: https://orcid.
org/0000-0002-3089-8152. Tel: +86-20-8775-5766-8172, Fax: +86-20-8733-
2916, E-mail: Sophiazhong@hotmail.com; Jian-Gao Fan, Center for Fatty Liver,
Department of Gastroenterology, XinHua Hospital Affiliated to Shanghai Jiao
Tong University School of Medicine, Shanghai Key Lab of Pediatric Gastroenter-
ology and Nutrition, Shanghai 200092, China. ORCID: https://orcid.org/0000-
0002-8618-6402. Tel/Fax: +86-21-2507-7340, E-mail: fanjiangao@xinhuamed.
com.cn

brosis. Results: Metabolic syndrome (MetS) was frequent
in NAFLD patients (133/246, 54%). Patients with MetS had
a higher proportion of significant fibrosis (p=0.014) and
higher LSM values (9.2 kPa, vs. 7.4 kPa, p=0.002) than
those without MetS. Patients with more metabolic disor-
ders had higher fibrosis stages (p=0.017). Reduced high-
density lipoprotein cholesterol (odds ratio [OR]: 2.241,
95% confidence interval [CI]: 1.004-5.002, p=0.049) and
raised fasting glucose (OR: 4.500, 95% CI: 2.083-9.725,
p<0.001) were significantly associated with advanced fibro-
sis. Using these two metabolic disorders as a screening tool,
a sensitivity, specificity and accuracy of 92%, 81% and 83%
was achieved, respectively. With the new algorithms com-
bining metabolic disorders with noninvasive measurements,
the number of patients requiring liver biopsy was reduced,
especially in combination with the Fibrosis-4 score and met-
abolic disorders (36% to 17%, p<0.001). In addition, this
stepwise algorithm could achieve a high accuracy (85%)
and high negative predictive value (93%). Conclusions:
Metabolic disorders should be taken into consideration in
the diagnosis of advanced fibrosis. With further validation
and investigation, new algorithms could be recommended
in primary care units to spare patients from unnecessary
referral and liver biopsies.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) is closely associ-
ated with the features of metabolic syndrome (MetS), in-
cluding insulin resistance, hyperglycemia and dyslipidemia.
Since the global epidemic of obesity has increased meta-
bolic dysfunction, the health burden of NAFLD is becoming
enormous.! A study from the Third National Health and
Nutrition Examination Survey database reported that 95%
of NAFLD patients had type 2 diabetes mellitus (T2DM),
obesity or other metabolic abnormalities.2 Approximately
43% of patients with MetS had NAFLD.3 There were also
opinions that NAFLD was a representation of MetS in the
liver.

It has been reported that overweight/obese NAFLD pa-
tients have more severe histological features, including
higher fibrosis scores, than lean patients.* Among these,
metabolically unhealthy obese patients had a significantly
higher prevalence of advanced liver fibrosis (F3-F4) than
metabolically healthy obese ones.> Even in nonobese pa-
tients with NAFLD, metabolic-related diseases were also
common. Nonobese NAFLD patients had impaired glucose
tolerance, low adiponectin concentrations and a distinct me-
tabolite profile compared with patients without steatosis.®
NAFLD has a universal association with insulin resistance,
which plays an essential role in the development of steato-
hepatitis and fibrosis.

Individuals with raised fasting glucose or T2DM and oth-
er metabolic abnormalities of MetS have an increased risk
of advanced fibrosis.> We know that advanced fibrosis is
directly associated with liver-related events.” Therefore,
metabolic abnormalities could predict a worse long-term
prognosis in NAFLD patients. Hence, metabolic disorders
should be considered in screening fibrosis. Currently, the
application of noninvasive diagnostic measurements in clini-
cal practice is still insufficient. The diagnostic performance,
accessibility and cost-effectiveness all need to be improved.
Thus, this study aimed to explore the role of metabolic dis-
orders in screening for liver fibrosis.

Methods
Study design and population

This was an observational, multicenter, cross-sectional reg-
istry study that enrolled patients with liver biopsy-proven
NAFLD in 14 participating sites across mainland China
from July 4, 2016 to August 9, 2018. The procedures of
this study were in accordance with the ethical standards of
the responsible committee on human experimentation and
conformed to the ethical guidelines of the latest version of
the Declaration of Helsinki. This retrospective study did not
involve any sensitive patient data, so informed consent was
not required. The protocol of the study was registered at
http://www.chictr.org.cn (ChiCTR-OOC-16007902).

Patients were included if they (a) were aged 18-65 years,
(b) had received liver biopsy within 6 months before enroll-
ment and biopsy sample could be collected for re-evalua-
tion, and (c) had =5% hepatic steatosis on liver biopsy and
were diagnosed with NAFLD. Patients were excluded if they
(a) had other chronic liver diseases, including viral hepati-
tis, alcoholic liver diseases, toxic liver damage, autoimmune
liver disease, drug-induced liver injury, Wilson’s disease
and other genetic liver diseases, (b) had significant alcohol
consumption of >140 g/week for men or >70 g/week for
women within the past 12 months, (c) had end-stage liver
disease, such as decompensated cirrhosis or liver cancer, or
(d) were pregnant or breastfeeding.
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Data collection, laboratory, imaging and liver biopsy
examination

Demographic and anthropometric characteristics, medical
history and metabolic disorders were collected at enroll-
ment. Weight and height were used to calculate body mass
index (BMI=weight/height?). Medical history was recorded
in detail, including comorbid diseases, alcohol consumption,
smoking status and comedications. Clinical and laboratory
information of the patients, including blood biochemical pa-
rameters, was obtained within 1 week before or after liver
biopsy. The cardiovascular disease risk score was calculated
according to the Framingham general risk score algorithm
(2008). The controlled attenuation parameter and liver stiff-
ness measurement (LSM) were performed within 1 week
of biopsy using the FibroScan 502 instrument (Echosens,
Paris, France).

Liver biopsy samples of eligible patients were collect-
ed for histopathological rereading. The biopsy specimens
were stained with hematoxylin and eosin, reticulin, and
Masson'’s trichrome. Pathologists at each site read biopsy
slices in terms of steatosis, activity score and fibrosis stag-
es (SAF) and provided a standard report according to the
Fatty Liver Inhibition of Progression (commonly known as
FLIP) Algorithm.8 The diagnosis of NAFLD was based on
the EASL-EASD-EASO Clinical Practice Guidelines for the
management of NAFLD (2016).° Nonalcoholic steatohepa-
titis (NASH) was defined as the presence of steatosis with
inflammation and ballooning. Significant fibrosis was de-
fined as fibrosis stage >F2, while advanced fibrosis was
defined as stage F3 and F4.8 Liver biopsies were also used
to differentiate other liver diseases in patients. The study
protocol was published previously.10 Qualified researchers
may request access to patient-level data and related study
documents.

Definitions of metabolic disorders and noninvasive
fibrosis tests

MetS consisted of central obesity plus any two of the follow-
ing metabolic disorders: elevated triglyceride (TG), reduced
high-density lipoprotein cholesterol (HDL-C), elevated blood
pressure and raised fasting glucose, according to the guide-
line from the International Diabetes Foundation (2005).11
Central obesity was defined as increased waist circumfer-
ence, with thresholds of =90 cm in men and =80 cm in
women. Elevated TG was defined as fasting TG =150 mg/dL
or being on TG therapy. Reduced HDL-C was defined as <40
mg/dL in men and <50 mg/dL in women or being on HDL-C
therapy. Elevated blood pressure was defined as >2130/85
mm Hg or being on hypertension therapy. Raised fasting
glucose was defined as =100 mg/dL or previously diag-
nosed T2DM. Insulin resistance was defined as homeosta-
sis model assessment-insulin resistance (HOMA-IR) score
>2.5, calculated as fasting insulin (mU/L) x fasting glucose
(mmol/L)/22.5.

NAFLD fibrosis score (NFS) was calculated as: —1.675+
0.037xage (years)+0.094xBMI (kg/m?2) +1.13ximpaired
fasting glycemia or diabetes (yes=1, no=0) +0.99xas-
partate aminotransferase/alanine aminotransferase ratio-
0.013xplatelet (x109/L)—0.66xalbumin (g/dL). The cut-off
value of —1.455 was used to rule-out advanced fibrosis with
90% sensitivity, and 0.676 was used to rule-in advanced
fibrosis with 90% specificity.12 Fibrosis-4 (FIB-4) was cal-
culated as agexaspartate aminotransferase (U/L)/platelet
(x10%/L) xalanine aminotransferase!/2 (U/L). Two diagnostic
cut-offs, namely 1.30 and 3.25, corresponding to the 90%
sensitivity and 90% specificity thresholds, were also used to
diagnose advanced fibrosis.!3 We used 7.9 kPa as a cut-off
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of LSM to exclude advanced fibrosis and 9.6 kPa to diagnose
advanced fibrosis according to the published data.4

Statistical analysis

The database for final analysis was locked on December
5, 2018. Statistical analyses were performed using SPSS
software (version 25.0; IBM Corp., Armonk, NY, USA). The
comparison of LSM values between groups with different
numbers of metabolic disorders was carried out by one-way
ANOVA. Univariate and multivariate binary logistic regres-
sion analyses were applied to define risk factors for ad-
vanced fibrosis. All related factors were calculated in the
multivariate model using the forward stepwise (conditional)
method. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated to evaluate the effect.

We used receiver operating characteristic curves (com-
monly known as ROCs) to assess the accuracy and to iden-
tify optimal cut-offs. The area under the ROC curve (com-
monly known as AUROC), diagnostic OR and diagnostic
accuracy were calculated to assess the overall diagnostic
performance. In the new stepwise algorithms, two cut-off
values of each noninvasive assessment measurement were
applied to determine advanced fibrosis. The second step
was applied for the patients in the “gray zone” of the first
step, and the patients in the final “gray zone” would then be
recommended for a liver biopsy. Overall diagnostic indexes,
including sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio and nega-
tive likelihood ratio, were calculated.

Results

Demographic and clinical characteristics of NAFLD
patients

Eligible biopsy samples were obtained from 250 patients
enrolled in the study. Two patients were excluded for al-
cohol abuse, and another two patients were excluded for
insufficient steatosis of less than 5% during histological re-
examination. Finally, 246 patients with histologically-proven
significant steatosis were diagnosed with NAFLD and in-
cluded in the final analysis. Approximately 61% (151/246)
of patients had moderate or severe steatosis, and 84%
(207/246) of patients had NASH. The median SAF score
was 5 (interquartile range: 4, 7). A total of 76 (31%) pa-
tients had significant fibrosis, and 38 (15%) patients had
advanced fibrosis.

Metabolic disorders were frequent among the patients
in this study. Approximately 76% (178/234) of patients
had central obesity, and more than half (133/246, 54%) of
the patients met the criteria for MetS. Patients with MetS
had higher BMI, higher waist circumference and higher hip
circumference (all p<0.001). These patients also had a
higher proportion of hypertension and T2DM (p<0.001 and
p=0.001, respectively). It was also not surprising that pa-
tients with MetS appeared to have worse metabolic status,
including fasting plasma glucose (FPG), glycosylated hemo-
globin, HOMA-IR, TG and HDL-C (Table 1).

Metabolic disorders were associated with liver fibro-
sis

NAFLD patients with MetS showed more severe fibrosis.
Patients in the MetS group had a significantly higher pro-
portion of significant fibrosis than those without MetS (50

cases, 38% vs. 26 cases, 23%, p=0.014). The proportion
of advanced fibrosis in patients with MetS (23/133, 17%)
was also higher than that in patients without MetS (15/113,
13%) but there was no significant difference (p=0.245).
Patients with MetS had higher overall LSM values than pa-
tients without MetS (9.2, 7.2-13.2 kPa vs. 7.4, 5.5-10.1
kPa, p=0.002) and similar IQR values (1.2, 0.7-2.2 vs. 0.8,
0.6-1.5, p=0.174).

When compared from the perspective of the numbers of
metabolic disorders included within MetS (central obesity,
elevated TG, reduced HDL-C, elevated blood pressure and
raised FPG according to the diagnosis criteria), patients
with more disorders had significantly more severe fibrosis
(p=0.017; Fig. 1). In patients without any of the metabolic
disorders, no patients had advanced fibrosis. In patients
with only one metabolic disorder, there were no cirrhotic
patients. In patients with five metabolic disorders, 36% had
advanced fibrosis. We also compared the LSM values among
patients with different numbers of metabolic disorders.
NAFLD patients with more metabolic disorders had signifi-
cantly higher LSM values (p<0.001; Fig. 1). In addition, the
number of disorders showed a linear correlation with the
LSM values (p=0.005).

Reduced HDL-C levels and raised fasting glucose
were risk factors for fibrosis

To determine which of the metabolic disorders were sig-
nificant risk factors for advanced fibrosis, we performed
univariate analysis and multivariate analysis among the
five components of MetS. Raised FPG (OR: 4.500, 95% CI:
2.083-9.725, p<0.001) and reduced HDL-C (OR: 2.241,
95% CI: 1.004-5.002, p=0.049) were the most important
risk factors (Table 2). Approximately 28% (27/98) of pa-
tients with raised FPG and 19% (27/141) of patients with
reduced HDL-C had advanced fibrosis.

Next, we used the two metabolic disorders as risk fac-
tors to screen advanced fibrosis. A total of 66 patients had
neither of these metabolic disorders, 121 patients had ei-
ther reduced HDL-C levels or raised fasting glucose, and
59 patients had both. The proportion of significant fibrosis
and advanced fibrosis was significantly different among
the three groups (both p<0.001). There was also a trend
towards a higher proportion of cirrhosis in patients with
more metabolic disorders (1 case vs. 2 cases vs. 3 cases,
p=0.319). Patients with more metabolic disorders also had
higher LSM values (7.3, 5.3-9.5 kPa; 9.0, 6.6-12.1 kPa;
and 10.0, 7.0-14.2 kPa, respectively, p<0.001; Table 3).

New algorithms improved the diagnostic performance
of advanced fibrosis

We then used these metabolic disorders as a screening tool
for advanced fibrosis. Patients with both raised FPG plus
reduced HDL-C were ruled-in to the consideration of a di-
agnosis of advanced fibrosis; patients with neither of these
were ruled out and patients with either of these were con-
sidered in the gray zone. This new diagnostic tool (MetDis)
could achieve a sensitivity, specificity and accuracy of 92%,
81% and 83%, respectively. We also evaluated the diagnos-
tic performance of three standard noninvasive tests at their
best Youden’s index to identify advanced fibrosis (Supple-
mentary Table 1). This new algorithm had significantly bet-
ter diagnostic performance than LSM (p<0.001; Table 4).
We also combined metabolic disorders with standard
noninvasive tests using their published cut-offs to form sev-
eral new stepwise algorithms (Supplementary Table 2). The
specificity of the new algorithms was also improved com-
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Table 1. Clinical characteristics between patients with and without metabolic syndromes

Variable Patients with MetS Patients without MetS P
Number of patients 133 113 -

Age in years 42+13 38+12 0.037
Male, % 89, 67% 88, 78% 0.057
Body mass index in kg/m? 28.9+4.2 25.6£3.2 <0.001
Smoking, % 20,15 % 10, 9% 0.146
Alcohol intake, % 48, 36% 46, 41% 0.458
Hypertension, % 42, 32% 14, 12% <0.001
Type 2 diabetes mellitus, % 33, 25% 10, 9% 0.001
Dyslipidemia, % 35, 26% 22, 19% 0.205
Coronary heart disease, % 6, 5% 0, 0% 0.022
Cerebrovascular disease, % 1, 1% 1, 1% 0.908
Chronic kidney diseases, % 5, 4% 1, 1% 0.145
Waist circumference in cm 99.4+10.0 89.0+9.9 <0.001
Hip circumference in cm 104.9+9.3 98.3+11.2 <0.001
Platelets as 109/L 237+68 231£70 0.508
ALT in U/L 55 (31, 102) 61 (32, 109) 0.972
FPG, mmol/L 5.9+1.8 5.1+£0.9 <0.001
HbA1lc, % 6.37+£1.69 5.64+0.70 <0.001
TG in mmol/L 1.90 (1.44, 2.62) 1.42 (1.06, 2.05) <0.001
Total cholesterol in mmol/L 4.91+1.12 4.91+1.01 0.943
HDL-C in mmol/L 1.01+£0.22 1.13+0.24 <0.001
Low-density lipoprotein-cholesterol in mmol/L 3.10+0.81 3.18+0.84 0.497
HOMA-IR 3.8 (2.6, 5.6) 2.4 (1.7, 3.5) <0.001
eGFR in mL/min per 1.73m?2 10717 108+17 0.702
CVD risk score 9 (5, 14) 4 (0, 10) <0.001

ALT, alanine aminotransferase; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1lc, glycated hemoglobin;
HOMA-IR, homeostasis model assessment-insulin resistance; MetS, metabolic syndrome.

pared to the use of only one noninvasive measurement.
Using these stepwise algorithms, the number of patients
requiring liver biopsy was significantly reduced (Fig. 2), and
liver biopsy could be reduced from 36% to 17% (p<0.001).
Among these, FIB-4-MetDis had better diagnostic perfor-
mance than FIB-4 alone (66%, p<0.001). It provided the
highest accuracy (85%), highest positive likelihood ratio
(5.92) and a high negative predictive value, which could
avoid unnecessary liver biopsy (Table 4). Therefore, we rec-
ommend evaluating metabolic disorders after calculating
the FIB-4 score for patients with hepatic steatosis found
incidentally in the primary care unit (Fig. 3).

Discussion

In this study, we demonstrated the association between
metabolic disorders and the severity of liver fibrosis in pa-
tients with NAFLD, and developed new algorithms combin-
ing metabolic disorders with noninvasive measurements to
improve the diagnostic performance of advanced fibrosis. It
is well known that liver biopsy is invasive, with an accompa-
nying 1% risk of serious complications and an approximately
0.2% risk of mortality. FIB-4-MetDis could reduce the need
for liver biopsy due to its high negative predictive value at

the current study. Therefore, we recommend FIB-4-MetDis
to screen advanced fibrosis in patients with NAFLD, which
is available in most primary care units. The combination of
metabolic disorders and noninvasive assessment is simple
for clinicians to use to make a quick judgment.

The liver is the main organ that handles the excess bur-
den of energy overload. NAFLD was even recognized as be-
ing among the spectrum of MetS. Recently, an international
panel of experts suggested the nomenclature of metabolic
dysfunction-associated fatty liver disease (i.e. MAFLD)!>
and issued guidelines!® to characterize the disease and call
attention to metabolic dysfunctions. In the current study,
most of the patients (239/246, 97%) met the criteria of
MAFLD. Compared to obesity or increased BMI, metabolic
disorders may represent the most significant characteristic
of NAFLD. We speculate that the severity of NAFLD, includ-
ing clinical characteristics and pathological stages, reflects
the severity of metabolic status in the liver. Previous stud-
ies revealed that as the number of metabolic abnormali-
ties increased, the hepatic steatosis grades also increased
in NAFLD,3 which was similar to our findings. Thus, these
metabolic disorders may act as predictors of the severity
of NAFLD.

Raised FPG and insulin resistance are the most impor-
tant features of metabolically unhealthy individuals and are

610 Journal of Clinical and Translational Hepatology 2021 vol. 9 | 607-614



Shi Y.W. et al: Screening fibrosis by metabolic disorders

P<0.001 for LSM values

P=0.0017 for proportions
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Fig. 1. Association between fibrosis stages and LSM with humbers of metabolic disorders. *Metabolic disorders referred to five components of metabolic
disorders (IDF 2005): central obesity, raised blood pressure, reduced high-density lipoprotein cholesterol, raised triglyceride and raised fasting plasma glucose. LSM,

liver stiffness measurement.

widespread in NAFLD patients.17:18 NAFLD patients with dia-
betes and insulin resistance are at higher risk of developing
advanced fibrosis and liver complications.920 Insulin resist-
ance also interacts with advanced fibrosis. Reduced glyco-
gen synthesis and defects in glucose oxidation in cirrhotic
patients further promote the development of impaired glu-
cose tolerance and insulin resistance.2! Among the current
noninvasive models, other related indexes, such as blood
glucose, hyperglycemia or diabetes, were also used to diag-
nose fibrosis according to the BARD score, NFS, FibroMeter
and FIB-C3. Another risk factor for advanced fibrosis is re-
duced serum levels of HDL-C. Dyslipidemia is rather com-

Table 2. Metabolic factors associated with advanced fibrosis

mon in NAFLD patients.22 The majority of hepatic fatty acids
are from adipose tissue lipolysis, which is promoted by in-
sulin resistance. HDL-C levels are also related to the sever-
ity of fibrosis.23 Abnormal cholesterol metabolism could di-
rectly drive hepatic stellate cell activation, which promotes
collagen secretion and fibrogenesis.24 In addition, several
lipid-regulating agents have been shown to improve liver
fibrosis.2> Although HDL-C is not often included in noninva-
sive tests, dyslipidemia also provides a clue for detecting
fibrosis.

With the pandemic of metabolic-associated diseases, the
prevalence of NAFLD is rapidly increasing in the past dec-

Univariate analysis

Multivariate analysis

Variable

OR, 95% CI P OR, 95% CI P
Central obesity 0.705 [0.291, 1.706] 0.438
Raised FPG 4.736 [2.221, 10.101] <0.001 4.500 [2.083, 9.725] <0.001
Raised BP 0.906 [0.452, 1.817] 0.781
Raised TG 0.548 [0.271, 1.110] 0.095
Reduced HDL-C 2.204 [0.954, 4.295] 0.066 2.241 [1.004, 5.002] 0.049

BP, blood pressure; CI, confidence interval; FPG, fasting plasma glucose; HDL-C, high density lipoprotein cholesterol-C; OR, odds ratio; TG, elevated triglyceride.

Table 3. Distribution of fibrosis stages in patients with different metabolic disorders

Metabolic disorders* None Either Both p

n 66 121 59 -
Significant fibrosis, % 11, 17% 34, 28% 31, 53% <0.001
Advanced fibrosis, % 3, 5% 16, 13% 19, 32% <0.001
Cirrhosis, % 1, 2% 2, 2% 3, 5% 0.319
LSM in kPa 7.3 (5.3, 9.5) 9.0 (6.6, 12.1) 10.0 (7.0, 14.2) <0.001

*Reduced high-density lipoprotein cholesterol or raised fasting plasma glucose. LSM, liver stiffness measurement.
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Table 4. Diagnostic performance of new algorithms combined with metabolic factors

Diagnostic Accuracy, Sensitivity, Specificity,

algorithm % % % PPV, % NPV, % LR+ LR- DOR P
MetDis 82.52 92.11 80.77 46.67 98.25 4.79 0.10 49.0 <0.0012
MetDis-LSM 65.42 95.49 62.25 62.25 95.49 2.53 0.07 8.2 0.6922
LSM-MetDis 69.66 86.11 66.67 31.96 96.35 2.58 0.21 12.4 0.1702
MetDis-NFS 79.27 71.05 80.77 40.30 93.85 3.69 0.36 10.3 0.101
NFS-MetDis 84.02 48.78 91.13 52.63 89.81 5.5 0.56 9.8 0.003b
MetDis-FIB-4 80.08 81.58 79.81 42.47 95.95 4.04 0.23 17.5 <0.001¢
FIB-4- MetDis  85.31 65.79 88.89 52.08 93.40 5.92 0.38 15.4 <0.001¢

aComparison of accuracy with LSM; ®Comparison with NFS; <Comparison with FIB-4. MetDis-LSM, evaluating metabolic disorders (reduced HDL-C or raised FPG) as a
first step, and use LSM as second step; LSM-MetDis is opposite. MetDis-NFS, evaluating metabolic disorders as a first step, and use NFS as second step; NFS-MetDis
is opposite. MetDis-FIB-4, evaluating metabolic disorders as a first step, and use FIB-4 as second step; FIB-4- MetDis is opposite. DOR, diagnostic odds ratio; LR+,
positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

ades. An important issue concerning clinical practice is the
diagnostic performance of noninvasive measurements for
advanced fibrosis. Serum-based models are more available
in primary medical centers. The aspartate aminotransferase
to platelet ratio index (commonly known as APRI), FIB-4
and BARD score indexes could be collected from routine
tests and are easily calculated. However, these models lack
sufficient sensitivity to rule in advanced fibrosis.26 Other
serum-based models consisting of special indicators (i.e.
Pro-C3, PIIINP, or TIMP-1) and patents (e.g., FibroMeter)
have limitations in their application due to accessibility. Im-
age-based noninvasive measurements are more sensitive in
detecting advanced fibrosis. These tests have a rather high
negative predictive value for ruling out advanced fibrosis.2”
In this situation, sequential combinations of noninvasive

measurements could provide a solution.

Our study has the strengths of a well-established design
with all the data monitored by experienced groups. The
tissue biopsy slices from each patient were reread by pa-
thologists, which guaranteed an accurate evaluation of the
characteristics of NAFLD and exclusion of other liver dis-
eases. However, there were still several limitations. First,
the sample size was relatively small. Patients in this study
were all collected from tertiary medical centers. The infor-
mation of the patients was collected mainly from in-patient
medical reports within 6 months to reduce recall bias. Com-
plete data ensured the quality of the research. Given an
expanded sample size, the power of the conclusion could be
enhanced. Second, we did not follow-up with the patients
to observe long-term prognosis and liver-related events. It

P=0.011 P<0.001 P=0.001

%100+
75+
50+
25+
0-

LSM MetDis LSM NFS MetDis NFS FIB-4 MetDis FIB-4

+ + + + + +
LSM MetDis NFS MetDis FIB-4 MetDis

1 Low risk of advanced fibrosis

= Gray zone

B High risk of advanced fibrosis

Fig. 2. Distribution of patients when using different diagnostic algorithms. Rule-in, patients met the criteria to diagnose advanced fibrosis according to pub-
lished cut-off; Rule-out, patients met the criteria to exclude advanced fibrosis according to published cut-off; Gray zone, undiagnosed patients in the middle of the
criteria, needed to be further examined, for instance, liver fibrosis. FIB-4, fibrosis-4 score; LSM, liver stiffness measurement; MetDis, metabolic disorders; NFS, NAFLD

fibrosis socre.
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Patients with radiologically demonstrated
hepatic steatosis in primary care unit

Calculate FIB-4 for patients

I
F I )

FIB-4<1.30 [1.305FIB-4SB.25’ FIB-4>3.25
[

Evaluate metabolic dysfunctions:
reduced HDL-C, impared FPG

f—|ﬁ

None Either Both

Low risk
follow up

High risk
refer to specialist center

Gray zone
need further evaluation

Fig. 3. Diagnostic flow-chart to monitor risk of advanced fibrosis. Com-
bining FIB-4 test and metabolic disorders in monitoring advanced fibrosis. Low
risk: follow-up every 2 years, according to EASL guideline; Gray zone: further
evaluation included other non-invasive tests, liver stiffness measurement, mag-
netic resonance elastography, even liver biopsy, or specialist referral; High risk:
refer to specialist to evaluate disease severity and identify other potential liver
diseases. FIB-4, fibrosis-4 score; FPG, fasting plasma glucose; HDL-C, high-
density lipoprotein cholesterol.

has been reported that overweight status and T2DM are
key determinants of fibrosis progression.28 Thus, in further
studies, we could focus on the role of raised FPG and re-
duced HDL-C in the development of liver fibrosis and cir-
rhosis.2°

In conclusion, metabolic disorders contributed to the se-
verity of fibrosis in NAFLD patients, which should be tak-
en into consideration during diagnosis and management.
New combinations of metabolic disorders with noninvasive
measurements provided a more accurate diagnosis for ad-
vanced fibrosis. With further validation in external cohorts,
this algorithm could be recommended as a first-line screen-
ing of advanced fibrosis in primary care units.
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