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Nonalcoholic fatty liver disease (NAFLD) is now described as the hepatic manifestation of the metabolic
syndrome and is the most frequent chronic liver disease, affecting about one out of three people in the
western world. NAFLD is strongly linked to insulin resistance, which represents a key risk factor for the
development of type 2 diabetes. To date, there are no reliable and efﬁcient pharmacotherapies in the
treatment of NAFLD. However, obesity, which represents one of the main features of the metabolic
syndrome, is strongly associated with NAFLD. Therefore, lifestyle modiﬁcations, i.e. weight loss and
increased physical activity, are the very ﬁrst clinical approaches aiming at treating NAFLD. However,
although weight loss is beneﬁcial in NAFLD, certain diets known to induce weight loss can actually cause
or exacerbate this disease, and therefore induce insulin resistance, such as very low carbohydrate, high
fat diets. Moreover, macronutrient diet composition can impact NAFLD without any change in body
weight. Indeed, diets rich in fatty acids, particularly saturated, or in reﬁned carbohydrates such as those
found in soft drinks, can actually exacerbate NAFLD. The aim of this review is to discuss the role of weight
loss and macronutrients modiﬁcations, particularly the role of fat and carbohydrate diet composition, in
the treatment of NAFLD.
Ó 2013 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Keywords:
NAFLD
Diet
Insulin resistance
Fatty acids
Fats
Carbohydrates

1. Introduction
The prevalence of nonalcoholic fatty liver disease (NAFLD) is
rapidly increasing in the western countries and now affects about a
third of the population.1 NAFLD is a spectrum ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH) that occur mainly
due to fat accumulation in the liver, but can ultimately lead to
cirrhosis, which is not reversible and may progress to hepatocellular carcinoma. Therefore, NAFLD can be considered as a risk factor
for cancer, but is now also recognized as a risk factor for cardiovascular diseases.2 Moreover, NAFLD is now considered to be the
hepatic manifestation of the metabolic syndrome, which is characterized by insulin resistance, dyslipidemia, hypertension, type 2
diabetes and excess body weight.3,4 In particular, patients presenting one of the metabolic syndrome features are at increased
risk for the development of NAFLD compared to the unaffected
ones. For instance, among morbidly obese patients, approximately
90% have NAFLD.5 The diagnosis of NAFLD is beyond the scope of
this review and is discussed elsewhere.6 Because obesity strongly
inﬂuences the development of NAFLD, weight loss appears as the
main rational target to treat NAFLD. Indeed, to date no pharmacological therapy is approved for NAFLD, and lifestyle modiﬁcations
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are strongly recommended for patients with NAFLD.7 An important
aspect of lifestyle is diet. The aim of this review is therefore to
discuss the role of dietary interventions in the treatment, but also
in the pathogenesis of NAFLD. We will ﬁrst precise the pathophysiology of NAFLD and its nutritional implications will be summarized. Secondly, the potential role of some diets in the
development of NAFLD will be outlined. Finally, we will examine
the nutritional/dietary therapeutic approaches in the treatment of
NAFLD.
2. Pathophysiology of NAFLD and nutritional implications
The pathophysiology of NAFLD is complex and multifactorial. It
is mainly characterized by the accumulation of lipids. The latter
may be due: 1) to excessive inﬂux of fatty acids from endogenous
fat depots (mostly white adipose tissue); 2) from excess dietary fat
intake and 3) from de novo hepatic lipogenesis (Fig. 1). In animals,
this net accumulation of fat in the liver, i.e. NAFLD, has been clearly
linked to the development of hepatic insulin resistance.8e17 Genetic
and dietary animal models of NAFLD have been reviewed by Hebbard and co-workers.18 Hepatic insulin resistance is therefore secondary to hepatic fat accumulation, but actually speciﬁc lipid
intermediates are more prone to induce insulin resistance than
others. Speciﬁcally, diacylglycerols and ceramides, to the opposite
of triglycerides, are known to activate different effectors, ﬁnally
inhibiting the insulin signaling. These mechanisms have been
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such as cholesterol, choline, and vitamins D and E. However, these
nutrients are beyond the scope of this review and are discussed
elsewhere.20
3. Inﬂuence of fat and carbohydrate diet composition on
NAFLD
3.1. Fatty acids

Fig. 1. Major sources of hepatic fat accumulation. The pathogenesis of nonalcoholic
fatty liver disease (NAFLD) is characterized by abnormal accumulation of fatty acids
(FA) in the liver. These FA originate mainly from the diet, the adipose tissue lipolysis
and from hepatic de novo lipogenesis.

discussed elsewhere4,6,19 and are summarized in Fig. 2. Therefore,
as liver fat accumulation can be derived from dietary intake, it is of
critical importance to understand how different diets and their
macronutrient composition can impact the development of NAFLD.
Despite contradictory results regarding the role of different diets
on NAFLD, it is reasonable to propose that over-consumption of
either fat or carbohydrates is an important threat that may promote
the development of NAFLD. It is also probable that speciﬁc fatty
acids or carbohydrates are more prone to induce or improve NAFLD.
Therefore, in the following sections we will discuss whether the
speciﬁc subtypes of fat (saturated vs unsaturated) and carbohydrates (complex vs simple) and their relative ratios may be more
deleterious than their total amount. These studies are summarized
in Table 1. Finally, recent evidence suggests that certain nutrients
may also play a role in the development or treatment of NALFD,

Several epidemiological studies have linked metabolic and cardiovascular diseases to altered lipid metabolism and dietary fat
type, but data on the association between dietary type and fatty
liver are scarce.21 A small sample size study has revealed that patients with NASH have an increased intake of saturated fat and
cholesterol, and reduced dietary intake of polyunsaturated fatty
acids.22 In line with these results, Toshimitsu and coworkers
revealed that patients with fatty liver and NASH present a lower
dietary ratio of polyunsaturated/saturated fatty acids compared to
the ratio of healthy subjects.23 This association between fatty acids
ratio and the severity of fatty liver disease could be due to several
molecular mechanisms. Among these, oxidative stress in NASH has
been correlated to the type of dietary fat.24 When analyzing the
dietary intake of 43 patients with NASH and 33 healthy controls, a
correlation between saturated fatty acids intake and impaired
glutathione metabolism was found, suggesting deleterious prooxidant effects of saturated fatty acids. On the other hand, a positive correlation between monounsaturated fatty acids (MUFA), and
polyunsaturated fatty acids (PUFA), speciﬁcally n-3 PUFA, and
decreased liver fat content was found, indicating a beneﬁcial role of
these fatty acids. Recently, it has been reported that MUFA may
prevent the development of NAFLD by improving plasma lipid
levels, reducing body fat accumulation and decreasing postprandial
adiponectin expression. Nevertheless, the authors concluded that
further investigations are warranted to ascertain the role of MUFA
on NAFLD.25
In contrast to MUFA, the role of n-3 PUFA on NAFLD has been
clearly characterized. Indeed, it has been shown that a diet enriched
in n-3 PUFA reduces body weight and hepatic triglycerides accumulation, restores insulin sensitivity and ameliorates liver steatosis.26e28 Several other studies support the protective role of n-3
PUFA in NAFLD. Among these, a nonrandomized open-label
controlled trial analyzed the effect of n-3 PUFA supplementation
in 42 patients with NAFLD and revealed that PUFA supplementation
signiﬁcantly reduced the level of NAFLD biomarkers (ALT, AST, and
GGT) as well as liver fat content.29 Conﬁrming these results,
another interventional trial conducted in 23 patients with NASH
found reduced serum ALT levels and improvement of hepatic
steatosis.30 It is important to note that these dietary modiﬁcations
did not inﬂuence body weight, suggesting that modiﬁcation of dietary habits rather than weight loss per se may improve NAFLD.
Therefore, further investigations are required to clarify the association between macronutrient composition and the development of
NAFLD in normal weight patients.
3.2. Carbohydrates

Fig. 2. NAFLD in hepatic insulin resistance. Nonalcoholic fatty liver disease (NAFLD)
encompasses a wide spectrum of clinical conditions associated with the accumulation
of lipids in the liver. This abnormal lipids accumulation leads to hepatic insulin
resistance. However, not all lipids are equal in this process. For instance, diacylglycerols
(DAG) by activating the protein kinase Cε (PKCε), which is known to inactivate the
proximal insulin signaling, promote insulin resistance. Similarly, ceramides, by inhibiting Akt, induce insulin resistance. On the other hand, triglycerides (TG) are considered inert in the development of insulin resistance.

During the last decade, dietary habits have evolved to more
sweetened and fatty foods.31 A recent investigation has shown that
increased intake of carbohydrate sweetened beverages increases
the risk for obesity, type 2 diabetes, the metabolic syndrome, fatty
liver, and cardiovascular diseases, possibly due to an excessive
caloric intake.32 In line with these results, Maersk and co-workers
found that sucrose-sweetened beverages increase visceral adipose
tissue as well as liver fat accumulation but did not impact insulin
responsiveness.33 In addition to sucrose, other studies have shown
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Table 1
Role of fats and carbohydrates in NAFLD.
Reference

Type of fat

Machado et al.24
Machado et al.24
Assy et al.25

Saturated fatty acids
Unsaturated fatty acids
Monounsaturated fatty acids

Masterton et al.;
Storlien et al.;
Levy et al.;

Polyunsaturated fatty
acids (n-3 PUFA)

Type of carbohydrate

Effects on NAFLD
Impairs glutathione metabolism and promotes NAFLD
Reduces fat accumulation
Improves plasma lipid levels, reduces body fat accumulation
and decreases postprandial adiponectin expression
Reduces body weight and hepatic triglycerides accumulation,
restores insulin sensitivity and ameliorates liver steatosis.

26e28

Capanni et al.; Tanaka et al.29,30
Cortez et al.47
Maersk et al.33
Ouyang et al.; Stanhope
et al.; Stanhope et al.34e36
Jornayvaz et al.; Bisschop
et al.; Johnston et al.8,40,41
Assy et al.; Zelber
et al.; Abid et al.39e41

Polyunsaturated fatty
acids (n-3 PUFA)
n-6 fatty acids

Fructose

Reduces NAFLD biomarkers levels (ALT, AST, and GGT)
as well as liver fat content.
Fat intake with an excessive amount of n-6 fatty acids may promote NAFLD
Increases visceral adipose tissue as well as liver fat accumulation
but does not impact insulin responsiveness
Increases oxidative stress and insulin resistance. Increases hepatic ﬁbrosis

Low carbohydrate diet

Promotes NAFLD risk factors such as insulin resistance and diabetes

Soft drinks

Sugar-sweetened beverage consumption identiﬁed as an
independent risk factor for NAFLD.

Sucrose

that a high consumption of fructose (notably in the form of highfructose corn syrup) results in increased oxidative stress and insulin resistance, which are risk factors for NAFLD and type 2 diabetes.34e36
Recently, a large-scale study of 427 patients with NAFLD
analyzed the role of over-consumption of fructose-containing
beverages in the development of this disease. After adjusting for
age, sex, BMI, and total caloric intake, the authors found that daily
fructose-containing drinks consumption was signiﬁcantly associated with a higher hepatic ﬁbrosis stage in both younger and older
age groups, but also, surprisingly, to a lower steatosis grade in the
older group of patients.37 This lower steatosis grade could be due to
a reduction in triglycerides synthesis, as the latter has been linked
to improved hepatic steatosis but to exacerbated liver ﬁbrosis.38
Thus, these studies identiﬁed an important avoidable risk factor,
i.e. fructose consumption that may ameliorate the severity of
NAFLD.
Moreover, other studies have identiﬁed soft drinks as a risk
factor for NAFLD. For instance, Assy and coworkers, by comparing
patients with NAFLD with age-matched healthy controls, revealed
mild fatty liver in 44% of cases (n ¼ 14), moderate fatty liver in 38%
(n ¼ 12), and severe fatty liver in 18% (n ¼ 5). After adjustment for
dietary composition and physical activity, soft drinks consumption
was the only independent variable predictive of NAFLD. Therefore,
this cross-sectional study emphasizes an important role of soft
drinks in the development of NAFLD and suggests that patients
with NAFLD should change their drinking behavior.39 These results
are in accordance with other studies that found a positive association between the risk of NAFLD and an increase in soft drinks
intake, even when adjusted for other risk factors.40,41
In contrast to high carbohydrate diets, low carbohydrate diets
improve obesity related symptoms. For instance, it has been reported that insulin sensitivity is improved in obese patients
assigned to a low carbohydrate diet.42 However, the effect of low
carbohydrate diets remains extremely controversial. In fact, in
healthy non obese subjects, a high fat, low carbohydrate diet was
shown to induce insulin resistance instead of ameliorating the
ability of insulin to suppress endogenous glucose production.43 In
line with this study, a high fat, low carbohydrate ketogenic diet has
been associated with altered metabolism, by notably altering
plasma phospholipids and increasing inﬂammatory risk.44 In
addition, low carbohydrate, high fat diets enhance the risk of
mortality and type 2 diabetes, notably when animal proteins and
fats are consumed.45,46 Finally, a study in mice revealed that a high

fat, low carbohydrate ketogenic diet prevented weight gain but
caused NAFLD and associated hepatic insulin resistance.9 In summary, although low carbohydrate, high fat ketogenic diets are
effective in achieving weight loss, they can also induce adverse
effects on metabolism. Therefore, caution needs to be used before
recommending such diets to obese patients. Finally, a study evaluating dietary patterns in patients with nonalcoholic steatohepatitis (NASH) revealed that these patients consumed less
carbohydrate, more fat and less ﬁbers than healthy controls.
Therefore, the authors suggested that the quality and combination
of carbohydrates and fat intake may be more relevant than their
isolated amount, and that an increased fat intake with an excessive
amount of n-6 fatty acids can be implicated in promoting NASH.47
4. Nutritional therapeutic approach: from theory to practice,
effects on NAFLD
Dietary intake plays a very important role in the pathogenesis of
NAFLD. Weight loss is an essential element in the therapy and
treatment of this disease, although macronutrients composition
seems to play an important role, as discussed above. To achieve
weight loss, various approaches have been used resulting in either
rapid and drastic or moderate weight loss. Historically, the very ﬁrst
trials experienced the effect of very low caloric diets and found that
this type of diets drastically reduces weight. However, this
approach presented an important limitation. Indeed, the effect of
changing the food component was not discussed at all. Furthermore, this type of diet increased histological lesions in the liver.
Indeed, although such caloric restrictions result in a signiﬁcant
improvement of hepatic steatosis, they cause inﬂammation or
periportal ﬁbrosis.48 Importantly, this study determined the upper
limit for the rate of weight loss in NAFLD patients. The authors
recommended to not exceed 1.6 kg/week weight reduction to avoid
a worsening of ﬁbrosis and hepatocytes necrosis. Finally, rapid
weight loss is usually not successful in the long term, with a weight
regain that may even exceed the initial body weight, the so-called
yoeyo or weight loss cycling effect.49 Thereafter, other studies
investigated the effect of a more balanced diet combined or not
with physical activity. Notably, Lazo and co-workers addressed the
effect of a prolonged intensive lifestyle intervention on hepatic
steatosis in adult patients with type 2 diabetes. The intervention
included a moderate caloric restriction in association with
increased physical activity and weekly meetings, whereas the
control group received only general information on nutrition and
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physical activity. After 12 months, patients assigned to intensive
lifestyle intervention lost more weight (8.5 vs. 0.05%; P < 0.01)
than those assigned to diabetes support and education and had a
greater decline in hepatic steatosis (50.8 vs. 22.8%; P ¼ 0.04).
Moreover, it was found that 26% of controls vs 3% of participants in
the intervention group, without NAFLD at baseline, developed
NAFLD after 12 months. Therefore, the authors concluded that such
an intervention was useful to decrease or prevent the development
of NAFLD.50 Nevertheless, it is important to take into account some
limitations of this study. Indeed, the follow up of these participants
was short (12 months), hence the authors may have missed long
term adverse effects induced by this intervention. In addition, this
study reports the efﬁciency of diet adaptation by measuring
biochemical markers such as alanine aminotransferase, aspartate
aminotransferase, and g-glutamyl transferase. This allowed evaluating the severity and development of NAFLD. However, it is known
that some diets may promote asymptomatic liver enzymes elevation although they induce liver injury. Therefore, the assessment of
NAFLD should be done at least noninvasively by imaging or more
accurately by the gold standard, i.e. liver biopsy. Another study in
type 2 diabetic patients showed that a moderate weight loss of
about 8 kg decreased intrahepatic lipid content and improved insulin sensitivity when assessed by a hyperinsulinemic-euglycemic
clamp.51
Overall, most studies tend to conclude that balanced nutrition
and moderate weight loss can improve or prevent NAFLD, and can
therefore be considered as a therapeutic approach.
In humans, Sacks and co-worker performed a large, long-term
trial for which the purpose was to test the efﬁcacy of weight-loss
diets. In this study, patients were assigned to diets that differed
in their composition in macronutrients: low or high in fat, average
or high in protein, and low or high in carbohydrates, and otherwise
followed recommendations for cardiovascular health. Thereafter,
several data including body weight, levels of serum lipids, glucose,
insulin, and glycated hemoglobin were regularly measured for a
period of two years. The authors concluded that behavior rather
than dietary composition mainly inﬂuence weight loss and that
diets that are successful in causing weight loss can encompass a
wide range of fat, protein, and carbohydrate ratios that have
beneﬁcial effects on risk factors for cardiovascular diseases and
diabetes.52 Nevertheless, the difference in nutrients was not so
important; thereby the authors could not reach a ﬁrm conclusion.
Therefore, it appears that weight loss, which is the ﬁrst line of
treatment of NAFLD, could be challenged by behavior adaptation.
Importantly, this study did not characterize the effect of the
different diets on liver fat content or liver injury and therefore
cannot guide the clinician for this issue. In contrast, another randomized study revealed that liver fat content decreased by 20% on a
low fat diet and increased by 35% on a high fat diet. Most importantly, these changes were not related to weight loss,53 suggesting
that macronutrients composition of the diet is as important as
weight loss per se. Indeed, this study showed that decreasing dietary fat content leads to changes in liver fat content within 2
weeks. These changes occurred without any change in body weight,
fatty acids concentration, intra-abdominal or subcutaneous fat
mass, or rates of carbohydrate, lipid, or protein oxidation. Changes
in liver fat content were paralleled by improvements in fasting
serum insulin concentrations. Therefore, exploring the association
between dietary macronutrients composition and NAFLD is
extremely important and may provide new nutritional approaches
to slow the progression of the disease.
However, the best dietary composition in macronutrients for the
management of NAFLD, independently of weight loss, remains to be
evaluated. Moreover, to date, no dietary intervention has been able
to show an improvement in hepatic ﬁbrosis.
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5. Conclusion
NAFLD is the most frequent chronic liver disease and is mostly
associated with the epidemic of obesity. NAFLD is associated with
an increased risk of cardiovascular diseases and liver-related
complications, such as liver cirrhosis or hepatocellular carcinoma.
NAFLD is clearly associated with insulin resistance, which is a key
risk factor for the development of type 2 diabetes. Current pharmacological options for NAFLD are disappointing and warrant
further research. Weight loss is efﬁcient and can improve liver
histology, although it cannot improve liver ﬁbrosis. However, the
exact macronutrient dietary composition to be used to lose weight
or speciﬁcally improve NAFLD, even without weight loss, remains
to be determined. This is of importance as some diets have been
linked to the development of NAFLD, notably in animal models,
such as high fat and ketogenic diets. Therefore, more long-term
clinical trials are needed until deﬁnitive recommendations on the
dietary management of NAFLD can be given. Nevertheless, based on
current evidence, we would recommend a diet low in fat, notably in
saturated fatty acids, and low in reﬁned carbohydrates, notably by
reducing soft drinks consumption, in patients with NAFLD, as these
nutritional factors may play a pivotal role in NAFLD.
Conﬂict of interest statement and statement of authorship
Each author has participated sufﬁciently, intellectually or practically, in the work to take public responsibility for the content of
the article, including the conception, design, and for data interpretation. All authors have read and approved the ﬁnal manuscript.
MA and FRJ have no conﬂict of interest.
Acknowledgments
This work was supported by the Hjelt Foundation, the Olga
Mayenﬁsch Foundation and the Fondation De Reuter.
References
1. Bellentani S, Scaglioni F, Marino M, Bedogni G. Epidemiology of non-alcoholic
fatty liver disease. Digestive Diseases 2010;28(1):155e61.
2. Anstee QM, Targher G, Day CP. Progression of NAFLD to diabetes mellitus,
cardiovascular disease or cirrhosis. Nature Reviews Gastroenterology & Hepatology 2013;10(6):330e44.
3. Cheung O, Sanyal AJ. Recent advances in nonalcoholic fatty liver disease. Current Opinion in Gastroenterology 2010;26(3):202e8.
4. Jornayvaz FR, Shulman GI. Diacylglycerol activation of protein kinase cepsilon
and hepatic insulin resistance. Cell Metabolism 2012;15(5):574e84 [Epub 2012/
05/09].
5. Machado M, Marques-Vidal P, Cortez-Pinto H. Hepatic histology in obese patients undergoing bariatric surgery. Journal of Hepatology 2006;45(4):600e6.
6. Gariani K, Philippe J, Jornayvaz FR. Non-alcoholic fatty liver disease and insulin
resistance: from bench to bedside. Diabetes & Metabolism 2013;39(1):16e26.
7. Musso G, Cassader M, Rosina F, Gambino R. Impact of current treatments on
liver disease, glucose metabolism and cardiovascular risk in non-alcoholic fatty
liver disease (NAFLD): a systematic review and meta-analysis of randomised
trials. Diabetologia 2012;55(4):885e904.
8. Jornayvaz FR, Birkenfeld AL, Jurczak MJ, Kanda S, Guigni BA, Jiang DC, et al.
Hepatic insulin resistance in mice with hepatic overexpression of diacylglycerol acyltransferase 2. Proceedings of the National Academy of Sciences of
the United States of America 2011;108(14):5748e52.
9. Jornayvaz FR, Jurczak MJ, Lee HY, Birkenfeld AL, Frederick DW, Zhang D, et al.
A high-fat, ketogenic diet causes hepatic insulin resistance in mice, despite
increasing energy expenditure and preventing weight gain. American Journal of
Physiology Endocrinology and Metabolism 2010;299(5):E808e15 [Epub 2010/
09/03].
10. Camporez JP, Jornayvaz FR, Petersen M, Pesta D, Guigni BA, Serr J, et al. Cellular
mechanisms by which FGF21 improves insulin sensitivity in male mice.
Endocrinology 2013;154(9):3099e109. http://dx.doi.org/10.1210/en.2013-1191
[Epub 2013/06/13].
11. Camporez JP, Jornayvaz FR, Lee HY, Kanda S, Guigni BA, Kahn M, et al. Cellular
mechanism by which estradiol protects female ovariectomized mice from
high-fat diet-induced hepatic and muscle insulin resistance. Endocrinology
2013;154(3):1021e8.

190

M. Asrih, F.R. Jornayvaz / Clinical Nutrition 33 (2014) 186e190

12. Cantley JL, Yoshimura T, Camporez JP, Zhang D, Jornayvaz FR, Kumashiro N,
et al. CGI-58 knockdown sequesters diacylglycerols in lipid droplets/ERpreventing diacylglycerol-mediated hepatic insulin resistance. Proceedings of
the National Academy of Sciences of the United States of America 2013;110(5):
1869e74.
13. Jornayvaz FR, Lee HY, Jurczak MJ, Alves TC, Guebre-Egziabher F, Guigni BA,
et al. Thyroid hormone receptor-alpha gene knockout mice are protected from
diet-induced hepatic insulin resistance. Endocrinology 2012;153(2):583e91.
14. Jurczak MJ, Lee AH, Jornayvaz FR, Lee HY, Birkenfeld AL, Guigni BA, et al.
Dissociation of inositol-requiring enzyme (IRE1alpha)-mediated c-Jun N-terminal kinase activation from hepatic insulin resistance in conditional X-boxbinding protein-1 (XBP1) knock-out mice. The Journal of Biological Chemistry
2012;287(4):2558e67.
15. Birkenfeld AL, Lee HY, Majumdar S, Jurczak MJ, Camporez JP, Jornayvaz FR,
et al. Inﬂuence of the hepatic eukaryotic initiation factor 2alpha (eIF2alpha)
endoplasmic reticulum (ER) stress response pathway on insulin-mediated ER
stress and hepatic and peripheral glucose metabolism. The Journal of Biological
Chemistry 2011;286(42):36163e70.
16. Birkenfeld AL, Lee HY, Guebre-Egziabher F, Alves TC, Jurczak MJ, Jornayvaz FR,
et al. Deletion of the mammalian INDY homolog mimics aspects of dietary
restriction and protects against adiposity and insulin resistance in mice. Cell
Metabolism 2011;14(2):184e95.
17. Lee HY, Birkenfeld AL, Jornayvaz FR, Jurczak MJ, Kanda S, Popov V, et al.
Apolipoprotein CIII overexpressing mice are predisposed to diet-induced hepatic steatosis and hepatic insulin resistance. Hepatology 2011;54(5):1650e60.
18. Hebbard L, George J. Animal models of nonalcoholic fatty liver disease. Nature
Reviews Gastroenterology & Hepatology 2011;8(1):35e44.
19. Asrih M, Jornayvaz FR. Inﬂammation as a potential link between nonalcoholic
fatty liver disease and insulin resistance. The Journal of Endocrinology
2013;218(3):R25e36 [Epub 2013/07/09].
20. Mouzaki M, Allard JP. The role of nutrients in the development, progression,
and treatment of nonalcoholic fatty liver disease. Journal of Clinical Gastroenterology 2012;46(6):457e67 [Epub 2012/04/04].
21. Bedogni G, Bellentani S. Fatty liver: how frequent is it and why? Annals of
Hepatology 2004;3(2):63e5.
22. Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto M, Durazzo M, et al.
Dietary habits and their relations to insulin resistance and postprandial lipemia
in nonalcoholic steatohepatitis. Hepatology 2003;37(4):909e16.
23. Toshimitsu K, Matsuura B, Ohkubo I, Niiya T, Furukawa S, Hiasa Y, et al. Dietary
habits and nutrient intake in non-alcoholic steatohepatitis. Nutrition
2007;23(1):46e52.
24. Machado MV, Ravasco P, Jesus L, Marques-Vidal P, Oliveira CR, Proenca T, et al.
Blood oxidative stress markers in non-alcoholic steatohepatitis and how it correlates with diet. Scandinavian Journal of Gastroenterology 2008;43(1):95e102.
25. Assy N, Nassar F, Nasser G, Grosovski M. Olive oil consumption and nonalcoholic fatty liver disease. World Journal of Gastroenterology: WJG
2009;15(15):1809e15.
26. Masterton GS, Plevris JN, Hayes PC. Review article: omega-3 fatty acids e a
promising novel therapy for non-alcoholic fatty liver disease. Alimentary
Pharmacology & Therapeutics 2010;31(7):679e92.
27. 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(4817):885e8.
28. Levy JR, Clore JN, Stevens W. Dietary n-3 polyunsaturated fatty acids decrease
hepatic triglycerides in Fischer 344 rats. Hepatology 2004;39(3):608e16.
29. Capanni M, Calella F, Biagini MR, Genise S, Raimondi L, Bedogni G, et al. Prolonged n-3 polyunsaturated fatty acid supplementation ameliorates hepatic
steatosis in patients with non-alcoholic fatty liver disease: a pilot study.
Alimentary Pharmacology & Therapeutics 2006;23(8):1143e51.
30. Tanaka N, Sano K, Horiuchi A, Tanaka E, Kiyosawa K, Aoyama T. Highly puriﬁed
eicosapentaenoic acid treatment improves nonalcoholic steatohepatitis. Journal
of Clinical Gastroenterology 2008;42(4):413e8.
31. Brownell KD, Farley T, Willett WC, Popkin BM, Chaloupka FJ, Thompson JW,
et al. The public health and economic beneﬁts of taxing sugar-sweetened
beverages. The New England Journal of Medicine 2009;361(16):1599e605.
32. Malik VS, Popkin BM, Bray GA, Despres JP, Hu FB. Sugar-sweetened beverages,
obesity, type 2 diabetes mellitus, and cardiovascular disease risk. Circulation
2010;121(11):1356e64.
33. Maersk M, Belza A, Stodkilde-Jorgensen H, Ringgaard S, Chabanova E,
Thomsen H, et al. Sucrose-sweetened beverages increase fat storage in the

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

liver, muscle, and visceral fat depot: a 6-mo randomized intervention study.
The American Journal of Clinical Nutrition 2012;95(2):283e9.
Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl AM, et al. Fructose
consumption as a risk factor for non-alcoholic fatty liver disease. Journal of
Hepatology 2008;48(6):993e9.
Stanhope KL, Havel PJ. Fructose consumption: considerations for future
research on its effects on adipose distribution, lipid metabolism, and insulin
sensitivity in humans. The Journal of Nutrition 2009;139(6):1236Se41S.
Stanhope KL, Schwarz JM, Keim NL, Griffen SC, Bremer AA, Graham JL, et al.
Consuming fructose-sweetened, not glucose-sweetened, beverages increases
visceral adiposity and lipids and decreases insulin sensitivity in overweight/
obese humans. The Journal of Clinical Investigation 2009;119(5):1322e34.
Abdelmalek MF, Suzuki A, Guy C, Unalp-Arida A, Colvin R, Johnson RJ, et al.
Increased fructose consumption is associated with ﬁbrosis severity in patients
with nonalcoholic fatty liver disease. Hepatology 2010;51(6):1961e71.
Yamaguchi K, Yang L, McCall S, Huang J, Yu XX, Pandey SK, et al. Inhibiting
triglyceride synthesis improves hepatic steatosis but exacerbates liver damage
and ﬁbrosis in obese mice with nonalcoholic steatohepatitis. Hepatology
2007;45(6):1366e74.
Assy N, Nasser G, Kamayse I, Nseir W, Beniashvili Z, Djibre A, et al. Soft drink
consumption linked with fatty liver in the absence of traditional risk factors.
Canadian Journal of Gastroenterology ¼ Journal canadien de gastroenterologie
2008;22(10):811e6.
Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L, Halpern Z,
et al. Long term nutritional intake and the risk for non-alcoholic fatty liver
disease (NAFLD): a population based study. Journal of Hepatology 2007;47(5):
711e7.
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.
Journal of Hepatology 2009;51(5):918e24.
Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, McGrory J, et al. A lowcarbohydrate as compared with a low-fat diet in severe obesity. The New England Journal of Medicine 2003;348(21):2074e81.
Bisschop PH, de Metz J, Ackermans MT, Endert E, Pijl H, Kuipers F, et al. Dietary
fat content alters insulin-mediated glucose metabolism in healthy men. The
American Journal of Clinical Nutrition 2001;73(3):554e9.
Johnston CS, Tjonn SL, Swan PD, White A, Hutchins H, Sears B. Ketogenic lowcarbohydrate diets have no metabolic advantage over nonketogenic lowcarbohydrate diets. The American Journal of Clinical Nutrition 2006;83(5):
1055e61.
Fung TT, van Dam RM, Hankinson SE, Stampfer M, Willett WC, Hu FB. Lowcarbohydrate diets and all-cause and cause-speciﬁc mortality: two cohort
studies. Annals of Internal Medicine 2010;153(5):289e98.
de Koning L, Fung TT, Liao X, Chiuve SE, Rimm EB, Willett WC, et al. Lowcarbohydrate diet scores and risk of type 2 diabetes in men. The American
Journal of Clinical Nutrition 2011;93(4):844e50.
Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC, Camilo ME. How different
is the dietary pattern in non-alcoholic steatohepatitis patients? Clinical Nutrition 2006;25(5):816e23.
Andersen T, Gluud C, Franzmann MB, Christoffersen P. Hepatic effects of dietary weight loss in morbidly obese subjects. Journal of Hepatology 1991;12(2):
224e9.
Weight cycling. National Task Force on the Prevention and treatment of
obesity. JAMA: The Journal of the American Medical Association 1994;272(15):
1196e202.
Lazo M, Solga SF, Horska A, Bonekamp S, Diehl AM, Brancati FL, et al. Effect of a
12-month intensive lifestyle intervention on hepatic steatosis in adults with
type 2 diabetes. Diabetes Care 2010;33(10):2156e63.
Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE, Shulman GI. Reversal of
nonalcoholic hepatic steatosis, hepatic insulin resistance, and hyperglycemia
by moderate weight reduction in patients with type 2 diabetes. Diabetes
2005;54(3):603e8.
Sacks FM, Bray GA, Carey VJ, Smith SR, Ryan DH, Anton SD, et al. Comparison of
weight-loss diets with different compositions of fat, protein, and carbohydrates. The New England Journal of Medicine 2009;360(9):859e73.
Westerbacka J, Lammi K, Hakkinen AM, Rissanen A, Salminen I, Aro A, et al.
Dietary fat content modiﬁes liver fat in overweight nondiabetic subjects. The
Journal of Clinical Endocrinology and Metabolism 2005;90(5):2804e9.

