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Abstract

Background: The performance of liver stiffness measurements (LSMs) obtained using FibroScan can be affected by
several factors, and cut-off values are different for fibrosis caused by various aetiologies. The study aims to evaluate
the diagnostic accuracy of LSM in nonalcoholic fatty liver disease (NAFLD) patients with abnormal glucose
metabolism and investigate whether the LSM value would be affected by metabolic indicators.

Methods: The study involved 91 NAFLD patients with abnormal glucose metabolism who underwent liver biopsy.
The diagnostic accuracy of LSM value was evaluated by the receiver operator characteristic (ROC) curves, with the
biopsy results taken as the gold standard. Multivariate linear regression and subgroup analysis were performed to
determine the correlated indicators.

Results: The areas under the ROC curves (AUROCs) of LSM values for detecting fibrosis stage 21, 2, 3 and 4 were
0.793 (95% confidence interval [Cl]: 0.695-0.871), 0.764 (95% Cl: 0.663-0.846), 0.837 (95% Cl: 0.744-0.906) and 0.902
(95% Cl: 0.822-0.955), with cut-off values of 6.3, 7.6, 8.3 and 13.8 kPa, respectively. Multivariate linear regression
demonstrated that haemoglobin Alc (HbAlc, 3=0.205, P=0.026) and alanine aminotransferase (ALT, 3=0.192, P=
0.047) were independently associated with the LSM value after adjustment for fibrosis stage, ballooning and
inflammation grade from liver biopsy. Subgroup analysis demonstrated that LSM values were slightly higher in
patients with HbA1c 27% than in those with HbA1c < 7% and in patients with body mass index (BMI) =30 kg/m?
than in those with BMI < 30 kg/m?.

Conclusions: FibroScan was valuable for the evaluation of liver fibrosis in NAFLD patients with abnormal glucose
metabolism. FibroScan is recommended to evaluate severe fibrosis, especially to exclude advanced fibrosis. Glucose
metabolism state may affect LSM values.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the
predominant cause of chronic liver injury worldwide and re-
fers to the presence of >5% hepatic steatosis (HS) without
other competing aetiologies, including chronic viral hepatitis,
excessive alcohol consumption, the use of steatogenic medi-
cation or hereditary disorders [1]. Its spectrum ranges from
nonalcoholic fatty liver (NAFL) and nonalcoholic steatohepa-
titis (NASH) to cirrhosis or even carcinoma, and it is associ-
ated with features of metabolic syndrome, such as
hypertension, insulin resistance, diabetes mellitus (DM) and
dyslipidaemia. NAFLD increases risks of cardiovascular dis-
ease and accelerates the progression of underlying disease,
leading to severe consequences [2—4]. NAFLD patients with
DM are prone to develop NASH, liver fibrosis and cirrhosis,
and even liver cancer. The overall prevalence of NAFLD
among patients with type 2 diabetes mellitus (T2DM) is 55%,
more than 2-fold higher than that in the general population,
with a very high rate of NASH [5-7]. In the course of NAFL
D, liver fibrosis, an important predictor of adverse prognosis,
is the most relevant target for early diagnosis and treatment,
as it has been associated with further deterioration of cirrho-
sis and increased overall mortality [8, 9]. In the authors’ re-
cent study, fibrosis occurred in up to 50% of patients with
both NAFLD and T2DM [10]. Considering the large number
of patients with T2DM, the burden of NAFLD management
appears enormous. Although effective therapies for NAFLD
have not been established, early intervention can significantly
improve its poor prognosis. Therefore, the accurate and early
detection of NAFLD in patients with abnormal glucose me-
tabolism, especially the determination of fibrosis stage of liver
fibrosis, is crucial [8, 11, 12].

Liver biopsy, an invasive procedure, has been recom-
mended as the gold standard for the diagnosis and classifi-
cation of NAFLD, but the limitations of possible bleeding
risks and sampling errors make it unsuitable for screening
and frequent monitoring [13—15]. Therefore, noninvasive
alternatives to liver biopsy have been investigated, such as
serum biomarkers, clinical scoring systems and imaging
tests, including ultrasonography, proton magnetic reson-
ance spectroscopy (‘H-MRS), magnetic resonance
imaging-derived proton density fat fraction (MRI-PDFF),
FibroScan and magnetic resonance elastography (MRE)
[16, 17]. Among them, FibroScan (transient elastography;
EchoSens, Paris, France) is recommended by the 2018
NAFLD guidance because of its convenience, clinical ac-
cessibility, low cost and simultaneous measurement of fi-
brosis and steatosis'®. Liver stiffness measurement (LSM)
obtained using FibroScan is one parameter for the diagno-
sis and quantification of liver fibrosis by measuring mech-
anical or ultrasound shear wave propagation through the
hepatic parenchyma [18, 19].

Several studies have assessed the diagnostic perform-
ance of FibroScan, most of which targeted patients with
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chronic hepatitis B [20, 21], while others focused on
NAFLD [18, 22, 23]. Transient elastography expert con-
sensus pointed out that there are differences in the cut-
off values in patients with liver fibrosis caused by various
aetiologies, consisting of hepatitis B, hepatitis C and
NAFLD. Factors such as liver inflammation activity
manifested by alanine aminotransferase (ALT) or in-
creased bilirubin levels, excessive alcohol intake and eat-
ing may lead to an increase in LSM values [24]. In view
of the promoting effect of abnormal glucose metabolism
on liver disease, NAFLD patients with abnormal glucose
metabolism may have different specific cut-off values
than general NAFLD patients. However, to date, there
have been no studies focusing on these populations and
the lack of cut-off values.

The study aims to evaluate the diagnostic performance
of FibroScan and obtain cut-off values in NAFLD pa-
tients with abnormal glucose metabolism and to investi-
gate whether metabolic indicators would affect the
measurement of FibroScan to provide clinical advice for
the application of FibroScan in the diagnosis and evalu-
ation of NAFLD patients.

Material and methods

Design and subjects

This cross-sectional study included 91 NAFLD patients
evaluated in Zhongshan Hospital, Fudan University, be-
tween July 2015 and December 2019, 89 of whom
underwent liver biopsy, while 2 others had cirrhosis
based on ultrasound. The time interval between FibroS-
can examination and biopsy was < 2 weeks. Patients with
a history of excessive alcoholic consumption (>20g for
men or>10g for women/day), chronic viral hepatitis,
drug use and any other causes associated with liver in-
jury were excluded. The entire process of the study was
conducted according to the ethical guidelines of the
Declaration of Helsinki and was approved by the Human
Research Ethics Committee of Zhongshan Hospital
Clinic (B2021-130). All patients have signed an informed
consent before study.

Liver biopsy and histopathologic evaluations

Liver biopsy samples were obtained using a 16-gauge
needle from the right liver lobe of NAFLD patients
under ultrasound guidance. Two specimens were ob-
tained from each person to ensure a sample size suffi-
cient for analysis and to reduce error. All biopsy
specimens were evaluated by two experienced patholo-
gists blinded to the clinical and biological data. Histo-
pathological findings were reported in accordance with
the guidelines of the Pathology Working Group of
NASH Clinical Research Network of the National Insti-
tutes of Health [25]. The NAFLD activity score (NAS)
consists of three parts: 1) hepatic steatosis grade 0-3, 2)
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lobular inflammation grade 0-3, 3) hepatocyte balloon-
ing grade 0-2. Fibrosis was staged from 0 to 4. The clas-
sification criteria are described in Table 1. NASH was
defined as NAS >4 or NAS =4 with the manifestation of
steatosis, inflammation, and ballooning at the same time
[25, 26].

LSM measurement

LSM measurement was performed with FibroScan using
the M probe, as in most previous studies [18, 23]. Details
of measurement are described in several previous stud-
ies, performed with the same machine by the same expe-
rienced operator blinded to other noninvasive methods
and biopsy results [23, 27]. The examination duration
was less than five minutes. Ten valid measurements
were obtained from each patient and then the success
rate, the ratio of the successful measurement times over
the total times, was calculated. The result was consid-
ered reliable only when the success rate was >60% and
the interquartile range (IQR)/median was <30%. The
median value was kept as a representative result. Liver
stiffness measurement results are expressed in kilopas-
cals (kPa).

Basic characteristics collection

The medical history of each patient was collected, in-
cluding general physical characteristics, history of
chronic diseases and history of medication. Hyperten-
sion was diagnosed according to criteria [28]. Routine
serological tests were performed upon admittance. Fast-
ing blood samples were collected locally and then
shipped to the clinical laboratory of Zhongshan Hospital
for assessment of blood glucose, lipid profiles and other
blood biochemical parameters. Abnormal glucose me-
tabolism was defined as fasting glucose >5.6 mmol/L or
2 h glucose 7.8 mmol/L according to 2003 guidelines of
the American Diabetes Association [29, 30].

Statistical analysis

Continuous variables with a normal distribution are
summarized as the mean + SD, while those without a
normal distribution are described as the median (inter-
quartile range). Categorical variables were summarized
as frequencies and percentages. SPSS software (version
23.0) was used for data analysis. The graphs were gener-
ated with GraphPad (version 8.4) and MedCalc (version
19.1). The diagnostic accuracy was evaluated by the re-
ceiver operator characteristic (ROC) curves. The area
under the ROC curve (AUROC) and the cut-off value
optimized with Youden’s index for each degree were cal-
culated, with sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV) ob-
tained. The unpaired t test and Kruskal-Wallis test with
Dunn’s multiple correction were used for univariate
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Table 1 Basic characteristics and hepatic histopathology of the

patients

Characteristics NAFLD

Total 91

Sex, Male/Female 46/45

Age, y 40 (32-56)
Weight, kg 81.55+1532
BMI, kg/m? 29.10 + 4.06
Waist-hip ratio 0.94 +0.06
T2DM, % 65 (71.4%)
Hypertension, % 29 (31.9%)
Platelet, /10° uL 23834 +70.05
Fasting glucose, mmol/L 58 (5.1-7.0)

2 h glucose, mmol/L 1247 +382
Haemoglobin Alc, % 6.7 (5.8-8.1)
Triglycerides, mmol/L 1.84 (1.23-2.68)
Total cholesterol, mmol/L 439 (3.89-5.14)
LDL cholesterol, mmol/L 257+085
HDL cholesterol, mmol/L 0.99 (0.86-1.12)
Albumin, g/L 44 (42-47)
Alanine aminotransferase, U/L 61 (43-89)
Aspartate aminotransferase, U/L 37 (27-49)
C-reactive protein, mg/L 19 (1.1-3.7)
LSM, kPa 85+35
Steatosis grade, n (%)

15-33% 18 (20.2)

2 33-66% 52 (584)

3> 66% 19 (214)
Lobular inflammation, n (%)

0 None 3(34)

1 < 2 foci per 200x field 35(393)

2 2-4 foci per 200x field 38 (42.7)

3> 4 foci per 200x field 13 (14.6)
Liver cell ballooning, n (%)

0 None 2 (2.3)

1 Few balloon cells 14 (15.7)

2 Many balloon cells 73 (82.0)
NAFL/NASH, n 13/76
Fibrosis stage, n (%)

0 None 8 (8.8)

1 Perisinusoidal or periportal 33 (36.2)

2 Perisinusoidal and portal/ 30 (33.0)

periportal

3 Bridging fibrosis 15 (16.5)

4 Cirrhosis

5 (2 diagnosed with ultrasound)
(5.5)

All data are expressed as the mean + SD, medians (interquartile range),

or n (%), as appropriate

*Abbreviations: BMI body mass index, LSM liver stiffness measurement
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comparisons between groups. The independent correl-
ation was analysed using multivariate linear regression
analysis. Spearman’s rank correlation coefficient was
used to assess the correlation between the liver histo-
pathologic degree and FibroScan results in patients who
underwent biopsy. A P value <0.05 was considered sta-
tistically significant.

Results

Patient characteristics

In this study, a total of 91 patients with NAFLD were in-
volved. All patients received blood biochemical examin-
ation. LSM and CAP values obtained using FibroScan
were attempted in all patients. The physical, clinical,
serological, and histologic characteristics are detailed in
Table 1.

Evaluation of diagnostic accuracy of FibroScan on liver
fibrosis in patients with NAFLD

The LSM was used to assess the stage of liver fibrosis
measured by FibroScan in patients with NAFLD. The
median LSM values for stages 0, 1, 2, 3, and 4 were 6.15,
6.60, 7.70, 10.50 and 14.60 kPa, respectively. The results
are shown in Fig. 1a and revealed significant stepwise in-
creases in the LSM with increasing histologic severity of
hepatic fibrosis. To investigate the diagnostic accuracy
of FibroScan, the ROC curves were differentiated be-
tween liver fibrosis at stage 0 vs 1-4, 0—1 vs 2—4, 0-2 vs
3—4, and 0-3 vs 4, as shown in Fig. 1b. The AUROCsS in
diagnosing liver fibrosis stages 1, 2, 3 and 4 were 0.793
(95% confidence interval [CI]: 0.695-0.871), 0.764 (95%
CI: 0.663-0.846), 0.837 (95% CI: 0.744—0.906) and 0.902
(95% CI: 0.822-0.955), respectively. Optimized with
Youden’s index, the cut-off values of LSM were 6.3, 7.6,
8.3, and 13.8 kPa in detecting stage 1, 2, 3, and 4 liver fi-
brosis in NAFLD patients with abnormal glucose metab-
olism. The results are detailed in Table 2. It seemed that
the diagnostic accuracy of LSM improved as the histo-
logic severity of hepatic fibrosis increased. The diagnos-
tic AUROC at stage 4 even reached up to 0.902,
indicating that FibroScan is an ideal machine to evaluate
the severity of liver fibrosis, especially to more severe de-
grees. In addition, the cut-off value for each stage with
sensitivity 290% or specificity 290% was added to Add-
itional file 1- Table 1.

Influence of metabolic indicators on FibroScan in
detecting liver fibrosis

Univariate linear regression between LSM value and
metabolic indicators was conducted, with results detailed
in Table 3. Variables with P<0.2 were all included in
the multivariate backward stepwise linear regression
analysis. Variables including age, body mass index
(BMI), hypertension, fasting glucose, 2h glucose,
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haemoglobin Alc (HbAlc), alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), were taken
as independent variables, and the LSM value was taken
as the dependent variable after adjustment for the histo-
pathological degree of liver fibrosis, ballooning and in-
flammation, as shown in Table 3. The results
demonstrated that HbAlc (p=0.205 P=0.026) and
ALT (p=0.192, P=0.047) were independently correlated
with the LSM value after adjustment for the liver histo-
pathological degree. BMI ( =0.160, P =0.092) also en-
tered the regression model, while no statistical
significance was obtained. To further investigate the in-
fluence of metabolic indicators on FibroScan measure-
ments, subgroup analysis of LSM values was conducted
grouped by HbAlc <7% or HbAlc 27% and BMI < 30
kg/m?* or BMI >30 kg/m?. The fibrosis stage was divided
into stage 0-1 and stage 2—4 (significant fibrosis). The
violin plots in Fig. 2a demonstrated a trend that LSM
values were higher for patients with HbAlc >7% than
for patients with HbAlc < 7%, and statistical significance
was detected in patients without significant fibrosis.
Given that poorly controlled glucose aggravates liver in-
flammatory activity and inflammation may influence
FibroScan measurements, the LSM values between sub-
groups were matched for histological inflammation and
ballooning degree. Interestingly, the increasing trend and
statistical significance remained when matching for in-
flammation or ballooning grade, as shown in Add-
itional file 2- Fig. 1a and b. Subgroup analysis of BMI
revealed a similar trend, and statistical significance was
detected in patients with significant fibrosis, as shown in
Fig. 2b. In view of the results above, an LSM cut-off
value in detecting liver fibrosis stage >2 grouped by
metabolic indicators (HbAlc or BMI) with consistent
sensitivity or specificity was then conducted. When the
sensitivity or specificity was consistent between sub-
groups, the cut-off value of significant fibrosis (stage >2)
for patients with HbAlc >7% or BMI =30 kg/m* was
higher than those with HbAlc < 7% or BMI < 30 kg/m?,
as shown in Table 4.

Correlation analysis of LSM value with other histologic
parameters

Spearman correlation analysis was performed to investi-
gate the relationship between the LSM value of FibroS-
can and other pathologic degrees, as shown in
Additional file 1- Table 2. The LSM value was correlated
with the grade of ballooning (r=0.258, P=0.007) and
inflammation (r=0.241, P=0.013). In addition, the dis-
tribution of LSM values classified in accordance with
other histological parameters is shown in Additional file
2- Fig. 2. There was a stepwise increase trend as liver
ballooning was aggravated, indicating that the LSM value
can be used to roughly assess the severity of ballooning,
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Fig. 1 a The liver stiffness measurement (LSM) values were grouped by the liver fibrosis stage. The abscissa represents the stage of fibrosis, and
the ordinate represents the LSM value. It reveals significant stepwise increases in the LSM with increasing histologic severity of hepatic fibrosis.
Boxplots are shown as the median, interquartile range, and 5 and 95% percentiles. A represents the value of greater variability. The Kruskal-Wallis
test with Dunn'’s multiple correction was used for univariate comparisons between groups. * represents P < 0.05, ** represents P < 0.01, ***
represents P < 0.001. b The diagnostic performance of the LSM values for liver fibrosis stage. Receiver operator characteristic (ROC) curves were
shown regarding the performance of LSM in distinguishing liver fibrosis stage 0 from 1 to 4, 0-1 from 2 to 4, 0-2 from 3 to 4, and 0-3 from 4

but there was no significant trend in the LSM value with
the increase in inflammation or steatosis degree.

Discussion

This is the first study that evaluated the diagnostic ac-
curacy of FibroScan and obtained the cut-off value for
NAFLD patients accompanied by abnormal glucose me-
tabolism. Furthermore, the influence of metabolic indi-
cators on FibroScan measurements was investigated.
This cross-sectional study demonstrated that LSM
values obtained using FibroScan achieved good diagnos-
tic performance of liver fibrosis, especially in the more
severe histologic stage, as the AUROC with a diagnosis
of advanced fibrosis (stage >3) reached more than 80%
and even 90% for cirrhosis (stage 24). It is worth noting
that the NPV of stage >3 was more than 90%, indicating
that FibroScan has high efficacy for excluding advanced
fibrosis and cirrhosis. In addition, this study suggests
that HbAlc was independently associated with the LSM
value. The glucose metabolism state may affect LSM
value measurement, and its value was elevated in pa-
tients with poor glycaemic control, which further em-
phasized the significance of this study.

Several previous studies have investigated the accuracy
of FibroScan in patients with NAFLD, but this study tar-
geted people with NAFLD accompanied by abnormal
glucose metabolism [18, 22, 23]. The LSM cut-off values
in the study were within the interval of most previous
studies, but the value of 8.3 kPa for diagnosing advanced
fibrosis was lower than the 9.9 kPa recommended by the
2018 NAFLD guidance, which may be due to the differ-
ences in ethnicity and metabolic state [16]. All subjects
in this study were Chinese, had a lower BMI and thinner
subcutaneous fat thickness than Americans, and all had
abnormal glucose metabolism. Consistent with previous
studies, the results further confirmed that FibroScan is
more suitable for assessing severe fibrosis, especially for
ruling out advanced fibrosis, which can reduce the de-
mand for liver biopsy to some extent.

It has been reported that several factors may affect
FibroScan measurements, such as ALT, increased biliru-
bin levels, excessive alcohol intake and eating. Different
cut-off values were suggested in patients with chronic
liver disease caused by different aetiologies [24]. How-
ever, the effect of metabolic indicators on FibroScan has
not been noticed thus far. Based on previous studies,

Table 2 Diagnostic accuracy of the LSM value in detecting each degree of fibrosis

Fibrosis Stage Cut-off valuet (kPa) AUROC 95% Cl Se (%) Sp (%) PPV (%) NPV (%) P value
21 63 0.793 0.695-0.871 71 750 96.7 200 0.0002

22 76 0.764 0.663-0.846 68.0 68.3 723 63.6 < 0.0001
23 83 0.837 0.744-0.906 80.0 76.1 485 93.1 <0.0001
24 138 0.902 0.822-0.955 80.0 94.2 444 983 <0.0001

tCut-off value was optimized by the maximal sum of sensitivity and specificity

* Abbreviations: AUROC area under the receiver operator characteristic curve, 95% Cl 95% confidence interval, Se sensitivity, Sp specificity, PPV positive predictive

value, NPV negative predictive value
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Table 3 Univariate and Multivariate linear regression analysis of metabolic indicators associated with LSM value
Variable Univariate linear regression Multivariate linear regressiont

Standardized coefficients (B) P value Standardized coefficients (B) P value
Age 0231 0.027 - -
BMI 0.222 0.034 0.160 0.092
hypertension 021 0.045 - -
Fasting glucose 0.222 0.034 - -
2 h glucose 0.168 0.128 - -
HbA1C 0.143 0.182 0.205 0.026
Triglycerides 0.023 0.834 - -
Total cholesterol 0.010 0928 - -
LDL cholesterol 0.031 0.780 - -
HDL cholesterol 0.035 0.748 - -
ALT 0.150 0.158 0.192 0.047
AST 0.229 0.030 - -
Fibrosis 0617 <0.001 0502 <0.001
Inflammation 0.276 0.009 - -
Ballooning 0.288 0.006 - -

1The variables with P < 0.2 in the univariate regression were included in the multivariate linear regression. The LSM value served as the dependent variable, and
age, BMI, hypertension, fasting glucose, 2 h glucose, HbA1c, AST and ALT served as the independent variables after adjustment for liver fibrosis, ballooning

and inflaimmation

* Abbreviations: BMI body mass index, HbA1c haemoglobin Alc, ALT alanine aminotransferase, AST aspartate aminotransferase

there has been a hypothesis that metabolic indicators
may affect the LSM value. As expected, after adjusting
the liver pathological degree, HbAlc was significantly as-
sociated with the LSM value by multivariate linear re-
gression analysis. There was a significant trend that the
LSM value was higher in patients with HbAlc >7% than
in those with HbAlc < 7%. Although several studies have
mentioned the effect of inflammation on FibroScan, and
poorly controlled glucose metabolism may lead to more
severe liver inflammatory activity, the trend and statis-
tical significance still existed after matching the patho-
logical inflammation and ballooning to counteract their
influences. These results implied that inflammation was

not the main factor contributing to the effect of glucose
metabolism on LSM in this study. However, the poten-
tial mechanisms involved remain unknown and need to
be further explored. In addition, the LSM cut-off value
for significant fibrosis among patients with HbAlc >7%
was higher than those with HbAlc <7% in the case of
consistent specificity, which meant that different cut-off
values should be adopted among patients with different
glucose metabolism states. In addition, the ALT level, a
typical marker of liver inflammatory activity, was also an
independent factor associated with the LSM value in
multivariate linear regression analysis in this study. Fac-
tors such as hepatocyte swelling, inflammation, and

-
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Fig. 2 Subgroup analysis grouped by metabolic indicators for liver stiffness measurement (LSM) values in detecting liver fibrosis. Distribution of
LSM values subgrouped by (a) haemoglobin Alc (HbA1c) < 7% (n=52) or HbATc 27% (n=38) and (b) body mass index (BMI) < 30 kg/m2 (=
58) or BMI =30 kg/m2 (n=33). The abscissa represents the presence of significant fibrosis (stage 0-1 vs 2-4), and the ordinate represents the LSM
value. Violin plots are shown with median, interquartile range, max and min values. The Mann-Whitney test was used for univariate comparisons
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Table 4 | SM cut-off value in detecting liver fibrosis stage 22 grouped by metabolic indicators with consistent sensitivity/specificity

Subgroup Cut-off valuet (kPa) Se (%) Sp (%) PPV (%) NPV (%)
BMI < 30 kg/m? 6.2 815 50.0 595 750
BMI =30 kg/m? 75 818 636 818 636
HbATC < 7% 77 615 80.00 762 66.7
HbATc 27% 83 60.9 80.00 824 57.1

tCut-off value was determined when the sensitivity or specificity were consistent between subgroups
* Abbreviations: 95% Cl 95% confidence interval, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive value

oedema may increase the hydrostatic pressure of the
liver in a short time, which results in an increased LSM
value [31]. BMI and obesity were reported as independ-
ent risk factors for unreliable measurements as well as
measuring failure [32]. A prospective multicentre study
pointed out that a skin capsular distance (SCD) >25 mm
led to overestimation of the LSM value [33]. In this
study, BMI also affected the LSM measurement, no stat-
istical significance may be due to the small sample size.
The cut-off value among patients with BMI >30 kg/m>
was higher than that among patients with BMI < 30 kg/
m” when the sensitivity between these two subgroups
were consistent. The effect of BMI may be attributed to
its influence on both subcutaneous fat thickness and
metabolic state. In general, the study provided a new
perspective that glucose metabolism may influence the
LSM value obtained from FibroScan. The current opti-
mal cut-off values may be unsuitable for patients with
abnormal glucose metabolism. Different cut-off values
need to be considered for different glucose metabolic
states in clinical applications. This is also the reason spe-
cific cut-off values are given for this study population.
Clinically, stratified assessment of LSM based on glucose
metabolic state is more practical. However, the results
need to be further confirmed by expanding the subject
number in the future.

Study strengths and limitations

The strengths of this study were that the degree of fibro-
sis was obtained from liver biopsy, a gold standard, and
it is the first study to propose the effect of glucose me-
tabolism on the LSM value and prove it to a certain ex-
tent. However, there were several limitations in the
study. First, this study was cross-sectional, which can
only describe the phenomenon. The effect of glucose
metabolism on LSM value needs to be further examined
in a longitudinal study. Second, the sample size was
small and the data featured skewed distribution. Most of
the subjects were patients with moderate NASH, with a
relative lack of NAFL and severe fibrosis, as liver biopsy
is not recommended for these parts of the population
according to guidelines. Therefore, the study revealed a
general trend, but subgroup analysis cannot be per-
formed in each fibrosis stage. More detailed subgrouping

and cut-off value comparison for each degree should be
carried out by expanding the number of subjects. The
last limitation was the lack of the use of XL probe from
FibroScan. The XL probe, which is recommended for se-
vere obese patients, can increase the rate of reliable re-
sults among them, but it is unfortunate that XL probe
had not been equipped during the period of this study.
Most of the patients in this study were mildly obese ra-
ther than morbidly obese. Given that previous studies
with similar BMI adopted M probe, the results obtained
by M probe in this study are also reliable [18, 23]. How-
ever, the use of XL probe for obese patients will be more
suggested if conditions are available in the future.

Conclusions

In conclusion, FibroScan was confirmed to be a relatively
accurate diagnostic approach for evaluating liver fibrosis
among NAFLD patients with abnormal glucose metabol-
ism. It is valuable for evaluating severe fibrosis, especially
for excluding advanced fibrosis. The glucose metabolic
state may affect the LSM value, and the LSM values are
higher in patients with HbAlc >7%. This study provides
clinical advice for the application of FibroScan in the diag-
nosis and evaluation of NAFLD patients, especially in pa-
tients with abnormal glucose metabolism. It is worth
noting that the glucose metabolism state should be con-
sidered in the clinical application of FibroScan.
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liver fibrosis after matching for (a) inflammation and (b) ballooning.
Distribution of LSM values subgrouped by (a) haemoglobin Alc (HbA1c)
<7% (n=13vs13) or HbATc 27% (h=16vs16) and (b) HbATc <7% (n=
14vs14) or HbATC 27% (n=22vs22), respectively. The abscissa represents
whether the presence of significant fibrosis (stage 0-1 vs 2-4) and the or-
dinate represents LSM value. Violin plots were showed with median,
interquartile range, max and min values. Mann-Whitney test was used for
univariate comparison between subgroups. * represents p <0.05. Fig. 2.
The distribution of liver stiffness measurement (LSM) value differentiated
in accordance to other histological parameters. The abscissa repre-

sents the liver (a) ballooning, (b) inflammation and (c) steatosis grade,
and the ordinate represents LSM value. Boxplots were showed with me-
dian, interquartile range, 5 and 95% percentile. A represents the value of
greater variability. Kruskal-Wallis test with Dunn’s multiple correction were
used for univariate comparisons between groups. * represents p <0.05.

Page 8 of 9

Hospital, Fudan University, Shanghai, China. “Department of Endocrinology
and Metabolism, The First Affiliated Hospital of Kunming Medical University,
Kunming, China. *Department of Radiology, Zhongshan Hospital, Fudan
University, Shanghai, China. °Department of Pathology, Shanghai Medical
College, Fudan University, Shanghai, China. "Department of Endocrinology
and Metabolism, Wusong Branch of Zhongshan Hospital, Fudan University,

Acknowledgements

The authors gratefully acknowledge Huandong Lin (Department of
Endocrinology and Metabolism, Zhongshan Hospital, Fudan University) for
funding support of Xiamen Bureau of Science and Technology
[3502220209043 to Lin HDJ and Lili Liu, Qunyan Yao, Ningping Zhang
(Department of Gastroenterology, Zhongshan Hospital, Fudan University) for
their skilful technical assistance.

Authors’ contributions

Authors’ contributions are as follows — XY Yang: research design, statistical
analyses and interpretation of the data, drafting and revision of the
manuscript; XX. Chang and SD. Wu: collection of the data, technical support;
XY. Sun, XP. Zhu, L. W and YS. Xu: collection of the data and assistance in
data analysis; XZ. Yao and SX. Rao: imaging technical support; XQ. H:
pathological assessment; MF. Xia, H. Bian and HM. Yan: research design and
conduction, interpretation of the data, critical revision of the manuscript; X.
Gao: general director of research, research design and conduction, study
supervision. The final manuscript was reviewed and approved to submit by
all authors.

Funding

The study was financially supported by the Shanghai Municipal Population
and Family Planning Commission [201740092 to HM Yan]; the Special Project
of Integrating Traditional Chinese and Western Medicine in Shanghai General
Hospital from the Shanghai Municipal Population and Family Planning
Commission and Shanghai TCM Development Office [ZY (2018-2020)-FWTX-
3019 to HM Yan]; the Foundation of Fudan University, China (20520133483
to HM Yan); Science and Technology Commission of Shanghai Municipality
[20ZR1410200 to H Bian] Xiamen Municipal Bureau of Science and
Technology [3502720209043 to HD Lin].

Availability of data and materials
The datasets generated and/or analysed during the current study are
available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Because only the medical records were reviewed, this case series was
exempted from signing informed consent, which was approved by the
Human Research Ethics Committee of Zhongshan Hospital Clinic (82021-
130).

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest for the research conducted in
this study.

Author details

'Department of Endocrinology and Metabolism, Zhongshan Hospital, Fudan
University, Shanghai, China. Fudan Institute for Metabolic Disease, Fudan
University, Shanghai, China. *Department of Gastroenterology, Zhongshan

Shanghai, China.

Received: 29 December 2020 Accepted: 9 March 2021
Published online: 23 March 2021

References

1.

Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of
NAFLD development and therapeutic strategies. Nat Med. 2018;24(7):908—-
22. https://doi.org/10.1038/541591-018-0104-9.

Anstee QM, Mantovani A, Tilg H, Targher G. Risk of cardiomyopathy and
cardiac arrhythmias in patients with nonalcoholic fatty liver disease. Nat Rev
Gastroenterol Hepatol. 2018;15(7):425-39. https://doi.org/10.1038/541575-01
8-0010-0.

Adams LA, Anstee QM, Tilg H, Targher G. Non-alcoholic fatty liver disease
and its relationship with cardiovascular disease and other extrahepatic
diseases. Gut. 2017;66(6):1138-53. https.//doi.org/10.1136/gutjnl-2017-313
884.

Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of nonalcoholic fatty liver disease-meta-analytic assessment
of prevalence, incidence, and outcomes. Hepatology. 2016;64(1):73-84.
https://doi.org/10.1002/hep.28431.

Tilg H, Moschen AR, Roden M. NAFLD and diabetes mellitus. Nat Rev
Gastroenterol Hepatol. 2017;14(1):32-42. https.//doi.org/10.1038/nrgastro.201
6.147.

Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL,
Harrison SA. Prevalence of nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis among a largely middle-aged population utilizing ultrasound
and liver biopsy: a prospective study. Gastroenterology. 2011;140(1):124-31.
https://doi.org/10.1053/j.gastro.2010.09.038.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, Qiu Y, Burns
L, Afendy A, Nader F. The global epidemiology of NAFLD and NASH in
patients with type 2 diabetes: a systematic review and meta-analysis. J
Hepatol. 2019;71(4):793-801. https://doi.org/10.1016/jjhep.2019.06.021.
Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES,
Charatcharoenwitthaya P, Mills PR, Keach JC, Lafferty HD, Stahler A,
Haflidadottir S, Bendtsen F. Liver fibrosis, but no other histologic features, is
associated with long-term outcomes of patients with nonalcoholic fatty
liver disease. Gastroenterology. 2015;149(2):389-97 e310. https://doi.org/10.1
053/j.gastro.2015.04.043.

Hagstrom H, Nasr P, Ekstedt M, Hammar U, Stal P, Hultcrantz R, et al.
Fibrosis stage but not NASH predicts mortality and time to development of
severe liver disease in biopsy-proven NAFLD. J Hepatol. 2017,67(6):1265-73.
https://doi.org/10.1016/jjhep.2017.07.027.

Bian H, Zhu X, Xia M, Yan H, Chang X, Hu X, Pan B, Guo W, Li X, Gao X.
Impact of type 2 diabetes on nonalcoholic steatohepatitis and advanced
fibrosis in patients with nonalcoholic fatty liver disease. Endocr Pract. 2020;
26(4):444-53. https://doi.org/10.4158/EP-2019-0342.

Bhati C, Idowu MO, Sanyal AJ, Rivera M, Driscoll C, Stravitz RT, Kohli DR,
Matherly S, Puri P, Gilles HC, Cotterell A, Levy M, Sterling RK, Luketic VA, Lee
H, Sharma A, Siddiqui MS. Long-term outcomes in patients undergoing liver
transplantation for nonalcoholic Steatohepatitis-related cirrhosis.
Transplantation. 2017;101(8):1867-74. https.//doi.org/10.1097/TP.
0000000000001709.

Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, Sebastiani G,
Ekstedt M, Hagstrom H, Nasr P, Stal P, Wong VWS, Kechagias S, Hultcrantz R,
Loomba R. Increased risk of mortality by fibrosis stage in nonalcoholic fatty
liver disease: systematic review and meta-analysis. Hepatology. 2017,65(5):
1557-65. https.//doi.org/10.1002/hep.29085.

Bedossa P, Dargere D, Paradis V. Sampling variability of liver fibrosis in
chronic hepatitis C. Hepatology. 2003;38(6):1449-57. https.//doi.org/10.1053/
jhep.2003.09022.

Gaidos JKJ, Hillner BE, Sanyal AJ. A decision analysis study of the value of a
liver biopsy in nonalcoholic steatohepatitis. Liver Int. 2008;28(5):650-8.
https://doi.org/10.1111/j.1478-3231.2008.01693 x.


https://doi.org/10.1038/s41591-018-0104-9
https://doi.org/10.1038/s41575-018-0010-0
https://doi.org/10.1038/s41575-018-0010-0
https://doi.org/10.1136/gutjnl-2017-313884
https://doi.org/10.1136/gutjnl-2017-313884
https://doi.org/10.1002/hep.28431
https://doi.org/10.1038/nrgastro.2016.147
https://doi.org/10.1038/nrgastro.2016.147
https://doi.org/10.1053/j.gastro.2010.09.038
https://doi.org/10.1016/j.jhep.2019.06.021
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1016/j.jhep.2017.07.027
https://doi.org/10.4158/EP-2019-0342
https://doi.org/10.1097/TP.0000000000001709
https://doi.org/10.1097/TP.0000000000001709
https://doi.org/10.1002/hep.29085
https://doi.org/10.1053/jhep.2003.09022
https://doi.org/10.1053/jhep.2003.09022
https://doi.org/10.1111/j.1478-3231.2008.01693.x

Yang et al. Lipids in Health and Disease

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

(2021) 20:27

Bravo AA. Sheth Sg Fau - Chopra S, Chopra S. Liver biopsy N Engl J Med.
2001,344(7):495-500. https://doi.org/10.1056/NEJM200102153440706.
Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, Harrison
SA, Brunt EM, Sanyal AJ. The diagnosis and management of nonalcoholic
fatty liver disease: practice guidance from the American Association for the
Study of Liver Diseases. Hepatology. 2018,67(1):328-57. https://doi.org/10.1
002/hep.29367.

Baumeler S, Jochum W, Neuweiler J, Bergamin |, Semela D. Controlled
attenuation parameter for the assessment of liver steatosis in comparison
with liver histology: a single-Centre real life experience. Swiss Med WKIy.
2019;149:w20077.

Imajo K, Kessoku T, Honda Y, Tomeno W, Ogawa Y, Mawatari H, Fujita K,
Yoneda M, Taguri M, Hyogo H, Sumida Y, Ono M, Eguchi Y, Inoue T,
Yamanaka T, Wada K, Saito S, Nakajima A. Magnetic resonance imaging
more accurately classifies steatosis and fibrosis in patients with nonalcoholic
fatty liver disease than transient elastography. Gastroenterology. 2016;150(3):
626-37 e627. https://doi.org/10.1053/j.gastro.2015.11.048.

Mikolasevic I, Orlic L, Franjic N, Hauser G, Stimac D, Milic S. Transient
elastography (FibroScan((R))) with controlled attenuation parameter in the
assessment of liver steatosis and fibrosis in patients with nonalcoholic fatty
liver disease - where do we stand? World J Gastroenterol. 2016;22(32):7236~
51. https://doi.org/10.3748/wjg.v22i32.7236.

Shen F, Zheng RD, Mi YQ, Fan JG, Mi YQ, Lédinghen V, et al. Controlled
attenuation parameter for non-invasive assessment of hepatic steatosis in
Chinese patients. World J Gastroenterol. 2014;20(16):4702-11. https.//doi.
0rg/10.3748/wjg.v20.i116.4702.

Jung KS, Kim SU, Ahn SH, Park YN, Kim DY, Park JY, Chon CY, Choi EH, Han
KH. Risk assessment of hepatitis B virus-related hepatocellular carcinoma
development using liver stiffness measurement (FibroScan). Hepatology.
2011;53(3):885-94. https://doi.org/10.1002/hep.24121.

Tapper EB, Challies T, Nasser |, Afdhal NH, Lai M. The performance of
vibration controlled transient elastography in a US cohort of patients with
nonalcoholic fatty liver disease. Am J Gastroenterol. 2016;111(5):677-84.
https://doi.org/10.1038/ajg.2016.49.

Eddowes PJ, Sasso M, Allison M, Tsochatzis E, Anstee QM, Sheridan D, Guha
IN, Cobbold JF, Deeks JJ, Paradis V, Bedossa P, Newsome PN. Accuracy of
FibroScan controlled attenuation parameter and liver stiffness measurement
in assessing steatosis and fibrosis in patients with nonalcoholic fatty liver
disease. Gastroenterology. 2019;156(6):1717-30. https://doi.org/10.1053/j.ga
str0.2019.01.042.

Chinese Foundation for Hepatitis Prevention and Control; Chinese Society
of Infectious Disease and Chinese Society of Hepatology, Chinese Medical
Association; Liver Disease Committee of Chinese Research Hospital
Association. Consensus on clinical application of transient elastography
detecting liver fibrosis: a 2018 update. Chin J Hepatol. 2019,27:182-91.
Kleiner DE, Brunt EM, Van Natta M, et al. Design and validation of a
histological scoring system for nonalcoholic fatty liver disease. Hepatology.
2005;41(6):1313-21. https;//doi.org/10.1002/hep.20701.

Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM, Bass NM,
Neuschwander-Tetri BA, Lavine JE, Tonascia J, Unalp A, van Natta M, Clark J,
Brunt EM, Kleiner DE, Hoofnagle JH, Robuck PR, NASH CRN. Pioglitazone,
vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl J Med. 2010;
362(18):1675-85. https.//doi.org/10.1056/NEJM0a0907929.

Sandrin L, Fourquet B, Hasquenoph JM, Yon S, Fournier C, Mal F, Christidis
C, Ziol M, Poulet B, Kazemi F, Beaugrand M, Palau R. Transient elastography:
a new noninvasive method for assessment of hepatic fibrosis. Ultrasound
Med Biol. 2003;29(12):1705-13. https;//doi.org/10.1016/j.ultrasmedbio.2003.
07.001.

Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, Ramirez
A, Schlaich M, Stergiou GS, Tomaszewski M, Wainford RD, Williams B,
Schutte AE. 2020 international society of hypertension global hypertension
practice guidelines. J Hypertens. 2020;38(6):982-1004. https://doi.org/10.1
097/HJH.0000000000002453.

Report of the expert committee on the diagnosis and classification of
diabetes mellitus. Diabetes Care. 1997;20(7):1183-97. https://doi.org/10.233
7/diacare.20.7.1183.

Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R, Kitzmiller J,
Knowler WC, Lebovitz H, Lernmark A, Nathan D, Palmer J, Rizza R, Saudek C,
Shaw J, Steffes M, Stern M, Tuomilehto J, Zimmet P, Expert Committee on
the Diagnosis and Classification of Diabetes Mellitus. Expert committee on
the diagnosis and classification of diabetes mellitus. Follow-up report on

31

32.

33

Page 9 of 9

the diagnosis of diabetes mellitus. Diabetes Care. 2003;26(11):3160-7.
https://doi.org/10.2337/diacare.26.11.3160.

Zeng X, Xu C, He D, Zhang H, Xia J, Shi D, Kong L, He X, Wang Y. Influence
of hepatic inflammation on fibroScan findings in diagnosing fibrosis in
patients with chronic hepatitis B. Ultrasound Med Biol. 2015;41(6):1538-44.
https://doi.org/10.1016/j.ultrasmedbio.2015.01.011.

Wong GL, Wong VW, Chim AM, Yiu KK, Chu SH, Li,MK, et al. Factors
associated with unreliable liver stiffness measurement and its failure with
transient elastography in the Chinese population. J Gastroenterol Hepatol
2011,26:300-305, 2, DOI: https://doi.org/10.1111/}.1440-1746.2010.06510.X.
Shen F, Zheng RD, Shi JP, Mi YQ, Chen GF, Hu X, Liu YG, Wang XY, Pan Q,
Chen GY, Chen JN, Xu L, Zhang RN, Xu LM, Fan JG. Impact of skin capsular
distance on the performance of controlled attenuation parameter in
patients with chronic liver disease. Liver Int. 2015,;35(11):2392-400. https.//
doi.org/10.1111/1iv.12809.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1056/NEJM200102153440706
https://doi.org/10.1002/hep.29367
https://doi.org/10.1002/hep.29367
https://doi.org/10.1053/j.gastro.2015.11.048
https://doi.org/10.3748/wjg.v22.i32.7236
https://doi.org/10.3748/wjg.v20.i16.4702
https://doi.org/10.3748/wjg.v20.i16.4702
https://doi.org/10.1002/hep.24121
https://doi.org/10.1038/ajg.2016.49
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1053/j.gastro.2019.01.042
https://doi.org/10.1002/hep.20701
https://doi.org/10.1056/NEJMoa0907929
https://doi.org/10.1016/j.ultrasmedbio.2003.07.001
https://doi.org/10.1016/j.ultrasmedbio.2003.07.001
https://doi.org/10.1097/HJH.0000000000002453
https://doi.org/10.1097/HJH.0000000000002453
https://doi.org/10.2337/diacare.20.7.1183
https://doi.org/10.2337/diacare.20.7.1183
https://doi.org/10.2337/diacare.26.11.3160
https://doi.org/10.1016/j.ultrasmedbio.2015.01.011
https://doi.org/10.1111/j.1440-1746.2010.06510.x
https://doi.org/10.1111/liv.12809
https://doi.org/10.1111/liv.12809

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Material and methods
	Design and subjects
	Liver biopsy and histopathologic evaluations
	LSM measurement
	Basic characteristics collection
	Statistical analysis

	Results
	Patient characteristics
	Evaluation of diagnostic accuracy of FibroScan on liver fibrosis in patients with NAFLD
	Influence of metabolic indicators on FibroScan in detecting liver fibrosis
	Correlation analysis of LSM value with other histologic parameters

	Discussion
	Study strengths and limitations

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

