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Abstract

Background: The prevalence of non-alcoholic fatty liver disease (NAFLD) has

increased. Non-alcoholic steatohepatitis (NASH) shows progression of liver fibrosis

in NAFLD. It remains unclear which patients with NAFLD will show progression of

liver fibrosis. Therefore, we aimed to investigate the risk factor associated with the

progression of liver fibrosis among patients with NAFLD.

Methods: This observational study enrolled 157 patients with biopsy-proven

NAFLD. Thirty-two patients were excluded because of lack of data. The accuracy of

the formulae for estimating liver fibrosis, i.e., the FIB-4 index, APRI, and Forns

index, was compared. Using serial changes of the best formula for liver fibrosis, we

identified factors associated with the progression of liver fibrosis. Histological liver

fibrosis was quantified using the Brunt stage.

Results: Sixty-three patients were diagnosed as having NASH. The FIB-4 index

provided the best diagnostic accuracy for liver fibrosis (Brunt stage 0 versus 1-4,

areas under the curve [AUC] 0.74; 0-1 versus 2-4, AUC 0.77; 0-2 versus 3-4, AUC

0.78; and 1-3 versus 4, AUC 0.87). The association between body mass index, sex,

observation period, and histological findings (liver fat content, bridging fibrosis, and

hepatocyte ballooning) with the change in the FIB-4 index was evaluated among



patients with NASH, using multivariate analysis. Among these factors, hepatocyte

ballooning was associated with an increase in the FIB-4 index.

Conclusion: The FIB-4 index was the best formula for estimating liver fibrosis in

patients with biopsy-proven NAFLD, and the presence of ballooned hepatocytes was

a risk factor for the progression of liver fibrosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD), which manifests as the liver

form of metabolic syndrome, is a severe health issue because the prevalence of

NAFLD has strikingly increased in western countries [1]. Non-alcoholic

steatohepatitis (NASH) is a stage of NAFLD that shows progression of fibrosis due

to inflammation [2]. Because of the increased prevalence of NAFLD, NASH has

been focused on, as the cause of liver cirrhosis [1]. Since fibrosis is associated with

mortality in patients with NASH [3], anti-fibrosis is considered as a therapeutic

target for NASH.

Although NASH is characterized by inflammation and fibrosis in the liver,

the histological hallmark of NASH is ballooning of the hepatocytes [4, 5]. Indeed,

Matteoni et al reported that the presence of ballooned hepatocytes is associated

with patients’ prognosis [5]. However, diagnostic criteria for ballooned hepatocytes

vary among pathologists; therefore, these findings might be subjective [6, 7].

Ballooned hepatocytes are significant in the pathophysiology of NASH, although

they may be difficult to be objectively used as the diagnostic hallmark of NASH.

Fibrosis of the liver can be objectively evaluated using elastography [8, 9l.

Magnetic resonance (MR) elastography and transient elastography are now
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available for evaluating fibrosis. Although these methods are non-invasive,

repeatable, and safe, elastography requires expensive equipment. Since the

prevalence of NAFLD is increasing among individuals in western countries, the

assessment of fibrosis using several serum laboratory data and general information

is also useful for general physicians. Several formulae calculated by laboratory data,

such as the Fibrosis 4 (FIB-4) index and Forns index, have been proposed for the

evaluation of liver fibrosis [10-12].

Several clinical trials have investigated the pharmacologic treatment of

NASH [13]. Because the prevalence of NASH has drastically increased and use of a

new therapeutic agent is expensive in general [14], the medical cost for NASH is

incalculable. To reduce the medical cost and increase the efficacy of treatment for

NASH, patients with NASH who require treatment need to be identified.

Specifically, patients with NAFLD at risk for progression of liver fibrosis in the

future need to be identified. Therefore, we aimed to investigate the risk factor

associated with the progression of liver fibrosis among patients with NAFLD.
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Materials and methods

Patients

One hundred fifty-seven consecutive patients who were diagnosed as

having NAFLD by liver biopsy between December 2008 and March 2016 were

screened for the present study (Figure 1). Seven of the 157 patients eligible for the

study were excluded because of an incomplete data set. An additional 25 of the 157

patients were excluded because either the observation period was <12 months or

they voluntary withdrew from the study.

Informed consent was obtained from all patients. All protocols reported in

this study were approved by the Institutional Review Board of Iwate Medical

University (approval number: H27-56).

To evaluate the accuracy of several formulae, which are described later,

histological findings of fibrosis were compared (part 1 of the study). The factor

associated with a change in the value, as calculated by the best formula for

evaluating liver fibrosis, was evaluated. To evaluate the risk factor associated with

the progression of liver fibrosis, the formula that predicted accurate fibrosis stage

was used to assess fibrosis during the last visit in our department (part 2 of the

study). The difference between the value at the last visit and that at liver biopsy
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was considered as a change in the fibrotic state.

Measurements and calculations

Body mass index (BMI) was calculated using the following formula:

BMI=weight (kg)/(heightxheight) (m2). The aspartate transaminase (AST) to

platelet ratio index (APRI) [12], FIB-4 index [11], and Frons index [10] were

calculated using the following formulae:

AST (acutual value)
AST (upper limit of normal)

® APRI={

}/platelet count (1079/L)

® FIB-4 index={Age (years) x AST}/{platelet count (1079/L) x VALT}

® Forns index=7.811 — 3.131 x Ln(platelet count (10°/L) + 0.781 X
Ln(gamma — glutamyl transferase []) + 3.467 x Ln(age) — 0.014 x
total cholesterol (TC)

To evaluate insulin resistance, Homeostatic Model Assessment for Insulin

Resistance (HOMA-IR) was used. These values were calculated using the following

formula:

® HOMA-IR=insulin X fasting glucose level /405.

Liver biopsies and histological assessments

Percutaneous needle biopsies were performed on liver segment 6 under

ultrasonography, using a 16-gauge (G) needle. In order to diagnose NAFLD or
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NASH definitively, all liver biopsy specimens were examined for fibrosis, steatosis,

ballooning hepatocytes, and portal inflammation. Although these findings were

scored using the NAFLD activity score [15], we evaluated whether ballooning was

absent or present to avoid subjective grading of ballooning hepatocytes. NASH was

defined based on the following findings: 1) more than 5% of fat in the liver, and 2)

existence of inflammation in any zones of the liver. NAFL was defined as more than

5% of fat in the liver without inflammation. Histological findings were evaluated by

a single pathologist who was blinded to the patients’ clinical characteristics. The

fibrosis stage was classified using the Brunt staging system. Because the patients

in this study had NAFL and fibrosis was absent in NAFL, NAFL was classified as

Brunt stage O.

Laboratory data

All blood samples were collected on the day of liver biopsy and at every visit

to our unit. The levels of AST, alanine transaminase (ALT), y-GT, fasting glucose,

ferritin, insulin, type IV collagen (T4C7s), and TC were analyzed using an

autoanalyzer (JCA-BM2250, JEOL, Tokyo, Japan).

Statistical analysis

Continuous variables are presented as meantstandard deviation. The
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Mann-Whitney U test was used to compare the laboratory data, BMI, and age

between patients with NAFLD who were divided into the NASH and NAFL groups.

The diagnostic performance of the formulae for detecting the Brunt stage was

assessed by using the receiver operating characteristic (ROC) curve method. The

cut-off values of the APRI, FIB-4 index, and Forns index in each analysis were

estimated using the area under the ROC (AUROC). After evaluating the

performance of each formulae used to assess fibrosis in part 1 of the study, serial

change of the best formula was calculated for the patients in part 2 of the study.

Because the best formula contained laboratory data and age, linear regression

analysis of serial change in the value of the formula was analyzed in BMI, sex, age,

body weight (BW) change during the observation period, the observation period, and

histological findings (fat in the liver, bridging fibrosis, and ballooned hepatocytes).

Serial change of the formula was defined as delta: (formula using data at the day of

biopsy)—(formula using data at the day of the last visit). All statistical analyses were

performed using the SPSS 17.0 software program (SPSS Inc., Chicago, IL, USA).

Results were considered significant when the p-value was <0.05.

10
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Results

Patients’ characteristics

The relevant characteristics of patients are summarized in Table 1. Based on

histological findings, 62 patients were sub-classified in the NAFL group, and 63

were sub-classified in the NASH group. The two groups were comparable with

regard to the BMI distribution. Distributions of Brunt stages in the NASH group

were as follows: stage 1, 23 patients; stage 2, 14 patients; stage 3, 21 patients; and

stage 4, 5 patients. Among patients in the NASH group, bridging fibrosis was

identified in 17, and ballooning hepatocytes were identified in 49. Patients were

older in the NASH group (mean age, 54.9 years) than in the NAFL group (mean age,

46.6 years). Levels of the following serum markers were higher in the NASH group

than in the NAFL group: AST, 62 versus 51 IU/mL; ferritin, 248 versus 224 mg/dL;

glycated hemoglobin, 6.2 versus 5.7%; and T4C7s, 6.09 versus 3.91 ng/mL. However,

the platelet count was lower in the NASH group than in the NAFL group (213

versus 234 x104). There were no between-group differences with regard to the levels

of ALT, TC, and insulin and HOMA-IR. As expected, fibrosis scores were higher in

the NASH group than in the NAFL group: FIB-4 index, 1.04 versus 2.03); APRI,

0.56 versus 1.05; and Frons index, 5.24 versus 6.48.

11
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FIB-4 index had the best diagnostic accuracy of liver fibrosis

Although each formula used to estimate liver fibrosis showed a high value

among the subjects, it remained unclear which formula accurately evaluated the

fibrosis stage. To evaluate serial change of fibrosis during the observation period, we

needed to identify the best formula for evaluating liver fibrosis. For this purpose,

the diagnostic accuracy of each formula was evaluated among the patients with

NAFLD in the NASH and NAFL groups, using the ROC curve method. To identify

the patients with Brunt stage 0, the FIB-4 index, APRI, and Forns index showed

AUROCSs of 0.743, 0.748, and 0.672 when the cut-off values of each formula were

1.33, 0.68, and 6.04, respectively (Figure 2A). To distinguish the patients with

Brunt stages 0-1 and 2-4, the FIB-4 index, APRI, and Forns index showed AUROCs

of 0.765, 0.708, and 0.706 when the cut-off values of each formula were 1.40, 0.65,

and 6.45, respectively (Figure 2B). To determine the patients with Brunt stage 3-4

(advanced fibrosis), the FIB-4 index, APRI, and Forns index showed AUROCs of

0.781, 0.763, and 0.681 when the cut-off values of each formula were 1.62, 0.76, and

6.45, respectively (Figure 2C). To identify the patients with Brunt stage 4, the FIB-4

index, APRI, and Forns index showed AUROCSs of 0.870, 0.732, and 0.892 when the

cut-off values of each formula were 1.73, 1.57, and 7.40, respectively (Figure 2D). All

12
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formulae in each analysis showed a relatively high AUROC, high sensitivity, and

high specificity. However, the cut-off value of the FIB-4 index was consistent in each

analysis, while those of the other indices were inconsistent among each analysis.

Therefore, we used the FIB-4 index to evaluate the serial change of fibrosis during

the observation period.

No factors were associated with serial change of liver fibrosis

Since the FIB-4 index showed the most accurate estimation of liver fibrosis

in this study, we considered that serial change of the FIB-4 index, i.e., delta FIB-4

index, might reflect fibrotic change of the liver in our study patients. To identify

factors associated with the progression of liver fibrosis, linear regression analysis

for the delta FIB-4 index in all patients was performed using BMI, sex, age, BW

change during the observation period, the observation period, and histological

findings (fat in the liver, bridging fibrosis, and ballooned hepatocytes). None of the

factors was identified in this analysis (data not shown).

Longer observation period and presence of ballooned hepatocytes were associated

with the progression of liver fibrosis

Considering the natural progression of NAFLD, NASH will eventually

become the more progressive type of liver fibrosis. Therefore, linear regression

13
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analysis of the delta FIB-4 index was performed separately in the NAFL and NASH

groups. Because the NAFL group did not show histological findings associated with

liver fibrosis, bridging fibrosis and ballooned hepatocytes were not included in this

analysis. The observation period was negatively associated with the delta FIB-4

index in the NAFL group (Table 2; t=-2.621, p=0.011). Regarding the NASH group,

linear regression analysis of the delta FIB-4 index was analyzed using BMI, sex,

age, BW change during the observation period, the observation period, and

histological findings (fat in the liver, bridging fibrosis, and ballooned hepatocytes).

The presence of ballooned hepatocytes was negatively associated with the delta

FIB-4 index in the NASH group (Table 2; t=-2.371, p=0.023). To confirm the

relationship between ballooned hepatocytes and liver fat, the liver fat volume was

compared with the presence of ballooned hepatocytes or the grading of ballooned

hepatocytes. Neither the presence of ballooned hepatocytes nor the grading of

ballooned hepatocytes was associated with the liver fat volume (Supplemental

figure 1A, B).

14
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Discussion

The clinically significant findings of this study were as follows: 1) the FIB-4

index was the best formula for estimating liver fibrosis in patients with

biopsy-proven NAFLD, and 2) presence of ballooned hepatocytes predicted the

progression of liver fibrosis in the future.

The prevalence of NAFLD is increasing among individuals in the developed

countries [1]. The aggressive form of NAFLD, NASH, leads to the progression of

liver fibrosis and results in liver cirrhosis [2]. Although the malignant potential of

NASH has been recognized, the adequate approach for treating patients with

NAFLD remains unclear. As the first step in establishing the treatment strategy for

NASH, patients with NAFLD who show progression of liver fibrosis need to be

identified. In this study as well as in previous studies [16, 17], the FIB-4 index

showed accurate estimation of liver fibrosis in patients with NAFLD. Therefore, the

FIB-4 index will be useful for assessing liver fibrosis when a general physician

evaluates patients with NAFLD using laboratory data without imaging findings.

Advanced fibrosis of the liver is a distinct issue because cirrhotic liver will

be the cause of liver failure and/or hepatocellular carcinoma [3]. Although no factor

associated with the progression of liver fibrosis was isolated from all patients with

15
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NAFLD in this study, the observation period in the NAFL group and presence of

ballooned hepatocytes in the NASH group were associated with the progression of

liver fibrosis. The patients with NAFL who showed normalization of the liver

enzyme after nutritional intervention were followed in up this study, and those with

an abnormal liver enzyme level were followed for longer periods. Thus, the

observation period in the NAFL group was identified as a risk factor for the

progression of liver fibrosis because of selection bias. In contrast, the presence of

ballooned hepatocytes was not associated with any bias, and it is considered a clear

risk factor associated with the progression of liver fibrosis.

Ballooned hepatocytes are considered a diagnostic hallmark of NASH, and

they have a key role in the pathophysiology of NASH [2, 4, 18, 19]. Hepatocytes

without cell death under lipotoxicity show a morphological similarity to ballooned

hepatocytes [20, 21]. Furthermore, these cells secrete a fibrogenic chemokine, sonic

hedgehog (SHH), and SHH affects cell survival under an autocrine mechanism [20].

Recently, autophagic impairment was observed in a NASH model [22]. Intriguingly,

the morphological likeness of ballooned hepatocytes was required with autophagic

impairment [21]. Lipotoxicity, i.e., the incomplete execution of cell death and

impairment of the autophagic process, may lead to the ballooning of hepatocytes. In

16
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this study, ballooned hepatocytes were not associated with liver fat, and fibrosis

progressed in the liver with the ballooning of hepatocytes. Thus, ballooned

hepatocytes might be a therapeutic target in patients with NASH. Further study for

the interaction between ballooned hepatocytes and the pathophysiology of NASH is

necessary.

We recognize that this study has limitations. The evaluation of liver fibrosis

in this study was not highly accurate. However, the FIB-4 index reflected the whole

liver condition because the results were calculated using laboratory data. Yet, the

liver biopsy had a possibility of sampling error [23]. Although the FIB-4 index did

not show a high accuracy in the histological grade of liver fibrosis, the delta FIB-4

index was the difference of each result of the FIB-4 index, and the result might have

been associated with a simple change of the whole liver condition in this study. To

confirm this speculation, the delta FIB-4 index should be confirmed in a future

study with other modalities, such as transient elastography or MR elastography, to

evaluate liver fibrosis. We also noticed a limitation associated with the evaluation of

liver fibrosis. Although transient elastography has been recognized as a useful

examination for evaluating liver fibrosis [24, 25], these data are absent in this study.

We are now collecting the date of transient elastography, but we do not have

17
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sufficient data regarding the use of transient elastography in this setting. Thus, we

cannot confirm the degree of liver fibrosis using transient elastography. Sampling

error caused by liver biopsy should be carefully considered in the histological

evaluation of conditions such as fibrosis, ballooned hepatocytes, and steatosis.

Although multi-sampling from the same liver tissue would improve the accuracy of

the histological evaluation, we obtained a single sample from each liver biopsy.

Therefore, more accurate evaluation of ballooning based on multiple sampling may

be needed to confirm our findings in the future. We also need to mention the

limitation associated with the serum marker of liver fibrosis. Recently, Mac-2

binding protein glycan isomer (M2BPGi) has been reported as a useful marker for

detecting liver fibrosis [26-28]. Although we need to confirm a correlation between

M2BPGi and liver fibrosis in this setting, we did not evaluate this relationship

because we did not keep serum samples of the subjects. To avoid subjective bias for

the diagnosis of ballooned hepatocytes, the presence or absence of ballooned

hepatocytes was considered in this study. Thus, the evaluation of ballooned

hepatocytes was not quantitative in this study. Therefore, the meaning of the

presence of ballooned hepatocytes and the pathophysiology of NASH remains

unclear.

18



We concluded that the FIB-4 index was the best formula for estimating the

progression of liver fibrosis in patients with biopsy-proven NAFLD, and the

presence of ballooned hepatocytes was a risk factor for the progression of liver

fibrosis.

19
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Figure Legends

Figure 1. Flow chart of the study design.

NAFLD, non-alcoholic fatty liver disease

Figure 2. Diagnostic accuracy of the Fibrosis 4 (FIB-4) index, aspartate

transaminase to platelet ratio index (APRI), and Forns index according to the Brunt

stage

A, B, C and D: Diagnostic accuracy of the FIB-4 index, APRI, and Forns index was

assessed using the receiver operating characteristic (ROC) curve method, and the

results are expressed as the area under the ROC curve (AUROC). The cut-off value

was estimated by the Youden index. Using each cut-off value, sensitivity, specificity,

the positive predictive value (PPV), and negative predictive value (NPV) were

estimated. Each graph reveals the ROC curve for Brunt stage 0 versus 1-4 (A), 0-1

versus 2-4 (B), 0-2 versus 3-4 (C), and 1-3 versus 4 (D).

20



Supplemental figure 1. Difference of liver fat volume according to ballooned
hepatocytes
A and B: Distribution of the liver fat volume among subjects divided by the presence

or absence of ballooned hepatocytes (A) or the grading of ballooned hepatocytes (B).
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Figure 1

Biopsy-proven NAFLD patients
(2008-2016)
n=157

Excluded due to lack of laboratory data
n=7

Excluded due to
® shortage of observation periods (< 12month)
® withdrawal of permission

n=25

Eligible patients for the studies

n=125 Study 1: Comparison of diagnostic accuracy among

formulae to assess fibrosis in NAFLD patients

Study 2: Factors associated with progression of
fibrosis in NAFLD patients




Table 1. Patients’ characteristics in this study

NAFLD(125) NAFL (62) NASH (63)
Age (year) 50.8 + 156 466 + 137 549 + 163  p<0.01
BMI 27.9 + 41 277 3.7 281 = 4.5 n.s.
Sex (M:F) 58 67 32 30 26 37 n.s.
Histological findings
Brunt Stage (0:1:2:3:4) (62:0:0:0:0) (0:23:14:21:5)
BF (+) ) 17
BH (+) ) 49
Fat (%) 362 + 213 343 £+ 171 n.s.
Laboratory date
AST U/mL 51 + 39 39 £ 23 62 = 47 p<0.01
ALT U/mL 84 + 90 74+ 73 94 = 104 n.s.
gGT U/mL 84 + 64 80 62 88 = 67 n.s.
TC mg/dL 201 + 42 206 =+ 38 194 = 40 n.s.
Ferritin ng/mL 237 + 208 224 + 168 248 + 239 p<0.01
TACTs ng/mL 5.12 + 21 391 + 123 609 * 215 p<0.01
Plt x10* 223 + 66 234 + 53 213 76 n.s.
HbA1C % 6.0 + 09 57 = 0.7 6.2 = 1.1 p<0.01
Glucose mg/dL 110 + 27 104 + 22 115 + 29 p=0.016
Insulin muU/mL 28.4 + 342 261 *+ 331 311 x 357 n.s.
HOMA-R 8.51 + 121 745 + 1157 9.67 =+ 12.67 n.s.
Fibrosis score
FIB4 index 1.54 + 121 104 + 055 203 =+ 146 p<0.01
APRI 0.81 + 067 056 =+ 0.38 105 £ 0.79 p<0.01
Forns index 5.87 + 222 524 + 18 648 + 239 p<0.01

Abbreviations: ALT, alanine transaminase; APRI; AST to Platelet Ratio Index, AST,

aspartate transaminase; BF, bridging fibrosis; BH, ballooned

hepatocyte; yGT,

gamma-glutamyl transferase; HOMA-R, Homeostatic Model Assessment for Insulin

Resistance; NAFLD, non-alcoholic fatty liver; NAFLD, non-alcoholic fatty liver disease;



NASH, non-alcoholic steatohepatitis; T4C7s, type 4 collagen 7s; TC, total cholesterol



Figure 2
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Table2 Multivariate analysis for delta FIB4 using linear regression analysis to the

NAFL and the NASH groups.

NAFL t p
Sex 1.193

Age -1.239

BMI -0.610

BW change 0.533

Duration (year) -2.621 0.011
Fat 1.080

BH

BF

NASH t P
Sex -0.123

Age -1.541

BMI -0.228

BW change -0.873

Duration (year) -0.655

Fat 0.437

BH -2.371 0.021
BF -0.311

Abbreviations: BF, bridging fibrosis; BH, ballooned hepatocyte; BMI, body mass index;
BW, body weight; NAFL, non-alcoholic fatty liver; NASH, non-alcoholic steatohepatitis.



Supplemental figure 1
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