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Efficacy of Vitamin E and 
Vitamin C in the Treatment 
of Nonalcoholic Steatohepatitis

INTRODUCTION

Nonalcoholic steatohepatitis (NASH), a subset of
nonalcoholic fatty liver disease (NAFLD), is
becoming an increasing health concern, with cur-

rent data showing the prevalence in the United States
to range between 5.7%–16.5% (1,2). Patients with
NASH lack a history of significant alcohol consump-
tion, but liver biopsy findings are almost identical to
biopsy findings in patients with alcoholic steatohepati-
tis (3,4). NASH is characterized by macrovesicular
steatosis and hepatocyte injury with or without fibrosis
(5,6). While NAFLD is generally considered to have a
benign clinical course, NASH progresses to cirrhosis
in 15%–25% of patients (2). Once cirrhosis develops,
hepatocellular carcinoma may result. Furthermore,
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approximately 30%–40% of patients who develop cir-
rhosis will suffer from a liver-related death over a 10-
year time period (2,6). 

The etiology of NASH is not completely under-
stood. However, a “2-hit” theory has been proposed, in
which the first hit is an accumulation of excessive 
hepatocellular fat or steatosis (1,7). The metabolic 
syndrome, common among patients with NAFLD, is
characterized by a collection of disease states 
(hypertension, central obesity, diabetes mellitus, and
dyslipidemia) that are all associated with insulin resis-
tance—the primary cause of steatosis (1,8,9). In order
for NAFLD to progress to the more severe form of
NASH, a second hit that induces inflammation, fibrosis,
or necrosis is required (10). It is believed that this sec-
ond hit is oxidative stress, which may be triggered by
retention of lipids in the hepatocytes, the digestion of
which generates reactive oxygen species and leads to
cytokine release (7). Given that oxidative stress may
play an etiologic role in NASH, the present study was
conducted to determine the effects of supplemental
antioxidant therapy, vitamin E and vitamin C, in lower-
ing serum aminotransferases in patients with NASH.
Vitamin C was included because evidence suggests that
this vitamin enhances regeneration of oxidized vitamin
E (11).

METHODS
This was a retrospective, single-center study con-
ducted at Allegheny General Hospital in Pittsburgh,
Pennsylvania. All charts of patients seen by a single,
large gastrointestinal group practice from January
2000 to December 2006 that were diagnosed with
NAFLD, NASH, or abnormal liver function tests, were
screened. Patients were included in this study if they
were between the ages of 18 years and 75 years with
biopsy-proven NASH as defined by Brunt et al (12).
Excluded patients were females whose alcohol con-
sumption exceeded 20 g/day and males whose alcohol
consumption exceeded 30 g/day, patients with hepati-
tis B, hepatitis C, hereditary hemochromatosis, alpha 1
antitrypsin deficiency, Wilson disease, and autoim-
mune liver disease. Patients taking drugs associated
with steatohepatitis (e.g., tamoxifen, steroids, chloro-
quine, amiodarone, methotrexate) or patients with

prior surgical procedures such as gastroplasty,
jejunoileal or jejunocolic bypass were also excluded
from the study. Furthermore, patients with evidence of
decompensated liver disease such as ascites, bleeding
varices, or hepatic encephalopathy were excluded. 

Patients were divided into 2 groups, those who
received supplemental vitamin E and vitamin C and
those who did not receive any vitamin supplements
(control group). Vitamin E doses were 400–800 IU
daily and vitamin C doses were 500–1000 mg daily. Of
note, due to recent concerns regarding the use of high-
dose vitamin E (≥400 IU/d) and its correlation with an
increase in all-cause mortality (13), patients seen after
2005 were routinely counseled to use a vitamin E dose
of 400 IU/day. All patients were counseled about the
importance of weight loss and advised to lose weight,
though no formal weight loss program was initiated.
Demographic data were collected, and body mass
index was calculated for all patients for whom height
and weight data were available. Other data collected
included fasting lipid profile, serum albumin, and pres-
ence of hypertension, type 2 diabetes mellitus, or
hyperlipidemia. Liver enzymes (ie, alanine amino-
transferase [ALT], aspartate aminotransferase [AST],
and alkaline phosphatase [ALP] levels) and weight
data were recorded at baseline, and once during the
follow-up period (2–24 months from baseline). 

Statistical Analyses
Baseline and follow-up data were compared using the
paired t test or Wilcoxon signed rank test. Differences
between the 2 groups were compared using an inde-
pendent sample t test or the Mann-Whitney rank sum
test. Proportions were compared using the z test. All P
values <0.05 were considered statistically significant.
Data were analyzed using SPSS version 14.0 and
Sigma Stat version 2.03 (SPSS Inc., Chicago, Illinois). 

RESULTS
A total of 68 patients were included in the study, of
which 38 patients were in the vitamins E and C group
and 30 patients were in the control group. Table 1
details baseline demographics and clinical characteris-
tics. The mean age of patients was 47 years, and the
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majority of patients were Caucasian. With the excep-
tion of the lipid profile, there were no significant dif-
ferences between the 2 study groups in all other
baseline evaluations. Both low-density lipoprotein
cholesterol (LDL-C) and triglycerides were signifi-
cantly higher in the vitamins E and C group than in the
control group at baseline. Total cholesterol was higher,
although not statistically significant, in the vitamins E

and C group than in the control group. Baseline liver
function tests were similar between the 2 groups.

Follow-up data were collected for 35 patients
receiving vitamins E and C and 27 patients in the con-
trol group. The mean follow-up time period for
patients receiving vitamins E and C and patients in the
control group was 11.37 months and 11.96 months,
respectively. Figure 1 illustrates the length of time in

Table 1.  
Baseline Demographics and Clinical Characteristics

Vitamin E and Vitamin C Control
(n = 38) (n = 30) P value

Age, mean (SD), years 47.2 (12.2) 46.8 (11.3) NS
Sex, n (%)

Male 17 (44.7) 16 (53.3) NS
Female 21 (55.3) 14 (46.7) NS

Race, n (%)
Caucasian 35 (92.1) 28 (93.3) NS
African American 1 (2.6) 2 (6.7) NS

Liver function tests, mean, U/L
ALT 99.6 84.1 NS
AST 68.5 52.7 NS
ALP 101.3 85.8 NS

Weight, lbs 210.8 (36.6) 216.7 (32) NS
BMI, kg/m2* 37.2 (5.5) 38.2 (7.2) NS
Lipids, mean (SD), mg/dL

Total cholesterol† 205.0 (64.1) 174.3 (34.4) NS
LDL-C‡ 124.2 (38.5) 101.9 (27.0) 0.03
Triglycerides§ 204.7 (126.5) 126.7 (49.6) 0.008
HDL-C¶ 50.7 (36.0) 44.8 (9.6) NS

Albumin, g/dL 4.2 (0.4) 4.3 (0.3) NS
Concurrent conditions, n (%)

Hypertension 17 (44.7) 11 (36.7) NS
Hyperlipidemia 19 (50.0) 10 (33.3) NS
Type 2 diabetes mellitus 10 (26.3) 7 (23.3) NS

ALT, alanine aminotransferase; ALP, alkaline phosphatase; AST, aspartate aminotransferase; BMI, body mass index; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NS, not statistically significant; SD, standard deviation. 
*Vitamin E and vitamin C group, n = 13; Control group, n = 7. 
†Vitamin E and vitamin C group, n = 31; Control group, n = 20.
‡Vitamin E and vitamin C group, n = 28; Control group, n = 19.
§Vitamin E and vitamin C group, n = 30; Control group, n = 19.
¶Vitamin E and vitamin C group, n = 31; Control group, n = 20.
║Vitamin E and vitamin C group, n = 37; Control group, n = 27.
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which follow-up data regarding liver function tests and
weight were collected. Greater than 71% of patients in
the vitamins E and C group and 81% of patients in the
control group had follow-up data available greater than
6 months out from baseline.

Significant decreases in ALT and AST
from baseline to follow-up were observed
in patients receiving vitamins E and C as
shown in Figure 2. There was an approxi-
mate 36 U/L and 27 U/L decrease in ALT
and AST, respectively, in the vitamins E
and C treatment group. While ALP
decreased by approximately 18 U/L in this
group, the difference between baseline and
follow-up did not reach statistical signifi-
cance. Conversely, ALT and ALP did not
change significantly from baseline to fol-
low-up in the control group (Figure 2). Fur-
thermore, AST was significantly higher
from baseline (52.7 U/L) to follow-up (63.9
U/L) in the control group (Figure 2; P =
0.045). When comparing the change in the
levels of liver enzymes between the 2
groups, significant reductions in ALT, AST,
and ALP from baseline were observed in
vitamins E and C group as compared with

the control group (Figure 3).
Mean weight in the vitamins E and C group and in

the control group did not change significantly from
baseline (210.8 lbs and 216.7 lbs, respectively) to fol-
low-up (210.8 lbs and 213.4 lbs, respectively).

DISCUSSION
NASH was first described in 1980 by Lud-
wig and colleagues (5), but almost 3
decades later, there is still no Food and
Drug Administration-approved therapy
available. NAFLD typically presents
between the fourth and sixth decades of
life, although the disease can occur in chil-
dren as well (3,14). Prevalence is the same
in both females and males, though females
may have a greater risk of progression to
advanced stages of disease (14). The most
common clinical conditions found in
patients with NASH are those that com-
prise the metabolic syndrome, with obesity
being the most common, though the disease
can occur in non-obese individuals as well
(15). Most patients are asymptomatic, but
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Figure 1. Follow-up duration in the vitamin E and vitamin C group and the
control group.

Figure 2. Liver function tests at baseline and follow-up in the vitamin E and
vitamin C group and in the control group.
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some patients may experience fatigue, right upper
quadrant pain, or abdominal discomfort (3,8,14).

The primary treatment for NASH is lifestyle mod-
ification, including diet and exercise for obese patients
and effective management of other concurrent dis-
eases, including hyperlipidemia, diabetes mellitus, and
hypertension (15). Pharmacotherapies aimed at treat-
ing NASH are under investigation and include insulin-
sensitizing therapies (metformin, pioglitazone,
rosiglitazone), angiotensin II receptor antagonists
(losartan), and antioxidant therapies (15). 

To date, a limited number of studies evaluating the
effects of supplemental antioxidant therapy in patients
with NASH have been conducted, and the results of
these studies are conflicting with regard to its effects
on liver enzymes (10,16–19). A 12-week pilot study
conducted in 16 patients with NASH evaluated the
effects of diet and aerobic exercise with or without 800
IU of vitamin E daily on cytokine profiles and liver
enzymes (10). The study found that while low-fat diet
and exercise were associated with an improvement in
liver enzyme levels, cholesterol, and hyaluronic acid,
vitamin E supplementation provided no additional
benefit. However, this was a short-term pilot study
with a small number of patients, and thus, the benefits
of vitamin E may not have been realized (10). A 6-

month prospective, double-blind trial in
which 49 patients with NASH were ran-
domized to receive vitamin E 1000 IU/day
plus vitamin C 1000 mg/day or placebo
found that while antioxidant therapy was
effective in improving fibrosis scores, it
had no effect on ALT or AST (16). Con-
versely, other studies have found antioxi-
dant therapy to have beneficial effects on
liver enzymes. A pilot study conducted in
10 patients with NASH who were given
vitamin E 300 mg daily for 6 months found
that liver enzymes (ALT and gamma-glu-
tamyl transpeptidase) were decreased sig-
nificantly from baseline to 6 months (17).
Another study, a 6-month open-label,
prospective study conducted in 64 patients
with NAFLD who were randomly assigned
to receive either vitamin E 600 IU/day plus
vitamin C 500 mg/day or ursodeoxycholic

acid 10 mg/kg/day found that both treatments were
effective in reducing liver enzymes (18). A 2-year
study was conducted in 48 patients with NASH who
were randomly assigned to 1 of 3 study groups: 1)
ursodeoxycholic acid 12–15 mg/kg/day plus vitamin E
400 IU twice daily, 2) ursodeoxycholic acid alone, or
3) placebo (19). The study found that patients receiv-
ing the combination of ursodeoxycholic acid and vita-
min E experienced significant reductions in both
serum AST and ALT levels, with levels reaching the
normal range. On the other hand, while ALT levels
were significantly reduced in patients receiving
ursodeoxycholic acid alone, they did not reach the nor-
mal range; furthermore, no improvement was seen in
AST or ALT in the placebo group (19).  

The present analysis, which is the largest reported
series investigating antioxidant vitamin use in patients
with NASH, found that supplemental vitamin E and
vitamin C therapy at doses of 400–800 IU/day and
500–1000 mg/day, respectively, was effective in
reducing serum aminotransferases. Both ALT and AST
were reduced significantly from baseline to follow-up.
Furthermore, ALT, AST, and ALP were significantly
reduced in patients receiving vitamins E and C as com-
pared with patients who did not receive supplemental
antioxidant therapy. Of note, the results from the pre-
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Figure 3. Mean change from baseline to follow-up in the vitamin E and C
group versus the control group.



sent analysis are limited by the absence of histologic
follow-up data, and it is unclear if reduction in liver
enzymes correlated with improvement on liver biopsy.
Nevertheless, based on the results of the present study
and those found from previous studies, further investi-
gation of the role of antioxidant therapy in patients
with NASH is warranted. Of particular interest may be
combination treatment with insulin-sensitizing drugs
and antioxidants, as this combination may act on both
of the proposed etiologic processes: steatosis (caused
by insulin resistance) and oxidative stress. A pilot
study by Sanyal and colleagues evaluated this combi-
nation in 10 patients with NASH, in which patients
were randomized to receive vitamin E 400 IU/day or
vitamin E 400 IU/day plus pioglitazone 30 mg/day
(20). The study found that while vitamin E therapy
alone produced a significant decrease in steatosis,
combination therapy significantly reduced steatosis,
cytologic ballooning, Mallory’s hyaline, and pericellu-
lar fibrosis (20).  

In summary, the results of the present study found
that vitamin E and vitamin C supplementation in
patients with NASH is effective in lowering amino-
transferases. Further investigation of supplemental
antioxidant therapy or combination therapies in
patients with NASH is warranted. n
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