
Ther Adv Gastroenterol

(2013) 6(4) 249–259

DOI: 10.1177/ 
1756283X13484078

© The Author(s), 2013.  
Reprints and permissions:  
http://www.sagepub.co.uk/ 
journalsPermissions.nav

Therapeutic Advances in Gastroenterology	 Original Research

http://tag.sagepub.com	 249

Introduction and background
The number of overweight and obese individu-
als in the United States (USA) is increasing. 
According to the National Center for Health 
Statistics, the prevalence of obesity has increased 
to 34% of US adults over the age of 20 years 
[Ogden et  al. 2010]. Obesity is associated with 
multiple comorbidities, including type 2 diabetes, 
cardiovascular disease, hypertension, and sleep 
apnea [Weiss, 2007]. Nonalcoholic fatty liver dis-
ease (NAFLD) is now considered by many to be 
the hepatic manifestation of metabolic syndrome, 
and is specifically related to obesity and insulin 
resistance (IR) [Moore, 2010]. The spectrum of 
NAFLD includes both simple steatosis and nonal-
coholic steatohepatitis (NASH), the latter of 
which may lead to fibrosis and cirrhosis of the liver 

[Weiss, 2007; Reid, 2001]. NASH by itself is asso-
ciated with increased all-cause mortality and 
patients with NASH-induced cirrhosis are at 
increased risk for liver decompensation and the 
development of hepatocellular carcinoma. NAFLD 
is present in the majority of morbidly obese indi-
viduals [body mass index (BMI) ≥ 40 kg/m²] with 
or without elevated serum liver enzymes [Harrison 
and Day, 2007]. The role of IR combined with 
obesity appears to have the most prominent effect 
on the development of NAFLD [Bellentani and 
Marino, 2009; Gholam et  al. 2007; Seppala-
Lindroos et al. 2002; Rocha et al. 2005].

Our knowledge of the pathogenesis of NAFLD 
and its progression to NASH, although not yet 
fully elucidated, is improving. Still, many questions 
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remain regarding the most effective treatment 
modality [Torres et  al. 2012]. Weight loss is cur-
rently the most agreed upon intervention [Harrison 
and Day, 2007; Rafiq and Younossi, 2008; Torres 
et al. 2012; Shaffer, 2006; Yan et al. 2007; Youssef 
and McCullough, 2002; Petersen et  al. 2005; de 
Luis et al. 2008]. Treatments including drug ther-
apy, bariatric surgery, and lifestyle modification, 
have all demonstrated weight loss success. Research 
has shown that rapid weight loss from bariatric sur-
gery may damage the liver and medication may not 
provide any substantial benefit that cannot be 
achieved with lifestyle modification alone [Harrison 
and Day, 2007; Huang et  al. 2005; Cinar et  al. 
2006]. Prospective studies evaluating changes in 
liver histology following successful weight loss 
through lifestyle modification, in addition to the 
most beneficial type of lifestyle modification to 
improve liver histology in NAFLD/NASH, are 
lacking.

Diet and exercise guidelines are well established 
for conditions such as diabetes and cardiovascular 
disease but no such guidelines exist for NAFLD. 
Previous studies investigating low-fat and low-
carbohydrate diets for NAFLD have reported 
conflicting results. Disparity also exists in defin-
ing the macronutrient distribution appropriate 
for a low-fat or low-carbohydrate diet in this pop-
ulation [Youssefand McCullough, 2002; Cinar 
et al. 2006; Solga et al. 2004; Schwarz et al. 2003; 
Sato et al. 2007; Westerbacka et al. 2005; Kechagias 
et al. 2008; Tendler et al. 2007]. Refined carbohy-
drates and saturated fat may have a greater poten-
tial to increase liver lipid content as these dietary 
components are known to increase hepatic pro-
duction of cholesterol and triglycerides [Fletcher 
et  al. 2005]. It is possible that low to moderate 
amounts of fat and moderate amounts of complex 
carbohydrates may be most beneficial in improv-
ing NAFLD and IR. Furthermore, moderate 
exercise in conjunction with dietary changes is 
more effective at improving liver abnormalities 
than diet  alone, and may improve NAFLD and 
NASH independently of weight loss [Suzuki et al. 
2005; Tamura et  al. 2005; Ueno et  al. 1997; 
Hickman et al. 2004]. Recent reviews of NAFLD 
treatments conclude that a multidisciplinary 
approach to lifestyle modification may be the 
most successful therapy [Harrison and Day, 2007; 
Bellentani et al. 2008]. The purpose of this study 
was to implement and evaluate the effectiveness 
of four different lifestyle modification approaches 
to NAFLD treatment through diet and exercise 
on liver histology with repeat biopsy.

Patients and methods
Adults (age 18–70 years) were enrolled through 
an open recruitment period between October 
2008 and February 2010 through the 
Gastroenterology Clinic at Brooke Army Medical 
Center (BAMC). Inclusion criteria included 
Department of Defense (DoD) beneficiaries 
(active duty, dependent, and retiree) living in the 
area for at least 9 months and liver biopsy-con-
firmed NAFLD (to include NASH) within 6 
months prior to enrollment. Subjects were 
excluded for alcohol consumption greater than 20 
g/day (more than two alcoholic drinks per day), 
diagnosis of concurrent viral hepatitis, chronic 
liver disease of other etiology, inborn errors of 
metabolism, insulin therapy for treatment of dia-
betes, or current pregnancy. This study was 
approved by the local institutional review board 
and all participants gave written informed con-
sent. Participant randomization occurred by 
computer-generated random-numbers list in 
blocks of 10 with assignments placed in sealed 
envelopes, numbered sequentially, and allocated 
to participants in the order of recruitment by the 
primary investigator.

Study design
This study was a 6-month randomized controlled 
trial of lifestyle modification with four subgroup 
designations: standard care (SC; control), low-fat 
diet (20% fat, 60% carbohydrate, 20% protein) 
with moderate exercise (LFDE), moderate-fat/
low-processed-carbohydrate diet (30% fat, 50% 
carbohydrate, 20% protein) with moderate exer-
cise (MFDE), and moderate exercise only (ME). 
Histopathologic liver assessment using the NAFLD 
activity score (NAS) before and after randomiza-
tion/participant study completion served as our 
primary study outcome measure. Secondary out-
come measures included assessing individual 
changes in liver histology using the Brunt grading 
and staging system, liver function blood tests, cho-
lesterol panels, IR markers, body weight, dietary 
intake, and percentage fat mass (including android 
and gynoid). Data collection, performed pre and 
post intervention, included percutaneous liver 
biopsy with histopathologic evaluation, blood 
assay, dual energy X-ray absorptiometry (DEXA) 
body composition scan, diet analysis, and anthro-
pometric analysis. Blood assay and anthropomet-
ric data were also collected at the 3-month 
mid-point examination. Demographic informa-
tion (age, sex), past medical history, and pertinent 
medication use were obtained through each sub-
ject’s medical record. All of the study authors had 
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access to accumulated data and reviewed/approved 
the final manuscript.

Diet
All participants completed a baseline 3-day die-
tary intake record. SC subgroup participants 
attended one healthy eating class within 2 weeks 
of enrollment. This class is regularly taught at 
BAMC for DoD beneficiaries interested in weight 
loss or general nutrition guidelines. LFDE and 
MFDE participants attended a specialized nutri-
tion class conducted by a registered dietitian, 
developed for this protocol. The class provided a 
nutrition prescription based on individualized 
calorie needs and macronutrient distribution 
(using the MyPyramid food group serving sizes) 
based on group assignment. Calorie (kcal) needs 
were calculated using the Mifflin–St Jeor equation 
using initial, actual body weight, and activity fac-
tor of 1.5 (light activity) subtracting 500 kcal/day 
for weight loss of 1 lb per week. Participants were 
also instructed on estimating portion sizes using 
the MyPyramid serving size guidelines, received a 
set of measuring cups and spoons, and were pro-
vided with supplemental reference material on 
healthy cooking, grocery shopping, and dining 
out. LFDE and MFDE participants met with one 
of three research staff dietitians three additional 
times (at 2, 4, and 6 months) for continued guid-
ance on assigned diet. ME participants did not 
receive any dietary guidance. All participants 
received brief instruction on keeping a food diary 
and completed a 3-day food record (including 
food item, preparation, and amount) upon enroll-
ment as well as at 2-, 4-, and 6-month study inter-
vals. All 3-day food records were analyzed using 
Food Processor version 9.9.1 (ESHA Research, 
Salem, OR, USA) diet analysis software for 
macronutrient distribution, and intake of dietary 
fiber, sugar, saturated fat, polyunsaturated fat, 
and monounsaturated fat.

Exercise
All participants provided self-reported physical 
activity habits at baseline, although an actual ini-
tial exercise assessment was only completed with 
the three exercise groups to tailor their activity 
program. SC participants were encouraged to 
exercise by their physician but did not receive a 
formal exercise prescription. Participants in the 
three other subgroups (LFDE, MFDE, and ME) 
received education on beginning an exercise pro-
gram for weight loss. The initial class was taught 
by an exercise physiologist, who started each par-
ticipant on an individualized exercise program. 

Exercise initiation and progression was based on 
the FITT (frequency, intensity, time, and type) 
principle as recommended by the American 
College of Sports Medicine [Kaminsky, 2006]. All 
participants in these subgroups were encouraged 
to exercise for 20–60 min, 4–7 days/week, and 
received an exercise log to track sessions, along 
with a Yamax Digiwalker pedometer (New 
Lifestyles Inc., Lees Summit, MO, USA). During 
the first year of enrollment, participants were 
asked to exercise in a supervised environment at 
the CardioPulmonary Rehabilitation Program at 
the hospital. Participants followed an 18-step pro-
gram, including a warm up, exercise bicycle, walk-
ing on a treadmill, various arm and leg strength 
exercises, and a cool down, with gradual ramp up 
over the 6 months. Exercise logs and pedometer 
use were discussed weekly by an exercise physiolo-
gist to monitor compliance. Unfortunately, this 
asset became unavailable to research participants 
in September 2009. All subsequent participants 
had free access to multiple fitness centers on the 
military bases located in San Antonio, TX.

Histopathologic assessment
Pre- and post- study liver biopsies were performed 
via sterile percutaneous technique. Assessment of 
steatosis, inflammation, fibrosis and overall diag-
nosis of NASH (if present) was performed using 
the grading and staging system developed by 
Brunt [Brunt, 1999]. In addition, a NAS was 
assigned to each specimen (pre- and post- inter-
vention) by a single hepatopathologist who was 
blinded to study randomization [Kleiner et  al. 
2005]. The total NAS score represents the sum of 
scores for steatosis, lobular inflammation, and 
ballooning, and ranges from 0 to 8.

Body composition
DEXA analysis was performed using a GE Lunar 
Prodigy densitometer (GE Healthcare, Madison, 
WI, USA) and analyzed with enCORE software 
(version 9.30.044, GE Healthcare) to measure 
percentage of total body fat mass and percentage 
of lean body mass. Fat distribution was also 
assessed by measuring percentage of gynoid fat 
and percentage of android fat. These data were 
recorded at the initiation and the conclusion of 
each subject’s study participation.

Blood assay
Blood samples were collected following a 12 h fast 
and analyzed for serum levels of total cholesterol, 
low-density lipoprotein (LDL) and high-density 
lipoprotein cholesterol, triglycerides, aspartate 
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aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase, glycosylated 
hemoglobin, fasting glucose, and insulin. IR was 
confirmed if the quantitative insulin sensitivity 
check index (QUICKI) value was calculated to be 
less than 0.357 [Hrebicek et al. 2002].

Anthropometric data
Participant height was measured in inches using a 
stadiometer and recorded once upon enrollment. 
All weights were measured in light clothing (with-
out shoes) to the nearest tenth (0.1) of a pound 
on a calibrated electronic scale. BMI was calcu-
lated from height and weight measurements using 
the formula, weight (kg)/height (m)².

Statistical analysis
Statistical analysis was conducted using SPSS sta-
tistical software package version 16.0 (SPSS Inc., 
Chicago, IL, USA). Demographic characteristics 
were represented by mean ± standard deviation 
(SD) or by percentage of study population. All 
results were expressed as mean ± SD. Treatment 
subgroups were compared using a two-factor 
analysis of variance (ANOVA) (treatment, time) 
with repeated measures on one factor (time). 
Further comparison was conducted with paired 
two-tailed t tests using Bonferroni correction for 
multiple comparisons. One-way ANOVA was 
used to compare pre and post differences in health 
parameters. Pearson’s correlation coefficient was 
used to determine significant relationships among 
variables. Significance was defined as p less than 
0.05. A total of 16 participants were needed to 
detect an effect size of 4.0 SD at 80% power and 
95% confidence level, however the goal was to 
recruit 15 participants per subset group (60 total), 
which would be sufficient to detect a 1.33 SD 
effect size.

Results

Subjects
A total of 56 participants were recruited and ran-
domized over the course of 15 months with an 
attrition rate of 27% (n = 15); see Figure 1. 
Reasons for withdrawal included scheduling con-
flicts, military deployment, loss of contact, loss of 
healthcare benefits, and transportation issues for 
meeting scheduled appointments. Of the 41 par-
ticipants who completed the 6-month trial, 11 
were assigned to the SC subgroup, 12 to the 
LFDE subgroup, 9 to the MFDE subgroup, and 
9 to the ME subgroup.

Baseline characteristics
Baseline characteristics of subjects are displayed 
in Table 1. The mean age was 50 ± 11years with 
61% being men. Over half of all subjects had 
hyperlipidemia and hypertension while 40% had 
type 2 diabetes mellitus or prediabetes at baseline. 
More than 25% of participants were taking an 
antihyperglycemic agent and 33% of participants 
were taking cholesterol-lowering medication. The 
mean initial BMI was 34.7 ± 6.4 and mean initial 
NAS was 3.8 ± 1.2. A total of 36 of 41 (88%) met 
criteria for NASH, based on Brunt criteria. The 
majority of participants met the criteria for IR 
(mean QUICKI score of 0.309 ± 0.028). Mean 
ALT and AST levels were 66.8 ± 47.4 and 45.3 ± 
25.8 respectively. Mean total cholesterol was 
189.4 ± 40.3 with an LDL of 109.8 ± 32.4. Mean 
percent body fat (44.0% ± 8.0%) was above the 
recommended range (>25% for men, >30% for 
women). There were no significant characteristic 
differences between the subgroups at baseline, 
except for BMI (p = 0.009).

Changes in liver histology
Pre- and post-study liver biopsy NAS values for 
each subgroup are displayed in Table 2. All 
subgroups had a decrease in NAS over the 
6-month period and there was a significant 
decrease (–0.9 ± 1.3) in pre to post NAS in the 
group as a whole (p < 0.001). In addition, the 
LFDE (–1.3 ± 1.3) and MFDE (–1.2 ± 0.9) sub-
groups each experienced a significant decrease  
(p < 0.05) in NAS. However, no significant differ-
ence was observed in histologic improvements 
between the subgroups (p = 0.31). Out of 36 par-
ticipants with NASH at baseline, 19 (53%) 
improved their Brunt grade or stage classification 
at 6 months, and 9 (25%) did not meet criteria for 
NASH at 6 months.

Other outcome measures
Other secondary health outcome measures are 
compared in Table 3. There were no significant 
differences in the outcome changes between the 
subgroups. However, there was a significant 
decrease in Brunt grade (–0.3 ± 0.8), ALT (–18.3 
± 38.2), and AST (–11.6 ± 28.1) for the group as 
a whole. Weight loss over the 6-month period was 
observed in the SC, LFDE, and MFDE sub-
groups while slight weight gain was experienced 
by the ME subgroup. Decrease in percent body 
fat was only seen in the LFDE and MFDE sub-
groups. However, no subgroup achieved a signifi-
cant weight loss of greater than 5% and changes 
in percent body fat were minimal on average.
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Dietary intake
In reviewing dietary intake of participants pre-
scribed either the low-fat diet or the moderate-fat 
diet, it was noted that approximately 50% of par-
ticipants did not comply with the prescribed 
macronutrient intake. Several dietary and health 
outcomes of the LFDE and MFDE subgroups 
were compared against the SC and ME sub-
groups. The diet plus exercise subgroups (LFDE 
and MFDE) had a significant decrease (p < 0.05) 
in total energy (kcal) intake (–15.3% ± 21.9%), 
total fat intake (–9.3% ± 10.1%), and total satu-
rated fat intake (–9.9 g ± 13.2 g). While not sig-
nificant, the single intervention subgroups (SC 
and ME) consumed more calories at the end of 
the 6-month study period than compared with 
baseline (9.2% ± 21.5%).

Discussion
This is the first randomized controlled prospective 
trial to compare the impact of multiple lifestyle 
interventions, to include nutritional modification, 

on nonalcoholic fatty liver histology through 
repeat biopsies. To the best of the authors’ knowl-
edge, only two previous studies evaluated lifestyle 
modification with repeat biopsy in patients with 
NAFLD, although neither compared specific 
types of nutritional modification [Huang et  al. 
2005; Promrat et  al. 2009]. Our results confirm 
that lifestyle modification, with diet and exercise 
intervention, is effective in improving NAFLD 
and NASH. An important caveat to these findings 
is that lifestyle modification alone may not be as 
effective in individuals with more advanced 
inflammation and fibrosis since the majority of 
study patients had early disease.

It does not appear that weight loss is essential to 
create improvement in liver histology as other 
researchers have formerly reported [Cinar et  al. 
2006; Zelber-Sagi et al. 2007; Promrat et al. 2009; 
Vilar et al. 2009]. The majority of our study popu-
lation did not experience significant weight loss 
and several study participants actually gained 
weight with improvement in liver histology. This 

SC Group (n=14) LFDE Group (n=14) MFDE Group (n=13) ME Group (n=15)

3 lost to follow up
1 withdrawn (too busy)
1 lost to follow up

1 withdrawn (missed
appointments)

1 deployed overseas
1 lost to follow up

Baseline assessment
(n=14)

Baseline assessment
(n=14)

Baseline assessment
(n=11)

Baseline assessment
(n=13)

1 withdrawn (too busy)
1 withdrawn (lost interest)

1 transporta�on conflict
1 lost to follow up

3-month data collec�on
(n=12)

3-month data collec�on
(n=13)

3-month data collec�on
(n=9)

3-month data collec�on
(n=10)

1 lost medical benefits
1 moved from area

6-month post test
(n=11)

6-month post test
(n=12)

6-month post test
(n=9)

6-month post test
(n=9)

1 moved from area

56 Par�cipants randomized into four groups

1 lost to follow up

Figure 1.  Participant flow throughout study. LFDE, low-fat diet plus moderate exercise; ME, moderate 
exercise only; MFDE, moderate fat diet plus moderate exercise; SC, standard care.
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may be related to the transition in body composi-
tion (fat loss/lean muscle gain) with increased 
physical activity since muscle weighs more than 
fat; both LFDE and MFDE groups experienced 
mean loss in fat mass. None of the participants 
exceeded the weight loss goals recommended by 
the National Heart, Lung, and Blood Institute 
(NHLBI) and the American Dietetic Association 
of 1–2 lb of weight loss per week for the first 6 
months of lifestyle change [Seagle et  al. 2009; 
National Heart, Lung, and Blood Institute, 2000]. 
Half of the participants (51%) lost weight in the 
first 3 months despite weight regain by the 

6-month endpoint. It may be possible that 3 
months is enough time to facilitate improvements 
in liver histology (steatosis, lobular inflammation, 
hepatocyte ballooning and fibrosis) despite the 
lack of continued weight loss. Weight loss and its 
potential for improving liver histology in patients 
with NAFLD/NASH remains a point of conten-
tion in the current literature. Of the studies that 
conclude that weight loss is required for improve-
ment in liver health, few have supported these 
findings with repeat biopsy [Petersen et al. 2005; 
de Luis et  al. 2008; Huang et  al. 2005; Fletcher 
et  al. 2005; Hickman et  al. 2004; Promrat et  al. 

Table 1.  Baseline characteristics of all participants by subgroup.

Characteristic (baseline) SC (n = 11) LFDE (n = 12) MFDE (n = 9) ME (n = 9) Total (n = 41)

Age 51 ± 11 44 ± 11 55 ± 5 52 ± 10 50 ± 11
Sex (men) 64% 50% 67% 67% 61%
Height (inches) 66.7 ± 4.2 66.5 ± 3.8 64.1 ± 3.2 66.5 ± 3.8 66.0 ± 3.8
Weight (lbs) 224.9 ± 39.3 206.3 ± 38.4 234.5 ± 50.2 197.4 ± 34.6 215.5 ± 41.7
BMI (kg/m²)* 35.3 ± 3.5 32.7 ± 4.7 40.3 ± 9.3 31.3 ± 4.4 34.7 ± 6.4
Existing conditions$  
  Hyperlipidemia 82% 50% 67% 56% 63%
  Diabetes (type 2) 18% 8% 33% 22% 20%
  Prediabetes 18% 17% 22% 22% 20%
  Hypertension 64% 58% 44% 44% 54%
Medication use‡  
  Cholesterol lowering 64% 17% 44% 33% 39%
  Antihyperglycemic 9% 17% 56% 33% 27%
NAFLD activity score 3.6 ± 1.1 3.9 ± 1.7 4.3 ± 0.7 3.7 ± 1.1 3.8 ± 1.2
Insulin (uIU/ml) 18.1 ± 9.7 19.8 ± 8.5 20.1 ± 12.5 19.5 ± 5.9 19.3 ± 9.1
Fasting glucose (mg/dl) 101.4 ± 16.3 108.7 ± 25.3 108.7 ± 25.9 114.2 ± 23.2 107.9 ± 22.5
QUICKI score 0.319 ± 0.039 0.307 ± 0.026 0.307 ± 0.024 0.303 ± 0.016 0.309 ± 0.028
HbA1C (%) 5.8 ± 0.4 6.1 ± 0.5 6.3 ± 0.9 6.0 ± 0.3 6.0 ± 0.6
ALT (IU/l) 48.3 ± 46.6 71.2 ± 39.8 70.3 ± 50.7 79.9 ± 55.5 66.8 ± 47.4
AST (IU/l) 36.5 ± 26.7 47.0 ± 23.0 55.6 ± 43.3 43.3 ± 20.7 45.3 ± 28.8
ALP (IU/l) 89.4 ± 36.7 79.3 ± 21.9 84.3 ± 28.2 86.1 ± 30.6 84.6 ± 28.8
Total cholesterol (mg/dl) 201.9 ± 33.2 189.8 ± 41.4 190.4 ± 43.9 172.3 ± 43.6 189.4 ± 40.3
LDL (mg/dl) 112.9 ± 32.6 111.8 ± 36.6 110.3 ± 32.1 102.7 ± 31.0 109.8 ± 32.4
HDL (mg/dl) 47.6 ± 11.7 46.0 ± 11.0 48.3 ± 8.6 42.0 ± 9.8 46.1 ± 10.3
TG (mg/dl) 210.9 ± 117.5 160.3 ± 92.0 158.2 ± 79.6 156.8 ± 71.5 172.7 ± 92.8
Fat mass (%) 46.3 ± 7.5 42.5 ± 9.3 47.8 ± 6.8 39.8 ± 6.3 44.0 ± 8.0
Gynoid fat mass (%) 49.0 ± 8.9 45.8 ± 10.6 51.0 ± 8.7 41.9 ± 7.3 46.9 ± 9.3
Android fat mass (%) 55.5 ± 6.5 51.5 ± 7.6 55.5 ± 4.7 48.7 ± 4.7 52.8 ± 6.6

Data reported as mean ± standard deviation.
*Significant difference between groups for BMI (p = 0.009).
$Existing conditions: documented diagnosis in medical record; reported in cases (% of total group).
‡Medication use: documented prescription in medical record; reported in cases (% of total group).
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HbA1C, glycosylated hemo-
globin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LFDE, low-fat diet plus moderate exercise; ME, moderate exercise only; MFDE, 
moderate-fat diet plus moderate exercise; NAFLD, nonalcoholic fatty liver disease; QUICKI, quantitative insulin sensitivity check index; SC, standard 
care; TG, triglyceride.
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Table 2.  Change in liver histology (NAS) by subgroup.

Group Baseline 6 months Change p value (95% CI)

SC (n = 11) 3.6 ± 1.1 3.3 ± 1.6 –0.4 ± 1.5 0.441 (–0.645 to 1.372)
LFDE (n = 12) 3.9 ± 1.7 2.5 ± 1.6 –1.3 ± 1.3* 0.005 (0.506–2.161)
MFDE (n = 9) 4.3 ± 0.7 3.1 ± 1.4 –1.2 ± 0.9* 0.005 (0.475–1.969)
ME (n = 9) 3.7 ± 1.1 2.9 ± 1.5 –0.7 ± 1.4 0.133 (–0.294 to 1.850)
Total (n = 41) 3.9 ± 1.2 2.9 ± 1.5 –0.9 ± 1.3* <0.001 (0.510–1.347)

Data reported as mean ± standard deviation.
*Indicates significant change over time within group.
LFDE, low-fat diet plus moderate exercise; ME, moderate exercise only; MFDE, moderate-fat diet plus moderate exercise; 
NAS, nonalcoholic fatty liver disease activity score; SC, standard care.

Table 3.  Changes in health outcome measures by subgroup.

Health measures 
(change from baseline 
to 6 months) 

Group Mean SD 95% CI for mean p value

Lower 
bound

Upper 
bound  

NAFLD activity score SC –0.4 1.5 –1.4 0.6 0.31
  LFDE –1.3 1.3 –2.2 –0.5  
  MFDE –1.2 1.0 –2.0 –0.5  
  ME –0.8 1.4 –1.8 0.3  
  Total –0.9 1.3 –1.3 –0.5 <0.001*
Brunt grade SC 0.1 0.5 –0.3 0.5 0.059
  LFDE –0.8 0.8 –1.4 –0.3  
  MFDE –0.2 1.1 –1.1 0.6  
  ME –0.2 0.7 –0.7 0.3  
  Total –0.3 0.8 –0.6 0.0 0.022*
Brunt stage SC 0.4 1.0 –0.3 1.1 0.32
  LFDE –0.7 1.5 –1.6 0.3  
  MFDE –0.1 1.5 –1.3 1.1  
  ME –0.4 1.3 –1.5 0.6  
  Total –0.2 1.4 –0.7 0.2 0.311
ALT (IU/l) SC –4.3 38.7 –30.3 21.8 0.535
  LFDE –27.5 27.9 –45.2 –9.8  
  MFDE –19.8 54.9 –62.0 22.4  
  ME –21.8 30.6 –45.3 1.8  
  Total –18.3 38.2 –30.4 –6.2 0.004*
AST (IU/l) SC –2.9 25.8 –20.3 14.4 0.554
  LFDE –15.9 19.1 –28.1 –3.8  
  MFDE –19.6 47.9 –56.4 17.3  
  ME –8.4 10.4 –16.4 –0.5  
  Total –11.6 28.1 –20.5 –2.7 0.012*
QUICKI score SC –0.002 0.034 –0.025 0.021 0.133
  LFDE 0.017 0.021 0.004 0.030  
  MFDE –0.008 0.019 –0.022 0.007  
  ME 0.006 0.026 –0.013 0.026  
  Total 0.0042 0.0264 –0.0041 0.0125 313
Insulin (uIU/ml) SC –1.08 6.89 –6.01 3.85 0.245
  LFDE –5.22 7.43 –9.94 –0.50  

(Continued)
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Health measures 
(change from baseline 
to 6 months) 

Group Mean SD 95% CI for mean p value

Lower 
bound

Upper 
bound  

  MFDE 2.55 5.95 –2.42 7.52  
  ME –0.66 12.11 –9.97 8.65  
  Total –1.51 8.52 –4.27 1.25 0.275
Fasting glucose (mg/dl) SC 2.36 9.75 –4.19 8.91 0.332
  LFDE –9.58 23.36 –24.43 5.26  
  MFDE –1.78 20.30 –17.38 13.82  
  ME –9.80 14.83 –21.20 1.60  
  Total –4.71 18.14 –10.44 1.01 0.104
Weight (lbs) SC –2.5 5.3 –6.0 1.0 0.43
  LFDE –0.2 5.4 –3.7 3.2  
  MFDE –3.0 4.7 –6.6 0.6  
  ME 0.1 4.8 –3.6 3.8  
  Total –1.4 5.1 –3.0 0.2 0.089
Fat mass (%) SC 0.0 2.5 –1.8 1.8 0.853
  LFDE –0.8 2.6 –2.6 0.9  
  MFDE –0.4 2.9 –2.8 1.9  
  ME 0.6 6.2 –4.1 5.3  
  Total –0.2 3.6 –1.4 1.0 0.744
Android fat mass (%) SC –0.3 3.2 –2.6 2.0 0.838
  LFDE –1.0 3.6 –3.5 1.6  
  MFDE –0.1 3.4 –3.0 2.8  
  ME 0.4 2.3 –1.5 2.3  
  Total –0.3 3.1 –1.3 0.7 0.569
Gynoid fat mass (%) SC –0.7 2.6 –2.5 1.1 0.573
  LFDE –0.9 1.8 –2.2 0.4  
  MFDE –1.5 1.7 –2.9 –0.1  
  ME 0.2 3.3 –2.6 2.9  
  Total –0.7 2.4 –1.5 0.1 0.068

Data reported as mean ± standard deviation (SD).
*Indicates significant change over time within group.
ALT, alaninine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LFDE, low-fat diet plus moder-
ate exercise; ME, moderate exercise only; MFDE, moderate fat diet plus moderate exercise; NAFLD, nonalcoholic fatty liver 
disease; QUICKI, quantitative insulin sensitivity check index; SC, standard care.

2009; Vilar et  al. 2009]. Promrat and colleagues 
conducted a similar study with comprehensive 
lifestyle intervention over a 48-week period, twice 
the length of this study, and reported a significant 
decrease in NAS with an average weight loss of 
9.3% [Promrat et  al. 2009]. Another study also 
noted an improvement in NAS with greater than 
10% weight loss over a 6-month period with life-
style intervention and dietary supplementation of 
Viusid [Vilar et al. 2009]. A recent study that eval-
uated liver enzymes and metabolic risk factors 
after a 3-month lifestyle intervention found that 

weight loss was not necessary to show improve-
ment in typical screening markers for NAFLD [St 
George et al. 2009]. A 2011 Cochrane review of 
NAFLD, in which weight reduction was evaluated 
for its effect on NAFLD, concluded that no clear 
implications can be drawn with the current data, 
despite the related benefits and safety of lifestyle 
modification [Peng et al. 2011]. The natural his-
tory of NASH and the potential for spontaneous 
improvement or resolution of steatosis, inflamma-
tion, or even fibrosis over time with stable weight 
and no lifestyle intervention has also been 

Table 3. (Continued)
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suggested in the literature [Lindor et  al. 2004]. 
Our study suggests that a healthier lifestyle may 
promote subtle changes beyond absolute weight 
loss that can benefit patients with NAFLD, 
although for global health improvement weight 
loss is still advantageous in overweight and obese 
patients with NAFLD. Future similar lifestyle 
modification studies with greater intervention 
time may be beneficial in shedding light on the 
question of weight loss and its role in NAFLD and 
NASH.

The design of this study had several strengths. 
The analysis of NAFLD using liver biopsy is the 
gold standard for evaluating this disease state and 
there are limited prospective randomized data in 
the literature utilizing liver histology to assess the 
effect of lifestyle modification in NAFLD to 
include NASH [Neuschwander-Tetri, 2005; 
Angulo et  al. 2007; Youssef and McCullough, 
2002; Nugent and Younossi, 2007]. This study 
involved a multidisciplinary team for health 
screening and lifestyle modification implementa-
tion. Current knowledge suggests that diet and 
exercise lifestyle modification is effective and 
should be the first line of treatment for NAFLD 
[Harrison and Day, 2007; Suzuki et  al. 2005; 
Tamura et al. 2005; Cankurtaran et al. 2007; Chen 
et al. 2008; Toshimitsu et al. 2007]. Perhaps this 
type of approach could be of use in the future as a 
template for standardizing lifestyle modification 
in this group of patients.

We acknowledge the limitations of allowing par-
ticipants to make their own food choices and our 
use of patient-reported data to analyze dietary 
intake. Our study was modeled on the idea of 
practicality and feasibility when implementing 
treatments that impact lifestyle modification. 
Despite this limitation, the two subgroups who 
received specific diet education (LFDE and 
MFDE) and follow-up nutrition counseling 
recorded decreased overall energy intake com-
pared with the two subgroups that did not receive 
specific diet education or follow-up counseling 
(SC and ME). Many participants found it difficult 
to comply with exercise recommendations and 
meet bimonthly with a dietitian. A 2008 review of 
behavioral therapy for NAFLD recommends that 
unstructured exercise and self-monitoring pro-
grams be used to improve compliance [Bellentani 
et al. 2008]. Simply being diagnosed with a chronic 
liver disease as a motivating factor may explain 
why some succeeded in making lifestyle changes 

without specific diet or exercise instruction. It is 
possible that an intervention program with only 
basic nutrition and exercise education, similar to 
our SC subgroup, is all that is necessary to pro-
mote lifestyle modification. While the number of 
patients enrolled approached adequate power (60 
in the analysis, 56 actually enrolled), there was 
greater patient dropout than anticipated, which 
could contribute to a type 2 error. Additional 
research on this topic is necessary to further inves-
tigate the most effective and beneficial compo-
nents for a lifestyle modification program.

Conclusion
The results of this study verified that lifestyle 
modification can improve liver histology through 
repeat biopsy after a 6-month intervention in 
patients with NAFLD and NASH. Lifestyle mod-
ification should be used as the primary treatment 
strategy for patients with NAFLD. It appears that 
weight loss is not necessarily the key to improving 
liver histology. Further research is needed to 
determine the most effective diet and exercise 
interventions for development of a standardized 
treatment plan for these patients.
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