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SUMMARY
Background—Non-alcoholic steatohepatitis (NASH) is a common cause of serum alanine
aminotransferase (ALT) elevations and chronic liver disease, but it is unclear how well ALT
elevations reflect the liver injury.

Aim—To assess how well changes in ALT elevations reflect improvements in liver histology in
response to vitamin E therapy.

Methods—The vitamin E and placebo arms of the Pioglitazone vs. Vitamin E vs. Placebo in
Non-alcoholic Steatohepatitis (PIVENS) trial were reassessed for associations among changes in
ALT levels, body weight and liver histology. An ALT response was defined as a decrease to ≤40
U/L and by ≥30% of baseline. Liver biopsies taken before and after treatment were scored for non-
alcoholic fatty liver disease activity (NAS) and fibrosis.
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Results—ALT responses were more frequent among vitamin E (48%) than placebo (16%)
recipients (P < 0.001). Among vitamin E recipients, ALT responses were associated with
decreases in NAS (P < 0.001), but not fibrosis scores (P = 0.34), whereas among placebo
recipients, ALT responses were associated with significant decreases in both (P < 0.05). Weight
loss (≥2 kg) was also associated with ALT response (P < 0.001), improvements in NAS (P <
0.001) and fibrosis (P < 0.02), but vitamin E had an added effect both with and without weight
loss. Weight gain (≥2 kg) was associated with lack of ALT response and worsening NAS and
fibrosis scores in patients not on vitamin E.

Conclusions—Decrease of ALT levels to normal in patients with NASH is usually associated
with improved histological activity. Management should stress the value of weight loss and
strongly discourage weight gain. Vitamin E can improve both ALT levels and histology with and
without weight loss. Clinical Trial Number: NCT00063622.

INTRODUCTION
Vitamin E is a naturally occurring fat-soluble vitamin that is believed to be an important
antioxidant, capable of ameliorating the effects of free radicals produced intracellularly
during normal metabolism as well as periods of oxidative stress.1 Clinically, overt vitamin E
deficiency is rare, occurring largely in persons with malabsorption syndromes and
associated with defects in immune function, neurological development and membrane
fluidity.2–4 Vitamin E is present in many multivitamin preparations and by itself is promoted
as beneficial in normal cellular functions and possibly important in prevention of cancer,
cardiovascular disease and ageing. However, in several large, long-term studies,
administration of vitamin E supplements was not associated with significant improvement in
cardiovascular,5, 6 cancer6–8 or ageing-related9 outcomes. Indeed, a meta-analysis indicated
that vitamin E supplementations may be associated with excess all-cause mortality.10

Recently, several small open-label studies11, 12 followed by two randomised controlled
trials13, 14 have indicated a potential role for vitamin E supplementation in liver disease. In
these studies, natural forms of vitamin E, given in a high, single daily dose, decreased serum
aminotransferase levels and improved liver histology in a proportion of patients with non-
alcoholic fatty liver disease (NAFLD) in its more severe form known as non-alcoholic
steatohepatitis (NASH). In the Pioglitazone vs. Vitamin E vs. Placebo for the Treatment of
Nondiabetic Patients with Non-alcoholic Steatohepatitis (PIVENS) trial, a 96-week course
of natural vitamin E (RRR-α-tocopherol, 800 IU once daily) was associated with a marked
decrease in mean serum alanine aminotransferase (ALT) levels within the first 6 months of
treatment that was maintained for the entire period of therapy and followed by relapse once
treatment was stopped.13 Liver biopsies taken before and at the end of the 96 weeks showed
improvements in steatosis, inflammation and ballooning cell injury, the histological hall-
marks of NASH. Indeed, central review of liver biopsies masked to treatment group
indicated that 47% of vitamin E-treated compared to 21% of placebo-treated subjects no
longer met histological criteria for the diagnosis of NASH by the end of treatment (P =
0.05). The mechanism(s) by which vitamin E improves disease activity in NASH, the
optimal effective dose, the role of weight loss in the response and the best approach to
monitoring patients for a clinical response (ALT levels, liver biopsy) remain(s) unclear.
Secondary analyses of the PIVENS trial are directed at answering some of these questions.

This secondary analysis was carried out to assess whether there was an association between
reduction in serum ALT levels and improvements in liver histology, to evaluate the utility of
ALT levels as surrogate markers for a histological response, and to identify the effects of
weight loss on improvements in ALT values and liver histology in both the vitamin E and
placebo groups.
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METHODS
PIVENS trial

The PIVENS trial was a prospective, double-dummy, double-blind randomised trial of
pioglitazone vs. vitamin E vs. placebo in 247 nondiabetic, adult patients with histologically
defined non-alcoholic steatohepatitis. The aims, design and primary outcomes of this trial
have been published.13, 15 Briefly, subjects underwent a preliminary medical evaluation,
including liver biopsy, and those with histological features of NASH and a non-alcoholic
fatty liver disease activity score of at least 4 (on a scale of 0–8) were randomised to receive
(i) pioglitazone (30 mg) and vitamin E placebo; or (ii) vitamin E (800 IU) and pioglitazone
placebo; or (iii) both placebos by mouth once daily for 96 weeks. All patients were followed
with out-patient visits and routine blood tests at 3-month intervals and repeat liver biopsies
after 96 weeks of treatment. Therapy was then stopped and subjects were followed for
another 24 weeks on no treatment. The study was conducted between 2005 and 2009 at eight
US medical centres and the data was managed by a central Data Coordinating Center (for
locations, see Appendix S1). All patients gave written informed consent and all details of the
trial were approved by local institutional review boards. In addition, the design, protocol,
details and conduct of the trial were monitored by an independent data safety and
monitoring board appointed by the NIDDK.

Reanalysis
This post hoc analysis focused on serum alanine aminotransferase (ALT) responses in
patients who received vitamin E or placebo and the association of these changes with initial
clinical features, changes in histological features and interactions with changes in body
weight. Changes in ALT levels between baseline, week 24 and week 96 were analysed and
an ALT response was defined as a decrease to a level of ≤40 U/L and by at least 30% from
baseline. This definition was developed after inspection of the clinical course of patients
with and without a histological response. The level of 40 U/L was chosen because it is
commonly used by clinical laboratories as the upper limit of the normal range for ALT. A
requirement of a 30% decrease was needed because an elevation in serum ALT levels was
not required for enrolment, and some patients had normal or minimally elevated levels at the
time of randomisation. This definition was tested post hoc and found to have the highest
area under the receiver operating characteristic (AUROC) for predicting an improvement in
NAS score among the vitamin E recipients in comparison to using 30 U/L as the upper limit
of normal, with and without the requirement for a 30% decrease in ALT (Table S1). This
definition also yielded a higher AUROC than a more complex, logistic regression algorithm
with the addition of an ALT value of less than 60 U/L and a 50% decrease from baseline.
Finally, substituting AST for ALT values did not increase the AUROC for predicting
improvement in NAS scores (data not shown).

ALT responses were categorised into four types: (i) an early and sustained response, the
ALT criteria being met at both weeks 24 and 96; (ii) a late response only, the ALT criteria
being met at week 96, but not week 24; (iii) an early response only, the ALT criteria being
met at week 24, but not week 96 (defined as breakthrough); and (iv) a nonresponse, the ALT
criteria not being met at either time. The majority of patients were followed for at least 24
weeks after stopping therapy (to week 120). A relapse was defined as a loss of the ALT
response at week 120 or the last available determination. For analysis of associations, the
four response types were collapsed into two groups: ALT response (early and sustained
response and late response only: i.e. ALT ≤40 U/L at week 96) and ALT nonresponse (early
only and nonresponse: i.e. >40 U/L at week 96). Similarly, comparing pre-treatment and 96
week liver biopsies, histological responses were categorised into (i) improvement (a 2-point
decrease in NAS score); (ii) worsening (a 2-point increase in NAS score); or (iii) no change
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(a −1, 0 or +1 change in NAS score). Finally, changes in body weight between baseline and
week 96 were categorised into (i) weight gain (2 kg or more), weight loss (2 kg or more) or
no change (<2 kg gain or loss).

All liver biopsies were scored for features of NAFLD and NASH using a standardised
scoring system by the Pathology Committee of the NASH CRN.16 The NAFLD activity
score (NAS) comprised the combination of scores given for steatosis (0–3+), lobular
inflammation (0–3+) and ballooning degeneration (0–2 +). Fibrosis was scored on a 5-point
system (0–4+), 3+ representing bridging fibrosis and 4+ cirrhosis. Liver biopsies were also
assessed for presence of Mallory’s hyaline and other features typical of NAFLD. The length
of biopsies was measured to assess adequacy. Details of the scoring system, including its
intra- and interobserver variation, have been described.16

This reanalysis of the PIVENS trial was limited to patients treated with vitamin E or placebo
who underwent repeat liver biopsy at 96 weeks. In addition, patients whose pre-treatment
serum ALT levels were <30 U/L were excluded, as a further 30% decrease in ALT levels
was considered unlikely to occur. Patients in the pioglitazone arm of the PIVENS trial were
not included in this analysis because of differences in ALT and histological responses and
because pioglitazone was associated with weight gain.13

Statistical analyses
Group comparisons used the t-test with unequal variance for continuous outcomes and the
Chi-squared test (or Fisher’s exact test for small numbers) for categorical outcomes. Linear
regression of change in histology (i.e. NAS or fibrosis) on change in weight did not vary by
treatment group. Final regression models included baseline values of NAS or fibrosis,
change in weight and an indicator variable for group. Sensitivity analyses using resistant
regression did not change the interpretation of the results. P values were nominal. The data
analysis for this paper was generated using SAS software 9.3 (SAS Institute Inc., Cary, NC,
USA) and Stata software (StataCorp, 2011. Stata Statistical Software: Release 12. College
Station, TX, USA: StataCorp LP).

RESULTS
Study subjects

Among patients randomised to receive vitamin E (n = 84) or placebo (n = 83) in the
PIVENS trial, 15 did not have a repeat liver biopsy at 96 weeks, 2 had no ALT results
during follow-up, and 11 had serum ALT levels <30 U/L at baseline and were excluded. The
final cohort consisted of 71 vitamin E and 68 placebo-treated recipients. The baseline
demographic, laboratory and histological features of these 139 patients were similar to those
of the 28 patients who were excluded, except for higher mean ALT levels (87 vs. 63 U/L, P
= 0.04) and higher mean triglycerides (174 vs. 126 mg/dL, P = 0.004), probably due in part
to the exclusion of subjects with low initial ALT values (data not shown). The 139 patients
for analysis included 80 women (58%) and 103 (74%) non-Hispanic Whites. The average
age was 46 years (range 19–71 years) and average initial body weight was 96 kg (range 52–
168 kg). Baseline serum ALT values ranged from 30 to 280 U/L (mean = 87 U/L) and initial
NAS scores ranged from 2 to 8 (mean = 5.0). There were no differences in these baseline
features between the vitamin E and placebo groups (Table 1).

ALT Responses
The serial mean ALT levels in the placebo and vitamin E-treated groups over the 96 weeks
of therapy and subsequent 24 weeks of follow-up (to week 120) are shown in Figure 1.
There was a marked decline in ALT levels in the vitamin E group beginning within the first
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month of treatment that was statistically significant in comparison to the placebo group by
week 8 (P = 0.01). In vitamin E recipients, ALT levels declined by an average of 39 U/L by
week 24. Thereafter, there was a slight further decline in mean ALT levels in both the
placebo and vitamin E groups, so that by week 96 the mean decline was 41 U/L in vitamin E
and 21 U/L in placebo recipients. After therapy was stopped at 96 weeks, mean ALT levels
rose in the vitamin E, but not in the placebo group and the two treatment arms had virtually
identical average ALT levels at week 120. These results were similar to those shown in the
entire cohort in the primary publication of the PIVENS trial.13

For further analyses, an ALT response was defined as a decrease to ≤40 U/L and by ≥30%
of baseline, and the pattern of response was categorised as either ‘early’ (at 24 weeks) or
‘late’ (at 96 weeks) and whether early and sustained or not (breakthrough). All categories of
beneficial ALT responses were more common in vitamin E than placebo recipients,
including an early and sustained response (24% vs. 6%), an early response, but subsequent
breakthrough (15% vs. 1%) and a late response (24% vs. 10%). Conversely, only 37% of
vitamin E recipients compared to 82% of placebo recipients were classified as having no
ALT response at either time point.

Association of ALT and histological responses
Changes in NAS score by type of ALT response and treatment group are shown in Figure 2a
and changes in fibrosis scores in Figure 2b. Statistical analyses of the differences between
groups are given in Table 2. Almost all patients (95%) who had an early and sustained ALT
response also had a 2-point or greater improvement in NAS score regardless of whether they
received vitamin E or placebo. Similarly, patients with a late ALT response (ALT ≤40 U/L
at week 96) also were likely to have a histological response, although a 2-point or greater
response was more likely to occur in the vitamin E (65%) than the placebo group (43%). In
contrast, patients with an early response followed by breakthrough and those with no
response were unlikely to have histological improvement, with little change in the average
NAS scores. Changes in fibrosis scores showed a similar pattern among the four categories
of ALT responses, but the differences were not statistically significant.

Associations between ALT responses and quantitative changes in histological features are
given in Table 2. In these analyses, patients were grouped as having an end-of-treatment
ALT response (early and sustained or a late response) or a nonresponse (early response with
breakthrough or nonresponse) as well as by treatment arm. Thus, patients with an end-of-
treatment ALT response had improvements in all of the features of the NAS score, which
overall was highly significant (P < 0.0001). A similar association was also found in the
placebo-treated patients, but the differences were less striking, perhaps because of the fewer
numbers of placebo subjects with ALT responses. Overall, a similar proportion of patients
with an ALT response were found to have histological resolution of NASH in both the
vitamin E (44%) and placebo groups (45%). There was also a decrease in fibrosis scores in
the ALT responders, but the change was not significantly more than in nonresponders in the
vitamin E group and was only marginally significant in the placebo group. Finally, there was
a modest association between ALT responses and weight loss, which was most evident in
the placebo recipients. This association was analysed further focusing upon weight change
and histological improvement.

Weight change
Changes in body weight over the 96 weeks of treatment in the PIVENS trial were similar in
the vitamin E and placebo groups. Thus, there was an overall average 0.7 kg increase in
body weight (vitamin E = +0.5 kg, placebo = +0.9 kg) during the 96 weeks of treatment.
Importantly, however, there was great variability in weight change among the 139 subjects,
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ranging from a gain of 14 kg to a loss of 15 kg. By categories, 22% of patients had weight
loss (≥2 kg), 36% minimal or no change and 42% weight gain (≥2 kg).

Average changes in NAS and fibrosis scores in the vitamin E and placebo-treated patients
are shown by category of weight change in Table 3. In both treatment groups, patients who
lost weight were more likely to have improvements in NAS scores than those with no
change or weight gain. However, improvements in NAS scores were greater among the
vitamin E-treated patients irrespective of weight change. There was no evidence that the
proportion of ALT responders varied by weight change between the vitamin E and placebo
patients, indicating independent effects of both weight change and vitamin E (P = 0.29 from
test of interaction). In contrast, there were minimal improvements in fibrosis scores (mean
change = −0.3, 95% CI −0.1 to −0.4) and no diferences between the vitamin E and placebo
groups (P = 0.21). In the placebo group, patients who gained weight were more likely to
have worsening of NAS scores and fibrosis, an effect not seen in the vitamin E-treated
patients. The difference in change in fibrosis score between placebo recipients who gained
weight (+0.2) and those who had no change (−0.3) weight or lost (−0.7) was signi ficant (P =
0.005).

The individual changes in histological scores by weight change and treatment group in all
139 patients are shown for NAS and fibrosis scores separately in Figure 3a and 3b. There
was a constant difference between the vitamin E and placebo patients in change in NAS
regardless of change in weight, indicating an independent effect of vitamin E on disease
activity irrespective of weight change (P = 0.44 from test of interaction of weight change by
treatment group by linear regression of change in NAS score). In contrast, there appeared to
be little effect of vitamin E on change in fibrosis scores, except in blunting the effects of
weight gain.

Relapse in ALT response
At the end of 96 weeks of therapy, patients were instructed to stop the study medications and
were followed for another 24 weeks. After stopping therapy, 15 of 40 patients with an end-
of-treatment ALT response who had ALT values at 120 weeks lost the response, including
13 of 31 (42%) vitamin E and 2 of 9 (22%) placebo recipients.

DISCUSSION
Non-alcoholic fatty liver disease has become the most common cause of liver test
abnormalities adults in the Western world and is estimated to affect up to 30% of the adult
population.17, 18, 19 This condition is also increasing in frequency among children and
adolescents.20 NAFLD is often benign and nonprogressive and associated with few, if any,
symptoms. On the other hand, a proportion of patients with NAFLD develop progressive
liver disease that can result in cirrhosis, end-stage liver disease, need for liver
transplantation, hepatocellular carcinoma and death.21–25 Patients with progressive disease
usually have NASH on liver biopsy with the typical findings of centrizonal (zone 3) cellular
injury (also called ballooning degeneration), inflammation, and fibrosis in addition to
steatosis.22 The separation of simple steatosis from NASH non-invasively can be difficult
and is not predicted by serum aminotransferase levels, thus leading to the need for liver
biopsy to decide upon interventions.26, 27 These findings suggest that serum ALT and AST
are unreliable markers for the degree of activity or severity, stage or degree of fibrosis and
ultimate progression of NASH to end-stage liver disease.

In this secondary analysis of the PIVENS trial, however, serum ALT levels, if elevated at
baseline, were found to have reasonable reliability in detecting improvement in the
underlying liver disease, at least as assessed by liver biopsy and a validated histological
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scoring system. Over 80% of patients treated with vitamin E whose serum ALT levels fell to
40 U/L or less and by at least 30% of baseline had histological improvement. Importantly,
none of these patients had evidence of worsening. In contrast, patients who did not achieve
this degree of improvement in serum liver biochemical tests were less likely to show
histological improvement and a significant proportion worsened.

This reanalysis of the PIVENS trial also showed the important and confounding effects of
weight change on serum ALT levels as well as histological features of disease. Indeed, in
patients who lost weight (using a cut point of only 2 kg over a 2-year period), the proportion
of patients with histological improvement was similar in vitamin E and placebo groups (71%
vs. 64%), although the quantitative degree of improvement in NAS score was greater with
vitamin E than placebo (−2.8 vs. −1.9 points). Perhaps more strikingly, patients who gained
weight were less likely to improve with vitamin E therapy, and those receiving placebo were
likely to worsen. Weight gain was indeed associated with significant worsening of hepatic
fibrosis in the placebo-treated patients. In contrast, patients who received placebo and who
lost or did not gain weight and those who received vitamin E were unlikely to demonstrate
progression of fibrosis scores over the 2-year period of this study whether or not ALT levels
improved. These results provide strong and evidence-based support for dietary
recommendations in patients with NASH. A first priority should be weight loss. But,
perhaps more important is strict avoidance of further weight gain, which is closely
associated with worsening of fibrosis, a surrogate, but convincing marker for disease
progression.

The demonstration that vitamin E resulted in decreases in ALT levels and histological
improvements in NASH was shown in the initial publication of the PIVENS trial 13 and was
reinforced by several features in this study. First, there was a rapid and statistically
significant decline in ALT levels in the vitamin E-, but not placebo-treated patients. The
proportion of patients with an ALT response was three or more times higher in the vitamin E
than placebo group, both at 24 weeks (39% vs. 7%) and 96 weeks (48% vs. 16%).
Improvements in ALT levels were associated with improvements in histology scores and
this was most evident in the vitamin E-treated subjects. Finally, discontinuation of vitamin E
was followed by a prompt relapse and loss of the ALT response in 42% of patients.

Shortcomings of this post hoc analysis include the small sample size of the controlled study,
which was adequate to assess the primary endpoint, but was somewhat limited for extensive
secondary analyses. In addition, the definitions of ALT and histological responses were
made a priori with only limited analysis of the dataset. However, both definitions are based
upon clinical understanding of NAFLD and were easy to apply. The numbers of patients in
the study were too few to attempt to generate statistically based algorithms for defining an
ALT or histological responses; however, in preliminary analyses, modification of the
criteria, such as dropping the requirement for a 30% decline in ALT from baseline,
decreasing the criteria for an ALT response from ≤40 to ≤30 U/L, and using AST rather than
ALT values did not improve the area under the curve in predicting histological responses
(Table S1). Finally, this study was carried out in nondiabetic patients and the findings may
not be applicable to patients with diabetes, who typically have more severe disease.
Furthermore, only half of patients (48%) responded to vitamin E therapy and most relapsed
when it was stopped.

In summary, these results show that vitamin E therapy is associated with improvements in
serum aminotransferase levels, and that decreases of ALT values into the normal range (to
≤40 U/L and by 30% of baseline) are usually associated with histological improvement in
disease activity (steatosis, inflammation, cell injury). Weight loss can also achieve these
endpoints, but importantly weight gain has definite negative implications for the natural
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history and outcome of this common and increasingly important form of liver disease. The
effects of vitamin E and weight loss on both ALT and histological responses were separate
and independent, so that even patients who lost weight benefitted from vitamin E therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean changes in ALT levels from baseline by weeks after randomisation are shown
separately for the placebo (n = 68) and vitamin E (n = 71) subjects in this reanalysis of the
PIVENS trial.
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Figure 2.
Change in NAS and fibrosis scores between baseline and week 96 in patients receiving
vitamin E or placebo by pattern of ALT response. (a) change in NAS scores. (b) changes in
fibrosis scores. Patterns of ALT response are categorised into four groups: as early and
sustained, a late response only, an early response only [breakthrough] and nonresponse.
Each dot represents an individual patient; dots are plotted slightly above or below the line
for clarity using 1% jittering; the line segments connect the means for each group.
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Figure 3.
Change in individual NAS and fibrosis scores between baseline and week 96 in patients
receiving vitamin E or placebo by amount of weight change during therapy (a) changes in
NAS. (b) changes in fibrosis scores. Each dot represents an individual patient; dots are
plotted slightly above or below the line for clarity using 1% jittering; the locally weighted
scatterplot smoothing (lowess) curves are present for each group.
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Table 1

Baseline characteristics

Clinical feature Vitamin
E (n = 71)

Placebo
(n = 68)

P value

Demographics

Age in years
 (mean ± s.d.)

46 ± 12 45 ± 12 0.65

Female sex 59% 56% 0.73

Race/ethnicity

 Non-Hispanic White 76% 82% 0.62

 Hispanic White 9% 5%

 Non-White 15% 13%

Liver test results (mean ± s.d.)

 ALT (U/L) 90 ± 47 85 ± 49 0.55

 AST (U/L) 61 ± 33 57 ± 31 0.43

 GGT (U/L) 78 ± 27 83 ± 27 0.32

 Alkaline
  Phosphatase (U/L)

78 ± 27 83 ± 27 0.27

 Bilirubin (mg/dL) 0.75 ± 0.38 0.78 ± 0.36 0.65

 Albumin (g/dL) 4.2 ± 0.3 4.2 ± 0.4 0.90

 Prothrombin
  time (sec)

11.9 ± 2.8 11.7 ± 1.9 0.61

Lipids and metabolic factors (mean ± s.d.)

 Triglycerides (mg/dL) 176 ± 207 171 ± 91 0.79

 Fasting glucose
  (mg/dL)

96 ± 14 94 ± 14 0.47

 HOMA-IR (mg/dL
  × μU/mL/405)

5.2 ± 4.0 5.4 ± 5.4 0.93

 Body mass
  index (kg/m2)

34 ±7 34± 7 0.53

Liver Histology (mean ± s.d.)

 Total NAS 5.1 ± 1.4 4.9 ± 1.3 0.22

 Steatosis 1.9 ± 0.9 1.9 ± 0.8 0.66

 Lobular inflammation 1.8 ± 0.7 1.6 ± 0.7 0.10

 Hepatocellular
  ballooning

1.4 ± 0.7 1.3 ± 0.7 0.82

 Fibrosis stage 1.5 ± 1.0 1.6 ± 1.1 0.77

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; HOMA-IR, homeostatic model
assessment for insulin resistance; NAS, non-alcoholic fatty liver activity score.
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Table 2

ALT responses and changes in histological features

Vitamin E Placebo

Histological feature ALT R* (n = 34) ALT NR* (n = 37) P value ALT R* (n = 11) NR* (n = 57) P value

Mean change in steatosis score −1.1 −0.4 <0.001 −0.7 −0.0 <0.001

Mean change in inflammation score −1.1 −0.3 <0.001 −0.5 −0.2 0.14

Mean change in Ballooning score −0.8 −0.2 0.01 −0.5 −0.2 0.42

Mean change in NAS† score −3.0 −0.8 <0.001 −1.6 −0.4 0.03

Mean change in Fibrosis score −0.5 −0.2 0.34 −0.8 −0.0 0.04

Decrease in NAS by ≥2 points 82% 32% <0.001 55% 25% 0.07

Resolution of NASH‡ 44% 22% 0.07 45% 14% 0.03

Mean change in Weight (kg) −0.9 1.8 0.03 −3.7 1.8 0.01

*
ALT R = response defined as decrease to 40 U/L or less and by 30% or more from baseline. ALT NR = lack of ALT response.

†
Total non-alcoholic fatty liver activity score (NAS), comprising the sum of scores for steatosis, inflammation and ballooning cell injury.

‡
Resolution of histological features that fulfil the criteria for diagnosis of non-alcoholic steatohepatitis (NASH).
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Table 3

Relationship between weight changes and changes in histology

Vitamin E Placebo

Group Weight change (kg) Weight change (kg)

Change in histology score Loss (≥2)
n = 17

No change
n = 27

Gain (≥2)
n = 27 P value Loss (≥2)

n = 14
No Change

n = 23
Gain (≥2)

n = 31 P value

Steatosis −1.1 −0.8 −0.4 0.08 −0.5 −0.3 +0.1 0.05

Inflammation −1.1 −0.7 −0.4 0.04 −0.4 −0.6 +0.2 0.002

Ballooning −0.7 −0.7 −0.2 0.08 −0.9 −0.3 +0.2 <0.001

Total NAS* −2.8 −2.2 −1.0 0.007 −1.9 −1.1 +0.5 <0.001

Fibrosis −0.4 −0.4 −0.2 0.70 −0.7 −0.3 +0.2 0.003

Resolution of NASH† 41% 37% 22% 0.42 50% 17% 6% 0.003

Decrease in NAS by ≥ 2 71% 65% 37% 0.05 64% 39% 6% <0.001

ALT Response 59% 48% 41% 0.52 43% 13% 6% 0.01

*
Total non-alcoholic fatty liver activity score (NAS), comprising the sum of scores for steatosis, inflammation and ballooning cell injury.

†
Resolution of histological features that fulfil the criteria for diagnosis of non-alcoholic steatohepatitis (NASH).

Aliment Pharmacol Ther. Author manuscript; available in PMC 2014 July 01.


