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Abstract Over the last few years, consistent data have
demonstrated that creatine (Cr) supplementation prevents
the accumulation of fat in rat liver as well as the progression
of fatty liver disease in different situations. Studies have
demonstrated that Cr is effective and prevents fatty liver in
high-fat and choline-deficient diets and in hepatoma cells
in vitro. Because Cr synthesis is responsible for a consid-
erable consumption of hepatic methyl groups, studies have
tested the idea that Cr supplementation could modulate
phospholipid formation and VLDL secretion. Studies have
also demonstrated Cr is able to modulate the expression of
key genes related to fatty acid oxidation in hepatocyte cell
culture and in rat liver. However, to date, the mechanism
by which Cr exerts protective effects against fatty liver is
poorly understood. Therefore, the present review aims to
summarize the studies involving the therapeutic use of Cr
supplementation on fatty liver disease and to explore the
mechanisms involved in one-carbon and fatty acid metab-
olism for the preventive effects of Cr supplementation on
fat liver accumulation. Although a small number of studies
have been conducted to date, we consider Cr as a new and
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Abbreviations

AMPK AMP-activated protein kinase

BHMT Betaine-homocysteine S-methyltransferase

CK Creatine kinase

DNL De novo lipogenesis

MCcA McArdle

NAFLD Non-alcoholic fatty liver disease

NASH Non-alcoholic steatohepatitis

NEFA Non-esterified fatty acids

PE, PEMT Phosphatidylethanolamine
N-methyltranferase

PL Phosphatidylcholine

SAH S-adenosylhomocysteine

SAM S-adenosylmethionine

TAG Triacylglycerols

Introduction

Creatine (Cr) is one of the most popular supplements pro-
posed as an ergogenic aid since Harris et al. (1992) demon-
strated Cr supplementation increases muscle Cr and phos-
phocreatine (PCr) content. Over the last few years, interest
in Cr supplementation has increased markedly in the medi-
cal field because of the beneficial effects found in a number
of muscular and neurological diseases including McArdle
disease, Duchenne dystrophy, myasthenia gravis, myo-
trophic lateral sclerosis and Parkinson’s disease (Gualano
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et al. 2010, 2011; Wallimann et al. 2011). Considering the
therapeutic effects demonstrated in some human metabolic
disorders as dyslipidemia (Earnest et al. 1996) and type 2
diabetes (Gualano et al. 2011; Alves et al. 2012), we have
tested Cr supplementation in animal models of fatty liver.

Fatty liver is the early stage of nonalcoholic fatty liver
disease (NAFLD), a multi causal disease that includes a
pathologic spectrum ranging from simple accumulation of
lipids in the liver to nonalcoholic steatohepatitis (NASH),
liver fibrosis, cirrhosis, and hepatocellular carcinoma (Tilg
and Moschen 2010). NAFLD is frequently accompany-
ing by obesity, insulin resistance and dyslipidemia; how-
ever, the arising and progression of NAFLD is still poorly
understood (Schwenger and Allard 2014). Recent studies
have proposed that inflammation and/or fibrosis determine
the long-term prognosis of the disease (Tilg and Moschen
2010). So far, there is no specific treatment for NAFLD or
a single drug to address its related comorbidities (Hardy
et al. 2015). Most NAFLD therapies include administration
of antiobesity drugs, insulin-sensitizing medications and
lipid-lowering agents as sibutramine, PPARy agonists (thi-
azolidinediones), metformin and statins (Gawrieh and Cha-
lasani 2015; Hardy et al. 2015). Many of these drugs are
expensive and have several known side effects, e.g., rhab-
domyolysis with statins. Last few years, findings from our
laboratory and others have demonstrated preventive effects
of Cr treatment on liver fat accumulation. Thus, the present
review aims to summarize the studies dealing with the ther-
apeutic use of Cr supplementation on fatty liver disease, to
explore the mechanisms involved and to provide perspec-
tives on this promising new therapeutic approach for fatty
liver disease.

Cr function and physiology

Cr kinase catalyzes the reaction of ATP and Cr which
results in phosphocreatine and ADP, maintaining ATP lev-
els in situations of high energy consumption (Bessman and
Carpenter 1985). In addition, this process is also responsi-
ble for the translocation of ATP from mitochondrial pro-
duction sites to the cytosol, where the bulk of ATP will be
consumed; Cr will then diffuse back to mitochondria (Wal-
limann et al. 2011). The low molecular weight of Cr and
the difference in cytosolic concentrations of the compounds
involved allow the flow of ATP to cellular sites of energy
consumption (Brosnan and Brosnan 2007).

Cr can be obtained from the diet and also be endog-
enously synthesized from amino acids. Dietary Cr comes
mainly from meat and fish and can be found in small
amounts in milk and dairy products. In human omnivores
about half of the daily Cr requirement (~1 g/day) comes
from the diet, while the rest is endogenously synthesized

@ Springer

in the liver (Brosnan and Brosnan 2007). Vegetarians have
a very low Cr intake and consequently de novo Cr synthe-
sis provides most of their needs. The endogenous synthesis
of Cr is dependent on three amino acids, glycine, arginine
and methionine (Brosnan et al. 2011) and three enzymes,
arginine:glycine amidinotransferase (AGAT), methionine
adenosyltransferase (MAT) and guanidinoacetate methyl-
transferase (GAMT). In the kidneys, AGAT facilitates the
conversion of glycine and arginine into ornithine and guani-
dinoacetate (GAA). AGAT activity seems to be the limiting
step in Cr synthesis. This enzyme is up-regulated by growth
hormone and down-regulated by dietary Cr. GAA synthesis
may be regulated by arginine levels (Brosnan et al. 2011).
An entire glycine molecule is incorporated into Cr, which
also contains an amidino group from arginine and a methyl
group from methionine. MAT catalyses the production of
S-adenosylmethionine (SAM). GAMT employs SAM to
methylate GAA to Cr. High activities of MAT and GAMT
are found in the liver which is considered the main site of
Cr synthesis (Brosnan et al. 2011). However, Cr supple-
mentation decreases AGAT activity and GAA plasma con-
centration, but not hepatic GAMT activity, which suggests
that de novo Cr synthesis is primarily regulated in the kid-
ney (da Silva et al. 2009). Cr and PCr are spontaneously
converted to creatinine, which is excreted in the urine. The
average daily creatinine excretion is estimated to be 1.7 %
of the total body Cr pool and these losses have to be sup-
plied by diet or de novo Cr synthesis (da Silva et al. 2009;
Wyss and Kaddurah-Daouk 2000).

Fatty liver disease pathogenesis

As obesity is the most important risk factor for NAFLD,
dietary habits are strongly correlated with NAFLD patho-
genesis including an excess of energy intake and the quality
of diet (Schwenger and Allard 2014). High consumption of
saturated fat, cholesterol, simple carbohydrates and a low
intake of fiber, antioxidants, vitamins and polyunsaturated
fatty acids are correlated with NASH (Musso et al. 2003;
Vos and Lavine 2013). In addition, some single-nucleotide
polymorphisms, as in patatin-like phospholipase domain—
containing three genes and in chromosome 10 are associ-
ated with NAFLD and NASH (Rotman et al. 2010).

The pathogenesis of NAFLD is still not completely
understood. A higher flow of non-esterified fatty acids
(NEFA) from adipose tissue, dietary fatty acids, decreased
lipid oxidation and lipid export from liver, and an increased
hepatic de novo lipogenesis are indicated as the possi-
ble causes of hepatic triacylglycerol (TAG) accumulation.
More than a decade ago, Day and James (1998) proposed
the two-hit model of NAFLD progression, suggesting that
hepatic lipid accumulation is the first “hit” and the increase
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in oxidative stress and lipid peroxidation as the second
“hit”. More recently, Tilg and Moschen (2010) proposed a
‘multiple parallel hits hypothesis’ suggesting that inflam-
mation mediators derived from a number of parallel pro-
cesses and different tissues, especially adipose tissue and
gut, play a key role in the development of liver inflamma-
tion and NAFLD progression evidencing the complexity of
the disease and its treatment.

Hepatocytes can take up NEFA from the bloodstream
and these, together with fatty acids derived from endoge-
nous lipogenesis, may be esterified to TAG. Subjects with
insulin resistance have higher levels of circulating NEFA
due to a lower suppressive effect of insulin in adipocytes
(Lewis et al. 2002). NEFA from adipose tissue are thought
to be the main source for hepatic TAG synthesis in NAFLD
subjects followed by fatty acids produced by de novo lipo-
genesis (DNL) (Donnelly et al. 2005; Kumashiro et al.
2011).

DNL is a metabolic pathway in which excess carbohy-
drates are converted to fatty acids. Insulin activates sterol
regulatory element binding protein 1c (SREBP-1c), a tran-
scription factor that promotes the expression of lipogenic
genes, such as acetyl-CoA carboxylase and fatty acid syn-
thase, key enzymes in fatty acid synthesis. Hepatic insu-
lin resistance is characterized by an impairment of insulin
signaling to downregulate hepatic gluconeogenesis. There-
fore, excess glucose becomes available for conversion into
fatty acids through DNL (Kawano and Cohen 2013). More-
over, NEFA can activate cytochrome P450 activity, oxida-
tive stress and lipid peroxidation (Postic and Girard 2008;
Lewis et al. 2002). The progression of NAFLD is related
to an increase in lipid peroxidation, activation of hepatic
stellate cells, collagen production and fibrogenesis. Mito-
chondrial dysfunction may also increase oxidative stress in
steatotic livers; NAFLD and insulin resistance are associ-
ated with decreased mitochondrial respiratory capacity in
animal models (Garcia-Ruiz et al. 2013).

Peroxisome proliferator-activated receptor (PPAR)
alpha (PPARa) is a transcription factor highly expressed
in liver, heart and brown adipose tissue that increases
mitochondrial and peroxisomal B-oxidation and down-
regulates inflammatory genes (Jay and Ren 2007). PPAR«a
is less expressed in animal models of NAFLD (Tailleux
et al. 2012 and PPARa knockout mice have increased sus-
ceptibility to develop NASH (Abdelmegeed et al. 2011).

PPARY has a central role in adipose tissue metabolism,
enhancing adipogenesis, fatty acid uptake and esterifica-
tion. White and brown adipose tissues are the sites where
PPARYy is largely expressed (Ahmadian et al. 2013).
Although the hepatic effects of PPARy are not clearly
defined, hepatic PPARY inactivation reduced liver steato-
sis in mice fed high fat diet and in a lipoatrophic mouse
model (Gavrilova et al. 2003).

The treatment of NAFLD should address lifestyle
changes first. Weight loss and exercise are capable of ame-
liorating insulin resistance and reducing fatty liver (Lar-
son-Meyer et al. 2006; Johnson and George 2010). Sev-
eral drugs, especially insulin-sensitizing agents, have been
tested in NAFLD subjects. Metformin and thiazolidinedi-
one may decrease fatty liver; however, more research is
necessary to clarify their benefits and possible side effects
(Schwenger and Allard 2014; Musso et al. 2010; Lavine
et al. 2011). Omega-3 polyunsaturated fatty acids, vitamin
E, ursodeoxycholic acid and probiotics have been used in
human trials (Schwenger and Allard 2014; Musso et al.
2010; Scorletti et al. 2014). In addition, supplementation of
betaine has been shown to decrease hepatic fat and oxida-
tive stress (Kharbanda et al. 2007; Deminice et al. 2015a).
Recently, Cr supplementation has been shown to prevent
fatty liver in animal models of NAFLD together with the
modulation of the expression of genes in one-carbon and
fatty-acids metabolism (Deminice et al. 2011, 2015b).

Cr supplementation prevents fatty liver

Over the last few years, consistent data have demonstrated
that Cr treatment/supplementation may decrease the accu-
mulation of fat in the liver as well as the progression of
fatty liver disease in different situations (Table 1). The
first evidence for a protective effect of Cr supplementa-
tion against fatty liver disease was reported by Demince
et al. (2011), who demonstrated that 1 % Cr added to the
diet prevented hepatic fat accumulation, TAG and lipid
peroxidation induced by 3 weeks of high-fat diet in rats.
The effects of Cr supplementation on liver fat were clearly
evident in the Oil-Red-O—stained histological sections as
presented in Fig. 1. These results were novel and suggested
that Cr may exercise therapeutic properties on hepatic lipid
metabolism.

Table 1 Studies that provided evidence for a Cr-related, protective effect against fat accumulation in the liver

References Effect

Deminice et al. (2011)
da Silva et al. (2014)
Deminice et al. (2015a)

Cr supplementation prevents liver fat accumulation from 3 weeks of high-fat diet in rats
Cr treatment reduces hepatic triglyceride synthesis and accumulation in McArdle cells

Cr supplementation prevents liver fat accumulation and liver oxidative stress from 4-week choline-deficient diet in rats
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Fig.1 Cr supplementation prevents liver fat accumulation and lipid
peroxidation in rats fed a high-fat diet. Total hepatic fat (a), liver tri-
glycerides (b), liver TBARS (c¢) and liver sections stained with Oil-

The pioneering data of Deminice et al. (2011) were con-
firmed later by da Silva et al. (2014) and Deminice et al.
(2015b) using two different approaches. da Silva et al.
(2014) employed oleate-treated McArdle RH-7777 rat
hepatoma cells (McA cell) to investigate the role of Cr
in regulating hepatic lipid metabolism. Cr reduced cel-
lular TAG accumulation by 40-60 % in cells incubated
with oleate concentrations ranging from 0.1 to 0.4 mM.
This study presented important new information about
the protective effects of Cr on the accumulation of fat in
the liver: (1) the protective effect on lipid metabolism is
specific to Cr and cannot be duplicated by similar struc-
tural compounds; (2) the triglyceride reduction observed
in McA cells after Cr treatment was dose-dependent; and
(3) incubating cells with the pan-lipase inhibitor diethyl
p-nitrophenylphosphate (E600) did not diminish the effect
of Cr, demonstrating that the TAG reduction brought about
by Cr does not depend on lipolysis. da Silva et al. (2014)
proposed that the protective role of Cr is associated with
increased fatty acid oxidation and TAG secretion.

One year later, Deminice et al. (2015b) fed a choline-
deficient diet to rats for 4 weeks. They found that Cr pre-
vented the accumulation of fat in the liver, hepatic oxidative
stress and increased levels of plasma TNF-a and homocyst-
eine. Changes in key genes of P-oxidation may explain
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red-O (d). Rats were fed control (¢), high-fat (HF), or HF diet sup-
plemented with Cr (HFC) for 3 weeks. From Deminice et al. (2011)
with permission

the protective effect of Cr against fatty liver induced by a
choline-deficient diet in rats. Taken together, these results
provide a body of evidence that Cr is effective in protecting
against hepatic fat accumulation in vitro and in studies in
rodents.

Interestingly, studies from Choe et al. (2013) and Stock-
ebrand et al. (2013) have demonstrated that Cr deficiency
protected mice from hepatic and adipose tissue fat accu-
mulation when exposed to high-fat diet for 8-10 weeks.
AGAT-deficient mice had severe phosphocreatine reduction
and paradoxically were protected against hepatic fat accu-
mulation induced by a high-fat diet. These mice showed
chronic AMP-activated protein kinase (AMPK) activation,
which may protect against increased adiposity induced by a
high-fat diet. However, the AGAT-deficient mice presented
with markedly reduced body weight mass, lower body
fat content, increased diet intake, lower locomotor activ-
ity, reduced body tension and severe scoliosis (Choe et al.
2013). Furthermore, the AGAT-deficient mice did not gain
weight when fed a high fat diet. These remarkable abnor-
malities highlight the importance of Cr and (P)Cr in body
homeostasis and suggest that AGAT-deficient mice are
not an ideal model to study such comorbidities, related to
energy metabolism, as NAFLD (Choe et al. 2013; Stock-
ebrand et al. 2013).
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Does altered one-carbon or fatty acid metabolism
account for the preventative effects of Cr
supplementation on liver fat accumulation?

Although the benefits presented above, the mechanism by
which Cr supplementation prevents hepatic fat accumula-
tion is not totally known. Studies have based their hypoth-
esis in two metabolic pathways: the modulatory capacity
of Cr supplementation on methyl balance and fatty acid
metabolism. Effects of Cr in these pathways are detailed
below.

Methyl balance modulation has a limited role
in the prevention of liver fat accumulation by Cr
supplementation

Hepatic SAM is a universal donor of methyl groups for the
methylation of many compounds, including DNA, RNA,
hormones, neurotransmitters, phospholipids (PL), proteins
and others (Selhub 2002). Decreased hepatic SAM levels
play a key role in liver fat accumulation and in the progres-
sion of fatty liver disease (Noureddin et al. 2015). Methio-
nine and choline deficient diets have long been employed
to study the mechanisms of fatty liver disease and its pro-
gression in rodents (Ghoshal et al. 1983). Methionine-
and/or choline- deficient diets cause decreased SAM and
increased accumulation of triglycerides in the liver (Cabal-
lero et al. 2010) as well as increased plasma homocyst-
eine concentration and hepatic oxidative stress (Deminice
et al. 2015b). In contrast, supplementation with methyl
donors (e.g., S-adenosylmethionine, choline, betaine) pre-
vents these perturbations (Kwon do et al. 2009; Deminice
et al. 2015b; Al Rajabi et al. 2014). This is attributed to
the fact that SAM is required for the synthesis of PL via
phosphatidylethanolamine N-methyltransferase (PEMT);
PC is an essential component of VLDL (Li et al. 2006).
Studies using diets deficient in methyldonors have shown
impaired SAM availability and PL synthesis which reduces
the hepatic secretion of VLDL, resulting in hepatic TAG
accumulation (Jacobs et al. 2008; Vance 2013). In addition,
PEMT knockout mice have severe steatosis (Jacobs et al.
2010) and humans with PEMT gene (V175M) polymor-
phism exhibited increased susceptibility to NASH (Song
et al. 2005). Indeed, impaired hepatic PL synthesis via
PEMT plays a role in hepatic fat accumulation and NASH
progression (Li et al. 2006; Jacobs et al. 2008).

Cr is also a methylated compound and Cr synthesis
requires a SAM molecule (Brosnan et al. 2011). Because
Cr synthesis is responsible for a considerable consumption
of hepatic SAM, it has been shown that Cr supplementa-
tion modulates methyl balance and decreases Hcy forma-
tion (Stead et al. 2001, 2006; Edison et al. 2007; Deminice
et al. 2009). Cr supplementation increases intramuscular

and liver Cr concentration, promotes a remarkable (~90 %)
down-regulation of renal AGAT activity in the rat and
decrease in GAA availability (Deminice et al. 2011; Edison
et al. 2007); moreover, Cr supplementation reduces endog-
enous Cr and homocysteine synthesis, (Stead et al. 2001;
Edison et al. 2007; Deminice et al. 2009, 2011). Stead et al.
(2001) showed that methylation demand and homocysteine
formation are down-regulated in rats fed 0.4 % Cr, and up-
regulated when fed 0.36 % GAA diet. Homocysteine lev-
els were reduced by 25 % by Cr, and increased by 50 %
by GAA, while plasma Met levels were unchanged (Stead
et al. 2001). Stead et al. (2006) after a reevaluation of the
methyl balance concluded that Cr and PL synthesis are
both major consumers of SAM in the human liver.

As Cr and PL consume SAM from the same hepatic
pool, Deminice et al. (2011) first hypothesized that sup-
pression of Cr synthesis by Cr supplementation could cause
a sparing effect on hepatic SAM; this would be expected
to increase PL formation via PEMT, enhance VLDL secre-
tion and prevent hepatic fat accumulation in rats exposed to
a high-fat diet. This hypothesis was based on earlier stud-
ies with betaine supplementation, which increases SAM
availability, regulates PL synthesis and normalizes VLDL
assembly (Kharbanda et al. 2007), thereby preventing both
non-alcoholic and alcoholic fatty liver. However, these pro-
tective effects of Cr supplementation could not be totally
explained by modulation of methyl balance and consequent
increase in SAM availability. Cr supplementation prevented
the decrease in hepatic SAM caused by high-fat diet; how-
ever, PL levels and PEMT mRNA were unaltered (Demi-
nice et al. 2011). Data from da Silva et al. (2014) corrobo-
rate with these findings while McA RH-7777 cells neither
expresses PEMT nor enzymes responsible for the GAA
synthesis, however, had TAG synthesis and accumulation
decreased when treated with Cr. Deminice et al. (2015b)
demonstrated Cr supplementation prevented hepatic fat
accumulation of rats fed a choline-deficient diet, without
changes in PEMT gene expression, liver PL levels or tri-
glyceride transfer protein (MTP). These results also argue
against the hypothesis that the modulation of one-carbon
metabolism by Cr supplementation could explain the pro-
tective effects against fatty liver.

Cr supplementation prevents fatty liver by modulation
of fatty acid metabolism

Because of the inconclusive results on the mechanism by
which Cr prevented liver fat accumulation in the differ-
ent situations presented above, studies have examined the
specific effects of Cr supplementation on lipid metabo-
lism, particularly on fatty acid oxidation. These studies
evaluated the abundance of genes involved in fatty acid and
phospholipid metabolism (Deminice et al. 2011, 2015b; da
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Silva et al. 2014). Their results demonstrated that rats fed
high-fat diet had reduced PPARa mRNA levels as well as
those of its targets CPT1a, LCAD and CD36 compared to
controls, and that these changes were reversed by Cr sup-
plementation. A high-fat and choline-deficient diet down-
regulated PPARa gene expression as well as some of their
downstream targets involved in fatty acid oxidation includ-
ing UCP2, PGCla, LCAD and CPT1; these were all nor-
malized to control levels in rats fed a Cr supplemented
diet (Deminice et al. 2011, 2015b). PPARa and PPARYy
are both important regulators of lipid metabolism and play
a crucial role in the progression and pathophysiology of
fatty liver disease (Takasawa et al. 2008; Matsusue et al.
2003; Gavrilova et al. 2003; Zhang et al. 2015). PPAR«-
null mice exhibited both hepatic steatosis and decreased
expression of transcripts involved in fatty acid oxidation
(Gao et al. 2015). da Silva et al. (2014) demonstrated that
Cr treatment directly regulate lipid metabolism; promoting
increased PPARa, CPT1a in oleate-treated McA RH-7777
rat hepatoma cells. This, however, was not found when Cr
analogs were used (creatinine and GAA). Recently, Kazak
et al. (2015) provided evidence that Cr metabolism regu-
lates energy expenditure in both beige and brown adipose
tissue. Using a proteomic approach, they demonstrated an
up-regulation of GAMT and mitochondrial CK (CKMT2)
gene expression and CK activity in beige-fat mitochondria
of mice exposed to 4 °C. UCP1 deficient mice (UCP177)
gradually acclimated to 4 °C showed increased expression
of genes related to thermogenesis, as Dio2 and Pgc-la.
Furthermore, genes related to Cr metabolism had increased
expression showing an up-regulation of Cr metabolism as
a compensatory mechanism to maintain thermogenesis in
the UCP1~/~ mice. In addition, Cr was able to increase res-
piration of beige-fat mitochondria when ADP was limiting
(Kazak et al. 2015). These prominent results suggest that
manipulation of energy expenditure using Cr metabolism
target drugs or Cr supplementation may be a new approach
to treat subjects with metabolic diseases (Kazak et al.
2015).

Activation of AMPK has also been speculated as a possi-
ble anti-fatty liver mechanism of Cr supplementation. Ced-
dia and Sweeney (2004) demonstrated a significant ~2-fold
increase in the phosphorylation of both a-1 and a-2 AMPK
isoforms after Cr supplementation. Additionally, it has
been demonstrated that changes in PCr:Cr ratio modulates
AMPK activity (Pontikos et al. 1998). AMPK is known as
a fatty acid metabolism modulator, including hepatic lipid
metabolism (Viollet et al. 2009). Metformin and the thia-
zolidinediones (antidiabetic and obesogenic drugs), alle-
viate fatty liver in humans and rodents by downregulating
lipid metabolism through AMPK activation (Zhou et al.
2001). However, da Silva et al. (2014) demonstrated that
Cr treatment did not alter AMPK nor lipase activity in
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oleate-treated McA RH-7777 rat hepatoma cells. There-
fore, the protective effects of Cr mediated AMPK activation
must be better investigated.

Conclusions

In conclusion, recent studies in vivo and in vitro have dem-
onstrated that Cr treatment prevents liver fat accumulation,
hepatic inflammation and, i.e., oxidative stress, perturba-
tions involved in the progression of fatty liver disease. The
effects of Cr do not appear to be explained by modulation
of methyl balance. Novel results, however, demonstrate
that Cr substantially modulates the expression of transcrip-
tion factors (PPARa and PPARY), and of key genes related
to fatty acid metabolism. These data suggests a possible
mechanism whereby Cr supplementation prevents liver
fat accumulation through the modulation of fatty acid
metabolism.

Currently, there is no approved drug therapy for fatty
liver disease and the optimal treatment remains uncertain.
Most treatments include administration of antiobesity
drugs, insulin-sensitizing medications and lipid-lowering
agents such as sibutramine, PPARy agonists (thiazolidin-
ediones), metformin, vitamin E and statins. Many of these
drugs are expensive and have several known side effects,
e.g., some thiazolidinediones have demonstrated weight
gain, bone loss/fracture risk, increased risk of myocardial
and bladder cancer (Hardy et al. 2015). In addition, other
drug treatments are still on debate e.g. statins (Pastori et al.
2015). Cr supplementation has already shown to elicit ben-
eficial effects on glucose metabolism in diabetic subjects
(Alves et al. 2012; Gualano et al. 2011) and in blood lipids
in hyperlipidemic subjects, (Earnest et al. 1996). Recent
findings indicate that Cr supplementation may prevent liver
fat accumulation, classifying Cr as a promising therapeutic
approach for fatty liver disease and related metabolic dis-
turbances. Future studies must address the dose, safety and
efficacy of Cr supplementation in NAFLD subjects, both as
a single treatment and combined with lifestyle changes.
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