CLINICAL NUTRITION

DOI: 10.12957/demetra.2020.43955

DEMETRA

Alimentacao, Nutricao & Saude

Karina Amante Vieira?!
Débora Kurrle Rieger2
Felipe Perozzo Daltoé3

1Universidade Federal de Santa
Catarina, Hospital Universitario
Polydoro Ernani de Sao Thiago,
Servico de nutricdo e dietética.
Florianépolis, SC, Brasil.

2 Universidade Federal de Santa
Catarina, Centro de Ciéncias da
Salde, Programa de Pés-
Graduacao em Nutricao.
Florian6polis, SC, Brasil.

3 Universidade Federal de Santa
Catarina, Centro de Ciéncias da
Salde, Departamento de
Patologia. Floriandpolis, SC,
Brasil.

Correspondence
Felipe Perozzo Daltoé
daltoefelipe@gmail.com

This manuscript is part of an
undergraduate thesis entitle
“Hepatic Steatosis. Mechanisms

of development of a reversible cell

lesion from the nutritional aspect”
written by Karina Amante Vieira,
supervised by Felipe Perozzo
Daltoé and co-supervised by
Débora Kurrle Rieger, presented
on December 2018 at the Federal
University of Santa Catarina, SC,
Brazil.

Nutritional treatment of non alcoholic fatty
liver disease: relevant aspects of the
macronutrient composition

Tratamento nutricional na doenca hepatica gordurosa ndo
alcodlica: aspectos relevantes na composicdo de macronutrientes

Abstract

Introduction: Non-alcoholic fatty liver disease (NAFLD) is a condition in which there is
an excessive accumulation of fat into the liver tissue, non-related to abusive ethanol
consumption. The etiology is multifactorial and mostly related to ether excessive lipid
synthesis and/or reduced lipid excretion on genetically predisposed people. Objective:
the aim of this manuscript is to describe the main mechanisms of NAFLD development,
prevention and treatment with nutritional emphasis. Methods: review of literature.
Results: although it is a condition related to fat liver accumulation, NAFLD seam not to
be related only to the amount of dietary fat consumption but to sedentarism and
positive caloric balance intake. Conclusion: the main treatment for NAFLD is weight loss
aiming 10% of body weight, which often requires dietary changes and physical activities
practices. Regarding to diet, there were compared studies with hypercaloric,
normocaloric, hipocaloric, low carb/high fat, low fat/high carb and mediterranean diet
for NAFLD control and patients quality of life improvement.

Keywords: Fatty Liver. Non-Alcoholic Fatty Liver Disease. Diet. Lipids. Carbohydrate.

Resumo

Introdugdo: A doenca hepatica gordurosa ndo alcodlica (DHGNA) é a condi¢do na qual
ha acdmulo excessivo de gordura no tecido hepatico, ndo causada pelo consumo
excessivo de etanol. A etiologia desse acimulo é multifatorial, mas parece ocorrer por
mecanismos que envolvem a sintese excessiva de lipidios e/ou a redugdo da excrecdo
dos mesmos em individuos geneticamente predispostos. Objetivo: este artigo tem
como objetivo descrever os principais mecanismos de desenvolvimento da DHGNA,
assim como sua prevengdo e tratamento com foco nutricional. Metodologia: revisdo
de literatura. Resultados: de maneira geral, apesar de ser uma doenca que envolve o
acumulo de gorduras no figado, ela parece ndo estar relacionada ao consumo
excessivo de gorduras em si, mas ao sobrepeso causado pelo sedentarismo e ao
balango caldrico positivo. ConclusGo: o principal tratamento da DHGNA envolve,
portanto, perda de peso, objetivando reducdo lenta e gradual de cerca de 10% do
peso corporal, a qual deve ser feita por readequacdo da dieta e pratica de atividades
fisicas. Nesse sentido, também foram descritos e comparados estudos com dietas
hipercaldricas, normocaldricas, hipocaldricas, low carb/high fat, low fat/high carb, dieta
mediterranea, entre outras, visando a melhor estratégia para a regressao da doenca
e melhora da qualidade de vida do paciente.

Palavras-chave: Esteatose hepatica. Doenca hepatica gordurosa ndo alcodlica. Dieta. Lipidios.
Carboidratos.
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INTRODUCTION

The liver plays a fundamental role in the human body, performing >500 reactions to synthesis and
degradation, among which are bile formation; glycogenesis; glycogenolysis; gluconeogenesis; urea synthesis;
cholesterol metabolism; metabolism of steroids and thyroid hormones; iron storage; storage of vitamins A, D,
E, K, and B12; synthesis of plasma proteins (albumin, globulin, transferrin, ceruloplasmin, coagulation factors,
and lipoproteins); detoxification of various toxins; and biotransformation of xenobiotics. Therefore, any change
in liver function has a great impact on the individual's health.’

Hepatic steatosis, also known as fatty liver degeneration, is a group of diseases characterized by
accumulation of fat in the liver. At a cellular level, these diseases are characterized as reversible lesions of the
hepatocytes that culminate in the accumulation of lipids into the cells. This accumulation may regress to the
point of returning to normality if the etiological factors are removed or evolve into an irreversible cellular
dysfunction that leads to necrosis in the functional tissue and development of more serious diseases such as
hepatic cirrhosis and hepatocellular carcinoma.?

The best known and most studied type of hepatic steatosis is alcoholic hepatic steatosis, caused by the
excessive consumption of alcohol, with an estimated worldwide prevalence of 25%.2 Non-alcoholic
steatohepatitis (NASH), also known as non-alcoholic fatty liver disease (NAFLD), has a prevalence of 10% to
35% in the United States and it is been considered a major cause of liver disease.*

Among the major causes of NASH, nutritional factors stand out. The prognostic and therapeutic roles of
nutritional issues in the management of patients with liver disease have long been known, and weight loss
generally reduces the risk of hepatic steatosis.” In this sense, the literature presents diet as an important
modulating factor of hepatic steatosis, although the evidence regarding the optimal dietary composition is still
controversial, especially regarding macronutrients (carbohydrates, proteins, and lipids). Thus, this literature
review was aimed at describing the main mechanisms of the development of NAFLD and suggesting the best
nutritional approach options for the prevention and treatment of the disease.

Lipid metabolism

To understand the mechanism of the development of steatosis, which is a pathological accumulation of
fat in the liver, first, how the lipid metabolism occurs under healthy conditions must be well understood.

Lipids are compounds ingested in the diet as triglycerides (three fatty acids esterified to glycerol) and
must be digested to be absorbed as free fatty acids (FFAs). Digestion begins in the mouth, with small amounts
of fat being hydrolyzed by the lingual lipase enzyme, and then in the stomach, with the onset of short- and
medium-chain triglyceride (TG) hydrolysis through the action of gastric lipase. The remaining TG
(approximately 70%) is hydrolyzed in the duodenum through bile salts and pancreatic lipase, thus forming the
FFAs.57

In general, the final products of lipid digestion are FFAs, which are absorbed by diffusion in the proximal
portion of the jejunum. Inside the epithelial cells of the intestine (the enterocytes), FFAs are re-esterified to
glycerol and return to form TG. These, along with cholesterol, phospholipids, and liposoluble vitamins, join
apoproteins to become soluble in agueous solutions and are called chylomicrons. Only then do they proceed
to the lymphatic and blood vessels.®’

Inside the chylomicrons, TGs are again hydrolyzed to FFA and glycerol, this time by the lipoprotein lipase
enzyme, and reach the cells through the capillary walls. This makes fatty acids available as an energy source in
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various tissues of the body, including the liver. FFAs that are not used as energy can also be stored by cells.
FFAs that have not been recruited by the body cells bind to albumin to be transported to the liver where they
can still be used for the formation of very-low-density lipoprotein (VLDL) and high-density lipoprotein (HDL)
particles. The former is used to release fatty acids into the fatty and muscle tissues whenever needed. The
latter act in the reverse path, removing free cholesterol from peripheral tissues and transporting it to the liver,
where it will be eliminated in the form of AGL and bile salts. From the VLDL, low-density lipoprotein (LDL) can
still be formed, which would still be the main cholesterol-carrying lipoprotein for the peripheral tissues.%’

In short, liver cells control the serum levels and types of lipids circulating in the bloodstream, and either
by an excessive intake of fatty acids into the liver or by some problem in their excretion by the organ, the lipids
will accumulate in hepatocytes, causing hepatic steatosis.>”’

Hepatic steatosis

The increased amount of fatty acids inside hepatocytes causes mitochondrial dysfunction, increased
oxidative stress, endoplasmic reticulum stress, production of reactive oxygen species, and an inflammatory
condition known as steatohepatitis. Thus, cell respiration is affected, energy production is diminished, FFA
oxidation is impaired, and FFA accumulation is potentiated, creating a vicious cycle.”® The chronicity of this
process causes cell death and the replacement of lost cells by repairing fibrous connective tissue, which results
in cirrhosis. Loss of hepatocytes and their replacement by scar tissue cause gradual loss of organ function.
Cirrhosis is the main cause of the need for liver transplantation.®

From among the main sources of FFA for hepatocytes, we highlight those deriving from i) the adipose
tissue itself, i) the biotransformation of carbohydrates into fats (known as de novo lipogenesis), and iii) the
ingestion of fatty acids.™

In a healthy state, fat tissue provides approximately 75% of FFA to the liver tissue. Lipids derived from
diet also have the liver as their main destination, but the amount of fat stored in the liver is up to four times
greater than that provided by diet. De novo lipogenesis, in turn, would be responsible for only 5% to 10% of
the supply of circulating FFA. In patients with hepatic steatosis, the contribution of fat tissue decreases to 60%,
even though it has the highest percentage, while that of dietary fat, especially saturated and trans fatty acids,
increases to 15%, and the de novo lipogenesis pathway becomes unregulated, increasing to approximately
25%.10

Non-alcoholic fatty liver disease

NAFLD is characterized by excessive accumulation of fat in liver tissue due to some interference in the fatty acid
metabolism by hepatocytes that is unrelated to excessive alcohol intake. According to the consensus of the Brazilian
Society of Hepatology, excessive alcohol consumption is considered to be >140 g/ethanol/week for men (+21 doses)
and 70 g/ethanol/week for women (+14 doses). The liver is considered to be steatotic when the accumulation of hepatic
fatis >5%."

NAFLD is the leading cause of chronic liver disease and is predicted to become the leading cause of liver
transplantation by 2030.° The prevalence of NAFLD in eutrophic individuals without known risk factors is approximately
16%.° As age increases, so does the prevalence of NAFLD. As the years progress, the prevalence rates of other metabolic
complications that potentiate NAFLD also increase.'?
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The pathophysiology of NAFLD is quite complex. Currently, NAFLD is assumed to develop as a result of multiple
factors acting on genetically predisposed patients.”

In the genetic field, studies have linked single-nuclectide phospholipase 3 (PNPLA3), variant rs738409,
polymorphism to the development and progression of NAFLD. The protein that encodes the PNPLA3 gene is expressed
mainly in hepatocyte cell membranes and closely related to fat accumulation in these cells. It is activated after feeding
and in cases of insulin resistance.”'?

Apparently, a strong relationship exists between insulin resistance and the development of NAFLD, but whether
insulin resistance leads to hepatic steatosis or whether hepatic steatosis leads to insulin resistance is unclear, as patients
with insulin resistance cannot absorb circulating glucose. As a reflection of high serum glucose levels, increased insulin
production occurs in the pancreas, which causes increased serum levels of VLDL, which possesses most circulating
TGs." In addition, hyperinsulinemia stimulates de novo lipogenesis, which in turn potentiates the accumulation of fatty
acids in liver cells.'

For these reasons, patients with diabetes mellitus 2 (DM2) are also more prone to develop NAFLD, which can
worsen DM2. Obese patients with DM2 have, on average, an accumulation of intrahepatic lipids of up to 80% greater
than that of non-diabetic obese patients.'

One of the most important factors in the etiopathogenesis of NAFLD seems to be obesity. However, the type of
fat and its body distribution seem to be more important than the amount of fat itself. People with higher visceral fat
accumulation have a higher risk of developing NAFLD than people with subcutaneous fat accumulation, regardless of
their body mass indexes (BMIs)."® This is because visceral fat tissue is an endocrine organ that, when hypertrophied,
tends to produce more proinflammatory than anti-inflammatory cytokines. These inflammatory molecules ultimately
have the ability to enhance peripheral insulin resistance.® The liver itself, when with fat accumulation in its cells, begins
to secrete proinflammatory molecules (IL-6 and TNF-a, PCR), which potentiates the condition and predisposes the
patient to other diseases such as atherosclerosis and myocardial infarction.'

Finally, besides the main comorbidities that are risk factors for the development of NAFLD (obesity, overweight,
DM, dyslipidemias, and cardiovascular diseases),’ NAFLD can arise as a consequence of surgeries (ileojejunal bypass
and biliodigestive derivations), use of anabolic steroids and other drugs, medicines (amiodarone, corticosteroids,
estrogens, and tamoxifen), environmental toxins or chemical products, and prolonged parenteral nutrition, or by
assodiation with diseases such as hepatitis C, polycystic ovarian syndrome, hypothyroidism, sleep apnea syndrome,
hypogonadism, lipodystrophy, abetalipoproteinemia, and acid lipase deficiency.8

Nutritional approach in the prevention and treatment of NAFLD

The approach to preventing and treating NAFLD should include strict control of the metabolic risk factors often
associated with the disease.'>'"'® Among these, slow and progressive weight loss is widely recommended, aiming for
long-term adherence.>'""

In this sense, the recommended weight loss is between 7% and 10%. Strategic diets that generate a caloric deficit
of 500 to 1,000 kcal/day and lead to a weight loss of 0.5 to 1 kg/week, which are considered the most appropriate and
safe method, may be used." If the weight loss is too fast, it causes various side effects such as increased inflammation
and hepatic fibrosis. 224!

The most important factor in reducing the percentage of hepatic fat seems in fact to be the control of energy
intake. Hypercaloric diets, regardless of their composition, cause an increase in the percentage of hepatic fat. In the
normocaloric models, the percentage of liver fat is increased in high-fat/low-carbohydrate diets and decreased in low-
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fat/high-carbohydrate diets. Finally, in hypocaloric models, liver fat is significantly reduced, regardless of the type of
macronutrient distribution and diet models.??

The consensus of the Brazilian Society of Hepatology states that the diet of patients with NAFLD should be low in
carbohydrates and fructose (primarily from industrialized products) but not too restricted to the point of, for example,
achieving ketosis."! In contrast, according to the clinical guidelines of the European Association for the Study of the Liver,
European Association for the Study of Diabetes, and European Association for the Study of Obesity, in addition to energy
restriction and the reduction in the consumption of processed, fructose-rich foods and beverages, the macronutrient
composition should follow the Mediterranean diet."” This is characterized by reduced intake of refined grains and sugars
and increased intake of monounsaturated and omega-3 fatty acids.??

High consumptions of refined and industrialized grains and especdially fructose-rich foods are strongly correlated
with NAFLD. Sugars such as fructose and glucose are metabolized in the liver, and their excess consumption contributes
to increase in the levels of triglycerides and hepatic lipogenesis. In addition, they contribute to the exacerbation of de
novo lipogenesis, increased levels of triglycerides in circulation, and decreased insulin sensitivity.#4?>

Fructose is a simple sugar present in fruits and honey and is an important component of two sweeteners, sucrose
(table sugar, fructose disaccharide, and glucose) and high-fructose corn syrup (a mixture of fructose and glucose
monosaccharides) used in the food industry as a sugar substitute.?#

Some studies have shown that fructose is different from glucose with respect to its potential to increase plasma
triglyceride levels and hepatic fat accumulation. The fact that the total amount of fructose converted into triglycerides is
relatively small (1%-3% of fructose) has led some scientists to contest the importance of fructose in stimulating liver lipid
synthesis and accumulation.?® In spite of this, most studies still reported that high fructose intake is related to the
increased propensity to develop hepatic steatosis and cirrhosis.?®?

Studies that compared individuals with cirrhosis-free NAFLD with controls matched for age, sex, and BMI found
that individuals with NAFLD consumed two to three times as much fructose from sugary beverages as the controls.?
Other studies also suggested that consumption of fructose (espedially from soft drinks) is related to the severity of
hepatic fibrosis in a dose-dependent manner.2%3" Finally, although fruits also contain fructose, the literature makes it
clear that they are less likely to induce metabolic problems of this order because of the lower fructose content per fruit
(compared with soft drinks) and because of their flavonoid, epicatechin, ascorbate, and other antioxidant components,
which can combat the effects of fructose 234

The lipid composition of diets can also influence the accumulation of intrahepatic lipids. However, the amount of
lipid consumed is as important as the type of lipid ingested, as different types of fatty acid generate different metabolic
responses and levels of oxidative stress.?> NAFLD would be related to high consumption of trans and saturated fatty
acids and lower amounts of polyunsaturated fatty acids.?" In general, diets with reduced compositions of trans and
saturated fats and appropriate amounts of polyunsaturated and monounsaturated lipids have a protective effect
against NAFLD.?3%38 The fat intake in the Mediterranean diet is approximately 30-40% of the total energy value, and
the proportion of monounsaturated fatty acids is twice that of saturated ones.*

RESULTS

The most relevant scientific studies in the nutritional approach for patients with NAFLD are presented in
chart 1, where the main results of the respective studies can also be found, such as changes in weight,
percentage of liver fat, histological evaluation, liver enzyme levels, and insulin resistance.
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Chart 1. Comparison between the types of nutritional intervention performed and the results achieved

Results
Author,year | Type of study | Population Intervention Duration
Weight Liver fat Histology Enzymes IR*
Reduction of
Similar approximately ) )
L ) R 23.8 + 5.9 reduction with
1000 keal/day + HCD | 48 hours l;ed;JcUon m. 10% W\tg HCD No ?gn|f|cant HCD and 40.3 + 6.1
deficit (65% CHO or o Eroune ol cranees reduction with LCD
oerimental >180 g/day, 20% LIP, 2.0% +0.2% apgroxl\matey
Kirk et al,, ra?domized 22 obese and 15% PTN) or 30% with LCD
41 '
2009 controlled adults 100'O.kcal/éjay +LCD Reduction of
deficit <dm/° COHO OF 111 weeks Similar approximately 271 + 5.1 reduction with
<50 g/day, 75% LIP, or 7% reduction in 42% with HCD No significant P
and 15% PTN) . ) HCD and 44.0 +4.7
weight both groups: and changes reduction with LCD
loss 7.5% + 0.4%. approximately
38% with LCD
31 obese Deficit of 500-1000 Significant
Elias et al,, Uncontrolled Spanm kcal/day (15% PTN, 6 months | Reduction >5% Reduction improvement of | Reduction from 4.2 + 2.9 to
2010 experimental P 55% CHO, and 30% =27 GGT and ALT 24+15
with NASH
LIP) levels
142 non- Hypocaloric (1520 Significant
de Luis et Uncontrolled diabetic kcal/day) with 52% 3 months S5 reduction in GGT, | Reduction from 3.1 £ 1.6 to
al, 2008* | experimental obese CHO, 25% LIP, and =27 ALT, and AST 19+17
patients 23% PTN levels
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Chart 1. Comparison between the types of nutritional intervention performed and the results achieved. (Continues.)

Results
Author,year | Type of study | Population Intervention Duration
Weight Liver fat Histology Enzymes IR*
Hypocaloric (25 -
14 £
Okita et al., Uncontrolled qbese kcal/kg) with 20.8% Reduction of ) Slgr_“ |c§nt
= . patients 6 months Reduction reduction in ALT
2001 experimental with NASH PTN, 25% LIP, and 24+09kg and AST levels
54.2% CHO
i 500 kcal/day
10 patients ) . R o
Thomas et Uncontrolled with reduction (46% CHO, 6 months 4% reduction No significant No significant NG significant changes
al., 2006 | experimental 35% LIP, and 18% (3.4 kg) changes changes & &
NASHGD
PTN)
Hypocaloric (1500
kcal/day) with LFD Aooroximatel LFES;Q(;L;;@(? (?TLT’ From 121 + 4.6 t03.1 +
deluiset | Randomized | 162obese | (53% CHO, 20%PTN, |, 4E§ regard‘esys orore oo 27 |11.8 reduction with LFD and
55 H i 0 !
al., 2010 experiment patients and 27% LIP) or LCD of diet type reduced ALT and from81+91t042+24

(38% CHO, 26% PTN,
and 36% LIP)

GGT levels

reduction with LCD
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Chart 1. Comparison between the types of nutritional intervention performed and the results achieved. (Continues.)

Results
Author,year | Type of study | Population Intervention Duration
Weight Liver fat Histology Enzymes IR*
- Hypocaloric (50% )
\a/lluaznoeggit :xm:rri]:r:ce):fjl 3233?:'; CHO, 7% LIP, and 6 weeks 1R1ed2u5tlzog ;jf 60% reduction 40% reduction
g P P 43% PTN) CEEINE
Reduction of
106 LCD educational ~2.9kg with Larger Further
Jang et al, Randomized patients intervention or LFD 8 weeks LCD and reducﬁgn with reduction of ALT
2018% experiment with educational reduction of LCD and AST levels
NASHGD intervention ~1.7kg with with LCD
LFD
Deficit of 30% of the
170 calories normally
Randomized Stients consumed with LCD Reduction 47% reduction Similar reduction
Haufe et al, and controlled i with (<30g CHO, 0.83 6 months between 6and | - with LCD and in ALT and AST Non significant changes
201140 experiment obesity or PTN/kg and >30% 8kg regardless | 42% reduction levels in 2rouDs & &
P Overweyi " | LPyor LFD 20% LIP, of diet type with LFD sroup
8N 1 0.8g PTN/Kg and the
rest of CHO)
Hypocaloric
1200kcal/day for 55 4 14%
wornen and Similar reduction with
Browning et Randomized | 18 papents 15000kca\day f(zr men reduction in LCD and 28 + No significant
ol 207715 and controlled with (16% PTN, 34% LIP 2 weeks bethigroups. | 23% reduction changes
N experiment NASHGD and 50% CHO) or 43+15K with
LCV <20g/day (33% S .
hypocaloric

PTN, 59% LIP and 8%
CHO)
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Chart 1. Comparison between the types of nutritional intervention performed and the results achieved. (Continues.)

Results
Author,year | Type of study | Population Intervention Duration
Weight Liver fat Histology Enzymes IR*
14 Improvement

Benjaminov candidates in steatosis, NG sienificant

etal, Pilot for CDV (<30g CHO/day) | 4 weeks | 14% reduction Reduction necrosis, chin os

20077 bariatric inflammation &

surgery and fibrosis
Improvement
Uncontrolled 5 obese in steatosis, -
<

;tlen;j(lj%r;g Experimental / patients Lg'flg/(daZO)g 6 months ~12.8kg Reduction the degree of Nocai?ﬂec:nt Reduction of ~28.44

N Pilot with NASH y inflammation &

and fibrosis
Mgd\tgrramean diet Reduction of 39 +4%
20 patients (rich in MUFA and 1.0 £ 0.5kg in reduction in
Experimental P PUFA with ~40% LIP, DR } I Improved only with the
Ryan et al,, . with non- the Mediterranean No significant . .
> randomized ) : 40% CHO and 20% 6 weeks ) : Mediterranean diet, from
2013 diabetic Mediterranean dietand 7 + changes
Cross over PTN) or LFD (30% LIP, ) ) 47+16t03.0+14
NAFLD dietand 2.4 + 3% reduction
50% CHO and 20% : .
PTN) 0.6kgin LFD in LFD

NAFLD = non-alcoholic fatty liver disease; IR = insulin resistance; CHO = carbohydrate; LIP = lipids; PTN = protein; LCD = low-CHO diet; VLCD = very-low-CHO diet; LCKD = low-CHO diet at ketogenic levels; HCD

= high-CHO diet; LFD = low-fat diet; HFD = high-fat diet; MUFA = monounsaturated fatty acid; PUFA = polyunsaturated fatty acid.* A resisténcia a insulina foi avaliada através do HOMA-IR.
* Insulin resistance was evaluated using homeostasis model assessment-insulin resistance index.
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DISCUSSION

NAFLD is the accumulation of fat in the liver, which leads to significant cellular dysfunction and it can
result in chronic inflammatory conditions that lead to loss of organ function.? Most patients and even many
health-care professionals think that a solution to the condition of excess fat accumulation in the liver would
be simply the reduction of dietary fat intake per se. However, as discussed throughout this work, we observed
that the development of NAFLD is complex and multifactorial and includes genetic predisposition and the
presence or absence of comorbidities and associated diseases.''®

The primary approaches to the treatment and prevention of NAFLD should therefore prioritize weight
loss to improve the condition. This should be done in a balanced manner, with the objective of reducing
approximately 10% of the initial weight through adequate diet and exercise (at least 150 minutes per
Week).10,11,17

Although the distributions of macronutrients and the constant villainization of fats and carbohydrates
remain debatable, the use of low-calorie diets has reached a consensus. With this approach, studies have
shown a consistent reduction in liver fat levels.340-43

Some authors argue that low-carbohydrate diets are more effective in treating NAFLD than low-fat
diets.*° The main theory behind this argument is that in individuals with NAFLD, de novo lipogenesis via
metabolic pathways that convert excess carbohydrates to FFA in the liver is more active than in healthy
individuals.** Thus, excess carbohydrates in the diet can be potentially more harmful than excess fat.

When comparing low- and very-low-carbohydrate diets with a low-fat diet, we found that the former
provides greater weight loss in the short term, decreased insulin resistance, reduced abdominal and
subcutaneous fats, and improved lipid profiles and insulin sensitivity. However, in general, both presented
positive short-term effects, thereby contributing to an improvement in the prognosis of NAFLD.#>#¢ Moreover,
the low-fat diet took longer to demonstrate its beneficial effects.*’

The mechanism responsible for the early beneficial effects of low-carbohydrate diets on liver metabolism
is unknown, but it is speculated to be related to the greater decrease in plasma insulin concentrations in
individuals receiving this diet.*!

Although low-carbohydrate diets lead to a greater change in liver fat content and metabolic function
than low-fat diets in the initial period, both models showed a decrease in liver fat content over time.*!

Regarding the composition of fats in the diet, the type of lipid seems to elicit the biggest difference.
Studies showed that diets rich in polyunsaturated fatty acids, especially omega 3, and monounsaturated fatty
acids have beneficial and protective effects in relation to NAFLD. By contrast, a diet rich in saturated fatty acids
contributes to the evolution of NAFLD by worsening insulin resistance and lipid profiles, and increasing liver
fat.'82338 Despite this, excess fat, without excess calorie, is an unlikely predisposing factor for the development
of NAFLD.3#

As for the ingestion of proteins in the context of NAFLD, only few studies suggested benefits.
Nevertheless, protein intake can reduce the adverse effects of high-fat diets and thereby induce satiety,
increase lean mass, increase basal metabolic rate, and increase insulin sensitivity.?"#’ Even so, the effect of
different protein types on NAFLD and the amount needed for macronutrient distribution are unclear.

Another important factor in the treatment of NAFLD but that is often overlooked in the literature is diet
duration. In general, studies with restrictive diets are short term. The longest period found in the evaluated
studies was 6 months. Most studies used a hypocaloric protocol with moderate calorie reduction of 500 to
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1000 kcal/day.#'484 One study used a ketogenic protocol,>® and only one compared low-carbohydrate and
low-lipid protocols.** Both decreased body weight, total body fat, visceral fat, and intrahepatic lipid content.
However, none of the studies evaluated their subjects after the protocol was finalized to verify if the effects
persisted.

Regardless of the type of diet used, the focus is that the regression of NAFLD should be initiated by
weight loss. Awareness of restrictive diets whose effects are studied only in the short term is necessary. Rapid
weight loss, despite reducing liver fat, worsens inflammation and fibrosis of the liver, improving one aspect of
the disease and damaging the other.** In addition, diets that are difficult to adhere to usually lead to food
compensation and overfeeding, which culminate in the recovery of the previous weight or even an overall
increase, often leading to worsening of the condition as compared with the state before the start of the diet.>°
In individuals with NAFLD, a modest weight gain of 3 to 5 kg already leads to an increase in hepatic fat,>' and
attention must be paid to each individual and to the use the most appropriate diet therapy.

CONCLUSION

NAFLD has complex, multifactorial development mechanisms and is often associated with obesity. As
treatment measures, reduction of the initial weight by approximately 10% through adequate diet and exercise
(at least 150 minutes per week) are recommended.

With regard to the adequacy of the diet, the aim should be at the global control of energy consumption.
Hypercaloric diets, regardless of their composition, cause an increase in liver fat percentage. In normocaloric
diets, the percentage of liver fat increases in high-fat/low-carbohydrate diets and decreases in low-fat/high-
carbohydrate diets. In hypocaloric diets, liver fat is significantly reduced regardless of the type of macronutrient
distribution and dietary models. The Mediterranean diet has been described as a good therapeutic option, as
it includes reduced carbohydrate intake and increased monounsaturated fatty acid and omega 3 intakes.

Weight loss should be slow and gradual, as abrupt loss can generate important side effects such as
subsequent overeating

REFERENCES

1. Zaenah ZA. The role of liver in metabolism: an updated review with physiological emphasis. Int J Basic Clin Pharmacol.
2018;7(11):2271-2276 DOI: http://dx.doi.org/10.18203/2319-2003.ijocp20184211

2. Kumar V, Abbas AK, Fausto N, Aster JC. Respostas Celulares ao Estresse e aos Estimulos Tdxicos: Adaptagdo, Lesdo e Morte. In:
Kumar, V; Abbas, AK; Fausto, N; Aster, JC. Robbins e Cotran, Bases Patoldgicas das Doencas. 8% ed. Rio de Janeiro: Elsevier, 2010.p.3-
42.

3. Araljo AR, Rosso N, Bedogni G, Tiribelli C, Bellentani S. Global Epidemiology of Non-Alcoholic Fatty Liver Disease/Non-Alcoholic
Steatohepatitis: What We Need in the Future. 2018;1:47-51. DOI: 10.1111/1iv.13643

4. Vernon G, Baranova A, Younossi ZM. Systematic Review: the epidemiology and natural history of non-alcoholic fatty liver disease and
non-alcoholic steatohepatitis in adults. Alimentary, Pharmacology and Therapeutics. 2011;34:274-285. DOI: 10.1111/j.1365-
2036.2011.04724.x

5. Plauth M, Bernal SD, Dasarathy S, Merli M, Plank LD, Schitz T, Bischoff SC. ESPEN guideline on clinical nutrition in liver disease.
Clinical Nutrition. 2019;38(2):485-521. DOI: https://doi.org/10.1016/j.cInu.2018.12.022

6. Reddy JK, Rao MS. Lipid Metabolism and Liver Inflammation. Il. Fatty liver disease and fatty acid oxidation. American Journal of
Physiology-Gastrointestinal and Liver Physiology. 2006;852-858. DOI: 10.1152/ajpgi.00521.2005.

7. Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-alcoholic fatty liver disease (NAFLD). Metabolism Clinical
and Experimental. 2016;65:1038-1048. DOI: 10.1016/j.metabol.2015.12.012.



DEMETRA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Satapathy SK, Kuwajima V, Nadelson J, Atig O, Sanyal AJl. Drug-induced fatty liver disease: An overview of pathogenesis and
management. Annals of Hepatology. 2015;6:789-806. DOI: 10.5604/16652681.1171749.

Byrne CD, Targher G. NAFLD: A multisystem disease. Journal of Hepatology. 2015;62:47-64. DOI: 10.1016/j.jhep.2014.12.012

Gong Z, Tas E, Yakar S, Muzumdar R. Hepatic lipid metabolism and non-alcoholic fatty liver disease in aging. Molecular and Cellular
Endocrinology. 2017;455:115-130. DOI: 10.1016/j.mce.2016.12.022

Sociedade Brasileira de Hepatologia. Doenga Hepatica Gordurosa Nao Alcodlica: Consenso da Sociedade Brasileira de Hepatologia.
2015. [Acesso em: 02 de maio de 2020]. Disponivel em: http://www.sbhepatologia.org.br/pdf/Consenso_DHGNA_da_SBH-2015.pdf

Brea A, Puzo J. Non-alcoholic fatty liver disease and cardiovascular risk. Int J Cardiol. 2013;167(4)109-1117. DOI:
https://doi.org/10.1016/j.ijcard.2012.09.085

Than NN, Newsome PN. A concise review of non-alcoholic fatty liver disease. Atherosclerosis. 2015;239:192-202. DOl
10.1016/j.atherosclerosis.2015.01.001

Utzschneider KM, Kahn SE. Review: The Role of Insulin Resistance in Nonalcoholic Fatty Liver Disease. The Journal of Clinical
Endocrinology & Metabolism. 2006;91(12):4753-4761. DOI: 10.1210/jc.2006-0587

Kotronen L, Juurinen A, Hakkarainen H, Westermnbacka J, Cornér A, Berghim R, et al. Liver fatis increased in type 2 diabetic patients
and underestimated by serum alanine aminotransferase compared with equally obese nondiabetic subjects. Diabetes Care.
2008;31:165-169. DOI: 10.2337/dc07-1463

Lonardo A, Bellentani S, Argo CK, Ballestri S, Byrne CD, Caldwell SH, et al. Epidemiological modifiers of non-alcoholic fatty liver disease:
Focus on high-risk groups. Digestive and Liver Disease. 2015,47:997-1006. DOI:https://doi.org/10.1016/}.d1d.2015.08.004

Normas de Orientagdo Clinica da EASL, EASD e EASO sobre a abordagem da doenga hepética ndo alcodlica. Journal of Hepatology.
2016;64:1388-1402. DOI: http://dx.doi.org/10.1016/j.jhep.2015.11.004

Ordofiez R, Carbajo-Pescador S, Mauriz JL, Gonzalez-Gallego J. Understanding Nutritional Interventions and Physical Exercise in Non-
Alcoholic Fatty Liver Disease. Current Molecular Medicine. 2015;15:3-26. DOI: 10.2174/1566524015666150114110551

Bellentani S, Grave RD, Suppini A, Marchesini G. Fatty Liver Italian Network. Behavior Therapy for Nonalcoholic Fatty Liver Disease:
The Need for a Multidisciplinary Approach. Hepatology. 2008;47(2):746-754. DOI: 10.1002/hep.22009

Andersen T, Gluud C, Franzmann M, Christoffersen P. Hepatic effects of dietary weight loss in morbidly obese subjects. Journal of
Hepatology. 1991;12:224-229. DOI: 10.1016/0168-8278(91)90942-5

Fan J, Cao H. Role of diet and nutritional management in non-alcoholic fatty liver disease. Journal of Gastroenterology and
Hepatology. 2013;28:81-87. DOI: 10.1111/jgh.12244

Yki-Jarvinen H. Nutritional Modulation of Non-Alcoholic Fatty Liver Disease and Insulin Resistance. Nutrients. 2015;7:9127-9138. DO
10.3390/nu7115454

Romero-Gémez M, Zelber-Sagi S, Trenell M. Treatment of NAFLD with diet, physical activity and exercise. Journal of Hepatology.
2017;67:829-846. DOI: 10.1016/j.jhep.2017.05.016

Basaranoglu M, Basaranoglu G, Sabuncu T, Sentlrk H. Fructose as a key player in the development of fatty liver disease. World
Journal of Gastroenterology. 2013;19(8):1166-1172. DOI: 10.3748/wjg.v19.i8.1166

Jensen T, Abdelmalek MF, Sullivan S, et al. Fructose and sugar: A major mediator of non-alcoholic fatty liver disease. ] Hepatol.
2018;68(5):1063-1075. DOI: 10.1016/}.jhep.2018.01.019

Maruhama Y, Macdonald I. Incorporation of orally administered glucose-U-14C and fructose-U-14C into the triglyceride of liver,
plasma, and adipose tissue of rats. Metabolism. 1973;22:1205-1215. DOI: 10.1016/0026-0495(73)90208-4

Sun SZ, Empie MW. Fructose metabolism in humans - what isotopic tracer studies tell us. Nutr Metab. 2012;9:89. DOI: 10.1186/1743-
7075-9-89

Ouyang X, Cirillo P, Sautin Y, McCall S, Bruchette JL, Diehl AM, et al. Fructose consumption as a risk factor for non-alcoholic fatty liver
disease. ] Hepatol. 2008;48:993-999. DOI: 10.1016/}.jhep.2008.02.011

Abdelmalek MF, Suzuki A, Guy C, Unalp-Arida A, Colvin R, Johnson RJ, et al. Increased fructose consumption is associated with fibrosis
severity in patients with nonalcoholic fatty liver disease. Hepatology. 2010;51:1961-1971. DOI: 10.1002/hep.23535

Dekker MJ, Su Q, Baker C, Rutledge AC, Adeli K. Fructose: a highly lipogenic nutrient implicated in insulin resistance, hepatic steatosis,
and the metabolic syndro. Am J Physiol Endocrinol Metab. 2010;299:685-694. DOI: 10.1152/ajpendo.00283.2010



@ Nutritional aspects NAFLD

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

45,

46.

47.

48.

49.

50.

51.

Abdelmalek MF, Lazo M, Horska A, Bonekamp S, Lipkin EW, Balasub- ramanyam A, et al. Higher dietary fructose is associated with
impaired hepatic adenosine triphosphate homeostasis in obese individuals with type 2 diabetes. Hepatology. 2012;56:952-960. DOI:
10.1002/hep.25741

Vasdev S, Gill V, Parai S, Longerich L, Gadag V. Dietary vitamin E and C supplementation prevents fructose induced hypertension in
rats. Mol Cell Biochem. 2002;241:107-114. DOI: 10.1023/a:1020835229591

Nomura K, Yamanouchi T. The role of fructose-enriched diets in mechanisms of nonalcoholic fatty liver disease. J Nutr Biochem.
2012;23:203-208. DOI: 10.1016/j.jnutbio.2011.09.006

Mosca A, Nobili V, De Vito R, Crudele A, Scorletti E, Villani A, et al. Serum uric acid concentrations and fructose consumption are
independently associated with NASH in children and adolescents. ] Hepatol. 2017;66:1031-1036. DOI: 10.1016/}.jhep.2016.12.025

Sullivan S. Implications of diet on nonalcoholic fatty liver disease. Current Opinion in Gastroenterology. 2010;26:160-164. DOI:
10.1097/MOG.0b013e3283358a58

Vanni E, Bugianesi E, Kotronen A, Minicis S, Yki-Jarvinen H, Svegliati-Baroni G. From the metabolic syndrome to NAFLD or vice versa?
Digestive and Liver Disease. 2010;42:320-330. DOI: 10.1016/}.dld.2010.01.016

Bjermo H, Iggman D, Kullberg J, Dahlman |, Johansson L, Persson L, et al. Effects of n-6 PUFAs compared with SFAs on liver fat,
lipoproteins, and inflammation in abdominal obesity: a randomized controlled trial. The American Journal of Clinical Nutrition.
2012;95:1003-1012. DOI: 10.3945/ajcn.111.030114

Marina A, Frankenberg ADV, Suvag S, Callahan HS, Kratz M, Richards TL, et al. Effects of Dietary Fat and Saturated Fat Content on
Liver Fat and Markers of Oxidative Stress in Overweight/Obese Men and Women under Weight-Stable Conditions. Nutrients.
2014;6:4678-4690. DOI: 10.3390/nu6114678

Zelber-Sagi S, Salomone F, Mlynarsky L. The Mediterranean dietary pattern as the diet of choice for non-alcoholic fatty liver disease:
Evidence and plausible mechanisms. Liver International. 2017;37:936-949. DOI: 10.1111/liv.13435

Haufe S, Engeli S, Kast P, Bohnke J, Utz W, Haas V, et al. Randomized Comparison of Reduced Fat and Reduced Carbohydrate
Hipocaloric Diets on Intrahepatic Fat in Overweight and Obese Humans Subjects. Hepatology. 2011;53(5):1504-1514. DOI:
10.1002/hep.24242

Kirk E, Reeds DN, Finck BN, Mayurranjan MS, Patterson BW, Klein S. Dietary Fat and Carbohydrates Differentially Alter Insulin Sensivity
During Caloric Restriction. Gastroenterology. 2009;136:1552-1560. DOI: 10.1053/j.gastro.2009.01.048

Viljanen APM, lozzo P, Borra R, Kankaanpaa M, Karmi A, Lautamaki R, et al. Effect of Weight Loss on Liver Free Fatty Acid Uptake and
Hepatic Insulin Resistance. The Journal of Clinical Endocrinology & Metabolism. 2009;94(1):50-55. DOI: 10.1210/jc.2008-1689

York LW, Puthalapattu S, Wu GY. Nonalcoholic Fatty Liver Disease and Low-Carbohydrate Diets. Annual Review of Nutrition.
2009;29:365-379. DOI: 10.1146/annurev-nutr-070208-114232

. Ameer F, Scandiuzzi L, Hasnain S, Kalbacher H, Zaidi N. De novo lipogenesis in health and disease. Metabolism Clinical and

Experimental. 2014;63:895-902. DOI: 10.1016/j.metabol.2014.04.003

Samaha FF, Igbal N, Seshadri P, Chicano KL, Daily DA, McGrory J, et al. A Low-Carbohydrate as Compared with a Low-Fat Diet in
Severe Obesity. The New England Journal of Medicine. 2003;348:2074-2081. DOI: 10.1056/NEJM0a022637

Yancy Jr WS, Olsen MK, Guyton JR, Bakst RP, Westman EC. A Low-Carbohydrate, Ketogenic Diet versus a Low-Fat Diet to Treat Obesity
and Hyperlipidemia. Annals of Internal Medicine. 2004;140(10):769-779. DOI: 10.7326/0003-4819-140-10-200405180-00006

rummen M, Tischmann L, Gatta-Cherifi B, Adam T, Westerterp-Plantenga M. Dietary Protein and Energy Balance in Relation to Obesity
and Co-morbidities. Frontiers in Endocrinology. 2018;9:1-13. DOI: 10.3389/fend0.2018.00443

Elias MC, Parise ER, Carvalho L, Szejnfeld D, Netto JP. Effect of 6-month nutritional intervention on non-alcoholic fatty liver disease.
Nutrition 2010;26:1094-1099. DOI: 10.1016/j.nut.2009.09.001

Thomas EL, Brynes AE, Hamilton G, Patel N, Spong A, Goldin RD, et al. Effect of nutritional counselling in hepatic, muscle and adipose
tissue fat content and distribution in non-alcoholic fatty liver disease. World Journal of Gastroenterology. 2006;12(36):5813-5819.
DOI: 10.3748/wjg.v12.i36.5813

Tendler D, Lin S, Yancy Jr WS, Mavropoulos J, Rockey DC, Westman EC. The Effect of a Low-Carbohydrate, Ketogenic Diet on
Nonalcoholic Fatty Liver Disease: A Pilot Study. Digestive Diseases and Sciences. 2007;52:589-593. DOI: 10.1007/510620-006-9433-
5

Brens C, Jensen CB, Storgaard H, Hiscook NJ, White A, Appel JS, et al. Impact of short-term high-fat feeding on glucose and insulin
metabolism in young healthy men. The Journal of Physiology. 2009;587(10):2387-2397. DOI: 10.1113/jphysiol.2009.169078



DEMETRA

52.

53.

54.

De Luis DA, Aller R, Izaola O, Sagrado MG, Conde R, Gonzalez JM. Effect of a hypocaloric diet in transaminases in nonalcoholic fatty
liver disease and obese patients, relation with insulin resistance. Diabetes research and Clinical Practice. 2008;79:74-78. DOI:
10.1016/j.diabres.2007.07.015

Okita M, Hayashi M, Sasagawa T, Takagi K, Suzuki K, Kinoyama S, et al. Effect of a Moderately Energy-Restricted Diet on Obese Patients
With Fatty Liver. Nutrition. 2001;17:542-547. DOI: 10.12691/jnh-6-1-2

De Luis DA, Aller R, Izaola O, Sagrado MG, Conde R. Effect of two different hypocaloric diets in transaminases and insulin resistance
in nonalcoholic fatty liver disease and obese patients. Nutricion Hospitalaria. 2010;25(5):730-735. DOI:10.3305/nh.2010.25.5.4643.

55. Jang EC, Jun DW, Lee SM, Cho YK, Ahn SB. Comparison of efficacy of low-carbohydrate and low-fat diet education programs in non-

56.

57.

58.

alcoholic fatty liver disease: A randomized controlled study. Hepatology Research. 2018;48:E22-E29. DOI: 10.1111/hepr.12918

Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess S. Short-term weight loss and hepatic triglyceride reduction: evidence of
a metabolic advantage with dietary carbohydrate restriction. The American Journal of Clinical Nutrition. 2011;93:1048-1052. DOI:
10.3945/ajcn.110.007674

Benjaminov O, Beglaibter N, Gindy L, Spivak H, Singer P, Wienberg M, et al. The effect of a low-carbohydrate diet on the nonalcoholic
fatty liver in morbidly obese patients before bariatric surgery. Surgical Endoscopy. 2007;21:1423-1427. DOI: 10.1007/s00464-006-
9182-8

Ryan MC, Itsiopoulos C, Thodis T, Ward G, Trost N, Hofferberth S, et al. The Mediterranean diet improves hepatic steatosis and insulin
sensitivity in individuals with non-alcoholic fatty liver disease. Journal of Hepatology. 2013; 59:138-143. DO
10.1016/j.jhep.2013.02.012

Contributors

Vieira KA participated in the compilation of the data and writing of the manuscript; Rieger DK participated in the analysis

and interpretation of the data, and writing and revision of the manuscript; Daltoé FP participated in the conception and

design of the study and reviewed the written manuscript.

Conflict of Interest: The authors declare that they have no conflict of interest

Received: July 12, 2019
Accepted: May 01, 2017



