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Background: Statin treatment can cause elevation of the liver aminotransferase levels in
1-3% of the patients with hypercholesterolemia. Previous studies indicate that vitamin E
plays arole in declining the increased levels of liver enzymes caused by fatty liver disease.
Objectives: We conducted this study to determine the effect of vitamin E on liver
aminotransferase levels in patients with elevated aminotransferase levels due to statin
consumption.

Materials and Methods: This study was a randomized, double-blind, placebo-controlled
trials. Eligible patients were those who developed elevated aminotransferase levels
after initiation of statin. They were randomized into the intervention group (vitamin
E capsules, 400 units/day for one month) and placebo group. Randomization was done
with permuted block sampling method with a 2:1 enrolment ratio. Study capsules
were allocated in separate packs blinded and labeled using a four-digit code. Alanine
aminotransferase (ALT) and asparate aminotransferase (AST) levels were checked in
the beginning and one month after the intervention. Comparison of the levels before and
after the intervention was done by paired sample T-test, and between group difference
was checked by independent sample T-test.

Results: A final number of 23 patients enrolled in this study (15 in the intervention and
8 in the control parallel groups). Baseline ALT and AST levels in both groups showed
no difference (74.3 £ 9.1 vs. 77.6 = 17.5, P = 0.9; and 50 + 8.2 vs. 43.3 + 9.3, P = 0.34,
respectively). With consumption of vitamin E, ALT level was decreased from 77.6 + 17.5
t0 40.9 * 13.4, showing a significant difference with placebo (treatment difference = -25.7,
P = 0.04). However, the reduction of asparate aminotransferase level from 43.3 + 9.3 to
29.8 £ 5.9 was not significant compared to placebo (treatment difference = -1.5, P = 0.12).
Conclusions: Vitamin E therapy in patients with moderately elevated aminotransferase
levels (1.5-3 times than basal levels) due to statin consumption may be beneficial and can
reduce the asymptomatic hepatocellular damages.

1. Background

inhibition of HMG-CoA reductase, an enzyme which plays

High cholesterol levels (also called hypercholesterolemia)
have been associated with cardiovascular disease (CVD)
(1-4). Statins (or HMG-CoA reductase inhibitors) are
a group of medications that decrease the lipid level via
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a central role in the production of cholesterol. In addition
to their lipid lowering effects, statins are suggested to
have antithrombotic, anti-inflammatory and antioxidant
properties that could stabilize the atherosclerosis plaques
(5, 6). Although the benefits of statins in prevention of
cardiovascular events are undeniable, it can increase the
liver aminotransferase levels, generally less than 3 folds
the upper limit of normal range (ULN) (7-9). The incidence
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of asymptomatic hepatocellular dysfunction (manifested
by Asparate aminotransfersae [AST] and Alanine 2
aminotransfersae [ALT]) ranges from about 3% for any
elevation to less than 1% for elevations greater than 3 times
the ULN. If levels of aminotransferase increase three times
higher than the normal range, continuing statin lead to
problems (10, 11).

An exogenous vitamin E supplement can improve the
liver function due to antioxidant properties in fatty liver
disease and non-alcoholic steatohepatitis (NASH) (12-15).
However, vitamin E has not been used for treatment of statin
induced asymptomatic hepatocellular damaged revealed by
abnormal liver enzymes.

2. Objectives

The aim of this study was to determine the effect of
vitamin E in patients with elevated aminotransferase levels
due to consumption of statin.

3. Materials and Methods
3.1. Trial Design

This study was a randomized, double-blind, single center,
placebo-controlled trial conducted from February 2014
to December 2015. 802 patients were enrolled to see if
they meet inclusion criteria; the data from twenty three
participants were used in the final analysis. Figure 1 shows
the CONSORT flow diagram of the study. The protocol of
this study was approved by the Vice Chancellor for Research
of Faculty of Medicine, Shiraz University of Medical
Sciences and written informed consent was obtained from
all patients. The trial was registered at Iranian registry of
clinical trials (www.IRCT.IR) under the registration number
of IRCT2014042817470N1.

3.2. Patients
Eligible patients referred to Imam Reza Clinic, affiliated

to the Shiraz University of Medical Sciences in Shiraz,
Southern Iran received atorvastatin based on the accepted
guidelines. Patients were admitted to the study based
on the following inclusion criteria: (i) consumption of
atorvastatin, (ii) increased aminotransferase levels equal or
more than 1.5 and less than 3 folds the upper limit of normal
range. Exclusion criteria included any of the following:
(1) consumption of any drug other than atorvastatin that
could increase the liver aminotransferases, (ii) past medical
history of liver disease or elevated aminotransferase before
atorvastatin initiation, (iii) increased aminotransferase
levels equal or more than 3 folds.

3.3. Interventions and Outcomes

The patients were randomized into two study groups. They
received once daily vitamin E supplement (400 units, 30
capsules/person) manufactured by the 21st century, USA as
the intervention group or indistinguishable placebo capsules
containing starch as the control group. The eligible patients
were asked to continue unchanged dose of atorvastatin
during one month period of treatment. The primary
outcomes were liver aminotransferase levels including
alanine transaminase and asparate transaminase at baseline
and one month after the intervention. Collection and
analysis of all clinical and laboratory data were performed
by the study team blinded to group assignment.

3.4. Randomization and Blinding

Patient were randomized in a permuted block scheme
according to age, and sex and allocated into two groups
in 2:1 manner, intervention group (n = 15) and controlled
parallel group (n = 8). Study capsules were allocated in
separate packs blinded and labeled using a four-digit code.
The information regarding which codes correspond to what
treatment was maintained by the project coordinator. Apart
from the project coordinator, the patients, the staff involved
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Figure 1. CONSORT Flow Diagram of the Study
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in clinical center, and members collecting and analyzing
data were blinded to the intervention allocation.

3.5. Statistical Analysis

Data were entered into Statistical Package for Social
Sciences (SPSS), version 20. Descriptive data were
presented as mean, standard deviation, frequency and
percentage. Baseline categorical variables were analyzed
by independent t-test or Chi-square tests. The significance
of the differences between measurements before and after
the intervention was assessed using paired t-tests and the
between group difference by independent sample T-test.
A two-sided P value < 0.05 was considered statistically
significantly.

4. Results

A total of 23 patients were enrolled in the study; 15 patients
in the intervention group and 8 in the control group. The
mean + SD age of the participants in both groups was 40
+ 11.8 years; the majority of them were men (61%). The
characteristics of the participants are summarized in Table
1. There was no statistically significant difference between
the two groups regarding baseline ALT and AST levels.

Consumption of vitamin E 400 units for one month in
the intervention group decreased the ALT levels from
77.6 £ 17.5t0 40.9 £ 13.4 (P < 0.001) and AST level from
43.3 +9.3 t029.8 £ 5.9 (P = 0.024), while consumption of
placebo did not alter the level of these enzyme significantly
(P =0.39 and 0.072 for ALT and AST, respectively.) The

comparison between vitamin E and placebo groups also
showed statistically significant changes in the mean level
of ALT and a trend toward reduction of AST after the
intervention, as shown in Table 2.

5. Discussion

The results of our trial showed that daily supplementation
with 400 unit vitamin E can reduce the statin-induced
elevated liver transaminase levels. Statins are effective
in reducing cardiovascular events and are safe for almost
all patients, but elevation of hepatic aminotransferases
occurs in approximately 3% of patients during statin
therapy. The exact mechanism by which statins may induce
hepatocellular injury is yet unclear.

An animal study by Kornbrust et al. suggested that the
depletion of mevalonate or one of its sterol metabolites
caused by the inhibition of 3-hydroxyl, 3-methyl-glutaryl-
CoA reductase (HMG-CoA) enzyme might account for the
elevated liver enzymes (16-18).

In addition to HMG-CoA reductase inhibitors, fatty liver
disease and NASH are common causes of asymptomatic
aminotransferase increase. It is currently believed that
oxidative stress plays an important role in the hepatic
damage in these patients (19-21). Effects of vitamin E
alone or combined with other vitamins on elevated liver
aminotransferase, especially in NASH, were reported
recently. The use of exogenous antioxidants is thought
to minimize the oxidative stress in NASH (22, 23). As a
possible mechanism of action, antioxidant role of vitamin E

Table 1. Baseline Characteristics of Participants

Characteristics Vitamin E Group Control Group P value
Age 40.5+10.7 395+ 11.7 0.45
Sex

Male (%) 9 (60%) 5 (62.5%) 0.38
Female (%) 6 (40%) 3 (37.5%)

Cause of statin therapy

Primary prevention 8(53.3%) 4 (50%) 0.78
Secondary Prevention 7 (46.6%) 4 (50%) 0.22
Asparate Aminotransferase (AST) 43.3+9.3 50 + 8.2 0.34
Alanine Aminotransferase (ALT) 77.6 £17.5 743 £9.1 0.90
Concomitant medications

Asprin 8 (53.3%) 4 (50%) 0.76
Clopidogrel 5 (33.3%) 2 (25%) 0.12
ACE inhibitor 8 (53.3%) 5 (62.5%) 0.08
Ca channel blocker 3 (20%) 1(12.5%) 0.07
B-Blocker 2 (13.3%) 2 (25%) 0.23
Angiotensin receptor blocker 1 (6.6%) 0 (0%) 0.09
Ejection Fraction (%) 58.6 £4.5 59.6 £ 6.5 0.67
Concomitant Hypertension 7 (46.6%) 3 (37.5%) 0.08
Concomitant Diabetes 2 (13.3%) 1(12.5%) 0.23
Baseline Creatinine 0.8 5+ 0.24 0.79 £ 0.32 0.12
Baseline GFR 89 + 12 91+ 15 0.11

Table 2. Liver Transaminase Levels before and after the Intervention

Characteristics Placebo Group (n = 8) Vitamin E Group (n = 15) Difference of P value
Baseline 1 months  Difference P value Baseline 1 months Difference  Pvalue difference

AST 50 £ 8.2 38+ 15.4 12 0.072 433+93 298+59 135 0.029 -1.5 0.12

ALT 74.3 £ 9.1 63.3+343 11 0.39 77.6 £17.5 409+13.4 36.7 <0.001 -25.7 0.04

Abbreviations: ALT, Alanine Aminotransferase; AST, Asparate Aminotransferase
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can improve the liver function (24). A trial by Yakaryilmaz
et al. evaluated the effects of vitamin E therapy in a group
of 9 patients with biopsy-proven NASH. They were given
vitamin E 800 mg daily for 24 weeks. Histologically,
necroin ammation and peroxisome proliferator-activated
receptor-a (PPAR-a) staining index were improved in
seven patients. These results were in favor of hepatocytes
inflammation reduction (25). Another study in children with
NASH revealed that daily oral vitamin E administration
(400 - 1200 IU) normalized the serum aminotransferase
and alkaline phosphatase levels (26). A meta-analysis of
randomized controlled trials (RCTs) conducted on role
of vitamin E in the treatment of NASH showed obvious
reductions in aminotransferases, inflammation and
liver fibrosis (27). However, in a study by Harrison and
colleagues, treatment of forty five NASH patients with
vitamins E and C (1000 IU and 1000 mg, respectively)
daily for 6 months showed no change in the inflammation,
but it resulted in a statistically significant improvement in
the liver brosis score (28). In another randomized study,
oral Vitamin E (600 [U/day) and vitamin C (500 mg/
day) combination in patients with fatty liver disease was
more efficacious on serum aminotransferase levels than
ursodeoxycholic acid (10 mg/kg/day), but the difference
was not significant (29).

To the best of our knowledge, this is the first study that
has reported the beneficial effect of addition of vitamin E
to statins in reduction of aminotransferase levels. However,
the effects of this combination have been evaluated in some
other studies. In a study by De Caterina et al., combining
vitamin E with statins added nothing to statin anti-lipid
effects (5) although we know that both statins and vitamin
E may interfere with oxidative stress by reducing lipid
peroxidation.

Leonardo et al. reached the same finding (30). Napoli and
colleagues revealed that pravastatin reduced the activity
of cholesteryl ester transfer protein (CETP), but not that
of lecithin-cholesterol acyltransferase (LCAT). Addition
of vitamin E prevented the decrease in CETP activity and
had no effect on LCAT activity in the hypercholesterolemia
patients (31).

One of the limitations of our study was that we could
not show the direct evidence of changes in the hepatocyte
and liver structure; instead, we used aminotransferase
levels as an indirect evidence of hepatocellular damage
and recovery. In fact, depiction of such changes has some
ethical and technical issues, so using surrogate end point
seems reasonable.

5.1. Conclusion

In conclusion, vitamin E therapy in patients with
moderately elevated the aminotransferase levels (1.5
- 3 times than basal levels) since statin consumption is
beneficial and can reduce the asymptomatic hepatocellular
damages. This intervention may be suggested as a new
approach for treatment of liver enzymes elevation due to
statins. Future studies are required to see if this treatment
can also be helpful in patients with statin induced severe
elevations of aminotransferase levels (more than 3 times the
basal levels). Furthermore, clinical trials with pre-specified
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clinical end points are needed to see whether this reduction
in aminotransferase levels can result in clinical benefits
or not.
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