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Context: Non-alcoholic fatty liver disease (NAFLD) is a growing health problem in both developed and developing countries. Metabolic 
abnormalities, specially insulin resistance and hyperglycemia are highly correlated with NAFLD. Lifestyle modifications including physical 
activity and promoting nutrient intakes are critical in prevention and treatment of NAFLD. Hence, in this article we aimed to review the 
evidence regarding the effects of various macronutrients on fat accumulation in hepatic cells as well as the level of liver enzymes.
Evidence Acquisitions: The relevant English and non-English published papers were searched using online databases of PubMed, ISI Web 
of Science, SCOPUS, Science Direct and EMBASE from January 2000 to January 2013. We summarized the findings of 40 relevant studies in 
this review.
Results: Although a hypocaloric diet could prevent the progression of fat accumulation in liver, the diet composition is another aspect 
which should be considered in diet therapy of patients with NAFLD.
Conclusions: Several studies assessed the effects of dietary composition on fat storage in liver; however, their findings are inconsistent. 
Most studies focused on the quantity of carbohydrate and dietary fat; whilst there is very limited information regarding the role of protein 
intake.
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Implication for health policy/practice/research/medical education:
It is important to know which micronutrient is mainly responsible in the etiology of non-alcoholic fatty liver disease. Previous studies mostly have 
focused on low carbohydrate diets and recent studies have mainly reported the beneficial effects of low carbohydrate diets. The present review article 
discussed the macronutrients role in the prevalence, etiology and prevention of non-alcoholic fatty liver disease.
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1. Context
Non-alcoholic fatty liver disease (NAFLD) is identified 

as lipid accumulation in individuals who consume less 
than 20g ethanol/d and not affected by other known 
causes of fatty liver such as drugs consumption or toxins 
exposure (1). The fat content of a normal liver is less than 
5% by its weight; while becomes 50-80% in fatty liver dis-
eases (2). NAFLD includes a range of diseases from simple 
steatosis, to inflammatory steatohepatitis (NASH, the 
most severe form of NAFLD) with increasing fibrosis, to 
cirrhosis and end-stage liver disease (3). In Western coun-
tries, NAFLD prevalence is reported 20–30% in the general 
adult population (4). The prevalence of this disease is 
different from 2.8% to 24% (5, 6) and it is near 10% in de-
veloping nations (7). However, 31% prevalence is reported 
from different ethnicity all over the USA (5). According to 
the report of Iranian Ministry of Health, this disease is 
responsible for the mortality of 1% of people older than 
15 years (8). The pathogenesis of NAFLD is complicated. 

The suggested mechanism underlying the fatty liver is 
the “two-hit hypothesis”. The first hit is fat accumulation 
in the liver, which impairs fatty acids metabolism includ-
ing de novo lipogenesis, β-oxidation, triacylglycerol clear-
ance and very low-density lipoprotein (VLDL) extraction, 
by its own. The second hit is probably due to pro-oxida-
tive and hepatotoxic events (9). Furthermore, metabolic 
syndrome, diabetes, obesity and central adiposity are 
tightly correlated with this disease. Insulin resistance, 
inflammation and oxidative stress are mainly involved 
in the disease progression (10). In most patients, insulin 
resistance is a good predictor of NAFLD and NASH risk 
(11). Also, elevated serum level of tumor necrosis factor-α 
(TNF-α) is considered as a manifestation of NAFLD (12). An-
other probable mechanism for NAFLD is the overgrowth 
of small intestinal bacteria (13-15).

The primary treatment of NAFLD is life style modifica-
tions due to its important role, both in prevention and 
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maintenance of overall health for patients with NAFLD 
(10). Among life style interventions, dietary intake has 
been encountered with high emphasis. Total energy in-
take, macronutrients and different micronutrients espe-
cially antioxidants, have been linked to the development 
or prevention of NAFLD (16). Metabolic effects of Poly-
chlorinated biphenyls (PCBs), associated with abnormal 
liver enzymes and suspected NAFLD, are highly related 
to macronutrient interactions with high fat diet. Anti-
oxidant depletion might be an important consequence 
of this interaction, which has been implicated in obesity 
and NAFLD (17).

Some papers believe that high carbohydrate intake is re-
sponsible in the development of this disease (18-20); while 
other researches provide documents against high fat diets 
(21-24). It has been well established that excessive serum lev-
els of free fatty acid (FFA), glucose and insulin lead to higher 
fat storage in hepatocytes, due to inducing insulin resis-
tance (25). Some recent papers emphasis on the kind of fat 
intake and discuss on different kinds of fat (26, 27). As there 
are some challenges regarding the role of macronutrients 
(18-24, 26-31), we discussed the evidence regarding the mac-
ronutrients intake with the development and treatment of 
NAFLD in the present review article.

2. Evidence Acquisition
The relevant English and non-English published papers 

were searched using PubMed, ISI Web of Science, SCOPUS, 
Science Direct and EMBASE from January 2000 to Janu-
ary 2013. We used the following keywords in our search: 
non-alcoholic fatty liver, non-alcoholic steatosis fatty 
liver, macronutrients, carbohydrate, fat and protein. We 
found 1575803 English papers published between 2000- 
and 2013; however, most were excluded because some of 
them had molecular and biochemical view, and others 
investigated animal model without any practical and 
clinical approach or general point regarding the lifestyle 
and diet without any specific focus on macronutrients. 
Finally, we included 40 papers in this study. We also sum-
marized the most important studies reviewed in the cur-
rent paper in Table 1. 

3. Results

3.1. Carbohydrate intake and NAFLD
Previously, a low fat diet was considered as an optimal 

suggestion for NAFLD. However, recent studies revealed 
that low carbohydrate diets have more beneficial effects 
in these patients. High-carbohydrate diets contribute to 
the association between hepatic steatosis and insulin 
resistance through activation of the transcription fac-
tor ChREBP (Carbohydrate response element binding 
protein). Postprandial hyperglycaemia raises the he-

patic concentrations of phosphorylated intermediates 
causing activation of ChREBP and induction of its target 
genes. Both enzymes of glycolysis and lipogenesis path-
ways and glucose 6-phosphatase (G6PC) are involved, 
which may result in insulin resistance. High-carbohy-
drate diets induce hepatic insulin resistance to protect 
the liver from substrate overload (18). According to the 
recent reports, patients with NAFLD should intake a low 
carbohydrate and low saturated fat diet; avoid fructose-
enriched soft drinks and consume more fruits and veg-
etables (19).

A thirty-six months cohort study compared soft drink 
consumption between healthy and NAFLD patients 
without classic risk factors such as obesity, diabetes and 
insulin resistance (37). Different soft drinks including 
Coca-Cola sweetened with 55% free fructose, diet Coke 
sweetened with aspartame and flavored fruit juice col-
ored with caramel were assessed in this study. Findings 
showed a correlation between the severity of fatty liver 
and the amount of soft drink consumption (dose-re-
sponse), and authors introduced soft drink as an inde-
pendent risk factor for fatty liver. Although it might be 
inferred that higher consumption of soft drinks associ-
ated with higher intake of sugar and calorie (38, 39), in 
the Assy’s study, the amount of energy and macronutri-
ents were similar between healthy and NAFLDs. There-
fore, they suggested more risk factors for NAFLD by soft 
drinks such as fructose, aspartame and caramel. A prob-
able mechanism for increasing the risk of NAFLD by 
aspartame might be due to mitochondrial dysfunction 
and ATP depletion in liver because of aspartame me-
tabolism (40). However, to the best of our knowledge, 
no study has assessed the association of aspartame and 
other artificial sweeteners with NAFLD in humans. Fruc-
tose not only contributes to hepatic steatosis; but also 
triggers inflammatory signals as well and plays a role in 
second “hit” of fat injury (16, 31, 41). Several factors in-
cluding the induction of metabolic syndrome, copper 
deficiency, formation of advanced glycation end prod-
ucts and a direct dysmetabolic effect on liver enzymes 
may potentially contribute to fructose-induced NAFLD 
(31). Furthermore, a recent before-after study showed 
that a 50% reduction of fructose intake along with a 
moderate weight reduction reduce intrahepatic fat con-
tent, after 6 months (42).

However, most of experimental studies tend to include 
high intake of fructose (60-70% of total energy intake) 
which is not reflective of average human intake. Combin-
ing in vivo, in vitro and genetic researches would provide 
substantial mechanistic evidence into the role of fructose 
in NAFLD development and its complications (31). Some 
mechanisms underlying the pathogenesis of NAFLD by 
fructose rely on its ability to alter intestinal microbiota 
(43), increase portal vein endotoxin and hepatic TNF-α 
and TG (43), and copper metabolism alteration (44).
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Carbohydrate quantity and quality has a role in NFALD. 
A recent paper showed the beneficial effect of a low-fat/
low-saturated fat/low-glycemic index diet to reduce liver 
fat in older subjects (32). A quasi-randomized controlled 
trial compared the effects of 3 different diets in patients 
with obesity and type 2 diabetes (45). Prescribed diets 
were: 1) the 2003 recommended American Diabetes As-
sociation diet (ADA) containing 50-55% carbohydrate, 
30% fat, and 20% protein, 2) a low glycemic diet which 
was similar to ADA diet in macronutrients content, but 
varied in the kind of carbohydrate, and 3) a modified 
Mediterranean diet which contained 35% low glycemic 
index carbohydrate, 45% fat high in MUFA content, and 
20% protein. Individuals in modified Mediterranean diet 
had the lowest alanine aminotransferase levels either af-
ter 6 or 12 months. These findings remained significant 
even after adjustment for insulin resistance, triacylglyc-
erol and anthropometric measures. Although, exercise 
and dietary content of sodium, potassium, magnesium, 
calcium and energy were controlled in the three diets; it 
was impossible to determine which change (low content 
of carbohydrate or high content of MUFA) leads to the 
observed effects. However, a recent longitudinal study 
showed that the changes in the quality of dietary carbo-
hydrate (glycemic index, sugar, starch and fiber intake) 
were not related to the changes in liver enzymes (ALT and 
γ-glutamyltransferase (GGT)) after 5 years (46).

3.2. Fat Intake and NAFLD
Several studies in animal and human models have 

shown that a high-fat diet induces hepatic steatosis (21, 
22, 43). A five-day trial showed that an isoenergetic high-
fat, low-carbohydrate diet causes a 3.7-5.3-fold increment 
in the liver de novo lipogenesis in hyperinsulinemic 
obese patients compared to normoinsulinemic lean and 
obese subjects (47). However, few studies are available 
among humans.

According to the reports, different kinds of fat can act 
differently in non-alcoholic fatty liver. Saturated fat, 
monounsaturated fat, polyunsaturated fat, omega-3 fatty 
acids, and all-trans fat have different roles in NAFLD. In-
creased saturated fatty acid intake (SFA) is usually asso-
ciated with high insulin resistance which can provoke 
NAFLD progression. Evidence shows that SFA accumula-
tion in the liver can have detrimental effects on the liver 
function. An epidemiological study revealed that the ra-
tio of polyunsaturated/saturated fatty acid intake in both 
the NASH and fatty liver patients was lower than the ratio 
in randomly selected controls (27). However, due to the 
results of few studies, limited amount of SFA may prevent 
insulin sensitivity. Therefore, high amount of saturated 
fatty acid intake (more than 7% of calorie intake) should 
be avoided for preventing NAFLD. While, lower limitation 
may have no further beneficial effects. The results regard-
ing cholesterol intake are controversial. Some reports 

confirmed no difference between cholesterol intake 
among NAFLD patients and control group (29, 33).

Essential fatty acid deficiency could be associated with 
liver steatosis in the rat model studies. Polyunsaturated 
fatty acids with omega-6 and omega-3 fatty acids have 
crucial role on cardiovascular risks. Omega-3 fatty ac-
ids intake is also related to reduce insulin sensitivity. It 
seems that n-3 fatty acids found in fish oils and walnuts 
may improve blood lipid profiles and reduce inflamma-
tion, steatosis, and liver damage in patients with NAFLD. 
A 8-week randomized cross-over clinical trial found that 
dietary supplementation with 4 g/d omega-3 fatty ac-
ids decreased liver fat content without any significant 
change in serum ALT concentration in women with poly-
cystic ovary syndrome (PCOS) (48). In a current system-
atic review, Parker et al.(49) reported a beneficial effect 
of omega-3 supplementation on liver fat and AST (49), 
but the optimal dose was unknown. In another study, 
the prolong omega-3 supplementation effect on hepatic 
steatosis was assessed (50). Findings showed that one g/d 
omega-3 consumption for 12 months improves ultraso-
nographic and haemodynamic features of liver steatosis. 
Rat models studies showed that diets enriched with n-3 
PUFA increase insulin sensitivity (26), reduce intrahepat-
ictriglyceride content, and ameliorate steatohepatitis 
(51). Polyunsaturated fatty acids are also thought to exert 
anti-inflammatory effects (16). The effect of n-3 fatty acids 
on lipid metabolism was mediated via genomic pathways 
and they regulate the transcription of involving genes in 
the lipid metabolism such as peroxisome proliferator-
activated receptor-γ (PPARG), sterol regulatory element 
binding protein-1 (SREBP-1), and the carbohydrate regula-
tory element binding protein (CREBP) (52). Additionally, 
decreased postprandial lipemia and increased activity 
of lipoprotein lipase by omega-3 fatty acids reduce the 
plasma pool of triacylglycerol and thereby the liver up-
take of triglycerides from the circulation (53). However, 
data on omega-6 fatty acids are very limited and mainly 
restricted to animal models.

Besides PUFAs, dietary MUFAs also have beneficial ef-
fects on NAFLD. MUFAs could decrease oxidized LDL, LDL 
cholesterol, total cholesterol (TC), and triacylglycerol 
concentrations; without decreasing HDL, which is usu-
ally provided by low-fat diets. It is shown that the replace-
ment of carbohydrate and saturated fat with MUFAs re-
sults in glucose and blood pressure reduction and serum 
HDL increase. It is reported that a MUFA-rich diet (40% of 
energy as fat) is more acceptable than a high-carbohy-
drate diet (28% of energy as fat) for patients with diabetes 
(54). A recent study by Bozzetto (55) compared the effects 
of four different isocaloric intervention programs on liv-
er fat in patients with type 2 diabetes. Subjects were ran-
domly assigned to consume one of the following diets: 1) 
high carbohydrate/high fiber/low GI (CHO/fiber group); 
2) high MUFA diet (MUFA group); 3) high carbohydrate/
high fiber/low GI plus exercise (CHO/PA group); and 4) 
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high MUFA diet plus exercise (MUFA/PA group). The pro-
portions of SFA, PUFA and protein were similar in all four 
diets. After an 8-week period, MUFA rich diet compared 
with high CHO/high fiber/low GI diet reduced hepatic fat 
independent of aerobic exercise. Therefore, MUFAs re-
placement instead of SFAs and carbohydrate may be ben-
eficial for patients with NAFLD. The probable mechanism 
for MUFA beneficial effect on liver fat content might be 
related to its expression regulation potency of involved 
genes in peripheral insulin sensitivity (56), anti-inflam-
matory (57) and inhibitory effects on nuclear factor- κB 
(NF-κB) (58). In a study, MUFA decreased the expression 
of hepatic lipogenesis and gluconeogenesis genes and 
SREBP in fatty rats (59).

Nowadays we have a problem with all-trans fats pro-
duced by hydrogenation. There are some natural all-trans 
fats in dairy products and different kinds of meat; how-
ever, the detrimental effects of all-trans fats are mostly 
related to those all-trans fats that are the results of hydro-
genation of liquid vegetable oils. Partially hydrogenated 
vegetable oils are the most prevalent source of all-trans 
fats due to the hydrogenation process. Trans fats had the 
most harmful effects on the lipid profiles and insulin re-
sistance according to the recent publications (60).

According to a recent paper, compared with PUFA- and 
SFA-fed mice, TRANS-fed mice had less adiposity, im-
paired glucose tolerance characterized by greater HOMA 
(IR) index, and NASH-like lesions due to greater hepatic li-
pogenesis (34). The mechanism of developing of NASH in 
all-trans-fed mice attributed to higher gene expression of 
SREBP-1c and PPAR-γ rather than PUFA- and SFA-fed mice. 
Furthermore, TG releasing from liver was decreased in 
all-trans-fed mice compared with PUFA-fed ones, due to 
inadequate transferring of TG to nascent ApoB particles. 
However, in this study, no significant difference was ob-
served in the liver capacity of β-oxidation among the 
three intervention groups (34).

3.3. Fat or Carbohydrate; Which One is Important 
in the Diet of People in the Middle East?

Carbohydrate involves the major dietary components in 
the Middle East (61). White rice, refined white bread and 
cereals are the most important staple foods in the Asian 
countries (61). In Iran, both the diversity and amount of 
whole grain products are limited (62); while, the amount 
of fat intake may not be a matter of concern (63). How-
ever, more problems on fat intake are related to the type 
of fat intake, e.g. saturated fat intake or all-trans-fat con-
sumption due to partially hydrogenated fat intake (63). 
Regarding carbohydrate intake in the Asian countries, 
problem is related to both kind and amount of carbo-
hydrate consumption (64). Nutrition transition in these 
countries provides higher intake of simple sugars and re-
fined carbohydrate. On the other hand, western dietary 
pattern is characterized by high refined grains, red meat, 

butter, processed meat, high-fat dairy products, sweets 
and desserts, hydrogenated fats, and soft drinks and 
low vegetables, and low fat dairy products consumption 
is a major dietary pattern in our country. Furthermore, 
western dietary pattern is positively associated with ab-
dominal obesity, inflammation, dyslipidemia (65-67) and 
consequently might be a risk factor for NAFLD. However, 
changing dietary habits to reduce carbohydrate and fat 
intake or replacing them with healthy foods would not 
be easily achieved. Although Iranian diets contain high 
saturated fatty acids, only around 25% of dietary energy 
intake was provided by fat, while around 64% of energy 
intake was obtained from carbohydrate, specially simple 
and refined carbohydrate (68). Hence, it seems that in 
our country, the amount and type of carbohydrate is the 
main concern for diet therapy in patients with NAFLD. 
Furthermore, we should consider the detrimental effects 
of high GI or high GL diets on metabolic parameters (69). 
White rice which has a high GI and GL is consumed in 
high amount in the Asian countries (32); which may be 
associated with unfavorable metabolic profiles in these 
countries (69). Following nutrition transition in the 
Asian countries, both quality and quantity of dietary 
carbohydrates, and need great attention. Although, the 
Asian countries may have lower problems regarding the 
amount of fat intake, it also needs to be considered after 
convenient and fast foods enter their society. However, ac-
cording to the evidence, quantity and quality of carbohy-
drates may be the first concerns in these countries.

3.4. Protein Intake and NAFLD
The effects of protein quality and quantity on NAFLD 

have been poorly assessed and these studies are mainly 
limited to animal models. An increment in dietary pro-
tein content has been shown to reduce the risk of he-
patic fat accumulation during a high fat diet both in 
human and rodents (35, 70, 71). Likewise, protein mal-
nutrition leads to steatosis (72, 73). Some animal models 
provide cellular mechanisms underlying the favorable 
effects of low CHO: protein ratio on fatty liver in rats 
(74). They showed that a high protein diet reduces gene 
expression of stearoyl-CoA desaturase-1 (SCD-1) which 
is positively correlated with plasma TG concentrations 
and conversely upregulates fibroblast growth factor-21 
(FGF21) gene expression, which modulates the expres-
sion of lipolysis and lipid utilization genes in liver (74). 
On the other hand, FGF21 and SCD-1 regulation, by a low 
CHO: protein ratio diet, stimulate hepatic lipid oxidation 
and utilization. Another study in mice found that those 
consuming high protein diets (either low or high fat) 
had significantly lower hepatic fat accumulation than 
did those consuming either low fat-normal protein diet 
or high fat-normal protein diet after 1 or 12 weeks (71). A 
well-designed trial showed that healthy subjects lost 22% 
intra hepatocellular lipids (IHCLs) deposition (70) after 
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a high protein-high fat diet (% protein of total calorie = 
23%) compared with high fat and control diets (% protein 
of total calorie = 11%). However, this study was performed 
during 4 days and the findings may be different after a 
long term. The quantity and type of protein is another 
concern which has been poorly assessed. Available evi-
dence suggests that whey protein and soy protein could 
prevent or ameliorate fatty liver (35, 36), but these studies 
are exclusively limited to animals and to the best of our 
knowledge, there is no study in human. The lower feed-
ing efficiency by whey protein consumption may be one 
of the reasons of its protective effect on liver; since whey 
protein consumption was associated with higher basal 
metabolic rates and mitochondrial oxygen consumption 
and lower dietary lipid utilization (35). Reduced oxida-
tive stress and systemic inflammation might be another 
possible mechanism achieved by whey and derived-whey 
proteins (75). Moreover, the high content of branched 
chain amino acids (BCAAs) in whey products modifies 
the gene expression leading to more β-oxidation of fatty 
acids and protects pancreatic β-cells against AMP acti-
vated kinase-mediated apoptosis (76). However, the exact 
mechanisms underlying the less efficiency of amino ac-
ids for transferring to fat in liver remain to be elucidated. 
It seems that high protein intake is associated with high-
er catabolic rate of amino acids, which takes place in liver 
by consuming a large amount of energy. Higher energy 
consumption for amino acid catabolism increases ener-
gy expenditure and lipid oxidation in liver and prevents 
fat accumulation in hepatic cells (77). Furthermore, the 
augmented level of bile acids by protein consumption 
inhibits lipogenesis (78); while, increased day-long re-
leasing of glucagon stimulates ketogenesis in liver (79). 
Altogether, there are very few studies assessing the effects 
of protein consumption and related mechanisms on he-
patic fat storage. Available studies were performed in a 
short periodor in animal models. Conducting more stud-
ies to assess the effects of quality and quantity of protein 
on fatty liver disease is necessary.

4. Conclusions
Dietary treatment of NAFLD and NASH should be highly 

individualized based on nutritional status, dietary hab-
its, and personal goals and preferences. The replacement 
of macronutrients with each other should be resulted in 
acceptable diets by patients. It is important to choose an 
appropriate replacement for restricted macronutrients 
since they could affect the compliance of recommended 
diet. Due to the close associations between obesity, meta-
bolic syndrome and various metabolic abnormalities, 
especially insulin resistance and NAFLD, it is probable 
that patients with NAFLD face metabolic abnormalities. 
Hence, nutrition therapy for liver diseases should be con-
sistent with dietary recommendation which improves 
these abnormalities. Although, weight reduction and 

lifestyle changes such as exercise and dietary intakes are 
considered as the main treatment goals for NAFLD, there 
is very few evidence on macronutrients and NAFLD, espe-
cially in human models. Higher consumption of simple 
carbohydrate, sweetened drinks and saturated fatty acids 
may exacerbate NAFLD and cause more fat accumulation 
in the liver; whilst higher intake of fiber and low GI car-
bohydrate, MUFA and n-3 fatty acids, soy and whey pro-
tein tend to be favorable to ameliorate NAFLD. Moreover, 
it seems that low carbohydrate, low fat and high protein 
content of diets are helpful for patients with NAFLD. Fra-
ser study (45) showed that replacement of carbohydrate 
(a high fiber and low GI diet) with MUFA has greater ben-
eficial effects on NAFLD. High consumption of refined 
carbohydrate might be the main concern regarding fatty 
liver in our country, which should be corrected. However, 
due to nutrition transition and a growing trend in fast 
foods consumption and consequently increased all-trans 
and saturated fatty acids intake, it is necessary to consid-
er fat consumption patterns of Iranians, and therefore, 
the efficacy of such diets (low carbohydrate-high MUFA) 
should be assessed in Iranian patients. 

4.1. New Aspects of the Current Review
To the best of our knowledge, the present review was 

the first article; which reviewed and compared the effects 
of various macronutrients intake in NAFLD. Previous re-
view articles (20, 60, 80) focused on the pathogenesis of 
NAFLD (80), or discussed the low carbohydrate and keto-
genic diets (21) or the dietary recommendations for MetS 
beside the NAFLD (57). Although, we declared that dietary 
recommendations for NAFLD are the same for MetS, 
Zivkovic (60) in his study did not discuss the outcomes 
of replacing carbohydrate and with each other. Further-
more, they poorly discussed dietary protein intake and 
did not provide any comparison between different coun-
tries with different dietary patterns and macronutrient 
profile.

4.2. Limitations and Future Directions
Due to the lack of evidences for proper dietary ap-

proach, there is no consensus on diet therapy in patients 
with NAFLD. For example, the favorable percentage of 
different macronutrients for patients with NAFLD has 
not been suggested; furthermore, the optimal dose of 
omega-3 fatty acids, proper candidate for n-3 PUFA (DHA 
or EPA), adequate time for supplementation and the safe 
proportion of different types of fatty acids have not been 
clarified. Another limitation regarding the fatty acids is 
their long-term effect on liver fat storage. On the other 
hand, few studies have assessed the effect of omega-3 fat-
ty acids on prevention of fibrosis and cirrhosis. Moreover, 
the permissible amount of refined carbohydrate or soft 
drinks and fructose and the safety of artificial sweeteners 
for liver are questionable. Most of available studies are 
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limited to assess the effects of replacing carbohydrate 
and fat with each other. Nevertheless, both high and low 
protein intakes are associated with liver damage. Hence, 
future studies should be conducted to assess the effects 
of dietary protein quality and quantity on NAFLDs, when 
consumed as the replacement of dietary fat or carbohy-
drate. Additionally, many studies conducted to assess 
the effects of n-3 PUFA on NAFLD, but only few studies 
assessed the effects of dietary n-6 PUFA and cholesterol 
intake on liver function. Furthermore, it is beneficial 
to assess health outcomes of various vegetable oils on 
liver because of their different antioxidants content and 
consequently their different metabolic outcomes. An-
other limitation in this field was related to the period of 
conducted studies. Most of researchers reported their 
clinical trials results after a short period. Well-designed 
randomized clinical trials and long-term longitudinal 
studies are needed for quantify the optimal proportion 
of various macronutrients in patients with NAFLD.

Acknowledgements
The Authors declared no acknowledgments.

Authors’ contribution
Leila Azadbakht provided technical help and wrote 

the manuscript, and is guarantor. Ali Hashemi Kani, 
Seyed Moayed Alavian, and Fahimeh Haghighatdoost 
contributed to provide technical help and wrote the 
manuscript and approved the final version.

Financial Disclosure
None of the authors had any financial disclosure.

Funding/ Support
This review article was supported by Food Security Re-

search Center, Isfahan University of Medical Sciences, Is-
fahan, Iran.

References
1.       McCullough AJ. The clinical features, diagnosis and natu-

ral history of nonalcoholic fatty liver disease. Clin Liver Dis. 
2004;8(3):521–33.

2.       Angulo P. Nonalcoholic fatty liver disease. N Engl J Med. 
2002;346(16):1221–31.

3.       de Alwis NM, Day CP. Non-alcoholic fatty liver disease: the mist 
gradually clears. J Hepatol. 2008;48 Suppl 1:S104–12.

4.       Bedogni G, Miglioli L, Masutti F, Tiribelli C, Marchesini G, Bel-
lentani S. Prevalence of and risk factors for nonalcoholic fatty 
liver disease: the Dionysos nutrition and liver study. Hepatology. 
2005;42(1):44–52.

5.       Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P, Horton 
JD, Cohen JC, et al. Prevalence of hepatic steatosis in an urban 
population in the United States: impact of ethnicity. Hepatology. 
2004;40(6):1387–95.

6.       Clark JM. The epidemiology of nonalcoholic fatty liver disease in 
adults. J Clin Gastroenterol. 2006;40 Suppl 1:S5–10.

7.       Clark JM, Diehl AM. Nonalcoholic fatty liver disease: an 

underrecognized cause of cryptogenic cirrhosis. JAMA. 
2003;289(22):3000–4.

8.       Naghavi M. Etiology of death in 18 provinces of Iran in year 2001.Teh-
ran: Ministry of Health and Medical Education IR Iran; 2003. p. 21

9.       Day CP, James OF. Steatohepatitis: a tale of two "hits"? Gastroenter-
ology. 1998;114(4):842–5.

10.       Jamali R, Khonsari M, Merat S, Khoshnia M, Jafari E, Bahram Kalh-
ori A, et al. Persistent alanine aminotransferase elevation among 
the general Iranian population: prevalence and causes. World J 
Gastroenterol. 2008;14(18):2867–71.

11.       Wanless IR, Lentz JS. Fatty liver hepatitis (steatohepatitis) and 
obesity: an autopsy study with analysis of risk factors. Hepatol-
ogy. 1990;12(5):1106–10.

12.       Diehl AM. Tumor necrosis factor and its potential role in insu-
lin resistance and nonalcoholic fatty liver disease. Clin Liver Dis. 
2004;8(3):619–38.

13.       Allard JP. Other disease associations with non-alcoholic fatty liver 
disease (NAFLD). Best Pract Res Clin Gastroenterol. 2002;16(5):783–
95.

14.       Medina J, Fernandez-Salazar LI, Garcia-Buey L, Moreno-Otero R. 
Approach to the pathogenesis and treatment of nonalcoholic 
steatohepatitis. Diabetes Care. 2004;27(8):2057–66.

15.       Nardone G, Rocco A. Probiotics: a potential target for the pre-
vention and treatment of steatohepatitis. J Clin Gastroenterol. 
2004;38(6 Suppl):S121–2.

16.       Mouzaki M, Allard JP. The role of nutrients in the development, 
progression, and treatment of nonalcoholic fatty liver disease. J 
Clin Gastroenterol. 2012;46(6):457–67.

17.       Shi X, Wahlang B, Wei X, Yin X, Falkner KC, Prough RA, et al. Me-
tabolomic analysis of the effects of polychlorinated biphenyls in 
nonalcoholic fatty liver disease. J Proteome Res. 2012;11(7):3805–15.

18.       Agius L. High-carbohydrate diets induce hepatic insulin resis-
tance to protect the liver from substrate overload. Biochem Phar-
macol. 2013;85(3):306–12.

19.       Nazarenko LI, Petrova Iu N, Raikhel'son KL, Baranovskii A. [Nutri-
tion mistakes in patients with nonalcoholic fatty liver disease 
and the ways of correction]. Eksp Klin Gastroenterol. 2012(2):19–24.

20.       Schugar RC, Crawford PA. Low-carbohydrate ketogenic diets, glu-
cose homeostasis, and nonalcoholic fatty liver disease. Curr Opin 
Clin Nutr Metab Care. 2012;15(4):374–80.

21.       Liu T, Yang LL, Zhang L, Song HY, Li DF, Ji G. [Comparative study on 
the effects of different therapeutic methods in preventing and 
treating nonalcoholic fatty liver in rats]. Zhong Xi Yi Jie He Xue 
Bao. 2012;10(10):1120–6.

22.       Morita M, Ishida N, Uchiyama K, Yamaguchi K, Itoh Y, Shichiri M, 
et al. Fatty liver induced by free radicals and lipid peroxidation. 
Free Radic Res. 2012;46(6):758–65.

23.       van der Meer RW, Hammer S, Lamb HJ, Frolich M, Diamant M, Ri-
jzewijk LJ, et al. Effects of short-term high-fat, high-energy diet 
on hepatic and myocardial triglyceride content in healthy men. 
J Clin Endocrinol Metab. 2008;93(7):2702–8.

24.       Westerbacka J, Lammi K, Hakkinen AM, Rissanen A, Salminen I, 
Aro A, et al. Dietary fat content modifies liver fat in overweight 
nondiabetic subjects. J Clin Endocrinol Metab. 2005;90(5):2804–9.

25.       Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB, Contos MJ, 
Sterling RK, et al. Nonalcoholic steatohepatitis: association of in-
sulin resistance and mitochondrial abnormalities. Gastroenterol-
ogy. 2001;120(5):1183–92.

26.       Storlien LH, Kraegen EW, Chisholm DJ, Ford GL, Bruce DG, Pascoe 
WS. Fish oil prevents insulin resistance induced by high-fat feed-
ing in rats. Science. 1987;237(4817):885–8.

27.       Tarantino G, Conca P, Pasanisi F, Ariello M, Mastrolia M, Arena A, 
et al. Could inflammatory markers help diagnose nonalcoholic 
steatohepatitis? Eur J Gastroenterol Hepatol. 2009;21(5):504–11.

28.       Caporaso N, Morisco F, Camera S, Graziani G, Donnarumma L, 
Ritieni A. Dietary approach in the prevention and treatment of 
NAFLD. Front Biosci (Landmark Ed). 2012;17:2259–68.

29.       Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC, Camilo ME. 
How different is the dietary pattern in non-alcoholic steatohepa-
titis patients? Clin Nutr. 2006;25(5):816–23.

30.       Kim SP, Ellmerer M, Van Citters GW, Bergman RN. Primacy of 



Hashemi Kani A et al.

Hepat Mon. 2014;14(2):e109398

hepatic insulin resistance in the development of the metabolic 
syndrome induced by an isocaloric moderate-fat diet in the dog. 
Diabetes. 2003;52(10):2453–60.

31.       Yilmaz Y. Review article: fructose in non-alcoholic fatty liver dis-
ease. Aliment Pharmacol Ther. 2012;35(10):1135–44.

32.       Utzschneider KM, Bayer-Carter JL, Arbuckle MD, Tidwell JM, Rich-
ards TL, Craft S. Beneficial effect of a weight-stable, low-fat/low-
saturated fat/low-glycaemic index diet to reduce liver fat in older 
subjects. Br J Nutr. 2013;109(6):1096–104.

33.       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. J Hepatol. 2007;47(5):711–7.

34.       Machado RM, Stefano JT, Oliveira CP, Mello ES, Ferreira FD, 
Nunes VS, et al. Intake of trans fatty acids causes nonalcoholic 
steatohepatitis and reduces adipose tissue fat content. J Nutr. 
2010;140(6):1127–32.

35.       Shertzer HG, Woods SE, Krishan M, Genter MB, Pearson KJ. Dietary 
whey protein lowers the risk for metabolic disease in mice fed a 
high-fat diet. J Nutr. 2011;141(4):582–7.

36.       Yang HY, Tzeng YH, Chai CY, Hsieh AT, Chen JR, Chang LS, et al. Soy 
protein retards the progression of non-alcoholic steatohepatitis 
via improvement of insulin resistance and steatosis. Nutrition. 
2011;27(9):943–8.

37.       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. Can J Gastroenterol. 2008;22(10):811–6.

38.       Ludwig DS, Peterson KE, Gortmaker SL. Relation between con-
sumption of sugar-sweetened drinks and childhood obesity: a 
prospective, observational analysis. Lancet. 2001;357(9255):505–8.

39.       Popkin BM, Armstrong LE, Bray GM, Caballero B, Frei B, Willett 
WC. A new proposed guidance system for beverage consump-
tion in the United States. Am J Clin Nutr. 2006;83(3):529–42.

40.       Trocho C, Pardo R, Rafecas I, Virgili J, Remesar X, Fernandez-Lopez 
JA, et al. Formaldehyde derived from dietary aspartame binds to 
tissue components in vivo. Life Sci. 1998;63(5):337–49.

41.       Nomura K, Yamanouchi T. The role of fructose-enriched diets in 
mechanisms of nonalcoholic fatty liver disease. J Nutr Biochem. 
2012;23(3):203–8.

42.       Volynets V, Machann J, Kuper MA, Maier IB, Spruss A, Konig-
srainer A, et al. A moderate weight reduction through dietary 
intervention decreases hepatic fat content in patients with 
non-alcoholic fatty liver disease (NAFLD): a pilot study. Eur J Nutr. 
2013;52(2):527–35.

43.       Haub S, Kanuri G, Volynets V, Brune T, Bischoff SC, Bergheim I. Se-
rotonin reuptake transporter (SERT) plays a critical role in the 
onset of fructose-induced hepatic steatosis in mice. Am J Physiol 
Gastrointest Liver Physiol. 2010;298(3):G335–44.

44.       Song M, Schuschke DA, Zhou Z, Chen T, Pierce WM, Jr., Wang R, et 
al. High fructose feeding induces copper deficiency in Sprague-
Dawley rats: a novel mechanism for obesity related fatty liver. J 
Hepatol. 2012;56(2):433–40.

45.       Fraser A, Abel R, Lawlor DA, Fraser D, Elhayany A. A modified 
Mediterranean diet is associated with the greatest reduction 
in alanine aminotransferase levels in obese type 2 diabetes pa-
tients: results of a quasi-randomised controlled trial. Diabetolo-
gia. 2008;51(9):1616–22.

46.       Goletzke J, Buyken AE, Gopinath B, Rochtchina E, Barclay AW, 
Cheng G, et al. Carbohydrate quality is not associated with liver 
enzyme activity and plasma TAG and HDL concentrations over 5 
years in an older population. Br J Nutr. 2013;110(5):918–25.

47.       Schwarz JM, Linfoot P, Dare D, Aghajanian K. Hepatic de novo li-
pogenesis in normoinsulinemic and hyperinsulinemic subjects 
consuming high-fat, low-carbohydrate and low-fat, high-carbo-
hydrate isoenergetic diets. Am J Clin Nutr. 2003;77(1):43–50.

48.       Cussons AJ, Watts GF, Mori TA, Stuckey BG. Omega-3 fatty acid 
supplementation decreases liver fat content in polycystic 
ovary syndrome: a randomized controlled trial employing pro-
ton magnetic resonance spectroscopy. J Clin Endocrinol Metab. 
2009;94(10):3842–8.

49.       Parker HM, Johnson NA, Burdon CA, Cohn JS, O'Connor HT, 

George J. Omega-3 supplementation and non-alcoholic fatty 
liver disease: a systematic review and meta-analysis. J Hepatol. 
2012;56(4):944–51.

50.       Capanni M, Calella F, Biagini MR, Genise S, Raimondi L, Bedogni 
G, et al. Prolonged n-3 polyunsaturated fatty acid supplementa-
tion ameliorates hepatic steatosis in patients with non-alco-
holic fatty liver disease: a pilot study. Aliment Pharmacol Ther. 
2006;23(8):1143–51.

51.       Levy JR, Clore JN, Stevens W. Dietary n-3 polyunsaturated fatty ac-
ids decrease hepatic triglycerides in Fischer 344 rats. Hepatology. 
2004;39(3):608–16.

52.       Jump DB. N-3 polyunsaturated fatty acid regulation of hepatic 
gene transcription. Curr Opin Lipidol. 2008;19(3):242–7.

53.       Qi K, Fan C, Jiang J, Zhu H, Jiao H, Meng Q, et al. Omega-3 fatty 
acid containing diets decrease plasma triglyceride concentra-
tions in mice by reducing endogenous triglyceride synthesis 
and enhancing the blood clearance of triglyceride-rich particles. 
Clin Nutr. 2008;27(3):424–30.

54.       Hancu N, Roman G, Nita C, Negrean M. Metabolic syndrome-
-practical approach. Rom J Intern Med. 2004;42(2):237–45.

55.       Bozzetto L, Prinster A, Annuzzi G, Costagliola L, Mangione A, Vi-
telli A, et al. Liver fat is reduced by an isoenergetic MUFA diet in 
a controlled randomized study in type 2 diabetic patients. Diabe-
tes Care. 2012;35(7):1429–35.

56.       Clark SJ, Shojaee-Moradie F, Croos P, Seed PT, Umpleby AM, Wen-
don JA, et al. Temporal changes in insulin sensitivity following 
the development of acute liver failure secondary to acetamino-
phen. Hepatology. 2001;34(1):109–15.

57.       Serrano-Martinez M, Palacios M, Martinez-Losa E, Lezaun R, 
Maravi C, Prado M, et al. A Mediterranean dietary style influences 
TNF-alpha and VCAM-1 coronary blood levels in unstable angina 
patients. Eur J Nutr. 2005;44(6):348–54.

58.       Madigan C, Ryan M, Owens D, Collins P, Tomkin GH. Dietary 
unsaturated fatty acids in type 2 diabetes: higher levels of post-
prandial lipoprotein on a linoleic acid-rich sunflower oil diet 
compared with an oleic acid-rich olive oil diet. Diabetes Care. 
2000;23(10):1472–7.

59.       Sato K, Arai H, Mizuno A, Fukaya M, Sato T, Koganei M, et al. Dietary 
palatinose and oleic acid ameliorate disorders of glucose and 
lipid metabolism in Zucker fatty rats. J Nutr. 2007;137(8):1908–15.

60.       Zivkovic AM, German JB, Sanyal AJ. Comparative review of diets 
for the metabolic syndrome: implications for nonalcoholic fatty 
liver disease. Am J Clin Nutr. 2007;86(2):285–300.

61.       Galal O. Nutrition-related health patterns in the Middle East. Asia 
Pac J Clin Nutr. 2003;12(3):337–43.

62.       Azadbakht L, Mirmiran P, Esmaillzadeh A, Azizi F. Dietary diver-
sity score and cardiovascular risk factors in Tehranian adults. 
Public Health Nutr. 2006;9(6):728–36.

63.       Esmaillzadeh A, Azadbakht L. Consumption of hydrogenated 
versus nonhydrogenated vegetable oils and risk of insulin resis-
tance and the metabolic syndrome among Iranian adult wom-
en. Diabetes Care. 2008;31(2):223–6.

64.       Ghassemi H, Harrison G, Mohammad K. An accelerated nutrition 
transition in Iran. Public Health Nutr. 2002;5(1A):149–55.

65.       Esmaillzadeh A, Azadbakht L. Major dietary patterns in relation 
to general obesity and central adiposity among Iranian women. 
J Nutr. 2008;138(2):358–63.

66.       Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, 
Willett WC. Dietary patterns, insulin resistance, and preva-
lence of the metabolic syndrome in women. Am J Clin Nutr. 
2007;85(3):910–8.

67.       Esmaillzadeh A, Kimiagar M, Mehrabi Y, Azadbakht L, Hu FB, Wil-
lett WC. Dietary patterns and markers of systemic inflammation 
among Iranian women. J Nutr. 2007;137(4):992–8.

68.       Azadbakht L, Esmaillzadeh A. Dietary and non-dietary determi-
nants of central adiposity among Tehrani women. Public Health 
Nutr. 2008;11(5):528–34.

69.       Hu FB. Globalization of diabetes: the role of diet, lifestyle, and 
genes. Diabetes Care. 2011;34(6):1249–57.

70.       Bortolotti M, Kreis R, Debard C, Cariou B, Faeh D, Chetiveaux M, et 
al. High protein intake reduces intrahepatocellular lipid deposi-



Hashemi Kani A et al.

9Hepat Mon. 2014;14(2):e10939

tion in humans. Am J Clin Nutr. 2009;90(4):1002–10.
71.       Schwarz J, Tome D, Baars A, Hooiveld GJ, Muller M. Dietary pro-

tein affects gene expression and prevents lipid accumulation in 
the liver in mice. PLoS One. 2012;7(10); ee47303

72.       Lockwood DH, Amatruda JM, Moxley RT, Pozefsky T, Boitnott 
JK. Effect of oral amino acid supplementation on liver dis-
ease after jejunoileal bypass for morbid obesity. Am J Clin Nutr. 
1977;30(1):58–63.

73.       Meghelli-Bouchenak M, Belleville J, Boquillon M. Hepatic steato-
sis and serum very low density lipoproteins during two types of 
protein malnutrition followed by balanced refeeding. Nutrition. 
1989;5(5):321–9.

74.       Uebanso T, Taketani Y, Fukaya M, Sato K, Takei Y, Sato T, et al. Hypo-
caloric high-protein diet improves fatty liver and hypertriglyc-
eridemia in sucrose-fed obese rats via two pathways. Am J Physiol 
Endocrinol Metab. 2009;297(1):E76–84.

75.       Oz HS, Chen TS, Neuman M. Nutrition intervention: a strategy 
against systemic inflammatory syndrome. JPEN J Parenter Enteral 

Nutr. 2009;33(4):380–9.
76.       Cai Y, Wang Q, Ling Z, Pipeleers D, McDermott P, Pende M, et al. 

Akt activation protects pancreatic beta cells from AMPK-medi-
ated death through stimulation of mTOR. Biochem Pharmacol. 
2008;75(10):1981–93.

77.       Leidy HJ, Mattes RD, Campbell WW. Effects of acute and chronic 
protein intake on metabolism, appetite, and ghrelin during 
weight loss. Obesity (Silver Spring). 2007;15(5):1215–25.

78.       Duran-Sandoval D, Cariou B, Percevault F, Hennuyer N, Grefhorst 
A, van Dijk TH, et al. The farnesoid X receptor modulates hepatic 
carbohydrate metabolism during the fasting-refeeding transi-
tion. J Biol Chem. 2005;280(33):29971–9.

79.       Longuet C, Sinclair EM, Maida A, Baggio LL, Maziarz M, Charron 
MJ, et al. The glucagon receptor is required for the adaptive met-
abolic response to fasting. Cell Metab. 2008;8(5):359–71.

80.       Sanyal AJ. Mechanisms of Disease: pathogenesis of nonalco-
holic fatty liver disease. Nat Clin Pract Gastroenterol Hepatol. 
2005;2(1):46–53.


