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ABSTRACT 
Currently in the world, thousands of people are somewhat 
overweight. Obesity, mainly characterized by the accumulation of 
fat in adipose tissue can cause various damages in the body, incluind 
Metabolic Syndrome. There is a high correlation between patients 
with this syndrome and those with Non-Alcoholic Fatty Liver Disease 
(NAFLD), being defined as the increase of the deposition of lipids in 
the liver in the absence of excessive consumption of alcohol. Excess 
intake of saturated fatty acids, increased free fatty acids derived from 
white adipose tissue lipolysis, reduced β-oxidation along with an 
increase in de novo lipogenesis and decreased synthesis or secretion 
of VLDL in hepatocytes contribute to the Hepatic steatosis. The 
treatment for these pathologies is initially based on diet changes and 

physical activity practice. In addition, there are still some classes of 
medicines available to treat the accumulation of fat in the liver as 
well as decrease insulin resistance. Studies still seek to find specific 
medicines for the treatment of NAFLD, therefore, the most effective 
method continues to be prevention, through an improvement in the 
quality of life, related to a balanced diet and the practice of regular 
physical activity.
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INTRODUCTION
Currently in the world, thousands of people are somewhat overwei-
ght. Obesity, mainly characterized by the accumulation of fat in the 
adipose tissue can cause various cdamages in the body, mainly due 
to obese patients have a high prevalence in presenting a condition 
known as Metabolic Syndrome (MS). This Syndrome is characteri-
zed as a complex disorder represented by a set of metabolic disorders 
that are commonly associated with obesity, hypertension, dyslipide-
mia, hyperglycemia and hyperinsulinemia[1].
    The treatment strategy for pathologies associated with metabolic 
disorders is initially based on diet changes and physical activity 
practice. In addition, there are still some classes of drugs available to 
treat fat accumulation and improve insulin resistance[2]. With this, the 
aim of this study was to gather the pathophysiological characteristics 
related to obesity, as well as its relationship with Non Alcoholic Fatty 
Liver Disease (NAFLD). 

OBESITY AND METABOLIC SYNDROME
The number of people affected by various metabolic disorders 
has increased steadily in recent decades. Among these changes, 
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    Treatment is usually based on a change in lifestyle, including exer-
cises and improved eating habits. In addition, administration of drugs 
aimed at improving the receptor/insulin interaction is essential. Met-
formin, for example, has the ability to increase the uptake of glucose 
present in the blood. Thiazolidinediones improve insulin sensitivity 
while sulfonylureas stimulate the secretion of this hormone[11]. In 
contrast, incretins (hormones produced by the gastrointestinal tract 
and released into the gut in response to food intake) also potentiate 
insulin secretion and sensitivity in their target tissues by playing an 
important role in pancreatic β-cell modulation[12]. However, this hor-
mone is rapidly degraded by an enzyme called Dipeptidil Peptidase 
(DPP4). One form of treatment, therefore, has been to increase the 
half-life of incretins by creating analogs of this hormone resistant to 
DPP4 or enzyme inhibitors[13]. An example of an enzyme inhibitor 
drug already available is Sitagliptin[14]. It is worth mentioning that in 
specific cases the administration of insulin may also occur. Without a 
proper treatment, this pathology can trigger other pathologies such as 
hypertension, renal failure, retinopathies, among others[15].

NON-ALCOHOLIC FATTY LIVER DISEASE 
(NAFLD)
Physiopathological characteristics
As stated before, Metabolic Syndrome may compromises the entire 
functioning of the body. An example of this is the high relationship 
found between patients with MS and presenting with NAFLD. This 
pathology is defined as the increase in the deposition of lipids in the 
liver in the absence of excessive alcohol consumption. These lipids 
are present within the hepatocyte cytoplasm and when they are pre-
sent in more than 5% of the total body weight the disease can already 
be diagnosed[16].
    Excess intake of saturated fatty acids, increase of free fatty acids 
derived from lipolysis of white adipose tissue, reduction of β-oxida-
tion together with an increase in de novo lipogenesis and decrease in 
the synthesis or secretion of VLDL (Very Low Density Lipoprotein) 
in hepatocytes contribute to hepatic steatosis. In addition, foods 
with a high fructose concentration also contribute to an increase 
in NAFLD. It is estimated that about a single meal consisting of 
approximately 80% carbohydrates is able to stimulate three times as 
much lipogenesis again compared to a fasting state. Other conditions 
related to insulin resistance and oxidative stress induce a lipotoxic 
environment within the liver causing inflammation and liver damage 
that may lead to the development of fibrosis[17].
    Epidemiological studies show that approximately 30% of the 
world population has some degree of NAFLD, and among the obese, 
this prevalence increases to up to 80%[18]. This pathology has been 
associated with several factors, such as genetic alteration, excessive 
consumption of high-fat foods, hormonal and immune dysregulation, 
as well as being a developmental factor for insulin resistance[19].

Diagnosis
In general, NAFLD is an asymptomatic condition in most cases. Only 
some vague symptoms such as fatigue and abdominal discomfort 
are reported[20]. Regarding the laboratory diagnosis of this pathology, 
what is known is that it is quite unspecific, with exceptions excepted. 
A frequently performed test is the analysis of alanine aminotransfe-
rase (ALT/TGP) and aspartate aminotransferase (AST/TGO) levels, 
which may indicate the presence of a liver injury. It is important to 
rule out common causes of these lesions thus, it is requested com-
plementary tests of some enzymes, proteins and antigens present in 
the liver. More specifically, NAFLD can be diagnosed by imaging 

overweight and obesity have taken on alarming proportions. Studies 
published in 2016 revealed that the number of obese people in the 
world has grown six times more in the last four decades, rising from 
105 million people overweight in 1975 to 641 million in 2014. It is 
also worth mentioning the number of overweight children: Between 
1980 by 2013, the prevalence of overweight children and adolescents 
increased by almost 50%. The study also shows that the proportion 
of obese men rose from 3.2% to 10.8%, and that the share of women 
in the same condition jumped from 6.4% to 14.9%[3]. The number of 
obese people has increased since the 1980s, being more accelerated 
between 1992-2002. However, in the more developed countries, there 
was a decrease in 2006. In developing countries, where almost two-
-thirds of the obese people in the world lives today, the increase tends 
to continue[4]. In Brazil, a survey by the Ministry of Health published 
in 2014 revealed that overweight is present in 17.9% of the popula-
tion, and in those older than 18 years this rate rises to an incredible 
52.5%[5].
    Excess intake of fats, carbohydrates, soft drinks, and fast-food, 
associated with a generally sedentary population (in addition to gene-
tic predisposition), are all factors that contribute greatly to the large 
number of overweight people. These factors make obesity a major 
public health problem. In addition, it is also a determining factor for 
the establishment of what we call today the metabolic syndrome, 
characterized as a complex disorder represented by a set of metabolic 
disorders that are commonly associated with obesity, hypertension, 
dyslipidemia, hyperglycemia and hyperinsulinemia[1].
    In addition to the excess of stored lipids, obesity is currently seen 
as a low-grade inflammatory process. Adipose tissue is able to release 
cytokines (TNF-α and interleukin-6, for example) which are known 
to interfere with organic homeostasis. For example, these cytokines 
may interfere with insulin action and trigger pathologies such as in-
sulin resistance, diabetes mellitus (DM), and non-alcoholic fatty liver 
disease (NAFLD)[6].

DIABETES MELLITUS
DM is a chronic disease characterized by hyperglycemia, resulting 
from altered carbohydrate metabolism due to an absolute or partial 
lack of insulin[7]. It is the most common metabolic disease in the 
world, reaching about 381.8 million adults in 2013 and projected to 
rise to 591.9 million in 2035[8]. In healthy individuals the release of 
insulin leads to suppression of hepatic glycogenolysis and stimulates 
the uptake of glucose into muscle, liver and adipose tissue cells. The 
rate of absorption of these cells depends on the action of insulin on 
the glucose transporter called GLUT 4 in muscle and adipose tissue. 
However, in the liver, its GLUT 2 transporter acts independently of 
the action of insulin[9].
    Diabetes is divided into two types: Type 1, in which pancreatic β 
cells are destroyed by autoantibodies, which leads to absolute insulin 
deficiency and type 2 (most cases of diabetes), in which different de-
grees of resistance to diabetes exist, as well as insulin uptake. In the 
first type the initial clinical symptoms usually appear around puberty 
when there is a loss of the production of this hormone and the admi-
nistration of insulin is completely necessary for maintenance of life, 
so called insulin-dependent. In the second type, insulin is produced 
by pancreatic β cells, but its action is compromised, characterizing a 
state of insulin resistance leading to an increase in the production of 
this hormone as a alternative to try to keep glucose at normal levels. 
When this is no longer possible, diabetes arises. The onset of the 
condition is slower and the symptoms - thirst, increased diuresis, leg 
pains, visual changes, and others - may take several years to occur[10].
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methods such as ultrasonography, magnetic resonance imaging, and 
computed tomography. Ultrasonography, which is based on the mea-
surement of liver stiffness, even though it is widely available and wi-
thout contraindications, uses subjective and poorly reproducible crite-
ria that do not allow a reliable quantification of steatosis. Resonance 
has been considered a more effective noninvasive method, however, 
it is an expensive procedure and still not very accessible. Therefore, 
the most commonly used method for diagnosis of abdominal diseases 
is tomography[21]. In addition to these methods, hepatic biopsy can 
also be done and in this way there are several levels of liver involve-
ment in NAFLD[22].

Treatments and importance of physical activity
Whereas patients with NAFLD are more likely to develop cardiovas-
cular disease and when not treated the liver may meet total failure, 
effective treatments should be started as soon as the diagnosis has 
been made. However, there are only palliative treatments that begin 
with diet re-education and physical activity stimulation, in addition to 
drugs that can improve insulin resistance and consequently improve 
the pathological state of the liver. Medications used to control type 2 
diabetes (such as Metformin and Thiazolidinediones) and weight loss 
(Orlistat) are well indicated[23]. There are also indications for supple-
mentation with antioxidants, vitamins, caffeine and omega-3 fatty 
acid in addition to the use of preventive vaccines against hepatitis A 
and B, which are recommended in order to avoid aggravation of the 
organ[24]. Finally, statins may also be prescribed, as they promote the 
reduction of liver enzymes, as well as a 68% reduction in the chance 
of an adverse cardiovascular event[25]. In some cases, the indication 
of bariatric surgery can also be evaluated since it is observed a sig-
nificant decrease in hepatic steatosis, although it is a very invasive 
procedure and requires a good follow-up of the patient[26].
    It is noteworthy that in addition to the above mentioned drugs not 
being specific for the treatment of NAFLD, some of them can also 
cause worrying side effects. Metformin, for example, may lead to 
some unpleasant digestive reactions such as nausea, vomiting, diar-
rhea, and even hepatic impairment[27].
    As previously mentioned, physical exercise is recommended for 
the treatment of NAFLD. One of the actions of physical activity is to 
ease the metabolic activity of the liver, caused by a decrease of gly-
cogen in liver tissue and skeletal muscle. This is due to an increased 
need for glucose by the body, caused by increased energy expenditu-
re during exercise, causing glycogen to be rapidly broken down into 
glucose molecules. In addition, physical exercise also ends up provi-
ding a metabolic pathway to metabolize excess circulating glucose, 
which instead of being converted by the liver into triglycerides, will 
be stored as hepatic and muscular glycogen during a post-activity 
period. An important highlight is the fact that the liver is the organ 
responsible for providing glucose (present as glycogen) for the main-
tenance of the glycemic homeostasis during physical activity, provi-
ding a reduction in its carbohydrate stores. As a consequence, there is 
a decrease in the synthesis and storage of lipids in the liver[28].
    Moreover, new studies have shown that exercise is changing the 
fat, and as a resut of that change, the fat releases beneficiais proteins 
into the bloodstream, such as transforming growth factor beta 2 (TG-
F-beta 2), an adipokine released from adipose tissue in response to 
exercise that actually improves glucose tolerance and increase fatty 
acid uptake for oxidation in the liver, suggesting a potential therapy 
for treatment of high blood sugar, and eventually a potential therapy 
for type 2 diabetes[29].
    Physical activity is an auxiliary treatment that must be aligned with 
the drugs currently available for reducing body weight, since there 
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are still compounds that act directly to the treatment of this disease. A 
regular physical activity is able to act on the fat mass deposited in the 
liver, mainly due to the stimulus of a greater energetic expenditure by 
the organism[30].

CONCLUSION
The present study showed that has been a great increase of obese 
people in the World, a fact that is mainly due to the sedentary lifestyle 
of the population. According to data, this statistic should increase fur-
ther in the coming years. Several pathologies are triggered by obesity, 
among them diabetes and the accumulation of fat in the liver. Studies 
still seek to find specific medicines for the treatment of NAFLD, so 
the most effective method continues to be prevention, through an 
improvement in the quality of life, related, mainly, to a balanced diet 
and the practice of regular physical activity. 

REFERENCES
1.	 Turi BC, Codogno JS, Fernandes RA, Monteiro HL. Low levels of 

physical activity and metabolic syndrome: cross-sectional study in 
the brazilian public health system. Ciência & saúde coletiva 2016; 
21: 1043-1050. [DOI: 10.1590/1413-81232015214.23042015]

2.	 Leung L, Birtwhistle R, Hannah S. Anti-diabetic and hypo-
glycaemic effects of momordica charantia (bitter melon): a 
mini review. Br J nutr. 2009; 102: 1703-1708. [DOI: 10.1017/
S0007114509992054]

3.	 Ezzati M. Trends in adult body-mass index in 200 countries from 
1975 to 2014: a pooled analysis of 1698 population-based mea-
surement studies with 19·2 million participants. The Lancet. 2016; 
397: 1377-1396. [DOI: 10.1016/S0140-6736(16)30054-X]

4.	 Reiff and Vieira AC, Sichieri R. Association of Socioeconomic 
Status with Obesity. Revista de Saúde Coletiva 2008; 18: 415-426. 
[DOI: 10.1590/S0103-73312008000300003]

5.	 Dias PC, Henriques P, Anjos LA, Burlandy L. Obesity and pu-
blic policies: the Brazilian government’s definitions and strate-
gies. Cad. Saúde Pública 2017; 33: 1-12. [DOI: 10.1590/0102-
311x00006016]

6.	 Hoo RLC, Yeung DCY, Lam KSL, Xu A. Inflammatory biomarkes 
associated with obesity and insulin resistance: a focus on lipo-
calin-2 and adipocyte fatty acid-binding protein. Expert. Rev. En-
docrinol. Metab. 2008; 3: 29-41. [DOI: 10.1586/17446651.3.1.29]

7.	 Rose AJ; Richter, EA. Skeletal muscle glucose uptake during ex-
ercise: how is it regulated. Physiology 2005; 20: 260-270. [DOI: 
10.1152/physiol.00012.2005]

8.	 Silva CA, Lopes FS, Serafim M, Botura E, Rocha e Silva RC, 
Marques FAO, Melo SI. Effect of high-intensity exercise on endo-
thelial function in patients with t2dm. Rev bras med esporte 2016; 
22: 126-130. [DOI: 10.1590/1517-869220162202151254]

9.	 Postic C, Dentin R, Girald J. Role of the liver in the control of 
carbohydrate and lipid homeostasis. Diabetes metabol. 2004; 398-
408. [DOI: 10.1016/S1262-3636(07)70133-7]

10.	 Birnbaum MJ. Diabetes: dialogue between muscle and fat. Nature 
2001; 409: 672-673. [DOI: 10.1038/35055643]

11.	 Stout DL, Fugate SE. Thiazolidinediones for treatment of poly-
cystic ovary syndrome.  Pharmacotherapy 2005; 244-252. [DOI: 
10.1592/phco.25.2.244.56943]

12.	 Borges MC, Terra GA, Takeuti TD, Ribeiro BM, Silva AA, 
Terra-Junior JA, Rodrigues-Junior V, Crema E. Immunological 
evaluation of patients with type 2 diabetes mellitus submitted to 
metabolic surgery. Abcd arq bras cir dig. 2015; 28: 266-269. [DOI: 
10.1590%2FS0102-6720201500040012]

13.	 Yang G, Li Y, Cui L, Jiang H, Li X et al. Increased plasma 
dipeptidyl peptidase-4 activities in patients with coronary ar-
tery disease. Plos one 2016; 11: 1-14. [DOI: 10.1371/journal.
pone.0163027]



fat content by aerobic exercise or metformin therapy in overwei-
ght or obese women. Rev invest clin. 2013; 65: 307-317. [DOI: 
10.3748%2Fwjg.v20.i34.12082 ]

24.	 Cussons AJ, Watts GF, Mori TA, Stuckey BG. Omega-3 fatty acid 
supplementation decreases liver fat content in polycystic ovary 
syndrome: a randomized controlled trial employing proton mag-
netic resonance spectroscopy. J clin endocrinol metab. 2009; 94: 
3842-3848. [DOI: 10.1210/jc.2009-0870]

25.	 Ratziu V, Giral P, Jacqueminet S. Rosiglitazone for nonalcoholic 
steatohepatitis: one-year results of the randomized placebo-
controlled fatty liver improvement with rosiglitazone therapy 
(flirt) trial. Gastroenterology 2008; 135: 100-110. [DOI: 10.1053/
j.gastro.2008.03.078]

26.	 Mathurin P, Hollebecque A, Arnalsteen L. Prospective study of 
the longterm effects of bariatric surgery on liver injury in patients 
without advanced disease. Gastroenterology 2009; 137: 532-540. 
[DOI: 10.1053/j.gastro.2009.04.052]

27.	 Marin-Penalver JJ, Martin-Timon I, Sevillano-Collantes C, Del 
Canizo-Gomez FJ. Update on the treatment of type 2 diabetes 
mellitus.  World journal of diabetes 2016; 7: 354-395. [DOI: 
10.4239/wjd.v7.i17.354]

28.	 Mcardle WD, Katch FI, Fatch VL. Fisiologia do exercício - Nutri-
ção, energia e desempenho humano. 7ª ed. Rio de Janeiro: Guana-
bara Koogan, 2011: 1132p.

29.	 Takahashi H, Alves CRR, Stanford KI, Middelbeek RJW, Nigro 
P et al. TGF-β2 is an exercise-induced adipokine that regulates 
glucose and fatty acid metabolismo. Nature Metabolism 2019; 1: 
291-303. [DOI: 10.1038/s42255-018-0030-7]

30.	 Sousa AV, Guedes JC, Filho MLM, Condessa VA, Condessa 
LA et al. Nonalcoholic fatty liver disease: literature review. Re-
vista Ciências em Saúde 2014; 4: 1-10. [DOI: 10.21876/rcsfmit.
v4i1.167]

14.	 Onge EL, Miller S, Clements E. Sitagliptin/Metformin (Janumet) 
as Combination Therapy In the Treatment of Type-2 Diabetes 
Mellitus. Pharmacy and Therapeutics 2012; 37: 699-708. 

15.	 Pecoits-Filho R, Abensur H, Betonico CCR, Machado AD, Par-
ente EB et al. Interactions between kidney disease and diabetes: 
dangerous liaisons. Diabetol Metab Syndr. 2016; 8: 1-21. [DOI: 
10.1186%2Fs13098-016-0159-z]

16.	 Hassan K, Bhalla V, Regal ME, A-Kader H. Decrease of liver fat 
content by aerobic exercise or metformin therapy in overweight 
or obese women.  Rev invest clin. 2014; 65: 307-317. [DOI: 
10.3748%2Fwjg.v20.i34.12082]

17.	 Paglialunga S, Dehn CA. Clinical assessment of hepatic de novo li-
pogenesis in non-alcoholic fatty liver disease. Lipids in health and 
disease 2016; 15: 1-10. [DOI: 10.1186%2Fs12944-016-0321-5]

18.	 Ahmed M. Non-alcoholic fatty liver disease in 2015. World J 
Hepatol. 2015; 7: 1450-1459. [DOI: 10.1093/bmb/ldw031]

19.	 Nagle CA, Klett EL, Coleman RA. Hepatic triacylglycerol accu-
mulation and insulin resistance. J lipid res. 2009; 50: 74-79. [DOI: 
10.1194/jlr.R800053-JLR200]

20.	 Machado MV, Cortez-Pinto H. Non-invasive diagnosis of non-
alcoholic fatty liver disease. J hepatol. 2013; 58: 1007-1019. [DOI: 
10.1016/j.jhep.2012.11.021]

21.	 Monjardim RF, Costa DMC, Romano RFT, Salvadori PS, Santos 
JVC et al. Diagnosis of hepatic steatosis by contrast-enhanced ab-
dominal computed tomography. Radiol Bras. 2013; 46: 134-138. 
[DOI: 10.1590/S0100-39842013000300005]

22.	 Fracanzani AL, Valenti L, Bugianesi E, Andreoletti M, Colli A et 
al. Risk of severe liver disease in nonalcoholic fatty liver disease 
with normal aminotransferase levels: a role for insulin resistance 
and diabetes. Hepatology 2008; 48: 792-798. [DOI: 10.1002/
hep.22429]

23.	 Hassan K, Bhalla V, El Regal ME, A-Kader H. Decrease of liver 

2910

Franco FN et al . Obesity and NAFLD


