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A BSTRAC T

Nonalcoholic fatty liver disease (NAFLD) is among the most common
causes of chronic liver disease worldwide and its prevalence is increasing
nowadays. This review article discusses the role of carbohydrate in
NAFLD. We reviewed 57 papers out of which 48 randomized controlled
trials and review articles with good quality were collected. The key
words used for the search were: “Carbohydrate”, “Fructose”, “Weight”,
“Low carbohydrate, ketogenic diet”, in combination with “NAFLD”
for searching in “Pubmed”, ”Science direct” and “Google Scholar”
databases. We limited our search to studies published in English. The
available data provided adequate scientific evidence which pointed
toward the considerable potential effects between high intake of
carbohydrates, fructose, high glycemic index foods and low dietary
fiber and incidence of the NAFLD. This review provided sufficient
evidence that higher consumption of carbohydrates and fructose
sources may exacerbate NAFLD which leads to more accumulation
of fat in the liver; while higher intake of fiber and low GI carbohydrate
tends to ameliorate NAFLD.

Please cite this article as: Sherafatmanesh S, Ekramzadeh M, Moosavi L. The Role of Carbohydrate Related Factors in
Pathogenesis of Nonalcoholic Fatty Liver Disease: A Review. Int J Nutr Sci 2017;2(2):52-57.

Introduction
Nonalcoholic fatty liver disease (NAFLD) is
recognized as lipid accumulation through consuming
less than 20 g ethanol/day and having no other
known causes of chronic liver disease such as drugs
consumption or exposure to the toxins (1). NAFLD
is linked to the spectrum of hepatic diseases from
simple steatosis, to inflammatory steatohepatitis
(NASH, the most severe form of NAFLD) with
developing fibrosis to cirrhosis and end-stage
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liver disease (2). Furthermore, this disease could
emerge with variety of metabolic disorders such
as insulin resistance, dyslipidemia, hypertension,
hyperglycemia, and central obesity (3).
The prevalence of NAFLD is varying from
2.8% to 24% globally. It is about 10% in developing
countries. In western general population, 20–30%
prevalence has been reported. According to Iranian
Ministry of Health, NAFLD is responsible for 1% of
mortality in individuals older than 15 years. Normal
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liver contains less than 5% fat by its weight; while
it reaches 50-80% in fatty liver diseases. Increasing
liver fat mass up to 5-10% causes NAFLD (1). Some
researchers report that high carbohydrate intake play
an important role in the development of NAFLD (1,
4, 5); while some documents are provided adequate
evidences against high fat diets (6, 7).
It has been well-known that higher serum levels
of free fatty acid (FFA), glucose and insulin are
associated with higher fat storage in hepatocytes,
because of promoting insulin resistance (8,
9). Complex interactions exist between lipid
accumulation (lipogenesis, lipolysis, and diet) and
lipid disposal (lipoprotein secretion and fatty acid
oxidation) which could affect the deposition of
triglyceride in the liver. Elevated fatty acid synthesis
causes more production of malonyl-CoA which is an
inhibitory mediator in lipid oxidation process through
carnitine palmitoyl transferase-1 (responsible
for the long-chain fatty acids transportation into
mitochondria where they undergo β-oxidations in
liver) (10).
According to the studies, there is no approved
medicinal therapy for treatment of NAFLD. Thus
all clinical guidelines come to this point that weight
loss together with lifestyle modifications are the
first line therapies until now (3, 11). In this review
we discuss about the scope of carbohydrate-related
factors including amount of carbohydrate, fructose
intake, glycemic index, dietary fiber, and lowcarbohydrate ketogenic diets affecting NAFLD
from biochemical aspect.
Carbohydrate and NAFLD
High dietary carbohydrate intake has been
claimed to play an important role in the development
of NAFLD. Indeed, several studies suggest that a
diet with high amount of carbohydrates may be a
major cause of NAFLD, increasing the probabilities
of later signs of the disease (12). Both quantity and
quality of carbohydrates could play an important
role in pathogenesis of NFALD (1). In 2004, Solga
and colleagues. Reported that NAFLD patients
consuming more than 54% of total energy from
carbohydrates compared with those consuming less
than 35% had a 6.5 fold increased risk of hepatic
inflammation (13).
High-carbohydrate diets lead to NAFLD
through following mechanisms (1): (i) Activation
of carbohydrate response element binding protein
(ChREBP), a glucose-activated transcription factor
involved in the development of metabolic syndrome
(9), (ii) Higher postprandial hyperglycemia increases
the hepatic levels of phosphorylated intermediates
Int J Nutr Sci June 2017;2(2)

which act as activators of ChREBP and induction
of its target genes, (iii) Activation of the glycolysis,
lipogenesis, and glucose 6-phosphatase catalytic
subunit (G6PC) enzymes, which in turn results in
insulin resistance (G6PC catalyses the final step in
glucose production. Induction of this enzyme together
with high glucose intake will present as hepatic
glucose intolerance or insulin resistance) (5), and (iv)
Increasing circulating insulin concentrations cause
an increase in fasting triglyceride accumulation and
inflammation (14, 15).
Fructose Intake and NAFLD
The influences of excess fructose consumption
in the pathogenesis of NAFLD has recently
received more attention from the researchers, but
the mechanisms of this relationship has been only
partly clarified (16). We will mention the pathways
between fructose intake and risk of NAFLD
through the following steps such as; susceptibility
to the metabolic syndrome, copper deficiency, iron
overload, impairment in liver enzymatic pathways,
and altered fat deposition pathway.
Fructose and Susceptibility to the Metabolic
Syndrome
Metabolic syndrome (MS), is a clustering of at
least three of the five following medical conditions:
central obesity, elevated blood pressure, elevated
fasting plasma glucose, high serum triglycerides
and low high-density lipoprotein (HDL) levels (17).
Central obesity is a key feature of the syndrome
and often contributes to insulin resistance (18). In
2010, Sanchez-Lozada et al. showed that compared
with control animals, fructose-fed rats presented
early features of the MS (19). Tetri et al. reported
the impaired insulin sensitivity and severe hepatic
steatosis in mice fed high-fructose corn syrup
(20). Therefore, excess fructose intake can play an
important role in induction of many features of the
metabolic syndrome such as to insulin resistance,
hypertension and dyslipidemia which may in turn
lead to NAFLD (16).
Fructose and Copper Deficiency
According to the evidences, it has been indicated
that one of the probable reasons of copper deficiency
in NAFLD, could be high intake of fructose in diet.
Aigner et al. have reported that NAFLD patients
present less hepatic copper levels than control
subjects; hence, copper deficiency should be one of
the considerations in treatment of NAFLD (16, 21).
High fructose consumption may result in NAFLD
due to induction of copper deficiency state as the
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probable following mechanisms (22): (i) Reduction
of copper absorption by interfering with the copper
uptake protein1 (Ctr-1) (the intestinal epithelium
mediator for copper absorption), (ii) Down regulating
the expression of carnitine palmitoyltransferase
I (CPT1) enzyme (the rate limiting enzyme of
mitochondrial fatty acid β-oxidation), which in
turn reduced mitochondrial fatty acid β-oxidation.
Song et al. have been reported the significant
reduction of CPT1 protein expression in the livers
of marginal copper deficient rats fed with fructose
(22), and (iii) Marginal copper deficiency together
with high fructose consumption, restrained the
hepatic antioxidant defense system and promote the
lipid peroxidation, liver injury and fat infiltration,
which result in an increased levels of liver enzymes
such as aspartate transaminase (AST) and alanine
transaminase (ALT) (22).
Fructose and Iron Overload
One study reported that borderline copper
deficient rats fed with fructose showed remarkably
elevated liver iron concentrations compared to the
control group (22). Referring to the fenton reaction,
in the presence of hydrogen peroxide, ferrous
iron generate hydroxyl radical (23). Therefore, it
could be assumed that fructose indirectly lead to
increased levels of iron in the liver and then result
in more production of reactive oxygen species
(ROS) through the fenton reaction. Consequently,
generated ROSs cause liver damage through lipid
peroxidation and oxidative stress, which lead to
hepatotoxicity and insulin resistance (24).
Fructose and Impairment in Liver Enzymatic
Pathways
Long term fructose consumption may cause
a metabolic burden on the liver through the
induction of fructokinase and fatty acid synthase
enzymes. Fructose is metabolized to fructose-1phosphate by fructokinase, which uses the ATP
in the liver (25). Therefore, this possibility exists
that excess fructose intake along with higher
liver metabolism can lead to high levels of liver
metabolic stress via ATP reduction (16). Fatty
acid synthase acts a pivotal role in catalysis the
last step of the fatty acid biosynthetic pathway and
is a key factor of the highest capacity of the liver
to synthesis of fatty acids via de novo lipogenesis
(26). In 2008, one clinical study demonstrated the
liver upregulation of fatty acid synthase due to
higher fructose intake in patients with NAFLD,
suggesting that molecular imbalances relating to
higher fructose intake could play a major roles in
induction of NAFLD (27).
54

Fructose and Altered Fat Deposition Pathway
Several studies have been conducted to explicate
the comparative importance of the types of visceral
and subcutaneous fat mass as one of the main
risk factors of NAFLD (16). In 2008, Eguchi
et al. indicated that fat mass in visceral area in
patients with advanced NASH was higher than
that in patients with early NASH (28). Parallel with
that, the outcomes of the studies about fructose
consumption, showed that a high-fructose diet lead
to dyslipidemia, reduced insulin sensitivity, and
increased visceral adiposity (29, 30). One crosssectional study reported that habits about drinking
fructose sweetened beverages were associated with
increased waist circumference, amount of visceral
to subcutaneous abdominal adipose tissue and
impaired abdominal fat deposition pattern (31).
Glycemic index and NAFLD
Consumption of high-glycemic index (highGI) foods is linked to the risk of obesity, insulin
resistance and higher LDL and total cholesterol
concentrations. Immoderate intake of high-GI foods
cause hepatic de novo lipogenesis due to rapid and
extremely glucose accumulation which overcomes
the liver glycogen synthesis capacity. According
to the evidences, low glycemic index (low-GI)
foods (GI<55); like oats; have potential to lowering
calorie intake, reduce plasma concentrations of
glucose and total cholesterol, and decrease liver
fat contents. Thus, one of the consequential factors
that should be consider during NAFLD patient’s
dietary therapy is glycemic index of the foods.
However, there is still no licensed human study
investigating the effects of GI precisely in these
patients up to now (32-34).
Dietary Fiber and NAFLD
All kinds of dietary fibers (insoluble and
soluble), have been shown to have positive effects
in prevention and control of diabetes with such
mechanisms like; decreasing postprandial glucose
response and ameliorate lipid parameters. There
are just limited studies relating to the impacts of
fiber on NAFLD. No randomized studies about
the effects of fiber consumptions on NAFLD
have been done in humans, and studies including
dietary recall in human subjects have delivered
contradictory results about the interconnection of
fiber consumption and NAFLD (35-37).
One animal study, attempt to indicate the effects
of viscous fibers on the development of fatty liver
and fuel flexibility in a model of diet-induced
obesity by feeding a high fat diet (60% energy from
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fat) including 5% fiber as cellulose (as non-viscous)
and one of two highly viscous fibers; hydroxypropyl
methylcellulose (HPMC) or guar gum. After a
period of 10 weeks feeding, the results showed that
HPMC and guar groups had lower liver weight
and liver cholesterol concentration in comparison
with the cellulose group. Furthermore, reduced
gluconeogenic enzyme’s gene expression in the
liver such as phosphoenolpyruvate carboxykinase
(PEPCK, the enzyme used in the metabolic pathway
of gluconeogenesis and converts oxaloacetate into
phosphoenolpyruvate and carbondioxide) and
G6Pase enzyme were also reported (38, 39).
Low Carbohydrate Ketogenic Diets and NAFLD
Weight loss is one of the most recommended
pathways that frequently suggested to obese
patients with hepatic steatosis, and is often reached
through the restriction of total amount of daily
calorie intake. In line with this, recent studies
have indicated the important role of macronutrient
content of the diet on liver healthy status (10, 40). In
one study, Ryan et al. showed that after 16 weeks,
insulin-resistant patients on a lower carbohydrate
diet (40% carbohydrate, 45% fat) had lower serum
ALT concentrations compared with patients on a
higher carbohydrate diet (60% carbohydrate, 25%
fat) (41).
Low-carbohydrate ketogenic diets typically
contain no more than 20 grams of carbohydrate at
the beginning of the diet (e.g., the Atkins diet), with
a higher intake of protein and fat (42).
Low-Carbohydrate Ketogenic Diet Typically
Involves Three Phases (42),
(A). The first phase is called “the induction
phase”, the weight loss beginning phase and
contains no more than 5% of energy from
carbohydrate, 35% from protein, and 60% from fat,
(B). The second phase, called “the ongoing phase”,
a continuation phase of weight loss, with the
distribution of carbohydrate (9%), protein (33%),
and fat (58%), and (C). The third phase is “the
maintenance phase”, in which carbohydrate intake
increments to no more than 20% of total energy
followe by 25% to 27% protein and approximately
52% of fat.
According to the evidences, low-carbohydrate
diets in patients with obesity are associated with
higher weight loss and insulin sensitivity as well as
reduced intrahepatic triglyceride concentration (33,
43). Therefore, it could be concluded that decreasing
dietary carbohydrate intake would be successful in
reducing hepatic triglyceride concentration through
the restriction of hepatic lipids accumulation (via
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lipogenesis) and also increasing lipid availability for
excretion in liver (via mitochondrial β-oxidation)
in NAFLD patients (10). One study investigate
the impact of a low-carbohydrate ketogenic diet
with the amount of less than 20 g carbohydrate/
day on hepatic steatosis in NAFLD patients. After
6 months, according to the results of repeated liver
biopsies, significant reduction in hepatic steatosis,
inflammation and fibrosis, and also body weight loss
of about 12.8 kg was seen in intervention group (44).
But, according to the evidences, in spite of the
fact that low carbohydrate ketogenic diets have
benefits in reduction of body weight, there are
several concerns about higher fat content of these
diets. It assumed that long-term maintenance on
these diets may stimulates the development of
NAFLD through inducing disorders such as; hepatic
insulin resistance, systemic glucose intolerance
and increased cardiovascular risk factors (40, 42,
45). In a 6 week trial study, twenty adults [Body
Mass Index (BMI): 34.4±1.0] were randomized to
the ketogenic low-carbohydrate (KLC) diet (60%
of energy as fat, start with about 5% of energy as
carbohydrate) and non-ketogenic low carbohydrate
(NLC) diet (30% of energy as fat and about 40% of
energy as carbohydrate). Results showed that KLC
and NLC diets have equal effects in reducing body
weight and insulin resistance, but the KLC diet lead
the participants to the various harmful metabolic
and emotional disorders (46).
Referring to the concerns about the high fat
content of low carbohydrate ketogenic diets, some
of the researchers believed that these diets should
obtain protein and fat from foods other than red
and processed meats (47). The results of two cohort
studies through 26 years of follow up, revealed that
an animal- based low-carbohydrate diet with animal
sources of fat and protein have linked to the higher allcause mortality in both genders; while a vegetablebased low-carbohydrate diet with vegetable sources
of fat and protein was associated with lower all-cause
and cardiovascular disease mortality rates (48).
Conclusion
Dietary management of NAFLD should be
highly individualized based on nutritional status,
dietary habits, and personal preferences. Higher
consumption of carbohydrate and fructose sources
may exacerbate NAFLD which leads to more
accumulation of fat in the liver; while higher
intake of fiber and low GI carbohydrate tends to
ameliorate NAFLD. The relationship between lowcarbohydrate ketogenic diets and NAFLD remains
to be elucidated due to the antithesis results and
existing concerns.
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et al. Dietary fat content modifies liver fat
in overweight nondiabetic subjects. J Clin
Endocrinol Metab. 2005;90:2804-9.
8 Sanyal AJ, Campbell-Sargent C, Mirshahi F, et al.
Nonalcoholic steatohepatitis: association of insulin
resistance and mitochondrial abnormalities.
Gastroenterology. 2001;120:1183-92.
9 Iizuka K, Horikawa Y. ChREBP: a glucoseactivated transcription factor involved in the
development of metabolic syndrome. Endocr J.
2008;55:617-24.
10 Browning JD, Baker JA, Rogers T, et al. Shortterm weight loss and hepatic triglyceride
reduction: evidence of a metabolic advantage
with dietary carbohydrate restriction. Am J Clin
Nutr. 2011;93:1048-52.
11 Moore JB, Gunn PJ, Fielding BA. The role
of dietary sugars and de novo lipogenesis in
non-alcoholic fatty liver disease. Nutrients.
2014;6:5679-703.
12 Thuy S, Ladurner R, Volynets V, et al.
Nonalcoholic fatty liver disease in humans is
associated with increased plasma endotoxin and
plasminogen activator inhibitor 1 concentrations
and with fructose intake. J Nutr. 2008;138:1452-5.
13 Solga S, Alkhuraishe AR, Clark JM, et al.
Dietary composition and nonalcoholic fatty liver
disease. Dig Dis Sci. 2004;49:1578-83.
56

14 McCarthy EM, Rinella ME. The role of diet and
nutrient composition in nonalcoholic Fatty liver
disease. J Acad Nutr Diet. 2012;112:401-9.
15 Garg A, Bantle JP, Henry RR, et al. Effects of
varying carbohydrate content of diet in patients
with non-insulin-dependent diabetes mellitus.
JAMA. 1994;271:1421-8.
16 Yilmaz Y. Review article: fructose in nonalcoholic fatty liver disease. Aliment Pharmacol
Ther. 2012;35:1135-44.
17 Kaur J. A comprehensive review on metabolic
syndrome. Cardiol Res Pract. 2014;2014:943162.
18 Fauci AS. Harrison's principles of internal
Medicine. New York: Mcgraw-hill ;1998.
19 Sánchez-Lozada LG, Mu W, Roncal C, et al.
Comparison of free fructose and glucose to
sucrose in the ability to cause fatty liver. Eur J
Nutr. 2010;49:1-9.
20 Tetri LH, Basaranoglu M, Brunt EM, et al.
Severe NAFLD with hepatic necroinflammatory
changes in mice fed trans fats and a high-fructose
corn syrup equivalent. Am J Physiol Gastrointest
Liver Physiol. 2008;295:G987-95.
21 Aigner E, Theurl I, Haufe H, et al. Copper
availability contributes to iron perturbations
in human nonalcoholic fatty liver disease.
Gastroenterology. 2008;135:680-8.
22 Song M, Schuschke DA, Zhou Z, et al. High
fructose feeding induces copper deficiency
in Sprague-Dawley rats: a novel mechanism
for obesity related fatty liver. J Hepatol.
2012;56:433-40.
23 Videla LA, Fernández V, Tapia G,et al. Oxidative
stress-mediated hepatotoxicity of iron and copper:
role of Kupffer cells. Biometals. 2003;16:103-11.
24 Fujita N, Miyachi H, Tanaka H, et al. Iron overload
is associated with hepatic oxidative damage to
DNA in nonalcoholic steatohepatitis. Cancer
Epidemiol Biomarkers Prev. 2009;18:424-32.
25 Lustig RH. Fructose: metabolic, hedonic, and
societal parallels with ethanol. J Am Diet Assoc.
2010;110:1307-21.
26 Chirala SS, Wakil SJ. Structure and function
of animal fatty acid synthase. Lipids. 2004;39:
1045-53.
27 Ouyang X, Cirillo P, Sautin Y, et al. Fructose
consumption as a risk factor for non-alcoholic
fatty liver disease. J Hepatol. 2008;48:993-9.
28 Eguchi Y, Mizuta T, Sumida Y, et al. The
pathological role of visceral fat accumulation
in steatosis, inflammation, and progression of
nonalcoholic fatty liver disease. J Gastroenterol.
2011;46:70-8.
29 Stanhope KL, Havel PJ. Fructose consumption:
considerations for future research on its effects
Int J Nutr Sci June 2017;2(2)

Carbohydrates in nonalcoholic fatty liver

30

31

32
33
34

35
36
37
38

39

on adipose distribution, lipid metabolism,
and insulin sensitivity in humans. J Nutr.
2009;139:1236S-41S.
Stanhope KL, Schwarz JM, Keim NL, et al.
Consuming fructose-sweetened, not glucosesweetened, beverages increases visceral
adiposity and lipids and decreases insulin
sensitivity in overweight/obese humans. J Clin
Invest. 2009;119:1322-34.
Odegaard AO, Choh AC, Czerwinski SA, et
al. Sugar-Sweetened and Diet Beverages in
Relation to Visceral Adipose Tissue. Obesity
(Silver Spring). 2012;20:689-91.
Colak Y, Tuncer I, Senates E, et al. Nonalcoholic
fatty liver disease: a nutritional approach. Metab
Syndr Relat Disord. 2012;10:161-6.
Fan JG, Cao HX. Role of diet and nutritional
management in non-alcoholic fatty liver disease.
J Gastroenterol Hepatol. 2013;28:81-7.
Utzschneider KM, Bayer-Carter JL, Arbuckle
MD, et al. 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;109:1096-104.
Sullivan S. Implications of diet on nonalcoholic
fatty liver disease. Curr Opin Gastroenterol.
2010;26:160.
Weickert MO, Pfeiffer AF. Metabolic effects
of dietary fiber consumption and prevention of
diabetes. J Nutr. 2008;138:439-42.
Cortez-Pinto H, Jesus L, Barros H,et al. How
different is the dietary pattern in non-alcoholic
steatohepatitis patients? Clin Nutr. 2006;25:816-23.
Parnell JA, Raman M, Rioux KP, et al. The
potential role of prebiotic fibre for treatment and
management of non-alcoholic fatty liver disease
and associated obesity and insulin resistance.
Liver Int. 2012;32:701-11.
Méndez-Lucas A, Duarte JAG, Sunny NE,

Int J Nutr Sci June 2017;2(2)

40

41

42
43

44

45

46

47
48

et al. PEPCK-M expression in mouse liver
potentiates, not replaces, PEPCK-C mediated
gluconeogenesis. J Hepatol. 2013;59:105-13.
Schugar RC, Crawford PA. Low-carbohydrate
ketogenic diets, glucose homeostasis, and
nonalcoholic fatty liver disease. Curr Opin Clin
Nutr Metab Care. 2012;15:374.
Ryan MC, Abbasi F, Lamendola C, et al. Serum
alanine aminotransferase levels decrease further
with carbohydrate than fat restriction in insulinresistant adults. Diabetes Care. 2007;30:1075-80.
Shils ME, Shike M. Modern Nutrition in Health
and Disease. Lippincott Williams & Wilkins;
2006.
Sacks FM, Bray GA, Carey VJ, et al. Comparison
of weight-loss diets with different compositions
of fat, protein, and carbohydrates. N Engl J Med.
2009;360:859-73.
Tendler D, Lin S, Yancy WS, et al. The effect of a
low-carbohydrate, ketogenic diet on nonalcoholic
fatty liver disease: a pilot study. Dig Dis Sci.
2007;52:589-93.
Jornayvaz FR, Jurczak MJ, Lee H-Y, et al. A
high-fat, ketogenic diet causes hepatic insulin
resistance in mice, despite increasing energy
expenditure and preventing weight gain. Am J
Physiol Endocrinol Metab. 2010;299:E808-E15.
Johnston CS, Tjonn SL, Swan PD, et al. Ketogenic
low-carbohydrate diets have no metabolic
advantage over nonketogenic low-carbohydrate
diets. Am J Clin Nutr. 2006;83:1055-61.
de Koning L, Fung TT, Liao X, et al. Lowcarbohydrate diet scores and risk of type 2
diabetes in men. Am J Clin Nutr. 2011;93:844-50.
Fung TT, van Dam RM, Hankinson SE, et al.
Low-carbohydrate diets and all-cause and causespecific mortality: two cohort studies. Ann Intern
Med. 2010;153:289-98.

57

