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Abstract
Nonalcoholic Steatohepatitis (NASH) is a chronic progressive liver disease which is strongly
associated with obesity. Currently, there is no approved therapy for NASH. Weight reduction is
typically recommended but efficacy data is lacking. We performed a randomized controlled trial to
examine the effects of lifestyle intervention using a combination of diet, exercise and behavior
modification with a goal of 7-10% weight reduction on clinical parameters of NASH. The primary
outcome measure was the change in NASH histologic activity score (NAS) after 48 weeks of
intervention. Thirty one overweight or obese individuals (Body mass index 25-40 kg/m2) with
biopsy proven NASH were randomized in a 2:1 ratio to receive intensive lifestyle intervention
(LS) or structured education (control). After 48 weeks of intervention, participants assigned to LS
lost an average of 9.3% of their weight vs 0.2% in the control group (p=0.003). A higher
proportion of participants in the LS group had a reduction of NAS ≥ 3 points or had post treatment
NAS ≤ 2 as compared to the control group (72% vs 30%, p=0.03). NAS improved significantly in
the LS group (from 4.4 to 2.0) in comparison to the control group (from 4.9 to 3.5) (p=0.05).
Percent weight reduction correlated significantly with improvement in NAS (r=0.497, p=0.007).
Participants who achieved study weight loss goal (≥7%), compared to those lost <7%, had
significant improvements in steatosis (−1.36 vs −0.41, p<0.001), lobular inflammation (−0.82 vs
−0.24, p=0.03), ballooning injury (−1.27 vs −0.53, p=0.03) and NAS (−3.45 vs −1.18, p<0.001).
Conclusion: Weight reduction achieved through lifestyle intervention leads to improvements in
liver histology in NASH.
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Nonalcoholic steatohepatitis (NASH) is a chronic liver disease characterized by
accumulation of fat in the liver accompanied by necroinflammation and hepatocellular
injury(1). Despite being one of the most common chronic liver diseases in the U.S., there is
currently no approved pharmacologic therapy for this condition(2). An effective medical
treatment of NASH is clearly needed since without treatment this disease can progress to
cirrhosis and liver failure in a significant proportion of cases(3). Several pharmaceutical
interventions have been evaluated but none has been approved for general use(4,5). Clinical
trials of insulin-sensitizing agents such as thiazolidinediones have shown promising
results(6-8) but side effects and the need for long term therapy may limit widespread
acceptance(9).

Obesity is considered one of the most important risk factors for this condition(10). Weight
reduction is generally recommended as an initial step in the management of NASH(11).
However, the efficacy of weight reduction for the treatment of NASH has not been carefully
evaluated(12,13). Prior studies of the effects of weight reduction on NASH have been
uncontrolled, used poorly defined patient populations and non-standardized weight loss
interventions, and lacked a well-accepted primary outcome for NASH(12,13). The objective
of this study was to conduct a randomized controlled trial of a year-long weight reduction in
the management of NASH using a standardized state-of-the-art lifestyle intervention
program. Overweight or obese individuals with biopsy-proven NASH were randomized to
receive either standard medical care and educational sessions related to NASH, healthy
eating, weight loss, and exercise (control group); or to an intensive weight management with
a goal of at least 7-10 % weight reduction (lifestyle intervention group). The weight loss
intervention was modeled on interventions that have been successful in other overweight
populations(14) and was similar to the programs implemented in DPP (Diabetes Prevention
Program)(15,16) and Look AHEAD(17,18), an ongoing study with overweight individuals
with type 2 diabetes. We hypothesized that a 7-10% weight reduction through intensive
lifestyle intervention would lead to improvements of biochemical and histological features
of NASH. The primary outcome measure was improvement in NASH activity score (NAS)
of at least 3 points or post treatment-NAS of 2 points or less.

Methods
Participants

We recruited 65 participants between January 2005 to February 2007 through newspaper
advertisement, and contacts with local physicians in the Rhode Island area. To be eligible,
participants were required to have elevated alanine or aspartate aminotransferase values
(ALT >41 or AST>34 U/L), body mass index between 25-40 Kg/m2 and no evidence of
another form of liver disease. All participants were required to complete a 2-week run-in
period consisting of completion of self-monitoring records of diet and exercise. Major
exclusion criteria were significant alcohol consumption (> 1 standard drink per day),
contraindications to obtaining a liver biopsy, inability to walk 2 blocks or a quarter of a mile
without stopping, pregnancy, engagement in an active weight loss program or taking weight-
loss medication, substance abuse, and significant psychiatric problems.

After a successful completion of a 2-week run-in period, a liver biopsy was performed. Only
participants who fulfilled the histologic criteria for steatohepatitis were enrolled in the
weight management programs. Evidence of steatohepatitis on liver biopsy was defined as
presence of (a) macrovesicular steatosis, (b) lobular inflammation and (c) acinar zone 3
hepatocellular injury or ballooning degeneration(19). Presence of all 3 components is
required for study inclusion. Additionally helpful, but not required, features included the
presence of Mallory's hyalin and perisinusoidal fibrosis that predominantly involved zone 3.

Promrat et al. Page 2

Hepatology. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The protocol was approved by the institutional review board at the Rhode Island Hospital,
Providence; written informed consent was obtained from all participants.

Study Design
Participants who fulfilled all inclusion criteria and had no exclusion criteria were randomly
assigned to a lifestyle intervention group or a control group in a 2:1 ratio. Randomization
was performed using a random number generator developed by the project statistician with a
target enrollment of 30 participants. Sample size was calculated to detect a difference in
weight change of 7.5% between the intervention and control group using a two-sided test
with α = .05 and power = .8. Previous studies using the same lifestyle intervention achieved
a 9.1±5.3% weight loss at 1 year and less than 1% weight loss in control group. There were
no available data at the time of study design to estimate histologic response with lifestyle
intervention or control. Randomization process was conducted by a project staff who was
blinded to the randomization sequence. Data collection was obtained by trained staff who
were not aware of the group assignment or sequence of measurement.

All participants, regardless of group assignment were seen by a hepatologist (study principal
investigator) every 12 weeks and had a standard care of their liver disease. Fasting (12-hour)
blood sample was obtained at each visit. At the end of the 48-week intervention, participants
underwent a repeat liver biopsy to compare with their pre-intervention biopsy. Participants
were given an honorarium of $100 at completion of the trial.

Interventions
1) Control group—Participants in this group attended small group sessions providing
basic education about NASH, and about principles of healthy eating, physical activity and
weight control. These sessions occurred every 12 weeks and were conducted by a Master's
level nutritionist or health educator. Participants were not taught specific behavioral self-
regulation skills to help them change behaviors. Providing basic education about diet and
exercise has produced minimal weight loss in other clinical trials(16,20). The educational
sessions were included in this study in order to provide standard care to these patients and to
maximize subject retention.

2) Lifestyle Intervention—Participants randomized to the Lifestyle Intervention received
an intensive, state-of-the-art weight loss intervention based on strategies used successfully in
the Diabetes Prevention Program (DPP), Look AHEAD, and in several behavioral
trials(21,22). The intervention focused on changing both eating and exercise habits with a
goal of producing a 7-10% weight loss within the first 6 months and then maintaining this
weight loss. Participants who were able to lose more than 10% of their body weight were
encouraged to do so.

Participants were seen in small groups (3 to 5 members) conducted by a Master's level
nutritionist or health educator. Groups met weekly for the first 6 months and then bi-weekly
for months 7-12. All participants were given the same curriculum, using a standardized
treatment manual based on the DPP and updated to include treatment strategies shown
recently to improve weight loss (e.g. portion-controlled diets(21) and higher exercise
goals(22)).

The lifestyle intervention focused on diet, exercise, and behavior modification:

Diet: All participants were assigned a calorie goal based on their starting weight (1000-1200
kcal/day if baseline weight < 200 lb or 1200-1500/day if baseline weight > 200 lb) and a
daily fat gram goal designed to produce a 25% fat diet (28 –33 g for 1000-1200 kcal diet or

Promrat et al. Page 3

Hepatology. Author manuscript; available in PMC 2011 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



33-42 g for 1200-1500 kcal diet). These calorie and fat goals have produced weight losses of
0.5 – 1.0 kg/week in previous studies(21,23). The dietary recommendations in this study
were consistent with the recommendations of the American Heart Association, the American
Diabetic Association, and the American College of Sports Medicine. During the first 8
weeks of the program, participants were given meal plans that provided different options for
meals and snacks that would fit within their calorie goals and included use of commercially
available portion-controlled foods such as Slimfast and Lean Cuisine. The use of a portion-
controlled foods is based on several recent studies indicating that this approach promotes
dietary adherence and consequently weight loss through at least 12-18 months(20-22,24).
Over time, participants transitioned to more self-selected diets. Participants were taught the
basic principles of healthy eating from the Food Guide Pyramid and encouraged to increase
fiber and decrease saturated fats and cholesterol intake.

Physical activity: The physical activity intervention relied heavily on unsupervised
exercise, since that has been more effective for long-term adherence than supervised
exercise(25). The program focused on moderate intensity activities, with particular emphasis
on walking. All participants were given pedometers and encouraged to gradually increase
their walking until reaching 10,000 steps per day. Other activities such as bicycling, aerobic
dance, and strength training were also encouraged. Participants were instructed to gradually
progress to a goal of 200 minutes per week of moderate intensity physical activity
(achieving this goal by the end of the first 6 months). The 200-minute goal is selected in
preference to a 150-or 175-minute goal since greater amounts of activity have been
associated with better long-term weight loss results(26). To improve adherence to exercise,
participants were encouraged to accumulate exercise through multiple short bouts of
exercise (at least 10 min in duration).

Behavioral strategies: Behavioral strategies were used to produce and maintain changes in
diet and activity. All participants were encouraged to self-monitor their eating and exercise
(recording all foods eaten, and calories and fat grams in their foods and minutes of activity)
daily throughout the entire weight loss program. Self-monitoring records were reviewed
weekly by the therapist in collaboration with the participant to identify areas of progress and
areas where further change would be advantageous. Other key behavioral strategies such as
stimulus control techniques, problem solving(27) and relapse prevention(28) were taught in
the individual weekly group sessions. Participants set individual behavioral goals with the
case manager and brainstormed solutions to any barriers to achieving the weight loss,
activity or dietary goals.

Management of Diabetes medications during study period
Clinical trials suggest that insulin sensitizing agents (thiazolidinediones and metformin) may
have biochemical and histological effects on NASH. To avoid the potential confounding
effects from these medications, participants were not allowed to start on any of these
medications during the entire study period. Participants were allowed to start a new
medication for management of hyperglycemia if medically necessary. Sulfonylureas,
meglitinides and insulin were available options. Participants who were already taking TZD
or metformin must be on a stable regimen for at least 6 months prior to study enrollment and
initial liver biopsy. The dose of these medications must remain stable during the study. The
rationale was that patients who have been on these medications and continue to have active
NASH should be allowed to participate in the study to maximize generalizability. These
medications should have minimal or no effect on hepatic histology during the study period.
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Exercise and reduced caloric consumption can produce hypoglycemia in patients with type 2
diabetes who are on insulin or sulfonylureas. Dose adjustment of these medications was
conducted according to study protocol.

Study End Points
All liver biopsies were read by an expert hepatopathologist who was not aware of the
treatment assignment or clinical information. Weighted kappa scores showed a high degree
of intra-rater agreement for these findings (Steatosis grade: 0.85, Fibrosis stage: 0.79,
Lobular inflammation: 0.91, and Ballooning degeneration: 0.7). The primary end point was
an improvement in NASH Activity Score (NAS) after 48 weeks of intervention as
determined by liver biopsies performed before and at the end of treatment. The definition of
histologic improvement was a reduction in NAS by at least 3 points or post-treatment NAS
of 2 points or less. The NAS ranges from 0 to 8 (highest activity) and is calculated as the
sum of scores of the three components of the histologic scoring system [NAS = steatosis (0–
3) + lobular inflammation (0–3) + hepatocyte ballooning (0–2)]. The score was derived as a
simple sum of the three component scores that were independently associated with the
distinction between NASH and non-NASH. The histologic scoring system was developed
and validated by the NASH Clinical Research Network (NASH-CRN) pathology committee
and currently recommended for NASH-related clinical trials(19).

Statistical Analyses—Statistical analyses were conducted using the Statistical Package
for the Social Sciences (SPSS 14.0 for Windows). Comparisons between treatment groups
on relevant baseline variables and demographic characteristics were conducted using
analysis of variance for continuous variables and chi-square tests for categorical variables.
Analysis of covariance, using baseline values as covariates, was used to compare the LS and
Control groups on changes in weight, waist circumference, liver chemistry, insulin
sensitivity, lipid profile variables, HbA1C levels and histologic variables. Chi-square tests
were used for all cross-sectional tests of proportions, and correlations (Pearson's r) were
used to examine the relationships between percent weight change and changes in ALT
values, degree of hepatic steatosis, and NASH activity score (NAS).

Results
Characteristics of the Participants

Sixty five subjects were enrolled into the screening phase of the study, 31 subjects
completed the screening evaluation and underwent randomization (see figure 1). The
baseline characteristics of the participants who underwent randomization are shown in Table
1. The mean age was 48 years and the mean BMI was 34 kg/m2. Most participants (71%)
were men. Twenty-six participants (86%) were whites, 4 participants (9%) were Hispanics
and 1 participant (5%) was American Indian/Alaska Native. About half of the participants
(48%) had Type 2 diabetes and 74% fulfilled the diagnostic criteria for the metabolic
syndrome (29). Twenty one participants were assigned to the lifestyle intervention group
and 10 participants were assigned to the control group. None of the baseline characteristics
differed significantly between the two groups.

Thirty participants (97%) completed the study. One participant (3%) in the lifestyle
intervention group withdrew from the study after 3 months. All other participants adhered to
the study protocol follow-up schedule. Post intervention liver biopsy was completed in
28/31 (90%) of participants, 18/21 (86%) in the lifestyle intervention group and 10/10
(100%) in the control group. The reasons for the lack of follow up biopsy were
anticoagulation therapy (1), technical difficulty (1) and withdrawal from the study (1).
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Weight Change
The mean weight change over the 48-week period was −8.7 kg (95% CI, −11.7 to −5.6) in
the lifestyle intervention group as compared with −0.5 kg (95% CI, −4.8 to 3.8) in the
control group (p=0.005) (Table 2). Percent weight reduction (SD) of participants in the
lifestyle group was significantly greater than participants in the control group at 24 weeks
(8.9 [6.3]% vs 0.1 [3.7]%, p<0.001) and at 48 weeks (9.3 [7.5]% vs 0.2 [6.1]%, p=0.003)
(Figure 2a) Eight participants (40%) in the lifestyle intervention group achieved a ≥10%
weight reduction while no participant (0%) in the control group achieved this degree of
weight reduction (p=0.02).

There was a non-significant trend for greater percent weight reduction in participants
without underlying diabetes (n=16) compared to those with diabetes (n=14) (8.5 [9.5]% vs
3.8 [5.7]%, p=0.12), and in participants who were not on metformin (n=21) compared to
those on metformin (n=9) (8.1 [8.4]% vs 2.1 [6.3]%, p=0.07). A subgroup analysis within
the lifestyle intervention group, after correction for heterogeneity of variance, found greater
percent weight reduction (p=.01) for both those without diabetes (13.6 [8.3]%) vs those with
diabetes (5.1 [3.1]%), and also for those not using metformin (11.4 [7.9]%) vs those using
metformin (4.4 [3.1]%).

There was no significant difference in the degree of weight loss among participants who had
baseline overweight (BMI 25-29.9 kg/m2), class I (BMI 30-34.9 kg/m2) or class II obesity
(BMI 35-40 kg/m2). Participants in the lifestyle intervention group who had baseline
overweight, class I and class II obesity lost 8.7 (6.3)%, 11.5 (7.1)% and 6.9 (9.3)% of their
body weight respectively (p=0.56).

The mean waist circumference change over the 48-week period was −7.4 cm (95% CI,
−10.3 to −4.6) in the lifestyle intervention group as compared with +0.3 cm (95% CI, −3.2
to 3.8) in the control group (p=0.004).

Liver Histologic Findings (Table 3)
The overall disease activity of nonalcoholic steatohepatitis (NAS [SD]) improved
significantly in the lifestyle intervention group (−2.4 [1.6]) in comparison to the control
group (−1.4 [2.1]) (p=0.05). Steatosis score also improved to a significantly greater degree
in the lifestyle group as compared to the control group (−1.1 [0.8] vs −0.3 [0.8], p=0.02).
Ballooning injury score improved in both groups while fibrosis score did not change in
either group. The change in parenchymal inflammation, ballooning injury and fibrosis scores
did not differ significantly between the two groups.

A greater proportion of participants in the lifestyle intervention group (11/18, 61%) had ≥3
points reduction in overall NASH activity score (NAS) from baseline than participants in the
control group (2/10, 20%) (p=0.04). Similarly, at the end of the study period, a higher
proportion of participants in the lifestyle intervention group had NAS ≤ 2 and no longer
meet minimal histologic criteria for NASH as compared to the control group (67% vs 20%,
p=0.02). Overall, 13/18 (72%) of participants in the lifestyle intervention group vs. 3/10
(30%) of participants in the control group had achieved the study end point (p=0.03).

The 3 subjects in the control group who achieved the study histologic end point had a
variable degree of weight change (−6.0%, +0.9% and +9.8%). Two were diabetics (1 was on
metformin and none were on TZDs). Two participants were obese (1 class I and 1 class II
obesity), and 2 fulfilled criteria for the metabolic syndrome. One participant who lost 6% of
body weight had normalization of transaminases.
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Participants who achieved study weight loss goal (≥7%) had significant improvements in
steatosis, parenchymal inflammation, ballooning injury and overall NASH activity scores
(NAS) in comparison to those who did not achieve study weight loss goal (Table 4, all p
<0.05). There was no improvement in fibrosis score in those who lost at least 7% compared
to those who lost <7% of body weight (p=0.10).

Liver Chemistry Tests
There was a significantly greater reduction in ALT levels in the lifestyle group in
comparison to the control group. The mean reduction in ALT levels (SD) over the 48-week
period were 42.4 (39.9) U/L (from 84 to 42 U/L) in the lifestyle group and 16.5 (36.6) (from
86 to 69 U/L) in the control group (p=0.01) (Table 2 and Figure 3) Normalization of ALT
occurred in 12/20 (60%) of the participants in the lifestyle group and 3/10 (30%) in the
control group (p=0.12).

AST levels decreased in both groups over the study period (20.2 [22.8] U/L in the lifestyle
group and 18.0 [44.3] U/L in the control group). There was no statistical difference in AST
reduction between the two groups (p=0.11).

Correlation analyses
Percent weight reduction from baseline correlated significantly with improved liver
chemistry (ALT values) (r=0.496, p=0.005), improvements in the degree of hepatic steatosis
(r=0.616, p<0.001) and the overall NASH disease activity (r=0.497, p=0.007). (Figure 4)

Adverse Events
There were no adverse events related to the weight loss interventions. Two participants had
abdominal pain after liver biopsy but none had internal bleeding or perforation of visceral
organ.

Discussion
A major problem in the management of NASH is the lack of effective therapy(5). Weight
reduction through diet and exercise has been promoted as initial therapy for NASH but there
is very little evidence to support the effectiveness of this approach(12,13). Our study is the
first randomized controlled trial using lifestyle modification as active treatment intervention
in adult patients with well characterized NASH. Our data suggest that overweight or obese
patients with NASH can successfully achieve a weight reduction of 7-10% of initial body
weight and maintain it through one year of study participation. In the current study,
participants in the lifestyle intervention group lost an average of 9.3% from baseline weight
as compared to 0.2% in the control group. Importantly, the results from this study suggest
that lifestyle modifications focusing on diet, exercise and behavioral changes can
successfully lead to improvements in overall NASH histologic activity, degree of steatosis
and liver chemistry.

Published studies on weight reduction as a treatment for NASH have several major
limitations(30,31). Most notably, there has yet to be a rigorously conducted randomized
controlled trial to address the efficacy of weight reduction in adult patients with NASH.
Most published studies to date were either small retrospective or prospective case series
without inclusion of a comparison group(32,33). Many studies did not stratify patients
according to histologic criteria(34), and thus may have included not only patients with
NASH but also patients with simple steatosis who have a different natural history and
clinical outcomes. In addition, these studies used primary outcomes that presently are not
well accepted such as serum aminotransferases or sonographic findings(35-38). Another
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important shortcoming of earlier studies is that they used weight reduction strategies such as
prolonged fasting(39) or very low calorie dieting(40) that can not be sustained over a long
period of time. Several recent pharmaceutical trials for NASH have included dietary
intervention for comparison (8,41). Although the effects of nutritional counseling in these
studies appeared to be inferior to the investigational drugs, these dietary interventions
produced minimal or no weight loss and thus can not address the question of whether weight
loss leads to improvements in NASH.

This study had a number of strengths, including the selection of patients with well
characterized NASH both clinically and histologically, the randomized design, the high
completion rate (97%, only one drop out) and the use of the current histologic scoring
criteria by NASH CRN. In addition, our study used a standardized, protocol based lifestyle
intervention similar to the programs implemented in the Diabetes Prevention Program (15)
and Look AHEAD, an ongoing study with overweight individuals with type 2 diabetes (18).
The effect sizes for overall NASH disease activity (cohen's d=0.82) and steatosis (cohen's
d=0.97) were medium to large, and thus differences between lifestyle and control were
statistically significant even with the relatively small sample size.

Our results suggest that the lifestyle intervention can successfully produce a 10% weight
reduction on average in NASH patients and that this degree of weight reduction is successful
in achieving resolution of NASH in a significant proportion of patients. In our study, 67% of
participants in the lifestyle group had their post intervention biopsy score (NAS) below 3
and no longer meet minimal histologic criteria for NASH as compared to only 20% of
participants in the control group (p=0.02). Moreover, magnitude of weight loss correlated
strongly with improvements in disease markers of NASH including ALT level, grade of
steatosis and overall histologic NASH activity. It appears that at least 7% weight reduction
would be required to improve NASH histologic activity. Participants who achieved the study
weight loss goal of 7% had significantly greater improvements in all aspects of NASH
histologic activity including steatosis, lobular inflammation, ballooning injury.

We did not observe significant change in the degree of hepatic fibrosis after one year of
study intervention. This may indicate that the effect of weight loss on fibrosis is smaller than
the effect on steatosis or overall activity, and thus could not be detected with our sample
size, or that longer than one year is needed to demonstrate changes in fibrosis score. In
addition, participants in our study had a relatively low fibrosis score at baseline (mean [SD]
= 1.52 [0.96]). Sixteen % of participants had bridging fibrosis (stage 3) and none had
cirrhosis (stage 4) which makes it more difficult to demonstrate changes. Future clinical
trials in NASH should consider patient enrollment scheme to include subjects with a full
spectrum of NASH severity.

Another observation from this study is that serum ALT levels and histologic parameters of
NASH activity (steatosis, parenchymal inflammation and ballooning injury) improved
although to a lesser extent even in those who had minimal weight loss or those assigned to
the control group. This finding was observed in other pharmaceutical trials as well where
subjects in the control group who received nutritional counseling may have had
improvements in serum ALT levels and NASH histologic parameters despite non-significant
weight reduction(8,42). The reason for this observation is not entirely clear but may be
related to changes in eating habits or dietary components, or changes in physical activity that
are difficult to quantify. In addition, the improvement in serum ALT could be partly due to
the phenomenon of regression to the mean. This finding underscores the limitation of our
current tools in the assessment of NASH disease activity. It has important implication for
designing future clinical trials in NASH.
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In conclusion, an intensive lifestyle intervention program can successfully produce a 7-10%
weight reduction in patients with NASH. This degree of weight reduction can lead to
significant improvements in liver chemistry and histologic activity of NASH. Given the
additional benefit of weight loss on cardiovascular risk factors, lifestyle intervention with
the goal of at least 7% weight reduction represents an attractive therapy for this increasingly
common disease.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Enrollment of study participants.
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Figure 2a.
Percent weight change (mean±SE) by group at 6 and 12 months. P<.001 for the comparison
between lifestyle and control at month 6, and P = 0.003 for the comparison at month 12.
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Figure 2b.
Body Mass Index (BMI) change (mean±SE) by group at 6 and 12 months. P<.001 for the
comparison between lifestyle and control at month 6, and P = 0.004 for the comparison at
month 12.
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Figure 3.
Serial mean alanine aminotransferase (ALT) values (mean±SE) by group at 0, 6 and 12
months. P= <.001 for the comparison between lifestyle and control at month 6, and P = 0.01
for the comparison at month 12.
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Figure 4.
Scatterplot with slope line depicting change in participant NASH Activity Score (NAS) as a
function of their percent weight change. The slope line shows the trend (r=−.497, p=0.007)
for participants who lost more weight to change more NAS points. Each point on the graph
represents one study participant. Solid circle indicates Lifestyle intervention group. Triangle
with no fill indicates Control group. Points to the right of the dashed vertical line indicate
those who achieved the study end point of a 3 point reduction in NAS (study end point)
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Table 1

Baseline Characteristics of Participants

Variable (SD) Control (n=10) LS (n=21) P Value

Age (yr) 47.6 (12.0) 48.9 (10.9) 0.78

Sex (M/F) 8/2 14/7 0.68

Weight (kg) 102.9 (20.2) 98.9 (23.9) 0.66

BMI (Kg/m2) 33.7 (4.7) 33.9 (5.3) 0.91

Waist Circumference
(cm)

111.3 (11.2) 109.7 (14.0) 0.74

ALT (U/L) 85.5 (36.5) 85.6 (38.8) 0.99

AST (U/L) 66.0 (46.3) 57.5 (24.9) 0.51

Cholesterol (mg/dL) 235.2 (56.8) 204.8 (50.0) 0.14

LDL (mg/dL) 156.1 (47.7) 126.2 (41.0) 0.10

HDL (mg/dL) 39.9 (9.7) 41.4 (10.2) 0.70

Triglycerides (mg/dL) 208.4 (104.8) 193.1 (120.0) 0.73

Glucose (mg/dL) 152.0 (87.2) 121.1 (28.1) 0.16

HbA1C (%) 6.8 (2.5) 6.3 (0.9) 0.43

Insulin (μU/ml) 20.2 (13.3) 23.7 (12.2) 0.48

HOMA 7.3 (6.2) 7.3 (4.5) 0.99

Metabolic syndrome
(%)

6 (60%) 17 (81%) 0.38

Diabetes (%) 4 (40%) 11 (52%) 0.52

Metformin (%) 3 (30%) 6 (29%) 0.94

TZD (%) 0 2 (10%) 0.82

Insulin (%) 0 1 (5%) 1.00

Data expressed as number (%) or mean (SD)
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Table 2

Change in physical and biochemical parameters after 48 weeks of intervention*

Variable Group Baseline End of Study P-value#

Weight (Kg) Control 102.9 (20.2) 102.4 (19.2) 0.005

LS 98.9 (24.5) 90.2 (25.9)

BMI (kg/m2) Control 33.7 (4.7) 33.6 (5.0) 0.004

LS 33.6 (5.3) 30.6 (6.2)

Waist Circ (cm) Control 111.3 (11.2) 111.6 (11.2) 0.004

LS 109.3 (14.3) 101.8 (18.4)

ALT (U/L) Control 85.5 (36.5) 69.0 (38.5) 0.01

LS 84.1 (39.1) 41.7 (20.8)

AST (U/L) Control 66.0 (46.3) 48.0 (17.4) 0.11

LS 56.9 (25.4) 36.7 (15.0)

Glucose
(mg/dL)

Control 152.0 (87.2) 121.4 (37.1) 0.88

LS 121.6 (28.7) 111.7 (22.6)

HbA1C (%0 Control 6.8 (2.5) 6.1 (1.2) 0.52

LS 6.3 (1.0) 5.8 (0.7)

HOMA Control 7.3 (6.2) 7.4 (5.6) 0.37

LS 7.4 (4.6) 5.4 (6.1)

Insulin (μU/ml) Control 20.2 (13.3) 23.2 (13.9) 0.30

LS 23.7 (12.5) 18.5 (18.8)

Data expressed as mean (SD).

*
Control group, N=10, LS group, N=20

#
P-value compares the mean difference between the pre- and post-treatment changes in the variables between the two groups
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Table 3

Change in Histologic parameters after 48 weeks of intervention*

Variable Group Baseline End of Study P-value#

Fat (0-3) Control 1.9 (0.9) 1.6 (1.0) 0.02

LS 1.9 (0.7) 0.8 (0.9)

Parenchymal
Inflammation (0-3)

Control 1.7 (0.8) 1.3 (0.8) 0.18

LS 1.4 (0.6) 0.9 (0.5)

Ballooning Injury
(0-2)

Control 1.3 (0.5) 0.6 (0.7) 0.22

LS 1.2 (0.5) 0.3 (0.6)

Fibrosis (0-4) Control 1.7 (0.8) 1.4 (1.3) 0.62

LS 1.4 (1.1) 1.4 (1.0)

NAS (0-8) Control 4.9 (1.0) 3.5 (1.8) 0.05

LS 4.4 (1.1) 2.0 (1.5)

Data expressed as mean (SD)

*
Control group, N=10, LS group, N=18

#
P-value compares the mean difference between the pre- and post-treatment changes in the variables between the two groups.

Hepatology. Author manuscript; available in PMC 2011 January 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Promrat et al. Page 20

Table 4

Baseline Characteristics and Change (mean [SD]) in Histologic parameters according to study goal weight
reduction (≥ 7%)

Variable Wt Loss < 7%
(n=17)

Wt Loss ≥ 7%
(n=11)

P-values

Baseline Characteristics

BMI Category, N
(%)
-overweight (25-
29.9 kg/m2)
-obesity class I (30-
34.9 kg/m2)
-obesity class II (35-
40 kg/m2)

5 (26.3)
5 (26.3)
9 (47.4)

3 (27.3)
6 (54.5)
2 (18.2)

0.21

Diabetes, N (%) 10 (52.6) 4 (36.4) 0.39

On metformin, N
(%)

7 (36.8) 2 (18.2) 0.28

Histologic Parameters

Fat
(0-3)

−0.41 (0.80) −1.36 (0.67) <0.001

Lobular
inflammation
(0-3)

−0.24 (0.75) −0.82 (0.75) 0.03

Ballooning Injury
(0-2)

−0.53 (0.80) −1.27 (0.47) 0.03

Fibrosis
(0-4)

+ 0.06 (0.83) −0.45 (0.93) 0.10

NAS
(0-8)

−1.18 (1.59) −3.45 (1.21) <0.001

Participants with ≥3
points improvement
in NAS from
baseline, N (%)

4 (23.5) 9 (81.8) 0.003

Participants with
NAS ≤2 at follow
up, N (%)

4 (23.5) 10 (90.9) <0.001
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