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Abstract: Non-alcoholic fatty liver disease (NAFLD) generally has a relatively favorable clinical course; however, non-
alcoholic steatohepatitis (NASH) was much more frequently progresses to cirrhosis and hepatocellular carcinoma. 
We performed a systematic review and meta-analysis of clinical trials to examine the effects of vitamin E supple-
mentation in improving liver histology in NASH. We performed a comprehensive search of the PubMed, Embase 
and Cochrane databases through October 2014. Weighted mean differences (WMDs) and their respective 95% 
confidence intervals (CIs) were calculated to assess the efficacy of vitamin E in improving liver histological scores 
by using fixed effects or random effects. Standard methods were performed to explore statistical heterogeneity 
and publication bias. Compared with controls, vitamin E supplementation significantly improved all histological 
parameters, including steatosis (WMD = -0.62, 95% CI: -0.95, -0.77, P = 0.0002), hepatocyte ballooning (WMD = 
-0.30, 95% CI: -0.56, -0.04, P = 0.03), lobular inflammation (WMD = -0.39, 95% CI: -0.67, -0.11, P = 0.007) and 
fibrosis (WMD = -0.39, 95% CI: -0.72, -0.06, P = 0.02). Our analysis also indicated the absence of publication bias 
between NASH and Vitamin E intake. This meta-analysis indicates that vitamin E supplementation had a significant 
and positive effect in the improvement of steatosis, ballooning degeneration, lobular inflammation and fibrosis in 
patients with NASH.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is 
characterized by fat accumulation in hepato-
cytes in the absence of significant alcohol 
intake [1]. NAFLD is the most common liver dis-
ease in developed countries, afflicting up to 
30% of the general population. It is rapidly 
spreading in developing countries and has an 
approximately 10% prevalence [2]. The majority 
of patients with NAFLD have simple steatosis, 
which has a benign clinical outcome, whereas 
approximately 15%-20% of patients will prog-
ress to non-alcoholic steatohepatitis (NASH) 
[3], which includes macrovesicular steatosis, 
hepatocyte ballooning, lobular inflammation 
and fibrosis and can develop into cirrhosis or 
even liver failure [1]. 

However, the pathogenesis of NASH is not fully 
understood. The main well-accepted theory is 
the ‘two-hit’ hypothesis by Day and James [4]. 

According to this paradigm, in the ‘first hit’, insu-
lin resistance promotes the accumulation of 
triglycerides within the hepatocytes to form ste-
atosis [5, 6]. In the ‘second hit’, oxidative stress 
causes lipid peroxidation and activates inflam-
matory cytokines that induce hepatocyte injury 
and inflammation in NASH [4]. Oxidative stress 
appears to result from either excess reactive 
oxygen species (ROS) production and/or defi-
cient antioxidant capacity [7]. Oxidative stress 
is observed in most diseases, especially the 
inflammatory diseases [8]. In addition, many 
liver diseases have also been associated with 
high levels of ROS, which is linked to disease 
progression by influencing the magnitude of oxi-
dative protein and lipid modifications [9]. Thus, 
it is reasonable to postulate the possibility of 
using antioxidant therapy for NASH.

Vitamin E (α-tocopherol), a type of lipid-soluble, 
chain-breaking antioxidant, is an essential 
micronutrient that is mainly acquired from the 
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intake of vegetables, fruit, fortified breakfast, 
fortified beverages, supplements and so on 
[10]. Vitamin E can protect cellular structural 
integrity against damage from lipid peroxida-
tion and oxygen-free radicals [10]. Epidemiologic 
studies have reported that plasma α-tocopherol 
is lower in NASH patients than healthy controls 
[11]. In vivo and in vitro studies have demon-
strated that vitamin E attenuated NASH via 
multiple mechanisms, including up-regulation 
of superoxide dismutase activity and inhibition 
of genes related to inflammation, fibrosis and 
hepatocellular necrosis [12-15]. This has led to 
enthusiasm over the possibility that vitamin E 
has beneficial effects on the inhibition of NASH 
progression.

There is no currently approved treatment for 
NASH. Patients often are advised to engage in 
physical activity and lose weight, which is diffi-
cult to achieve and harder to maintain [16, 17]. 
In the United States, vitamin E capsules are 
popular for the adult population, and approxi-
mately 12.7% of adults take daily vitamin E 
supplements [18]. Several randomized con-
trolled trials are currently underway to test 
whether down-regulation of oxidative stress 
with high doses of vitamin E supplementation 
attenuates the progression of NASH [19-23]. 
However, the results of these trials have been 
inconsistent, and the sample sizes have been 
relatively modest. To better understand the 
effect of vitamin E on NASH progression, we 
systematically reviewed all randomized con-
trolled trials (RCTs) to evaluate the effect of 
vitamin E supplementation on the histological 
parameters of NASH. 

Methods 

Search strategy

We searched the PubMed, EMBASE and 
Cochrane library databases from their incep-
tion through October 2014 for trials that 
described the association between vitamin E, 
assessed as dietary intake, and histological 
outcomes of NASH. The following search terms 
were used: (vitamin E OR alpha-tocopherol OR 
tocopherols OR tocotrienols) AND (non-alcohol-
ic fatty liver disease OR non-alcoholic steato-
hepatitis OR fatty liver OR steatosis OR NAFLD 
OR NASH). In addition, we reviewed the refer-
ences of all retrieved relevant articles and 
reviews for published randomized controlled tri-

als that met the inclusion criteria. The search 
was confined to human studies, and no lan-
guage restriction was applied.

Study selection

Relevant studies were selected by two indepen-
dent reviewers, and disagreement was settled 
by consensus. The inclusion criteria for the 
meta-analysis were as follows: (1) randomized 
controlled trials with either a parallel or a cross-
over design, (2) adults with NASH supplied with 
vitamin E which is currently FDA-approved for at 
least treatment for 24 weeks, (3) diagnosis of 
NASH determined by histology and (4) liver 
biopsy performed at the beginning and end of 
the clinical trials. As the trials included in this 
meta-analysis were limited, we also included 
the articles that combined vitamin E with vita-
min C (ascorbic acid) as the treatment group 
because vitamin C is also an anti-oxidant agent 
and can enhance regeneration of oxidized vita-
min E [24].

The exclusion criteria were as follows: (1) NASH 
patients were diagnosed by elevated transami-
nases and/or imaging techniques (CT scan, 
magnetic resonance imaging, ultrasound) with-
out liver biopsy; (2) studies enrolling patients 
with co-existing liver disease, including alco-
holic liver disease, autoimmune hepatitis, hep-
atitis B, hepatitis C and so on; and (3) studies 
that involved drugs, bariatric surgery, environ-
mental toxins or total parenteral nutrition, 
which may cause secondary NAFLD.

Data extraction

Two independent investigators reviewed all col-
lected trials, and disagreements were resolved 
by consensus. The following characteristics of 
the identified studies were recorded: trial char-
acteristics (authors, publication year, sample 
size, study design); treatment characteristics 
(type of intervention, dosage, study duration); 
and patient characteristics (number of partici-
pants, mean age, gender). The primary ana-
lyzed outcome was the histological features, 
including the number improved or not improved 
in histological outcomes and the net changes 
in histological features, including steatosis 
grade (0-3), lobular inflammation score (0-3), 
hepatocyte ballooning score (0-2) and fibrosis 
stage (0-4) [25].
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Quality assessment

We evaluated and scored the quality of studies 
based on the Jadad scoring system [26]. The 
criteria (1 point each) included reporting of tri-
als, including randomization, allocation con-
cealment, double-blinding, generation of ran-
dom numbers, description of withdrawals and 
dropouts. The possible score ranged between 
0 and 5. Higher score represented a better 
quality.

Statistical analysis

We performed statistical analysis using 
RevMan software version 5 (Cochrane 
Collaboration). Histological features were 
assessed as both a continuous variable (mean 
change in histological scores, expressed as the 
weighted mean difference (WMDs) and 95% 

confidence interval (CI)) and a dichotomous 
outcome (subjects improved compared with 
subjects unchanged or worsened, expressed 
as relative risk (RR) and 95% CI). Secondary 
outcomes were expressed as continuous vari-
ables. Fixed-effect or random-effect models 
were used in this meta-analysis. If the varianc-
es for the mean changes were not provided, the 
paired differences were imputed by assuming a 
correlation coefficient of 0.5 between varianc-
es at baselines and ends of trials according to 
the method of Follmann et al [27]. We assumed 
equal variances during the trial and between 
the intervention and control groups. 

Cochran’s Q statistic was assessed to evaluate 
the heterogeneity, and the inconsistency index 
(I2) was evaluated to quantify the degree of 
inconsistency across individual studies. A P 
value < 0.10 was considered significant, and a 

Figure 1. Flow diagram of the process of article selecting eligible publications.
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Table 1. Main characteristics of all studies included in the meta-analysis

Trial Country Vitamin E group intervention Control group Duration (weeks)
Study Size (n) Paried Biopsies (n) Mean age (year) Male (%) Scoring 

systemT C T C T C T C
Harrison 2003 USA α-tocopherol 1000 IU/d + Vit C 1000 mg/d Placebo 24 23 22 23 22 52.5 50.2 39 50 Brunt

Dufour 2006 Switzerland d-tocopherol 800 IU/d + UDCA 12-15 mg/kg/d UDCA 96 15 18 10 11 46 47 67 72 Promrat

Sanyal 2010 USA RRR-α-tocopherol 800 IU/d Placebo 96 84 83 80 72 46.6 45.4 38 42 Kleiner
T: treatment; C: control; vit C: vitamin C; UDCA: ursodeoxycholic acid.

Table 3. Subgroup analysis and sensitivity analysis of histological score

Variables
Steatosis Ballooning Lobular inflammation Fibrosis

No. of 
trials

Mean difference 
(95% CI)

P for het-
erogeneity

No. of 
trials

Mean difference 
(95% CI)

P for het-
erogeneity

No. of 
trials

Mean difference 
(95% CI)

P for het-
erogeneity

No. of 
trials

Mean difference 
(95% CI)

P for het-
erogeneity

Vit.E dosage

    ≤ 800 mg/d 0 NA NA 0 NA NA 0 NA NA 1 -0.25 (-0.72, 0.22) NA

    > 800 mg/d 2 -0.62 (-0.95, -0.29) 0.76 2 -0.30 (-0.56, -0.04) 0.97 2 -0.39 (-0.67, -0.11) 0.80 2 -0.44 (-0.90, 0.02) 0.03

Duration

    ≤ 24 week 0 NA NA 0 NA NA 0 NA NA 1 -0.25 (-0.72, 0.22) NA

    > 24 week 2 -0.62 (-0.95, -0.29) 0.76 2 -0.30 (-0.56, -0.04) 0.97 2 -0.39 (-0.67, -0.11) 0.80 2 -0.44 (-0.90, 0.02) 0.03

Quality score

    ≥ 4 0 NA NA 0 NA NA 0 NA NA 1 -0.25 (-0.72, 0.22) NA

    < 4 2 -0.62 (-0.95, -0.29) 0.76 2 -0.30 (-0.56, -0.04) 0.97 2 -0.39 (-0.67, -0.11) 0.80 2 -0.44 (-0.90, 0.02) 0.03

Sensitivity analysis

Trials use vitE only as treatment 1 -0.60 (-0.95, -0.25) NA 1 -0.30 (-0.57, -0.03) NA 1 -0.40 (-0.69, -0.11) NA 1 -0.20 (-0.50, 0.10) NA
VitE: vitamin E; NA: not applicable.
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measurement of I2 > 50% was taken to indicate 
substantial heterogeneity [28]. If heterogeneity 
existed among the studies, the random-effect 
model (the Dersimonian and Laird method) was 
used to calculate the pooled RR. Otherwise, a 
fixed-effect model (the Mantel-Haenszel meth-
od) was used for outcomes without obvious 
heterogeneity [29]. The funnel plots and Egger 
test were assessed to examine publication bias 
[30]. To explore whether the results could have 
been markedly affected by the use of other 
drugs, sensitivity analyses were performed by 
excluding studies combine vitamin E and other 
drugs as treatment group. Subgroup analyses 
were conducted to assess the possible 
influence of covariates on net changes of pri-
mary outcomes, including vitamin E dosages, 
vitamin E duration and treatment with vitamin 
E alone. Except where otherwise specified, A P 
value < 0.05 was considered statistically 
significant in this meta-analysis.

Results

Literature search

Using primary electronic databases and search-
ing for studies dated up to October 2014, a 
total of 1084 references on vitamin E for NAF- 
LD patients were identified. Of these, 114 
duplicated references and 970 obviously irrel-
evant references were excluded by review titles 
and abstracts. Then, 43 references were 
retrieved and reviewed in full, and a further 40 
articles were excluded. Thus, 3 articles were 
finally selected for this meta-analysis [19-21]. A 
flow chart presenting the study selection pro-
cess is shown in Figure 1. 

Study characteristics

Table 1 shows the characteristics of the 3 
included studies. Three published studies with 
a total of 245 participants, including 122 sub-
jects in the vitamin E group and 123 patients in 
the control group, were published between 

1983 and 2012. All of the studies were case-
control trials. Two studies were conducted in 
the United States, and one study was conduct-
ed in Europe. All studies focused on adult NASH 
patients with liver biopsies. The number of sub-
jects in studies ranged from 45 to 167 cases. 
All intervention studies declared having a ran-
domized, parallel design. Of note, one trial sup-
plied vitamin E in combination with vitamin C to 
patients. One had three arms (UDCA + vitamin 
E, UDCA, placebo), and we chose the arm of 
UDCA + vitamin E as the treatment group and 
the UDCA arm as the control group. The dosage 
of vitamin E supplements ranged from 800 to 
1000 IU/d, with an intervention duration rang-
ing from 24 to 96 weeks. The primary outcomes 
of histological score were examined: steatosis 
(2 studies), ballooning (2 studies), lobular 
inflammation (2 studies) and fibrosis (3 stud-
ies). Among the studies, Dufour 2006 and 
Sanyal 2010 analyzed the effects of vitamin E 
treatment on all four histological features, 
whereas Harrison 2003 only analyzed the 
effect of vitamin E treatment on fibrosis 
improvement. The characteristics of these 
three trials are described in Table 1.

Study quality

All three included trials were randomized and 
controlled trials. All included trials were double-
blinded, and complete outcome data were ade-
quately addressed in these three trials (Table 
2). One trial reported using the method of 
sequence generation [21], and 1 reported 
using allocation concealment [21]. Only 1 trial 
was classified as high quality (Jadad score of 4 
or 5) [21], and 2 studies were low quality  
(Jadad score ≤ 3) [19, 20].

Effect of vitamin E on histological parameters

As shown in Figure 2, vitamin E supplementa-
tion had a significant association with histologi-
cal improvement of NASH, including steatosis, 
ballooning, lobular inflammation and fibrosis. 

Table 2. Methodological quality of included trials

Authors Randomisation Allocation 
concealment

Random sequence 
generation Blinding Reporting of 

withdrawals
Jadad 
score

Harrison 2003 Y Y Y Y Y 5
Dufour 2006 Y U U Y Y 3
Sanyal 2010 Y U U Y Y 3
Y: yes; U: unclear.
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Two studies (Dufour et al. and Sanyal et al.) with 
173 participants, including 90 subjects in the 
vitamin E groups and 83 subjects in the place-
bo groups, reported steatosis, ballooning and 
lobular inflammation at baseline and follow-up. 
The mean change in steatosis was more 
significantly reduced in subjects receiving sup-
plemented with vitamin E (WMD = -0.62, 95% 
CI: -0.95, -0.29, P = 0.0002) than in controls. 
Heterogeneity was not demonstrated for this 
outcome (I2 = 0%, P = 0.76). In addition, a small 
but significant reduction was observed in 
hepatic ballooning for subjects supplemented 
with vitamin E (WMD = -0.30, 95% CI: -0.56, 
-0.04, P = 0.03) compared with control sub-
jects. The results indicated homogeneity (I2 = 
0%, P = 0.97). In addition, lobular inflammation 
was also found to be significantly improved with 
vitamin E supplementation (WMD = -0.39, 95% 
CI: -0.67, -0.11, P = 0.007) compared with con-
trols, with no evidence of heterogeneity (I2 = 
0%, P = 0.80). For all 3 trials that reported data 
on fibrosis, a significant improvement in fibrosis 
was observed in subjects of the vitamin E group 
(WMD = -0.39, 95% CI: -0.72, -0.06, P = 0.02) 
compared with the control group, with signifi-
cant heterogeneity (I2 = 64%; P = 0.06).

Subgroup analysis 

We conducted subgroup analysis to explore the 
dose-effect relationship, study-duration effects 
and study quality. The analyses of all subgroups 
are provided in Table 3. Vitamin E consumption 
was divided into high dosage (> 800 mg/d) or 
low dosage (≤ 800 mg/d). The study duration 
was categorized as either the longer-term sub-
group (> 24 wk) or shorter-term subgroup (≤ 24 
wk). In addition, subgroup analysis indicated 
that trials have a higher quality (≥ 4) or a lower 
quality (< 4). Subgroup analysis revealed that 
significant improvements of steatosis, balloon-
ing and lobular inflammation were not 
influenced by vitamin E dosage, treatment 
duration or quality score. Moreover, subgroup 
analysis indicated that vitamin E had no signifi-
cant effect on fibrosis in either the high-dosage 
group or the low-dosage group. In addition, no 
significant improvement in fibrosis was 
observed in the longer-term subgroup and 
shorter-term subgroup. Furthermore, in the 
higher-quality and lower-quality subgroups, 
beneficial effects of vitamin E on fibrosis were 
also not observed. 

Figure 2. Forest plot of randomised controlled trials investigate the association between vitamin E supplementation 
and histological score.
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A sensitivity analysis was performed by exclud-
ing trials (Harrison 2003 and Dufour 2006) 
using vitamin E and other drugs as the treat-
ment group (Table 3). After excluding the trials, 
the pooled reduction of steatosis, ballooning 
and lobular inflammation were not significantly 
influenced, with values of -0.60 (95% CI: -0.95, 
-0.25; P = 0.0008), -0.30 (95% CI: -0.57, -0.03; 
P = 0.03) and -0.40 (95% CI: -0.69, -0.11; P = 
0.007), respectively. In addition, the exclusion 
of trials resulted in no obvious reductions in 
fibrosis (-0.20, 95% CI: -0.50, 0.10; P = 0.19), 
which significantly influenced the results.

Subjects with histological improvement

Two studies reported subjects with fibrosis 
improvement [19, 21]. The pooled results indi-
cated that vitamin E use (n = 103) did not dem-
onstrate a significant improvement in fibrosis 

(RR 1.30, 95% CI 0.90-1.87, I2 = 0%, P = 0.16) 
compared with the control (n = 94), with a simi-
lar result when including only the high-quality 
trial (RR 1.17, 95% CI 0.60-2.26, P = 0.64). 

Only one study reported subjects with improve-
ment in steatosis, ballooning and lobular 
inflammation [19]. Participants treated with 
vitamin E (n = 80) were more likely to display an 
improvement in steatosis (RR 1.76, 95% CI 
1.18-2.63, P = 0.006), ballooning (RR 1.71, 
95% CI 1.12-2.61, P = 0.01) and lobular inflam-
mation (OR 1.55, 95% CI 1.06-2.26, P = 0.02) 
compared with controls (n = 72) (Figure 3). 

Liver function and body mass index (BMI)

Changes in ALT and BMI were reported in all 
three studies, and the change of AST was only 
available in two studies [19, 20]. Participants 

Figure 3. Forest plot of randomised controlled trials investigate the association between vitamin E supplementation 
and histological improvement.

Table 4. Secondary outcome: biochemical and anthropometric response
No. of trials Mean difference (95% CI) P value I2 (%) P for heterogeneity

ALT 3 3.50 (-17.90, 24.90) 0.75 77 0.01
AST 2 -17.64 (-27.29, -7.99) 0.0003 0 0.93
BMI 3 -0.16 (-0.65, 0.33) 0.53 0 0.91
ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CI: confidence interval.
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treated with vitamin E displayed a significant 
improvement in AST compared with those in 
the control group (SMD -17.64 U/L, 95% CI 
-27.29, -7.99; P = 0.0003, I2 = 0%). However, 
patients treated with vitamin E did not demon-
strate a significant improvement in neither ALT 
(SMD 3.50 U/L, 95% CI -17.90 to 24.90, P = 
0.75, I2 = 77%) or BMI (SMD -0.16, 95% CI -0.65 
to 0.33, P = 0.53, I2 = 0%) compared with the 
controls (Table 4).

Adverse events and publication bias

Vitamin E was well tolerated, and no mortality 
or harm was reported following supplementa-
tion in any of these trials. The funnel plots of 
the studies were symmetric for fibrosis, steato-
sis, ballooning and lobular inflammation upon 
visual examination. Furthermore, the results of 
the Egger’s test did not support the existence 
of publication bias.

Discussion

In this meta-analysis, we identified three ran-
domized controlled trials with 245 participants 
that assessed the effects of vitamin E supple-
mentation on improving histological parame-
ters for NASH patients. We found that vitamin E 
supplementation significantly improved all his-
tological scores, including steatosis, balloon-
ing, lobular inflammation and fibrosis, com-
pared with the control group. However, when 
we analyzed the subjects with histological 
improvement, subjects with vitamin E supple-
mentation were only improved in steatosis, bal-
looning and lobular inflammation vs. the control 
group and not fibrosis. This may be because 
only two trials with limited data analyzed the 
histological improvement in subjects with vita-
min E supplementation. Therefore, it is difficult 
to draw firm conclusions based on the present 
review.

A number of studies have analyzed the effects 
of vitamin E on NASH, and further evidence has 
been provided for the biological plausibility of 
these findings. Oxidative stress results from an 
imbalance between excessive generation of 
reactive oxygen species (ROS) and decreased 
antioxidant defenses [7]. Oxidative stress, 
which plays a vital role in the progression of 
steatosis to NASH, is one of the most popular 
proposed mechanisms of hepatocellular injury 
and considered as a critical part of the afore-
mentioned second ‘hit’ [4]. Vitamin E, a lipid-

soluble chain breaking antioxidant, is consid-
ered to be the most important natural antioxi-
dant [10]. It stabilizes free radical compounds 
by complexing with unpaired electrons and pro-
tects against lipid peroxidation by acting direct-
ly with a variety of oxygen radicals [10]. Thus, 
vitamin E is a good candidate for investigation 
of diseases that involve ROS as a main 
component.

Animal experiments indicate that the improve-
ment in histological parameters and liver func-
tion is associated with vitamin E supplementa-
tion. In a methionine-choline-deficient (MCD) 
diet-induced model of steatohepatitis, vitamin 
E treatment decreased oxidative stress mark-
ers, reduced liver enzymes and diminished his-
tological steatosis, necroinflammation and 
fibrosis [12]. Furthermore, Vitamin E treatment 
also provided protection against TGF-β1, a 
cytokine closely associated with fibrosis devel-
opment in liver [13]. Observational prospective 
cohorts and case-control studies have been 
conducted to analyze the effect of vitamin E 
supplementation on NASH, but the results are 
conflicting. Erhardt et al. demonstrated that the 
levels of α-tocopherol were significantly 
decreased in NASH patients compared with 
controls [11]. A large multicenter randomized 
controlled trial of adults revealed that vitamin E 
supplementation can significantly improve 
hepatic steatosis, lobular inflammation, and 
hepatocellular ballooning in NASH patients, 
whereas a reduction in fibrosis is not obvious 
[19]. Another large case-control trial demon-
strated that vitamin E supplementation exerted 
beneficial effects on ballooning in children and 
adolescents patients with NAFLD, but no sig-
nificant improvement in steatosis, inflamma-
tion and fibrosis was observed [22] .

Subgroup and sensitivity analyses indicated 
that the histological scores of steatosis, bal-
looning and lobular inflammation were not 
influenced by the treatment doses of vitamin E, 
study duration, or quality of the study, whereas 
for the fibrosis score, no significant improve-
ment was observed in all of the above sub-
groups. Thus, further trials with more subjects 
are needed to make a definite conclusion. We 
also analyzed the effects of vitamin E supple-
mentation on biochemical and metabolic vari-
ables in this pooled analysis. The level of AST 
instead of ALT displayed significant reduction in 
the vitamin E group compared with controls. 
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This is not consistent with some previous stud-
ies that revealed that vitamin E supplementa-
tion significantly improved liver function [31, 
32]. This may be because we only included tri-
als with liver biopsy, so not all trials analyzing 
the effect of vitamin E supplementation on ALT 
were included in this meta-analysis. Vitamin E 
supplementation did not result in a significant 
reduction in BMI compared with the control 
group.

There are some strengths of this systematic 
review. First, the trials included in this study 
were all randomized controlled trials, which 
increased internal causality with reliable infer-
ences. In addition, the participants included in 
trials were all histologically proven NASH 
patients, which minimized the misclassification 
bias and made it meaningful for histological 
parameters to be directly associated with the 
outcome of NASH. Third, the participants 
included in this meta-analysis were derived 
from two continents (North America and 
Europe). The follow-up was adequate with few 
dropouts in trials.

Some limitations of this meta-analysis should 
be noted. First, the duration of therapy with a 
maximum of 96 weeks was not long enough to 
detect long-term histological change complica-
tions. Fibrosis progression into cirrhosis, liver 
carcinoma or even mortality is slow, and a lon-
ger follow-up period is needed [33]. Second, 
the number of trails included was limited, and 
the number of participants in the trials was low. 
It is hard to make definite conclusions using 
these limited data. Third, the degree of improve-
ment is modest, estimated at approximately 
half of a grade per year for histological param-
eter. Though the improvements were significant 
compared with the controls, it is hard to achieve 
the expectation of patients. Fourth, the vitamin 
E formulation and dosage varied across the 
studies. For example, two studies used 
α-tocopherol 800 IU, whereas the other study 
used α-tocopheryl acetate 1000 IU. This led to 
difficulty in investigating the effect of various 
dosage regimens. For future investigations, 
researchers may wish to recognize a safety 
margin of vitamin E supplementation in the 
treatment of NASH. Although no serious side 
effects of vitamin E intake were reported in the 
included trials, the safety of high-dosage vita-
min E supplementation has already been a con-
cern in many trials. A meta-analysis by Miller ER 

revealed that, in patients with chronic diseas-
es, a vitamin E dosage > 400 IU per day may 
increase all-cause mortality by antagonizing 
vitamin K functions in individuals routinely 
ingesting various drugs and increasing the risk 
of prolonged bleeding time [34].

In conclusion, this meta-analysis revealed that 
vitamin E supplementation resulted in signi- 
ficant improvements in histological parameters 
in NASH patients. There is currently no widely 
accepted treatment for non-alcoholic steato-
hepatitis. Over the past several years, studies 
with vitamin E supplementation in NASH 
patients have yielded promising results. 
Vitamin E is well-tolerated, and no morbidity or 
obvious mortality was reported. However, the 
results in this conclusion cannot be general-
ized, as trials were limited, with a short follow-
up duration and a small number of participants. 
Moreover, additional large-scale high-quality 
studies are needed to investigate the effect of 
vitamin E supplementation on NASH patients 
with outcomes (histological parameters, bio-
chemical variables and adverse events) orient-
ed to obtain more comprehensive information 
on supplementation for clinical use.
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