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Abstract 

Non-alcoholic fatty liver disease refers to a disease spectrum that ranges from steatosis to non-alcoholic 
steatohepatitis, which leads to fibrosis, cirrhosis and hepatocellular carcinoma. Given the increasing 
prevalence of obesity worldwide, the incidence of non-alcoholic fatty liver disease has become a world 
health problem. Non-alcoholic fatty liver disease is considered to be the hepatic manifestation of 
metabolic syndrome associated with insulin resistance, central obesity, and type 2 diabetes mellitus. 
Allegedly, insulin resistance plays a pivotal role in its pathogenesis. Here we highlight non-alcoholic fatty 
liver disease epidemiology and pathophysiology, its progression towards steatohepatitis with particular 
emphasis in liver fibrosis and participation of advanced glycation end products. The different treatments 
reported are described here as well. We conducted a search in PubMed with the terms steatohepatitis, 
steatosis advanced glycation end products, liver fibrosis and adipocytokines. Articles were selected 
according to their relevance. 

Resumen 

La enfermedad hepática no alcohólica se refiere a un espectro de enfermedades que va desde hígado 
graso, hasta esteatohepatitis y que puede cursar por fibrosis, cirrosis y hepatocarcinoma. Dado que a 
nivel mundial se ha incrementado la prevalencia de la obesidad, los cambios en el estilo de vida y la 
alimentación desbalanceada, la enfermedad hepática no alcohólica se ha convertido en un problema de 
salud pública. Se le considera como la manifestación hepática del síndrome metabólico, asociada a 
resistencia a la insulina, obesidad central, diabetes mellitus tipo 2, e hipertrigliceridemia. Se estima que 

la resistencia a la insulina, juega un papel detonador en la patogénesis de la enfermedad hepática no 
alcohólica. En este artículo se describen diferentes aspectos de la enfermedad hepática no alcohólica: 
la epidemiología, la patofisiología, su progresión hacia esteatohepatitis con particular énfasis en la 
fibrosis hepática, la participación de los productos finales de glicación avanzada, y los diferentes 
tratamientos reportados. Se realizó una búsqueda de artículos en la base de datos de PubMed con los 
términos esteatohepatitis, esteatosis, productos finales de glicación avanzada, fibrosis hepática y 
adipocinas. Los artículos fueron seleccionados por su relevancia en el tema. 
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Introduction 

Non-alcoholic fatty liver disease (NAFLD) has become a 
common condition due to the increase in the prevalence of 
obesity. First, hepatic steatosis becomes non-alcoholic 
steatohepatitis (NASH), which is the most aggressive form 
of non-alcoholic fatty liver disease. Non-alcoholic 
steatohepatitis can progress to fibrosis, cirrhosis and 
hepatocellular carcinoma [1]. The term non-alcoholic 
steatohepatitis was originally used to describe 

histopathological findings in patients with alcoholic liver 
disease but without significant consumption of alcohol (< 
20 g/day) [2]. Non-alcoholic fatty liver disease is 
considered to be the hepatic manifestation of metabolic 
syndrome. With a rapid increase in the prevalence of 
metabolic syndrome, non-alcoholic fatty liver disease has  
 
 

become the most common form of liver disease [3] and is 
considered a public health problem [4]. This review 
underlines the importance of this pathology due to its 
relation with obesity. It describes the molecular aspects 
involved in the progression of steatosis to steatohepatitis, 
as well as the main therapeutic strategies 
 

Methods 

We carried out a search for items in PubMed database, 
including personal references. Articles indexed between 
2000 and 2016 were chosen. We also selected articles from 

years prior to 2000 according to their relevance to the 
subject. Review articles, clinical trials and experimental 
studies using animal models were included. We used the 
search terms steatohepatitis, non-alcoholic liver disease, 
and adipocytokines, in combination with hepatic fibrosis, 
end products of advanced glycation, steatosis and 
steatohepatitis. 
 
Prevalence 
Non-alcoholic fatty liver disease affects 20–30% of the 
world population. It is estimated that the prevalence of 

steatohepatitis is 15–20% higher in patients with obesity. 
The prevalence of steatosis is 45% in the Hispanic 
population, 33% in the Caucasian population, and 24% in 
the African-American population. In terms of gender, the 
incidence is 42% for men and 24% for women [5]. In the 
United States, non-alcoholic fatty liver disease increased 
from 47% to 75% from 1988 to 2008, and it was not a 
coincidence that in this time period, there was a reported 
increase in the prevalence of obesity, type 2 diabetes 
mellitus, visceral obesity, resistance to insulin and 
hypertension [1]. With respect to the child population, a 
general prevalence of 7.6% has been reported, and the 

prevalence is 34.2% in children who are obese [6]. It is 
estimated that in Mexico, the prevalence can be as high as 
20% [7]; however, recent data placed it fourth with a 
prevalence of 26.1%, behind Belize and Barbados with a 
prevalence of 28% and 28.2%, respectively [8]. The lowest 
prevalence has been reported in Nigeria at 9% and Iran at 
4.1% [9]. 
 
 
 

Diagnosis 
The majority of patients are asymptomatic at the time of 
diagnosis, and usually an abdominal ultrasound indicates 
hepatic steatosis. Detection of non-alcoholic fatty liver 
disease is based on increased transaminase levels as well 
as the development of hepatomegaly. Biochemical markers 

in patients with non-alcoholic fatty liver disease include 
hyperlipidemia, hyperglycemia and hyperinsulinemia. 
Transaminase values increase with a ratio aspartate 
aminotransferase / alanine aminotransferase (AST/ALT) 
<1. When the ratio is greater than 1, it suggests 
progression to cirrhosis [10]. Other methods that are not 
invasive include elastography imaging, which measures the 
thickness of the liver to infer the degree of fibrosis. 
Magnetic resonance spectroscopy is a quantitative method 
for measuring liver fat, and its use is limited in the clinic 
due to lack of availability and high cost; however, liver 
biopsy remains the "gold standard" since it distinguishes 

between simple steatosis and fibrosis [11]. 
 
Etiology 
The etiology of non-alcoholic fatty liver disease can be 
divided into two major groups: 1) congenital, and 2) 
acquired by drugs or toxins. The first group includes type 2 
diabetes mellitus, dyslipidemia, malnutrition, obesity, 
kwashiorkor or marasmus, hereditary intolerance to 
fructose, abetalipoproteinemia, homocystinuria, 
inflammatory bowel disease, and jejunal diverticulosis. The 
etiology for drugs and toxins as causes include 
glucocorticoids, tetracyclines, puromycin, methotrexate, L-

asparaginase, estrogen and tamoxifen, among others [12]. 
 
Molecular aspects 
Development of non-alcoholic fatty liver disease is a 
complex process. It is not clear why some patients with 
non-alcoholic liver disease develop steatohepatitis while 
others do not. A possible explanation lies in genetic 
predisposition. It is estimated that 10% of patients with 
fatty liver disease progress to steatohepatitis, and of these 
patients, 8 to 26% progress to cirrhosis and hepatocellular 
carcinoma [13]. The progression towards steatohepatitis is 

an event that occurs in two steps (known as the double-hit 
theory): the first step involves the deposit of fat in the liver 
as a result of insulin resistance, and the second step 
comprises the oxidative stress of fat in the liver derived 
from the release of cytokines, as well as hyperinsulinemia 
and lipoperoxidation [14]. However, it has been reported 
that this process could be a multifactorial event [15]. The 
accumulation of fat, and primarily of triglycerides, is the 
focal point for the development of non-alcoholic fatty liver 
disease [16]. Below are described the main actors in the 
development of non-alcoholic fatty liver disease. 
 

Insulin resistance and liver lipids 
Insulin resistance is defined as a decrease in the ability to 
respond to insulin signals in the tissue, mainly skeletal 
muscle, liver, and adipose tissue. Insulin is an inhibitor of 
the production of endogenous glucose, which is altered by 
resistance to hepatic insulin [17]. Visceral fat gain is 
associated with hepatic insulin resistance since visceral fat 
is largely composed of lipids and fatty acids that are directly 
released into the vena porta. Studies on animal models 
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have indicated that the liver can accumulate lipids in a few 
weeks, and even more so in a few days. It has been 
reported that there is alteration in the synthesis and 
secretion of very low density fatty acids, as well as an 
increase in the synthesis and oxidation of fatty acids, that 
results in the development of a fatty liver [18]. 

 

Non-alcoholic fatty liver disease, metabolic 

syndrome and cardiovascular risk 

Non-alcoholic fatty liver disease primarily affects patients 
with visceral obesity, dyslipidemia, resistance to insulin, 
and altered glucose, which are common factors of metabolic 
syndrome. Because of this, it is considered to be the hepatic 

manifestation of metabolic syndrome [19]. Both disorders 
are characterized by an increase in the trend toward early 
development of the atherosclerotic process. Non-alcoholic 
fatty liver disease is a marker of the pathological 
accumulation of ectopic fat. The accumulation of drops of 
lipids in the liver decreases its efficiency in the signaling of 
insulin and also causes the generation of oxidative stress 
that leads to the activation of nuclear factor-B, causing 
inhibition of the phosphorylation of the receiver of insulin-
1 [20]. Recent evidence has suggested that non-alcoholic 
fatty liver disease is a risk factor for cardiovascular disease, 

independent of the traditional risk factors. This information 
implies that this disease can be directly involved in the 
pathogenesis of cardiovascular disease [21]. Considering 
that the potential mechanism by which non-alcoholic fatty 
liver disease increases cardiovascular risk is the 
development of inflammation in visceral adipose tissue, this 
is the main source of the flow of free fatty acids into the 
vena porta, causing the accumulation of fat in the 
liver [22]. 
 
Adipocytokines 
Cytokines have a key role in the development of the 

pathogenesis of non-alcoholic fatty liver disease. Adipose 
tissue is an anti-inflammatory metabolic organ that 
modulates the signals and metabolism of the brain, liver, 
muscle and cardiovascular system [23]. Energy 
homeostasis is maintained by the integration of metabolic 
functions, such as lipogenesis, lipolysis and the oxidation of 
fatty acids, which are mediated by adipose tissue[24]. 
White adipose tissue is related to energy balance and 
increases in obesity. The imbalance in the production of 
pro- and anti-inflammatory adipocytokines released by 
adipose tissue contributes to the pathogenesis of non-

alcoholic fatty liver disease [25]. Cytokines that are 
secreted by fat cells, such as TNF-α, TGF-b, and IL-6, are 
involved in this disease, as well as leptin and 
adiponectin [26], among others. 
 
Leptin 
Leptin is a 16 kDa peptide hormone synthesized by 
adipocytes, and it is located in the liver and skeletal 
muscle [27]. Leptin signaling is regulated by cytoplasmic 
tyrosine kinases, phosphatidyl inositol 3-kinase and protein 
kinase activated by adenosine monophosphate. Leptin acts 
in the hypothalamus to reduce the appetite [28]. 

Stimulation of leptin pathways promotes the oxidation of 
fatty acids and decreases lipogenesis. Leptin reduces the 

deposits of ectopic fat in the muscle and the liver, acts on 
the pancreas by inhibiting the secretion of insulin and 
glucagon, and promotes the homeostasis of glucose [29]. 
Although it is considered a hormone that activates 
anorexia, under certain conditions, it is increased as a 
result of resistance to its metabolic functions, as in obesity 

states. Hyperleptinemia is associated with inactivation of 
the leptin receptor. This negative regulation is observed in 
the hypothalamus and liver of obese rats [30]. In animal 
models, leptin prevents the accumulation of lipids in non-
adipose tissue. In the liver, this effect is exerted by 
decreasing the expression of the lipogenic protein sterol 
response element-binding protein [31]. In patients with 
severe lipodystrophy, treatment with leptin reversed the 
severity of non-alcoholic fatty liver disease. However, in 
patients with non-alcoholic fatty liver disease associated 
with obesity, these hormone values are increased and the 
liver does not respond to the effects of leptin. This hormone 

is involved in the progression toward steatohepatitis since 
it is related to the development of insulin resistance. 
Hepatic leptin exerts a proinflammatory response, as well 
as the expression of genes involved in hepatic fibrogenesis, 
such as procollagen-1(a), TGF-b, connective tissue growth 
factor and smooth muscle actin [32],[33]. 
 
Adiponectin 
Adiponectin is a 30 kDa hormone that is considered a 
promising candidate for the treatment of liver diseases 
because of its anti-inflammatory qualities and sensitivity to 
insulin. It decreases hepatic glucose production, increases 

glucose utilization in the muscle and increases fatty acid 
oxidation in the muscle and the liver, which together reduce 
the secretion of the pro-inflammatory cytokine IL-6, 
interleukin-8 and monocyte chemoattractant protein-1. 
Adiponectin receptors activate AMPK, p38 and proliferator 
receptor activator of peroxisome-α (PPAR-β), which in turn 
regulate the metabolism of fatty acids [34]. 
 
Low levels of adiponectin are associated with oxidative 
stress and a dysfunctional endothelium. Four groups have 
been identified: Acrp30, AdipoQ, apM1, and GBP28 [35]. 

Adiponectin has attracted attention due to its beneficial 
effects on obesity-related disorders. Hypoadiponectinemia 
is considered to be the key etiological factor associated with 
obesity. Adiponectin is assembled in various isoforms that 
include trimers, hexamers and complex oligomers. Obese 
individuals show a different adiponectin isoform distribution 
by presenting reduced complex-oligomeric content [36]. 
 
The increase in the ratio of complex oligomers to total 
adiponectin is correlated with an increase in insulin 
sensitivity during treatment with thiazolidinediones in 
patients with type 2 diabetes mellitus. An increase in the 

levels of the complex oligomeric isoform has been reported 
in patients who lost weight by calorie restriction or bariatric 
surgery. There is an inverse relationship between the levels 
of alanine transaminase and the complex oligomeric 
isoform, suggesting that the beneficial effects of 
adiponectin are mediated mainly by the complex oligomeric 
isoform. Low levels of this isoform are considered an 
important etiologic factor that links obesity with medical 
complications [36]. 
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Proliferator receptor activator of peroxisomes 
(PPARs) 
A key element in the process of lipogenesis and lipolysis in 
adipose and non-adipose tissue is mediated through the 
PPARs, which are members of the steroid/retinoid nuclear 
receptor superfamily. They act in two ways: transactivation 

and transrepression [37]. Three isoforms are known: PPAR-
α, PPAR-ɤ, and PPAR-β. PPAR-α is expressed in the liver, 

kidney, heart, muscle and adipose tissue, while PPAR-β is 
found in the brain, adipose tissue and skin. PPAR-ɤ (ɤ-2 
and ɤ-3) are expressed in adipose tissue. PPAR-ɤ is 

associated with sensitivity to insulin and with adipogenesis 
because it regulates the expression of genes involved in 

mitochondrial beta-oxidation of peroxisomes, liver, and 
skeletal muscle. PPAR-ɤ-2 is the central controller of 

adipogenesis because it favors adipocyte deposits in high-
calorie consumption. Activation of PPAR-ɤ-3 promotes the 

secretion of anti-hyperglycemic adipocytokines as 
adiponectin [38]. 
 
Hepatic fibrosis 
Hepatic fibrosis is the consequence of the formation of a 

scar in response to acute or chronic damage. During acute 
damage in the liver, architecture changes are transient and 
reversible, and there is chronic progressive replacement of 
the parenchyma tissue during healing. Etiological agents 
include viruses, abuse of alcohol, metabolic diseases, 
autoimmune and cholestatic. At a histological level, it is 
characterized by an almost ten-fold increase in the deposit 
of extracellular matrix proteins and an alteration in their 
composition [39]. 
 
The main population fibrogenic are stellate liver cells since 

they are an important source of the extracellular matrix. 
After an insult, these cells suffer from a phenomenon 
known as transdifferentiation, which is determined by a-
actin expression, the loss of retinoids, the expression of 
cytokines and inflammatory growth factors (IL-1, TNF-α), 
mitogenics (platelet-derived growth factor), profibrogenics 
(TGF-b and IL-6), a reduction in the expression of 
adipogenic-lipogenic factors, and [40] chemotactic factor 
receptor expression [41]. 
 
Advanced glycation end products (AGEs) 
Advanced glycation end products are a heterogeneous 

group of molecules produced by glycation and oxidation in 
vivo. Glycation is the main cause of spontaneous damage 
to proteins, and pathological complications associated with 
type-2 diabetes mellitus, atherosclerosis, renal failure, 
hepatic fibrosis, and steatohepatitis [42]. 

 
Also known as glycation, the Maillard reaction is the most 
described pathway of the formation of advanced glycation 
end products; it begins with the formation of unstable Schiff 
bases and a rearrangement that yields a more stable 
structure, forming products known as "Amadori products", 

which possess carbonyl groups that are condensed with 
amino groups to give rise to advanced glycation end 
products. The increase in the production of Amadori 
products results in irreversible damage if there are no 
mechanisms to control their excessive production. It has 
been reported that, in states of hyperglycemia and insulin 
resistance, there are increased Amadori products that 
eventually contribute to the formation of advanced 
glycation end products[43]. 
 
Advanced glycation end products and non-alcoholic 
fatty liver disease 

Serum levels of advanced glycation end products are 
normally found in low concentrations due to their constant 
replacement. They can be detected in vivo once sugar 
levels increase, as occurs in type 2 diabetes mellitus [44]. 
The participation of advanced glycation end products s in 
hepatic fibrosis is important because of the epidemic level 
of acquired steatohepatitis linked to obesity and metabolic 
syndrome, which are conditions associated with increased 
advanced glycation end products and their receptors. It has 
been documented that advanced glycation end products 
cause the activation and proliferation of stellate liver cells 
and promote the overexpression of genes involved in 

hepatic fibrogenesis. Advanced glycation end products 
derived from glyceraldehyde (glycer-AGEs) are known as 
toxic advanced glycation end products, whose levels are 
elevated in patients with steatohepatitis [45], and they 
activate stellate liver cells by increasing the expression of 
TGF-β and collagen-1(α). Knowledge about liver 
fibrogenesis increased with the understanding that glycer-
AGEs have an important role in the progression toward 
steatohepatitis [46]. Figure 1 shows the evolution of 
different factors that lead to steatohepatitis. It presents an 
increase in adipocytokines and increases the flow of free 

fatty acids towards the liver. This leads to insulin 
resistance, which triggers metabolic changes that are 
responsible for the development of hepatic steatosis. There 
is an increase in lipoperoxidation, which promotes the 
glycation of proteins to form final advanced glycation end 
products, one of the factors that activate liver stellate cells, 
which precedes the development of liver fibrosis.  
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Figure 1. Evolution from non-alcoholic fatty liver disease to steatohepatitis begins with obesity and 
overweight. 

 
 

Treatment 

There is no medical procedure that has successfully treated 
non-alcoholic fatty liver disease, even though there have 
been many treatments reported. Study results have been 
controversial. Early diagnosis is the key to successful 
treatment. Some of the reported strategies have included 
a change of lifestyle, insulin sensitizers, lipid-lowering 
agents, antioxidants and cytoprotective agents [47]. 
 
Lifestyle interventions 

Non-alcoholic fatty liver disease is related to overweight, an 
unhealthy diet and physical inactivity. Progression to 
steatohepatitis, in addition to being determined at the 
genetic level, is also influenced by different factors such as 
obesity, metabolic syndrome, Type 2 diabetes mellitus and 
aspects of an unhealthy lifestyle. From this perspective, the 
guide for the management of patients with steatosis is 
changes in lifestyle. Various reports have indicated that a 
5% body weight reduction improves the activity of ALT, 
while a reduction of 10% decreases steatosis and 
necroinflammation [48]. 

A study that employed a 1,000 Kcal/day low-carbohydrate 
diet for 11 weeks in patients with non-alcoholic fatty liver 
disease reported a 7.6% decrease in weight and a 38% 
decrease in the concentration of intrahepatic 
triacylglycerol. A ketogenic diet for 24 weeks showed a 
decrease of 1–2 levels of steatosis, as well as 
necroinflammation and centrilobular hepatic fibrosis; a soy 

protein-based diet of 800 Kcal/day resulted in a decrease 
of 11% and a decrease in ALT and AST of 21% and 13%, 
respectively [49]. Koch et al. [50]showed that intervention 
with a Mediterranean diet for 6 weeks reduced fatty liver. 
Even though it is known that fructose is involved in the 
development of non-alcoholic fatty liver disease, Chung et 
al. found no association between drinks that were high in 
fructose and non-alcoholic fatty liver disease [51]. Recent 
studies have indicated that a low carbohydrate diet is 
appropriate for patients with non-alcoholic fatty liver 
disease since intake that is rich in carbohydrates 

favors [52] hepatic insulin resistance. Supplementation 
with vitamin E significantly decreases values of AST, ALT 
and alkaline phosphatase, as well as the ballooning of 
hepatocytes [53]. 
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Maintaining a low weight and changes in lifestyle can be 
difficult, and patients with non-alcoholic fatty liver disease 
could progress to steatohepatitis. Because of this, bariatric 
surgery represents a good alternative in the management 
of obesity, and it may not only involve weight loss (range 
of 15.1 points in the body mass index), but may also 

involve the resolution of various factors, including 
normalization of tolerance to insulin (which can result in the 
resolution of type 2 diabetes mellitus) and the reduction of 
cardiovascular risk. Improved histological and biochemical 
levels have been reported as a result of surgery in patients 
with non-alcoholic liver disease. A meta-analysis carried out 
by Bower et al. suggested that the incidence of steatosis in 
patients undergoing bariatric surgery fell 50.2%, with a 
decrease of 3.8% for steatohepatitis. They also reported a 
decrease of 67.7% in hepatocyte ballooning and a decline 
in the levels of transaminases (11.63 ALT U/l and AST 3.91 
U/l) [54]. 

 
Impact of physical activity on non-alcoholic fatty 
liver disease 
With respect to the intervention of lifestyle changes, and 
considering physical activity, several studies have indicated 
that there is an impact on the reduction of hepatic steatosis 
and a reduction in progression to cirrhosis, as well as 
improvement in insulin sensitivity and cardiovascular 
health. It has been reported that a program with a physical 
workload that is > 10,000 kcal is associated with a decrease 

in intrahepatic fat of 3.46% and significant decreases in the 
levels of free fatty acids [55] and transaminases [56]. 
However, accurate information is still lacking regarding the 
exact duration that is required to cause an improvement in 
patients with non-alcoholic fatty liver disease [57]. 
 

Pharmacological treatments 

Metformin 
The association between insulin resistance and non-

alcoholic fatty liver disease suggests that insulin resistance 
makes a white therapeutic logical. In this sense, two classes 
of drugs have been used: biguanides and 
thiazolidinediones. Metformin is a biguanide that is used in 
the treatment of type 2 diabetes mellitus as an insulin 
sensitizer, which reduces hyperinsulinemia. Its main effects 
include reducing the production of glucose in the liver [58]. 
It has been reported that it presents favorable results in 
patients with non-alcoholic fatty liver disease; the 
aminotransferases values are decreased, possibly due 
reductions in weight [59]. At the histological level, an 
improvement in the level of steatosis, necroinflammation 

and hepatic fibrosis has been reported. In patients with 
steatosis, treatment with metformin, combined with a lipid-
restricted diet for six months, resulted in recovery of 
transaminases and insulin sensitivity [60]; however, the 
results with this drug for steatohepatitis and steatosis are 
controversial. Table 1 summarizes the related studies.  
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Table 1. Pharmacological agents for the treatment of non-alcoholic liver disease. 

 
 

Thiazolidinediones 
Pioglitazone and rosiglitazone are used in the treatment of 
non-alcoholic fatty liver disease for their action against 

hyperinsulinemia. Sanyal et al. [71] reported that 
pioglitazone decreases AST and ALT levels. On a histological 
level, a decrease in steatosis was observed. Treatment for 
48 weeks (30 mg/day) improved biochemical and 
histological parameters; however, their use was 

significantly limited due to the increase in weight [72]. On 
the other hand, Aithal et al. [73] observed an increase not 
only in weight but also in hepatic fibrosis. 

 
Farsenoid X receptor agonist 
The farsenoid X receptor agonist is a sensor of bile that 
plays an important role in the regulation of bile and 
cholesterol homeostasis, metabolism and glucose 
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sensitivity. Aguilar et al. reported overexpression of the 
farsenoid X receptor in patients with steatohepatitis, but 
not in patients with steatosis, suggesting that the farsenoid 
X receptor is involved in the progression to 
steatohepatitis [74]. 
 

Adiponectin 
Adiponectin and its agonists represent a promising therapy 
for the treatment and/or prevention of hepatic 
dysfunction [75]. The design of drugs that increase the 
production of this hormone may represent a suitable 
treatment for the prevention of non-alcoholic fatty liver 
disease [47]. 
 
Vitamin E 
Vitamin E is an effective antioxidant. Its use is recognized 
as a treatment that is appropriate for patients with 
steatohepatitis but without diabetes. In these patients, 

supplementation with vitamin E decreased the levels of 
transaminases and steatohepatitis [76]; however, 
conflicting results were reported by Lavine et al. [64]. 
 
Statins 
Statins are competitive inhibitors of hydroxymethyl 
coenzyme-A. The use of rosuvastatin (10 mg/day) 
normalized lipid profiles, decreased transaminase levels, 
and produced total resolution of steatohepatitis in 5 of 6 
patients; however, the limitation of this study was the small 
sample size [77]. In a study of 22 patients, treatment with 
atorvastatin (80 mg/day) for 6 months decreased the levels 

of transaminases, as well as the lipid profile [78]. 
 

Conclusion 

Non-alcoholic fatty liver disease is the most common liver 
disorder, and it has become a growing problem around the 
world. It is considered the hepatic manifestation of 
metabolic syndrome. The high incidence and prevalence of 
obesity is already considered a pandemic and therefore a 
public health problem. This situation is alarming in our 
country and will continue to be so in the coming years 
considering that, at present, Mexico is first place in 
childhood obesity and the second place in adult obesity. 
 
Despite advances in understanding and treating non-

alcoholic fatty liver disease, there are still points to be 
resolved, such as the development of early markers for the 
disease. Additionally, molecular, biochemical and genetic 
research is urgently needed to allow the development of 
appropriate therapeutic strategies. As has been observed, 
the treatment for non-alcoholic fatty liver disease is 
controversial and, from our point of view, intervention and 
lifestyle changes are essential for dealing with obesity, 
metabolic syndrome and type 2 diabetes mellitus 2. 
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