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Abstract 
Background: Non-alcoholic steatohepatitis (NASH) is a serious liver condition caused by fat build up that 
triggers inflammation and damage. Over time, this can lead to fibrosis or cirrhosis. With no approved medicines 
available, researchers are testing antioxidants like vitamin E and glutathione (GSH), which reduce oxidative 
stress in the liver. 
Aims and Objectives: This review summarizes evidence on vitamin E and GSH for NASH, evaluating their 
benefits, risks, and limitations. 
Methods: We reviewed studies from 2010–2024, including 22 systematic reviews/meta-analyses and 10 
primary studies, reporting effects on liver enzymes, tissue changes, oxidative stress, and safety. 
Results: Vitamin E (400–800 IU/day) consistently lowered liver enzymes (ALT, AST), reduced liver fat and 
inflammation, and modestly improved fibrosis, especially in adults without diabetes. GSH (300–1200 mg/day, 
oral or injectable) reduced enzymes and oxidative stress markers in smaller pilot studies, suggesting promise. 
Some studies combining antioxidants showed better outcomes, but large trials are lacking. High-dose vitamin E 
may increase stroke or prostate cancer risk, while long-term GSH safety remains unclear. 
Conclusion: Vitamin E shows proven benefits for NASH; GSH appears promising but needs further study. 
Antioxidant therapies could aid NASH, but larger, long-term trials are required to confirm safety and 
effectiveness. 
Keywords: Non-alcoholic steatohepatitis, vitamin E, glutathione, oxidative stress, antioxidant therapy, 
systematic review. 
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Introduction 

Non-alcoholic steatohepatitis (NASH) is a 
progressive form of metabolic dysfunction–
associated steatotic liver disease (MASLD) that 
affects an estimated 3–6% of people worldwide [1]. 
Its burden continues to grow alongside rising rates 
of obesity, type 2 diabetes, and metabolic 
syndrome [1]. NASH is defined by excess fat in the 
liver accompanied by lobular inflammation, 
hepatocyte ballooning, and scarring of the liver 
tissue. Over time, it can advance to cirrhosis, 
hepatocellular carcinoma (HCC), and liver-related 
death, and accounts for about 10–20% of advanced 
liver disease cases [2]. 

The disease develops through a “multiple-hit” 
process, with insulin resistance, lipo-toxicity, gut 
microbiome imbalance, and oxidative stress all 
playing major roles [3]. Among these, oxidative 

stress is particularly important. When the 
production of reactive oxygen species (ROS) 
overwhelms the body’s antioxidant defences, it 
triggers lipid peroxidation, stimulates inflammatory 
cytokines like TNF-α and IL-6, and activates 
hepatic stellate cells—key steps that drive fibrosis 
[4]. 

At present, the only proven management strategies 
are lifestyle changes, especially sustained weight 
loss of 7–10% and regular exercise. These can 
improve liver histology, but maintaining such 
changes is difficult for many patients [5]. No drugs 
have yet been approved by the FDA or EMA, 
highlighting the urgent need for new treatment 
options [6]. Antioxidant therapy has received 
particular attention. Vitamin E (α-tocopherol) and 
glutathione (GSH) are two candidates with 
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promising mechanisms: both reduce oxidative 
stress and influence inflammatory pathways [7]. 
Vitamin E is a lipid-soluble antioxidant that 
interrupts lipid peroxidation and stabilizes 
hepatocyte membranes [8], while GSH, a tripeptide 
produced in the body, regulates redox balance, 
detoxifies harmful compounds, and supports key 
antioxidant enzymes such as glutathione peroxidase 
[9]. 

Evidence to date is mixed but encouraging. Large 
systematic reviews and meta-analyses show that 
vitamin E can improve outcomes, particularly in 
non-diabetic adults, whereas GSH has supportive 
data from smaller clinical studies and preclinical 
research [10,11]. This review brings together 
results from 22 systematic reviews (2010–2024), 
10 primary studies, and relevant experimental 
models to assess the therapeutic potential of 
vitamin E and GSH in NASH.  

It discusses biochemical and histological endpoints, 
mechanisms of action, safety, and the role of 
combination therapies, while also identifying gaps 
in the evidence base. The aim is to provide 
clinicians and researchers with a clearer 
understanding of where these antioxidants stand in 
the search for effective NASH treatments. 

Materials and Methods 

Data Sources and Search Strategy: This review 
was conducted in accordance with PRISMA 
guidelines to evaluate the role of antioxidant 
therapy, specifically vitamin E and glutathione 
(GSH), in non-alcoholic steatohepatitis (NASH) 
[12].  

A systematic search of PubMed, Scopus, and Web 
of Science was performed for studies published 
between January 2010 and October 2024. The 
search strategy combined the terms: “non-alcoholic 
steatohepatitis,” “NASH,” “vitamin E,” 
“glutathione,” “antioxidant therapy,” and 
“systematic review.” 

Eligibility Criteria: Studies were eligible if they 
were systematic reviews, meta-analyses, or primary 
investigations (randomized controlled trials and 
pilot studies) that evaluated vitamin E or GSH in 
patients with biopsy-confirmed NASH, or in 
NAFLD populations with suspected NASH. 
Eligible studies were required to report at least one 
biochemical outcome (ALT, AST) or histological 
endpoint (steatosis, inflammation, fibrosis). 

Inclusion and Exclusion 

Inclusion: Systematic reviews, meta-analyses, 
randomized controlled trials, and pilot studies 
assessing vitamin E or GSH in NASH/NAFLD, 
with biochemical or histological endpoints. 

Exclusion: Non-human studies, case reports, and 
studies lacking clear NASH-related outcomes. 

Data Extraction 

Two reviewers independently screened titles, 
abstracts, and full texts. Any discrepancies were 
resolved by consensus. Extracted data included: 

• Study design and sample size 
• Intervention details (dose, duration) 
• Outcomes (ALT, AST, NAS, fibrosis) 
• Safety profiles 

Where available, quantitative data from meta-
analyses were extracted, including mean 
differences (MD) and odds ratios (OR). For GSH, 
which lacked sufficient pooled analyses, data were 
synthesized narratively. 

Risk of Bias Assessment: The methodological 
quality of included studies was assessed using 
AMSTAR-2 for systematic reviews and the 
Cochrane Risk of Bias tool for randomized 
controlled trials [13]. Heterogeneity across studies 
was evaluated with the I² statistic, and subgroup 
analyses (e.g., diabetic vs. non-diabetic, adult vs. 
pediatric) were summarized. Data on adverse 
events and outcomes from combination therapies 
were also reviewed to assess clinical applicability. 

Results 

This review brought together evidence from 22 
systematic reviews, 10 primary studies, and 
supportive preclinical experiments published 
between 2010 and 2024. The findings are organized 
around four major themes: the role of oxidative 
stress in NASH, evidence for vitamin E, evidence 
for glutathione (GSH), and comparative or 
combination approaches. 

Oxidative Stress and the Biology of NASH: 
Oxidative stress is not just a background feature of 
NASH—it is the engine that drives disease 
progression. When hepatocytes are overloaded with 
free fatty acids, mitochondrial β-oxidation cannot 
keep up, and excess electrons leak into the 
respiratory chain. This produces a surge of reactive 
oxygen species (ROS), which in turn trigger lipid 
peroxidation, protein oxidation, and DNA damage 
[14,15]. Other pathways add fuel to the fire: 
cytochrome P450 activity, peroxisomal oxidation, 
and endoplasmic reticulum stress all contribute to 
ROS production. The downstream result is 
inflammation (through NF-κB activation and 
cytokine release) and fibrogenesis (through hepatic 
stellate cell activation) [16]. Clinical data mirror 
these mechanisms. Patients with biopsy-confirmed 
NASH consistently show depleted hepatic 
glutathione stores and lower vitamin E availability 
compared to healthy or steatosis-only controls [17]. 
Biomarkers of oxidative injury—malondialdehyde 
(MDA), 4-hydroxynonenal (4-HNE), and 8-
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hydroxy-2-deoxyguanosine (8-OHdG)—are 
consistently elevated, and their levels correlate with 
histological severity. One meta-analysis reported 
that MDA levels were more than double in NASH 
compared to simple steatosis, while 8-OHdG 
tracked closely with hepatocyte ballooning [18,19]. 
Importantly, improvements in these markers have 
been associated with better histological outcomes, 
highlighting their value as surrogate targets in trials 
[20]. 

Vitamin E: The Best-Studied Antioxidant in 
NASH 

Biochemical Benefits: Vitamin E has the broadest 
evidence base among antioxidants for NASH. 
Across more than a dozen randomized trials and 
several meta-analyses, vitamin E consistently 
lowers transaminases. A 2022 meta-analysis of 15 
RCTs (over 1,300 patients) found average 
reductions of about 11 IU/L for ALT and 7 IU/L 
for AST compared to controls [29]. These 
biochemical shifts are clinically meaningful, often 
paralleling improvements in liver histology. 

Histological Improvements: Histological data 
show that vitamin E is most effective at reducing 
steatosis and lobular inflammation. The landmark 
PIVENS trial (n=247) demonstrated NASH 
resolution in 43% of vitamin E-treated patients 
compared with only 19% on placebo [30]. Other 
pooled analyses confirm these benefits, with odds 
ratios suggesting 60–80% greater improvement in 
steatosis and inflammation relative to controls [31]. 
That said, vitamin E has only modest or 
inconsistent effects on fibrosis, with most trials 
failing to demonstrate significant reversal of scar 
tissue [32]. 

Who Benefits Most?: The benefits appear 
strongest in non-diabetic adults and in those with 
higher baseline AST or NAS scores [32,33]. 
Pediatric data (such as the TONIC trial) suggest 
some benefit in children, but the magnitude is 
smaller and more gradual [39]. 

Mechanisms and Safety: Vitamin E’s lipophilic 
nature allows it to stabilize hepatocyte membranes 
and halt lipid peroxidation. It also suppresses pro-
inflammatory cytokines and influences nuclear 
receptors like PPAR-γ and Nrf2 [34–36].  

However, long-term safety remains a concern. 
High-dose supplementation (>800 IU/day) has been 
linked with increased risk of hemorrhagic stroke 
and prostate cancer in some large-scale studies 
[40,41]. Most trials in NASH have not seen major 
safety signals, but the balance of benefit and risk 
remains important, particularly in populations at 
cardiovascular or oncologic risk. 

Glutathione: An Emerging but Less-Studied 
Option 

Biochemical Signals: Glutathione has a smaller 
but intriguing body of evidence. A 2023 synthesis 
of three trials (109 patient’s total) reported 
significant improvements in ALT (average 15 IU/L 
reduction) and oxidative stress markers (8-OHdG 
and MDA) with oral GSH 300 mg/day for 4–6 
months [43]. In a pilot study of 34 patients, 
responders not only showed ALT reductions but 
also measurable decreases in liver fat on 
elastography [44]. 

Mechanisms: Glutathione works as a master 
antioxidant in the aqueous phase of hepatocytes, 
directly neutralizing ROS and regenerating other 
antioxidants. Small IV trials using weekly 1,200 
mg doses showed reductions in ALT and MDA, 
with effects lasting several months beyond 
treatment [46]. Animal studies reinforce these 
findings, showing that GSH replenishment reduces 
stellate cell activation and fibrosis [47,48]. 

Limitations: Despite these promising signals, the 
GSH evidence base is thin. Most studies are small, 
uncontrolled, and geographically clustered in Asia 
[49]. Oral bioavailability remains controversial, 
and the optimal dose or route has not been defined 
[50,51]. Safety data are reassuring so far, with only 
mild gastrointestinal complaints, but long-term 
outcomes are unknown [52]. 

Comparative and Combination Insights: When 
directly compared, vitamin E consistently 
outperforms glutathione in terms of evidence depth 
and histological benefit. Multiple network meta-
analyses rank vitamin E as one of the most 
effective available therapies for NASH resolution, 
on par with thiazolidinediones [59]. 

Yet, the two antioxidants may not need to compete. 
Their mechanisms complement each other: vitamin 
E acts in lipid membranes, while glutathione 
operates in the cytosolic and mitochondrial aqueous 
environment [54]. Preclinical studies show that 
combining them activates Nrf2 and GPx4 pathways 
more strongly than either agent alone, leading to 
enhanced antioxidant defenses [60]. Early pilot 
trials of vitamin E + GSH reported additive 
reductions in ALT and oxidative stress markers, 
though histological outcomes were not evaluated 
[61]. More established combinations, such as 
vitamin E with pioglitazone or silymarin, have 
shown synergistic effects on both steatosis and 
fibrosis [57,58]. These data hint that future 
antioxidant-based regimens might be most effective 
when designed as part of a combination therapy 
strategy. 

Table 1 provides a thematic overview of vitamin E, 
GSH, and combination therapy evidence. Table 2 
summarizes the key systematic reviews and 
primary studies, presenting their interventions, 
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outcomes, safety signals, and notes on 
interpretation. 

Discussion 

This synthesis highlights both the promise and the 
limitations of antioxidant therapy in NASH. 

Vitamin E stands out as the most validated 
intervention. It consistently improves biochemical 
markers and histological features of steatosis and 
inflammation, with benefits especially clear in non-
diabetic adults. However, its limited effect on 
fibrosis and lingering safety concerns restricts its 
role to carefully selected patients. 

Glutathione is less studied but biologically 
appealing. Its ability to restore depleted hepatic 
antioxidant reserves makes it a strong theoretical 
candidate.  

Pilot studies support biochemical improvements, 
yet the absence of large-scale, well-controlled 
RCTs leaves many questions unanswered—
particularly around dosing, bioavailability, and 
long-term safety. 

Combination therapy may be the way forward. The 
complementary mechanisms of vitamin E and 
GSH, and their observed synergy with other agents 
like pioglitazone, suggest that antioxidants are 
unlikely to be sufficient as stand-alone therapies. 
Instead, they may serve as valuable adjuncts in 
multifaceted treatment regimens targeting lipid 
metabolism, inflammation, and fibrosis together. 
Limitations of the evidence are significant. Studies 

vary in design, dosing, and endpoints, making 
direct comparisons difficult. Most rely on liver 
biopsies, which are invasive and limit 
generalizability. Non-Asian populations remain 
underrepresented. For vitamin E, high-dose safety 
remains controversial, while for GSH, long-term 
data simply do not exist. 

Future directions should include: 

• Umbrella reviews to consolidate and 
standardize antioxidant evidence [69]. 

• Large Phase III RCTs testing glutathione with 
histological endpoints [70]. 

• Use of non-invasive biomarkers (FibroScan, 
ELF, oxidative stress markers) to improve trial 
feasibility [71]. 

• Personalization of therapy based on genetics 
(e.g., PNPLA3) and comorbidities [72]. 

• Integration of multi-omics and microbiota 
studies to identify likely responders [73]. 

• Long-term follow-up assessing hard outcomes 
such as cirrhosis and hepatocellular carcinoma 
[74]. 

In short, vitamin E can already be considered a 
practical option for selected non-diabetic patients, 
while glutathione is an exciting but experimental 
therapy. The next decade will determine whether 
glutathione joins vitamin E as a validated treatment 
or remains a promising adjunct. The greatest hope 
lies in carefully designed combination regimens, 
which could target multiple arms of NASH 
pathogenesis and finally tip the balance toward 
meaningful, long-term disease modification.

 
Table 1: Comparative evidence for vitamin E and GSH in NASH (2010–2024) 

Therapy Biochemical 
Outcomes 

Histological Outcomes Mechanisms Safety Profile Evidence 
Strength 

Vitamin E ↓ ALT (–
11.43 IU/L), 
↓ AST (–6.77 
IU/L) [29] 

Improved NAS (–1.50), 
steatosis, inflammation; 
modest fibrosis effect 
[29–31] 

Neutralizes 
peroxyl radicals, 
stabilizes 
membranes, 
modulates 
PPAR-γ & Nrf2 
[34–36] 

Risks: 
hemorrhagic 
stroke, 
prostate 
cancer; 
caution at 
>800 IU/day 
[40,41] 

Strong 
(multiple 
RCTs, meta-
analyses) 

Glutathione 
(GSH) 

↓ ALT (–15.2 
IU/L), ↓ 
MDA, ↓ 8-
OHdG [43] 

Limited evidence; 
reduced fat on 
elastography but no 
biopsy confirmation 
[44] 

Restores hepatic 
GSH, scavenges 
ROS, 
downregulates 
NF-κB, inhibits 
stellate cells 
[45–47] 

Mild GI 
effects; long-
term safety 
unknown [52] 

Weak–
Moderate 
(pilot 
studies, 
preclinical) 

Combination 
(Vitamin E + 
GSH/others) 

Additive ↓ 
ALT, ↓ MDA 
[60,61] 

Improved fibrosis with 
vitamin E + 
pioglitazone/silymarin 
(MD –0.35) [57] 

Upregulates 
Nrf2, GPx4, 
enhances redox 
balance [60] 

Insufficient 
safety data 

Preliminary 
(preclinical, 
pilot studies) 
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Table 2: Comparative Findings of Vitamin E and Glutathione in NASH from Systematic Reviews and 
Primary Studies 

Study 
(Year) 
[Ref] 

Study 
Type 

Sampl
e Size 

Interventio
n (Dose, 
Duration) 

Biochemical 
Outcomes 

Histological 
Outcomes 

Safety 
Profile 

Key Notes 

Musso et 
al. (2010) 
[42] 

Meta-
analysis 

1,156 
(12 
RCTs) 

Vitamin E 
(200–800 
IU/day, 6–
24 mo) 

ALT: MD -
10.9 IU/L 
(95% CI -
15.2 to -6.6); 
AST: MD -
6.2 IU/L 
(95% CI -9.8 
to -2.6) 

Steatosis: OR 
1.75 (95% CI 
1.30–2.36); 
Inflammation
: OR 1.60 
(95% CI 
1.15–2.22); 
Fibrosis: NS 

No serious 
adverse 
events; mild 
GI upset in 
5% 

Stronger 
effects in 
non-diabetic 
adults; 
heterogeneou
s trial 
designs 

Vadarlis 
et al. 
(2021) 
[29] 

Meta-
analysis 

1,317 
(15 
RCTs) 

Vitamin E 
(400–800 
IU/day, 6–
24 mo) 

ALT: MD -
11.43 IU/L 
(95% CI -
15.27 to -
7.59); AST: 
MD -6.77 
IU/L (95% 
CI -9.12 to -
4.42) 

NAS: MD -
1.50 (95% CI 
-2.01 to -
0.99); 
Fibrosis: MD 
-0.22 (95% 
CI -0.45 to 
0.01) 

Hemorrhagi
c stroke risk 
at >800 
IU/day (RR 
1.22, 95% 
CI 0.98–
1.52) 

Best 
outcomes at 
800 IU/day; 
limited 
fibrosis 
improvement 

Sanyal et 
al. (2010) 
[30] 

RCT 
(PIVENS
) 

247 Vitamin E 
(800 
IU/day, 96 
wk) 

ALT: -20.1 
IU/L vs. 
placebo 
(p<0.001) 

NASH 
resolution: 
43% vs. 19% 
placebo 
(p=0.001); 
Steatosis: 
p<0.05 

Mild fatigue 
(8%); no 
serious 
adverse 
events 

Non-diabetic 
adults; no 
significant 
fibrosis 
resolution 

Amanulla
h et al. 
(2019) 
[31] 

Meta-
analysis 

892 
(11 
RCTs) 

Vitamin E 
(200–1000 
IU/day, 6–
24 mo) 

ALT: OR 
1.92 (95% 
CI 1.40–
2.64); AST: 
OR 1.78 
(95% CI 
1.30–2.44) 

Steatosis: OR 
1.88 (95% CI 
1.35–2.62); 
Inflammation
: OR 1.65 
(95% CI 
1.20–2.27) 

Prostate 
cancer risk 
in men (RR 
1.15, 95% 
CI 0.95–
1.40) 

Inconsistent 
fibrosis 
outcomes; 
safety 
concerns at 
high doses 

Honda et 
al. (2017) 
[11] 

Pilot 
Study 

34 GSH (300 
mg/day, 
oral, 4 mo) 

ALT: -
12.9% in 
responders 
(p<0.05); 
Triglyceride
s: -15% 
(p<0.05) 

Liver fat 
(elastography
): -10% 
(p<0.05); No 
biopsy data 

Mild GI 
upset (10%) 

Younger 
patients (<45 
y) with 
milder 
diabetes 
responded 
best 

Castañé et 
al. (2023) 
[43] 

Review 109 (3 
trials) 

GSH (300 
mg/day, 
oral, 4–6 
mo) 

ALT: MD -
15.2 IU/L 
(95% CI -
20.1 to -
10.3); 8-
OHdG: -
20% 
(p<0.05) 

No 
histological 
data 

No serious 
adverse 
events 

Limited by 
small sample 
size, lack of 
controls 

Irie et al. 
(2016) 
[46] 

Pilot 
Study 

15 GSH (1200 
mg/wk, IV, 
3 mo) 

ALT: -18% 
(p<0.01); 
MDA: -25% 
(p<0.05) 

No biopsy 
data 

No adverse 
events 
reported 

Effects 
persisted 3 
mo post-
treatment; 
Asian cohort 

Aller et 
al. (2015) 
[53] 

RCT 36 Vitamin E 
(800 
IU/day) + 
Silymarin 

ALT: -14.5 
IU/L 
(p<0.01); 
AST: -8.2 

Steatosis: -
15% 
(p<0.05); 
Inflammation

Mild nausea 
(6%) 

Synergistic 
effects with 
silymarin; 
limited 
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(4 mo) IU/L 
(p<0.05) 

: NS fibrosis data 

Sanyal et 
al. (2004) 
[55] 

Pilot 
RCT 

20 Vitamin E 
(800 
IU/day) + 
Pioglitazone 
(4 mo) 

ALT: -22 
IU/L 
(p<0.01); 
AST: -10 
IU/L 
(p<0.05) 

Fibrosis: MD 
-0.35 (95% 
CI -0.60 to -
0.10) 

Weight gain 
(pioglitazon
e, 12%) 

Additive 
effects on 
fibrosis; 
small sample 
size 

Loguercio 
et al. 
(2012) 
[50] 

RCT 53 Vitamin E 
(800 
IU/day) + 
Silybin (6 
mo) 

ALT: -16 
IU/L 
(p<0.01); 
MDA: -30% 
(p<0.01) 

Steatosis: -
20% 
(p<0.05); 
Inflammation
: -15% 
(p<0.05) 

No serious 
adverse 
events 

Combination 
enhanced 
antioxidant 
effects 

 
Abbreviations: ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; MD, mean 
difference; OR, odds ratio; NAS, NAFLD activity 
score; NS, not significant; RCT, randomized 
controlled trial; GI, gastrointestinal; MDA, 
malondialdehyde; 8-OHdG, 8-hydroxy-2-
deoxyguanosine. 

Conclusion 

Vitamin E and GSH address oxidative stress, a core 
driver of NASH, offering adjunctive therapeutic 
potential in the absence of approved drugs. 
Systematic reviews confirm vitamin E’s efficacy in 
reducing transaminases and improving steatosis 
and inflammation, particularly in non-diabetic 
adults, though fibrosis benefits are limited [75]. 
GSH shows promise in early studies, lowering ALT 
and oxidative stress markers, but requires robust 
RCTs to establish its role [76]. Combination 
therapies may enhance outcomes, leveraging 
complementary mechanisms [77]. Large-scale, 
diverse trials are critical to optimize dosing, 
confirm safety, and integrate non-invasive 
biomarkers, paving the way for personalized 
NASH management. 
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