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A B S T R A C T

Rationale

Non-alcoholic fatty liver disease (NAFLD), recently renamed metabolic dysfunction-associated steatotic liver disease (MASLD), is the most
common liver disease worldwide, aCecting an estimated 3 in 10 people. The available treatment is far from optimal. Diet and lifestyle
changes to promote weight loss and weight loss maintenance are the basic management of NAFLD, but these are diCicult to achieve and
maintain. Vitamin E has shown beneficial eCects on oxidative stress, which plays a major role in the pathogenesis of NAFLD. However, there
is uncertainty about the eCects of vitamin E for people with NAFLD.

Objectives

To evaluate the beneficial and harmful eCects of vitamin E alone, or vitamin E in combination with other vitamins or minerals, versus
placebo or no intervention in people with NAFLD.

Search methods

We used recommended Cochrane search methods. The latest search was performed on 2 February 2024.

Eligibility criteria

We included randomised clinical trials that compared vitamin E alone, or in combination with other vitamins or minerals, at any dose,
duration, and route of administration, versus placebo or no intervention, in people with NAFLD of any age, sex, or ethnic origin. We included
participants with imaging techniques or histology-proven NAFLD and minimal alcohol intake, and participants with steatohepatitis who
had liver biopsies.

Outcomes

Our critical outcomes were all-cause mortality, liver-related mortality, and serious adverse events. Our important outcomes were liver-
related morbidity, health-related quality of life, non-serious adverse events, biochemical response, and imaging assessment of the degree
of fatty liver.

Risk of bias

We used Cochrane's RoB 2 tool to assess risk of bias for each of the predefined outcomes.
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Synthesis methods

We used standard Cochrane methods. We used GRADE to assess the certainty of evidence.

Included studies

We included 16 randomised clinical trials involving 1066 paediatric and adult participants with NAFLD. Experimental groups received
vitamin E alone (14 trials) or vitamin E in combination with vitamin C (2 trials). Control groups received placebo in 13 trials and no
intervention in three trials. Daily dosages of oral vitamin E ranged from 298 international units (IU) to 1000 IU. Co-interventions were
lifestyle and low-calorie diet interventions in 13 trials, ursodeoxycholic acid in one trial, unchanged diet and physical activity in one trial,
and baseline treatments for type 2 diabetes in one trial. Nine trials had more than two intervention groups, but we used only the groups in
which vitamin E alone or vitamin E in combination with vitamin C were compared with placebo or no intervention. In total, 7.9% (84/1066)
of participants dropped out. Follow-up ranged from 2 months to 24 months.

Synthesis of results

Vitamin E versus placebo or no intervention

The eCects of vitamin E versus placebo or no intervention on all-cause mortality (risk ratio (RR) 3.45, 95% confidence interval (CI) 0.57
to 20.86; 3 trials, 351 participants; very low certainty evidence) and serious adverse events (RR 1.91, 95% CI 0.30 to 12.01; 2 trials, 283
participants; very low certainty evidence) are very uncertain. There were no data on liver-related mortality or liver-related morbidity. The
eCects of vitamin E versus placebo or no intervention on physical health-related quality of life (mean diCerence (MD) 0.74, 95% CI −0.52
to 2.01; 2 trials, 251 participants; higher scores indicate better quality of life; very low certainty evidence); psychosocial health-related
quality of life (MD −0.57, 95% CI −4.11 to 2.97; 2 trials, 251 participants; higher scores indicate better quality of life; very low certainty
evidence); and non-serious adverse events (RR 0.86, 95% CI 0.64 to 1.17; 2 trials, 283 participants; very low certainty evidence) are also
very uncertain. There were no data on proportion of participants without a decrease in liver enzymes. Vitamin E likely slightly reduces
serum alanine transaminase (ALT) (MD −9.29, 95% CI −13.69 to −4.89; 11 trials, 708 participants; moderate certainty evidence) and aspartate
aminotransferase (AST) (MD −4.90, 95% CI −7.24 to −2.57; 11 trials, 695 participants; moderate certainty evidence) levels compared with
placebo or no intervention. Vitamin E may slightly reduce serum alkaline phosphatase (ALP) levels (MD −5.21, 95% CI −9.88 to −0.54; 5 trials,
416 participants; very low certainty evidence), but the evidence is very uncertain.

Vitamin E plus vitamin C versus placebo

There were no data on all-cause mortality, liver-related mortality, serious adverse events, liver-related morbidity, health-related quality of
life, and non-serious adverse events. The eCects of vitamin E plus vitamin C on reducing serum ALT (MD −0.50, 95% CI −4.58 to 3.58; 2 trials,
133 participants; very low certainty evidence), AST (MD 0.09, 95% CI −3.39 to 3.57; 1 trial, 88 participants; very low certainty evidence),
and gamma-glutamyl transferase (GGT) levels (MD 1.58, 95% CI −3.22 to 6.38; 1 trial, 88 participants; very low certainty evidence) are very
uncertain.

We identified three ongoing trials, and six trials are awaiting classification.

Authors' conclusions

Given the very low certainty evidence, we do not know if long-term treatment (18 months to 24 months) with vitamin E administered alone
aCects all-cause mortality, serious adverse events, quality of life, or non-serious adverse events in people with NAFLD when compared
with placebo or no intervention. We found no data on liver-related mortality, liver-related morbidity, or proportion of participants without
a decrease in liver enzymes. Vitamin E likely reduces ALT and AST slightly when compared with placebo, but whether this has any impact
on the clinical course in people with NAFLD is unknown.

The trials on vitamin E plus vitamin C did not report on all-cause mortality, liver-related mortality, serious adverse events, liver-related
morbidity, health-related quality of life, or non-serious adverse events. Given the very low certainty evidence, we do not know the eCects
of vitamin E plus vitamin C on liver enzymes in people with NAFLD when compared with placebo.

Funding

Three trials disclosed no external funding. Five trials were industry funded. Five trials were funded by organisations with no vested interests.
Three trials did not provide any information on clinical trial support or sponsorship.

Registration

Protocol: doi.org/10.1002/14651858.CD015033

P L A I N   L A N G U A G E   S U M M A R Y

What are the benefits and risks of vitamin E for non-alcoholic fatty liver disease?

Key messages

Vitamin E for people with non-alcoholic fatty liver disease (Review)
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• It is unclear whether long-term treatment (18 months to 24 months) with vitamin E alone or in combination with vitamin C aCects death
due to any cause, serious unwanted eCects, health-related quality of life, or non-serious unwanted eCects when compared with placebo
(dummy pill) or no treatment.

• Vitamin E alone probably reduces alanine transaminase and aspartate aminotransferase (liver enzyme) levels slightly.

• Further research is needed to increase our confidence in the evidence.

What is non-alcoholic fatty liver disease?

Non-alcoholic fatty liver disease, recently renamed 'metabolic dysfunction-associated steatotic liver disease', is a common condition that
aCects people who may drink little to no alcohol. It is caused by too much fat in the liver (steatosis). People with non-alcoholic fatty liver
disease can experience weakness, pain, or discomfort in the upper right side of the tummy. The disease aCects not only the liver, but it is
also associated with a high risk of high blood sugar, heart disease, and kidney disease.

What did we want to find out?

We wanted to find out if vitamin E alone, or in combination with other vitamins or minerals, was better than placebo (dummy pill) or no
treatment in improving outcomes such as death due to any cause, serious unwanted eCects, quality of life, liver-related death, liver-related
illness, and non-serious unwanted eCects. We also wanted to know if this treatment improves liver enzymes and steatosis, which indicate
good liver function.

What did we do?

We searched for studies that looked at vitamin E alone or in combination with other vitamins or minerals compared to placebo or no
treatment in adults and children with non-alcoholic fatty liver disease. We compared and summarised the results of the trials and rated
our confidence in the evidence based on factors such as study methods and sizes.

What did we find?

We found 16 studies including 1066 adults and children with non-alcoholic fatty liver disease. The studies were performed in countries
around the world and lasted between two months and two years.

Evidence for the eCect of vitamin E administered alone on death from any cause, serious unwanted eCects, quality of life, and non-serious
unwanted events is very uncertain. Vitamin E alone likely slightly reduces serum alanine transaminase and aspartate aminotransferase
levels (enzymes found in the liver) when compared with placebo or no intervention. Vitamin E may slightly reduce serum alkaline
phosphatase (another liver enzyme) levels, but the evidence is very uncertain.

Evidence for the eCect of vitamin E in combination with vitamin C on liver enzyme levels is very uncertain. No trial looking at vitamin E in
combination with vitamin C reported on death due to any cause, serious unwanted eCects, quality of life, or non-serious unwanted eCects.

The outcomes liver-related death, liver-related illness, and numbers of people without a decrease in serum liver enzymes were not reported
in any included study.

What are the limitations of the evidence?

Our confidence in the evidence ranged from very low to moderate. In general, we have little confidence in the evidence because few
studies provided information on outcomes we were interested in; results varied across studies; and many of the studies were small. Further
research is likely to change our results.

How up-to-date is this evidence?

The evidence is current to 2 February 2024.

Vitamin E for people with non-alcoholic fatty liver disease (Review)
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Summary of findings 1.   Summary of findings table - Vitamin E compared with placebo or no intervention for people with NAFLD

Vitamin E compared with placebo or no intervention for people with NAFLD

Patient or population: people with NAFLD
Setting: outpatients
Intervention: vitamin E
Comparison: placebo or no intervention

Anticipated absolute effects* (95%
CI)

Outcomes

Risk with place-
bo or no inter-
vention

Risk with vita-
min E

Relative effect
(95% CI)

№ of partici-
pants
(studies)

Certainty of the
evidence
(GRADE)

Comments

All-cause mortality
follow-up: range 18
months to 24 months

Not pooled Not pooled Not pooled 351
(3 RCTs)

⊕⊝⊝⊝

Very lowa,b

There were no events in the placebo group. Caus-
es of death were pneumonia and liver failure sec-
ondary to sepsis (1 person with fibrosis), suicide
(1 person), and ischaemic and haemorrhagic
stroke (2 people with non-alcoholic steatohepati-
tis).

Liver-related mortality
- not reported

- - - - -  

Serious adverse events
follow-up: mean 24
months

14 per 1000 27 per 1000
(4 to 170)

RR 1.91
(0.30 to 12.01)

283
(2 RCTs)

⊕⊝⊝⊝

Very lowa,b

Serious adverse events were mood alteration
and suicide (1 trial), and cardiac ischaemia and
liver dysfunction (1 trial).

Liver-related morbidi-
ty - not reported

- - - - -  

Health-related quality
of life
follow-up: mean 24
months

The mean
health-related
quality of life
was -0.3

MD 0.74 higher
(0.52 lower to
2.01 higher)

- 251
(2 RCTs)

⊕⊝⊝⊝

Very lowa,b

Psychosocial health-related quality of life (MD
-0.57, 95% CI -4.11 to 2.97; I2 = 0%; 2 trials, 251
participants); higher scores indicate better quali-

ty of life.c

Non-serious adverse
events (number of
events)

567 per 1000 488 per 1000
(363 to 664)

RR 0.86
(0.64 to 1.17)

283
(2 RCTs)

⊕⊝⊝⊝

Very lowa,d
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follow-up: mean 24
months

Liver enzyme levels.
Serum ALT
follow-up: range 2
months to 24 months

The mean liver
enzyme levels.
Serum ALT was
-5.97 IU/L

MD 9.29 IU/L
lower
(13.69 lower to
4.89 lower)

- 708
(11 RCTs)

⊕⊕⊕⊝

Moderatea
Eleven trials reported aspartate aminotrans-
ferase reduction (MD -4.9, 95% CI -7.24 to -2.57;
11 trials, 695 participants; moderate certainty ev-
idence), and five trials reported alkaline phos-
phatase reduction (MD -5.21, 95% CI -9.88 to
-0.54; 5 trials, 416 participants; very low certainty
evidence) in the intervention groups versus con-

trol groups.e

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; MD: mean difference; OR: odds ratio; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_451115499886960764.

a Downgraded one level for risk of bias: data were from trials with some concerns, i.e. at least one domain with some concerns.
b Downgraded three levels for imprecision: few events, 95% CIs were extremely wide and crossed the null eCect.
c The mean value for health-related quality of life is from Sanyal 2010 trial, as this trial carries the greatest weight in the analysis.
d Downgraded two levels for imprecision: few events and 95% CIs crossed the null eCect.
e The mean value of alanine transminase is from Pervez 2020 trial, as this trial carries the greatest weight in the analysis.
 
 

Summary of findings 2.   Summary of findings table - Vitamin E plus vitamin C compared with placebo for people with NAFLD

Vitamin E plus vitamin C compared with placebo for people with NAFLD

Patient or population: people with NAFLD
Setting: outpatients
Intervention: vitamin E plus vitamin C
Comparison: placebo

Outcomes Anticipated absolute effects* (95%
CI)

Relative effect
(95% CI)

№ of partici-
pants

Certainty of the
evidence

Comments
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Risk with place-
bo

Risk with vita-
min E plus vita-
min C

(studies) (GRADE)

All-cause mortality - not re-
ported

- - - - - No data reported

Liver-related mortality - not
reported

- - - - - No data reported

Serious adverse events - not
reported

- - - - - No data reported

Liver-related morbidity - not
reported

- - - - - No data reported

Health-related quality of life -
not reported

- - - - - No data reported

Non-serious adverse events -
not reported

- - - - - No data reported

Liver enzyme levels. Serum
ALT
follow-up: range 6 months to
12 months

The mean liver
enzyme levels.
Serum ALT was
32.67 IU/L

MD 0.5 IU/L
lower
(4.58 lower to
3.58 higher)

- 133
(2 RCTs)

⊕⊝⊝⊝

Very lowa,b

One trial reported aspartate aminotrans-
ferase levels (MD 0.09, 95% CI -3.39 to
3.57; 88 participants; very low certainty
evidence), and one trial reported gam-
ma-glutamyl transferase levels (MD 1.58,
95% CI -3.22 to 6.38; 88 participants; very
low certainty evidence) in the intervention

groups versus control groups.c

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: confidence interval; MD: mean difference; OR: odds ratio; RR: risk ratio

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

See interactive version of this table: https://gdt.gradepro.org/presentations/#/isof/isof_question_revman_web_451134490528433331.
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a Downgraded one level for risk of bias: data were from trials with some concerns, i.e. at least one domain with some concerns.
b Downgraded three levels for imprecision: few events, 95% CIs were extremely wide and crossed the null eCect.
c The mean value of alanine transminase is from Nobili 2006 trial, as this trial carries the greatest weight in the analysis.
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B A C K G R O U N D

Description of the condition

Non-alcoholic fatty liver disease (NAFLD) is an overarching term
that includes all disease grades and stages, and refers to a
population in which ≥ 5% of hepatocytes display macrovesicular
steatosis in the absence of a readily identified alternative cause
of steatosis (e.g. medications, starvation, monogenic disorders) in
people without excessive alcohol intake (defined as less than 20 g/
day for women and less than 30 g/day for men). The spectrum of
disease includes non-alcoholic fatty liver (NAFL), characterised by
macrovesicular hepatic steatosis that may be accompanied by mild
inflammation, and non-alcoholic steatohepatitis (NASH), which is
additionally characterised by the presence of inflammation and
cellular injury (ballooning), with or without fibrosis. NASH may
progress to cirrhosis, liver failure, and liver cancer [1].

Since June 2023, NAFLD has been replaced by the term 'metabolic
dysfunction-associated steatotic liver disease' (MASLD) [2]. The
diagnosis of the disease is no longer made by exclusion; the positive
diagnostic criteria are in the presence of hepatic steatosis, with one
or more of the five cardiometabolic risk factors:

• body mass index (BMI) ≥ 25 kg/m2 (≥ 23 kg/m2 for Asians) or
waist circumference > 94 cm for males and > 80 cm for females
or ethnicity adjusted;

• fasting serum glucose ≥ 5.6 mmol/L (100 mg/dL) or two-hour
post-load glucose levels ≥ 7.8 mmol/L (≥ 140 mg/dL) or glycated
haemoglobin ≥ 5.7% (39 mmol/L) or type 2 diabetes or treatment
for type 2 diabetes;

• blood pressure ≥ 130/85 mmHg or specific antihypertensive
drug treatment;

• plasma triglycerides ≥ 1.70 mmol/L (150 mg/dL) or lipid-
lowering treatment; and

• plasma high-density lipoprotein (HDL) cholesterol ≤ 1.0 mmol/L
(40 mg/dL) for males and ≤ 1.3 mmol/L (50 mg/dL) for females
or lipid-lowering treatment [2].

This diCers from the diagnostic criteria of the NAFLD definition,
but as analysis has demonstrated that 98% of the existing registry
cohort of people with NAFLD would fulfil the new criteria for MASLD
[3], those with the previous definition (NAFLD) can now be seen
to be completely covered by the categories of MASLD and possible
MASLD [2], and findings from older NAFLD studies remain valid
under the new MASLD definition [4].

Liver biopsy is the current gold standard to evaluate hepatic fat,
inflammation, and fibrosis in NAFLD, but as an invasive tool, it
is not a viable tool for widespread NAFLD management. Thus,
multiple surrogate markers have been studied, including clinical
predictors, serum biomarkers, and imaging methods. Serum
biomarkers such as alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) have been shown to be elevated in people
with NAFLD/NASH, although normal aminotransferase levels do not
exclude the diagnosis of NASH [5]. Non-invasive imaging modalities
used for NAFLD evaluation include B-mode ultrasonography (US),
computed tomography (CT), magnetic resonance (MR) imaging,
ultrasound elastography (USE), quantitative ultrasound-based
techniques, magnetic resonance elastography (MRE), and magnetic
resonance-based fat quantitation techniques [6].

NAFLD is now the most common form of chronic liver disease
globally. Since the 1990s, the prevalence of NAFLD has more than
doubled in adolescents and adults [7], and it is a cause of significant
morbidity due to chronic liver disease [8, 9]. The worldwide
prevalence of NAFLD is 30% and is rising rapidly according to a
systematic review and meta-analysis collected from 1990 to 2019,
that is, 3 in 10 people were aCected by NAFLD worldwide [10].
For children and adolescents, trend analysis from 2000 to 2017
indicates an increasing global prevalence of paediatric NAFLD from
4.6% to 9.0% at a yearly increase of 0.26%, and the prevalence is
predicted to reach 30.7% by 2040 [11]. NAFLD is associated with
tremendous clinical, economic, and health-related quality of life
burden [12]. Currently, NASH is the most rapidly growing indication
for liver transplantation in the USA. Despite the resurgence in
alcoholic liver disease, NASH remains the second leading indication
for liver transplantation [13].

Causes of NAFLD include obesity, insulin resistance,
hyperglycaemia or diabetes, and elevated blood lipids such as
cholesterol and triglycerides. People with NAFLD are usually obese
with diabetes mellitus and arterial hypertension [14, 15], and there
is growing evidence that NAFLD is a multisystem disease, aCecting
extra-hepatic organs and increasing the risk of cardiovascular
and cardiac diseases, and chronic kidney disease [16]. The
pathophysiology underlying the disorder is also incompletely
understood. So far, there are two well-accepted hypotheses:
the 'two-hits' hypothesis [17] and the 'multiple parallel hits'
hypothesis [18]. In both, oxidative stress is considered a key
factor in the onset and development of NAFLD. Briefly, oxidative
stress causes lipid peroxidation and activates inflammatory
cytokines resulting in hepatocyte injury and inflammation in NASH.
Furthermore, lipotoxicity of adipose tissue [19], gut microbiome
and related metabolites [20, 21], and genetic pathways such as
palatin like phospholipase domain-containing protein 3 (PNPLA3),
transmembrane 6 superfamily member 2 (TM6SF2), gene knock-
out chain reaction (GKCR), membrane bound O-acyltransferase
domain containing 7 (MBOAT7), and 17-beta dehydrogenase 13
(HSD17B13) [22] play crucial roles in the evolution of NAFLD.

The recommended treatments for NAFLD nowadays are lifestyle
modifications, including weight reduction, a healthy diet, and
regular physical activity. Though there are currently no US Food and
Drug Administration (FDA)-approved medications for the treatment
of NAFLD, drugs approved to treat associated comorbidities
with potential benefit in NAFLD are recommended, for example
semaglutide, liraglutide, or pioglitazone may be considered for
type 2 diabetes mellitus in people with NASH, with pioglitazone
contraindicated in people with New York Heart Association class
III or IV heart failure [1, 23]. Despite recent progress, medicine
for the treatment of NAFLD remains an unmet need. Vitamin
E 800 international units (IU) per day has been suggested in
selected individuals without diabetes [1]. It is notable that lifestyle
modification is a basic treatment combined with these drugs.

Description of the intervention and how it might work

As oxidative stress is reported to be causative in NAFLD initiation
and progression, antioxidant supplements may potentially protect
cellular structures against damage from oxygen-free radicals and
reactive products of lipid peroxidation. A number of antioxidants
such as vitamin E [24, 25, 26], silymarin [27, 24], betaine [28], and N-
acetylcysteine [29] are also being studied. A 2011 Cochrane review
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also reported that antioxidant supplements might increase liver
enzyme activity [30].

Vitamin E (α-tocopherol), a fat-soluble antioxidant, is the major
type of lipid-soluble, chain-breaking antioxidant found in the
human body. It occurs naturally in foods such as nuts, seeds,
and leafy green vegetables. Vitamin E was first described in 1922
as a dietary factor essential to prevent foetal reabsorption in
rats [31], and soon aZer it was identified as an antioxidant of
polyunsaturated lipids. It was considered a cytoprotective factor
with suggested roles in preventing inflammatory and degenerative
processes of the liver during exposure to a range of xenobiotics,
environmental pollutants, and dietary factors [32].

Recently, convincing evidence from animal studies found a
preventive role of vitamin E in metabolic and inflammatory
abnormalities associated with NAFLD, which was confirmed in
clinical trials [33]. Since the 2000s, vitamin E has been studied in
monotherapy or with other agents in many clinical trials to treat
NAFLD [24, 34, 25, 26], and Sanyal and colleagues showed that
vitamin E, but not pioglitazone, improved the histological features
of NASH [26]. Results from these studies showed that vitamin
E relieved NASH-associated injury and inflammation, decreased
intrahepatic triglycerides, and improved lipid metabolism [35, 26].
However, a 2021 Cochrane network meta-analysis conducted by
Komolafe and colleagues reported no eCects of vitamin E on all
clinical outcomes for people with NAFLD when compared to no
additional intervention; the authors also reported that data were
sparse [36].

The dosages of vitamin E used in studies range from 39 IU per day
[37] to 1000 IU per day [38]; duration of administration ranged from
one month [39] to 96 weeks [26]. However, high-dose vitamin E (400
IU per day or greater) might increase the risk of all-cause mortality
[40, 41], bleeding [42], and prostate cancer [43].

Vitamin E improves the biochemistry and histology features
of NAFLD; however, the mechanistic aspects that lie behind
this remain elusive. One study reported that vitamin E
decreased intrahepatic triglycerides by inhibiting hepatic de novo
lipogenesis through its antioxidant activity [44], and other studies
demonstrated that vitamin E attenuated NAFLD via multiple
other mechanisms, including protecting cellular structures against
damage from oxygen-free radicals; upregulation of superoxide
dismutase activity; and downregulation of isoprostanes (an index
of lipid peroxidation), malondialdehyde and genes related to
inflammation, apoptosis, fibrosis, and leptin and adiponectin
expression [45, 46, 47, 48, 49]. The results of these studies reflect
the potential beneficial eCects of vitamin E on inhibition of NAFLD
progression.

Why it is important to do this review

The increased prevalence of NAFLD has become one of the most
important global public health issues. Oxidative stress is one
of the key factors in the onset and development of NAFLD.
Therefore, antioxidant therapy could possibly be beneficial in the
management of NAFLD. Vitamin E may improve liver function and
histological changes in people with NAFLD [26].

A review addressing the eCects of antioxidant supplements on
people with NAFLD or NASH was published in 2007, and it has not
been updated since [50]. That review concluded that antioxidant

supplements other than vitamin E exerted a beneficial eCect on
the activity of alanine aminotransferase and on steatosis, but meta-
analyses published in 2015 and 2019 reported that vitamin E had a
beneficial eCect on NAFLD [51, 52]. In addition, given the enormous
amount of research being published on the topic of antioxidants,
we decided to prepare a new review focusing on vitamin E in people
with NAFLD. We use the updated Cochrane methodology during our
review production, starting with its protocol [53].

O B J E C T I V E S

To evaluate the beneficial and harmful eCects of vitamin E alone,
or vitamin E in combination with other vitamins or minerals, versus
placebo or no intervention in people with non-alcoholic fatty liver
disease.

M E T H O D S

The Methods section of the review has been updated since
publication of the protocol.

For rare events such as the critical outcomes of all-cause mortality
and serious adverse events, we presented the risk ratio, and used
the Peto odds ratio in sensitivity analysis.

For the important outcome of biochemical response, we found
no data on the proportion of participants without a decrease in
liver enzymes. FiZeen out of the 16 included trials reported data
on changes in serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatases (ALP), and gamma-
glutamyl transpeptidase (GGT) levels; as these results were within
the scope of biochemical response, we reported them in our review.

Criteria for considering studies for this review

Types of studies

We included randomised clinical trials, irrespective of language,
publication status, trial design, or date of publication. We excluded
studies labelled as 'quasi-randomised' (i.e. pseudo-randomised)
because the method of allocation of participants is not truly
random.

Types of participants

We included randomised clinical trials involving participants of
any age, sex, or ethnic origin with NAFLD. Participants had
imaging techniques or histology (evidence of histological damage
on liver biopsy, including simple steatosis, fatty infiltration plus
non-specific inflammation, steatohepatitis, fibrosis, and cirrhosis)
showing hepatic steatosis or steatofibrosis (steatosis accompanied
by fibrosis), with minimal alcohol intake: preferably a daily alcohol
intake less than 20 g in women and less than 30 g in men. According
to the new definition [2], minimal alcohol intake is a weekly intake
of 140 g to 350 g for women and 210 g to 420 g for men (average
daily 20 g to 50 g for women, 30 g to 60 g for men).

We excluded trials that included people with other causes
of hepatic steatosis or steatofibrosis, including hepatitis B,
hepatitis C, autoimmune hepatitis, and genetic liver diseases
such as Wilson's disease and haemochromatosis. We excluded
trials considering people with one or more causes commonly
associated with secondary NAFLD (drugs, surgical procedures,
and miscellaneous disorders such as abetalipoproteinaemia or
hypobetalipoproteinaemia, partial lipodystrophy, environmental
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toxins, or total parenteral nutrition). We excluded studies including
people with NASH diagnosed by imaging only.

Types of interventions

Experimental intervention

• Vitamin E alone.

• Vitamin E in combination with other vitamins or minerals.

Vitamin E may have been administered at any dose, duration,
route of administration, formulation, frequency, setting, and time
of administration, regardless of who provided vitamin E.

Control intervention

• Placebo or no treatment.

Co-interventions were allowed if used equally in the experimental
and control groups (e.g. regimens including reduced calorie intake,
increased physical activity, or behaviour modification).

Outcome measures

We collected data for the time points used in the original trials. We
performed our primary analyses using the outcome data from the
longest follow-up time.

We planned to include trials irrespective of whether they had
prespecified or reported on the outcomes listed below; however,
we found no such trials.

Critical outcomes

• All-cause mortality.

• Liver-related mortality.

• Serious adverse events. We used the International Conference
on Harmonisation (ICH) Guidelines for Good Clinical Practice's
definition of a serious adverse event [54], that is any
untoward medical occurrence that results in death, is life-
threatening, requires hospitalisation or prolongation of existing
hospitalisation, results in persistent or significant disability
or incapacity, or is a congenital anomaly or birth defect. We
considered all other adverse events as non-serious adverse
events.

Important outcomes

• Liver-related morbidity (gastrointestinal bleeding, ascites,
hepatic encephalopathy, hepatorenal syndrome, jaundice).

• Health-related quality of life (HRQoL), measured with validated
questionnaires (e.g. WHOQOL, EQ-5D, 36-item Short Form
Health Survey (SF-36)).

• Non-serious adverse events as defined or reported by the
trialists, and not included under the ICH Guidelines for serious
adverse events [54].

• Biochemical response (proportion of people without a decrease
in liver enzymes, such as aspartate aminotransferase (AST),
alanine aminotransferase (ALT), alkaline phosphatases (ALP),
and gamma-glutamyl transpeptidase (GGT)).

• Imaging assessment of degree of fatty liver at the end of
follow-up, assessed by ultrasound, computed tomography,
or magnetic resonance imaging [55, 56, 57]. The included
trials mainly used ultrasound, and the findings are based on
lipid accumulation in the liver. NAFLD sonographic features

include increased echogenicity, hepatomegaly, and intra-
hepatic vascular blurring. This technique is qualitative, and
there is a lack of sonographic criteria for diCerent degrees of
steatosis.

We contacted trial authors to enquire if outcomes were measured
but not reported, or outcomes were not measured and therefore
not reported. We also contacted trial authors to enquire about
serious adverse events that were not reported in the primary or any
other identified publication.

Search methods for identification of studies

To minimise bias in our search results, we followed the guidance
in Chapter 4 of the Cochrane Handbook for Systematic Reviews of
Interventions [58] and in PRISMA-S (PRISMA-S Checklist; [59]) to
plan and describe the search process for the review. The Cochrane
Hepato-Biliary Group Information Specialist developed the search
strategies and performed the electronic searches. We imposed no
restrictions on language of publication, date, or status.

Electronic searches

We searched the following databases.

• Cochrane Hepato-Biliary Group Controlled Trials Register via the
Cochrane Register of Studies Web (2 February 2024)

• Cochrane Central Register of Controlled Trials (CENTRAL) (2024;
Issue 2) in the Cochrane Library

• MEDLINE ALL Ovid (1946 to 2 February 2024)

• Embase Ovid (1974 to 2 February 2024)

• LILACS (Latin American and Caribbean Health Science
Information database) (VHL Regional Portal; 1982 to 2 February
2024)

• Science Citation Index Expanded (Web of Science; 1900 to 2
February 2024)

• Conference Proceedings Citation Index-Science (Web of Science;
1990 to 2 February 2024).

• China National Knowledge Infrastructure (CNKI), Wanfang Data,
and SinoMed (2 February 2024).

Supplementary material 1 provides the search strategies with the
date range of the searches.

Searching other resources

We searched ClinicalTrials.gov (clinicaltrials.gov/), the European
Medicines Agency (EMA; www.ema.europa.eu/ema/), the World
Health Organization International Clinical Trials Registry Platform
(www.who.int/ictrp), the US Food and Drug Administration (FDA;
www.fda.gov), as well as pharmaceutical company sources,
reference lists of potentially eligible studies, and relevant reviews
for ongoing or unpublished trials on 2 February 2024.

We contacted the authors of each included trial for information
regarding unpublished trials. We searched the reference lists of
identified trials for potentially eligible studies. None of the included
trials had records of retractions or data corrections.
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Data collection and analysis

Selection of studies

Two review authors (LLY and HZW) independently inspected
citations from the searches and identified relevant records. One
review author (HYD) independently re-inspected a random 20%
sample of these records to ensure reliability. Where disputes arose,
we acquired the full-text report for more detailed scrutiny. Three
review authors (LLY, HZW, and MB) obtained and inspected full-
text reports of the records meeting the review criteria. One review
author (HYD) re-inspected a random 20% sample of the full-text
reports to ensure reliable selection. We contacted the study authors
for clarification to resolve discrepancies. We recorded the selection
process in suCicient detail to complete a PRISMA 2020 flow diagram
[60, 61].

For the reasons for exclusion of excluded studies, see
Supplementary material 3 table. For characteristics of studies
awaiting classification, see Supplementary material 4 table. For
characteristics of ongoing studies, see Supplementary material 5
table.

We identified and collated multiple reports of the same trial under
a single reference ID so that each trial, rather than each report, was
the unit of interest in the review.

Data extraction and management

We used a data collection form for trial characteristics and outcome
data that had been piloted on at least one trial in the review. Two
review authors (HYD and LJL) extracted the following information
from the included trials.

• Methods: trial registration, trial design, trial period, number of
trial centres and location, trial setting, withdrawals/dropouts,
and date of trial.

• Participants: mean age, age range, sex, diagnostic criteria,
diagnostic methods, severity of condition, baseline liver
function, smoking history, inclusion criteria and exclusion
criteria.

• Intervention: intervention, comparison, concomitant
medications, and excluded medications.

• Outcomes: planned outcomes in the trial protocol, if available,
for later comparison during risk of bias assessment.

• Time points of the outcome data.

• Notes: funding for trials, and notable conflicts of interest
reported by the trial authors.

Two review authors (HYD and LJL) independently extracted
outcome data from the included trials. We noted in the
Supplementary material 2 table whether outcome data were
not reported in a usable way. Any disagreements were resolved
by consensus involving all review authors. We contacted the
trial investigators in the case of inadequate information or
discrepancies.

One review author (HZW) entered the data into the Supplementary
material 2 table in RevMan soZware [62], and another review author
(LLY) checked the data entry against the trial reports for accuracy.

For data only presented in figures, we extracted data using the open
source soZware Plot Digitizer (plotdigitizer.sourceforge.net/).

Risk of bias assessment in included studies

Two review authors (PYZ and GJ) independently assessed risk of
bias using the Cochrane RoB 2 tool (available at Risk of bias tools -
Current version of RoB 2) and according to the Cochrane Handbook
for Systematic Reviews of Interventions [63, 64, 65]. We assessed the
eCect of assignment to the intervention. We used the intention-to-
treat (ITT) principle to assess the risk of bias domains whenever
possible.

We assessed the following risk of bias domains [64, 66].

• Bias arising from the randomisation process

• Bias due to deviations from intended interventions

• Bias due to missing outcome data

• Bias in measurement of an outcome

• Bias in selection of the reported result

The signalling questions for these domains are shown in
Supplementary material 9 [64]. The response options for the
signalling questions are as follows.

• Yes

• Probably yes

• Probably no

• No

• No information

We judged overall risk of bias as follows.

• Low risk of bias: the trial is judged at low risk of bias for all
domains for this result.

• Some concerns: the trial is judged to raise some concerns in at
least one domain for this result, but is not at high risk of bias for
any of the remaining domains.

• High risk of bias: the trial is judged at high risk of bias in at least
one domain for this result, or the trial is judged to have some
concerns for multiple domains such that our confidence in the
result is substantially lowered.

The risk of bias assessment informs the GRADE approach for
assessing the certainty of a body of evidence [67].

Our summary of findings tables (see Certainty of the evidence
assessment) contain seven outcomes (i.e. all-cause mortality, liver-
related mortality, serious adverse events, liver-related morbidity,
health-related quality of life, non-serious adverse events, and
biochemical response) for which we assessed the risk of bias at the
longest follow-up time point.

Measures of treatment eDect

We used Cochrane RevMan soZware [62].

Dichotomous/binary data

For dichotomous outcomes, we calculated and presented risk
ratios (RR) with 95% confidence intervals (CIs). For binary data
presented in the summary of findings tables, we calculated
illustrative comparative risks where possible.
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Continuous data

For continuous outcomes, we calculated and presented mean
diCerences (MD) with 95% CI. We abstracted the MD and standard
deviation (SD) between groups. If no SDs were available, we
contacted the corresponding authors to obtain the missing data or
imputed the data using the calculator provided in RevMan [62]. We
estimated MD and its 95% CI when the trials measured the outcome
of interest using the same tool; we estimated the standardised
mean diCerence (SMD) and its 95% CI when the trials measured the
same outcome in diCerent ways. We interpreted SMDs as follows:
SMD less than 0.40 for small intervention eCects; SMD between 0.40
and 0.70 for moderate intervention eCects; and SMD greater than
0.70 for large intervention eCects [68]. Given that the SMD method
does not correct for diCerences in direction of scale, if some scales
increased with disease severity (e.g. a higher score indicates more
severe condition) while others decreased (a higher score indicates
less severe condition), we multiplied the mean values from one set
of studies by –1 (or alternatively to subtract the mean from the
maximum possible value for the scale) to ensure that all the scales
pointed in the same direction, before standardisation [69].

For skewed data, we applied the following standards before
inclusion.

For outcome data from studies with fewer than 200 participants:

• if a scale started from the number zero, we subtracted the lowest
possible value from the mean, and divided this by the SD. When
this value was lower than 1, we excluded the data. When this
ratio was higher than 1 but below 2, we entered the data and
tested whether their inclusion or exclusion changed the results
substantially. Finally, if the ratio was larger than 2, we included
the data because a skewness is less likely to be present [70];

• if a scale started from a positive value, we modified the
calculation described above to take the scale's starting point
into account. In these cases, skewness was present if 2 SD > (S −
Smin), where S was the mean score and Smin was the minimum

score [71].

For outcome data from trials with more than 200 participants, we
entered all relevant data in the analysis irrespective of the above
rules, as skewed data in large studies pose less of a problem.

Count data

When adverse events were recorded as count data, for the counts of
common events such as nausea, diarrhoea, or vomiting, we treated
the counts in the same way as continuous outcome data; for those
counts of rare events, we treated the data as 'Poisson data', and
calculated the rate ratio and presented the result in the Results
section [72].

Unit of analysis issues

The unit of analysis was the participants with NAFLD as originally
randomised to the trial groups. In trials with one experimental and
one control parallel-group design, we compared the experimental
intervention group versus the control group. In parallel-group trials
with more than two intervention groups, we combined the vitamin
E groups if possible and compared the combined group to the
placebo or no-intervention group.

For analyses of cluster trials, we had planned to follow the formula
in Chapter 23 of the Cochrane Handbook for Systematic Reviews of
Interventions [66]. AZer appropriate analyses, we would combine
cluster-randomised trials with individually randomised trials using
the generic inverse-variance method.

For cross-over trials, we planned to include only data from the first
intervention period to avoid carry-over eCects [66].

We listed all treatment arms in the Supplementary material 2 table,
irrespective of whether they were used in the review.

Dealing with missing data

We contacted the original trial investigators of all 16 included trials
to request missing outcome data. We investigated attrition bias (i.e.
dropouts, losses to follow-up, and withdrawals). We performed an
ITT analysis whenever possible [64]; otherwise, we performed a
modified ITT analysis based on the trial authors' data. The modified
ITT analysis adheres to the ITT principle, except that participants
with missing outcome data are excluded [64].

For the critical outcomes, we included trial participants with
incomplete or missing data in sensitivity analyses by imputing them
according to the following scenarios [73].

• Extreme-case analysis favouring the experimental intervention
('best-worse' case scenario): none of the dropouts/participants
lost from the experimental arm, but all the dropouts/
participants lost from the control arm experienced the outcome,
including all randomised participants in the denominator.

• Extreme-case analysis favouring the control intervention
('worst-best' case scenario): all dropouts/participants lost
from the experimental arm, but none from the control arm
experienced the outcome, including all randomised participants
in the denominator.

We addressed the potential impact of missing data on the findings
of the review in the Discussion section [72].

Reporting bias assessment

Reporting biases arise when the dissemination of research findings
is influenced by the nature and direction of the results. These are
described in Chapter 13 of the Cochrane Handbook for Systematic
Reviews of Interventions [74]. We are aware that funnel plots may
be useful in investigating reporting biases but are of limited power
to detect small-study eCects. We used funnel plots for outcomes
where there were 10 or more trials. We did not use funnel plots
where all trials were of similar sizes. We sought statistical advice on
the interpretation of funnel plots when used.

We planned to perform adjusted rank correlation [75] and
a regression asymmetry test [76] for detection of bias, and
considered a P value less than 0.10 significant in these analyses.

Synthesis methods

Our primary analysis included all eligible trials where outcome data
were provided. We used the random-eCects model meta-analysis as
our main analysis, according to Chapter 10 of Cochrane Handbook
for Systematic Reviews of Interventions [72]. We presented all results
with 95% CIs using RevMan soZware [62].
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We planned to conduct meta-analysis only where it was meaningful
to do so, as described in Chapter 12 (Table 12.1.a) of the Cochrane
Handbook for Systematic Reviews of Interventions [77]. If meta-
analysis was not possible, we would summarise the main findings
and results of the included trials in a narrative format.

We investigated heterogeneity between trials by considering the I2
statistic alongside the Chi2 P value. We used a P value of 0.10 to
determine statistical significance.

We interpreted the I2 statistic as follows [72].

• 0% to 40%: might not be important.

• 30% to 60%: may represent moderate heterogeneity.

• 50% to 90%: may represent substantial heterogeneity.

• 75% to 100%: considerable heterogeneity.

Where we found considerable inconsistency, we attempted to
determine the reasons for it by examining whether data had been
entered correctly. We also attempted to inspect the graph visually
and remove outlying trials to see if homogeneity was restored.

Where unanticipated clinical or methodological heterogeneity
was obvious, we simply stated hypotheses regarding this for
future reviews or versions of this review. We did not anticipate
undertaking analyses relating to this.

Investigation of heterogeneity and subgroup analysis

We aimed to conduct the following subgroup analyses.

• Stages of NAFLD, NAFL compared to NASH (as NASH progresses
from NAFL, the diCerence between the two can aCect the
outcomes of vitamin E treatment).

• Low-dose vitamin E (less than 400 IU per day) compared to high-
dose vitamin E (400 IU per day or greater).

• Short-term treatment (less than one year) compared to long-
term treatment (one year or more).

• Trials at low risk of bias or some concerns compared to trials
at high risk of bias because trials at high risk of bias may
overestimate beneficial intervention eCects or underestimate
harmful intervention eCects.

• Trials at risk of for-profit support compared to trials without
for-profit support because trials with for-profit support may
overestimate beneficial intervention eCects or underestimate
harmful intervention eCects [78].

We planned to perform subgroup analyses of the following
outcomes.

• All-cause mortality

• Liver-related mortality

• Serious adverse events

• Liver-related morbidity

• HRQoL

• Proportion of people without a biochemical response

• Proportion of people without an imaging response

We used the formal test for subgroup interactions in RevMan [62].
For heterogeneous data, we planned to conduct a meta-regression
between intervention eCect and dose, or follow-up.

Equity-related assessment

We did not investigate equity-related characteristics in this review.

Sensitivity analysis

We planned to conduct the following sensitivity analyses for all
outcomes.

• Excluding trials at high risk of bias.

• Conducting analyses using a fixed-eCect model.

• Extreme-case analysis, favouring the experimental intervention
(see Dealing with missing data).

• Extreme-case analysis, favouring the control intervention (see
Dealing with missing data).

• Imputed values. We planned to exclude trials with imputed data,
to assess the eCects of including data from trials where we
used imputed values. If there were substantial diCerences, we
would not pool data from the excluded trials with the other
trials contributing to the outcome and would present them
separately.

• Assessment of imprecision with Trial Sequential Analysis. We
planned to compare our GRADE assessment of imprecision with
the Trial Sequential Analysis assessment of imprecision for our
critical outcomes (i.e. all-cause mortality, liver-related mortality,
and serious adverse events) [79, 80, 81].

Trial Sequential Analysis

We planned to use Trial Sequential Analysis on our critical
outcomes to calculate the diversity-adjusted required information
size (DARIS) and to reduce the risk of random errors due to
sparse data and repetitive testing of accumulating data [82, 83,
84]. We calculated the DARIS using the following parameters for
dichotomous outcomes [85]: the proportion of events in the control
group estimated from the included trials; anticipated intervention
eCect (risk ratio reduction, RRR) of 20% based on the intervention
eCect suggested by trials at any risk of bias; alpha of 2.5% and a beta
of 10% and diversity of the meta-analysis [81, 86].

We performed the meta-analyses sequentially by introducing trials
in chronological order [86]. When more than one trial is published
in one year, trials are added in alphabetical order, according to the
name of the first author. On the basis of the required information
size, we planned to construct the trial sequential monitoring
boundaries for benefits, harms, and futility using the O'Brien-
Fleming alpha-spending and beta-spending functions. If a trial
sequential monitoring boundary is crossed before the required
information size is reached, a suCicient level of evidence is attained,
and the results of the meta-analysis may be considered conclusive,
and no additional trials may be needed. Conversely, if a boundary
is not crossed, the meta-analysis is inconclusive, and more trials
may be needed to detect or reject a certain intervention eCect.
When the cumulative Z-curve crosses the futility boundaries, a
suCicient level of evidence is reached that the two treatments do
not diCer in eCect, and no additional trials may be needed. In
all situations where no trial sequential monitoring boundaries are
reached, further studies may be needed until the information size
is reached, or until monitoring boundaries are crossed [79, 81].

In Trial Sequential Analysis where the cumulative Z-value does not
cross the monitoring boundaries for benefit, harm, or futility, we
planned to downgrade our assessment of imprecision by two levels
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if the accrued number of participants was below 50% of the DARIS,
and one level if it was between 50% and 100% of the DARIS [81]. We
did not plan to downgrade for imprecision if the cumulative Z-value
reached or crossed benefit, harm, futility, or DARIS [80, 81].

We performed this analysis with Trial Sequential Analysis soZware,
version 0.9.5.10 beta [82, 83], using the random-eCects model.
However, as the monitoring boundaries were not crossed for
the planned outcomes, and our result was similar to the GRADE
assessment of imprecision, we did not present the Trial Sequential
Analysis figures.

Certainty of the evidence assessment

We used the GRADE approach to interpret the findings of our review
[68]. We used GRADEpro GDT soZware to create two summary
of findings tables [87, 67], as both comparisons were clinically
important. We used GRADE to assess the following outcomes: all-
cause mortality, liver-related mortality, serious adverse events,
liver-related morbidity, HRQoL, non-serious adverse events, and
biochemical response. For each outcome, we provided the range of
follow-up and the median.

Two review authors (HYD and LJL) performed the GRADE
assessment based on the five GRADE considerations: risk
of bias (we used the overall RoB 2 judgement to assess
the methodological quality of trials), inconsistency of results
(unexplained heterogeneity), indirectness of evidence (population,
intervention, comparator, or outcome), imprecision of results (wide
CIs), and publication bias. Any disagreements were resolved by
consensus involving all review authors.

Regarding risk of bias, we used the overall risk of bias judgement
to inform the GRADE assessment: 'low risk of bias' indicates 'no
limitation' (no downgrading); 'some concerns' indicates either
'no limitation' or 'serious limitation' (certainty of evidence is
downgraded one level); and 'high risk of bias' indicates either
'serious limitation' or 'very serious limitation' (certainty of evidence
is downgraded two levels).

We used the methods and recommendations described in
Chapter 14 of the Cochrane Handbook for Systematic Reviews
of Interventions [67]. We used the updated guidance on rating
imprecision [88]. We calculated the optimal information size
which helped us assess imprecision. We justified all decisions to
downgrade the certainty of the evidence using footnotes, and made
comments to aid the reader's understanding of the review where
necessary.

We defined the levels of evidence as high, moderate, low, or very
low following the GRADE Working Group grades of evidence.

• High certainty: we are very confident that the true eCect lies
close to that of the estimate of the eCect.

• Moderate certainty: we are moderately confident in the eCect
estimate: the true eCect is likely to be close to the estimate of the
eCect, but there is a possibility that it is substantially diCerent.

• Low certainty: our confidence in the eCect estimate is limited:
the true eCect may be substantially diCerent from the estimate
of the eCect.

• Very low certainty: we have very little confidence in the eCect
estimate: the true eCect is likely to be substantially diCerent
from the estimate of eCect.

We conducted the review according to our published protocol
and have reported any deviations from it in the beginning of the
Methods section.

Consumer involvement

No.

R E S U L T S

Description of studies

Results of the search

Our electronic searches dated 2 February 2024 identified 3543
references of possible interest: the Cochrane Hepato-Biliary Group
Controlled Trials Register (107 records), CENTRAL (851 records),
MEDLINE ALL Ovid (349 records), Embase Ovid (927 records), LILACS
(24 records), Science Citation Index Expanded and Conference
Proceedings Citation Index-Science (1022 records), CNKI (72
records), Wanfang Data (106 records), and SinoMed (85 records).
We identified one additional reference by handsearching. AZer
removal of 804 duplicate references, we screened 2740 references.
We excluded 2683 clearly irrelevant records based on title and
abstract and retrieved 57 full-text records for further assessment.
We excluded 21 records (reasons for exclusion are provided in
Supplementary material 3). Six trials are awaiting classification,
and three trials are ongoing. We included a total of 16 trials (27
records) (Supplementary material 2).

None of the included trials had records of retractions or data
corrections during the time of the review preparation.

The flow of references is shown in the PRISMA flowchart (Figure 1).
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Figure 1.   PRISMA flow diagram [60, 61]. Date of search 2 February 2024.
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Included studies

We included 16 randomised clinical trials (Akcam 2011 [89];
Anushiravani 2019 [90]; Bril 2019 [91, 92]; Devarajan 2023 [93];
Dufour 2006 [94, 95]; Ekhlasi 2016 [96, 97]; Ghergherehchi 2013
[98]; Harrison 2003 [99]; Lavine 2011 [100]; Magosso 2013 [101]; Mir
2024 [102, 103]; Mohammadi 2022 [104]; Nobili 2006 [105, 106, 107];
Pervez 2020 [108, 109]; Sanyal 2010 [110, 111, 112, 113, 114]; Vajro
2004 [115]). The trials were published from 2003 to 2024.

All 16 trials used a parallel-group design, assessing in total two
(Devarajan 2023; Ghergherehchi 2013; Harrison 2003; Magosso
2013; Nobili 2006; Pervez 2020; Vajro 2004), three (Akcam 2011;
Bril 2019; Dufour 2006; Lavine 2011; Sanyal 2010), four (Ekhlasi
2016; Mir 2024; Mohammadi 2022), and five (Anushiravani 2019)
intervention groups.

The trials were conducted in Iran (Anushiravani 2019; Ekhlasi
2016; Ghergherehchi 2013; Mohammadi 2022), the USA (Bril 2019;
Harrison 2003; Lavine 2011; Sanyal 2010), Italy (Nobili 2006;
Vajro 2004), Malaysia (Magosso 2013), Pakistan (Pervez 2020),
Switzerland (Dufour 2006), India (Devarajan 2023; Mir 2024), and
Turkey (Akcam 2011).

Two trials included outpatients (Akcam 2011; Anushiravani 2019);
three trials were conducted in a clinic (Bril 2019; Ghergherehchi
2013; Mohammadi 2022); four trials were conducted at clinical
centres (Dufour 2006; Ekhlasi 2016; Lavine 2011; Sanyal 2010); three
trials were conducted in institutes (Harrison 2003; Pervez 2020;
Vajro 2004); three trials were conducted at hospitals (Devarajan
2023; Nobili 2006; Mir 2024); and one trial included volunteers from
a population-based study on the prevalence of NAFLD (Magosso
2013).

Participants

The 16 trials randomised a total of 1066 participants with NAFLD
to vitamin E with or without vitamin C versus placebo or no
intervention. The number of participants in the trials ranged from
28 to 167. Participants in five trials were with biopsy-proven NASH
(Bril 2019; Dufour 2006; Ekhlasi 2016; Harrison 2003; Sanyal 2010),
while participants in the remaining 11 trials were with NAFLD, with
unknown stage.

Five trials included children and adolescents (Akcam 2011;
Ghergherehchi 2013; Harrison 2003; Nobili 2006; Vajro 2004), while
11 trials included only adult participants (Anushiravani 2019; Bril
2019; Devarajan 2023; Dufour 2006; Ekhlasi 2016; Harrison 2003;
Magosso 2013; Mir 2024; Mohammadi 2022; Pervez 2020; Sanyal
2010).

One trial reported the baseline vitamin E status of participants as
within normal limits (Vajro 2004). The remaining 15 trials did not
report this information.

Experimental interventions

Vitamin E was administered alone in 14 trials (Akcam 2011;
Anushiravani 2019; Bril 2019; Devarajan 2023; Dufour 2006; Ekhlasi
2016; Ghergherehchi 2013; Lavine 2011; Magosso 2013; Mir 2024;
Mohammadi 2022; Pervez 2020; Sanyal 2010; Vajro 2004), while
vitamin E plus vitamin C was administered in two trials (Harrison
2003; Nobili 2006).

The daily dosages of vitamin E were measured in international
units (IU) in 11 trials, ranging from 400 IU to 1000 IU (Akcam 2011;
Anushiravani 2019; Bril 2019; Dufour 2006; Ekhlasi 2016; Harrison
2003; Lavine 2011; Mir 2024; Mohammadi 2022; Nobili 2006; Sanyal
2010), and in milligrams (mg) in five trials, ranging from 200 mg
to 400 mg (Devarajan 2023; Ghergherehchi 2013; Magosso 2013;
Pervez 2020; Vajro 2004). As 1 mg is equivalent to about 1.49 IU, the
daily dosages of vitamin E ranged from 298 IU to 1000 IU in all 16
trials.

Six trials reported that the vitamin E was naturally made (i.e.
extracted from plant oils) (Bril 2019; Dufour 2006; Lavine 2011;
Mohammadi 2022; Pervez 2020; Sanyal 2010).

Control interventions

Thirteen trials used a placebo in the control group (Anushiravani
2019; Bril 2019; Dufour 2006; Ekhlasi 2016; Ghergherehchi 2013;
Harrison 2003; Lavine 2011; Magosso 2013; Mohammadi 2022;
Nobili 2006; Pervez 2020; Sanyal 2010; Vajro 2004), while the
remaining three trials had a no-intervention control group (Akcam
2011; Devarajan 2023; Mir 2024).

The placebo was cornstarch in Ekhlasi 2016, sugar pill in Vajro 2004,
and sucrose capsule in Pervez 2020. The remaining trials using
placebo did not describe what it was made of (Anushiravani 2019;
Bril 2019; Dufour 2006; Ghergherehchi 2013; Harrison 2003; Lavine
2011; Magosso 2013; Mohammadi 2022; Nobili 2006; Sanyal 2010).

Co-interventions

Lifestyle (to increase physical activity including aerobic exercise
like brisk walking, jogging, running, etc.) and diet (low-calorie diet)
interventions were applied to all trial groups in 12 trials (Akcam
2011; Anushiravani 2019; Bril 2019; Ghergherehchi 2013; Harrison
2003; Lavine 2011; Mir 2024; Mohammadi 2022; Nobili 2006; Pervez
2020; Sanyal 2010; Vajro 2004). The participants in Dufour 2006
were not actively asked to change their lifestyle or diet. Participants
in Ekhlasi 2016 maintained unchanged dietary energy intake and
physical activity throughout the trial. Participants in the Magosso
2013 trial were given no guidance about specific diets, but were
advised about the overall health benefits of increased physical
activity and a reduced-fat diet. Participants in the Devarajan 2023
trial had type 2 diabetes. They were asked to maintain diabetes
treatments unchanged during the trial; treatments included oral
hypoglycaemic agents and insulin.

One trial used ursodeoxycholic acid in both treatment groups
(Dufour 2006).

Trials with more than two intervention groups

Five trials had three intervention groups (Akcam 2011; Bril 2019;
Dufour 2006; Lavine 2011; Sanyal 2010); three trials had four groups
(Ekhlasi 2016; Mir 2024; Mohammadi 2022); and one trial had five
intervention groups (Anushiravani 2019). We analysed only the
groups in which vitamin E alone or in combination with vitamin
C was compared with placebo or no intervention. Information
on the omitted experimental or control groups is provided in
Supplementary material 2.

Dropouts

The number of dropouts in the included trials was 84 (7.9%) out of
1066 participants. There were no dropouts in six trials (Akcam 2011;
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Anushiravani 2019; Ghergherehchi 2013; Mir 2024; Mohammadi
2022; Pervez 2020).

Follow-up

Follow-up ranged from 2 months to 24 months. Follow-up for all-
cause mortality ranged from 18 months to 24 months (median 24
months). Follow-up for serious adverse events, HRQoL, and non-
serious adverse events was 24 months. Follow-up ranged from 2
months to 24 months (median 6 months) for biochemical response
and from 5 months to 24 months (median 6 months) for image
response.

Outcomes

Three trials reported all-cause mortality (Bril 2019; Lavine 2011;
Sanyal 2010). None of the included trials assessed liver-related
mortality. Two trials assessed and reported HRQoL (Lavine 2011;
Sanyal 2010). Two trials assessed and reported serious adverse
events (Lavine 2011; Sanyal 2010). Three trials reported adverse
events with details (Bril 2019; Lavine 2011; Sanyal 2010); eight trials
reported zero adverse events (Akcam 2011; Anushiravani 2019;
Devarajan 2023; Ekhlasi 2016; Magosso 2013; Nobili 2006; Pervez
2020; Vajro 2004); one trial reported "no significant side eCects"
without providing detailed information (Harrison 2003); one trial
reported "the rates of adverse events were comparable between
groups" without providing detailed information (Mir 2024); and
three trials did not report data on adverse events (Dufour 2006;
Ghergherehchi 2013; Mohammadi 2022). FiZeen trials reported
biochemical response (Anushiravani 2019; Bril 2019; Devarajan
2023; Dufour 2006; Ekhlasi 2016; Ghergherehchi 2013; Harrison
2003; Lavine 2011; Magosso 2013; Mir 2024; Mohammadi 2022;
Nobili 2006; Pervez 2020; Sanyal 2010; Vajro 2004). The Akcam 2011
trial assessed biochemical response but did not report on it. Eight
trials assessed and reported imaging assessment of fatty liver using
ultrasound (Akcam 2011; Ghergherehchi 2013; Magosso 2013; Mir
2024; Mohammadi 2022; Nobili 2006; Pervez 2020; Vajro 2004). The
Anushiravani 2019 trial assessed fatty liver but did not report on it.

Funding

Five trials were industry funded (Dufour 2006; Lavine 2011;
Magosso 2013; Mohammadi 2022; Sanyal 2010). Five trials were
funded through academic grants without financial support from
a commercial entity (Anushiravani 2019; Bril 2019; Ekhlasi 2016;
Ghergherehchi 2013; Pervez 2020). Three trials disclosed no
external funding (Devarajan 2023; Harrison 2003; Mir 2024).
Three trials provided no information on clinical trial support or
sponsorship (Akcam 2011; Nobili 2006; Vajro 2004).

For details of the included studies, see Supplementary material 2.

Excluded studies

The reasons for exclusion of excluded studies are provided in
Supplementary material 3. A summary is provided here.

• Reasons related to interventions or co-interventions, e.g. all
groups used vitamin E (Abenavoli 2017 [116]; Afsharinasab
2020 [117]; Dallio 2020 [118]; Ebrahimi-Mameghani 2016 [119];
Ebrahimi-Mameghani 2017 [120]; Fouda 2021 [121]; Han 2014
[122]; Kugelmas 2003 [123]; Majnooni 2021 [124]; NCT04193982
[125]; NCT04781933 [126]; Palamaru 2017 [127]; Pervez 2022
[128]; Podszun 2020 [129]; Poulos 2022 [130]; Qin 2015 [131];
Wang 2008 [132]; Yoon 2021 [133]).

• Reasons related to participants, NASH was diagnosed on
ultrasound or FibroScan only (Barbakadze 2020 [134]; Basu 2014
[135]).

Risk of bias in included studies

We assessed the risk of bias in our predefined outcomes with trial
data (Supplementary material 6). Detailed risk of bias assessments
are available on reasonable request.

Domain 1: bias arising from the randomisation process

All-cause mortality

We judged the risk of bias arising from the randomisation process to
be low in the three trials reporting data on all-cause mortality (Bril
2019; Lavine 2011; Sanyal 2010), as they used random components
in the sequence generation process, and there were no baseline
diCerences to suggest problems with the randomisation process.

Serious adverse events

We judged the risk of bias arising from the randomisation process
to be low in the two trials reporting data on serious adverse events
(Lavine 2011; Sanyal 2010), as they used random components
in the sequence generation process, and there were no baseline
diCerences to suggest problems with the randomisation process.

Health-related quality of life

We judged the risk of bias arising from the randomisation process
to be low in the two trials reporting data on health-related quality
of life (Lavine 2011; Sanyal 2010), as they used random components
in the sequence generation process, and there were no baseline
diCerences to suggest problems with the randomisation process.

Non-serious adverse events

We judged the risk of bias arising from the randomisation
process to be low in the two trials reporting data on non-serious
adverse events (Lavine 2011; Sanyal 2010), as they used random
components in the sequence generation process, and there were no
baseline diCerences to suggest problems with the randomisation
process.

Liver enzyme levels, serum ALT levels

We judged the risk of bias arising from the randomisation process
to be low in 10 trials (Anushiravani 2019; Bril 2019; Dufour 2006;
Ekhlasi 2016; Ghergherehchi 2013; Harrison 2003; Lavine 2011;
Magosso 2013; Pervez 2020; Sanyal 2010), as they used random
components in the sequence generation process, and there were no
baseline diCerences to suggest problems with the randomisation
process. We judged the risk of bias arising from the randomisation
process to be with some concerns in three trials because the
authors reported only baseline characteristics of participants in
the final analysis (Mohammadi 2022; Nobili 2006; Vajro 2004).
Two of these trials did not provide details on how the random
sequence was generated (Mohammadi 2022; Nobili 2006), and the
trial by Vajro 2004 used sealed envelopes for the allocation of
participants without a clear description of whether envelopes were
sequentially numbered, opaque, or were only opened aZer they
were irreversibly assigned to the participants.
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Liver enzyme levels, serum AST levels

We judged the risk of bias arising from the randomisation process
to be low in nine trials (Anushiravani 2019; Bril 2019; Dufour 2006;
Ekhlasi 2016; Ghergherehchi 2013; Lavine 2011; Magosso 2013;
Pervez 2020; Sanyal 2010), as they used random components in
the sequence generation process, and there were no baseline
diCerences to suggest problems with the randomisation process.
We judged the risk of bias arising from the randomisation
process to be with some concerns in three trials (Devarajan 2023;
Mohammadi 2022; Nobili 2006), as the authors reported only
baseline characteristics of participants in the final analysis. The
three trials did not provide details on how the random sequence
was generated (Devarajan 2023; Mohammadi 2022; Nobili 2006).

Liver enzyme levels, serum ALP levels

We judged the risk of bias arising from the randomisation process
to be low in the five trials reporting serum ALP levels (Ekhlasi 2016;
Lavine 2011; Magosso 2013; Pervez 2020; Sanyal 2010), as they
used random components in the sequence generation process, and
there were no baseline diCerences to suggest problems with the
randomisation process.

Liver enzyme levels, serum GGT levels

We judged the risk of bias arising from the randomisation process
to be low in three trials reporting serum GGT levels (Lavine 2011;
Magosso 2013; Sanyal 2010), as they used random components
in the sequence generation process, and there were no baseline
diCerences to suggest problems with the randomisation process.
We judged the risk of bias arising from the randomisation process
to be some concerns in Nobili 2006 because the authors did not
provide details on how the random sequence was generated.

Domain 2: bias due to deviations from intended interventions

All-cause mortality

We judged the risk of bias due to deviations from intended
interventions to be low in the three trials reporting data on all-
cause mortality (Bril 2019; Lavine 2011; Sanyal 2010), as they used
randomised, double-blind, placebo-controlled designs to prevent
the participants, carers, and people delivering the interventions
from being aware of the assignment, and they employed ITT
analyses.

Serious adverse events

We judged the risk of bias due to deviations from intended
interventions to be low in the two trials reporting data on
serious adverse events (Lavine 2011; Sanyal 2010), as they used
randomised, double-blind, placebo-controlled designs to prevent
the participants, carers, and people delivering the interventions
from being aware of the assignment, and they employed ITT
analyses.

Health-related quality of life

We judged the risk of bias due to deviations from intended
interventions to be low in the two trials reporting data on health-
related quality of life (Lavine 2011; Sanyal 2010), as they used
randomised, double-blind, placebo-controlled designs to prevent
the participants, carers, and people delivering the interventions
from being aware of the assignment, and they employed ITT
analyses.

Non-serious adverse events

We judged the risk of bias due to deviations from intended
interventions to be low in the two trials reporting data on non-
serious adverse events (Lavine 2011; Sanyal 2010), as they used
randomised, double-blind, placebo-controlled designs to prevent
the participants, carers, and people delivering the interventions
from being aware of the assignment, and they employed ITT
analyses.

Liver enzyme levels, serum ALT levels

We judged the risk of bias due to deviations from intended
interventions to be low in five trials (Bril 2019; Ekhlasi 2016; Lavine
2011; Pervez 2020; Sanyal 2010), as they used randomised, double-
blind, placebo-controlled designs to prevent the participants,
carers, and people delivering the interventions from being aware
of the assignment, and they employed ITT analyses. We judged
the risk of bias due to deviations from intended interventions to
be some concerns in eight trials (Anushiravani 2019; Dufour 2006;
Ghergherehchi 2013; Harrison 2003; Magosso 2013; Mohammadi
2022; Nobili 2006; Vajro 2004): six of these trials did not report
what analyses were applied (Anushiravani 2019; Dufour 2006;
Ghergherehchi 2013; Harrison 2003; Mohammadi 2022; Nobili
2006); one trial was a single-blind trial using placebo as control
(Vajro 2004); and one trial excluded participants with protocol
violation (Magosso 2013).

Liver enzyme levels, serum AST levels

We judged the risk of bias due to deviations from intended
interventions to be low in five trials (Bril 2019; Ekhlasi 2016; Lavine
2011; Pervez 2020; Sanyal 2010), as they used randomised, double-
blind, placebo-controlled designs to prevent the participants,
carers, and people delivering the interventions from being aware
of the assignment, and they employed ITT analyses. We judged the
risk of bias due to deviations from intended interventions to be
some concerns in seven trials (Anushiravani 2019; Devarajan 2023;
Dufour 2006; Ghergherehchi 2013; Magosso 2013; Mohammadi
2022; Nobili 2006): five of these trials did not report what analyses
were applied (Anushiravani 2019; Dufour 2006; Ghergherehchi
2013; Mohammadi 2022; Nobili 2006); one trial was open-label
(Devarajan 2023); and one trial excluded participants with protocol
violation (Magosso 2013).

Liver enzyme levels, serum ALP levels

We judged the risk of bias due to deviations from intended
interventions to be low in four trials (Ekhlasi 2016; Lavine 2011;
Pervez 2020; Sanyal 2010), as they used randomised, double-blind,
placebo-controlled designs to prevent the participants, carers,
and people delivering the interventions from being aware of the
assignment, and they employed ITT analyses. We judged the risk
of bias due to deviations from intended interventions to be some
concerns in one trial because participants with protocol violations
were excluded (Magosso 2013).

Liver enzyme levels, serum GGT levels

We judged the risk of bias due to deviations from intended
interventions to be low in two trials (Lavine 2011; Sanyal 2010), as
they used randomised, double-blind, placebo-controlled designs
to prevent the participants, carers, and people delivering the
interventions from being aware of the assignment, and they
employed ITT analyses. We judged the risk of bias due to deviations
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from intended interventions to be some concerns in two other
trials (Magosso 2013; Nobili 2006): the Magosso 2013 trial excluded
participants with protocol violation, and the Nobili 2006 trial did
not report what analyses were applied.

Domain 3: bias due to missing outcome data

All-cause mortality

We judged the risk of bias due to missing outcome data to be some
concerns in the three trials reporting data on all-cause mortality
(Bril 2019; Lavine 2011; Sanyal 2010), as there were imbalances
between numbers or reasons for missing data in these trials,
meaning that missingness could be related to the true outcome in
these trials.

Serious adverse events

We judged the risk of bias due to missing outcome data to be some
concerns in the two trials reporting data on serious adverse events
(Lavine 2011; Sanyal 2010), as there were imbalances between
numbers or reasons for missing data in these trials, meaning that
missingness could be related to the true outcome in these trials.

Health-related quality of life

We judged the risk of bias due to missing outcome data to be some
concerns in the two trials reporting data on health-related quality of
life (Lavine 2011; Sanyal 2010), as there were imbalances between
numbers or reasons for missing data in these trials, meaning that
missingness could be related to the true outcome in these trials.

Non-serious adverse events

We judged the risk of bias due to missing outcome data to be some
concerns in the two trials reporting data on non-serious adverse
events (Lavine 2011; Sanyal 2010), as there were imbalances
between numbers or reasons for missing data in these trials,
meaning that missingness could be related to the true outcome in
these trials.

Liver enzyme levels, serum ALT levels

We judged the risk of bias due to missing outcome data to be low in
eight trials (Anushiravani 2019; Ekhlasi 2016; Ghergherehchi 2013;
Harrison 2003; Mohammadi 2022; Nobili 2006; Pervez 2020; Vajro
2004), as four of the trials reported no missing data and included
all participants in data analyses (Anushiravani 2019; Ghergherehchi
2013; Mohammadi 2022; Pervez 2020), and the remaining four
trials reported one or two missing data in the treatment or control
groups, but the numbers and reasons for missing data between
groups were comparable (Ekhlasi 2016; Harrison 2003; Nobili 2006;
Vajro 2004). We judged the risk of bias due to missing outcome
data to be some concerns in five trials (Bril 2019; Dufour 2006;
Lavine 2011; Magosso 2013; Sanyal 2010), as there were imbalances
between numbers or reasons for missing data in these trials,
meaning that missingness could be related to the true outcome in
these trials.

Liver enzyme levels, serum AST levels

We judged the risk of bias due to missing outcome data to be low
in seven trials (Anushiravani 2019; Devarajan 2023; Ekhlasi 2016;
Ghergherehchi 2013; Mohammadi 2022; Nobili 2006; Pervez 2020),
as four of the trials reported no missing data and included all
participants in data analyses (Anushiravani 2019; Ghergherehchi

2013; Mohammadi 2022; Pervez 2020), and the remaining three
trials reported one or two missing data in the treatment or control
groups, but the numbers and reasons for missing data between
groups were comparable (Devarajan 2023; Ekhlasi 2016; Nobili
2006). We judged the risk of bias due to missing outcome data to
be some concerns in five trials (Bril 2019; Dufour 2006; Lavine 2011;
Magosso 2013; Sanyal 2010), as there were imbalances between
numbers or reasons for missing data in these trials, meaning that
missingness could be related to the true outcome in these trials.

Liver enzyme levels, serum ALP levels

We judged the risk of bias due to missing outcome data to be
low in two trials (Ekhlasi 2016; Pervez 2020), as the trial by Pervez
2020 reported no missing data and included all participants in data
analyses, and the trial by Ekhlasi 2016 reported one missing data in
both treatment and control groups, but the numbers and reasons
for missing data between groups were comparable. We judged the
risk of bias due to missing outcome data to be some concerns
in three trials (Lavine 2011; Magosso 2013; Sanyal 2010), as there
were imbalances between numbers or reasons for missing data in
these trials, meaning that missingness could be related to the true
outcome in these trials.

Liver enzyme levels, serum GGT levels

We judged the risk of bias due to missing outcome data to be low
in one trial (Nobili 2006), as the trial reported two missing data in
the control group and no missing data in the treatment group, but
the numbers and reasons for missing data between groups were
comparable. We judged the risk of bias due to missing outcome
data to be some concerns in three trials (Lavine 2011; Magosso
2013; Sanyal 2010), as there were imbalances between numbers or
reasons for missing data in these trials, meaning that missingness
could be related to the true outcome in these trials.

Domain 4: bias in measurement of the outcome

All-cause mortality

We judged the risk of bias in measurement of the outcome to be
low in the three trials reporting data on all-cause mortality (Bril
2019; Lavine 2011; Sanyal 2010), as it was a prespecified outcome;
comparable methods of outcome measurement were used; and
outcome assessors were blinded to intervention status.

Serious adverse events

We judged the risk of bias in measurement of the outcome to
be low in the two trials reporting data on serious adverse events
(Lavine 2011; Sanyal 2010), as it was a prespecified outcome;
comparable methods of outcome measurement were used; and
outcome assessors were blinded to intervention status.

Health-related quality of life

We judged the risk of bias in measurement of the outcome to be
low in the two trials reporting data on health-related quality of
life (Lavine 2011; Sanyal 2010), as it was a prespecified outcome;
comparable methods of outcome measurement were used; and
outcome assessors were blinded to intervention status.

Non-serious adverse events

We judged the risk of bias in measurement of the outcome to
be low in the two trials reporting data on non-serious adverse
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events (Lavine 2011; Sanyal 2010), as it was a prespecified outcome;
comparable methods of outcome measurement were used; and
outcome assessors were blinded to intervention status.

Liver enzyme levels, serum ALT levels

We judged the risk of bias in measurement of the outcome
to be low in the 13 trials reporting data on serum ALT
levels (Anushiravani 2019; Bril 2019; Dufour 2006; Ekhlasi 2016;
Ghergherehchi 2013; Harrison 2003; Lavine 2011; Magosso 2013;
Mohammadi 2022; Nobili 2006; Pervez 2020; Sanyal 2010; Vajro
2004), as it was a prespecified outcome; comparable methods of
outcome measurement were used; and the outcome did not involve
judgement.

Liver enzyme levels, serum AST levels

We judged the risk of bias in measurement of the outcome
to be low in the 12 trials reporting data on serum AST levels
(Anushiravani 2019; Bril 2019; Devarajan 2023; Dufour 2006;
Ekhlasi 2016; Ghergherehchi 2013; Lavine 2011; Magosso 2013;
Mohammadi 2022; Nobili 2006; Pervez 2020; Sanyal 2010), as it
was a prespecified outcome; comparable methods of outcome
measurement were used; and the outcome did not involve
judgement.

Liver enzyme levels, serum ALP levels

We judged the risk of bias in measurement of the outcome to
be low in the five trials reporting data on serum ALP levels
(Ekhlasi 2016; Lavine 2011; Magosso 2013; Pervez 2020; Sanyal
2010), as it was a prespecified outcome; comparable methods of
outcome measurement were used; and the outcome did not involve
judgement.

Liver enzyme levels, serum GGT levels

We judged the risk of bias in measurement of the outcome to be low
in the four trials reporting data on serum GGT levels (Lavine 2011;
Magosso 2013; Nobili 2006; Sanyal 2010), as it was a prespecified
outcome; comparable methods of outcome measurement were
used; and the outcome did not involve judgement.

Domain 5: bias in selection of the reported result

All-cause mortality

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be
some concerns in two trials reporting data on all-cause mortality
(Bril 2019; Lavine 2011), as no previously published protocol was
available for these trials.

Serious adverse events

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be
some concerns in one trial reporting data on serious adverse events
(Lavine 2011), as no previously published protocol was available.

Health-related quality of life

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be some
concerns in one trial reporting data on health-related quality of life
(Lavine 2011), as no previously published protocol was available.

Non-serious adverse events

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be some
concerns in one trial reporting data on non-serious adverse events
(Lavine 2011), as no previously published protocol was available.

Liver enzyme levels, serum ALT levels

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be some
concerns in 12 trials reporting data on ALT levels (Anushiravani
2019; Bril 2019; Dufour 2006; Ekhlasi 2016; Ghergherehchi 2013;
Harrison 2003; Lavine 2011; Magosso 2013; Mohammadi 2022;
Nobili 2006; Pervez 2020; Vajro 2004), as no previously published
protocol was available for these trials.

Liver enzyme levels, serum AST levels

We judged the risk of bias in selection of the reported result
to be low in one trial (Sanyal 2010), as the analysis plan was
published before unblinded outcome data were available to the
trialists. We judged the risk of bias in selection of the reported
result to be some concerns in 11 trials reporting data on AST
levels (Anushiravani 2019; Bril 2019; Devarajan 2023; Dufour 2006;
Ekhlasi 2016; Ghergherehchi 2013; Lavine 2011; Magosso 2013;
Mohammadi 2022; Nobili 2006; Pervez 2020), as no previously
published protocol was available for these trials.

Liver enzyme levels, serum ALP levels

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be
some concerns in four trials reporting data on ALP levels (Ekhlasi
2016; Lavine 2011; Magosso 2013; Pervez 2020), as no previously
published protocol was available for these trials.

Liver enzyme levels, serum GGT levels

We judged the risk of bias in selection of the reported result to be
low in one trial (Sanyal 2010), as the analysis plan was published
before unblinded outcome data were available to the trialists. We
judged the risk of bias in selection of the reported result to be some
concerns in three trials reporting data on GGT levels (Lavine 2011;
Magosso 2013; Nobili 2006), as no previously published protocol
was available for these trials.
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Overall risk of bias judgement

All-cause mortality

We judged the overall risk of bias to be some concerns in the three
trials reporting data on all-cause mortality (Bril 2019; Lavine 2011;
Sanyal 2010), as we judged these trials to raise some concerns in at
least one domain, but not to be at high risk of bias for any domain
for this outcome.

Serious adverse events

We judged the overall risk of bias to be some concerns in the two
trials reporting data on serious adverse events (Lavine 2011; Sanyal
2010), as we judged these trials to raise some concerns in at least
one domain, but not to be at high risk of bias for any domain for this
outcome.

Health-related quality of life

We judged the overall risk of bias to be with some concerns in the
two trials reporting on health-related quality of life (Lavine 2011;
Sanyal 2010), as we judged these trials to raise some concerns in at
least one domain, but not to be at high risk of bias for any domain
for this outcome.

Non-serious adverse events

We judged the overall risk of bias to be some concerns in the two
trials reporting data on non-serious adverse events (Lavine 2011;
Sanyal 2010), as we judged these trials to raise some concerns in at
least one domain, but not to be at high risk of bias for any domain
for this outcome.

Liver enzyme levels, serum ALT levels

We judged the overall risk of bias to be some concerns in the
13 trials reporting data on serum ALT levels (Anushiravani 2019;
Bril 2019; Dufour 2006; Ekhlasi 2016; Ghergherehchi 2013; Harrison
2003; Lavine 2011; Magosso 2013; Mohammadi 2022; Nobili 2006;
Pervez 2020; Sanyal 2010; Vajro 2004), as we judged these trials to
raise some concerns in at least one domain, but not to be at high
risk of bias for any domain for this outcome.

Liver enzyme levels, serum AST levels

We judged the overall risk of bias to be some concerns in the 12
trials reporting data on serum AST levels (Anushiravani 2019; Bril
2019; Devarajan 2023; Dufour 2006; Ekhlasi 2016; Ghergherehchi
2013; Lavine 2011; Magosso 2013; Mohammadi 2022; Nobili 2006;
Pervez 2020; Sanyal 2010), as we judged these trials to raise some
concerns in at least one domain, but not to be at high risk of bias
for any domain for this outcome.

Liver enzyme levels, serum ALP levels

We judged the overall risk of bias to be some concerns in the five
trials reporting data on serum ALP levels (Ekhlasi 2016; Lavine 2011;
Magosso 2013; Pervez 2020; Sanyal 2010), as we judged these trials
to raise some concerns in at least one domain, but not to be at high
risk of bias for any domain for this outcome.

Liver enzyme levels, serum GGT levels

We judged the overall risk of bias to be some concerns in the four
trials reporting data on serum GGT levels (Lavine 2011; Magosso
2013; Nobili 2006; Sanyal 2010), as we judged these trials to raise

some concerns in at least one domain, but not to be at high risk of
bias for any domain for this outcome.

Synthesis of results

Vitamin E compared with placebo or no intervention for
people with NAFLD

See: Summary of findings 1

Critical outcomes

All-cause mortality

Three trials (351 participants) reported mortality at maximal follow-
up of 18 months to 24 months (Bril 2019; Lavine 2011; Sanyal 2010).
Causes of death were pneumonia and liver failure secondary to
sepsis in a participant who had fibrosis in the Sanyal 2010 trial,
suicide in the Lavine 2011 trial, and ischaemic and haemorrhagic
stroke in two participants who had NASH in the Bril 2019 trial.

The eCect of vitamin E on all-cause mortality (risk ratio (RR)

3.45, 95% confidence interval (CI) 0.57 to 20.86; I2 = 0%; 3 trials,
351 participants, very low certainty evidence; Analysis 1.1) versus
placebo or no intervention is very uncertain. Two trials included
participants with biopsy-proven NASH (Bril 2019; Sanyal 2010),
and one trial included participants with NAFLD (Sanyal 2010).
Participants received vitamin E 400 IU twice daily in the Lavine 2011
and Bril 2019 trials, and vitamin E 800 IU daily in the Sanyal 2010
trial.

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• Fixed-eCect meta-analysis showed a similar result to the

random-eCects model (RR 3.49, 95% CI 0.58 to 21.04; P = 0.97; I2

= 0%; 3 trials, 351 participants); the Peto odds ratio (OR) method
also showed a similar result (Peto OR 7.07, 95% CI 0.99 to 50.66;

P = 1.00; I2 = 0%; 3 trials, 351 participants).

• Best-worst-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group survived, and all those with missing outcome data in
the control group died, vitamin E decreased all-cause mortality

compared with placebo (RR 0.14, 95% CI 0.05 to 0.39; I2 = 0%; 3
trials, 351 participants; Analysis 1.2).

• Worst-best-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group died, and all those with missing outcome data in the
control group survived, vitamin E increased all-cause mortality

compared with placebo (RR 14.07, 95% CI 2.73 to 72.57; I2 = 0%;
3 trials, 351 participants; Analysis 1.3).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Liver-related mortality

No trials reported liver-related mortality.

Serious adverse events (number of events)

We planned to classify adverse events as serious adverse events
and non-serious adverse events following the definitions in the
ICH Guidelines (54). One trial did not classify adverse events
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in conformity with our protocol [136]. The trial authors stated:
"vitamin E was well-tolerated overall, without significant adverse
events", and they reported adverse events in aCected parts of
the body: cardiovascular adverse events, gastrointestinal adverse
events, respiratory adverse events, and others (Bril 2019). Two
trials reported serious adverse events (Lavine 2011; Sanyal 2010):
mood alteration and suicide in the Lavine 2011 trial, and cardiac
ischaemia and liver dysfunction in the Sanyal 2010 trial.

The eCect of vitamin E versus placebo on serious adverse events is

very uncertain (RR 1.91, 95% CI 0.30 to 12.01; I2 = 18%; 2 trials, 283
participants; very low certainty evidence; Analysis 1.5).

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• Fixed-eCect meta-analysis showed a similar result to the

random-eCects model (RR 2.19, 95% CI 0.50 to 9.62; I2 = 18%;
2 trials, 283 participants); the Peto OR method also showed a

similar result (Peto OR 2.39, 95% CI 0.53 to 10.66; P = 0.19; I2 =
41%; 2 trials, 283 participants).

• Best-worst-case scenario analysis. When we assumed that
none of the participants lost to follow-up in the experimental
intervention group had serious adverse events, and all those
with missing outcomes in the control group had serious adverse
events, vitamin E decreased the risk of serious adverse events

compared with placebo (RR 0.21, 95% CI 0.08 to 0.54; I2 = 0%; 2
trials, 283 participants; Analysis 1.6).

• Worst-best-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group had serious adverse events, and none of those with
missing outcomes in the control group had serious adverse
events, vitamin E increased the risk of serious adverse events

compared with placebo (RR 6.63, 95% CI 1.80 to 24.51; I2 = 0%; 2
trials, 283 participants; Analysis 1.7).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Important outcomes

Liver-related morbidity

No trials reported liver-related morbidity, such as gastrointestinal
bleeding, ascites, hepatic encephalopathy, hepatorenal syndrome,
or jaundice.

Health-related quality of life (HRQoL)

Two trials (251 participants) reported HRQoL (Lavine 2011; Sanyal
2010), with increasing scores indicating better quality of life. Sanyal
2010 included participants with biopsy-proven NASH, and Lavine
2011 included participants with NAFLD without stage information.
Both trials used a vitamin E dosage of 800 IU. The Lavine 2011
trial reported final scores, while the Sanyal 2010 trial reported
changes from baseline. Lavine 2011 used the Pediatric Quality of
Life Inventory to assess quality of life (scores range from 0 to
100, with increasing scores indicating better quality of life). Sanyal
2010 used the 36-Item Short-Form Health Survey (SF-36) to assess
quality of life (scores range from 0 to 100, with higher scores
representing better health).

The eCect of vitamin E versus placebo or no intervention on HRQoL,
including physical health (mean diCerence (MD) 0.74, 95% CI −0.52

to 2.01; I2 = 0%; 2 trials, 251 participants; very low certainty
evidence; Analysis 1.9) and psychosocial health (MD −0.57, 95% CI

−4.11 to 2.97; I2 = 0%; 2 trials, 251 participants; very low certainty
evidence; Analysis 1.10) is very uncertain.

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• Fixed-eCect meta-analysis on HRQoL showed similar results to
the random-eCects model for both physical health (MD 0.74,

95% CI −0.52 to 2.01; I2 = 0%; 2 trials, 251 participants) and

psychosocial health (MD −0.57, 95% CI −4.11 to 2.97; I2 = 0%; 2
trials, 251 participants).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Non-serious adverse events

Seven trials (356 participants) reported zero adverse events in
the groups included in this review (Akcam 2011; Anushiravani
2019; Devarajan 2023; Ekhlasi 2016; Magosso 2013; Pervez 2020;
Vajro 2004), and three trials (136 participants) did not report
on this outcome (Dufour 2006; Ghergherehchi 2013; Mohammadi
2022). Three trials (351 participants) reported adverse events with
detailed information (Bril 2019; Lavine 2011; Sanyal 2010). The
Bril 2019 trial reported adverse events, but the authors did not
define whether an adverse event was serious or not, and the
total number of events exceeded the number of participants in
each group, that is, 32 participants had 39 adverse events in
the placebo group, and 36 participants had 49 adverse events in
the vitamin E group. These adverse events were atypical chest
pain or epigastralgia, arrhythmia, diarrhoea/constipation, ALT/AST
elevations, upper respiratory infection, sinusitis, bronchitis, and
others. Adverse events reported in the Sanyal 2010 trial were
hepatotoxicity, cataract, fracture, gastroenteritis, gout, infection,
and others. Adverse events reported in the Lavine 2011 trial were
pain, syncope, and unspecified adverse events. We included two
trials in the meta-analysis on non-serious adverse events (Lavine
2011; Sanyal 2010). The vitamin E dosage was 800 IU, and follow-up
time was 24 months in both trials.

The eCect of vitamin E on non-serious adverse events versus
placebo or no intervention is very uncertain (RR 0.86, 95% CI 0.64 to

1.17; I2 = 40%; 2 trials, 283 participants; very low certainty evidence;
Analysis 1.11) (rate ratio 0.88, 95% CI 0.46 to 1.68; P = 0.689).

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• Fixed-eCect meta-analysis showed similar results to the

random-eCects model (RR 0.89, 95% CI 0.72 to 1.10; I2 = 40%; 2
trials, 283 participants).

• Best-worst-case scenario analysis. When we assumed that
none of the participants lost to follow-up in the experimental
intervention group had adverse events, and all those with
missing outcomes in the control group had adverse events, we

found a similar result (RR 0.67, 95% CI 0.42 to 1.05; I2 = 77%; 2
trials, 283 participants; Analysis 1.12).
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• Worst-best-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group had adverse events, and none of those with missing
outcomes in the control group had adverse events, we found a

similar result (RR 1.04, 95% CI 0.85 to 1.26; I2 = 0%; 2 trials, 283
participants; Analysis 1.13).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Biochemical response

No trials reported the proportion of participants without a decrease
in liver enzymes, such as ALT, AST, ALP, and GGT.

Thirteen trials (826 participants) reported biochemical indices
of serum ALT, AST, ALP, and GGT levels (Anushiravani 2019; Bril
2019; Devarajan 2023; Dufour 2006; Ekhlasi 2016; Ghergherehchi
2013; Lavine 2011; Magosso 2013; Mir 2024; Mohammadi 2022;
Pervez 2020; Sanyal 2010; Vajro 2004). Six trials reported final
scores (Anushiravani 2019; Bril 2019; Devarajan 2023; Dufour 2006;
Ghergherehchi 2013; Mohammadi 2022), while the remaining seven
trials reported changes from baseline for these serum liver enzymes
(Ekhlasi 2016; Lavine 2011; Magosso 2013; Mir 2024; Pervez 2020;
Sanyal 2010; Vajro 2004). The Mir 2024 trial reported changes in ALT
levels from baseline by regression analysis, and we could not use
these data. The Devarajan 2023 trial reported ALT and GGT levels in
median (min, max), as these data were significantly skewed away
from normality, so we excluded these data.

Serum ALT levels (MD −9.29, 95% CI −13.69 to −4.89; I2 = 75%;
11 trials, 708 participants; moderate certainty evidence; Analysis

1.14) and AST levels (MD −4.90, 95% CI −7.24 to −2.57; I2 = 31%;
11 trials, 695 participants; moderate certainty evidence; Analysis
1.15) are likely slightly lower in the vitamin E group compared with
the control group receiving placebo or no intervention. Serum ALP
levels may be slightly lower in the vitamin E group compared with
the control group receiving placebo or no intervention, but the

evidence is very uncertain (MD −5.21, 95% CI −9.88 to −0.54; I2 =
53%; 5 trials, 416 participants; very low certainty evidence; Analysis
1.16). The eCect of vitamin E versus placebo or no intervention on
reducing GGT levels is very uncertain (MD −3.47, 95% CI −11.42 to

4.47; I2 = 44%; 3 trials, 315 participants; very low certainty evidence;
Analysis 1.17).

Subgroup analyses

• Stages of NAFLD (NAFL compared to NASH). This analysis was
not possible as no trial included participants with NAFL.

• Dosages of vitamin E (＜400 IU compared to ≥ 400 IU). The
test for these subgroup diCerences indicated no statistically
significant subgroup eCect (ALT: P = 0.27; AST: P = 0.43),
suggesting that daily dosage of vitamin E in comparison with
placebo or no intervention does not modify the eCect of vitamin
E on reducing biochemical indices. However, as only one trial
contributed data to the ＜400 IU subgroup, the analysis may
not be able to detect subgroup diCerences. Furthermore, there
was substantial unexplained heterogeneity between trials in

the ≥ 400 IU subgroup (I2 = 77%) for ALT levels. The validity
of the treatment eCect estimate for this subgroup is therefore
uncertain, as individual trial results are inconsistent (Analysis

3.2; Analysis 3.5). An insuCicient number of trials precluded
subgroup analysis for ALP and GGT levels.

• Treatment time (＜1 year compared to ≥ 1 year). The test for
these subgroup diCerences indicated no statistically significant
subgroup eCect (ALT: P = 0.08; AST: P = 0.38), suggesting that
treatment time does not modify the eCect of vitamin E on
reducing biochemical indices. However, there was substantial
unexplained heterogeneity between trials within each of these

subgroups (≥ 1 year: I2 = 78%; ＜1 year: I2 = 68%) for ALT
levels. The validity of the treatment eCect estimate for each
subgroup is therefore uncertain, as individual trial results are
inconsistent (Analysis 3.1; Analysis 3.4). An insuCicient number
of trials precluded subgroup analysis for ALP and GGT levels.

• Risk of bias (low risk of bias/some concerns compared to high
risk of bias). This analysis was not possible as all trials had some
concerns.

• Support (with for-profit support compared to without for-profit
support). The test for these subgroup diCerences indicated no
statistically significant subgroup eCect (ALT: P = 0.13; AST: P
= 0.40), suggesting that the type of support does not modify
the eCect of vitamin E in comparison with placebo or no
intervention on reducing biochemical indices. However, as a
smaller number of trials (＜ 5) contributed data to the for-profit
subgroup than to the without-for-profit subgroup, the analysis
may not be able to detect subgroup diCerences. Furthermore,
there was substantial unexplained heterogeneity between trials

in the for-profit subgroup for ALT (I2 = 83%). The validity of
the treatment eCect estimate for each subgroup is therefore
uncertain, as individual trial results are inconsistent (Analysis
3.3; Analysis 3.6). An insuCicient number of trials precluded
subgroup analysis for ALP and GGT levels.

Sensitivity analysis

• Fixed-eCect meta-analyses showed similar results to the
random-eCects model on biochemical responses.

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Imaging response

Six trials (334 participants) reported imaging (ultrasound) response
(Akcam 2011; Ghergherehchi 2013; Magosso 2013; Mohammadi
2022; Pervez 2020; Vajro 2004). The eCect of vitamin E versus
placebo or no intervention on reducing steatosis in ultrasound

(RR 0.82, 95% CI 0.66 to 1.00; I2 = 29%; 4 trials, 236 participants;
Analysis 1.18) and on proportion of participants without a normal

ultrasound (RR 0.87, 95% CI 0.66 to 1.13; I2 = 63%; 4 trials, 256
participants; Analysis 1.21) is unclear.

The Akcam 2011 trial stated NAFLD was assessed according to
the hyperechogenicity of the liver tissue, the discrepancy between
the liver and diaphragm, and visibility of vascular structures. The
ultrasonographic criteria of liver-kidney echo discrepancy, echo
penetration into the deep portion of the liver, and clarity of liver
blood vessel structures were used to diagnose fatty liver in the
Vajro 2004 trial. The remaining four trials did not state or provide
suCicient detail on how liver steatosis was measured by ultrasound.

An insuCicient number of trials precluded subgroup analysis.
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Sensitivity analysis

• Fixed-eCect meta-analysis compared with the random-eCects
model analysis showed diCerent results for vitamin E reducing
steatosis on ultrasound imaging (RR 0.76, 95% CI 0.63 to 0.92;

I2 = 29%; 4 trials, 236 participants) and for the proportion of
participants without a normal ultrasound (RR 0.83, 95% CI 0.71

to 0.97; I2 = 63%; 4 trials, 256 participants).

• Best-worst-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group had reduced steatosis on ultrasound, and all those with
missing outcomes in the control group did not have a reduction
on ultrasound, we found a similar result (RR 0.73, 95% CI

0.50 to 1.05; I2 = 77%; 4 trials, 236 participants; Analysis 1.19).
When we assumed that all participants lost to follow-up in the
experimental intervention group had a normal ultrasound, and
all those with missing outcomes in the control group did not
have a normal ultrasound, we found a similar result (RR 0.70,

95% CI 0.37 to 1.32; I2 = 90%; 4 trials, 256 participants; Analysis
1.22).

• Worst-best-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group did not have a reduction on ultrasound, and all those with
missing outcomes in the control group had reduced steatosis
on ultrasound, we found a similar result (RR 0.89, 95% CI

0.76 to 1.05; I2 = 7%; 4 trials, 236 participants; Analysis 1.20).
When we assumed that all participants lost to follow-up in
the experimental intervention group did not have a normal
ultrasound result, and all those with missing outcomes in the
control group had a normal ultrasound result, we found a similar

result (RR 0.96, 95% CI 0.73 to 1.25; I2 = 57%; 4 trials, 256
participants; Analysis 1.23).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Vitamin E plus vitamin C compared with placebo for people
with NAFLD

See: Summary of findings 2

Critical outcomes

All-cause mortality

No trials reported data on all-cause mortality.

Liver-related mortality

No trials reported data on liver-related mortality.

Serious adverse events

No trials reported data on serious adverse events.

Important outcomes

Liver-related morbidity

No trials reported data on liver-related morbidity.

Health-related quality of life (HRQoL)

No trials reported data on HRQoL.

Non-serious adverse events

One trial reported "no significant side eCects" (Harrison 2003), and
the other trial reported no side eCects or adverse events (Nobili
2006).

Biochemical response

No trials reported the proportion of participants without a decrease
in liver enzymes, such as ALT, AST, ALP, and GGT.

Two trials (139 participants) reported final scores of ALT, AST, and
GGT (Harrison 2003; Nobili 2006), for a follow-up of six months
(Harrison 2003) and 12 months (Nobili 2006).

The eCect of vitamin E plus vitamin C versus placebo on reducing

ALT levels (MD −0.50, 95% CI −4.58 to 3.58; I2 = 0%; 2 trials, 133
participants; very low certainty evidence; Analysis 2.7), AST levels
(MD 0.09, 95% CI −3.39 to 3.57; 1 trial, 88 participants; very low
certainty evidence; Analysis 2.8), and GGT levels (MD 1.58, 95% CI
−3.22 to 6.38; 1 trial, 88 participants; very low certainty evidence;
Analysis 2.9) is very uncertain.

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• Fixed-eCect meta-analysis showed the same results as random-
eCects meta-analysis for ALT levels (MD −0.50, 95% CI −4.58 to

3.58; I2 = 0%; 2 trials, 133 participants), AST levels (MD 0.09, 95%
CI −3.39 to 3.57; 1 trial, 88 participants), and GGT levels (MD 1.58,
95% CI −3.22 to 6.38; 1 trial, 88 participants).

• Risk of bias. We judged the overall risk of bias in all trials
reporting on this outcome to be some concerns, thereby
precluding a sensitivity analysis excluding trials at high risk of
bias.

Imaging response

One trial (88 participants) reported imaging (ultrasound) response
during a follow-up of 12 months (Nobili 2006).

The eCect of vitamin E plus vitamin C versus placebo on reducing
steatosis in ultrasound (RR 1.91, 95% CI 0.79 to 4.64; 1 trial, 88
participants; Analysis 2.10) and on the proportion of participants
without a normal ultrasound (RR 0.96, 95% CI 0.87 to 1.05; 1 trial,
88 participants; Analysis 2.13) is unclear.

An insuCicient number of trials precluded subgroup analysis.

Sensitivity analysis

• As there was only one trial, we did not perform a fixed-eCect
meta-analysis as the result would not change.

• Best-worst-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group had reduced steatosis in ultrasound, and all those with
missing outcomes in the control group did not have a reduction
in ultrasound, we found a similar result (RR 1.50, 95% CI
0.68 to 3.32; P = 0.32; 1 trial, 90 participants; Analysis 2.11).
When we assumed that all participants lost to follow-up in the
experimental intervention group had a normal ultrasound, and
all those with missing outcomes in the control group did not
have a normal ultrasound, we found a similar result (RR 1.00,
95% CI 0.90 to 1.12; 1 trial, 90 participants; Analysis 2.14).
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• Worst-best-case scenario analysis. When we assumed that all
participants lost to follow-up in the experimental intervention
group did not have a reduction in ultrasound, and all those with
missing outcomes in the control group had reduced steatosis
in ultrasound, we found a similar result (RR 2.00, 95% CI
0.82 to 4.86; P = 0.13; 1 trial, 90 participants; Analysis 2.12).
When we assumed that all participants lost to follow-up in
the experimental intervention group did not have a normal
ultrasound, and all those with missing outcomes in the control
group had a normal ultrasound, we found a similar result (RR

1.05, 95% CI 0.92 to 1.20; P = 0.13; 1 trial, 90 participants; Analysis
2.15).

• Risk of bias. Only one trial reported image response, thereby
precluding sensitivity analysis excluding trials at high risk of
bias.

Reporting biases

Analyses 1.14 and 1.15 included more than 10 trials, so we created
two funnel plots (Figure 2; Figure 3). We deemed the risk of
publication bias to be low.

 

Figure 2.   The risk of publication bias is low.
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Figure 3.   The risk of publication bias is low.
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D I S C U S S I O N

Summary of main results

The evidence for the eCect of vitamin E alone or vitamin E combined
with vitamin C on all-cause mortality, serious adverse events,
HRQoL, non-serious adverse events, and ultrasound changes is
very uncertain. There were no data on liver-related mortality
or liver-related morbidity. Regarding the eCect of vitamin E on
biochemical response, there were no data on the proportion of
participants without a decrease in liver enzymes. Vitamin E likely
slightly reduces serum ALT and AST levels. The evidence for the
eCect of vitamin E alone or combined with vitamin C on reducing
serum ALP and GGT levels is very uncertain.

The results of our systematic review should be interpreted
cautiously because the overall risk of bias for the outcomes
investigated and reported in the included trials was some
concerns, and we found significant heterogeneity in the analyses
of biochemical indices. Furthermore, the numbers of participants
and trials that provided the data for our critical outcomes were low,
which adds to the risk of both type I and type II errors.

Limitations of the evidence included in the review

We used GRADEpro GDT to construct summary of findings tables.
We calculated the optimal information size when rating imprecision
with Trial Sequential Analysis. The certainty of evidence was
very low for mortality, serious adverse events, HRQoL, and non-
serious adverse events. The certainty of evidence was moderate

for biochemical changes to serum ALT and AST levels, and
heterogeneity was substantial for serum ALT levels. The certainty of
evidence was very low for biochemical changes to serum ALP and
GGT levels. The overall risk of bias for the outcomes investigated
and reported in the included trials was some concerns.

We include all eligible randomised clinical trials up to 2 February
2024. We found 16 randomised trials involving 1066 participants.
We found significant heterogeneity in the analyses of biochemical
indices, which decreases the precision and power of our analyses.
Our analyses revealed that outcome reporting was missing in 7.9%
of trial participants. Accordingly, our 'best-worst-case' and 'worst-
best-case' analyses on all-cause mortality and serious adverse
events revealed quite diCerent results. Although these extreme
sensitivity analyses are unlikely scenarios, they reveal how missing
numbers of participants can substantially change findings from
showing benefit to showing a null eCect, or possibly even a harmful
eCect. We therefore advise critical evaluation of the evidence.
Regarding ultrasound response, the fixed-eCect model result
showed narrower CIs, while the random-eCects model showed
wider CIs and included the null value of 1. We, therefore, also advise
critical evaluation of the evidence.

For the outcomes serious adverse events, HRQoL, non-serious
adverse events, and ultrasound response, we were unable to
perform subgroup analyses according to stages of NAFLD (NAFL
compared to NASH), daily dosages of vitamin E (< 400 IU
compared to ≥ 400 IU), treatment time (< 1 year compared to ≥ 1
year), and support (with for-profit support compared to without
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for-profit support). Regarding biochemical indices, we detected
no statistically significant subgroup diCerences, suggesting that
vitamin E dosage, treatment time, and for-profit support do
not modify the eCect of vitamin E on reducing biochemical
indices when compared to placebo or no intervention. However,
trials and participants contributing data to each subgroup were
not equal, meaning that the analysis may not be able to
detect subgroup diCerences. Furthermore, there was substantial
unexplained heterogeneity between trials within some subgroups.
The validity of the treatment eCect estimate for this subgroup is
therefore uncertain, as individual trial results are inconsistent.

The findings of this review were limited because the numbers
of trials and participants were small; data on some outcomes
in subgroup analyses were based on one trial only; and there
were no data on liver-related mortality, liver-related morbidity, and
proportion of participants without a decrease in liver enzymes.

The certainty of the evidence for the clinically relevant outcomes
was mainly very low, indicating that further research is likely to
have an important impact on our confidence in the estimate of
eCect.

Limitations of the review processes

Certain limitations of this review warrant consideration. As with all
systematic reviews, our findings and interpretations are limited by
the certainty and quantity of the available evidence on the eCects of
vitamin E alone or in combination with other vitamins or minerals
on NAFLD. The duration of the intervention and follow-up were
short in some trials, making it diCicult to establish the certainty
of the eCects of vitamin E. It should be noted that liver-related
complications due to NAFLD are expected to develop over 8 to 28
years [36]. None of the included trials assessed the eCect of vitamin
E on the diCerent types of NAFLD, given that NAFL is a more benign
condition, and people with NASH are at risk of progression from
fibrosis to cirrhosis and development of hepatocellular carcinoma.

There are currently no validated surrogate outcome measures in
hepatology, and the usage of non-validated surrogate outcomes
may lead to misleading conclusions. Most of the included trials
examined normal levels or decrease of biochemical indices and
liver steatosis as surrogate outcomes for successful treatment.
However, these outcomes do not definitively mean significant
improvement in clinical outcomes. Furthermore, the included
trials mainly used sonography to evaluate liver steatosis, but this
technique is qualitative, and sonographic criteria for diCerent
degrees of steatosis are lacking. Most trials did not clearly state
how liver steatosis was measured, which could have influenced our
results.

The overall risk of bias for the outcomes investigated and reported
in the included trials was some concerns.

InsuCicient information precluded some of our preplanned
subgroup and sensitivity analyses (which were underpowered).

Another limitation is that it was not possible to investigate
whether reduction in the biochemical and ultrasound indices
was a consequence of controlled adherence to diet and
lifestyle modifications, as only one trial reported the relationship
between biochemical and ultrasound changes and low-calorie diet
adherence.

Agreements and disagreements with other studies or
reviews

We found seven reviews that reported the eCicacy of vitamin E in
NAFLD [137, 51, 138, 139, 52, 140, 141].

A 2020 review by Abdel-Maboud and colleagues assessed the
eCicacy of vitamin E, alone or combined, on clinical outcomes in
people with NAFLD and included 15 randomised trials involving
1317 participants [137]. We included eight of these trials in our
review; the remaining seven trials did not fulfil our inclusion
criteria as four trials used vitamin E plus other medicines as an
experimental intervention; data on vitamin E plus vitamin C versus
placebo were not accessible in one trial; lifestyle interventions
between groups were diCerent in one trial; and one trial was an
extension of a trial already included in our review.

A 2019 review by Amanullah and colleagues assessed the eCicacy of
vitamin E on clinical outcomes of people with NAFLD and included
nine randomised trials involving 889 participants [51]. We included
six of these trials in our review; the remaining three trials did not
fulfil our inclusion criteria as one trial used silymarin plus vitamin
E as an experimental intervention; one trial used atorvastatin plus
vitamins E and C as an experimental intervention; and one trial was
a post hoc analysis of a trial already included in our review.

A 2022 review by Karedath and colleagues assessed the eCicacy
of vitamin E treatment compared with other treatments in people
with NAFLD and included nine randomised trials involving 569
participants [138]. We included six of these trials in our review; the
remaining three trials did not fulfil our inclusion criteria as one
trial used silymarin plus vitamin E as an experimental intervention;
lifestyle interventions diCered between groups in one trial; and one
trial was an extension of a trial already included in our review.

A 2021 review by Lin and colleagues assessed the eCicacy of
vitamin E on clinical outcomes of people with NAFLD and included
10 studies involving 625 participants [139]. We included five of
these trials in our review; the remaining five studies did not fulfil
our inclusion criteria as one study was not a randomised trial;
one trial used vitamin E plus other medicines as an experimental
intervention; lifestyle interventions diCered between groups in one
trial; and two trials were extensions of a trial already included in our
review.

A 2015 review by Sato and colleagues assessed the eCicacy
of vitamin E on liver function and histology in people with
NAFLD/NASH and included five randomised trials involving 401
participants [52]. We included all five of these trials in our review.

A 2021 review by Vadarlis and colleagues assessed the eCects of
vitamin E on biochemical and histological parameters in adults
with NAFLD and included eight randomised trials involving 923
participants [140]. We included seven of these trials in our review;
the remaining one trial diagnosed the NASH participants by
ultrasound and therefore did not fulfil our inclusion criteria.

A 2023 review by Vogli and colleagues assessed the eCects of
vitamin E on biochemical parameters in people with NAFLD and
included 12 studies involving 794 participants [141]. We included
nine of these studies; the remaining three studies did not fulfil our
inclusion criteria as one study was not a randomised trial; lifestyle
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interventions diCered between groups in one trial; and NASH was
diagnosed by ultrasound in one trial.

Our results are consistent with the six reviews that found that
vitamin E reduced levels of ALT and AST [28, 51, 138, 52, 140, 141].
Regarding ALP, the Sato and colleagues’ review found a reduction
based on two trials [52], and our review found similar results based
on very low certainty evidence. The Lin and colleagues’ review
found that vitamin E had no eCect on ALT, AST, and GGT [139]. One
Cochrane review reported that vitamin E might increase enzyme
levels [50], while our review found a diCerent result. None of the
seven reviews reported results on all-cause mortality, liver-related
mortality, serious adverse events, liver-related morbidity, HRQoL,
non-serious adverse events, or imaging response.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The evidence for the eCects of vitamin E, administered alone, in
people with non-alcoholic fatty liver disease (NAFLD) (metabolic
dysfunction-associated steatotic liver disease (MASLD)) on clinical
outcomes such as all-cause mortality, serious adverse events,
health-related quality of life, and non-serious adverse events is
very uncertain. Vitamin E likely slightly reduces serum alanine
aminotransferase (ALT) and aspartate transaminase (AST) levels.
It also may slightly reduce alkaline phosphatases (ALP) levels,
although the evidence is very uncertain. Vitamin E may or
may not aCect gamma-glutamyl transpeptidase (GGT) levels, and
steatosis diagnosed on ultrasound. None of the trials reported
on liver-related mortality, liver-related morbidity, or proportion of
participants without a decrease in liver enzymes.

The evidence for the eCects of vitamin E plus vitamin C in people
with NAFLD (MASLD) on liver enzyme levels and steatosis diagnosed
on ultrasound is very uncertain. None of the trials reported on
all-cause mortality, liver-related mortality, serious adverse events,
liver-related morbidity, health-related quality of life, non-serious
adverse events, or proportion of participants without a decrease in
liver enzymes.

The decision for a person with NAFLD (MASLD) to start vitamin E
therapy, in the absence of diet and lifestyle change, should balance
the benefits and disadvantages, and integrate the person's values
and preferences. Lifestyle modifications were a co-intervention in
12 out of the 16 trials.

Implications for research

More evidence is needed before any conclusions can be
drawn on the safety and eCect of vitamin E alone or in
combination with vitamin C in people with NAFLD (MASLD),
as the certainty of the evidence was generally very low, and
there was significant heterogeneity in some analyses. More
randomised clinical trials assessing any relationship between
vitamin E eCect and adherence to lifestyle modification would
seem appropriate. The eCect of vitamin E on health-related
quality of life also deserves further investigation. Future
trials should be designed according to the SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials)
statement (www.spirit-statement.org) and reported according to
the CONSORT statement (www.consortstatement.org).
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