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Abstract Non-alcoholic fatty liver disease (NAFLD) is a non-communicable and a most common form of liver
disease, and has strong ties with obesity epidemic. The pathophysiology of Non-alcoholic fatty liver disease
(NAFLD) is complex and multifactorial, which makes the diagnosis difficult. On the basis of previous and recent
published data, key characters could be proinflammatory cytokines and chemokines that are products of adipose
tissue, namely inflammatory cells infiltrating the adipose tissue. In this review we will be discussing the role of
adipokines in NAFLD and their interaction with the nutrients in the diet.
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1. Introduction

NAFLD is characterized by excess fat accumulation in
the liver with no history of alcohol abuse and in absence
of other causes of secondary hepatic steatosis [1]. It is one
of the most common chronic liver diseases. In the year
1981, NAFLD was firstly used as an umbrella term for a
condition identified in pregnant women [2]. It describes a
spectrum of diseases ranging from a simple benign fatty
liver (hepatic steatosis) to nonalcoholic steatohepatitis (NASH),
to progressive fibrosis and cirrhosis [3]. The pathogenesis
of NAFLD is not fully understood and the earlier “two hit”
theory involving two step process i.e. accumulation of
triglycerides (first hit) and increased oxidative stress in
hepatocytes (second hit) has now become obsolete and is
not fully capable of explaining the metabolic and molecular
changes taking place in the NAFLD. Therefore, the
new multiple hit hypothesis involving multiple factors
including role of insulin resistance, adipokines, nutritional
factors, genetic and epigenetic factors leading to the more
precise explanation of the NAFLD pathogenesis [4] has
been recently introduced.

NAFLD was also found to have a strong tie with obesity
epidemic, and its prevalence has been increasing in close
relation to the increasing prevalence of obesity, diabetes
and metabolic syndrome (MS) [5] with insulin resistance
and visceral obesity as a central pathogenic factor. Visceral
obesity is also marked by low grade systemic inflammation
and exhibit increased production of inflammatory markers [6].

2. Relationship between Adipokine and
NAFLD

Adipose tissue is considered to be the major and

possibly the largest endocrine organ with a network of
signaling pathways enabling the organism to adapt to a
wide range of metabolic challenges, ability to synthesize
variety of hormones, growth factors collectively called as
cytokines with multi-potent effect on health and disease
[7]. It releases adipokines which has local, peripheral
and central effects and has a key role to play in energy
balance of the body. Adipokines includes peptides,
mainly but not exclusively, produced by adipocytes
(e.g. Adiponectin and Leptin). Adipose tissue also produces
other peptides, which are mainly but not exclusively
produced by immune cells infiltrating adipose tissue [e.g.
tumor necrosis factor (TNF)-o, interleukin (IL)-6] or
endothelial cells of adipose tissue [8]. Adipose tissue
releases numerous immune cells, including macrophages,
B-cells, T-cells and neutrophils, obesity influences both
the quantity and the nature of immune cell subtypes; when
adipose tissue expands, it is infiltrated by more and
different immune cells, which increase the burden of
low-grade, but chronic inflammation of adipose tissue
[9] Adipokines also have a pivotal role to play in the
pathogenesis and severity of liver disease. In NAFLD,
hypertrophied adipocytes release cytokines which stimulate
pro-inflammatory and anti-inflammatory adipokines [10],
which in turn modulate the steatosis, inflammation and
fibrosis by interfering with the hepatic injury associated
with the fatty infiltration [11]. In the current review
we will be discussing the role of most prominent
adipokines-adiponectin, leptin, resistin and visfatin and
their interaction with diet in NAFLD.

2.1. Adiponectin

Adiponectin (named after adipose tissue) is secreted by
adipose tissue and it is one of the most abundant
adipokine, although apart from mature adipocytes, it can
also be produced by other cells like hepatocytes in
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response to hepatic injury, therefore it is considered to
have an anti-inflammatory effect in NAFLD [12].
Adipocytes also have an anti steatotic effect as they
increase energy consumption and free fatty acid oxidation
in the hepatocytes by reducing hepatic triglyceride content,
thereby improving the insulin sensitivity [13]. However,
unlike other adipocytokines, adiponectin levels decrease
in the diseased state causing hypoadiponectinemia. Low
levels of adiponectin are found to be associated with
visceral obesity, insulin resistance and dyslipidemia [14],
which also suggests its possible association with the
Metabolic Syndrome. Study done by Weyer et al, [15]
also found decreased plasma concentrations of adiponectin
in Japanese individuals with obesity, T2DM and CVD.

2.1.1. Interaction with Lipids and Carbohydrates

There is a growing body of evidence suggesting
the role of adiponectin in the regulation of both fat and
carbohydrate metabolism in body [16]. The effects on
carbohydrate and lipid metabolism are associated with
elevated phosphorylation of 5'-AMP-activated protein
kinase in liver and elevated expression of peroxisomal
proliferator-activated receptor gammaz2, caveolin-1, and
mitochondrial markers in white adipose tissue [17].

Several other studies have examined the effect of fatty
acids, dietary proteins, carbohydrate with low glycemic
index and consumption of foods rich in fiber as well as
high-fat diet on adiponectin concentration [18,19].

Several studies suggest that dietary composition in
NAFLD should be such that it is targeted for the weight
reduction as weight loss is safe for the liver and has a
protective effect on cardio metabolic health of the liver
patients [20,21]. Weight loss also has a positive
association with concentration of adiponectin [22]. A
cohort study conducted in 2008, indicated a strong direct
relationship between adherence to heathy eating pattern
and adiponectin levels [23]. Low levels of adiponectin are
directly related to the small dense LDL, high apo B and
triglyceride levels [14]. Adiponectin also has a close
relation to insulin levels in the body. When insulin levels
are marginal, adiponectin is critical for insulin signaling,
endocytosis, and lipid uptake in subcutaneous white
adipose tissue. In the absence of both insulin and
adiponectin, severe lipoatrophy and hyperlipidemia
worsens the condition [24]. A recent study conducted on
mice indicates that acute loss of adiponectin is especially
detrimental to lipid homeostasis, both under basal and
insulinopenic conditions [25].

Therefore, studies suggest that long term treatment with
adiponectin improves triglyceride content and insulin
sensitivity of patients with NAFLD [16]. Similarly, in an
animal model, a daily administration of very low dose of
adipocytokine to the mice, consuming a high fat/sucrose
diet caused profound and sustainable weight reduction
without altering the food intake [26].

2.1.2. Interaction with N-3 PUFA

It is very well established that omega-3 PUFA may
reduce plasma triglyceride (TG) level, arrhythmias,
oxidative stress, inflammation, and improve endothelial
dysfunction [27]. Variations in dietary lipid consumption
have shown to impact obesity. Specifically, omega-3 fatty
acids have been correlated with the prevention of obesity

and subsequent development of chronic disease sequalae
[28]. Accordingly, in a randomized controlled trial (RCT)
conducted on 64 overweight and obese women,
supplementation with Omega-3 fatty acids significantly
increased serum levels of adiponectin and on the other
hand significantly decreased glucose, insulin homeostatic
model assessment for insulin resistance total cholesterol
and low-density lipoprotein cholesterol compared with
placebo [29]. Similar to this, a study conducted by Kondo
et al [30], found that consumption of fish oil for 8 weeks
improved serum adiponectin levels in young non-obese
females. Experiments done in animal models also suggests
that shifting the source of fat to fish oil not only improved
plasma levels of adiponectin but also reversed insulin
resistance and dyslipidemia without altering the gene
expression [31].Similarly, meta-analysis of 14 placebo
controlled RCTs also suggest that the fish oil moderately
increases adiponectin levels but it does not support
possible benefits of fish oil supplementation on insulin
sensitivity and adipocyte function [32]. Mechanisms
involved in the stimulatory action of n-3 PUFA on
adiponectin involving the up-regulation of adiponectin
secretion by fish oil in vivo, is mediated by a peroxisome-
proliferator activated receptors (PPARg)-dependent and
PPARa-independent manner in mice epididymal fat [33].
Activation of PPARy results in increased insulin
sensitivity in skeletal muscle and liver and improves the
secretory profile of adipose tissue, thereby favoring
release of adipokines which favors insulin secretion, such
as adiponectin, and reducing inflammatory cytokines [34].

2.2. Leptin

Leptin is a non-glycosylated protein, mainly produced
by adipocytes and plays a dual role as a hormone and
cytokine [35]. As a hormone it influences multiple
endocrine functions and bone metabolism, in addition to
the key function of regulating energy homeostasis by
thermoregulation, whereas as a cytokine it promotes
inflammatory responses. Leptin plays a role in the
regulation of food intake, energy expenditure, body fat
storage and insulin signaling [14]. Leptin has a potential
dual action on NAFLD experimental models, exerting a
possible anti-steatotic, but also a proinflammatory and
profibrogenic action. Leptin levels are found to be higher
or similar between simple steatosis and nonalcoholic
steatohepatitis [NASH] compared with controls [12].

With regard to the role of leptin in inflammation and
immunity, the expression of leptin is increased in
conditions that are associated with the release of pro-
inflammatory cytokines, such as acute inflammatory
conditions during sepsis [36]. In human adipose tissue,
TNFa and IL-6 increases leptin mRNA only when added
together with dexamethasone. It has been suggested that
the increase in local cortisol and inflammatory cytokines
in adipose tissue may contribute to higher leptin mRNA
levels in obese subjects and to higher leptin levels
observed after endotoxin administration [37].

2.2.1. Interaction with Carbohydrates

Leptin levels increases immediately after ingestion of
meal, and post prandial levels are higher after intake of
carbohydrate meal than an isoenergetic fat meal [38].



World Journal of Nutrition and Health 32

Similarly, another study shows that a carbohydrate free
diet resulted in 19 percent decrease in overnight fasting
leptin concentration and it decreased to 54 percent with
total starvation. However, Koutsari et al [39] found that
daily moderate intensity exercise suppresses fasting and
post prandial leptin levels even after consumption of high
carbohydrate diet, with insulin acting as an important
modulator for leptinemia. It has been found that the
quality of carbohydrates in the diet also holds an equal
importance as diets rich in foods with high glycemic index
are associated with high grade liver steatosis [40],
increased hepatic fat and glycogen stores [41]. Similarly
diets rich in sucrose have been shown to increase post
prandial leptin levels [42], affecting leptin’s ability to
serve as an effective satiety signal. However, the diets
restricted in energy, consumed during weight loss regimes
may contribute to the strong propensity for weight regain
as low levels of leptin during energy restriction is found to
be associated with increased hunger sensation in humans
[43].

2.2.2. Interaction with N-3 PUFA

Evidence suggests that marine PUFAs i.e fish oil, algal
oil is likely to have a beneficial effect in the treatment of
NAFLD [44] as intake of n-3 PUFAs have an effect on
lowering serum triglycerides [45] and slightly lowering
blood pressure [46]. N-3 PUFA has an ability to modulate
leptin gene secretion and expression [47]. The underlying
mechanism regulating the changes in leptin secretion was
explained by Mueller et al, [48], and they reported that
glucose transport and metabolism are important factors in
the regulation of leptin expression and secretion and that
the effect of insulin to increase adipocyte glucose
utilization is likely to contribute to insulin-stimulated
leptin secretion. Eicosapentaenoic acid (EPA), one of the
n-3 PUFA has the ability to stimulate leptin m-RNA
expression and secretion.  Furthermore, insulin shifts
glucose metabolism from anaerobic metabolism to lactate
to mitochondrial oxidation, and this effect may contribute
to insulin-mediated leptin production, since anaerobic

glucose metabolism does not increase leptin secretion [49].

Like insulin, EPA also stimulates leptin production by
increasing the non-anaerobic/oxidative metabolism of
glucose [50]. A RCT by Ramel et al [51], studied the
effects of n-3 PUFA on leptin levels in human subjects
and have shown that the inclusion of either lean [150 g
cod, three times per week] or fatty fish (150 g salmon, three
times daily), or six fish oil capsules (approximately 3 g/d
containing EPA + DHA) as part of an energy-restricted
diet resulted in approximately 1 kg more weight loss,
which was accompanied by a decrease in fasting insulin
and leptin levels. Similar effect was seen in an animal
model where dietary fish oil also positively regulated the
plasma leptin levels in sucrose fed insulin-resistant rats
[31].

2.3. Vistafin

Vistafin [term derived from visceral fat] was identified
as an adipokine that was highly expressed in visceral fat of
human subjects and rodents, whose plasma circulating
levels were positively correlated with the size of visceral

fat depots. Vistafin has also been shown to have
intracellular  enzymatic  activity, as nicotinamide
phosphoribosyl-transferase (NAMPT), catalyzing the rate
limiting step in nicotinamide adenine dinucleotide
(NAD) thereby regulating growth, apoptosis, angiogenesis
and cellular energy metabolism [47]. Vistafin is produced
by many tissues and has a wide range of involvement in
many disorders like metabolic, inflammatory and immuno
deficiency disorders [52]. It also plays a role in
modulating glucose and lipid metabolism [53] and
circulating vistafin levels were found to be positively
associated with insulin resistance [54].

2.3.1. Interaction with N-3 PUFA

A study by Echarri et al, [55] shows that the oral
supplementation of EPA ethyl ester (1 g/kg) during 35
days was able to prevent the decrease of vistafin gene
expression observed in high fat diet-induced obese rats.
Moreover, an inverse relationship with the homeostatic
model assessment index was found, suggesting that the
insulin-sensitizing effects of EPA could be related to its
stimulatory action on vistafin gene expression in visceral
fat. Other studies have reported the ability of dietary fatty
acids to modulate vistafin gene expression. Wen et al, [53]
reported that in contrast to EPA, palmitate and oleate
(0.125-1Mm) down-regulated vistafin mMRNA gene expression
in 3T3-L1 adipocytes. Moreover, this down-regulation of
vistafin was mentioned as a potential mechanism to
directly induce insulin resistance by oleate and palmitate
in vitro.

2.4. Resistin

Resistin  (named after “resistance to insulin”) an
adipocyte-specific hormone, has been suggested to be an
important link between obesity, insulin resistance and
diabetes. Although its expression was initially defined in
adipocytes, significant levels of resistin expression in
humans are mainly found in mononuclear leukocytes,
macrophages, spleen and bone marrow cells [56]. Study in
rodents have shown the association of between resistin
and IR, hepatic steatosis, inflammation and fibrosis,
however the data remains inconclusive in humans. Study
conducted by Bajaj et al, [57] in Type Il diabetic patients
reported that upon treating these patients with pioglitazone
lead to significant decrease in plasma resistin levels, and
this decrease in resistin levels were found to be positively
corelated with the decrease in hepatic fat content &
improvement in hepatic inulin sensitivity. Another study
also reported that the over expression of hepatic resistin in
NASH patients is found to be associated with the severity
of liver inflammation and fibrosis, they also concluded
that liver derived resistin has a key role to play in
pathogenesis of human NASH [58]. On the contrary, a 7-
year prospective study showed that resistin levels either at
baseline or at the end of follow up was not at all
associated with the NAFLD development [59].Despite the
differences between rodents and humans regarding resistin
and inconclusive evidence for circulating resistin in
human NAFLD, existing data support that resistin may
play a local hepatic role in inflammation and fibrosis.
However, more studies are needed in this direction.
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3. Conclusion

Adipokines plays a key role in the pathogenesis and
severity of liver disease, as they have a substantial

contribution to the

inflammation of hepatocytes in

NAFLD via dysregulated secretion of pro-inflammatory
and anti-inflammatory cytokines such as adiponectin and
leptin. Apart from leptin and adiponectin, the association
between other adipokines and NAFLD is more obscure.
Dietary changes, specifically changes in the macronutrient
composition of the diet, are important for the regulation of
adipokines in NAFLD. Shifting from simple to complex
carbohydrates and inclusion of N-3 PUFA in our diets will
provide a relief to hepatocytes.
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