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ABSTRACT

Introduction and objectives: Genetic background may be involved in the mechanisms of liver injury and
the development of non-alcoholic fatty liver disease (NAFLD). However, its contributions to the long-term
outcome of NAFLD have been unclear.
Methods: We enrolled 314 Japanese patients with biopsy-confirmed NAFLD from 2000 to 2018 (161
men [51.3%]; median age, 53 [14-84] years; 114 with advanced fibrosis [37.5%]) in the patients without
hepatocellular carcinoma at diagnosis. Genomic DNA was extracted from peripheral blood and single
nucleotide polymorphisms (SNPs) were analyzed. Associations of mortality with patatin-like phospho-
lipase 3 (PNPLA3) and aldehyde dehydrogenase 2 (ALDH2) were analyzed. Finally, a subgroup analysis
according to lifestyle-related disease was performed.
Results: During the median 7 years of follow-up, 20 patients (6.4%) died (13 liver-related [4.1%] and
7 non-liver-related deaths [2.2%]). Patients with ALDH2 (non-GG genotype) who had reduced alcohol
metabolism tended to have a poor prognosis (p=0.06). Patients carrying both risk SNPs of PNPLA3 (GG)
and ALDH2 (non-GG) had a significantly poor prognosis (p=0.01). In the subgroup analysis, patients
with PNPLA3 (GG) who were non-diabetics (p =0.06) or non-dyslipidemic (p =0.03), with ALDH2 (non-
GG) who were non-dyslipidemic (p=0.01) or hypertensive (p=0.03), also had a poor prognosis. The Cox
analysis revealed that ALDH2 (non-GG) was associated with a poor prognosis (Hazard ratio: 4.568, 95%
Confidence Interval: 1.294-16.131, p=0.02) similar to the liver function tests.
Conclusions: Genetic background may affect NAFLD prognosis and ALDH2 SNP could predict the outcome.
© 2020 Fundaci6n Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

[3-5]. The frequency of the GG genotype is increased in patients
with NAFLD (GG 37%in Japan and 12% in Western countries) [6,7]. It

Non-alcoholic fatty liver disease (NAFLD) is the most preva-
lent cause of chronic liver disease, as demonstrated by a Japanese
cohort study, in which 29.7% of patients with a chronic liver disease
had NAFLD [1]. Lifestyle-related diseases such as diabetes, dys-
lipidemia, and hypertension are causes of NAFLD. Most patients
with NAFLD have obesity and/or lifestyle-related diseases; how-
ever, some lean patients develop NAFLD [2]. Genetic background
is thought to influence the development of NAFLD/nonalcoholic
steatohepatitis in Japanese people. A risk allele of the patatin-like
phospholipase 3 (PNPLA3) single nucleotide polymorphism (SNP;
rs738409 [G], encoding 1148M) is more frequent in Japan than in
Western countries (GG 21% in Japan and 5% in Western countries)
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islocalized in the endoplasmic reticulum and on the surface of lipid
droplets [8]. The PNPLA3 1148 M mutation influences intrahepatic
remodeling and reduces very-low-density lipoprotein secretion [9].
This mutation disrupts ubiquitylation and proteasomal degrada-
tion of PNPLA3, which impairs mobilization of triglycerides from
lipid droplets inducing NAFLD [10]. Thus, a risk allele in PNPLA3
is strongly associated with increased hepatic fat levels and hep-
atic inflammation [11]. We previously reported that the PNPLA3
GG genotype is associated with the initiation and development of
fibrosis in patients with NAFLD [12]. However, its association with
prognosis and lifestyle-related diseases in patients with NAFLD is
unclear.

To compare the associations of genetics with alcoholic liver
disease, we evaluated the genotype of aldehyde dehydrogenase
2 (ALDH2). ALDH2 is involved in alcohol metabolism, aldehyde
detoxification [13], and liver protection [14]. The cellular concen-
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tration of highly cytotoxic aldehydes is regulated by the balance
between the various alcohol dehydrogenase and aldehyde dehy-
drogenase isoforms [13]. Additionally, ALDH2 is involved lipid
peroxidation [15]. Our previous findings suggested that the ALDH2
GG genotype (more rapid aldehyde metabolism) was present at
a lower frequency in patients with NAFLD, compared to patients
with alcoholic liver disease [12]. In contrast, the AA/AG genotypes
of ALDH2, which are linked to suppression of aldehyde metabolism,
were detected at a high frequency in patients with NAFLD. The
ALDH2 AA genotype was related to alcohol flushing syndrome and
esophageal or pharyngeal cancer [16,17]. However, the associa-
tions of these genotypes with the onset and outcome of NAFLD
are unclear. Here, we investigated the contributions of genetic
background and lifestyle-related diseases to mortality in Japanese
patients with NAFLD.

2. Methods
2.1. Patients and study design

This was an observational single-center study at Tokyo
Women’s Medical University Hospital. From 2000 to 2018, 314
Japanese patients with biopsy-confirmed or clinically diagnosed
NAFLD were enrolled in this study. The diagnosis of NAFLD was
based on the following criteria [18]: (1) >5% macrovesicular steato-
sis of hepatocytes or hepatic steatosis by an imaging modality; (2)
intake of <20 g of ethanol/day in women and <30g/day in men;
and (3) appropriate exclusion of drug-induced steatohepatitis. The
pathological stage of NAFLD was evaluated in accordance with the
classification system described by Brunt et al. [19]. Fibrosis staging
was based on the location and extent of fibrosis, as follows: stage
1 (F1), zone 3 perisinusoidal fibrosis; stage 2 (F2), portal fibrosis;
stage 3 (F3), bridging fibrosis in addition to portal fibrosis; and stage
4 (F4), cirrhosis.

Detailed clinical and demographic data were collected, includ-
ing age, sex, body mass index (BMI), and lifestyle-related diseases.
Patients with BMI>25kg/m? fit the criteria for obesity. Diag-
noses of diabetes mellitus, dyslipidemia, and hypertension were
based on the criteria for metabolic syndrome [20,21] or use of
medication. Diabetes was diagnosed by random blood glucose
>200 mg/dL or fasting blood sugar (FBS) >126 mg/dL or hemoglobin
a1c (HbA1c) > 6.5% National Glycohemoglobin Standardization Pro-
gram (NGSP). Dyslipidemia was diagnosed based on elevated total
cholesterol levels (>220 mg/dL) and/or triglycerides (>150 mg/dL).
Hypertension was diagnosed if patients had a blood pressure of
>140/90 mmHg.

Laboratory data were collected at the time of liver biopsy. Home-
ostatic model assessment for insulin resistance was calculated
from the glucose and insulin levels, to quantify insulin resis-
tance and 3-cell function [22]. The FIB-4 index was defined as:
age [years] x aspartate aminotransferase [IU/L]) = (platelet count
[10°/L] x \/alanine aminotransferase [IU/L]) [23].

Hepatocellular carcinoma (HCC) was diagnosed histologically or
based on imaging findings consistent with the diagnosis, using at
least two of the following modalities, in accordance with clinical
guidelines: abdominal ultrasound, computed tomography, and/or
magnetic resonance imaging [24,25]. The patients diagnosed with
HCC were excluded.

Patients with NAFLD were followed up at 2-3-month intervals
at the outpatient clinic to assess lifestyle modifications, including
diet and physical activity level, as well as for treatment of associated
metabolic disorders (diabetes, dyslipidemia, and hypertension).
Imaging analyses were performed at 6-12-month intervals to
screen for HCC.
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This study was conducted in accordance with the principles of
the Declaration of Helsinki and the ethical guidelines of the Tokyo
Women's Medical University Hospital (Tokyo, Japan). The Institu-
tional Review Board of Tokyo Women’s Medical University Hospital
approved the study protocol. Informed consent was obtained from
all participants.

2.2. Analysis of genetic polymorphisms

Genomic DNA was extracted from whole blood. rs738409
(PNPLA3, n=309) and rs671 (ALDH2 family; ALDH2, n=314)
were assessed using the MassARRAY® System (Agena
Bioscience, San Diego, CA, USA), with iPLEX® chemistry,
which combines mass spectrometry with polymerase
chain reaction. The primers were designed against specific
sites in each gene. The primer sequences (5'-3') were as
follows: rs671_.W1_F: ACGTTGGATGTTGGTGGCTACAAGAT-
GTCG; 15671 W1.R: ACGTTGGATGAGGTCCCACACTCACAGTTT;
rs671.W1.E-A:  CACACTCACAGTTTTCACTT;  rs738409.W1_F:
ACGTTGGATGAGAGAAAGCCGACTTACCAC; rs738409 W1 _R:
ACGTTGGATGTCACAGGCCTTGGTATGTTC; rs738409_ W1 _E-A:
GGTATGTTCCTGCTTCAT.

2.3. Statistical analysis

Data are presented as medians and ranges. Differences were
assessed by the Mann-Whitney U test or x2 test using SPSS soft-
ware (SPSS Inc., Chicago, IL, USA); differences with p<0.05 were
considered statistically significant. Cumulative survival curves
were constructed by the Kaplan-Meier method according to the
presence of obesity (BMI > 25 kg/m?), diabetes, dyslipidemia, and
hypertension. Statistical significance of differences in survival was
evaluated by the log-rank test.

We investigated the relationships of the following factors with
mortality by multivariate analysis: age, fibrosis stage, serum levels
of albumin (g/dL), platelet count (x10%/pL), prothrombin time (%),
FIB-4 index, and SNPs of PNPLA3 and ALDH2. The Cox proportional
hazard model was used to assess the hazard ratios (HR) and 95%
confidence intervals (CI) for a risk evaluation of overall survival.

3. Results
3.1. Demographics and survival rate of patients with NAFLD

From 2000 to 2018, 314 Japanese patients with biopsy-
confirmed or clinically diagnosed NAFLD were enrolled in the study
(161 men [51.3%]; median age, 53 years [range: 14-84 years]; 114
with advanced fibrosis [37.5%]). Table 1 lists the patient demo-
graphics at the time of liver biopsy. All patients had chronic liver
diseases. The incidences of type 2 diabetes (n=155, 49.4%), dys-
lipidemia (n=214, 68.2%), and hypertension (n=163, 51.9%) at the
time of liver biopsy were recorded. Some patients had no metabolic
diseases or obesity (n=15); others had one (n=63), two (n=82),
and three comorbidities (n=101), respectively; some (n=53) had
four complications. There was no significant difference between
the PNPLA3 or ALDH2 genotypes. Fig. 1 presents the total sur-
vival rate by Kaplan-Meier analysis (Fig. 1a). During the median
7 years of follow-up, 20 patients (6.4%) died (13 liver-related [4.1%]
and 7 non-liver-related deaths [2.2%]). Nine new HCC cases were
observed. There was no significant difference in outcome by the
numbers of complicating metabolic factors.

The survival rate did not differ significantly differ between the
PNPLA3 GG and non-GG genotypes (p =0.34, Fig. 1b). Patients with
the ALDH2 GG genotype tended to have a higher survival rate,
compared to patients with the non-GG genotype (p=0.06, Fig. 1c).
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Table 1
Characteristics of patients with NAFLD according to risk SNPs.

Annals of Hepatology 21 (2021) 100260

Variable Total (PNPLA3 PNPLA3 GG PNPLA3 non-GG  PNPLA3 p-value  ALDH2 GG ALDH2 non-GG ALDH2 p-value

n=309; ALDH2 genotype genotype genotype genotype

n=314) (n=131) (n=178) (n=154) (n=160)
Age (years) 53 (14-84) 55(14-83) 49 (15-79) <0.01 53 (18-84) 53 (14-79) 0.91
Male sex (%) 161 (51.3%) 62 (47.3%) 98 (55.1%) 0.18 71 (46.1%) 90 (56.3%) 0.07
BMI (kg/m?) 27.1(12.8-46.0) 26.8(16.1-46.0) 27.4(12.8-45.0) 0.49 27.3(12.8-46.0) 27.1(16.1-43.7) 0.71
Obesity (BMI > 25 kg/m?) 210 (66.9%) 86 (65.6%) 120 (67.4%) 0.74 102 (66.2%) 108 (67.5%) 0.81
Diabetes (%) 155 (49.4%) 66 (50.4%) 87 (48.9%) 0.79 72 (46.8%) 83 (51.9%) 0.36
Dyslipidemia (%) 214 (68.2%) 88 (67.2%) 122 (68.5%) 0.80 102 (66.2%) 112 (70.0%) 0.47
Hypertension (%) 163 (51.9%) 74 (56.5%) 86 (48.3%) 0.46 73 (47.4%) 90 (56.3%) 0.12
Fibrosis (%) 0.03 0.55
Mild; FO-2 190 (62.5%) 71 (55.0%) 115 (67.6%) 95 (64.2%) 95 (60.9%)
Advanced; F3-4 114 (37.5%) 58 (45.0%) 55(32.4%) 53 (35.8%) 61 (39.1%)
Laboratory data
Albumin (g/dL) 4.4(2.3-5.5) 4.3(2.3-54) 4.5(2.7-5.5) <0.01 4.4(2.7-5.3) 4.4(2.3-5.5) 0.91
Total bilirubin (mg/dL) 0.7 (0.2-6.6) 0.8 (0.2-2.9) 0.7 (0.3-6.1) 0.58 0.7 (0.2-3.9) 0.7 (0.3-6.6) 0.27
Aspartate aminotransferase (U/L) 51 (13-351) 52(19-351) 48 (13-231) 0.50 51(13-351) 51(15-231) 0.76
Alanine transaminase (U/L) 75 (9-911) 74 (16-911) 75 (9-483) 1.00 71(9-911) 80(13-373) 0.86
v-Glutamyltransferase (U/L) 64 (13-849) 70 (13-665) 62 (15-849) 0.75 66 (13-849) 63 (18-665) 0.55
Fasting blood glucose (mg/dL) 101 (59-433) 100 (74-433) 103 (59-252) 0.56 102 (59-433) 100 (75-258) 0.48
Hemoglobin Alc (%) 5.8 (3.7-12.0) 5.9(3.9-11.3) 5.8(3.7-12.0) 0.44 5.8(3.7-10.5) 5.9(3.9-12.0) 0.48
IRI (wU/mL) 11.5(1.3-204.9) 11.2(1.6-204.9) 11.5(1.3-166.8) 0.40 11.1(1.3-2049) 11.9(1.8-166.8) 0.41
HOMA-IR 2.92(0.55-51.60) 2.93(1.00-51.60) 2.92(0.75-42.40) 0.20 2.78 (0.55-51.60) 3.06 (0.88-42.40) 0.40
Triglycerides (mg/dL) 137 (37-674) 127 (37-415) 141 (41-674) 0.15 132 (37-674) 140 (39-593) 0.42
Total cholesterol (mg/mL) 198 (67-482) 201 (81-328) 198 (67-482) 0.19 206 (67-482) 194 (94-328) 0.17
Ferritin (ng/mL) 223 (4-2674) 225 (10-2674) 217 (4-1782) 0.32 224 (4-1782) 217 (10-2674) 0.77
Platelet counts (x 10%/p.L) 20.4 (3.4-96.0) 20.1 (3.7-96.0) 21.3 (4.8-44.4) 0.08 21.9 (4.8-44.4) 20.1 (3.4-96.0) 0.63
Prothrombin time (%) 95.8(11.8-110.0) 91.0(11.8-110.0) 98.2(12.8-100.0) 0.04 96.1 (12.8-110.0) 93.8(11.8-100.0) 0.53
AFP (ng/mL) 3(1-157) 3(1-157) 3(1-12) 0.19 3(1-14) 3(1-157) 0.36
FIB- 1.38 1.73 1.25 <0.01 1.35 1.45 0.25
4 (0.23-23.41) (0.26-10.03) (0.23-9.63) (0.35-9.63) (0.23-23.41)

NAﬁBfnon—alcoholic fatty liver disease; SNPs, single nucleotide polymorphisms; PNPLA3, patatin-like phospholipase 3; ALDH2, aldehyde dehydrogenase 2; BMI, body mass
index; IRI, immunoreactive insulin; HOMA-IR, homeostatic model assessment for insulin resistance, AFP, alpha-fetoprotein; FIB-4, fibrosis-4.

Patients with both risk SNPs of PNPLA3 GG and ALDH2 non-GG
genotype had a significantly poorer prognosis (p=0.01, Fig. 1d).

3.2. Patient profile according to genetic background

Patients with the PNPLA3 GG genotype tended to be significantly
older and were more likely to have advanced fibrosis than patients
with the non-GG genotype (p<0.01, p=0.03, respectively). Serum
levels of albumin were significantly lower and platelet counts
tended to be lower in patients with the GG genotype of PNPLA3
than in patients with the non-GG genotype (PNPLA3 GG vs. non-
GG, albumin: 4.3 vs. 4.5g/dL, p<0.01 and platelet counts: 20.1 vs.
21.3 x 104/L, p=0.08). The prothrombin time (%) was significantly
lower and the FIB-4 index was significantly higher in patients with
the GG genotype (prothrombin time: 91.0 vs. 98.2 %, p=0.04 and
FIB-4 index: 1.73 vs. 1.25, p<0.01). Ten patients with PNPLA3 GG
died (liver-related death in 7 [3 cases due to HCC or intrahepatic
cholangiocarcinoma and the others were due to liver failure] and
non-liver-related death in 3 [2 cases of disseminated intravascu-
lar coagulation due to infection and 1 due to ovarian cancer]); 9
patients with the non-GG genotype died (liver-related death in 5 [2
cases due to HCC, 1 case of varix bleeding, and 2 cases of liver failure]
and non-liver-related death in 4 [1 case each of gastric cancer, duo-
denal cancer, suicide and unknown]). The mortality did not differ
after age and fibrosis status were matched with the conditions.

In ALDH2 analysis, there were more male patients with the
ALDH2 non-GG genotype than patients with the GG genotype (GG
46.1%, non-GG 56.3%, p=0.07). The biochemical results did not dif-
fer significantly between the patients with ALDH2 GG and non-GG
genotypes. Among patients with the ALDH2 non-GG genotype, 10
died of liver-related causes, 2 died of unknown causes with sus-
pected coronary disease, and 4 died of infection or malignancy
without HCC. Of the patients with the ALDH2 GG genotype, 6
died (liver-related and non-liver related deaths: one case of varix

bleeding and 2 cases of liver failure; 1 case each of gastric cancer,
duodenal cancer, and disseminated intravascular coagulation). The
fibrosis status did not significantly differ between patients with
ALDH2 GG and non-GG genotypes.

3.3. Survival rate according to PNPLA3/ALDH?2 in the
lifestyle-related diseases subgroup

Next, we compared patients with and without the risk SNP of
PNPLA3 (GG vs. non-GG). To exclude any effect on survival rates,
we performed a subgroup analysis according to lifestyle-related
diseases (Fig. 2). The survival rates were not significantly differ-
ent in patients with and without the risk SNP of PNPLA3 according
to obesity (BMI<25: p=0.10, Fig. 2a; BMI > 25: p=0.62, Fig. 2b),
diabetes (p=0.53, Fig. 2d), and dyslipidemia (p=0.49, Fig. 2f). In
patients without diabetes, those with the PNPLA3 GG genotype
tended to have a poor prognosis (p=0.06, Fig. 2c). Median BMI
in patients without diabetes and with the PNPLA3 GG genotype
was 27.3 kg/m2. In contrast, it was 27.6kg/m?2 in patients of the
non-GG genotype. There was no significant difference between
the PNPLA3 genotypes. In patients without dyslipidemia, those
with the PNPLA3 GG genotype had a significantly lower survival
rate (p=0.03, Fig. 2e). The relationship with survival was not sta-
tistically significant in patients with and without hypertension
(non-hypertension: p=0.31, Fig. 2g; hypertension: p =0.70, Fig. 2h).

In ALDH2 analysis, the relationship with survival was not
statistically significant between patients with ALDH2 GG and non-
GG genotypes according to obesity (BMI<25: p=0.17, Fig. 3a;
BMI>25: p=0.12, Fig. 3b) and diabetes (non-diabetes: p=0.17,
Fig. 3c; diabetes: p=0.25, Fig. 3d). Survival rates of ALDH2 non-
GG were significantly worse in patients without dyslipidemia
(non-dyslipidemia: p=0.01; Fig. 3e, dyslipidemia: p=0.76, Fig. 3f)
and those with hypertension (non-hypertension: p=0.89, Fig. 3g;
hypertension: p=0.03, Fig. 3h).



T. Kogiso etal.

A)

Annals of Hepatology 21 (2021) 100260

D

PNPLA3

"._‘—\-‘-‘—————‘\‘._‘—\‘-‘__
8 8
=
2
E . :
22 = —— GGagenotype
EE £ —
2 : . © > o4 CC/GC genotype
2 ou
3% Ig
EE
o5 Log Rank 0.92
Significance p=0.34
4 6 4 3
Patients FOlouEUp yomn Patients B YRS
at risk at risk
313 282 252 189 117 72 GG 130 115 104 76 45 29
CC/iGC 177 163 144 109 68 39
C) ALDH2 D) .
8
S 08
JL:)
8 £z
8 P g 2 0% PNPLA3 GG +ALDH2non GG
0 —— GG genotype EE -
e o's PNPLA3 non GG +ALDH2 GG
-3 " — AG/AA genotype 04
g
EE
O's i Log Rank 6.40
o ;09 22:‘( 3.50 - Significance p =0.01
ignificance p=0.
00
‘ € B ; 0 2 4 6 8 10
Patients Follow-up years strsk SRS
at nisk PNPLA3 GG +
GG 153 136 121 91 57 35 ADHznn GG 2 . 7 ! “ h
PNPLA3 non GG +
AGIAA 159 145 130 97 59 38 AoRGe 244 219 194 147 o 57

Fig. 1. Overall mortality of patients with NAFLD. Survival rates were evaluated by
PNPLA3 + ALDH2, d) groups.

Patients with the ALDH2 GG genotype tended to have a higher survival rate than pa
and ALDH2 non-GG genotype had a significantly poorer prognosis (p= 0.01, d).

Kaplan-Meier analysis in the overall (a) and genetic background (PNPLA3, b; ALDHZ2, c;

tients with the non-GG genotype (p =0.06, c). Patients with both risk SNPs of PNPLA3 GG

NAFLD, non-alcoholic fatty liver disease; PNPLA3, patatin-like phospholipase 3; ALDH2, aldehyde dehydrogenase 2.

3.4. Factors related to mortality

We investigated the factors related to mortality by Cox mul-
tivariate analysis (age, fibrosis stage, serum levels of albumin,
platelet count, prothrombin time, FIB-4 index, and SNPs of PNPLA3
and ALDH2, Table 2). In addition to the serum markers reflecting
liver function such as decreased serum albumin level and pro-
thrombin time (%), the ALDH2 non-GG genotype was found to be
significantly related to mortality (HR: 4.568, 95% CI: 1.294-16.131,
p=0.018).

4. Discussion

We assessed whether genetic background contributed to mor-
tality in Japanese patients with NAFLD and performed a subgroup
analysis according to lifestyle-related diseases. Although the over-
all mortality rate did not differ significantly in patients with PNPLA3
GG and non-GG genotypes, in the patients without comorbidities of
diabetes or dyslipidemia and those carrying the risk SNP had a poor
prognosis. The survival rate was significantly lower in patients with
the ALDH2 non-GG genotype, especially in those without dyslipi-

demia. Therefore, the effect of genetic background might be greater
in patients with NAFLD who do not have dyslipidemia.

In this study, 20 patients (6.4%) died (13 liver-related [4.1%]
and 7 non-liver-related [2.2%] deaths) during the median 7 years
of follow-up. The PNPLA3 GG genotype has been associated with
the histological severity of NAFLD in a meta-analysis [26]. We pre-
viously reported that the GG or CG genotypes of PNPLA3 were
significantly more frequent in patients with liver cirrhosis than in
patients without cirrhosis (p <0.05) [12]. The PNPLA3 1148M SNP
is associated with an increased liver disease mortality rate in the
United States population [27]. However, PNPLA3 was reported not
to affect overall mortality [28]. In the present study, although there
was no significant difference in overall mortality, we speculated
that genetic factors did not decide the outcome of NAFLD. However,
in subgroup analysis, PNPLA3 contributed to mortality in patients
with non-diabetic or non-dyslipidemic complications. Therefore,
we presumed that genetic influence would be greater in patients
without lifestyle-related complications.

In contrast, patients with the ALDH2 AA genotype had lower
activity of ALDH2 [14]. The protein level of ALDH2 is reportedly
elevated in patients with nonalcoholic steatohepatitis [29]. Lower
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Survival rates were evaluated by Kaplan-Meier analysis in the (a) BMI <25 kg/m?, (b) BMI > 25 kg/m?, (c) non-diabetes, (d) diabetes, (e) non-dyslipidemia, (f) dyslipidemia,
(g) non-hypertension, and (h) hypertension subgroups.
The survival rate did not differ significantly among patients with and without obesity (BMI<25kg/m?: p=0.10, a; BMI > 25 kg/m?: p=0.62, b) and hypertension (non-
hypertension: p=0.31, g; hypertension: p= 0.70, h). In patients without diabetes or dyslipidemia, the GG genotype was associated with a poorer survival rate in non-diabetic
patients (p= 0.06, c) and a significantly poorer survival rate in non-dyslipidemia (p= 0.03, e). The relationship was not statistically significant in patients with diabetes or
dyslipidemia (diabetes: p=0.53, d; dyslipidemia: p= 0.49, f).
PNPLA3, patatin-like phospholipase 3; SNP, single nucleotide polymorphism; BMI, body mass index; DM, diabetes mellitus; DL, dyslipidemia; HT, hypertension.
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Fig. 3. Survival rates of ALDH2 SNPs in the complications of lifestyle-related disease subgroups.
Survival rates were evaluated by Kaplan-Meier analysis in the (a) BMI <25 kg/m?, (b) BMI > 25 kg/m?, (c) non-diabetes, (d) diabetes, (e) non-dyslipidemia, (f) dyslipidemia,

(g) non-hypertension, and (h) hypertension subgroups.

The survival rate did not differ significantly among patients with obesity (BMI<25kg/m?: p=0.17, a; BMI > 25 kg/m?: p=0.12, b) and diabetes (non- diabetes: p=0.17, c;
diabetes: p= 0.25, d). The survival rate of the non-GG genotype of ALDH2 was significantly lower in patients without dyslipidemia and with hypertension (non-dyslipidemia
p=0.01, e; hypertension p=0.03, h). The relationship was not statistically significant in patients with dyslipidemia or without hypertension (dyslipidemia: p=0.76, f; non-

hypertension: p=0.89, g).

ALDH2, aldehyde dehydrogenase 2; SNP, single nucleotide polymorphism; BMI, body mass index DM, diabetes mellitus; DL, dyslipidemia; HT, hypertension.
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Table 2
Factors related to mortality by the Cox proportional hazard model for multivariate
analysis.

Variable HR 95% ClI p-value
Age 1.035 0.995-1.076 0.084
Albumin (g/dL) 0.197 0.077-0.502 0.001
Prothrombin time (%) 0.974 0.953-0.995 0.015
ALDH2 non-GG genotype 4.568 1.294-16.131 0.018

ALDH2, aldehyde dehydrogenase 2, HR, hazard ratio; 95% CI, Confidence Interval;
SNPs, single nucleotide polymorphisms; PNPLA3, patatin-like phospholipase 3.
Factors; age; fibrosis stage; serum levels of albumin (g/dL), platelet count (x 10%/L);
prothrombin time (%); Fibrosis-4 index and SNPs of PNPLA3 and ALDH2.

activity of ALDH2 SNP was related to mortality, particularly in
patients without complications of dyslipidemia. ALDH2 contributes
to alcohol metabolism and catalyzes the oxidation of aldehy-
des produced by lipid peroxidation, such as 4-hydroxy-2-nonenal.
Thus, ALDH2 reduces the damage caused by reactive oxygen species
and protects against oxidative stress. The reduced activity of ALDH2
likely hampers elimination of reactive oxygen species, promoting
NAFLD development. In our previous study, patients without dys-
lipidemia and with hypertension had a poor prognosis [30]. We
speculated that impaired liver function and advanced age may have
played a role in some cases. Genetics may have also played a role
in the outcome.

The gut microbiota contribute to the pathogenesis of non-
alcoholic steatohepatitis; in particular, ethanol production by
intestinal bacteriaisincreased in patients with nonalcoholic steato-
hepatitis [31]. Patients with nonalcoholic steatohepatitis were
found to exhibit a significantly elevated blood ethanol level and
enhanced hepatic alcohol metabolism [32]. Even among non-
drinkers, patients with the ALDH2 non-GG genotype may have
higher blood levels of ethanol and aldehyde production by intesti-
nal bacteria, causing liver damage and extrahepatic malignancy.

Additionally, we speculate that a low level of alcohol consump-
tion might increase cellular damage and cause mortality in patients
with NAFLD. Regarding the cause of death, two patients with the
ALDH2 non-GG genotype died of unknown causes, with suspected
coronary disease. The activation of ALDH2 has been reported to
attenuate atherosclerosis [33]. Furthermore, the non-GG genotype
of ALDH2 appears to be associated with a higher frequency of
coronary spasm [34]. However, we found that in patients with
the complications of metabolic diseases, risk SNP carriers did not
increase the mortality rate, and the ALDH2 non-GG genotype had
a significantly poor prognosis among patients with hypertension.
In contrast, modest alcohol consumption may be associated with
reduced severity of myocardial infarction [35]; moreover, men who
were moderate drinkers had a reduced risk of myocardial infarc-
tion [36]. However, patients with NAFLD who had regular alcohol
intake, even in the safe range, had a higher risk of liver disease
progression [37]. Therefore, even low alcohol intake is harmful to
metabolically compromised patients. A genetic analysis should be
conducted when assessing the safety of alcohol intake.

Fibrosis stage is the only histological feature that has been
independently associated with liver-related events, including mor-
tality and HCC [38-40]. Our results suggest that the serum level
of albumin and genetic background was independently associ-
ated with mortality in patients with NAFLD. Lower serum albumin
level indicates decreased albumin production by the liver and/or
poor nutrition status and can contribute to the outcome of NAFLD
patients. Furthermore, the risk SNPs of PNPLA3 and ALDH2, and in
particular both risk SNPs were significantly associated with a poor
prognosis.

This study had several limitations. First, it used a single-center
observational design and involve a small number of events. Sec-
ond, the effects of low levels of alcohol consumption (e.g., ‘social

Annals of Hepatology 21 (2021) 100260

drinking’) and intestinal bacteria could not be evaluated. We did
not evaluate the control of lifestyle-related diseases, duration of
therapy, or changes in body weight. Further studies are needed to
assess these factors as well as the effects of genetic background on
mortality in Japanese patients with NAFLD.

5. Conclusions

The results suggested that genetic background affects the prog-
nosis of NAFLD, particularly in the absence of complications of
lifestyle-related diseases. ALDH2 SNP may be able to predict the
outcome of NAFLD.

Abbreviations

ALDH2 aldehyde dehydrogenase 2
FIB-4 fibrosis-4

HCC hepatocellular carcinoma
NAFLD non-alcoholic fatty liver disease
PNPLA3 patatin-like phospholipase 3
SNP single nucleotide polymorphism
Data availability

The datasets used and/or analyzed in this study are available
from the corresponding author upon reasonable request.

Authors’ contributions

Conception and design: TK and KT. Analysis and interpretation
of the data: TK. Drafting of the manuscript: TK. Patient care, follow-
up, and data acquisition: TK, TS, KK, MT, EH, and KT. All authors
have read and approved the final manuscript. All authors agree to
be accountable for all aspects of the study; questions related to the
accuracy or integrity of any part of the study will be investigated
and resolved appropriately.

Conflict of interest

KT received research funding from Sumitomo Dainippon
Pharma, Astellas Pharma, Eisai, Taiho Pharmaceutical, Chugai Phar-
maceutical, Daiichi Sankyo Pharmaceutical, AbbVie GK, Takeda
Pharmaceutical, Asahi Kasei Corporation, Ajinomoto, and Otsuka
Pharmaceutical.

Acknowledgements

This work was supported by a Grant-in-Aid from the Ministry
of Education, Culture, Sports, Science, and Technology of Japan
(#20K17035-0002) to T.S.

References

[1] Eguchi Y, Hyogo H, Ono M, Mizuta T, Ono N, Fujimoto K, et al. Prevalence and
associated metabolic factors of nonalcoholic fatty liver disease in the general
population from 2009 to 2010 in Japan: a multicenter large retrospective study.
] Gastroenterol 2012;47:586-95.

[2] Tobari M, Hashimoto E, Taniai M, Ikarashi Y, Kodama K, Kogiso T, et al. Char-
acteristics of non-alcoholic steatohepatitis among lean patients in Japan: not
uncommon and not always benign. ] Gastroenterol Hepatol 2019;34:1404-10.

[3] HottaK, Yoneda M, Hyogo H, Ochi H, Mizusawas$S, Ueno T, et al. Association of the

rs738409 polymorphism in PNPLA3 with liver damage and the development

of nonalcoholic fatty liver disease. BMC Med Genet 2010;11:172.

Liu YL, Patman GL, Leathart JB, Piguet AC, Burt AD, Dufour JF, et al. Carriage of

the PNPLA3 rs738409 C &G polymorphism confers an increased risk of non-

alcoholic fatty liver disease associated hepatocellular carcinoma. ] Hepatol
2014;61:75-81.

Nishioji K, Mochizuki N, Kobayashi M, Kamaguchi M, Sumida Y, Nishimura T,

et al. The impact of PNPLA3 rs738409 genetic polymorphism and weight gain

>10 kg after age 20 on non-alcoholic fatty liver disease in non-obese japanese
individuals. PLoS One 2015;10:e0140427.

[4

(5


http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0005
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0010
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0015
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0020
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0025

T. Kogiso etal.

[6] Seko Y, Sumida Y, Tanaka S, Mori K, Taketani H, Ishiba H, et al. Develop-
ment of hepatocellular carcinoma in Japanese patients with biopsy-proven
non-alcoholic fatty liver disease: association between PNPLA3 genotype and
hepatocarcinogenesis/fibrosis progression. Hepatol Res 2017;47:1083-92.

[7] Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global
burden of NAFLD and NASH: trends, predictions, risk factors and prevention.
Nat Rev Gastroenterol Hepatol 2018;15:11-20.

[8] Trépo E, Romeo S, Zucman-Rossi ], Nahon P. PNPLA3 gene in liver diseases. ]
Hepatol 2016;65:399-412.

[9] Pirazzi C, Adiels M, Burza MA, Mancina RM, Levin M, Stahlman M, et al. Patatin-
like phospholipase domain-containing 3 (PNPLA3) 1148M (rs738409) affects
hepatic VLDL secretion in humans and in vitro. ] Hepatol 2012;57:1276-82.

[10] BasuRay S, Smagris E, Cohen JC, Hobbs HH. The PNPLA3 variant associated with
fatty liver disease (1148M) accumulates on lipid droplets by evading ubiquity-
lation. Hepatology 2017;66:1111-24.

[11] Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, et al. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease.
Nat Genet 2008;40:1461-5.

[12] Yamamoto K, Kogiso T, Taniai M, Hashimoto E, Tokushige K. Differences in the
genetic backgrounds of patients with alcoholic liver disease and non-alcoholic
fatty liver disease. JGH Open 2019;3:17-24.

[13] Cederbaum Al Alcohol metabolism. Clin Liver Dis 2012;16:667-85.

[14] Oniki K, Morita K, Watanabe T, Kajiwara A, Otake K, Nakagawa K, et al. The
longitudinal effect of the aldehyde dehydrogenase 2*2 allele on the risk for
nonalcoholic fatty liver disease. Nutr Diabetes 2016;6:e210.

[15] Vasiliou V, Pappa A, Estey T. Role of human aldehyde dehydrogenases in endo-
biotic and xenobiotic metabolism. Drug Metab Rev 2004;36:279-99.

[16] Harada S, Misawa S, Agarwal DP, Goedde HW. Liver alcohol dehydrogenase and
aldehyde dehydrogenase in the Japanese: isozyme variation and its possible
role in alcohol intoxication. Am ] Hum Genet 1980;32:8-15.

[17] Zuo W, Zhan Z, Ma L, Bai W, Zeng S. Effect of ALDH2 polymorphism on cancer
risk in Asians: a meta-analysis. Medicine (Baltimore) 2019;98:e14855.

[18] Watanabe S, Hashimoto E, Ikejima K, Uto H, Ono M, Sumida Y, et al.
Evidence-based clinical practice guidelines for nonalcoholic fatty liver dis-
ease/nonalcoholic steatohepatitis. ] Gastroenterol 2015;50:364-77.

[19] Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. Non-
alcoholic steatohepatitis: a proposal for grading and staging the histological
lesions. Am ] Gastroenterol 1999;94:2467-74.

[20] American Diabetes Association. Diagnosis and classification of diabetes melli-
tus. Diabetes Care 2014;37 Suppl 1:581-90.

[21] Samson SL, Garber AJ. Metabolic syndrome. Endocrinol Metab Clin North Am
2014;43:1-23.

[22] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412-9.

[23] Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner ], et al. Devel-
opment of a simple noninvasive index to predict significant fibrosis in patients
with HIV/HCV coinfection. Hepatology 2006;43:1317-25.

[24] Minagawa M, Ikai I, Matsuyama Y, Yamaoka Y, Makuuchi M. Staging of hep-
atocellular carcinoma: assessment of the Japanese TNM and AJCC/UICC TNM
systems in a cohort of 13,772 patients in Japan. Ann Surg 2007;245:909-22.

[25] Tokushige K, Hashimoto E, Horie Y, Taniai M, Higuchi S. Hepatocellular car-
cinoma in Japanese patients with nonalcoholic fatty liver disease, alcoholic
liver disease, and chronic liver disease of unknown etiology: report of the
nationwide survey. ] Gastroenterol 2011;46:1230-7.

Annals of Hepatology 21 (2021) 100260

[26] Sookoian S, Pirola CJ. Meta-analysis of the influence of 1148M variant of
patatin-like phospholipase domain containing 3 gene (PNPLA3) on the suscep-
tibility and histological severity of nonalcoholic fatty liver disease. Hepatology
2011;53:1883-94.

[27] Unalp-Arida A, Ruhl CE. PNPLA3 1148M and liver fat and fibrosis scores
predict liver disease mortality in the United States population. Hepatology
2020;71:820-34.

[28] Kardjamadki AJ, Hukkanen ], Kauma H, Kesdniemi YA, Ukkola O. Metabolic
syndrome but not genetic polymorphisms known to induce NAFLD predicts
increased total mortality in subjects with NAFLD (OPERA study). Scand ] Clin
Lab Invest 2020;80:106-13.

[29] Li H, Toth E, Cherrington NJ. Alcohol metabolism in the progression of human
nonalcoholic steatohepatitis. Toxicol Sci 2018;164:428-38.

[30] Kogiso T, Sagawa T, Kodama K, Taniai M, Hashimoto E, Tokushige K. Long-term
outcomes of non-alcoholic fatty liver disease and the risk factors for mortality
and hepatocellular carcinoma in a Japanese population. ] Gastroenterol Hepatol
2020;35:1579-89, in press.

[31] Zhu L, Baker SS, Gill C, Liu W, Alkhouri R, Baker RD, et al. Characterization of
gut microbiomes in nonalcoholic steatohepatitis (NASH) patients: a connection
between endogenous alcohol and NASH. Hepatology 2013;57:601-9.

[32] Baker SS, Baker RD, Liu W, Nowak NJ, Zhu L. Role of alcohol metabolism in
non-alcoholic steatohepatitis. PLoS One 2010;5:e9570.

[33] Stachowicz A, Olszanecki R, Suski M, Wisniewska A, Totofi-Zuranska J, Madej
J, et al. Mitochondrial aldehyde dehydrogenase activation by Alda-1 inhibits
atherosclerosis and attenuates hepatic steatosis in apolipoprotein E-knockout
mice. ] Am Heart Assoc 2014;3:e001329.

[34] Mizuno Y, Hokimoto S, Harada E, Kinoshita K, Nakagawa K, Yoshimura M,
et al. Variant aldehyde dehydrogenase 2 (ALDH2*2) is a risk factor for coro-
nary spasm and ST-segment elevation myocardial infarction. ] Am Heart Assoc
2016;5:e003247.

[35] Dunn W, Sanyal AJ, Brunt EM, Unalp-Arida A, Donohue M, McCullough AJ, et al.
Modest alcohol consumptionis associated with decreased prevalence of steato-
hepatitis in patients with non-alcoholic fatty liver disease (NAFLD). ] Hepatol
2012;57:384-91.

[36] Mukamal K], Conigrave KM, Mittleman MA, Camargo CA, Stampfer M], Willett
WC, et al. Roles of drinking pattern and type of alcohol consumed in coronary
heart disease in men. N Engl ] Med 2003;348:109-18.

[37] Petroni ML, Brodosi L, Marchignoli F, Musio A, Marchesini G. Moderate alcohol
intake in non-alcoholic fatty liver disease: to drink or not to drink? Nutrients
2019;11:3048.

[38] McPherson S, Hardy T, Henderson E, Burt AD, Day CP, Anstee QM. Evi-
dence of NAFLD progression from steatosis to fibrosing-steatohepatitis using
paired biopsies: implications for prognosis and clinical management. ] Hepatol
2015;62:1148-55.

[39] Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES, Charatcharoen-
witthaya P, et al. Liver fibrosis, but no other histologic features, associates with
long-term outcomes of patients with nonalcoholic fatty liver disease. Gastroen-
terology 2015;149, 389-97.e10.

[40] Vilar-Gomez E, Calzadilla-Bertot L, Wai-Sun Wong V, Castellanos M, Aller-de
la Fuente R, Metwally M, et al. Fibrosis severity as a determinant of cause-
specific mortality in patients with advanced nonalcoholic fatty liver disease: a
multi-national cohort study. Gastroenterology 2018;155, 443-457.e417.


http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0030
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0035
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0040
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0045
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0050
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0055
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0060
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0065
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0070
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0075
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0080
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0085
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0090
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0095
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0100
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0105
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0110
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0115
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0120
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0125
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0130
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0135
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0140
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0145
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0150
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0155
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0160
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0165
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0170
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0175
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0180
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0185
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0190
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0195
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200
http://refhub.elsevier.com/S1665-2681(20)30175-7/sbref0200

	Outcomes of Japanese patients with non-alcoholic fatty liver disease according to genetic background and lifestyle-related...
	1 Introduction
	2 Methods
	2.1 Patients and study design
	2.2 Analysis of genetic polymorphisms
	2.3 Statistical analysis

	3 Results
	3.1 Demographics and survival rate of patients with NAFLD
	3.2 Patient profile according to genetic background
	3.3 Survival rate according to PNPLA3/ALDH2 in the lifestyle-related diseases subgroup
	3.4 Factors related to mortality

	4 Discussion
	5 Conclusions
	Data availability
	Authors’ contributions
	Conflict of interest
	Acknowledgements
	References


