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Circulating MicroRNA-122 and Fibrosis 
Stage Predict Mortality of Japanese 
Patients With Histopathologically 
Confirmed NAFLD
Norio Akuta,1 Yusuke Kawamura,1 Yasuji Arase,1 Satoshi Saitoh,1 Shunichiro Fujiyama,1 Hitomi Sezaki ,1 Tetsuya Hosaka,1 
Masahiro Kobayashi,1 Mariko Kobayashi,2 Yoshiyuki Suzuki,1 Fumitaka Suzuki,1 Kenji Ikeda,1 and Hiromitsu Kumada1

The impact of circulating microRNA-122 (miR-122) on mortality in patients with histopathologically confirmed non-
alcoholic fatty liver disease (NAFLD) remains unclear. We analyzed the overall survival rates in 441 Japanese patients 
with histopathologically confirmed NAFLD after a median follow-up period of 4.7 years. We also determined the clin-
icopathologic, genetic, and epigenetic parameters, including serum miR-122 levels, for prediction of mortality. Of the 
441 study patients, 21 (4.8%) died during the follow-up period. The cumulative survival rates were 95.4% and 90.6% 
at the end of 5 and 10 years, respectively. Multivariate analysis identified history of liver cancer (presence; hazard ratio 
[HR], 4.94; 95% confidence interval [CI], 1.84-13.3), serum miR-122 (<1.00 fold change; HR, 4.35; 95% CI, 0.06-
0.83), and fibrosis-4 index (FIB-4 index) (≥1.30; HR, 15.7; 95% CI, 2.01-122) as significant risk factors of mortality. 
Cumulative survival rates varied significantly among patients with none/one risk factor, two risk factors, and three risk 
factors; particularly, the survival rate of patients with three risk factors was significantly lower than those with two risk 
factors and none/one risk factor. Two or more risk factors were identified in 17 of 21 (81.0%) death cases. Conclusion: 
The importance of serum miR-122 and FIB-4 index as risk factors for mortality in Japanese patients with histopatho-
logically confirmed NAFLD is shown. Early diagnosis based on the presence of more than one risk factor and early 
treatment might improve the prognosis. (Hepatology Communications 2020;4:66-76).

The most common liver disease worldwide is 
nonalcoholic fatty liver disease (NAFLD).(1-6)  
Liver pathology ranges from the typically 

benign nonalcoholic fatty liver to nonalcoholic steato-
hepatitis (NASH), which may progress to liver cirrhosis, 
liver cancer, and liver failure.(7) Studies have suggested 

that the fibrosis stage is a more reliable predictor of 
liver-specific mortality than the NAFLD activity score 
(NAS).(8) The fibrosis stage, but not other histopatho-
logic features of steatohepatitis, was reported to be an 
independent and significant predictor of overall mor-
tality, liver transplantation, and liver-related events.(9)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, conf idence interval; FIB-4, f ibrosis-4; HR, hazard ratio; 
miR-122, microRNA-122; NAFLD, nonalcoholic fatty liver disease; NAS, NAFLD activity score; NASH, nonalcoholic steatohepatitis; PNPLA3, 
patatin-like phospholipase domain containing protein 3; SNP, single-nucleotide polymorphism; TM6SF2, transmembrane 6 superfamily member 2.
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Various environmental, genetic, and epigene-
tic factors are known to influence the development 
and progression of NAFLD. For example, the level 
of circulating microRNA-122 (miR-122), an epi-
genetic factor, is reported to be associated with the 
histopathologic severity of liver disease,(10-12) and 
measurement of miR-22 can help in early prediction 
of histologic improvement following treatment with 
glucose-lowering agents.(13) We recently reported that 
serum miR-122 levels vary with the stage of liver can-
cer and/or NASH-related histopathologic changes. In 
this regard, longitudinal follow-up studies of patients 
with liver cancer demonstrated a tendency for serum 
miR-122 levels to decrease before progression to the 
fibrosis stage.(12) However, the relationship between 
serum miR-122 levels and mortality of patients with 
NAFLD remains unclear.

The purpose of the present retrospective study was 
to investigate the overall survival rates and determine 
the clinicopathologic, genetic, and epigenetic predictors 
of mortality in patients with NAFLD. For this pur-
pose, we analyzed the clinical outcome of 441 Japanese 
patients with histopathologically confirmed NAFLD.

Patients and Methods
patients

This is a retrospective cohort study of patients with 
histopathologically confirmed NAFLD. Between 1976 
and 2019, liver biopsy material was obtained at our 
hospital from patients with liver dysfunction and/or  
fatty liver diagnosed by abdominal ultrasonography. 
Of those patients, the diagnosis of NAFLD was con-
firmed in 441 patients by histopathology. The median 
duration of follow-up from diagnosis to death or last 
visit was 4.7 years (range, 0.0-42.9 years). The clinical 

features of the patients at the time of histopathologic 
diagnosis of NAFLD are summarized in Table 1. 
Patients with histopathologic changes of steatosis in 
at least 5% of hepatocytes and those with a history of 
alcohol intake of <20 g/day were included in the anal-
ysis. We excluded patients with (1) underlying liver 
disease (e.g., viral hepatitis, autoimmune hepatitis, 
drug-induced liver disease, or primary biliary cholan-
gitis); (2) systemic autoimmune diseases (e.g., systemic 
lupus erythematosus or rheumatoid arthritis); and  
(3) metabolic diseases (e.g., hemochromatosis, α-1- 
antitrypsin deficiency, or Wilson’s disease).

The study was conducted in compliance with 
the International Conference on Harmonization 
Guideline for Good Clinical Practice (E6) and the 
2013 Declaration of Helsinki. The study protocol was 
approved by the Toranomon Hospital Institutional 
Review Board (#953). Written informed consent for 
a liver biopsy was provided by all patients.

Diagnosis anD FolloW-up
In this study, we selected the following liver- 

related events for study outcome: liver cancer, hepatic 
encephalopathy, esophagogastric varices with bleed-
ing, ascites, and jaundice. Other outcomes included 
cardiovascular events (e.g., coronary artery disease, 
heart valve disease, arrhythmia, heart failure, hyper-
tension, orthostatic hypotension, shock, endocarditis, 
diseases of the aorta and its branches, disorders of the 
peripheral vascular system, and stroke) and type 2 dia-
betes mellitus (defined as high fasting blood glucose 
level ≥126  mg/dL, high hemoglobin A1c ≥6.5%, use 
of glucose-lowering agents, or self-reported history of 
clinical diagnosis).

Mortality was evaluated in all patients. Hematologic 
and biochemical data were collected at least twice 
yearly after the diagnosis of NAFLD. Ultrasonography, 
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computed tomography, or magnetic resonance imag-
ing studies were conducted at least once annually 
during the follow-up.

liVeR HistopatHology
Liver biopsy specimens were obtained using a 

14-gauge modified Vim Silverman needle (Tohoku 
University style; Kakinuma Factory, Tokyo, Japan), a 
16-gauge core tissue biopsy needle (Bard Peripheral 
Vascular, Inc., Tempe, AZ), or surgical resection. 
Liver biopsy samples >1.5 cm and/or containing more 
than 11 portal tracts were considered adequate for 
examination and diagnosis. The specimen was fixed 
in 10% formalin and cut into sections, which were 
then stained with hematoxylin and eosin, Masson tri-
chrome, silver impregnation, or periodic acid–Schiff 
after diastase digestion. Four pathologists (Dr. Keiichi 
Kinowaki, Dr. Fukuo Kondo, Dr. Toshio Fukusato, 
and Dr. Takeshi Fujii), who were blinded to the clin-
ical findings evaluated each of the specimens, and the 
final assessment was reached by consensus.

Steatosis grades 0, 1, 2, and 3 corresponded to ste-
atosis of <5%, ≥5% to <33%, ≥33% to <66%, and ≥66% 
of hepatocytes, respectively. Lobular inflammation 
with no foci, <2 foci, 2-4 foci, and ≥4 foci per 200× 
field was scored 0, 1, 2, and 3, respectively. Hepatocyte 
ballooning of none, few, and many cells was scored as 
0, 1, and 2, respectively. NAS represents the sum of 
scores of steatosis, lobular inflammation, and hepato-
cyte ballooning (range, 0-8 points).(14) Fibrosis stage 
was defined as 0, 1, 2, 3, and 4 using the defined cri-
teria.(14,15) NASH was defined according to the fatty 
liver: inhibition of progression (FLIP) algorithm.(16)

CliniCal paRameteRs
We analyzed the clinicopathologic and genetic 

parameters that could affect NAFLD prognosis. 
The fibrosis-4 (FIB-4) index, calculated as (age 
[year]  ×  aspartate aminotransferase [AST] [IU/L])/
(platelet count [109/L]  ×  √alanine aminotransferase 
[ALT] [IU/L]), has been used as a parameter for pro-
gression of fibrosis.(17) The FIB-4 index is useful for 
excluding NASH with advanced fibrosis, with values 
<1.30 considered to represent nonadvanced fibrosis.(5) 
Obesity was defined as body mass index ≥30.0 kg/m2.  
Patatin-like phospholipase domain containing pro-
tein 3 (PNPLA3) rs738409 and transmembrane 6 
superfamily member 2 (TM6SF2) rs58542926 were 
genotyped by the TaqMan single-nucleotide polymor-
phism (SNP) genotyping assay (Applied Biosystems, 
Foster City, CA).

taBle 1. patient CHaRaCteRistiCs at tHe 
time oF HistologiC Diagnosis oF naFlD

Characteristic Value

Demographic data

Number of patients 441

Sex, male/female, n 266/175

Age, year* 52 (20-87)

Body mass index, kg/m2* 26.2 (18.1-42.4)

History of cardiovascular events, no/yes, n 430/11

Presence of previous malignancy (none/liver 
cancer/other malignancies), n

385/28/33

Type 2 diabetes mellitus, no/yes, n 298/144

Hypertension, no/yes, n 244/198

Hyperlipidemia, no/yes, n 292/150

Hyperuricemia, no/yes, n 397/45

Smoking, no/yes, n 357/84

Histopathologic findings

Steatosis, 5%-33%/>33%-66%/>66%, n 162/163/113

Lobular inflammation (no foci/<2 foci/2-4 
foci/>4 foci per 200× field), n

28/254/142/14

Ballooning (none/few cells/many cells), n 40/281/117

Stage, 0/1/2/3/4, n 50/182/68/108/33

NAFLD activity score, ≤2/3, 4/≥5, n 38/190/213

Diagnosis according to FLIP algorithm, NASH/
non-NASH, n

398/43

Genetic variation

PNPLA3 rs738409 (CC/CG/GG/not determined) 53/128/129/131

TM6SF2 rs58542926 (CC/CT/TT/not determined) 234/69/7/131

Circulating microRNA

Serum miR-122, fold change* 0.99 (0.01-27.42)

Laboratory data*

Serum AST, U/L 43 (3-378)

Serum ALT, U/L 69 (14-783)

Gamma-glutamyl transpeptidase, U/L 71 (11-990)

Platelet count, ×103/mm3 213 (40-471)

Fasting plasma glucose, mg/dL 102 (65-287)

Hemoglobin A1c, % 5.9 (4.3-12.6)

Uric acid, mg/dL 5.9 (1.9-11.1)

Total cholesterol, mg/dL 204 (101-370)

Triglycerides, mg/dL 139 (31-1,088)

High-density lipoprotein cholesterol, mg/dL 45 (14-86)

Low-density lipoprotein cholesterol, mg/dL 120 (27-243)

Serum ferritin, μg/L 227 (<10-2,067)

High sensitive C-reactive protein, mg/dL 0.095 (0.004-2.240)

FIB-4 index 1.31 (0.19-14.8)

*Data are median (range) values.
Abbreviations: FLIP, fatty liver: inhibition of progression; n, 
number.
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measuRement oF seRum miR-122
We selected serum miR-122 to represent the epigen-

etic parameters that could modulate NAFLD prognosis. 
The serum sample was frozen at −80°C within 4 hours 
of collection and thawed just before analysis. Circulating 
microRNA was extracted from 200 µL of serum sam-
ples using the QIAGEN miRNeasy Serum/Plasma Kit 
according to the manufacturer’s instructions (QIAGEN 
K.K., Tokyo, Japan). RNA was reverse transcribed 
using TaqMan microRNA Reverse Transcription Kit 
(Life Technologies Japan, Tokyo, Japan). Caenorhabditis  
elegans miR-39 (cel-miR-39) was spiked in each sam-
ple as the control for extraction and amplification steps. 
The protocol used for measurement of serum miR-122 
was based on the method provided by the manufacturer 
(TaqMan Small RNA Assays; Applied Biosystems). 
Serum miR-122 was amplified using primers and 
probes provided by Applied Biosystems in the TaqMan 
microRNA assay according to the instructions provided 
by the manufacturer. The relative expression of serum 
miR-122 was calculated using the comparative cycle 
threshold (CT) method (2−ΔΔCT),(18,19) with spiked cel-
miR-39 as normalized internal control. The microRNA 
expression levels were reported relative to the levels of 
serum miR-122 measured in 286 clinical samples.(12) 
In the reproducibility of the serum miR-122 measure-
ment, triplicate assay was performed and their mean 
values were adopted. Samples that indicated wide vari-
ations were re-examined.(20)

statistiCal analysis
Parameters shown in Table 1 were used for analy-

sis of survival/mortality rates. Parameters that indicated 
a strong correlation with others were considered con-
founding factors and excluded from statistical analysis. 
The incidence of each event was analyzed during the 
period from the time of histopathologic diagnosis of 
NAFLD until the last visit. Stepwise Cox regression 
analysis based on the backward selection method was 
used to determine independent predictive factors asso-
ciated with mortality. The hazard ratio (HR) and 95% 
confidence interval (CI) were also calculated. Variables 
that were statistically significant on univariate analysis 
were entered into multivariate analysis to identify signif-
icant independent factors after conversion to categorical 
data of two simple ordinal numbers. Multiple compari-
sons were examined by the Bonferroni test. Significance 

was set at P < 0.05 by the two-tailed test. All statistical 
tests were performed with the Statistical Package for 
the Social Sciences (SPSS Inc., Chicago, IL).

Results
oVeRall suRViVal/moRtality 
Rates in naFlD

Data of the whole population sample were used for 
analysis of the overall survival/mortality rates. During 
the follow-up period of 4.7 years (range, 0.0-42.9 
years), 21 (4.8%) deaths were recorded. In these cases, 
the median interval between histopathologic diagno-
sis of NAFLD and death was 4.1 years (range, 0.6-
31.8 years). Of the cases, 76 (17.2%) stopped going 
to the hospital and 344 (78.0%) regularly went to the 
hospital. The cumulative survival rates were 95.4% 
and 90.6% at the end of 5 and 10 years, respectively.

FaCtoRs assoCiateD WitH 
moRtality

Clinicopathologic, genetic, and epigenetic parame-
ters shown in Table 1 were used for analysis of mor-
tality. Parameters (e.g., age, AST, ALT, platelet count, 
NAS, and low-density lipoprotein cholesterol) that 
indicated a strong correlation with others were consid-
ered confounding factors and excluded from statistical 
analysis. Of these, seven parameters showed a signifi-
cant relationship with mortality by univariate analysis: 
history of liver cancer, type 2 diabetes mellitus, stage, 
serum miR-122, FIB-4 index, fasting plasma glucose, 
and total cholesterol. These factors were entered into 
multivariate analysis, which identified three risk fac-
tors that significantly and independently influenced 
mortality: history of liver cancer (presence; HR, 4.94; 
95% CI, 1.84-13.3; P = 0.002), serum miR-122 (<1.00 
fold change; HR, 4.35; 95% CI, 0.06-0.83; P = 0.025), 
and FIB-4 index (≥1.30; HR, 15.7; 95% CI, 2.01-122; 
P = 0.009) (Table 2).

CumulatiVe suRViVal Rates 
aCCoRDing to FiB-4 inDeX 
leVels

Cumulative survival rates were significantly differ-
ent among the four FIB-4 index subgroups (<1.30 
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[n  =  218], 1.30-2.66 [n  =  139], 2.67-3.24 [n  =  29], 
and ≥3.25 [n = 55]; P < 0.001; log-rank test) (Fig. 1). 
Particularly, the rate with a FIB-4 index <1.30 was 
significantly higher than that of 1.30-2.66 (P = 0.015; 

log-rank test), 2.67-3.24 (P  <  0.001; log-rank test), 
and ≥3.25 (P < 0.001; log-rank test). Furthermore, the 
rates with a FIB-4 index of 1.30-2.66 were signifi-
cantly higher than that of ≥3.25 (P = 0.015; log-rank 

taBle 2. FaCtoRs assoCiateD WitH suRViVal oF patients WitH naFlD

Factor Category

Univariate* Multivariate

HR (95% CI) P Value† HR (95% CI) P Value†

History of liver cancer No 1 1

Yes 17.1 (6.85-42.5) <0.001 4.94 (1.84-13.3) 0.002

Type 2 diabetes mellitus No 1

Yes 3.88 (1.62-9.32) 0.002

Stage 0-2 1

3, 4 8.52 (3.11-23.3) <0.001

Serum miR-122 ≥1.00 fold change 1 1

<1.00 fold change 4.55 (1.67-12.3) 0.007 4.35 (1.20-16.7) 0.025

FIB-4 index <1.30 1 1

≥1.30 21.6 (2.89-161) 0.003 15.7 (2.01-122) 0.009

Fasting plasma glucose <110 mg/dL 1

≥110 mg/dL 2.59 (1.05-6.43) 0.040

Total cholesterol ≥200 mg/dL 1

<200 mg/dL 2.86 (1.14-7.14) 0.025

*Seven variables that were statistically significant on univariate analysis were entered into multivariate analysis to identify significant 
 independent factors.
†Significance was determined using the Cox proportional hazard model.

Fig. 1. Cumulative survival rates according to the FIB-4 index level. Rates were significantly different among the four FIB-4 index 
subgroups (P < 0.001; log-rank test).
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test). The rate with a FIB-4 index of <1.30 was sig-
nificantly higher than that of 2.67-3.24 (P  <  0.001) 
and ≥3.25 (P < 0.001) by multiple comparisons.

As a reference, cumulative survival rates according 
to stage are shown in Supporting Fig. S1. Rates were 
significantly different among the four subgroups of 
stage (0 [n = 50], 1 [n = 182], 2 [n = 68], 3 [n = 108], 
and 4 [n = 33]; P < 0.001; log-rank test).

CumulatiVe suRViVal Rates 
aCCoRDing to seRum miR-122 
leVel

A total of 392 cases had a saved serum sample 
≥200  µL and were able to have a serum miR-122 
level quantified. The cumulative survival rate varied 
significantly according to the serum level of miR-
122 (<0.50 [n  =  104], 0.50 to <1.00 [n  =  94], and 
≥1.00 fold change [n  =  194]; P  =  0.003; log-rank 
test) (Fig. 2). Particularly, the survival rate of patients 
with serum miR-122 level ≥1.0 was significantly 
higher than that of patients with serum miR-122 
level <0.50 (P  < 0.001; log-rank test) and tended to 
be higher than that of patients with serum miR-122 
level 0.50 to <1.00 (P  =  0.064; log-rank test). The 

survival rate of patients with serum miR-122 level 
≥1.00 was significantly higher than that of patients 
with serum miR-122 level <0.50 (P = 0.001) by mul-
tiple comparisons.

In cases with severe fibrosis of stage 3 or 4, cumu-
lative survival rates were significantly different among 
the three miR-122 subgroups (<0.50 [n  =  36], 0.50 
to <1.00 [n  =  27], and ≥1.00 fold change [n  =  62]; 
P = 0.017; log-rank test) (Supporting Fig. S2).

In cases with a history of liver cancer, cumulative 
survival rates were not different among the three 
miR-122 subgroups (<0.50 [n  =  15], 0.50 to <1.00 
[n  =  7], and ≥1.00 fold change [n  =  2]; P  =  0.532; 
log-rank test).

CumulatiVe suRViVal Rates 
aCCoRDing to genetiC 
VaRiation

Cumulative survival rates were not significantly 
different among the three genotypes of PNPLA3 
(CC, CG, and GG) (P = 0.420; log-rank test) (Fig. 3). 
The rates were also not significantly different among 
the three genotypes of TM6SF2 (CC, CT, and TT) 
(P = 0.574; log-rank test).

Fig. 2. Cumulative survival rates according to the level of serum miR-122. Rates were significantly different among the three serum 
miR-122 subgroups (<0.50, 0.50 to <1.00, and ≥1.00 fold change) (P = 0.003; log-rank test).
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CumulatiVe suRViVal Rates 
aCCoRDing to a ComBination 
oF RisK FaCtoRs

Data of 392 patients who fulfilled the inclusion 
and exclusion criteria specified in this study were 
analyzed to determine the cumulative survival rates 
according to a combination of mortality risk factors. 
The cumulative survival rate was significantly differ-
ent among the three subgroups based on the number 
of risk factors (none/one risk factor, two risk fac-
tors, and three risk factors; P  <  0.001; log-rank test) 
(Fig. 4). Particularly, the survival rate for patients with 
three risk factors was significantly lower than that for 
patients with two risk factors and none/one risk fac-
tor (P < 0.001, each; log-rank test). Furthermore, the 
survival rate for patients with two risk factors was also 
significantly lower than that for patients with none/
one risk factor (P < 0.001; log-rank test).

CliniCal CHaRaCteRistiCs 
oF patients WitH naFlD 
WHo DieD DuRing tHe stuDy 
peRioD

Clinical features of the 21 patients who died during 
the study period are listed in Table 3. Of these patients, 

13 (61.9%) died of liver-related causes, 4 (19.0%) of 
malignancy excluding liver cancer, 2 (9.5%) of cardio-
vascular events, 1 (4.8%) of interstitial pneumonitis, 
and 1 (4.8%) of sepsis. Of the 13 patients who died 
from liver-related causes, 9 (69.2%) and 4 (30.8%) 
died from liver cancer and liver failure, respectively.

None/one risk factor, two risk factors, and three 
risk factors of mortality were identified in 4, 9, and 
8 of 21 of the death cases, respectively. Thus, 17 of 
the 21 (81.0%) death cases exhibited two or more risk 
factors before death.

Discussion
In patients with histopathologically confirmed 

NAFLD, liver fibrosis stage is the most important 
predictor of overall mortality and liver-related events, 
including liver cancer.(5,6,8,9) Our results confirmed 
this conclusion; multivariate analysis identified the 
FIB-4 index of fibrosis (HR, 15.7) as a significant and 
independent predictor of mortality. In addition, our 
study also identified the serum miR-122 level, repre-
senting an epigenetic factor (HR, 4.35), and history 
of liver cancer (HR, 4.94) as significant risk factors 
for poor prognosis in patients with histopathologically 
confirmed NAFLD. We reported in a longitudinal 

Fig. 3. Cumulative survival rates according to PNPLA3 genotype. Rates were not significantly different among the three genotypes (CC, 
CG, and GG) (P = 0.420; log-rank test).
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evaluation study of a patient with liver cancer that 
liver cancer and fibrosis stage independently mod-
ulated the serum miR-122 level and that the level 
tended to decrease before progression of the fibro-
sis stage.(12) The present results add support to that 
study, confirming that serum miR-122 and history of 
liver cancer are independent poor prognostic factors. 
Our results highlight the importance of assessment of 
the three risk factors (history of liver cancer, serum 
miR-122, and FIB-4 index) for early diagnosis and 
treatment to improve the prognosis of patients with 
NAFLD.

The impact of epigenetic factors on mortality of 
patients with NAFLD remains unclear. In particu-
lar, there is no information on the long-term survival 
rates associated with serum miR-122 levels in patients 
with histopathologically confirmed NAFLD. Reports 
have indicated that serum miR-122 is an independent 
predictor of overall survival of patients with liver cir-
rhosis(21) and liver cancer.(22,23) However, these studies 
could not investigate the mortality risk factors prop-
erly due to the small number of patients with NAFLD 
and short follow-up period. To our knowledge, the 
present study is the first to identify low serum level of 
miR-122 as a significant and independent risk factor 

of mortality in patients with NAFLD. The present 
findings indicated that cumulative survival rates were 
significantly different among the three serum miR-
122 subgroups in cases of stage 3 or 4 but that the 
rates were not different in cases with a history of liver 
cancer. Hence, it is unclear whether the addition of 
serum miR-122 might improve the prognosis predic-
tion based on two risk factors (FIB-4 index and his-
tory of liver cancer). Further study based on a large 
number of patients should be performed to investi-
gate the impact of the serum miR-122 measurement. 
A recent meta-analysis of 11 studies involving 1,124 
patients reported that low miR-122 expression in 
liver cancer tissues correlated significantly with unfa-
vorable overall survival in patients with liver cancer 
who underwent curative resection; however, miR-
122 expression level in the blood could not predict 
overall survival.(24) Thus, tissue microRNA and circu-
lating microRNA expression profiles are not always 
consistent.(25) This discrepancy between the previous 
reports and the present study could be due to differ-
ences in the methods used to measure miR-122 level 
or differences in the etiology of liver cancer. One 
of the limitations of the present study is the lack of 
analysis of miR-122 expression in tissues. Further 

Fig. 4. Cumulative survival rates according to the number of risk factors for mortality (positive history of liver cancer, serum miR-122 
<1.00 fold change, and FIB-4 index ≥1.30). Rates were significantly different among the three subgroups (0/1 risk factor, 2 risk factors, 
and 3 risk factors) (P < 0.001; log-rank test).



Hepatology CommuniCations, January 2020AKUTA ET AL.

74

ta
B

le
 3

. C
H

a
R

a
C

t
e

R
is

t
iC

s 
o

F 
21

 p
at

ie
n

t
s 

W
H

o
 D

ie
D

 D
u

R
in

g
 t

H
e

 s
t

u
D

y 
pe

R
io

D

Ca
se

Se
x

Hi
st

or
y

At
 D

ia
gn

os
is

 o
f N

AF
LD

At
 Ti

m
e 

of
 D

ea
th

Ca
rd

io
va

sc
ul

ar
 

Ev
en

t
Li

ve
r 

Ca
nc

er
M

al
ig

na
nc

y 
Ex

ce
pt

 fo
r 

Li
ve

r C
an

ce
r

Ty
pe

 2
 D

ia
be

te
s 

M
el

lit
us

Ag
e 

(Y
ea

rs
)

Fi
br

os
is

 
St

ag
e

FI
B-

4 
In

de
x

Se
ru

m
 m

iR
-1

22
 

(F
ol

d 
Ch

an
ge

)
Ag

e 
(Y

ea
rs

)
Ca

us
e 

of
 D

ea
th

1
M

al
e

Ab
se

nc
e

Ab
se

nc
e

He
m

an
gi

op
er

ic
yt

om
a

Ab
se

nc
e

29
3

0.
77

2.
92

37
He

m
an

gi
op

er
ic

yt
om

a

2
Fe

m
al

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
40

1
4.

85
0.

67
41

In
te

rs
tit

ia
l p

ne
um

on
iti

s

3
M

al
e

Ab
se

nc
e

Pr
es

en
ce

Ab
se

nc
e

Pr
es

en
ce

41
4

2.
78

0.
29

48
Li

ve
r f

ai
lu

re

4
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Pr
es

en
ce

45
4

4.
97

0.
06

54
Li

ve
r c

an
ce

r

5
M

al
e

An
gi

na
 p

ec
to

ris
Pr

es
en

ce
Ab

se
nc

e
Pr

es
en

ce
57

3
2.

85
No

t d
et

er
m

in
ed

*
58

Li
ve

r c
an

ce
r

6
Fe

m
al

e
Ab

se
nc

e
Ab

se
nc

e
Co

lo
n 

ca
nc

er
, l

un
g 

ca
nc

er
Ab

se
nc

e
57

1
1.

36
0.

88
62

Co
lo

n 
ca

nc
er

7
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

55
4

4.
56

0.
31

64
Li

ve
r c

an
ce

r

8
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Pr
es

en
ce

62
3

4.
19

2.
43

64
Pa

nc
re

as
 c

an
ce

r

9
Fe

m
al

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
Pr

es
en

ce
64

4
12

.3
2

0.
72

65
Se

ps
is

10
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

64
3

1.
82

0.
80

67
Lu

ng
 c

an
ce

r

11
M

al
e

Ab
se

nc
e

Pr
es

en
ce

Ab
se

nc
e

Pr
es

en
ce

67
1

1.
72

0.
19

71
Li

ve
r f

ai
lu

re

12
Fe

m
al

e
Ab

se
nc

e
Pr

es
en

ce
Ab

se
nc

e
Ab

se
nc

e
70

4
4.

72
0.

42
71

Li
ve

r c
an

ce
r

13
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Pr
es

en
ce

69
3

5.
00

1.
04

74
Li

ve
r f

ai
lu

re

14
Fe

m
al

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
68

4
14

.8
3

0.
25

75
In

fe
ct

io
us

 e
nd

oc
ar

di
tis

15
Fe

m
al

e
Ab

se
nc

e
Ab

se
nc

e
Ab

se
nc

e
Pr

es
en

ce
73

4
8.

29
0.

37
77

Li
ve

r c
an

ce
r

16
M

al
e

Ab
se

nc
e

Pr
es

en
ce

Ab
se

nc
e

Pr
es

en
ce

72
3

4.
15

0.
44

78
Li

ve
r c

an
ce

r

17
Fe

m
al

e
Ab

se
nc

e
Pr

es
en

ce
Ab

se
nc

e
Pr

es
en

ce
76

2
1.

97
0.

46
78

Li
ve

r c
an

ce
r

18
Fe

m
al

e
Ab

se
nc

e
Pr

es
en

ce
Ab

se
nc

e
Pr

es
en

ce
75

4
2.

88
0.

83
79

Li
ve

r c
an

ce
r

19
Fe

m
al

e
Ab

se
nc

e
Pr

es
en

ce
Co

lo
n 

ca
nc

er
Pr

es
en

ce
79

3
2.

22
0.

88
81

Ao
rti

c 
an

eu
ry

sm

20
M

al
e

Ab
se

nc
e

Pr
es

en
ce

Ab
se

nc
e

Ab
se

nc
e

80
4

5.
19

0.
49

84
Li

ve
r f

ai
lu

re

21
M

al
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

Ab
se

nc
e

57
2

1.
50

1.
10

89
Li

ve
r c

an
ce

r

*S
er

um
 m

iR
-1

22
 w

as
 n

ot
 m

ea
su

re
d 

du
e t

o 
an

 in
ad

eq
ua

te
 se

ru
m

 sa
m

pl
e.



Hepatology CommuniCations, Vol. 4, no. 1, 2020 AKUTA ET AL.

75

studies with a larger number of patients with NAFLD 
should be performed to determine the effects of miR-
122 expression in both the serum and liver tissue on 
prognosis.

The impact of genetic factors on mortality in 
patients with NAFLD also remains unclear. Previous 
cross-sectional and genome-wide studies identi-
fied a close correlation between several SNPs and 
the pathology of NAFLD; among these SNPs, the 
genetic variant of PNPLA3 rs738409 showed a strong 
relationship with the development and progression 
of NAFLD, NASH, and NAFLD-related liver can-
cer.(26,27) The genetic variant of TM6SF2 rs58542926 
was also associated with NAFLD, and its presence 
correlated with cardiovascular events.(27,28) However, 
genetic variations (e.g., PNPLA3 and TM6SF2) failed 
to predict mortality based on the longitudinal study. 
The discrepancy among the studies could be due to 
racial differences, study design, and the small number 
of deaths registered in the present study (21 patients). 
Further studies with a large number of patients with 
NAFLD of different racial backgrounds or ethnic 
groups (non-Japanese) should be performed to inves-
tigate the impact of genetic factors on prognosis.

The impact of the FIB-4 index and cut-off value 
for the long-term prognosis of NAFLD is still 
unclear. In the present study, univariate analysis iden-
tified severe fibrosis stage, but multivariate analysis 
did not identified severe fibrosis stage as an inde-
pendent predictor of overall mortality. One reason 
for this could be that the FIB-4 index might be the 
more powerful predictor, including platelet count (as 
one surrogate marker of fibrosis stage), AST/ALT (as 
surrogate markers of inflammation), and age, com-
pared to the fibrosis stage. One report showed that 
a FIB-4 index <1.30 might be useful for excluding 
NAFLD with advanced fibrosis(5), and therefore it 
might not be practical to use a FIB-4 index ≥1.30 
from the point of view of discriminating patients 
with NAFLD with a poor prognosis. On the other 
hand, the FIB-4 index value was low in approxi-
mately 80% of patients diagnosed with NAFLD 
during a health checkup, whereas a high value was 
noted in only approximately 1% of patients.(5) In the 
present study, multivariate analysis identified a FIB-4 
index ≥1.30 as a significant and independent predic-
tor of mortality. A further prospective study should 
be performed to investigate the suitable cut-off value 
for the prediction of prognosis.

In conclusion, the present results highlight the 
importance of serum miR-122 and the FIB-4 index 
on mortality in Japanese patients with histopatholog-
ically confirmed NAFLD. Early diagnosis based on 
the presence of more than one risk factor and early 
treatment might improve the prognosis.
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