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Abstract
Nonalcoholic fatty liver disease (NAFLD) has been 
recognized as a major health burden. The high preva-
lence of NAFLD is probably due to the contemporary 
epidemics of obesity, unhealthy dietary pattern, and 
sedentary lifestyle. The efficacy and safety profile of 
pharmacotherapy in the treatment of NAFLD remains 
uncertain and obesity is strongly associated with he-
patic steatosis; therefore, the first line of treatment is 
lifestyle modification. The usual management of NAFLD 
includes gradual weight reduction and increased physi-
cal activity (PA) leading to an improvement in serum 
liver enzymes, reduced hepatic fatty infiltration, and, in 
some cases, a reduced degree of hepatic inflammation 
and fibrosis. Nutrition has been demonstrated to be 
associated with NAFLD and Non-alcoholic steatohepa-
titis (NASH) in both animals and humans, and thus 
serves as a major route of prevention and treatment. 
However, most human studies are observational and 
retrospective, allowing limited inference about causal 

associations. Large prospective studies and clinical tri-
als are now needed to establish a causal relationship. 
Based on available data, patients should optimally 
achieve a 5%-10% weight reduction. Setting realis-
tic goals is essential for long-term successful lifestyle 
modification and more effort must be devoted to in-
forming NAFLD patients of the health benefits of even 
a modest weight reduction. Furthermore, all NAFLD 
patients, whether obese or of normal weight, should 
be informed that a healthy diet has benefits beyond 
weight reduction. They should be advised to reduce 
saturated/trans fat and increase polyunsaturated fat, 
with special emphasize on omega-3 fatty acids. They 
should reduce added sugar to its minimum, try to 
avoid soft drinks containing sugar, including fruit juices 
that contain a lot of fructose, and increase their fiber 
intake. For the heavy meat eaters, especially those of 
red and processed meats, less meat and increased fish 
intake should be recommended. Minimizing fast food 
intake will also help maintain a healthy diet. PA should 
be integrated into behavioral therapy in NAFLD, as 
even small gains in PA and fitness may have significant 
health benefits. Potentially therapeutic dietary supple-
ments are vitamin E and vitamin D, but both warrant 
further research. Unbalanced nutrition is not only 
strongly associated with NAFLD, but is also a risk fac-
tor that a large portion of the population is exposed to. 
Therefore, it is important to identify dietary patterns 
that will serve as modifiable risk factors for the preven-
tion of NAFLD and its complications. 

© 2011 Baishideng. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Nutrition; 
Physical activity; Weight reduction; Fat; Carbohydrates; 
Soft drinks; Nutrients

Peer reviewer: Dr. Toshinari Takamura, MD, PhD, Depa
rtment of Disease Control and Homeostasis, Kanazawa 
University Graduate School of Medical Science, 13-1 Takara-
machi, Kanazawa 920-8641, Japan 

3377

World J Gastroenterol  2011 August 7; 17(29): 3377-3389
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1007-9327office
wjg@wjgnet.com
doi:10.3748/wjg.v17.i29.3377

August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

TOPIC HIGHLIGHT

Dr. Assy Nimer, MD, Assistant Professor, Series Editor



Zelber-Sagi S et al . Nutrition and physical activity in NAFLD

Zelber-Sagi S, Ratziu V, Oren R. Nutrition and physical activ-
ity in NAFLD: An overview of the epidemiological evidence. 
World J Gastroenterol 2011; 17(29): 3377-3389  Available 
from: URL: http://www.wjgnet.com/1007-9327/full/v17/
i29/3377.htm  DOI: http://dx.doi.org/10.3748/wjg.v17.i29.3377

NUTRITION AND OBESITY IN NAFLD 

PATHOGENESIS 
Nonalcoholic fatty liver disease (NAFLD), which devel-
ops in the absence of  alcohol abuse, has been recognized 
as a major health burden. The clinical implications of  
NAFLD are derived mostly from its common occurrence 
in the general population and its potential to progress to 
cirrhosis and liver failure[1-3]. Estimates suggest that about 
20% to 30% of  adults in developed countries have ex-
cess fat accumulation in the liver[4-8], 50% among people 
with diabetes, and about 80% in the obese and morbidly 
obese[6,9,10].

The high prevalence of  NAFLD in Western countries 
is probably due to the contemporary epidemics of  obesity 
and associated metabolic complications. Obesity, type 2 
diabetes, and hyperlipidemia are recognized as risk factors 
for NAFLD[5,11-14]. Insulin resistance is frequently detected 
in patients with NAFLD, as it is in those without obesity 
and diabetes[14-19]. An increasing number of  patients have 
been described with normal body mass index (BMI), al-
though these individuals may have central adiposity and 
occult insulin resistance[17,18,20,21]. Moreover, epidemiologi-
cal studies[22-24] indicate that this unique group of  normal 
weight patients is characterized by an unhealthy dietary 
composition, as will be discussed later. 

The efficacy and safety profile of  pharmacotherapy 
in the treatment of  NAFLD remains uncertain[25], and 
obesity is strongly associated with hepatic steatosis[26]; 
therefore, the first line of  treatment is lifestyle modi-
fication. The usual management of  NAFLD includes 
gradual weight reduction and increased physical activity, 
leading to an improvement in serum liver enzymes, re-
duced hepatic fatty infiltration, and, in some cases, a re-
duced degree of  hepatic inflammation and fibrosis[27-33]. 
However, most studies did not include repeated liver 
biopsy, and thus histological improvement could not be 
determined.

Although research is emerging, it remains uncertain 
whether diets that are enriched with certain types of  food 
or nutrients are more likely to cause fatty liver than other 
types of  diets[26]. In light of  the difficulty in reducing 
weight and maintaining the weight reduction in the long 
term[34], changing dietary composition without necessar-
ily reducing calorific intake may offer a more realistic and 
feasible alternative to treat NAFLD patients. Therefore, 
exploring the association between specific nutrients and 
dietary composition and NAFLD is extremely important. 

This review discusses the existing epidemiological evi-
dence for the association between human NAFLD and di-
etary composition, weight reduction, and physical activity. 

THE AMOUNT AND TYPE OF DIETARY 
FAT
Total dietary fat vs carbohydrates 
There are three major sources for the increased triglyc-
eride deposition in the liver: excessive influx of  free fatty 
acids (FFA) from endogenous fat depots, increased de 
novo hepatic lipogenesis, and exogenous-nutritional fat. 
Recent human studies suggest that a significant fraction 
of  fatty acids are taken up by the liver during the post-
prandial period[35,36]. Furthermore, NAFLD patients may 
exhibit alterations in postprandial hepatic lipid metabo-
lism. In a study using an oral fat load test in 15 Non-
alcoholic steatohepatitis (NASH) patients and 15 con-
trols, total and very low density lipoproteins triglyceride 
in postprandial plasma were higher in NASH compared 
with controls, and postprandial plasma Apo B48 and 
Apo B100 responses in NASH were flat. This suggested 
an increased hepatic uptake of  triglycerides in the post-
prandial period combined with reduced hepatic secretion 
of  VLDL, which may promote liver steatosis[37]. 

Multiple studies in animals have documented that a 
high-fat diet rapidly induces hepatic steatosis[38-40], but 
data in humans are scarce. 

The association between total dietary fat and hepatic 
fat content has been directly tested in humans by placing 
10 obese women on two successive two-wk isocaloric di-
ets, which contained either 16% or 56% of  energy from 
fat, in randomized order using a crossover design and 
assessing the liver fat by proton spectroscopy. Liver fat 
decreased by 20% on the low-fat diet and increased by 
35% on the high-fat diet. The changes in liver fat were 
paralleled by changes in fasting serum insulin concentra-
tions. Importantly, these changes were independent of  
body weight, which did not change during the study[36]. 

In another study, 74 morbidly obese patients (90% of  
them with NAFLD) undergoing bariatric surgery under-
went a preoperative dietary evaluation using a 24-h food 
recall. Food intake was compared to liver histopathology 
from biopsies obtained during surgery. There were no 
significant associations between total calorific intake or 
protein intake and either steatosis, fibrosis, or inflamma-
tion. However, higher carbohydrate intake (above 54% 
of  calories) was associated with significantly higher odds 
of  inflammation, while higher fat intake was associated 
with significantly lower odds of  inflammation. How-
ever, this study was unable to discern any differences in 
specific dietary fat composition, perhaps due to insuf-
ficient power or misclassification of  fat intake based on 
a single 24-h recall and, importantly, did not differentiate 
between simple vs complex carbohydrates[41]. The asso-
ciation with carbohydrates is supported and sharpened 
by a study from Japan comparing dietary habits between 
28 patients with NASH and 18 with simple steatosis, in-
dicating an excess intake of  carbohydrates, especially of  
sweets and not cereals, in the NASH group[42].

Although the results appear conflicting, it would seem 
reasonable to say that over-consumption of  either fat or 
carbohydrates is not recommended, and eventually all mac-
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ronutrients should be consumed according to the accepted 
recommendations (e.g. those of  the American Heart As-
sociation), as part of  a balanced diet. Furthermore, as will 
be demonstrated later in this review, the specific subtypes 
of  fat (saturated vs unsaturated and its subgroups) and car-
bohydrates (complex vs simple and its subgroups) may be 
more important than their total amount. 

Type of dietary fat and other nutrients
In contrast to cardiovascular and metabolic diseases, 
there is little epidemiological evidence that the type of  
dietary fat is associated with fatty liver[5]. A small sample 
size study, but with meticulous dietary assessment based 
on 7-d alimentary record, evaluated 25 normal-weight 
NASH patients compared with age-, gender-, and BMI-
matched controls. The dietary intake of  NASH patients 
was richer in saturated fat and cholesterol, and was poorer 
in polyunsaturated fat, fiber, ascorbic acid, and tocoph-
erol[37]. These results are supported by another study in 
which the ratio of  polyunsaturated/saturated fatty acid 
intake in both the NASH and fatty liver patients was 
lower than the ratio in randomly selected controls[42]. 

The type of  dietary fat has also been demonstrated 
to be associated with oxidative stress markers in non-
alcoholic steatohepatitis. Analyzing dietary intake obtained 
by a food frequency questionnaire in 43 NASH patients 
and 33 healthy controls, a negative correlation was found 
with total and saturated fat intake, and with the ratio of  
reduced Plasma glutathione/oxidized glutathione, indicat-
ing an impaired glutathione metabolism and suggesting a 
pro-oxidant effect. Conversely, a positive correlation was 
found with carbohydrates, fiber, monounsaturated fatty 
acids (MUFA), and polyunsaturated fatty acids (PUFA), 
specifically n-3 polyunsaturated fatty acid (n-3 PUFA)[43].

Different types of  fats can have a protective effect 
in NAFLD. The most established one is the n-3 PUFA. 
Experimental studies have shown that diets enriched with 
n-3 PUFA increase insulin sensitivity in rats[44], reduce 
intra-hepatic triglyceride content, and ameliorate steato-
hepatitis[45,46]. 

Two observational studies provide evidence of  a lower 
consumption of  �����������������������������������    omega-3 PUFA ����������������������  among NAFLD patients. 
The first is a case-control study of  45 NASH patients 
compared with a sample of  856 controls, matched for 
sex and age[47]. Diet history assessed by a food frequency 
questionnaire (FFQ) demonstrated a significantly higher 
intake of  n-6 fatty acids and a higher n-6/n-3 ratio among 
NASH patients. These results suggest that the quality and 
combination of  fat intake may be more relevant than its 
isolated amount; an excessive amount of  n-6 fatty acids 
could be implicated in promoting necro-inflammation[47]. 

The second study was a cross sectional study in 349 
volunteers from the general population. Diet history as-
sessed by an FFQ demonstrated higher meat intake (P 
< 0.001) and a tendency (P = 0.056) to a lower intake 
of  fish rich in omega-3 �����������������������������    in NAFLD patients. n-6 fatty 
acids are abundant in meat; therefore, these data sug-
gest a higher intake of  n-6/n-3 ratio in NAFLD patients 

(Zelber-Sagi, Nitzan-Kaluski, Goldsmith, Webb, Blendis, 
Halpern et al, 2007). 

Two pilot clinical trials support the protective role of  
omega-3 PUFA in NAFLD. The first was a nonrandom-
ized open-label controlled trial that assessed the effect of  
a one-year n-3 PUFA supplementation (containing both 
eicosapentaenoic acid-EPA and docosahexaenoic acid-
DHA) at a dose of  1000 mg/d in 42 NAFLD patients 
versus 14 patients that refused the treatment and were 
analysed as controls. PUFA supplementation significantly 
decreased serum liver enzymes (ALT, AST, and GGT) 
and reduced liver fat (as measured by ultrasonography) 
as compared to controls[48]. The second study was a non-
controlled trial in 23 NASH patients that were supple-
mented with 2700 mg/d of  EPA for one year. Serum 
ALT levels were significantly improved. Seven of  the 23 
patients underwent post-treatment liver biopsy, which 
showed improvement of  hepatic steatosis and fibrosis, 
hepatocyte ballooning, and lobular inflammation in six pa-
tients[49]. In both trials, body weight remained unchanged. 

There are two types of  fat, �����������������  trans fatty acids (TFA) and 
MUFA,�������������������������������������������������          which so far have not been tested or demonstrat-
ed to be associated with human NAFLD. However, based 
on their association with related diseases, such as diabetes 
and cardiovascular disease, should be considered in the 
nutritional recommendations of  NAFLD. 

Trans fatty acids 
Little is known about the role of  �����������������������   TFA��������������������    in promoting liver 
injury in NAFLD. The association between TFA and in-
creased risk of  developing insulin resistance[50] and coro-
nary heart disease by raising LDL cholesterol levels, low-
ering HDL cholesterol levels, raising triglyceride levels, 
and increasing CRP[51] suggest that it may be involved in 
NAFLD pathogenesis.

Compared with PUFA and saturated fatty acids-
fed mice, TFA-fed mice had impaired glucose tolerance, 
characterized by greater homeostasis model assessment 
(HOMA), and NASH-like lesions due to greater hepatic 
lipogenesis[52]. In another experiment, the effect of  a 
combination of  features of  a western lifestyle was tested. 
In mice fed TFA in a high-fat diet, high-fructose corn 
syrup, and interventions designed to promote sedentary 
behavior, isocaloric replacement of  TFA with lard indi-
cated that TFA played a major role in promoting hepatic 
steatosis and injury[53]. Therefore, the role of  TFA in hu-
man NAFLD needs to be evaluated, which presents a 
challenge to nutritional epidemiologists, as information on 
TFA content in food is unknown in many cases. 

Monounsaturated fatty acids
n-9 oleic acid is the most prevalent MUFA in the diet, and 
olive oil is one of  its major sources (other sources are nuts 
and avocado). MUFA has been demonstrated to have a fa-
vorable effect on the lipid profile, with a reduction in both 
the LDL and total cholesterol to HDL ratio[54]. A meta-
analysis of  randomized, crossover trials comparing low-
saturated-fat, high-carbohydrate diets or high-MUFA diets 
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in patients with type 2 diabetes revealed that high-MUFA 
diets improve lipoprotein profiles as well as glycemic 
control. High MUFA diets reduce fasting plasma triacylg-
lycerol and VLDL-cholesterol concentrations by 19% and 
22%, respectively, and cause a modest increase in HDL-
cholesterol concentrations without adversely affecting 
LDL-cholesterol concentrations[55]. 

In rats with an MCD diet, olive oil was demonstrated 
to decrease the accumulation of  triglycerides in the liver by 
30% compared with the only MCD diet group. The serum 
triglycerides increase was 10% lower in the MCD diet + 
olive oil group compared with the MCD group. Olive oil 
improved insulin resistance, increased the release of  Tri-
glycerides from the liver, and decreased the flux of  FFAs 
from peripheral adipose tissue back to the liver[56]. In rats, 
treatment with a balanced diet rich in olive oil contributed 
to the recovery of  the liver from hepatic steatosis[57]. Olive 
oil, in contrast to polyunsaturated oils, was demonstrated 
to protect against the development of  fibrosis[58]. 

However, it has not been demonstrated that NAFLD 
patients eat less MUFA as compared to controls[23,24,59], and 
the role of  MUFA or olive oil in human NAFLD is yet to 
be demonstrated. 

Cholesterol
With regard to cholesterol, results from observational 
studies have been conflicting. Some studies did not dem-
onstrate different dietary intakes of  cholesterol between 
NAFLD patients and controls[47,59]. However, Musso et al[23] 
did demonstrate a higher cholesterol consumption among 
normal weight NASH patients vs BMI matched controls. 
A recent study supported the role of  dietary cholesterol in 
NAFLD. In this study, 12 normal weight NAFLD patients 
were compared to 44 obese NAFLD patients. A charac-
teristic feature was that dietary cholesterol intake was sig-
nificantly higher, while the intake of  polyunsaturated fatty 
acids (PUFAs) was significantly lower, in the nonobese 
group. Similar differences were noted in comparison to 15 
healthy non-obese controls. Therefore, this altered choles-
terol and PUFA intake may be associated with the devel-
opment of  NAFLD in non-obese patients[24]. 

In addition, studies using non-obese animal models 
have confirmed that a hypercholesterol diet can induce 
NASH[60]. An increase in dietary cholesterol is suggested 
to induce de novo fatty acid synthesis in hepatocytes via 
the LXRa-SREBP-1c pathway[24].

In conclusion, studies testing the association with 
different types of  dietary fats in normal weight NAFLD 
patients may clarify nutritional composition as a direct 
risk factor. 

THE ASSOCIATION BETWEEN ADDED 
SUGAR AND SOFT DRINKS CONSUMP-
TION AND NAFLD
Soft drinks are a leading source of  artificially added 
sugar in the world[61].

In recent decades, intake of  sugar-sweetened bev-
erages has increased around the globe[62]. Recent data 
(2005-2006) show that children and adults in the United 
States consume about 172 and 175 kcal/d, respectively, 
per capita from sugar-sweetened beverages[63]. The con-
sumption of  sugar-sweetened beverages has been linked 
to risks for obesity, diabetes, metabolic syndrome, fatty liv-
er, and heart disease, possibly by providing excess calories 
and large amounts of  rapidly absorbable sugars[59,64-69]. In a 
recently published health policy report, taxation of  sugar-
sweetened soft drinks has been proposed as a means of  
reducing the intake of  these beverages and thereby lower-
ing disease burden and health care costs[62]. 

A sucrose-rich diet increases the hepatic synthesis 
of  triglycerides. Rats and humans that are fed either su-
crose- or fructose enriched diets develop fatty livers[65,70]. 
Therefore, it is reasonable to suggest that NAFLD pa-
tients should limit their fructose consumption[71]. In ad-
dition, cola soft drinks contain caramel coloring, which is 
rich in advanced glycation end products (AGEs), which 
can increase insulin resistance and inflammation[61].

In recent years, several studies have been published 
on the association between soft drinks consumption and 
NAFLD, demonstrating a positive association[22,59,72,73]. 
The first was a cross-sectional study of  a sub-sample 
(n = 375) of  the Israeli National Health and Nutrition 
Survey (MABAT 1999-2001). A semi-quantitative food-
frequency questionnaire was administered and showed 
that NAFLD patients have a higher intake of  soft drinks. 
Moreover, the higher intake of  soft drinks was associ-
ated with an increased risk of  NAFLD, independently 
of  age, gender, BMI, and total calories[59]. 

In a study on 31 normal weight NAFLD patients with 
no obvious classic risk factors and 30 healthy controls 
matched for gender and age, it was found that NAFLD 
patients consume significantly higher amounts of  added 
sugar and that most of  it (43%) comes from soft drinks 
and juices, compared to only 8% in the controls[22]. Anoth-
er study by the same group demonstrated similar results; 
80% of  patients with NAFLD had excessive soft drinks 
intake (> 500 cc/d) as compared to 17% in controls[73]. 

In a recent study, the consumption of  fructose con-
taining beverages was compared in NAFLD patients 
and controls matched for gender, age, and BMI. It was 
demonstrated that consumption of  fructose in patients 
with NAFLD was two-fold higher compared to matched 
controls[72]. 

Recently, a large-scale study of  427 NAFLD patients 
expanded the understanding of  the hepatic damage that 
may be related to over-consumption of  fructose-contain-
ing beverages. After controlling for age, sex, BMI, and total 
calorie intake, daily fructose-containing drinks consump-
tion was significantly associated with higher fibrosis stage 
(OR = 3.2, 1.4-7.4 95% CI for ≥ 7 servings vs < 7 per 
week) in both younger and older age groups, and a lower 
steatosis grade, but only in the older group of  patients[74]. 

Thus, these studies identified an important modifiable 
risk factor. Physicians and dietitians should routinely in-
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clude questions regarding soft-drink consumption as part 
of  the patient’s history and advise patients to avoid it. 

WESTERN DIETARY PATTERN AND FAST 

FOOD
Examination of  overall dietary patterns would more closely 
parallel the real world, where people eat meals consist-
ing of  a variety of  foods with complex combinations 
of  nutrients that may be interactive or synergistic[75]. 
The studies presented above regarding dietary composi-
tion usually provide indications for several nutrients or 
foods that characterize the dietary intake of  NAFLD 
patients, and may be looked at as an unhealthy pattern 
or western dietary pattern. This pattern seems to include 
overconsumption of  fructose and soft drinks[22,59,72], lower 
consumption of  fiber[47], overconsumption of  meat[59] 
or saturated fat and cholesterol[23,24], lower consumption 
of  fish or omega-3 fatty acids[47,59] or PUFA[24], and lower 
consumption of  some vitamins[23], which may indicate a 
below the recommended consumption of  vegetables and 
an unbalanced diet in general. 

Fast-food consumption has strong positive associa-
tions with weight gain and insulin resistance in humans. 
In the CARDIA study, a 15-year prospective follow up 
of  3031 young adults, those with frequent (more than 
twice a week) visits to fast-food restaurants gained an 
extra 4.5 kg of  bodyweight and had a two-fold greater 
increase in insulin resistance compared to participants 
with infrequent (less than once a week) fast-food con-
sumption[76]. Furthermore, feeding experimental animals 
with the ‘‘cafeteria diet’’ (a feeding regimen similar to 
fast food) leads to liver damage[53].

What happens if  we do the same experiment in hu-
mans? 18 healthy, young students were put on a fast 
food diet that included at least two fast food meals a day 
for four weeks. They increased their caloric intake and 
body weight and their HOMA values doubled. Hepatic 
triglyceride content increased, as did serum ALT levels. 
After the intervention started, 11 out of  15 with normal 
ALT levels at baseline had elevated ALT levels at one 
week; eight had persistent elevation during the interven-
tion; and two had persistent elevation even at six months 
follow up. Thus, in clinical evaluations of  subjects with 
elevated ALT levels, medical history should include not 
only questions about alcohol and soft drinks intake, but 
should also explore whether recent excessive intake of  
fast food has occurred[77].

Potential mechanisms of  hepatotoxicity are high en-
ergy density & portion size, high fat & saturated fat, high 
refined carbohydrate, low fiber, high fructose corn syrup, 
caramel coloring, red meat, industrially produced trans 
fatty acids, promoting free fatty acid overflow to the liver 
and local inflammation[78]. 

WEIGHT REDUCTION
Throughout the past decades, three types of  trials have 

dealt with weight reduction in NAFLD. Historically, 
the first ones, in the 1960s, tested very low calorie diets 
(VLCD) leading to drastic weight reduction. These diets 
were based on fasting and formulas and did not discuss 
behavioral therapy at all. Thereafter, a second wave of  
trials explored a more balanced diet, sometimes com-
bined with physical activity, only mildly referring to be-
havioral therapy and sometimes with short-term follow 
up. More recently, structured balanced diets combined 
with a detailed behavioral therapy program aiming at a 
long-term lifestyle modification have been evaluated. 

Examples of  the first generation are small sample tri-
als from the 1960s[79] and 1970s[80] that included fasting or 
very low calorie diet (about 500 kcal), leading to drastic 
weight reduction. Steatosis was reduced in all patients, but 
liver damage, as indicated by fibrosis and focal necrosis, 
was observed in some patients during the acute weight 
loss. In a later study from 1991, Andersen et al[81] provided 
41 morbidly obese patients with a 400 kcal formula-based 
diet, again leading to improved steatosis. However, 24% 
developed slight portal inflammation (P = 0.039) or slight 
portal fibrosis (P = 0.063). This study helps in setting the 
upper limit for the rate of  weight reduction in NAFLD 
patients, as none of  the patients who lost less than  
1.6 kg/wk developed fibrosis. Interestingly, liver biochem-
istry improved regardless of  the histological changes[81]. In 
another VLCD study, a weight reduction of  greater than 
or equal to 10% resulted in normalized abnormal hepatic 
test results in most patients; however, liver biopsies were 
not obtained[82]. 

Two small sample size studies tested the effect of  a 
balanced diet and gradual weight reduction on liver his-
tology. Ueno et al[83] demonstrated significant reductions 
in hepatic steatosis after only three months on treat-
ment. Hepatic inflammation and fibrosis also improved, 
although not significantly, probably because of  the short 
follow up. The one year long term trial included behav-
ioral therapy, with regular meetings with a dietitian and 
group sessions, and weekly food records. Nine out of  
15 patients, who lost an average of  7% of  their body 
weight, had an improved NASH score, and the remain-
ing six, who had no weight loss, had stable scores[84]. 

The next study is one of  a few RCT’s testing weight 
reduction in NAFLD. In a 48-wk intervention, 32 NASH 
patients were randomized to receive intensive lifestyle 
intervention or basic education about healthy lifestyle 
(controls). A moderate, balanced diet was combined with 
moderate-intensity activities, with particular emphasis on 
walking with pedometers. Classical behavioral strategies 
were also extensively applied: self-monitoring of  eating 
and exercise, stimulus control techniques, problem solv-
ing etc. NASH histological activity score (NAS) improved 
significantly in the treatment arm in comparison with 
the control group. Participants who achieved weight 
loss of  > 7% compared with those who lost less than 
7%, had significant improvements in steatosis, lobular 
inflammation, ballooning injury, and NAS[85]. In the Or-
listat trial by Harrison et al[86], a somewhat bigger weight 
reduction of  at least 9% was necessary to achieve sig-

3381 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD



nificant improvement in NAS, although 5% reduction 
was sufficient for improving steatosis. Recently, another 
RCT tested the effect of  a 12-mo intensive lifestyle in-
tervention on hepatic steatosis in a specific subgroup of  
patients with type 2 diabetes. The intervention included 
a moderate calorific restriction plus increased physi-
cal activity and weekly meetings, whereas the control 
group received only general information on nutrition 
and physical activity. After 12 mo, participants assigned 
to the intensive intervention, as compared to controls, 
lost more weight (-8.5% vs -0.05%; P < 0.01) and had a 
greater decline in steatosis measured by H-MRS (-50.8% 
vs -22.8%; P = 0.04). The intervention was also beneficial 
in prevention of  NAFLD, as 26% of  controls vs 3% of  
intervention participants, without NAFLD at baseline, 
developed NAFLD at 12 mo[87]. 

Three recent, relatively large sample size studies ad-
dressed the effect of  diet, provided in different settings, 
on ALT levels[88-90]. In the trial by Suzuki et al[89] ��������� 348 male 
subjects with elevated ALT were recruited from annual 
health checkups, and were given health care instruc-
tions using customized brochures and then followed 
at health checkups three times a year. At one year fol-
low up, all subjects achieving ≥ 5% weight reduction 
showed improvement in serum ALT and 136 subjects 
had ALT normalization. In the second trial 152 patients 
with elevated liver enzymes were randomized to either a 
moderate (6 sessions/10 wk) or low-intensity (3 sessions/ 
4 wk) lifestyle counseling intervention or control group. 
Reduction in liver enzymes was greatest in the moderate-
intensity intervention group and least in the control 
group, in parallel to the proportion of  subjects achieving 
weight loss[88]. In the third trial, with a smaller sample 
size, 67 patients with NAFLD were enrolled into a 6-mo 
home-based lifestyle modification intervention, which 
included monthly visits with a physician and nutritional 
counselling every three months. At six months, there 
were significant improvements in terms of  body weight, 
liver/spleen ratio, and liver enzymes. This study’s flaw 
was a large attrition rate, with only 22 patients (33%) 
completing the 6-month intervention[90], perhaps indicat-
ing that patients require a more intensive follow up.

The challenge in demonstrating the therapeutic ef-
ficacy of  weight reduction in NAFLD has been the lack 
of  liver histology as an outcome in most studies, or on the 
other hand, the limited sample size and statistical power 
whenever liver biopsy is undertaken because of  its inva-
sive nature. Liver biopsy is necessary for the evaluation of  
therapeutic effects beyond reduction in ALT and regres-
sion of  steatosis on imaging (or only disappearance of  
steatosis when simple ultrasound is applied). 

This is especially important because certain diets may 
seem beneficial according to reduction of  liver enzymes, 
while actually leading to liver damage that can only be 
observed by liver biopsy. Future advances in identification 
and validation of  non-invasive methods for hepatic fibro-
sis, inflammation, and quantification of  steatosis should 
help determine if  weight reduction is effective for treating 

all the features of  NAFLD, at which stages of  the disease 
should weight reduction be introduced, the optimal weight 
reduction rate and nutrient composition. According to re-
search so far, although mostly small sample size trials have 
been performed, the results are consistent and indicate 
that weight reduction can be considered as an established 
treatment. 

PHYSICAL ACTIVITY 
From the perspective of  NAFLD patients, weekly or 
daily performance of  walking, swimming, or cycling 
might seem as simple as jumping of  the cliff. 

As with diet, low long-term compliance is also the 
rule for increased physical activity: on average 20% after 
two years follow up[91]. Despite the difficulties, increased 
physical activity (PA) is highly beneficial. Indeed, PA has 
been shown to reduce the risk of  T2DM, insulin re-
sistance, hypertension, dyslipidemia, impaired fasting 
glucose (IFG), and the metabolic syndrome[92-95]. This 
indicates that PA could play a role in the treatment of  
patients with NAFLD.

Several observational studies indicated an inverse 
association between reported leisure time PA, or cardio-
respiratory fitness, and the prevalence of  NAFLD. In a 
large-scale study (n = 349) of  the general population, the 
NAFLD group engaged in less reported leisure time PA, 
including total, aerobic, and resistance. Engaging in any 
kind of  PA remained significant after adjusting for insulin 
resistance and circulating adiponectin plus nutritional fac-
tors, but not BMI. Only the association with resistance PA 
remained significant with further adjustment for BMI[96]. A 
large-scale study (n = 218 men) demonstrated an inverse 
association between fitness categories and the prevalence 
of  NAFLD, regardless of  BMI[97]. In a small study on 37 
NAFLD patients with liver biopsy, there was a lower car-
diorespiratory fitness among patients with higher NAFLD 
activity score and NASH versus no NASH[98].

The beneficial effect of  exercise is supported by re-
cent clinical trials. The first[99] included 141 patients with 
suspected NAFLD based on abnormal liver enzymes 
and exclusion of  other causes of  liver disease who were 
randomized to either the intervention arms (three months 
physical activity counseling delivered at three intensity 
levels) or a control arm. Patients who increased their PA 
by ≥ 60 min per week (n = 85) significantly reduced their 
weight (-2.4 kg on average), HOMA, and all liver enzymes. 
Importantly, these improvements were independent of  
the change in weight. These results are supported by a 
previous pilot trial demonstrating that moderate intensity 
aerobic exercise helped to normalize ALT levels in 65 
NASH patients receiving moderately energy-restricted 
diet[100], although this improvement cannot be regarded 
as independent of  weight loss. Thus, it seems that among 
NAFLD patients, even small increments in regular PA can 
improve liver enzymes; encouraging information that can 
be provided to patients. Another recent trial assessed the 
effect of  short-term (four weeks) aerobic exercise training 
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on hepatic, blood, abdominal, and muscle lipids in 19 sed-
entary obese men and women using magnetic resonance 
imaging and proton magnetic resonance spectroscopy 
(1H-MRS). Four weeks of  aerobic cycling exercise (three 
cycle sessions per week (30-45 min) significantly reduced 
mean hepatic triglyceride concentration by 21%, along 
with a 12% reduction in visceral adipose tissue volume 
and a 14% reduction in plasma free fatty acids. Important-
ly, no change in weight or dietary intake was noted, thus 
isolating the net effect of  aerobic exercise[101].

Higher cardiorespiratory fitness at baseline may con-
tribute to a successful hepatic outcome during lifestyle 
modification that includes dietary counseling and exercise. 
Among the parameters predicting the change in liver fat, 
fitness at baseline emerged as the strongest factor, inde-
pendently of  exercise intensity during the intervention. 
However, it should be remembered that cardiorespiratory 
fitness reflects not only recent physical activity habits, but 
also genetics[102].

In a recent study, 12 obese adolescents underwent a 
three-month resistance exercise program consisting of  2 × 
1 h/wk, exercising all major muscle groups. The exercise 
program resulted in significant strength and lean body mass 
gain. Although hepatic fat content remained unchanged, 
hepatic insulin sensitivity increased and glucose production 
rate decreased, without weight loss[103]. Although aerobic 
exercise seems to have more extensive effects, a longer dura-
tion and/or a more intensive resistance exercise program 
may be required for reduction of  hepatic fat content. For 
those who have physical limitations or low motivation that 
prevents them from performance of  aerobic PA, resistance 
exercise can serve as an alternative option. 

PA benefits NAFLD beyond encouraging weight re-
duction. Exercise alone, in the absence of  any change 
in body weight or composition, may enhance insulin 
sensitivity and glucose homeostasis[104]. PA appears to 
result in insulin-receptor upregulation in muscle tissue 
and hence increased delivery of  glucose and insulin to 
the muscles[105]. Exercise also has a beneficial effect on 
FFA metabolism, by enhancing whole-body lipid oxida-
tion[106]. Hepatic triglyceride accumulation was shown 
to decrease with exercise intervention[107] and hepatic 
FFA uptake was lower in trained (endurance training) 
compared to untrained male subjects[108]. Similar find-
ings were demonstrated in comparing monozygotic male 
twins that had a marked difference in leisure-time physi-
cal activity and aerobic fitness, where, in the absence of  
the confounding effects of  genetic factors, the active 
twin had decreased hepatic FFA uptake[106].

In recent years, increasing attention has been paid 
to resistance training as a useful adjunctive tool of  ex-
ercise[109,110]. A recent study showed that resistance train-
ing, without a concomitant weight loss diet, significantly 
improved insulin sensitivity and fasting glycemia and de-
creased abdominal fat[111]. Tsuzuku et al[112] demonstrated 
that non-instrumental resistance training, using body 
weight as a load, appears to be effective in decreasing vis-
ceral fat and improving metabolic profiles, without weight 

loss. The results of  a randomized trial comparing the 
effect of  aerobic vs resistance training on coronary risk 
factors, demonstrated that only the resistance training 
group showed a reduction in total body fat, with an as-
sociated increase in lean body mass[113]. A meta-analysis 
comparing aerobic training with weight training conclud-
ed that weight training resulted in greater increases in 
fat-free mass[114]. An increase in muscle mass may improve 
insulin sensitivity by increasing the available glucose stor-
age area, thereby reducing the amount of  insulin required 
to maintain a normal glucose tolerance[115].

The Centers for Disease Control and Prevention (CDC), 
the American Heart Association (AHA), and the Healthy 
People 2010 Objectives recommend adults to attain ≥ 
30 min of  moderate-intensity physical activity on most, 
and preferably all, days of  the week, or vigorous-intensity 
physical activity ≥ 3 times per week for ≥ 20 min each 
time. Although these recommendations have been widely 
publicized, only 27.7% US adults meet recommended levels 
of  either moderate or vigorous physical activity, whereas 
29.2% report no regular physical activity outside of  their 
work[116,117]. Moreover, the prevalence of  physically active 
adults among patients with diabetes is lower than in those 
without diabetes[118] and subjects with diabetes are less likely 
to meet physical activity recommendations[119]. 

In NAFLD patients, compliance may be even lower be-
cause fatigue has been demonstrated to be markedly higher 
in NAFLD patients compared to controls, and is associated 
with inactivity and excessive daytime sleepiness[120]. 

Apparently, the empty half  of  the glass - sedentary 
time - is by itself  associated with metabolic status. Time 
spent sedentary, measured objectively by individually cal-
ibrated heart rate monitoring, predicted higher levels of  
fasting insulin, independent of  the amount of  time spent 
at moderate- and vigorous-intensity activity levels. This 
highlights the importance of  reducing sedentary time 
in order to improve metabolic status, in addition to the 
benefits associated with a physically active lifestyle[121]. 

Environmental factors that discourage physical activ-
ity include an environment that encourages automobile 
use rather than walking (like lack of  sidewalks), and that 
has few cues to promote activity and numerous cues that 
discourage activity (television, computers etc)[122].

POTENTIALLY THERAPEUTIC DIETARY 
SUPPLEMENTS 
Vitamin E 
Treatment with vitamin E (α-tocopherol) at high doses 
of  300-1000 IU/day (about 30 IU is the Recommended 
Dietary Allowance) has demonstrated conflicting results 
when leading to reduction of  liver enzymes in an uncon-
trolled trial[123], but failed to show significant added value 
over lifestyle modification in controlled trials[124,125]. 

In a recent randomized, large long-term clinical trial, 
247 NASH patients without diabetes were randomized 
to three arms:  pioglitazone at a dose of  30 mg/d, vita-
min E at a dose of  800 IU daily (84 subjects), or placebo 
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(83 subjects), for two years. Only vitamin E therapy, 
as compared with placebo, was associated with a sig-
nificantly higher rate of  improvement in nonalcoholic 
steatohepatitis (43% vs 19%, P = 0.001). Serum alanine 
and aspartate aminotransferase levels were reduced with 
vitamin E and with pioglitazone, as compared with pla-
cebo and both agents were associated with reductions 
in hepatic steatosis, but not with improvement in fibrosis 
scores[126]. Despite these promising results, treatment with 
high dose vitamin E should be carefully considered due 
to its troubling association with increased risk for hemor-
rhagic stroke[127] and all-cause mortality[128] in random-
ized controlled trials. Indeed, the authors of  the study 
indicate that cardiovascular events occurred with equal 
frequency in all three study groups; however, the trial 
was too small to detect meaningful differences in the in-
cidence of  cardiovascular events[126].

Vitamin D
Increasing evidence suggests that vitamin D may have 
an important role in modifying risk for cardiometabolic 
outcomes, including type 2 diabetes, hypertension, and 
cardiovascular disease[129-131]. Serum 25(OH)D levels were 
demonstrated to be independently associated with both 
insulin sensitivity and beta-cell function among individu-
als at risk of  type 2 diabetes[132]. 

Recently, serum 25(OH) Vitamin D concentrations 
have been shown to be associated with NAFLD[133]. 
Targher et al studied circulating 25(OH)D3 in 60 con-
secutive patients with biopsy-proven NAFLD, and 60 
healthy controls of  comparable age, sex, and BMI, and 
found reduced levels in those with NAFLD (51.0 ± 22 
nmol/L vs 74.5 ± 15 nmol/L, P < 0.001). The differ-
ences in 25(OH)D concentrations observed between the 
groups were little affected by adjustment for age, sex, 
BMI, creatinine, calcium, HOMA-insulin resistance, and 
the presence of  the metabolic syndrome. Furthermore, 
among NAFLD patients, decreased 25(OH)D concentra-
tions were closely associated with the histological severity 
of  hepatic steatosis, necroinflammation, and fibrosis (P < 
0.001 for all)[133]. In a recent abstract, the association be-
tween vitamin D concentration, fatty liver, and coronary 
artery disease (defined as a stenosis of  > 50% in at least 
one major coronary artery by cardiac CT) was tested in 60 
patients with NAFLD compared to 30 sex, age matched 
healthy controls. Patients with NAFLD showed lower vi-
tamin D concentration (13 ± 8 ng/mL vs 31 ± 4 ng/mL, 
P < 0.001) and severe vitamin D deficiency (< 12 ng/mL, 
OR 2.5, 95% CI 1.5-4.6, P < 0.01) predicted coronary ar-
tery disease independent of  metabolic syndrome[134]. 

Currently, the association between vitamin D status 
and NAFLD and its potential therapeutic role warrants 
further research. 

CONCLUSION
NAFLD is not only a cause of  chronic liver disease and 
a component of  the metabolic syndrome, but might also 
predict the tendency to develop diabetes mellitus[135-137] 

and has also been suggested to be associated with  coro-
nary artery disease[138-144]. In terms of  public health, it 
will be important to detect NAFLD at a relatively young 
age, prior to other metabolic complications, because the 
treatment of  NAFLD will be part of  the primary pre-
vention of  type-2 diabetes and coronary artery disease. 

Identifying modifiable risk factors for prevention and 
treatment of  NAFLD is therefore important. Nutrition 
has been demonstrated to be associated with NAFLD and 
NASH in both animals[65,145] and humans[22,36,47,59,73,85], and 
thus serves as a major route of  prevention and treatment. 
However, most human studies are observational and retro-
spective, allowing limited inference about causal associations. 
Furthermore, nutritional studies that rely on reported recall 
of  diet are prone to information bias that could weaken 
existing associations and underestimate the contribution 
of  certain nutrients to the pathogenesis of  NAFLD. This 
limitation can be minimized by meticulous methods of  di-
etary assessment (e.g. obtaining more repeated dietary recalls 
from each patient) to reduce measurement error, and using 
a larger sample size that will provide sufficient statistical 
power, which might uncover associations between nutrients 
and NAFLD. Large prospective studies and clinical trials are 
now needed to establish a causal relationship.

Currently no firm recommendations can be formu-
lated, because of  the lack of  high quality, evidence-based 
data with hepatic histological outcomes. However, based 
on available data, patients should optimally achieve a 
5%-10% weight reduction. A recent position statement 
on NAFLD/NASH[146] recommended on a weight loss of  
7%, as proposed by International Societies on the basis 
of  an extensive body of  literature. Setting realistic goals 
is essential for long-term successful lifestyle modifica-
tion[147,148], because obese patients tend to have unrealistic 
weight loss expectations (about 25%-35%) that if  unmet, 
lead to adverse effects, such as lower satisfaction with 
treatment and a lower self-esteem[149]. More effort must 
be devoted to informing NAFLD patients of  the health 
benefits of  even a modest weight reduction, and feedback 
should be provided not only on weight loss, but also on 
individual changes in behavior and risk factors[148]. 

Furthermore, all NAFLD patients, whether obese or 
of  normal weight, should be informed that a healthy diet 
has benefits beyond weight reduction. They should be 
advised to reduce saturated/trans fat and increase poly-
unsaturated fat with special emphasize on omega-3 fatty 
acids. They should reduce added sugar to its minimum, 
try to avoid soft drinks containing sugar (including fruit 
juices that contain a lot of  fructose) and increase fiber 
intake. For the heavy meat eaters, especially those of  red 
and processed meats, less meat and increased fish intake 
should be recommended. Minimizing fast food intake 
will also help maintain a healthy diet. Physical activity 
should be integrated into behavioral therapy in NAFLD, 
as even small gains in PA and fitness may have significant 
health benefits. A combination of  educational, behavior-
al, and motivational strategies is required to help patients 
achieve lifestyle change[148]. Preferably, this should be 
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provided by multidisciplinary teams including dietitians, 
psychologists, and physical activity supervisors[150,151]. “Let 
food be your medicine” said Hippocrates; so should say 
more and more physicians to their NAFLD patients. 

REFERENCES
1	 Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 

2002; 346: 1221-1231  
2	 Neuschwander-Tetri BA, Caldwell SH. Nonalcoholic ste-

atohepatitis: summary of an AASLD Single Topic Confer-
ence. Hepatology 2003; 37: 1202-1219  

3	 Sanyal AJ. AGA technical review on nonalcoholic fatty liver 
disease. Gastroenterology 2002; 123: 1705-1725  

4	 Zelber-Sagi S, Nitzan-Kaluski D, Halpern Z, Oren R. Preva-
lence of primary non-alcoholic fatty liver disease in a popu-
lation-based study and its association with biochemical and 
anthropometric measures. Liver Int 2006; 26: 856-863  

5	 Bedogni G, Bellentani S. Fatty liver: how frequent is it and 
why? Ann Hepatol 2004; 3: 63-65  

6	 Bellentani S, Saccoccio G, Masutti F, Croce LS, Brandi G, 
Sasso F, Cristanini G, Tiribelli C. Prevalence of and risk fac-
tors for hepatic steatosis in Northern Italy. Ann Intern Med 
2000; 132: 112-117  

7	 Falck-Ytter Y, Younossi ZM, Marchesini G, McCullough AJ. 
Clinical features and natural history of nonalcoholic steato-
sis syndromes. Semin Liver Dis 2001; 21: 17-26  

8	 Propst A, Propst T, Judmaier G, Vogel W. Prognosis in non-
alcoholic steatohepatitis. Gastroenterology 1995; 108: 1607 

9	 Gupte P, Amarapurkar D, Agal S, Baijal R, Kulshrestha P, 
Pramanik S, Patel N, Madan A, Amarapurkar A, Hafeezun-
nisa. Non-alcoholic steatohepatitis in type 2 diabetes mel-
litus. J Gastroenterol Hepatol 2004; 19: 854-858  

10	 Del Gaudio A, Boschi L, Del Gaudio GA, Mastrangelo L, 
Munari D. Liver damage in obese patients. Obes Surg 2002; 
12: 802-804  

11	 Marchesini G, Brizi M, Morselli-Labate AM, Bianchi G, 
Bugianesi E, McCullough AJ, Forlani G, Melchionda N. 
Association of nonalcoholic fatty liver disease with insulin 
resistance. Am J Med 1999; 107: 450-455  

12	 Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, 
Manini R, Natale S, Vanni E, Villanova N, Melchionda N, 
Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the 
metabolic syndrome. Hepatology 2003; 37: 917-923  

13	 Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Tanigu-
chi H, Fujii K, Omatsu T, Nakajima T, Sarui H, Shimazaki 
M, Kato T, Okuda J, Ida K. The metabolic syndrome as a 
predictor of nonalcoholic fatty liver disease. Ann Intern Med 
2005; 143: 722-728  

14	 Marchesini G, Marzocchi R, Agostini F, Bugianesi E. Nonal-
coholic fatty liver disease and the metabolic syndrome. Curr 
Opin Lipidol 2005; 16: 421-427  

15	 Lonardo A, Lombardini S, Scaglioni F, Carulli L, Ricchi M, 
Ganazzi D, Adinolfi LE, Ruggiero G, Carulli N, Loria P. He-
patic steatosis and insulin resistance: does etiology make a 
difference? J Hepatol 2006; 44: 190-196  

16	 Angelico F, Del Ben M, Conti R, Francioso S, Feole K, Fio-
rello S, Cavallo MG, Zalunardo B, Lirussi F, Alessandri C, 
Violi F. Insulin resistance, the metabolic syndrome, and 
nonalcoholic fatty liver disease. J Clin Endocrinol Metab 2005; 
90: 1578-1582  

17	 Chitturi S, Abeygunasekera S, Farrell GC, Holmes-Walker J, 
Hui JM, Fung C, Karim R, Lin R, Samarasinghe D, Liddle C, 
Weltman M, George J. NASH and insulin resistance: Insulin 
hypersecretion and specific association with the insulin re-
sistance syndrome. Hepatology 2002; 35: 373-379  

18	 Pagano G, Pacini G, Musso G, Gambino R, Mecca F, Depe-
tris N, Cassader M, David E, Cavallo-Perin P, Rizzetto M. 
Nonalcoholic steatohepatitis, insulin resistance, and meta-

bolic syndrome: further evidence for an etiologic associa-
tion. Hepatology 2002; 35: 367-372  

19	 Marchesini G, Brizi M, Bianchi G, Tomassetti S, Bugianesi E, 
Lenzi M, McCullough AJ, Natale S, Forlani G, Melchionda N. 
Nonalcoholic fatty liver disease: a feature of the metabolic 
syndrome. Diabetes 2001; 50: 1844-1850  

20	 Lee JH, Rhee PL, Lee JK, Lee KT, Kim JJ, Koh KC, Paik SW, 
Rhee JC, Choi KW. Role of hyperinsulinemia and glucose 
intolerance in the pathogenesis of nonalcoholic fatty liver in 
patients with normal body weight. Korean J Intern Med 1998; 
13: 12-14  

21	 Banerji MA, Faridi N, Atluri R, Chaiken RL, Lebovitz HE. 
Body composition, visceral fat, leptin, and insulin resis-
tance in Asian Indian men. J Clin Endocrinol Metab 1999; 84: 
137-144  

22	 Assy N, Nasser G, Kamayse I, Nseir W, Beniashvili Z, Dji-
bre A, Grosovski M. Soft drink consumption linked with 
fatty liver in the absence of traditional risk factors. Can J 
Gastroenterol 2008; 22: 811-816  

23	 Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto 
M, Durazzo M, Faga E, Silli B, Pagano G. Dietary habits and 
their relations to insulin resistance and postprandial lipemia 
in nonalcoholic steatohepatitis. Hepatology 2003; 37: 909-916  

24	 Yasutake K, Nakamuta M, Shima Y, Ohyama A, Masuda K, 
Haruta N, Fujino T, Aoyagi Y, Fukuizumi K, Yoshimoto T, 
Takemoto R, Miyahara T, Harada N, Hayata F, Nakashima 
M, Enjoji M. Nutritional investigation of non-obese patients 
with non-alcoholic fatty liver disease: the significance of di-
etary cholesterol. Scand J Gastroenterol 2009; 44: 471-477  

25	 Cheung O, Sanyal AJ. Recent advances in nonalcoholic fatty 
liver disease. Curr Opin Gastroenterol 2010; 26: 202-208  

26	 Koteish A, Diehl AM. Animal models of steatosis. Semin 
Liver Dis 2001; 21: 89-104  

27	 Andersen T, Gluud C, Franzmann MB, Christoffersen P. 
Hepatic effects of dietary weight loss in morbidly obese 
subjects. J Hepatol 1991; 12: 224-229  

28	 Dixon JB, Bhathal PS, Hughes NR, O’Brien PE. Nonalco-
holic fatty liver disease: Improvement in liver histological 
analysis with weight loss. Hepatology 2004; 39: 1647-1654  

29	 Eriksson S, Eriksson KF, Bondesson L. Nonalcoholic steato-
hepatitis in obesity: a reversible condition. Acta Med Scand 
1986; 220: 83-88  

30	 Luyckx FH, Desaive C, Thiry A, Dewe W, Scheen AJ, Gielen 
JE, Lefebvre PJ. Liver abnormalities in severely obese sub-
jects: effect of drastic weight loss after gastroplasty. Int J 
Obes Relat Metab Disord 1998; 22: 222-226  

31	 Palmer M, Schaffner F. Effect of weight reduction on he-
patic abnormalities in overweight patients. Gastroenterology 
1990; 99: 1408-1413  

32	 Ueno T, Sugawara H, Sujaku K, Hashimoto O, Tsuji R, Ta-
maki S, Torimura T, Inuzuka S, Sata M, Tanikawa K. Thera-
peutic effects of restricted diet and exercise in obese patients 
with fatty liver. J Hepatol 1997; 27: 103-107  

33	 Shah K, Stufflebam A, Hilton TN, Sinacore DR, Klein S, 
Villareal DT. Diet and exercise interventions reduce intra-
hepatic fat content and improve insulin sensitivity in obese 
older adults. Obesity  2009; 17: 2162-2168  

34	 Katan MB. Weight-loss diets for the prevention and treat-
ment of obesity. N Engl J Med 2009; 360: 923-925  

35	 Heath RB, Karpe F, Milne RW, Burdge GC, Wootton SA, 
Frayn KN. Selective partitioning of dietary fatty acids into 
the VLDL TG pool in the early postprandial period. J Lipid 
Res 2003; 44: 2065-2072  

36	 Westerbacka J, Lammi K, Hakkinen AM, Rissanen A, Sal-
minen I, Aro A, Yki-Jarvinen H. Dietary fat content modifies 
liver fat in overweight nondiabetic subjects. J Clin Endocrinol 
Metab 2005; 90: 2804-2809  

37	 Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto 
M, Durazzo M, Faga E, Silli B, Pagano G. Dietary habits and 
their relations to insulin resistance and postprandial lipemia 

3385 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD



in nonalcoholic steatohepatitis. Hepatology 2003; 37: 909-916
38	 McCuskey RS, Ito Y, Robertson GR, McCuskey MK, Perry 

M, Farrell GC. Hepatic microvascular dysfunction during 
evolution of dietary steatohepatitis in mice. Hepatology 2004; 
40: 386-393  

39	 Samuel VT, Liu ZX, Qu X, Elder BD, Bilz S, Befroy D, Ro-
manelli AJ, Shulman GI. Mechanism of hepatic insulin re-
sistance in non-alcoholic fatty liver disease. J Biol Chem 2004; 
279: 32345-32353  

40	 Kim SP, Ellmerer M, Van Citters GW, Bergman RN. Pri-
macy of hepatic insulin resistance in the development of the 
metabolic syndrome induced by an isocaloric moderate-fat 
diet in the dog. Diabetes 2003; 52: 2453-2460  

41	 Solga S, Alkhuraishe AR, Clark JM, Torbenson M, Gre-
enwald A, Diehl AM, Magnuson T. Dietary composition 
and nonalcoholic fatty liver disease. Dig Dis Sci 2004; 49: 
1578-1583  

42	 Toshimitsu K, Matsuura B, Ohkubo I, Niiya T, Furukawa 
S, Hiasa Y, Kawamura M, Ebihara K, Onji M. Dietary habits 
and nutrient intake in non-alcoholic steatohepatitis. Nutri-
tion 2007; 23: 46-52  

43	 Machado MV, Ravasco P, Jesus L, Marques-Vidal P, Olivei-
ra CR, Proenca T, Baldeiras I, Camilo ME, Cortez-Pinto H. 
Blood oxidative stress markers in non-alcoholic steatohepa-
titis and how it correlates with diet. Scand J Gastroenterol 
2008; 43: 95-102  

44	 Storlien LH, Kraegen EW, Chisholm DJ, Ford GL, Bruce 
DG, Pascoe WS. Fish oil prevents insulin resistance induced 
by high-fat feeding in rats. Science 1987; 237: 885-888  

45	 Sekiya M, Yahagi N, Matsuzaka T, Najima Y, Nakakuki 
M, Nagai R, Ishibashi S, Osuga J, Yamada N, Shimano H. 
Polyunsaturated fatty acids ameliorate hepatic steatosis in 
obese mice by SREBP-1 suppression. Hepatology 2003; 38: 
1529-1539  

46	 Levy JR, Clore JN, Stevens W. Dietary n-3 polyunsaturated 
fatty acids decrease hepatic triglycerides in Fischer 344 rats. 
Hepatology 2004; 39: 608-616  

47	 Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC, 
Camilo ME. How different is the dietary pattern in non-al-
coholic steatohepatitis patients? Clin Nutr 2006; 25: 816-823  

48	 Capanni M, Calella F, Biagini MR, Genise S, Raimondi L, 
Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R, 
Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty 
acid supplementation ameliorates hepatic steatosis in pa-
tients with non-alcoholic fatty liver disease: a pilot study. 
Aliment Pharmacol Ther 2006; 23: 1143-1151  

49	 Tanaka N, Sano K, Horiuchi A, Tanaka E, Kiyosawa K, 
Aoyama T. Highly purified eicosapentaenoic acid treatment 
improves nonalcoholic steatohepatitis. J Clin Gastroenterol 
2008; 42: 413-418  

50	 Ibrahim A, Natrajan S, Ghafoorunissa R. Dietary trans-fatty 
acids alter adipocyte plasma membrane fatty acid compo-
sition and insulin sensitivity in rats. Metabolism 2005; 54: 
240-246  

51	 Hu FB, Stampfer MJ, Manson JE, Rimm E, Colditz GA, Ros-
ner BA, Hennekens CH, Willett WC. Dietary fat intake and 
the risk of coronary heart disease in women. N Engl J Med 
1997; 337: 1491-1499  

52	 Machado RM, Stefano JT, Oliveira CP, Mello ES, Ferreira 
FD, Nunes VS, de Lima VM, Quintao EC, Catanozi S, Na-
kandakare ER, Lottenberg AM. Intake of trans fatty acids 
causes nonalcoholic steatohepatitis and reduces adipose tis-
sue fat content. J Nutr 2010; 140: 1127-1132  

53	 Tetri LH, Basaranoglu M, Brunt EM, Yerian LM, Neusch
wander-Tetri BA. Severe NAFLD with hepatic necroinflam-
matory changes in mice fed trans fats and a high-fructose 
corn syrup equivalent. Am J Physiol Gastrointest Liver Physiol 
2008; 295: G987-G995  

54	 Mensink RP, Zock PL, Kester AD, Katan MB. Effects of 
dietary fatty acids and carbohydrates on the ratio of serum 
total to HDL cholesterol and on serum lipids and apolipo-

proteins: a meta-analysis of 60 controlled trials. Am J Clin 
Nutr 2003; 77: 1146-1155  

55	 Garg A. High-monounsaturated-fat diets for patients with 
diabetes mellitus: a meta-analysis. Am J Clin Nutr 1998; 67: 
577S-582S 

56	 Hussein O, Grosovski M, Lasri E, Svalb S, Ravid U, Assy 
N. Monounsaturated fat decreases hepatic lipid content in 
non-alcoholic fatty liver disease in rats. World J Gastroenterol 
2007; 13: 361-368  

57	 Hernandez R, Martinez-Lara E, Canuelo A, del Moral ML, 
Blanco S, Siles E, Jimenez A, Pedrosa JA, Peinado MA. Ste-
atosis recovery after treatment with a balanced sunflower or 
olive oil-based diet: involvement of perisinusoidal stellate 
cells. World J Gastroenterol 2005; 11: 7480-7485  

58	 Szende B, Timar F, Hargitai B. Olive oil decreases liver 
damage in rats caused by carbon tetrachloride (CCl4). Exp 
Toxicol Pathol 1994; 46: 355-359  

59	 Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, 
Blendis L, Halpern Z, Oren R. Long term nutritional intake 
and the risk for non-alcoholic fatty liver disease (NAFLD): a 
population based study. J Hepatol 2007; 47: 711-717  

60	 Kainuma M, Fujimoto M, Sekiya N, Tsuneyama K, Cheng 
C, Takano Y, Terasawa K, Shimada Y. Cholesterol-fed rabbit 
as a unique model of nonalcoholic, nonobese, non-insulin-
resistant fatty liver disease with characteristic fibrosis. J Gas-
troenterol 2006; 41: 971-980  

61	 Gaby AR. Adverse effects of dietary fructose. Altern Med 
Rev 2005; 10: 294-306  

62	 Brownell KD, Farley T, Willett WC, Popkin BM, Chaloupka 
FJ, Thompson JW, Ludwig DS. The public health and eco-
nomic benefits of taxing sugar-sweetened beverages. N Engl 
J Med 2009; 361: 1599-1605  

63	 Duffey KJ, Popkin BM. Shifts in patterns and consump-
tion of beverages between 1965 and 2002. Obesity 2007; 15: 
2739-2747  

64	 Schulze MB, Manson JE, Ludwig DS, Colditz GA, Stampfer 
MJ, Willett WC, Hu FB. Sugar-sweetened beverages, weight 
gain, and incidence of type 2 diabetes in young and middle-
aged women. JAMA 2004; 292: 927-934  

65	 Poulsom R. Morphological changes of organs after sucrose 
or fructose feeding. Prog Biochem Pharmacol 1986; 21: 104-134  

66	 Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened 
beverages and weight gain: a systematic review. Am J Clin 
Nutr 2006; 84: 274-288  

67	 Vartanian LR, Schwartz MB, Brownell KD. Effects of soft 
drink consumption on nutrition and health: a systematic re-
view and meta-analysis. Am J Public Health 2007; 97: 667-675  

68	 Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu 
FB. Sweetened beverage consumption and risk of coronary 
heart disease in women. Am J Clin Nutr 2009; 89: 1037-1042  

69	 Malik VS, Popkin BM, Bray GA, Despres JP, Willett WC, 
Hu FB. Sugar-sweetened beverages and risk of metabolic 
syndrome and type 2 diabetes: a meta-analysis. Diabetes 
Care 2010; 33: 2477-2483  

70	 Herman RH, Zakim D, Stifel FB. Effect of diet on lipid me-
tabolism in experimental animals and man. Fed Proc 1970; 
29: 1302-1307  

71	 Cave M, Deaciuc I, Mendez C, Song Z, Joshi-Barve S, Barve 
S, McClain C. Nonalcoholic fatty liver disease: predispos-
ing factors and the role of nutrition. J Nutr Biochem 2007; 18: 
184-195  

72	 Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl 
AM, Johnson RJ, Abdelmalek MF. Fructose consumption as 
a risk factor for non-alcoholic fatty liver disease. J Hepatol 
2008; 48: 993-999  

73	 Abid A, Taha O, Nseir W, Farah R, Grosovski M, Assy N. 
Soft drink consumption is associated with fatty liver disease 
independent of metabolic syndrome. J Hepatol 2009; 51: 
918-924  

74	 Abdelmalek MF, Suzuki A, Guy C, Unalp-Arida A, Col-
vin R, Johnson RJ, Diehl AM; Nonalcoholic Steatohepatitis 

3386 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD



Clinical Research Network. Increased fructose consumption 
is associated with fibrosis severity in patients with nonalco-
holic fatty liver disease. Hepatology 2010; 51: 1961-1971  

75	 Hu FB, Rimm EB, Stampfer MJ, Ascherio A, Spiegelman D, 
Willett WC. Prospective study of major dietary patterns and 
risk of coronary heart disease in men. Am J Clin Nutr 2000; 
72: 912-921  

76	 Pereira MA, Kartashov AI, Ebbeling CB, Van Horn L, Slat-
tery ML, Jacobs DR Jr, Ludwig DS. Fast-food habits, weight 
gain, and insulin resistance (the CARDIA study): 15-year 
prospective analysis. Lancet 2005; 365: 36-42  

77	 Kechagias S, Ernersson A, Dahlqvist O, Lundberg P, Lind-
strom T, Nystrom FH; Fast Food Study Group. Fast-food-
based hyper-alimentation can induce rapid and profound 
elevation of serum alanine aminotransferase in healthy sub-
jects. Gut 2008; 57: 649-654  

78	 Marchesini G, Ridolfi V, Nepoti V. Hepatotoxicity of fast 
food? Gut 2008; 57: 568-570  

79	 Rozental P, Biava C, Spencer H, Zimmerman HJ. Liver 
morphology and function tests in obesity and during total 
starvation. Am J Dig Dis 1967; 12: 198-208  

80	 Drenick EJ, Simmons F, Murphy JF. Effect on hepatic mor-
phology of treatment of obesity by fasting, reducing diets 
and small-bowel bypass. N Engl J Med 1970; 282: 829-834  

81	 Andersen T, Gluud C, Franzmann MB, Christoffersen P. 
Hepatic effects of dietary weight loss in morbidly obese 
subjects. J Hepatol 1991; 12: 224-229 

82	 Palmer M, Schaffner F. Effect of weight reduction on he-
patic abnormalities in overweight patients. Gastroenterology 
1990; 99: 1408-1413  

83	 Ueno T, Sugawara H, Sujaku K, Hashimoto O, Tsuji R, Ta-
maki S, Torimura T, Inuzuka S, Sata M, Tanikawa K. Thera-
peutic effects of restricted diet and exercise in obese patients 
with fatty liver. J Hepatol 1997; 27: 103-107  

84	 Huang MA, Greenson JK, Chao C, Anderson L, Peterman D, 
Jacobson J, Emick D, Lok AS, Conjeevaram HS. One-year in-
tense nutritional counseling results in histological improve-
ment in patients with non-alcoholic steatohepatitis: a pilot 
study. Am J Gastroenterol 2005; 100: 1072-1081  

85	 Promrat K, Kleiner DE, Niemeier HM, Jackvony E, Kearns M, 
Wands JR, Fava JL, Wing RR. Randomized controlled trial 
testing the effects of weight loss on nonalcoholic steatohepa-
titis. Hepatology 2010; 51: 121-129  

86	 Harrison SA, Fecht W, Brunt EM, Neuschwander-Tetri BA. 
Orlistat for overweight subjects with nonalcoholic steato-
hepatitis: A randomized, prospective trial. Hepatology 2009; 
49: 80-86  

87	 Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Bran-
cati FL, Wagenknecht LE, Pi-Sunyer FX, Kahn SE, Clark JM; 
Fatty Liver Subgroup of the Look AHEAD Research Group. 
Effect of a 12-month intensive lifestyle intervention on he-
patic steatosis in adults with type 2 diabetes. Diabetes Care 
2010; 33: 2156-2163  

88	 St George A, Bauman A, Johnston A, Farrell G, Chey T, 
George J. Effect of a lifestyle intervention in patients with 
abnormal liver enzymes and metabolic risk factors. J Gastro-
enterol Hepatol 2009; 24: 399-407  

89	 Suzuki A, Lindor K, St Saver J, Lymp J, Mendes F, Muto A, 
Okada T, Angulo P. Effect of changes on body weight and 
lifestyle in nonalcoholic fatty liver disease. J Hepatol 2005; 
43: 1060-1066  

90	 Oza N, Eguchi Y, Mizuta T, Ishibashi E, Kitajima Y, Horie 
H, Ushirogawa M, Tsuzura T, Nakashita S, Takahashi H, 
Kawaguchi Y, Oda Y, Iwakiri R, Ozaki I, Eguchi T, Ono N, 
Fujimoto K. A pilot trial of body weight reduction for nonal-
coholic fatty liver disease with a home-based lifestyle modi-
fication intervention delivered in collaboration with inter-
disciplinary medical staff. J Gastroenterol 2009; 44: 1203-1208  

91	 Dunn AL, Marcus BH, Kampert JB, Garcia ME, Kohl HW 
3rd, Blair SN. Comparison of lifestyle and structured inter-
ventions to increase physical activity and cardiorespiratory 

fitness: a randomized trial. JAMA 1999; 281: 327-334  
92	 Bassuk SS, Manson JE. Epidemiological evidence for the 

role of physical activity in reducing risk of type 2 diabe-
tes and cardiovascular disease. J Appl Physiol 2005; 99: 
1193-1204  

93	 LaMonte MJ, Blair SN, Church TS. Physical activity and 
diabetes prevention. J Appl Physiol 2005; 99: 1205-1213  

94	 Bauman AE. Updating the evidence that physical activity is 
good for health: an epidemiological review 2000-2003. J Sci 
Med Sport 2004; 7: 6-19  

95	 Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, Hu 
ZX, Lin J, Xiao JZ, Cao HB, Liu PA, Jiang XG, Jiang YY, 
Wang JP, Zheng H, Zhang H, Bennett PH, Howard BV. Ef-
fects of diet and exercise in preventing NIDDM in people 
with impaired glucose tolerance. The Da Qing IGT and Dia-
betes Study. Diabetes Care 1997; 20: 537-544  

96	 Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, 
Zvibel I, Goldiner I, Blendis L, Halpern Z, Oren R. Role 
of leisure-time physical activity in nonalcoholic fatty liver 
disease: a population-based study. Hepatology 2008; 48: 
1791-1798  

97	 Church TS, Kuk JL, Ross R, Priest EL, Biltoft E, Blair SN. 
Association of cardiorespiratory fitness, body mass index, 
and waist circumference to nonalcoholic fatty liver disease. 
Gastroenterology 2006; 130: 2023-2030  

98	 Krasnoff JB, Painter PL, Wallace JP, Bass NM, Merriman 
RB. Health-related fitness and physical activity in patients 
with nonalcoholic fatty liver disease. Hepatology 2008; 47: 
1158-1166  

99	 St George A, Bauman A, Johnston A, Farrell G, Chey T, 
George J. Independent effects of physical activity in patients 
with nonalcoholic fatty liver disease. Hepatology 2009; 50: 
68-76 

100	 Sreenivasa Baba C, Alexander G, Kalyani B, Pandey R, 
Rastogi S, Pandey A, Choudhuri G. Effect of exercise and 
dietary modification on serum aminotransferase levels in 
patients with nonalcoholic steatohepatitis. J Gastroenterol 
Hepatol 2006; 21: 191-198  

101	 Johnson NA, Sachinwalla T, Walton DW, Smith K, Arm-
strong A, Thompson MW, George J. Aerobic exercise train-
ing reduces hepatic and visceral lipids in obese individuals 
without weight loss. Hepatology 2009; 50: 1105-1112 

102	 Kantartzis K, Thamer C, Peter A, Machann J, Schick F, Sch-
raml C, Konigsrainer A, Konigsrainer I, Krober S, Niess A, 
Fritsche A, Haring HU, Stefan N. High cardiorespiratory 
fitness is an independent predictor of the reduction in liver 
fat during a lifestyle intervention in non-alcoholic fatty liver 
disease. Gut 2009; 58: 1281-1288  

103	 Van Der Heijden GJ, Wang ZJ, Chu Z, Toffolo G, Manesso 
E, Sauer PJ, Sunehag AL. Strength exercise improves muscle 
mass and hepatic insulin sensitivity in obese youth. Med Sci 
Sports Exerc 2010; 42: 1973-1980  

104	 Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Ef-
fects of exercise on glycemic control and body mass in type 
2 diabetes mellitus: a meta-analysis of controlled clinical tri-
als. JAMA 2001; 286: 1218-1227 

105	 Goodyear LJ, Kahn BB. Exercise, glucose transport, and in-
sulin sensitivity. Annu Rev Med 1998; 49: 235-261 

106	 Hannukainen JC, Nuutila P, Borra R, Kaprio J, Kujala 
UM, Janatuinen T, Heinonen OJ, Kapanen J, Viljanen T, 
Haaparanta M, Ronnemaa T, Parkkola R, Knuuti J, Kallio-
koski KK. Increased physical activity decreases hepatic free 
fatty acid uptake: a study in human monozygotic twins. J 
Physiol 2007; 578: 347-358  

107	 Tamura Y, Tanaka Y, Sato F, Choi JB, Watada H, Niwa M, 
Kinoshita J, Ooka A, Kumashiro N, Igarashi Y, Kyogoku S, 
Maehara T, Kawasumi M, Hirose T, Kawamori R. Effects 
of diet and exercise on muscle and liver intracellular lipid 
contents and insulin sensitivity in type 2 diabetic patients. J 
Clin Endocrinol Metab 2005; 90: 3191-3196  

108	 Iozzo P, Takala T, Oikonen V, Bergman J, Gronroos T, Fer-

3387 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD



rannini E, Nuutila P, Knuuti J. Effect of training status on 
regional disposal of circulating free fatty acids in the liver 
and skeletal muscle during physiological hyperinsulinemia. 
Diabetes Care 2004; 27: 2172-2177  

109	 Albright A, Franz M, Hornsby G, Kriska A, Marrero D, Ull-
rich I, Verity LS. American College of Sports Medicine posi-
tion stand. Exercise and type 2 diabetes. Med Sci Sports Exerc 
2000; 32: 1345-1360  

110	 Pollock ML, Franklin BA, Balady GJ, Chaitman BL, Fleg 
JL, Fletcher B, Limacher M, Pina IL, Stein RA, Williams M, 
Bazzarre T. AHA Science Advisory. Resistance exercise in 
individuals with and without cardiovascular disease: ben-
efits, rationale, safety, and prescription: An advisory from 
the Committee on Exercise, Rehabilitation, and Prevention, 
Council on Clinical Cardiology, American Heart Associa-
tion; Position paper endorsed by the American College of 
Sports Medicine. Circulation 2000; 101: 828-833 

111	 Ibanez J, Izquierdo M, Arguelles I, Forga L, Larrion JL, 
Garcia-Unciti M, Idoate F, Gorostiaga EM. Twice-weekly 
progressive resistance training decreases abdominal fat and 
improves insulin sensitivity in older men with type 2 diabe-
tes. Diabetes Care 2005; 28: 662-667  

112	 Tsuzuku S, Kajioka T, Endo H, Abbott RD, Curb JD, Yano 
K. Favorable effects of non-instrumental resistance training 
on fat distribution and metabolic profiles in healthy elderly 
people. Eur J Appl Physiol 2007; 99: 549-555  

113	 Banz WJ, Maher MA, Thompson WG, Bassett DR, Moore W, 
Ashraf M, Keefer DJ, Zemel MB. Effects of resistance versus 
aerobic training on coronary artery disease risk factors. Exp 
Biol Med  2003; 228: 434-440  

114	 Ballor DL, Keesey RE. A meta-analysis of the factors af-
fecting exercise-induced changes in body mass, fat mass 
and fat-free mass in males and females. Int J Obes 1991; 15: 
717-726  

115	 Miller WJ, Sherman WM, Ivy JL. Effect of strength training 
on glucose tolerance and post-glucose insulin response. Med 
Sci Sports Exerc 1984; 16: 539-543  

116	 Pratt M, Macera CA, Blanton C. Levels of physical activity 
and inactivity in children and adults in the United States: 
current evidence and research issues. Med Sci Sports Exerc 
1999; 31: S526-S533  

117	 Peterson JA. Get moving! Physical activity counseling in 
primary care. J Am Acad Nurse Pract 2007; 19: 349-357  

118	 Morrato EH, Hill JO, Wyatt HR, Ghushchyan V, Sullivan 
PW. Physical activity in U.S. adults with diabetes and at risk 
for developing diabetes, 2003. Diabetes Care 2007; 30: 203-209  

119	 Zhao G, Ford ES, Li C, Mokdad AH. Compliance with 
physical activity recommendations in US adults with diabe-
tes. Diabet Med 2008; 25: 221-227  

120	 Newton JL, Jones DE, Henderson E, Kane L, Wilton K, Burt 
AD, Day CP. Fatigue in non-alcoholic fatty liver disease 
(NAFLD) is significant and associates with inactivity and 
excessive daytime sleepiness but not with liver disease se-
verity or insulin resistance. Gut 2008; 57: 807-813  

121	 Helmerhorst HJ, Wijndaele K, Brage S, Wareham NJ, Eke-
lund U. Objectively measured sedentary time may predict 
insulin resistance independent of moderate- and vigorous-
intensity physical activity. Diabetes 2009; 58: 1776-1779  

122	 American Heart Association Nutrition Committee, Lich-
tenstein AH, Appel LJ, Brands M, Carnethon M, Daniels S, 
Franch HA, Franklin B, Kris-Etherton P, Harris WS, How-
ard B, Karanja N, Lefevre M, Rudel L, Sacks F, Van Horn L, 
Winston M, Wylie-Rosett J. Diet and lifestyle recommenda-
tions revision 2006: a scientific statement from the American 
Heart Association Nutrition Committee. Circulation 2006; 
114: 82-96 

123	 Hasegawa T, Yoneda M, Nakamura K, Makino I, Terano A. 
Plasma transforming growth factor-beta1 level and efficacy of 
alpha-tocopherol in patients with non-alcoholic steatohepati-
tis: a pilot study. Aliment Pharmacol Ther 2001; 15: 1667-1672  

124	 Kugelmas M, Hill DB, Vivian B, Marsano L, McClain CJ. 
Cytokines and NASH: a pilot study of the effects of lifestyle 
modification and vitamin E. Hepatology 2003; 38: 413-419  

125	 Harrison SA, Torgerson S, Hayashi P, Ward J, Schenker S. 
Vitamin E and vitamin C treatment improves fibrosis in pa-
tients with nonalcoholic steatohepatitis. Am J Gastroenterol 
2003; 98: 2485-2490  

126	 Sanyal AJ, Chalasani N, Kowdley KV, McCullough A, Diehl 
AM, Bass NM, Neuschwander-Tetri BA, Lavine JE, Tonas-
cia J, Unalp A, Van Natta M, Clark J, Brunt EM, Kleiner DE, 
Hoofnagle JH, Robuck PR; NASH CRN. Pioglitazone, vita-
min E, or placebo for nonalcoholic steatohepatitis. N Engl J 
Med 2010; 362: 1675-1685  

127	 Sesso HD, Buring JE, Christen WG, Kurth T, Belanger C, 
MacFadyen J, Bubes V, Manson JE, Glynn RJ, Gaziano JM. 
Vitamins E and C in the prevention of cardiovascular dis-
ease in men: the Physicians’ Health Study II randomized 
controlled trial. JAMA 2008; 300: 2123-2133  

128	 Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud 
C. Antioxidant supplements for prevention of mortality in 
healthy participants and patients with various diseases. Co-
chrane Database Syst Rev 2008; CD007176 

129	 Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of vi-
tamin D and calcium in type 2 diabetes. A systematic review 
and meta-analysis. J Clin Endocrinol Metab 2007; 92: 2017-2029  

130	 Kendrick J, Targher G, Smits G, Chonchol M. 25-Hy-
droxyvitamin D deficiency is independently associated with 
cardiovascular disease in the Third National Health and 
Nutrition Examination Survey. Atherosclerosis 2009; 205: 
255-260  

131	 Pittas AG, Chung M, Trikalinos T, Mitri J, Brendel M, Pa-
tel K, Lichtenstein AH, Lau J, Balk EM. Systematic review: 
Vitamin D and cardiometabolic outcomes. Ann Intern Med 
2010; 152: 307-314  

132	 Kayaniyil S, Vieth R, Retnakaran R, Knight JA, Qi Y, Ger-
stein HC, Perkins BA, Harris SB, Zinman B, Hanley AJ. As-
sociation of vitamin D with insulin resistance and beta-cell 
dysfunction in subjects at risk for type 2 diabetes. Diabetes 
Care 2010; 33: 1379-1381  

133	 Targher G, Bertolini L, Scala L, Cigolini M, Zenari L, Falez-
za G, Arcaro G. Associations between serum 25-hydroxyvi-
tamin D3 concentrations and liver histology in patients with 
non-alcoholic fatty liver disease. Nutr Metab Cardiovasc Dis 
2007; 17: 517-524  

134	 Nseir W MA, Abu Mouch S, Grosovski M, Assy N. Associa-
tion between 25-OH Vitamin D Concentrations and risk of 
Coronary Artery Disease in patients with Non Alcoholic 
Fatty Liver Disease. Hepatology Supplement 2010; 52(S1)

135	 Vozarova B, Stefan N, Lindsay RS, Saremi A, Pratley RE, 
Bogardus C, Tataranni PA. High alanine aminotransferase 
is associated with decreased hepatic insulin sensitivity and 
predicts the development of type 2 diabetes. Diabetes 2002; 
51: 1889-1895 

136	 Hanley AJ, Williams K, Festa A, Wagenknecht LE, D’Agos-
tino RB Jr, Kempf J, Zinman B, Haffner SM; insulin resistance 
atherosclerosis study. Elevations in markers of liver injury 
and risk of type 2 diabetes: the insulin resistance atheroscle-
rosis study. Diabetes 2004; 53: 2623-2632  

137	 Wannamethee SG, Shaper AG, Lennon L, Whincup PH. He-
patic enzymes, the metabolic syndrome, and the risk of type 
2 diabetes in older men. Diabetes Care 2005; 28: 2913-2918  

138	 Marchesini G, Forlani G. NASH: from liver diseases to met-
abolic disorders and back to clinical hepatology. Hepatology 
2002; 35: 497-499 

139	 Fracanzani AL, Burdick L, Rasselli S, Pedotti P, Grigore L, 
Santorelli G, Valenti L, Maraschi A, Catapano A, Fargion S. 
Risk of early atherosclerosis evaluated by carotid artery inti-
ma-media thickness in patients with NAFLD: a case control 
study. J Hepatol 2006; 44: S39

140	 Ekstedt M, Fran’zen LE, Mathiesen UL, Holmqvist M, Bode-

3388 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD



mar G, Kechagias S. Survival and causes of death in patients 
with elevated liver enzymes associated with NAFLD. J 
Hepatol 2006; 44: S40

141	 Villanova N, Moscatiello S, Ramilli S, Bugianesi E, Maga-
lotti D, Vanni E, Zoli M, Marchesini G. Endothelial dysfunc-
tion and cardiovascular risk profile in nonalcoholic fatty 
liver disease. Hepatology 2005; 42: 473-480  

142	 Targher G, Bertolini L, Poli F, Rodella S, Scala L, Tessari R, 
Zenari L, Falezza G. Nonalcoholic fatty liver disease and 
risk of future cardiovascular events among type 2 diabetic 
patients. Diabetes 2005; 54: 3541-3546  

143	 Jepsen P, Vilstrup H, Mellemkjaer L, Thulstrup AM, Olsen JH, 
Baron JA, Sorensen HT. Prognosis of patients with a diagno-
sis of fatty liver-a registry-based cohort study. Hepatogastro-
enterology 2003; 50: 2101-2104  

144	 Kessler A, Levy Y, Roth A, Zelber-Sagi S, Leshno M, Blendis 
L, Halpern Z, Oren R. Increased Prevalence of NAFLD in 
Patients with Acute Myocardial Infarction Independent of 
BMI. Hepatology 2005; 42 Suppl 1: A623

145	 Bogin E, Avidar Y, Merom M. Biochemical changes in liver 
and blood during liver fattening in rats. J Clin Chem Clin 

Biochem 1986; 24: 621-626  
146	 Ratziu V, Bellentani S, Cortez-Pinto H, Day C, Marchesini G. 

A position statement on NAFLD/NASH based on the EASL 
2009 special conference. J Hepatol 2010; 53: 372-384  

147	 Fabricatore AN. Behavior therapy and cognitive-behavioral 
therapy of obesity: is there a difference? J Am Diet Assoc 
2007; 107: 92-99  

148	 Anderson AS. How to implement dietary changes to pre-
vent the development of metabolic syndrome. Br J Nutr 
2000; 83 Suppl 1: S165-S168  

149	 Wadden TA, Berkowitz RI, Sarwer DB, Prus-Wisniewski R, 
Steinberg C. Benefits of lifestyle modification in the pharma-
cologic treatment of obesity: a randomized trial. Arch Intern 
Med 2001; 161: 218-227  

150	 Marchesini G, Moscatiello S, Di Domizio S, Forlani G. Obe-
sity-associated liver disease. J Clin Endocrinol Metab 2008; 93: 
S74-S80  

151	 Bellentani S, Dalle Grave R, Suppini A, Marchesini G; Fatty 
Liver Italian Network. Behavior therapy for nonalcoholic 
fatty liver disease: The need for a multidisciplinary ap-
proach. Hepatology 2008; 47: 746-754  

S- Editor  Sun H    L- Editor  Stewart GJ    E- Editor  Ma WH

3389 August 7, 2011|Volume 17|Issue 29|WJG|www.wjgnet.com

Zelber-Sagi S et al . Nutrition and physical activity in NAFLD


