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Background  &  aims:  Although  antioxidants  have  a protective  potential  in  nonalcoholic  fatty  liver  disease
(NAFLD)  and steatohepatitis  (NASH),  there  is  limited  evidence  regarding  the  role  of  dietary  intake  of
antioxidants.  The  aim was  to test  the association  between  dietary  vitamins  E  and  C  intake  and  NAFLD,
NASH  and  fibrosis  markers.
Methods:  Cross-sectional  study  of  a large  cohort  of  subjects  undergoing  colonoscopy.  The  presence  of
NAFLD  was  evaluated  by  ultrasonography.  The  level  of  steatosis  was defined  using  SteatoTest,  moderate-
severe  NASH  using  new  quantitative  NashTest  and  borderline-significant  fibrosis  ≥  F1–F2  using  FibroTest.
Nutritional  intake  was  measured  by  food  frequency  questionnaire  (FFQ).
Results: Overall,  789  subjects  were  included  (52.6%  men,  age  58.83  ± 6.58 years),  714  had  reliable  Fibro-
Max.  Adjusting  for BMI, dietary  and  lifestyle  factors,  the  upper  tertile  of vitamin  E intake/1000  Kcal  was
associated  with  lower  odds  of  NASH  (OR  = 0.64,  0.43–0.94,  P  =  0.024).  There  was  an  inverse  association

between  reaching  the  recommended  vitamin  E intake  and  NASH  (OR = 0.48,  0.30–0.77,  P =  0.002).  The
upper  tertile  of vitamin  C intake/1000  Kcal  was  associated  with  lower  odds  of NAFLD  and  NASH  (OR  =  0.68,
0.47–0.99,  P =  0.045;  OR =  0.57,  0.38–0.84,  P  =  0.004,  respectively).  Both  vitamins  were  related  with  the
level  of  steatosis  according  to SteatoTest.
Conclusion:  Vitamin  E and  C intake  may  be protective  from  NAFLD-related  liver  damage.

©  2019  Editrice  Gastroenterologica  Italiana  S.r.l.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

Nonalcoholic fatty liver disease (NAFLD) is emerging as the
ost common chronic liver condition across the globe, with

lobal prevalence in the general population estimated to be 25%
1]. NAFLD includes two pathologically distinct conditions with
ifferent prognoses: non-alcoholic fatty liver (NAFL) which is sim-
le steatosis and non-alcoholic steatohepatitis (NASH) which can

rogress to liver fibrosis, cirrhosis, hepatocellular carcinoma (HCC),
he need for liver transplant, and is associated with extrahepatic

anifestations such as cardiovascular disease, leading to a large
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economic burden and poor health-related quality of life [1–3].
Thus, NASH treatment must be handled by a multidisciplinary team
aimed also at improving behavioral risk factors [2,4]. However,
there is little understanding regarding the contribution of environ-
mental factors to the risk of developing a progressive course [1].
There is evidence that oxidative stress is involved in NAFLD patho-
genesis and especially in the onset and progression NASH [4–8].
Patients with NASH have an increased oxidative stress, increased
lipid peroxidation, and oxidative DNA damage associated with
reduced antioxidant defense capacities and increased inflamma-
tory activities [7,9], highlighting the possibility of ameliorating
oxidative stress by dietary antioxidants as an effective strategy to
prevent NASH.

Although the role of dietary macronutrients in NAFLD has been

thoroughly studied, less is known about the role of micronutrients
including antioxidants [10]. In addition, the efficacy of antioxidant
supplement therapy in human NAFLD has not been sufficiently
demonstrated [11]. Vitamin E and vitamin C are two major antiox-
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dants, fat soluble and water soluble, respectively. Vitamin E plays
 role in anti-inflammatory activities, gene expression, cellular sig-
aling and cell proliferation [12]. Vitamin E encompasses a group of

 plant based molecules; the most abundant form is �-tocopherol
13]. Due to its ability to inhibit reactive oxygen species (ROS) pro-
uction during the development of steatohepatitis, vitamin E has
een investigated as a therapeutic agent in NAFLD and especially
ASH [14]. In experimental studies, vitamin E supplement reduced
xidative stress [15], serum transaminase levels and hepatic steato-
is in mice NASH model [16]. Among humans, vitamin E has been
sed as monotherapy or with other drugs to treat NAFLD or NASH
nd had a favorable effect in some of these studies in reduction
f serum alanine aminotransferase (ALT) levels and NASH, but not
ith improvement in fibrosis [17–22]. However, while the recom-
ended intake of vitamin E for adults is 15 mg/day (or 22.4 IU/day)

23], the supplements studied contained 400–1000 IU. To our best
nowledge, there are no large studies that tested the potential pro-
ective role of dietary vitamin E in NAFLD and NASH.

The association between vitamin C dietary intake and NAFLD has
een studied, but not extensively, and with conflicting results. Fur-
hermore, most studies were among Asian populations with limited
xternal validity to a Western diet [24–28]. Therefore, the aim of
he current study was to test the association of dietary vitamins

 and C intake and NAFLD in large cohort of subjects undergoing
olonoscopy. We  hypothesized that dietary intake of these antiox-
dants will have a protective association with NAFLD and NASH.

. Methods

.1. Study design and population

This is a cross sectional study among 40–70 years old subjects
ho underwent screening colonoscopy at the Department of Gas-

roenterology and Hepatology in the Tel-Aviv Medical Center, and
greed to participate in a metabolic and hepatic screening study
etween the years 2010 and 2015 (previously described in detail
ef. [29]). Exclusion criteria included: presence of HBsAg or anti-
CV antibodies, fatty liver suspected to be secondary to hepatotoxic
rugs and excessive alcohol consumption (≥30 g/day in men  or
20 g/day in women) [30]. In addition, subjects who reported
n unreasonable caloric intake were excluded; below or above
he acceptable range for men  800–4000 Kcal/day and for women
00–3500 Kcal/day [31].

The study was approved by the Tel-Aviv medical center IRB
ommittee and all participants signed an informed consent.

.2. Data collection and definition of hepatic and metabolic
ariables

Study participants were invited for a single day visit, in which
hey underwent fasting blood tests, liver ultrasound, a face-to face
nterview using a structured questionnaire, assembled by the Israeli

inistry of Health and used in national surveys [32], including
emographic details, health status, alcohol consumption, smoking
nd exercise habits. In addition, they completed food frequency
uestionnaire (FFQ). To avoid report bias, the participants were

nformed of their abdominal ultrasonography (AUS) and blood
ests results only after completing the questionnaires. Fatty liver
as diagnosed by AUS using standardized criteria as previously
escribed [33].

Presumed NASH and fibrosis were evaluated non-invasively

y FibroMax which includes FibroTest, new quantitative NashT-
st, and SteatoTest, (BioPredictive, Paris, France), and has been
alidated extensively [34,35]. The FibroTest includes serum �2-
acroglobulin, apolipoprotein-A1, haptoglobin, total bilirubin,
d Liver Disease 51 (2019) 1698–1705 1699

and �-glutamyl transpeptidase adjusted for age and gender. The
SteatoTest includes the same components plus alanine aminotrans-
ferase, body mass index (BMI), serum cholesterol, triglycerides and
fasting glucose. Compared to reference NashTest, the new quantita-
tive NashTest 2 includes the components of the SteatoTest without
glucose and BMI  [35]. The procedures were those recommended by
BioPredictive, including exclusion of non-reliable results [36]

The SteatoTest was treated as a continuous variable to describe
the level of steatosis. The presence of moderate-severe NASH was
defined as a result of ≥0.5 [35]. The presence of at least borderline-
significant fibrosis ≥ F1–F2 was  defined as a result of ≥0.31 [37].

Type-2 diabetes was  defined as fasting glucose ≥126 mg/dl
and/or HbA1C ≥ 6.5% and/or use of diabetic medications.

2.3. Nutritional and lifestyle variables evaluation and definitions

The semi-quantitative FFQ, which was  assembled by the Food
and Nutrition Administration, Ministry of Health and tailored to
the Israeli population, is composed of 117 food items with speci-
fied serving sizes. For each food item, participants indicated their
average frequency of consumption over the past year. The nutri-
ent components were obtained from the Israeli National Nutrient
Database (BINAT), Ministry of Health. Vitamins intake was calcu-
lated as mg/day and analyzed in two ways: per 1000 kcal/day to
adjust for caloric intake, with a cutoff of the upper tertile of the
population’s consumption or with a cutoff of the Dietary Reference
Intake (DRI) recommended daily intake; ≥15 mg/d vitamin E and
≥75 mg/d for women or ≥90 mg/d for men  vitamin C [23].

The physical activity questionnaire included weekly frequency
and duration of each training session to calculate weekly hours
of the following activities: outdoor walking (intended to improve
fitness), indoor walking on treadmill, running, biking, swimming,
aerobic fitness (at class or stepper), ball games, dancing, body shap-
ing and body balance.

2.4. Statistical analysis

Statistical analyses were performed using SPSS version 23 (IBM-
SPSS Armonk, NY) or SAS version 9.4 (SAS Institute, Cary, NC, USA)
software. Continuous variables are presented as means ± SD. To
test differences in continuous variables between two  groups, the
independent samples t-test was performed. Associations between
nominal variables were performed with the Pearson Chi-Square
test. A multivariate logistic regression analysis was performed to
test the adjusted association between vitamin E or C consumption
and NAFLD, NASH or fibrosis adjusting for potential confounders
(relevant variables which were different between the levels of
vitamins consumption as depicted in Table 1). A linear regression
analysis was  performed to test the adjusted association between
vitamins consumption and steatosis. Odds ratio (OR) and 95% con-
fidence interval (CI) are presented. P value of <0.05 was considered
statistically significant for all analyses.

3. Results

3.1. Description of the study population and comparison between
subjects with high (by upper tertile) and low vitamin E or C intake
(Table 1)

Out of 970 subjects who  participated in the study, 789 were eli-
gible as previously described [29]. NAFLD was  diagnosed by AUS
in 38.7% (n = 305) and type 2 diabetes in 14.8% (n = 117). Reliable

FibroMax test was obtained from 714 subjects (7 had unreliable
test and 68 had no serum sample), and 712 had the whole tests
needed for the SteatoTest. In this subsample, 51.7% were men, mean
age was 58.80 ± 6.59 years and mean BMI  was 28.55 ± 5.40 Kg/m2.
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Table 1
Comparison between subjects with high (by upper tertile) and low vitamins E or C intake (Mean ± SD, unless otherwise stated).

Variable (units, normal range)
Vitamin E consumption (mg/1000 Kcal) Vitamin C consumption (mg/1000 Kcal)

<5.45 (n = 526) ≥5.45 (n = 263) P value <91.40 (n = 526) ≥91.40 (n = 263) P value

Age (years) 58.78 ± 6.41 58.93 ± 6.90 0.763 58.78 ± 6.53 58.94 ± 6.68 0.736
Gender  (men %) 54.60 48.70 0.118 54.80 48.30 0.087
BMI  (kg/m2, 20–25) 28.72 ± 5.40 28.17 ± 5.48 0.183 28.65 ± 5.58 28.33 ± 5.12 0.443
Abdominal obesitya 64.00 57.60 0.083 63.40 58.80 0.206
Glucose  (mg/dl, <100) 92.15 ± 23.88 86.98 ± 16.32 <0.001 90.73 ± 22.58 89.82 ± 20.12 0.580
HOMA-IR (score) 3.12 ± 4.34 2.71 ± 2.17 0.145 2.94 ± 2.50 3.07 ± 5.49 0.656
HbA1C  (%) 5.92 ± 0.83 5.79 ± 0.60 0.011 5.90 ± 0.79 5.83 ± 0.71 0.268
Type-2  diabetes (%) 18.30 8.00 <0.001 16.00 12.50 0.202
Triglycerides (mg/dl) 121.10 ± 72.30 105.79 ± 53.15 0.001 117.36 ± 67.49 113.25 ± 65.68 0.416
Total  cholesterol (mg/dl) 182.36 ± 35.45 180.09 ± 35.81 0.400 180.75 ± 34.94 183.29 ± 36.79 0.345
ALT  (U/L, 5–39) 27.18 ± 15.04 23.60 ± 12.01 0.001 26.49 ± 14.65 25.00 ± 13.21 0.164
AST  (U/L, 7–40) 25.70 ± 9.02 23.10 ± 7.16 <0.001 25.20 ± 9.08 24.08 ± 7.25 0.082
GGT  (U/L, 6–28) 30.03 ± 31.36 24.72 ± 16.96 0.002 29.85 ± 29.99 25.08 ± 21.36 0.011
SteatoTest (score) 0.39 ± 0.20 0.34 ± 0.19 0.002 0.38 ± 0.20 0.35 ± 0.18 0.045
CRP)mg/l, <5) n= 766 3.75 ± 5.55 3.70 ± 5.91 0.911 4.02 ± 6.29 3.16 ± 4.16 0.024
Low  ferritin (<14 ng/ml) 5.90 6.20 0.857 5.20 7.60 0.193

Dietary  intake and lifestyle habits
Energy (Kcal/day) 1925.2 ± 681.2 2227.7 ± 693.5 <0.001 2006.2 ± 698.2 2065. 7 ± 702.2 0.261
Cholesterol (mg/day) 338.33 ± 184.20 328.60 ± 210.72 0.505 351.06 ± 193.72 303.14 ± 189.00 0.001
Fat  (% daily Kcal) 36.44 ± 6.28 36.07 ± 7.32 0.493 37.87 ± 6.41 33.21 ± 5.99 <0.001
Saturated fat (% daily Kcal) 13.04 ± 3.72 11.06 ± 3.22 <0.001 13.20 ± 3.69 10.74 ± 3.07 <0.001
Fibers  (gr/day) 22.13 ± 10.62 25.41 ± 13.41 <0.001 21.44 ± 10.37 26.78 ± 13.36 <0.001
bRed and/or processed meat (portions/day) 0.72 ± 1.02 0.48 ± 0.78 <0.001 0.70 ± 0.99 0.52 ± 0.85 0.007
Coffee  (all types cups/day) 3.36 ± 3.57 2.51 ± 2.30 <0.001 3.39 ± 3.45 2.45 ± 2.63 <0.001
Physical  activity (hours/week) 2.29 ± 3.34 1.94 ± 2.62 0.144 2.15 ± 3.26 2.22 ± 2.83 0.755
Smoking (current %) 15.20 20.20 0.080 16.30 17.90 0.591
cPack years 13.54 ± 21.76 14.85 ± 22.29 0.428 14.18 ± 21.92 13.57 ± 21.99 0.712
Alcohol  consumption (portions/ week) 1.92 ± 3.19 1.34 ± 2.52 0.006 1.74 ± 3.09 1.69 ± 2.81 0.817
dSupplement use (% users) 7.80 4.20 0.054 6.70 6.50 0.919

Bold text indicates significant association.
a Abdominal obesity: waist circumference ≥102 cm for men  or ≥88 cm for women.
b Red and/or processed meat includes: beef steak or roast, beef internal organs, fried beef patties, lamb and pork, hamburger, salami, pastrami, sausages, processed schnitzel

and  canned meat.
c Pack years calculated among ever smokers, never smokers were considered as zero.
d Supplement use: vitamin E and/or vitamin C and/or multivitamin.

Fig. 1. Flow-chart of the study sample.
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ig. 2. Univariate association of vitamin E intake, per 1000 Kcal (upper tertile) or acc
C1&2).  Recommended vitamin E intake is above 15 mg/day.

resumed NASH was observed in 31.5% (n = 225) similar to previ-
us publication [35], and presumed borderline-significant fibrosis
≥F1–F2) in 19.7% (n = 141) (Fig. 1).

Among the total sample, 73.6% (n = 581) reached the recom-
ended daily intake of vitamin C and only 25.2% (n = 199) reached

he recommended daily intake of vitamin E. Only 6.6% (n = 52) of
he subjects used vitamin supplements (vitamin E and/or vitamin

 and/or multivitamin), with no significant differences across the
evels of dietary vitamins intake. Subjects at the upper tertile of
itamin E consumption (per 1000 Kcal) had a better metabolic pro-
le and a lower SteatoTest. In addition, they tended to consume
ore fibers and less saturated fatty acids (SFA) (%total calories),

lcohol, coffee and red and/or processed meat. In contrast, there
ere no differences between high and low vitamin C consumers

n metabolic measures, but those at the upper tertile of vitamin
 consumption had lower C reactive protein (CRP) and SteatoTest

evels. Subjects at the upper tertile of vitamin C consumption also
onsumed more fibers and less SFA, red and/or processed meat,
offee and cholesterol. No significant difference in physical activity
erformance was observed for both vitamins (Table 1).

.2. Univariate analysis of the association between vitamin E or C
ntake and NAFLD and presumed NAFLD-related liver damage
Figs. 2 & 3)

The prevalence of NAFLD and NASH was higher among subjects
ho consumed less vitamin E per 1000 Kcal (Fig. 2A-1 & 2B-1). In

erms of reaching the recommended vitamin E intake, the preva-
ence of presumed NASH was significantly lower among subjects

ho reached the appropriate intake (Fig. 2B-2). The prevalence
f NAFLD and presumed NASH was higher among subjects who

onsumed less vitamin C per 1000 Kcal (Fig. 3A-1 & 3B-1). No differ-
nces were seen across the categories of vitamin C recommended
ntake. None of the vitamins was related with presumed fibrosis
Figs. 2C-1 & 2C-2 and 3C-1 and 3C-2).
g to recommended intake, with NAFLD (A1&2), NASH ≥ 2 (B1&2) or Fibrosis ≥ F1–F2

3.3. Multivariate analysis of the association between vitamin E or
C intake and NAFLD and presumed NAFLD-related liver damage
(Tables 2–4)

In a multivariate analysis, the upper tertile of vitamin E intake
per 1000 Kcal was  associated with lower odds of NASH (Table 2,
fully adjusted model C). There was  no association with NAFLD or
presumed fibrosis.

Similarly, there was a significant inverse association between
reaching the recommended vitamin E intake and NASH adjusting
for all potential confounders (Table 2, fully adjusted model C). The
association with NAFLD was significant only in the model that was
not adjusted for type-2 diabetes (Table 2, model B). There was no
association with fibrosis.

In a multivariate linear regression, there was a significant
inverse association between both upper tertile of vitamin E intake
per 1000 Kcal and reaching the recommended vitamin E intake and
the level of steatosis according to the SteatoTest adjusting for all
potential confounders (Table 4).

The upper tertile of vitamin C intake per 1000 Kcal was associ-
ated with significantly lower odds of NAFLD and NASH (Table 3,
fully adjusted model B). In addition, it was  inversely associated
with the level of steatosis according to the SteatoTest in the mul-
tivariate linear regression (Table 4). There was  no association with
fibrosis. There was no significant association between reaching the
recommended vitamin C intake and any of the outcomes.

Since coffee intake was  lower among high vitamin E or C con-
sumers, we further adjusted for coffee intake, but it had no effect on
the results (model not shown). For both vitamins and in all analyses,
adjustment for abdominal obesity instead of BMI  did not change the
results (models not shown).
4. Discussion

The current study analyzed the association of dietary vitamin
E intake with NAFLD and presumed NASH according to validated
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Fig. 3. Univariate association of vitamin C intake, per 1000 Kcal (upper tertile) or according to recommended intake, with NAFLD (A1&2), NASH ≥ 2 (B1&2) or Fibrosis ≥ F1–F2
(C1&2).  Recommended vitamin C intake is above 75 mg/day for women  or above 90 mg/day for men.

Table 2
Multivariate association of vitamin E intake and NAFLD and presumed related liver damage.

NAFLD (n cases = 305) NASH ≥ 2 (n cases = 225) Fibrosis ≥ F1–F2 (n cases = 141)
OR  (95% CI) P

Vitamin E per 1000 Kcal (upper tertile)
Modela

<5.45 1 (ref) 1 (ref) 1 (ref)
≥5.45 0.75 (0.53–1.07) 0.109 0.57 (0.39–0.82) 0.003 0.91 (0.59–1.41) 0.678
Modelb

<5.45 1 (ref) 1 (ref) 1 (ref)
≥5.45 0.70 (0.49–1.02) 0.063 0.60 (0.41–0.89) 0.011 0.96 (0.60–1.52) 0.856
Modelc

<5.45 1 (ref) 1 (ref) 1 (ref)
≥5.45 0.81 (0.55–1.18) 0.266 0.64 (0.43–0.94) 0.024 1.03 (0.64–1.66) 0.894
Vitamin E recommendation (mg/day)
Modela

<15 1 (ref) 1 (ref) 1 (ref)
≥15  0.70 (0.46–1.06) 0.090 0.45 (0.29–0.71) <0.001 0.84 (0.51–1.38) 0.485
Modelb

<15 1 (ref) 1 (ref) 1 (ref)
≥15  0.61 (0.39–0.95) 0.029 0.46 (0.29–0.73) 0.001 0.74 (0.43–1.27) 0.274
Modelc

<15 1 (ref) 1 (ref) 1 (ref)
≥15  0.70 (0.44–1.10) 0.121 0.48 (0.30–0.77) 0.002 0.79 (0.45–1.38) 0.407

B
M mend
( or pro

t
(
a
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t

old text indicates significant association.
odela adjusted for: age, gender, energy intake (in the analysis by vitamin E recom

%  of total Kcal), smoking status, daily alcohol portions, fibers, cholesterol, red and/

ests. Generally, we have shown that adequate vitamin E intake
>15 mg/day) according to the DRI [23] is independently associ-
ted with lower odds of presumed NASH. An association with
AFLD by AUS or level of steatosis according to the SteatoTest
as also noted but it was less robust. Similarly to vitamin E,

he upper tertile of vitamin C per 1000 Kcal was independently
nversely associated with NAFLD by AUS or level of steatosis accord-
ng to the SteatoTest, and presumed NASH, but not with fibrosis.
owever, unlike vitamin E, there was no association with daily
ecommended vitamin C intake. While vitamin E in a relatively
ow dose, even lower than the recommended intake, had a pro-
ective association with presumed NASH, it required a high dose
ed intake) and BMI; Modelb additionally adjusted for: physical activity, SFA intake
cessed meat intake. Modelc additionally adjusted for type-2 diabetes.

of vitamin C (about ≥180 mg/day in an average consumption of
2000 kcal/d), twice the recommendation, to show a protective asso-
ciation.

However, an adequate consumption of dietary vitamin E is
not trivial, as in our study population, only 25.2% reached the
recommended dietary intake of vitamin E. Even lower propor-
tion was  demonstrated among American population (the National
Health and Nutrition Examination Survey; NHANES) (1999–2000),
in which only 5% of men  and 4% of women met vitamin E recom-

mended intake [38]. Since the best sources of vitamin E are nuts,
seeds, plant oils, green leafy vegetables and fortified cereals [39],
the differences of intake may  be due to the typical American diet
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Table  3
Multivariate association of vitamin C intake and NAFLD and presumed related liver damage.

NAFLD (n cases = 305) NASH ≥ 2 (n cases = 225) Fibrosis ≥ F1-F2 (n cases = 141)
OR  (95% CI) P

Vitamin C per 1000 Kcal (upper tertile)
Modela

<91.40 1 (ref) 1 (ref) 1 (ref)
≥91.40 0.74 (0.52–1.04) 0.083 0.55 (0.38–0.80) 0.002 0.88 (0.57–1.37) 0.577
Modelb

<91.40 1 (ref) 1 (ref) 1 (ref)
≥91.40 0.68 (0.47–0.99) 0.045 0.57 (0.38–0.84) 0.004 0.94 (0.58–1.51) 0.793
Vitamin C recommendation (mg/day)
Modela

<75 women; 90 men  1 (ref) 1 (ref) 1 (ref)
≥75  women; 90 men  0.91 (0.61–1.35) 0.629 0.89 (0.59–1.34) 0.572 1.26 (0.75–2.10) 0.380
Modelb

<75 women; 90 men  1 (ref) 1 (ref) 1 (ref)
≥75  women; 90 men  0.91 (0.60–1.39) 0.674 0.92 (0.60–1.43) 0.717 1.52 (0.88–2.62) 0.135

Bold text indicates significant association.
Modela adjusted for: age, gender, energy intake (in the analysis by vitamin C recommended intake) and BMI; Modelb additionally adjusted for: physical activity, SFA intake
(%  total Kcal), smoking status, daily alcohol portions, fibers, cholesterol, red and/or processed meat intake.

Table 4
Multivariate linear regression for the association of vitamin E and C intake and SteatoTest level.

Vitamin E per 1000 Kcal (upper tertile) ≥5.45a Vitamin E recommendation
≥15 (mg/day)a

Vitamin C per 1000 Kcal
(upper tertile) ≥91.40

Vitamin C
recommendation ≥75
women; 90 men  (mg/day)

Non-standardized Coefficient B (Standard Error for B)
P
−0.04 ± 0.01 −0.03 ± 0.01 −0.03 ± 0.01 −0.01 ± 0.01
0.006  0.025 0.013 0.520
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ll models adjusted for: age, gender, energy intake (in the analysis by vitamin E or C
aily  alcohol portions, fibers, cholesterol and red and/or processed meat intake.
a Further adjusted for type-2 diabetes.

hat is rich in meat and cheese and poor in vegetables and plant oils
40]. As expected, in the current study, the main sources of vitamin

 were vegetables & fruits and plant oils (27% and 22% of total vita-
in  E intake, respectively). This implies that higher vitamin E intake

s an indicator for a better diet. To control for that, we  adjusted the
ssociation for caloric intake as well as for major dietary compo-
ents relevant for NAFLD; saturated fat, fibers, cholesterol [41] and
ed and/or processed meat consumption that has been previously
emonstrated to be associated with NAFLD [29]. In addition, we
djusted for other lifestyle habits that accompanied a higher intake
f vitamin E, and the association with NAFLD-features persisted.
owever, residual confounding should be taken into consideration

n any observational study.
To our best knowledge, this is the first large study that refers

o dietary vitamin E consumption in relation of NAFLD and NASH
mong adults. However, our findings are in agreement with cross-
ectional registry based study among children with liver histology,
ndicating that vitamin E dietary consumption was  insufficient
ompared to the recommended daily allowance and that low con-
umption of vitamin E was associated with steatosis but not with
ASH [42]. In addition, our results are in agreement with clinical

rials, which have shown a therapeutic effect of high dose vita-
in  E supplement in NASH, not fibrosis and conflicting results for

teatosis [17,18]. These studies did not include diabetic patients.
n a recently published non-randomized but propensity-score-
djusted study [43], a 800 IU daily vitamin E treatment for ≥2 years
as associated with decreased risk of death or transplant and
epatic decompensation after a median follow-up of 5.6 years in
atients with severe fibrosis and cirrhosis. These benefits were evi-

ent in patients with and without diabetes. To our best knowledge,
nly one RCT has examined the effects of 400 IU daily vitamin E
s. vitamin E + pioglitazone vs placebo in diabetic patients with
ASH. Vitamin E treatment alone led to a reduction in steato-
mended intake), BMI, physical activity, SFA intake (% of total Kcal), smoking status,

sis but not necroinflammation following 18 months treatment
[44].

Noteworthy, that high dose vitamin E supplement raises some
concerns regarding increased risk for mortality [45], hemorrhagic
stroke [46] and prostate cancer [47]. Therefore, a potential protec-
tive effect of a lower dose provided by diet is interesting.

Our findings about the protective association of vitamin C
dietary intake with NAFLD are in accordance with previous cross-
sectional studies [24,25,28]. No randomized clinical trials (RCTs) of
vitamin C as a single therapy were performed, but Harrison et al.
have demonstrated that six months of 1000 mg/d of vitamin C sup-
plement combined with 1000 IU of vitamin E improved liver fibrosis
[48].

From a mechanistic point of view, experimental studies in ani-
mal  models have partially explained the clinical effects of vitamin E
supplementation. In one study using the methionine-choline defi-
cient diet model, vitamin E supplement reduced oxidative stress,
hepatocyte apoptosis and necroinflammation [15]. In a further
study in the same experimental model, vitamin E was  also shown
to ameliorate fibrosis [16]. However, this experimental model is
far from the features of human NASH. Interestingly, immunohis-
tochemical analysis of pre- and post-treatment biopsies from the
PIVENS trial demonstrated that treatment response with vitamin E
is associated with inhibition of the Hedgehog signaling [49]. To our
knowledge, no study has been conducted on the effects of vitamin C
in an animal NASH model. A previous study demonstrated that mice
drinking red orange juice while feeding a high fat diet are protected
from metabolic dysfunction and fatty liver [50]. However, orange
juice contains hundreds of bioactive molecules.
This study has several limitations to consider. First, the cross-
sectional design of the study does not allow causal inference.
Second, dietary habits were self-reported and thus prone to a report
bias. However, since the participants and the research team were
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oth blinded to the AUS and FibroMax results, it is a non-differential
epot bias and therefore may  have only weakened the observed
ssociations. Third, the diagnosis of NAFLD and presumed NASH or
brosis were determined by AUS and FibroMax markers, respec-
ively, and not by liver histology, which cannot be performed in a
ample of apparently healthy volunteers. However, AUS is the most
ccepted and common screening method for NAFLD in the general
opulation [51]. The FibroTest validity has been demonstrated in
everal studies and biomarkers of fibrosis are considered as reason-
bly acceptable non-invasive procedures, but as for the reference
ashTest, although validated, non-invasive tests are still consid-
red to be insufficient for the diagnosis of NASH [30]. Noteworthy,
hat the high prevalence of presumed NASH in this study is similar
o previous publication [35], and may  be reasonable in a population
lder than 50 and metabolically altered (average weight indicated
verweight and prevalence of type-2 diabetes was  relatively high).
ther limitations also include lack of data that may  be considered

or future studies; the amount of steatosis by AUS or other quan-
itative imaging measures [52], markers of oxidative stress and
uestions on reproductive status which can be considered as an

ntervening variable [53].
The strengths of the study include its large sample size and

eticulous assessment of dietary intake as well as other lifestyle
arameters that could be controlled for. Furthermore, the associa-
ion with liver fat was measured by two unrelated methods (AUS
nd biomarkers) adding to the robustness to the results. Therefore,
his study expends the knowledge on an understudied question;
hile nutritional guidelines for NAFLD refer to moderate weight

oss and adherence to Mediterranean diet [30], there are no recom-
endations for dietary micronutrients intake. Most studies that

ested the role of micronutrients, especially vitamin E, used mega-
ose supplements which neither can be reached by regular dietary

ntake nor can reflect the role of dietary micronutrients in NAFLD.
In conclusion, dietary vitamin E and C intake may  be protec-

ive from NAFLD and mainly NASH. Prospective studies with liver
istology are needed to confirm these findings.

onflict of interest
one declared.

inancial support

Research Grants and Fellowships Fund on Food and Nutrition
nd their Implications on Public Health, The Israeli Ministry of
ealth.

cknowledgements

None.

eferences

[1] Younossi ZM.  Non-alcoholic fatty liver disease — a global public health per-
spective. J Hepatol 2019;70:531–44.

[2] Bellentani S, Tiribelli C. Is it time to change NAFLD and NASH nomenclature?
Lancet Gastroenterol Hepatol 2017;2:547–8.

[3] Wong RJ, Aguilar M,  Cheung R, Perumpail RB, Harrison SA, Younossi ZM,  et al.
Nonalcoholic steatohepatitis is the second leading etiology of liver disease
among adults awaiting liver transplantation in the United States. Gastroen-
terology 2015;148:547–55.

[4] Italian Association for the Study of the L. AISF position paper on nonalco-
holic fatty liver disease (NAFLD): updates and future directions. Dig Liver Dis
2017;49:471–83.

[5] Bellanti F, Villani R, Facciorusso A, Vendemiale G, Serviddio G. Lipid oxidation

products in the pathogenesis of non-alcoholic steatohepatitis. Free Radic Biol
Med  2017;111:173–85.

[6] Weiskirchen R, Weiskirchen S, Tacke F. Recent advances in understanding
liver fibrosis: bridging basic science and individualized treatment concepts.
F1000Research 2018;7.

[

d Liver Disease 51 (2019) 1698–1705

[7] Marra F, Svegliati-Baroni G. Lipotoxicity and the gut-liver axis in NASH patho-
genesis. J Hepatol 2018;68:280–95.

[8] Salomone F, Li Volti G, Rosso C, Grosso G, Bugianesi E. Unconjugated
bilirubin, a potent endogenous antioxidant, is decreased in patients with
non-alcoholic steatohepatitis and advanced fibrosis. J Gastroenterol Hepatol
2013;28:1202–8.

[9] Mansouri A, Gattolliat CH, Asselah T. Mitochondrial dysfunction and signaling
in  chronic liver diseases. Gastroenterology 2018;155:629–47.

10] Romero-Gomez M, Zelber-Sagi S, Trenell M.  Treatment of NAFLD with diet,
physical activity and exercise. J Hepatol 2017;67:829–46.

11] Lirussi F, Azzalini L, Orando S, Orlando R, Angelico F. Antioxidant supplements
for non-alcoholic fatty liver disease and/or steatohepatitis. Cochrane Database
Syst Rev 2007:CD004996.

12] El Hadi H, Vettor R, Rossato M.  Vitamin E as a treatment for nonalcoholic fatty
liver disease: reality or myth? Antioxidants 2018;7.

13] Gee PT. Unleashing the untold and misunderstood observations on vitamin E.
Genes Nutr 2011;6:5–16.

14] Chen G, Ni Y, Nagata N, Xu L, Ota T. Micronutrient antioxidants and nonalcoholic
fatty liver disease. Int J Mol  Sci 2016;17.

15] Phung N, Pera N, Farrell G, Leclercq I, Hou JY, George J. Pro-oxidant-mediated
hepatic fibrosis and effects of antioxidant intervention in murine dietary steato-
hepatitis. Int J Mol  Med  2009;24:171–80.

16] Nan YM,  Wu WJ,  Fu N, Liang BL, Wang RQ, Li LX, et al. Antioxidants vitamin E
and 1-aminobenzotriazole prevent experimental non-alcoholic steatohepatitis
in  mice. Scand J Gastroenterol 2009;44:1121–31.

17] Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl AM,  Bass NM,  et al.
Pioglitazone, vitamin E, or placebo for nonalcoholic steatohepatitis. N Engl J
Med  2010;362:1675–85.

18] Lavine JE, Schwimmer JB, Van Natta ML,  Molleston JP, Murray KF, Rosenthal P,
et  al. Effect of vitamin E or metformin for treatment of nonalcoholic fatty liver
disease in children and adolescents: the TONIC randomized controlled trial.
JAMA 2011;305:1659–68.

19] Pietu F, Guillaud O, Walter T, Vallin M,  Hervieu V, Scoazec JY, et al. Ursodeoxy-
cholic acid with vitamin E in patients with nonalcoholic steatohepatitis:
long-term results. Clin Res Hepatol Gastroenterol 2012;36:146–55.

20] Foster T, Budoff MJ, Saab S, Ahmadi N, Gordon C, Guerci AD. Atorvastatin
and antioxidants for the treatment of nonalcoholic fatty liver disease: the St
Francis Heart Study randomized clinical trial. Am J Gastroenterol 2011;106:
71–7.

21] Dufour JF, Oneta CM,  Gonvers JJ, Bihl F, Cerny A, Cereda JM,  et al. Randomized
placebo-controlled trial of ursodeoxycholic acid with vitamin e in nonalcoholic
steatohepatitis. Clin Gastroenterol Hepatol 2006;4:1537–43.

22] Nobili V, Manco M,  Devito R, Di Ciommo V, Comparcola D, Sartorelli MR,  et al.
Lifestyle intervention and antioxidant therapy in children with nonalcoholic
fatty liver disease: a randomized, controlled trial. Hepatology 2008;48:119–28.

23] National Academy of Sciences. Dietary reference intakes (DRIs): recom-
mended dietary allowances and adequate intakes, vitamins; 2011 www.ncbi.
nlm.nih.gov/books/NBK56068/table/summarytables.t2/?report=objectonly.

24] Wei  J, Lei GH, Fu L, Zeng C, Yang T, Peng SF. Association between dietary vitamin
C  intake and non-alcoholic fatty liver disease: a cross-sectional study among
middle-aged and older adults. PLoS One 2016;11:e0147985.

25] Han JM, Jo AN, Lee SM,  Bae HS, Jun DW,  Cho YK, et al. Associations between
intakes of individual nutrients or whole food groups and non-alcoholic fatty
liver disease among Korean adults. J Gastroenterol Hepatol 2014;29:1265–72.

26] Da Silva HE, Arendt BM,  Noureldin SA, Therapondos G, Guindi M,  Allard JP. A
cross-sectional study assessing dietary intake and physical activity in Canadian
patients with nonalcoholic fatty liver disease vs healthy controls. J Acad Nutr
Diet 2014;114:1181–94.

27] Madan K, Bhardwaj P, Thareja S, Gupta SD, Saraya A. Oxidant stress and antioxi-
dant status among patients with nonalcoholic fatty liver disease (NAFLD). J Clin
Gastroenterol 2006;40:930–5.

28] Chan R, Wong VW,  Chu WC,  Wong GL, Li LS, Leung J, et al. Diet-quality scores
and prevalence of nonalcoholic fatty liver disease: a population study using
proton-magnetic resonance spectroscopy. PLoS One 2015;10:e0139310.

29] Zelber-Sagi S, Ivancovsky-Wajcman D, Fliss Isakov N, Webb M, Orenstein
D,  Shibolet O, et al. High red and processed meat consumption is associ-
ated with non-alcoholic fatty liver disease and insulin resistance. J Hepatol
2018;68:1239–46.

30] EASL-EASD-EASO clinical practice guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol 2016;64:1388–402.

31] Wilett W.  Nutritional epidemiology. New York: Oxford University Press; 1998.
32] Keinan-Boker L, Noyman N, Chinich A, Green MS, Nitzan-Kaluski D. Overweight

and obesity prevalence in Israel: findings of the first national health and nutri-
tion survey (MABAT). Isr Med  Assoc J 2005;7:219–23.

33] Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M,  Blendis L, Halpern Z,
et  al. Long term nutritional intake and the risk for non-alcoholic fatty liver
disease (NAFLD): a population based study. J Hepatol 2007;47:711–7.

34] Munteanu M,  Tiniakos D, Anstee Q, Charlotte F, Marchesini G, Bugianesi E, et al.
Diagnostic performance of FibroTest, SteatoTest and ActiTest in patients with
NAFLD using the SAF score as histological reference. Aliment Pharmacol Ther
2016;44:877–89.
35] Poynard T, Munteanu M,  Charlotte F, Perazzo H, Ngo Y, Deckmyn O,  et al.
Diagnostic performance of a new noninvasive test for nonalcoholic steato-
hepatitis using a simplified histological reference. Eur J Gastroenterol Hepatol
2018;30:569–77.

http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0005
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0010
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0015
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0020
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0025
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0030
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0035
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0040
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0045
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0050
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0055
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0060
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0065
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0070
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0075
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0080
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0085
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0090
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0095
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0100
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0105
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0110
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0115
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0120
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0125
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0130
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0135
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0140
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0145
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0150
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0155
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0160
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0165
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0170
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0175


ive an

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

2017;72:57–65.
[53] Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Lonardo A. NAFLD
D. Ivancovsky-Wajcman et al. / Digest

36] Poynard T, Munteanu M,  Deckmyn O, Ngo Y, Drane F, Messous D, et al. Applica-
bility and precautions of use of liver injury biomarker FibroTest. A reappraisal
at  7 years of age. BMC  Gastroenterol 2011;11:39.

37] Morra RMM, Imbert-Bismut F, Messous D, Ratziu V, Thierry P. FibroMAXTM:
towards a new universal biomarker of liver disease? Future Drugs Ltd
2009;7:481–90.

38] U.S. Department of health and human services, Available at <www.cdc.gov/
nchs/about/major/nhanes/NHANES99 00.htm> NHANES 1999–2000 data files;
2003.

39] Ahuja JK, Goldman JD, Moshfegh AJ. Current status of vitamin E nutriture. Ann
N  Y Acad Sci 2004;1031:387–90.

40] Oddy WH,  Herbison CE, Jacoby P, Ambrosini GL, O’Sullivan TA, Ayonrinde OT,
et  al. The Western dietary pattern is prospectively associated with nonalcoholic
fatty liver disease in adolescence. Am J Gastroenterol 2013;108:778–85.

41] Zelber-Sagi S, Salomone F, Mlynarsky L. The Mediterranean dietary pattern as
the diet of choice for non-alcoholic fatty liver disease: evidence and plausible
mechanisms. Liver Int 2017;37:936–49.

42] Vos MB,  Colvin R, Belt P, Molleston JP, Murray KF, Rosenthal P, et al. Correlation
of  vitamin E, uric acid, and diet composition with histologic features of pediatric
NAFLD. J Pediatr Gastroenterol Nutr 2012;54:90–6.

43] Vilar-Gomez E, Vuppalanchi R, Gawrieh S, Ghabril M,  Saxena R, Cummings OW,
et al. Vitamin E improves transplant-free survival and hepatic decompensa-
tion among patients with nonalcoholic steatohepatitis and advanced fibrosis.

Hepatology 2018, http://dx.doi.org/10.1002/hep.30368.

44] Fernando Bril DMB, Kalavalapalli Srilaxmi, Lomonaco Romina, Subbarayan
Sreevidya K, Lai Jinping, Tio Fermin, et al. Role of Vitamin E for Nonalcoholic
Steatohepatitis in Patients with Type 2 Diabetes: a randomized controlled trial.
Diabetes Care 2019.
d Liver Disease 51 (2019) 1698–1705 1705

45] Miller 3rd ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E.
Meta-analysis: high-dosage vitamin E supplementation may  increase all-cause
mortality. Ann Intern Med  2005;142:37–46.

46] Schurks M,  Glynn RJ, Rist PM, Tzourio C, Kurth T. Effects of vitamin E on stroke
subtypes: meta-analysis of randomised controlled trials. BMJ  2010;341:c5702.

47] Klein EA, Thompson Jr IM,  Tangen CM,  Crowley JJ, Lucia MS,  Goodman PJ, et al.
Vitamin e and the risk of prostate cancer: the selenium and vitamin e Cancer
prevention trial (SELECT). JAMA 2011;306:1549–56.

48] Harrison SA, Torgerson S, Hayashi P, Ward J, Schenker S. Vitamin E and vitamin
C  treatment improves fibrosis in patients with nonalcoholic steatohepatitis.
Am J Gastroenterol 2003;98:2485–90.

49] Guy CD, Suzuki A, Abdelmalek MF,  Burchette JL, Diehl AM, Nash CRN. Treatment
response in the PIVENS trial is associated with decreased Hedgehog pathway
activity. Hepatology 2015;61:98–107.

50] Salamone F, Li Volti G, Titta L, Puzzo L, Barbagallo I, La Delia F, et al. Moro orange
juice prevents fatty liver in mice. World J Gastroenterol 2012;18:3862–8.

51] Bedogni G, Nobili V, Tiribelli C. Epidemiology of fatty liver: an update. World J
Gastroenterol 2014;20:9050–4.

52] Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Targher G, et al.
Ultrasonographic fatty liver indicator detects mild steatosis and correlates with
metabolic/histological parameters in various liver diseases. Metab Clin Exp
as  a sexual dimorphic disease: role of gender and reproductive status in the
development and progression of nonalcoholic fatty liver disease and inherent
cardiovascular risk. Adv Ther 2017;34:1291–326.

http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0180
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0185
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://www.cdc.gov/nchs/about/major/nhanes/NHANES99_00.htm
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0195
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0200
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0205
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0210
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
dx.doi.org/10.1002/hep.30368
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0220
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0225
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0230
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0235
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0240
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0245
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0250
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0255
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0260
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265
http://refhub.elsevier.com/S1590-8658(19)30662-0/sbref0265

	Dietary vitamin E and C intake is inversely associated with the severity of nonalcoholic fatty liver disease
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Data collection and definition of hepatic and metabolic variables
	2.3 Nutritional and lifestyle variables evaluation and definitions
	2.4 Statistical analysis

	3 Results
	3.1 Description of the study population and comparison between subjects with high (by upper tertile) and low vitamin E or ...
	3.2 Univariate analysis of the association between vitamin E or C intake and NAFLD and presumed NAFLD-related liver damage...
	3.3 Multivariate analysis of the association between vitamin E or C intake and NAFLD and presumed NAFLD-related liver dama...

	4 Discussion
	Conflict of interest
	Financial support
	Acknowledgements
	References


