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Introduction
The incidence and prevalence of nonalcoholic fatty liver disease 

(NAFLD) and nonalcoholic hepatic steatosis (NAH) remain unknown. 
It is estimated that 20 to 40% of the Western population is affected by 
NAFLD. NAFLD is the most common form of chronic liver disease 
in the world, with an estimated prevalence of approximately 30% in 
the US. Most cases occur in people aged between 40 and 60 years, but 
NAFLD is becoming increasingly prevalent in the pediatric population 
[1]. Although initially it was considered a disease that predominantly 
affects the female sex, it is currently understood that both sexes are 
affected equally. It is believed that the prevalence in Hispanics is higher 
than in whites, while on the other hand, African Americans are less 
susceptible to the progressive form of the disease and the Asian and 
Pacific regions are less affected [2]. It is expected to become the main 
indication for liver transplantation in the future, replacing hepatitis C.

As the prevalence of obesity and metabolic syndrome has increased 
on a global scale, there has also been an increase in nonalcoholic fatty 
liver disease (NAFLD). Its prevalence is significantly higher in diabetics 
(up to 63%). In morbidly obese patients undergoing bariatric surgery 
and a liver biopsy, NAFLD was diagnosed in up to 93% of cases [3,4]

NAFLD is now a truly sneaky and silent epidemic. More than one-
third of the adult Brazilian population has steatosis, which may be 
associated with other liver diseases (such as viral hepatitis or alcoholic 
liver disease), or associated with secondary factors (such as drugs, 
chemical agents), or with NAFLD, its main etiology.

It is known that NAFLD may progress to more severe forms such as 
nonalcoholic steatohepatitis (NASH), liver cirrhosis, or hepatocellular 
carcinoma. Furthermore, NAFLD is a warning sign for the future 
development of type 2 diabetes mellitus and cardiovascular diseases. An 
estimated 9% to 20% of patients with NAH evolve to cirrhosis, and up 
to one-third of these patients die from complications arising from liver 
failure or the need for liver transplantation [5,6]. In England, in the years 
2015–2017, 774 deaths were reported as a result of NAFLD in people 
under 75 years of age [7,8]. Therefore, the current nonrecognition of 
the importance of this disease by the medical profession represents not 
only clinical ignorance, but above all, a lack of interest in their patients 
[8]

The incidence and prevalence of NAHS are difficult to assess 
due to the need for a biopsy to make the diagnosis. Data suggest that 
approximately 3% of individuals from developed countries have EHNA 

[6].

The term nonalcoholic steatohepatitis (EHNA) was used for the 
first time to describe a group of patients who developed liver failure 
after jejunoileal bypass surgery for obesity [9]. Nonalcoholic fatty liver 

disease is defined as a clinical-histopathological entity that includes a 
spectrum of conditions histologically characterized by macrovesicular 
hepatic steatosis in people who do not consume alcohol in amounts 
generally considered harmful to the liver [10].

Risk factors associated with nonalcoholic fatty liver disease 
(NAFLD) include medications, surgical procedures, or total parenteral 
nutrition, and these are considered by some to be secondary causes. 
Primary NAFLD is associated with metabolic syndrome or insulin 
resistance.

The pathophysiology of primary NAFLD is not yet fully understood, 
but the most accepted hypothesis is related to insulin resistance as the 
main mechanism, causing excess triglyceride accumulation in the 
liver and subsequent development of hepatic steatosis. When steatosis 
is present, some have proposed that a second attack or an additional 
oxidative lesion would be necessary to manifest the necro-inflammatory 
component observed in steatohepatitis. Antioxidant deficiencies; 
hepatic iron; fat-derived hormones including leptin, adiponectin and 
resistin; and intestinal bacteria were implicated as probable oxidative 
stressors. Therefore, nonalcoholic hepatic steatosis (EHNA) is a subset 
of NAFLD [11].

NAFLD can be classified into 5 forms of clinicopathological ready-
of-sight [12]:

• macrovesicular or mixed steatosis predominantly macro/
microvesicular without evidence of inflammation or fibrosis (mild).

• macrovesicular or mixed steatosis predominantly macro/
microvesicular with evidence of hepatocytes ballooning 
degeneration, mild, mixed, acute and chronic diffuse lobular 
inflammation, and perisinusoidal collagen deposition.

• fibrosis associated with EHNA: A wound healing response 
in damaged regions of the chronic inflammatory disease are 
encapsulated by extracellular matrix or scar tissue. In its early stages, 
fibrosis is considered reversible to some extent, but in the late stages, 
it is considered irreversible. In EHNA, fibrosis is classified in stages 
0 to 4.

• cirrhosis associated with HLH: this is the histological definition 
of the last stage of progressive hepatic fibrosis, characterized 
by distortion of the hepatic architecture and the formation of 
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to use it coupled to optical fiber instruments to reach areas of difficult 
access, enabling several complex surgeries, such as neurological 
and cardiovascular surgeries, endoscopic resections in the airways 
and digestive tract, and in gynecological and urological outpatient 
procedures [13]. The use of laser therapy in the postoperative period in 
patients undergoing major surgeries, such as cardio-thoracic surgeries, 
neurosurgeries, bariatric and other abdominal surgeries, have resulted 
in effective responses, reducing morbidities and apparently without 
adverse effects [15].

The FMT can be used to contain inflammation, with consequent 
reduction of edema, modulating the immunological process, 
minimizing painful symptomatology and cellular/tissue and organic 
biomodulation. Laser or LED therapy is an alternative for treating 
inflammatory responses, neoangiogenesis, pain and need for tissue 
regeneration [13].

A modified form of the use of low-power lasers is intravascular 
(arterial) applications. Known by its acronym ILIB, the English 
term Intravascular Light Irradiation of Blood (ILIB stands for Blood 
Intravascular Irradiation with Light). The Russians began to employ the 
technique of ILIB during the former Soviet Union—the Perestroika and 
Glasnost—however, due to the economic difficulties and situation in the 
Soviet bloc, it was not possible to import from the western medicines 
(antibiotics, oncology, etc.) and medical equipment. They began to seek 
new alternatives for the treatment of a number of intrahospital patients. 
Thus, several iron curtain countries have begun to successfully employ 
new forms of treatment in the various Soviet dialysis and ICUs services 
[16]. It can be applied directly to blood vessels or subcutaneously, 
according to chavantes [13] and KAZEMI [17], respectively, called 
Transvascular Sublingual Photo-Irradiation of Blood (Intravascular 
Irradiation with LED).

Magnetotherapy

Approximately 3,500 years ago, in the Iron Age, the concept of 
magnetism emerged in ancient Egypt, China and India. The first 
applications in inflammatory diseases and painful illnesses were 
reported in the years 131 to 201 BC. For centuries the magnetotherapy 
has been provided in the form of natural magnets, with a wide variety of 
properties, such as preventing or slowing down the process of cell aging 
and maintaining health. Studies on the properties of magnets continued 
in the 16th century with Aureolus Philippus Paracelsus (1493–1541), 
who used magnets to cure many inflammatory processes. At the end of 
the 18th century, Faraday paved the way for a new scientific conception 
of the association of electric currents and magnetism, studying the 
effects of electromagnetic fields.

Among the various types of treatments in the health area using 
magnetotherapy, there are low frequency pulsed electromagnetic 
fields (CEMP-BF). This is a noninvasive, safe and easy-to-manage 
method for the treatment of various pathologies characterized mainly 
by pain, inflammation and regeneration, causing biological effects on 
organisms, systems and organs. There are many doubts regarding the 
best dosage to be used with pulsed electromagnetic fields (CEMP), 
and their mechanisms of action are not fully understood. Its main 
actions are the diversion of particles with moving electrical charges, 
the production of induced currents through the piezoelectric effect 
on bones and collagen tissue, and increased solubility of substances. 
At the cellular level, it has a normalizing effect of membrane potential 
and stimulates cellular metabolism; in tissue, it is a powerful metabolic 
stimulator of cells, tissues and organs.

regenerative nodules. Traditionally, it is considered an irreversible 
condition.

• End-stage liver disease associated with NAH: the stage that patients 
with cirrhosis develop clinical complications. Most complications 
are sequelae and manifestations of advanced fibrosis, such as portal 
hypertension and decreased synthetic liver function. They include 
ascites, portosystemic encephalopathy, varicose vein hemorrhage, 
hepatocellular carcinoma, and hepatorenal and hepatopulmonary 
syndromes.

The pathological classification has 4 types:

• Type 1: Simple steatosis, considered nonprogressive.

• Type 2: Steatosis associated with lobular inflammation (probably 
benign, not considered as EHNA).

• Type 3: Steatosis, lobular inflammation, and ballooning degeneration. 
It is EHNA without fibrosis (it may progress to cirrhosis and liver 
failure).

• Type 4: Steatosis, ballooning degeneration and fibrosis or Mallory 
bodies. It is EHNA with fibrosis (it may progress to cirrhosis and 
liver failure).

Regarding the treatment of NAFLD, so far there is no proven and 
conclusive therapy, demonstrating the importance of studies of potential 
therapeutic agents in this area. Since dietary and lifestyle modifications 
often fail or cannot be implemented efficiently, there is clearly a need for 
pharmacological agents for this condition, designed and studied with 
the aim of improving liver histology and liver function. Several agents 
with different mechanisms of action have been investigated, reflecting 
the different pathways considered important in the pathogenesis of 
NAFLD. The main lines of study involve drugs that improve insulin 
resistance and decrease oxidative stress [8].

Photobiomodulation

The word laser is composed of the first letters of the English 
expression Light Amplification by Stimulated Emission of Radiation, 
which means "amplification of light by stimulated emission of 
radiation". Lasers are used in medicine to provide the body with a 
better response, such as for cutting and vaporizing tumors. The laser 
is a symbol of technological advances, as it is on the list of the greatest 
inventions of the twentieth century. According to chavantes [13], the 
laser can be classified according to its power into 2 major groups: high 
power lasers (or surgical) and lasers that employ a low power, such as 
therapeutic low power light (LBP) and photodynamic therapy (PDT).

More recently, lasers have proven to be an excellent therapeutic 
tool, possessing biostimulatory capacity, as well as being part of modern 
therapies such as photobiomodulation therapy (TFBM). This is also 
known as simply laser therapy, which uses a laser or a low irradiance 
LED (LBI) (CHAVANTES, 2006).

LED stands for Light Emitting Diode. They are energy-based devices 
with laser-like effects. They promote light irradiation over larger areas 
for a shorter period of time. They have been developed in recent decades, 
are becoming cheaper, and produce similar effective responses to lasers 
during photobiomodulation therapy. In a pilot study of ARAUJO, the 
device was applied to patients with NAFLD, obtaining very promising 
results [14].

TFBM is being applied in several medical specialties with great 
success [15]. Due to the physical characteristics of the laser, it is possible 
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Regarding the origin of magnetotherapy, its therapeutic use began 
at the end of the 19th century with D'Ansorval, but studies advanced a 
lot when, in 1957, Fukuda and Yasuda [18] described the piezoelectric 
phenomenon in bone tissue. From these studies, it was noticed that 
the effects obtained in bone regeneration with CEMP are not only due 
to the mechanical energy applied to Ca+ ions++, which makes these 
ions vibrate at their maximum frequency until they reach resonance 
(energy that will be transformed into electricity by the piezoelectric 
phenomenon), but also to the responses of osteocytes that release 
autocrines and paracrines, modulating factors of cellular activity.

The effects of magnetotherapy on bone tissue were evaluated in 
clinical studies such as that by Martinez, Capellas and Tinoco [19], 

which evaluated the treatment of fractures of long bones with 28 
sessions of magnetotherapy, lasting 30 minutes per day, at a frequency 
of 50 Hz and intensity of 8 mT. The results showed consolidation of the 
fractures. The clinical study by McLeod et al. evaluated the effects of 
magnetotherapy on osteopenia, performing 60-minute CEMP sessions 
at frequencies of 15, 75 and 150 Hz. The results indicated that the 
frequency of 15 Hz was the most effective to increase bone mass [20].

CEMP can help treat osteoarthritis by decreasing pain. McCarthy's 
study CJ evaluated applications of 0.1–64 Hz, 30 minutes per day for 3 
weeks [21]. It was concluded that CEMP suppressed collagen matrix 
degradation enzymes, with preservation of cartilage morphology and a 
delay in the development of osteoarthritic lesions.

Nindl studied the anti-inflammatory effect of CEMP, using a 
frequency of 50 Hz, and found it caused apoptosis of T lymphocytes 
[22]. On the other hand, CEMP does not perform well in inflammation 
caused by bacteria.

Overall goal

To conduct a comparative study of LED therapy and magnetotherapy 
in the treatment of nonalcoholic fatty liver disease.

Case series and methods
A randomized clinical trial, placebo-controlled, is proposed. The 

study will be carried out at the Medical Specialty Outpatient Clinic of 
Universidade Nove de Julho - UNINOVE at Rua Vergueiro, 235/249, 
Liberdade, São Paulo/SP.

In all patients, peripheral venous blood (Vacutainer®) samples will 
be collected twice, once at the beginning and again after 20 weeks. The 
following will be measured:

	Serum proteins (only before the study period, as part of the 
inclusion/exclusion criteria)

	Fasting glucose and glycated hemoglobin (only before the study 
period, as part of the inclusion/exclusion criteria)

	Urea and creatinine (only before the study period, as part of the 
inclusion/exclusion criteria)

	Serology for hepatitis (only before the study period, as part of the 
inclusion/exclusion criteria)

	Alanine aminotransferase (ALT)

	Aspartate aminotransferase (AST)

	Alkaline phosphatase (FAL)

	Total bilirubin (BT), indirect (BI) and direct (BD)

	Gamma-glutamyl transpeptidase (GGT)

	Prothrombin uptime (TAP)

	Total Cholesterol (CT)

	Cholesterol HDL

	Cholesterol LDL

	Triglycerides

The sample will be divided into 3 groups at random, as described 
below:

Group 1: Patients with Placebo.

Group 2: Patients treated with transvascular LED therapy + 
magnetotherapy.

Group 3: Patients treated with magnetotherapy.

LED therapy transvascular

The LED (Linealux Laser Therapy™) will be applied by means of 
an applicator (A Teflon plate) with 3 LED outputs or 3 points of light 
application (one at the top and 2 at the bottom). A Continuous Wave 
LED Diode will be applied in red, λ ± 660 nm, via the transvascular 
sublingual, at 3 points on the sublingual vessels, in the following 
dosimetry:

Power = 5 mW/point:
Power Density = 5 mW/cm2

Total application time = 7 minutes (420 seconds)
Effective illumination area of each light source (without overlapping) = 1 cm2

Energy Density (fluency) = 2.1 J/cm2

It will be administered 1x/week for a total of 16 weeks and with a follow-up of 1 month 
after the end of the use of TFBM.
Power = 5 mW/point:
Power Density = 5 mW/cm2

Total application time = 7 minutes (420 seconds)
Effective illumination area of each light source (without overlapping) = 1 cm2

Energy Density (fluency) = 2.1 J/cm2

It will be administered 1x/week for a total of 16 weeks and with a follow-up of 1 month 
after the end of the use of TFBM.

Dosimetry calculation

Wavelength, in red, λ = 660 nm

Diode emits 5 mW per point (per cm2) = as there are 3 points = 15 
mW per application in total

Area = 1 cm2 = total 3 cm2 (3 points of light emission, no overlap 
among them)

Total power = 15 x 420 = 6300 Joules 

ENERGY DENSITY (FLUENCY) = POWER (mW) × TIME (sec.)/
AREA (cm2) 

Energy density (creep) = 15 x 420/3= 6300/3= 2,100 J/cm2 = 2.1 J/
cm2

POWER DENSITY (IRRADIANCE) = POWER/AREA = 15/3 = 5 
mW/cm2

Inclusion criteria of patients in the study

Inclusion criteria are:

	Patients of both sexes.

	Adults between 35 and 70 years old.
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	Asymptomatic or not.

	Patients with GRADE I, II or III NAFLD diagnosed by abdominal 
ultrasound.

	Overweight or obese (body mass index equal to or greater than 26 
kg/m2).

	Other comorbidities not present, since the medications used to treat 
these diseases would affect the study by interfering with the liver 
regeneration process, and in addition, an AST/ALT ration <1.

Exclusion criteria

Exclusion criteria are:

	Patients with advanced liver disease, thyropathies, neoplasms, type I 
and II diabetes mellitus.

	Patients with liver, cardiothoracic and renal failure.

	Individuals with collagenosis and autoimmune diseases.

	A history of alcoholism (ethanol use > 20 g/day by women and > 40 
g/day by men).

	Patients with hepatitis B or C, or HIV.

	Patients using medications known to cause and treat steatosis or 
who have recently used the medication metadoxine.

	AST/ALT ratio >1.

	Patients who do not follow the recommendations of diet and 
exercise.

	Specific contraindications to treatment with magnetotherapy [23]:

o suspicion or confirmation of neoplastic processes,

o hyperfunctionality of the thyroid and adrenal glands,

o severe myastenia,

o Bleeding,

o bacterial, fungal and viral infections.

Magnetotherapy precautions

According to Quintero [24], some special precautions should be 
taken in the use of CEMP, such as the use of pacemakers by patients 
since the magnetic field could alter the adjustment of the electrical 
rhythm of this device when administered in proximity to the cardiac 
regions. CEMP should be avoided in patients during pregnancy, and 
among those with epilepsy, severe arteriosclerosis, or hypotension, and 
anticoagulated, hypotonic, or psychopathic patients. 
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