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ARTICLE INFO ABSTRACT

Non-alcoholic fatty liver disease (NAFLD*) is the presentation of metabolic syndromeof liver issuesor
diseases. Apart from Alcoholic fatty liver syndrome NAFLD is expected to becomethe major causeof last-
stage of hepatic illness globally. NAFLD is the primaryculprit of different liver issues starting from Steatosis
(deposition fat in liver), steatohepatitis (NASH), and NASHCirrhosis and cirrhosis complications. The load of
diseaseconnected to NAFLD isexceptionally high in the common population and the world-wide occurrence
of liversteatosis is indeed around 25%. These figures are extremely vulnerable in the last few decades and also
show a direct relationshipwith an increasein obesity and diabetes which establishes a strong correlation
between them. Increased consumption of packaged and processed food has increased the prevalence ofvisceral
fat which hasclinically been proven to increase the hepatic fat content as well as overall lipid in theblood
serumof the subject.Mediterranean diet is the dietary practice done by 16 plus countries surrounding the
Mediterranean Sea having multiple aspects in managing health. It strongly supports restrictingprocessed food
andanimal meat by growing tendencies ofusing of grains, lentils, seeds nut, fish, dairy, eggs, vegetables, and
fruits. The Mediterranean diet has been clinically proven to producepositive healthoutcomes in terms of
cardiovascular health, Hb1Ac, and waist circumference in bothgenders. The following critical review aims to
understand the positive correlation between Mediterranean diet and Non-alcoholic fatty liver disease in the
population of West Bengal irrespective of gender inthe middle-agegroup followed by improving quality of
living in implementation of grain based — low protein diet.
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INTRODUCTION

Additionally production of free radicals in the body leads low grade
inflammation in gut lining leading to several metabolicsyndromes
which gradually evolve to Non-alcoholic fatty liver disease

Fatty liver disease also referred as liver/hepatic steatos is and steatotic
liverdisease, is a condition where excess fat piles up in liver. Often
there are no or few symptoms. Occasionally there will be pain in
upper right side of the right abdomen. Complication can be liver
steatosis to cirrhosis of liver-to-liver cancer. The main sub-division of
fatty liver disease is ALD and NAFLD. Forthis above condition the
primary cause is alcohol, sedentary lifestyle, obesity, type 2 diabetes.
Other causes include certain medications like glucocorticoids. The
occurrence of NAFLD has increased 10 times as per survey, taking a
shape of Epidemic in coming future. NAFLD covers the range of all
kinds of fatty liver diseasesstarting from simple accumulation of fat
that is called steatosis to non-alcoholicsteatohepatitis (NASH),its
major symptoms ranges from inflammation with markers of different
intensity of fibrosis to cirrhosis and liver carcinoma. NAFLD is
defined as an outcome of many chronic conditions in body
andchanging environmental conditions such as food habits and daily
lifestyle, genetical factors, exercise. The gut flora has been seen to
change with the above factors andcreate inflammation and other
symptoms.

(NAFLD).As per study done by EASL EASD EASO and their
guidelines NAFLD can be managed to agreater extent with a lifestyle
and dietary modification approaches.

A diet which is richin polyphenols, antioxidants, Poly Unsaturated
Fatty Acids (PUFA),both soluble and insoluble fibre limiting intake
of refined flour and high sugar and sodium foods including processed
foods which isthe principle of Meditarrian diet can actually help in
improving the condition. As perthe study done and published in
clinical nutritioneminent international journals, where it has
beenshown a positive relation between MD and NAFLD. A study was
carried out among73 people who were having there BMI in
overweight to obese category,34 out of them undergone biopsy study
for liver, surprisingly a higher score of medi-diet has been seen.
Again in 2015 a study was done to see the association between MD
and liver histology among NAFLD patients. So the major aim of this
study is to crosscheck NAFLD and its outcome in subjects with
Mediterranean diet as well as their insulinresistance, systolic diastolic
pressure, BMI, waist circumference, lipid profile and body
composition.
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LITERATURE REVIEW

Circumstances claim a diet followed by olive growing countries that
is Meditterian diet is a therapy among Non-alcoholic fatty liver
disease groups,as till date NAFLD is a malady without any
determined treatment (1) Over the period outrages consumption of
towering amount of processed and packaged food items and truncated
intake of vegetable prioritising meals has led to degraded fatty acid
plasma composition. (2)The MDP (Meditterian diet pattern) has been
received the honour of improving life expectancy with people having
cardiovascular issues as per Ma-Martinez Gonzalez et.al in 2004 by
improving the overall anthropometric markers (3). The Greece
Government in 1948 took the first initiative to come up with an idea
of dietary principle where the TEI (Total energy intake) of an
individual adult is distributed as follows 61 percent from plant
sources (cereals, pulses, nuts, vegetables and fruits), remaining 7
percent TEI from animal origin (meat, egg, fish and dairy products)
and the cooking oil is olive oil (4). Gradually post this many scientists
undertook research highlighting meditterian diet and role of the
bioactive components presents in these food group and eventually in
meals. NAFLD is a global epidemic leading to the array of related
non communicable diseases to gulp the Asian population as per
Ghevariya V Sandar N. Patel K, et. Al (2014) (5).

10-20% of individuals with
fatty liver develop NASH

A

d FFA

First hit J

Normal liver

NAFLD

Gut-derived endotoxin

Inflammatory cytokines (TNFa, IL-6) -
Adipokine imbalance ,

Oxidative stress

Mitochondrial dysfunction
ER stress

Glucoseo
|

ChrREBP £

Insulin o
snés P1c Q)

De novo lipogenesis &

FFA Q)  e——- FFAO-‘-——FFAO

Triglycerides €3 AdiprRetaaney

Steatosis VLDL

Fig. 1. Asaoka, Y., Terai, S., Sakaida, I., & Nishina, H. (2013). The
expanding role of fish models in understanding non-alcoholic fatty liver
disease. Disease models & mechanisms, 6(4), 905-914

The world wide prevalence of NAFLD is about twenty five percent
ranging from thirteen percent in Africa to twenty three percent in
Europe and thirty two percent in Middle East as per
YounossiZM.Koeing et.al.(2016)(6). However the overall number of
patients with end stage liver disease caused by NAFLD is rapidly
increasing, there was a one seventy percent increase in cases of
NASH on the transplant waiting list in USA as per researches in last
couple of years (7). NAFLD is most common liver disorder in United
States as per BambhaK. Belt P.A Braham M et.al in his study of
relationship between ethnicity and NAFLD.(8) In a prospective
epidemiological study, seventy five percent of non-obese Bengali
Indians with NAFLD were found to have a BMI above 25kg/m2 as

per et.al in 2010 (9).1t is therefore assumed a mass of South Asians
may have undiagnosed early stages of NAFLD.(10) As per A.
Arabet.al in 2019 it may be confirmed that, Non-alcoholic fatty liver
disease by altering our routine lifestyle and eating or plating pattern in
MED style. (11) Food groups and exchange list is one of the key
factors in this aspect. In 2016 in an experiment K.Royet.al have
established role of phytochemicals present in MED food pyramid in
relevance with improvement of biomarkers of steatohepatitis(12).Not
only this in a study proved that this diet principle advocated more
consumption of omega 3 fatty acid compared to saturated fatty acid in
daily food plate leading to improving hypertension cases in subject
(13).Non-alcoholic fatty liver disease referred as liver/hepatic
steatosis and steatosis liver disease, is a condition where excess fat
piles up in liver (14). Often there are no or few symptoms.
Occasionally there will be pain in upper right side of the right
abdomen. Complication can be liver steatosis to cirrhosis of liver-to-
liver cancer (15). The main subdivision of fatty liver disease is ALD
and NAFLD (16). For this above condition the primary cause is
alcohol, sedentary lifestyle, obesity, type 2 diabetes. Other causes
include certain medications like glucocorticoids (17). The occurrence
of NAFLD has increased 10 times as per survey, taking a shape of
epidemic in coming future (18).

NAFLD covers the range of all kinds of fatty liver diseases starting
from simple accumulation of fat that is called steatosis to non-
alcoholic steatohepatitis (NASH), its major symptoms range from
inflammation with markers of different intensity of fibrosis to
cirrhosis and liver carcinoma (19).NAFLD is defined as an outcome
of many chronic conditions in body and changing environmental
conditions such as food habits and daily lifestyle, genetical factors,
exercise (20). The gut flora has been seen to change with the above
factors and create inflammation and other symptoms (21).
Additionally, production of free radicals in the body leads low grade
inflammation in gut lining leading to several metabolic syndromes
which gradually evolve to Non-alcoholic fatty liver disease (NAFLD)
(22). As per study done by EASL EASD EASO and their guidelines
NAFLD can be managed to a greater extent with a lifestyle and
dietary modification approach (23).

Food Groups of Meditterian diet and their phytochemical role in
nafld: NAFLD is a blended outcome of vivid metabolic dysfunction
majorly related to mal lifestyle and dietary practices in eastern
population. As per the present situation a multitargeted strategy for
therapeutic strategies as dietary intervention for NAFLD patients
around the world is much needed(24). Till date many researches has
advocated the positive corelation between meditterian diet pattern and
the impact of different phytochemicals present in different food
groups. Food groups are the classification of foods according to their
role and function. Below the 8 food group classification has been
discussed with phytomecals we get from each group and their
relevance in NAFLD (25).

Whole grains: The incidence of increase in body fat percentage
eventually overall weight gain among population is growing
worldwide. Obese condition is linked with increased rate of oxidation
leading to oxidative stress and eventually activating inflammatory
markers. (26) These leads to high concentration of lipids in blood
leading to hyperlipidaemia, activation of proinflammatory cytokinin
(TNF-alfa,IL-6 AND IL-BETA) and other transcriptional factor
which in turn lead to the shower of metabolic diseases leading to
Type 2 diabetes,Obesity,Cardiovascular disease,Asthama etc. Grains
are the staple food food grown all over the country. These include
rice, wheat, millets, kodo, maize, barley (27) .When consumed in
whole form with germ, endosperm and bran they serve as a one step
solution for the presence of phytochemicals and meting the daily
requirement in our diet (28). Phenolic acids, vitamins, phytosterols,
caretonoids, dietary fiber, lignans, ferulic acid are among some of
them which comes with immense heath benefits in metabolic
dysfunction majorly NAFLD as established by Kategowdru
Vijaykumar et. al in2022 in the Journal of Food biochemistry (29).
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Pulses: The cluster of extra glycerides called steatosis is known as the
stamp mark for an imbalance between rates of hepatic fatty
aciduptake, synthesis or export (30). Ethanol extracts of legumes are
popular supplements due to their umbrella of phytochemical,
especially talking about isoflavones and anthocyanins (31). In2020
Yen chu koh et.al established a positive corelation between pulses
intake among high fat induced diet in the subjects. The not only come
out improved weight management but also improved NAFLD
markers (32).

Vegetables: Insulin resistance and inflammation are the most
important hidden contributors in NAFLD progression (33). As per
Zhang B et. Al dietary polyphenols help in glucose uptake by
activating AMP activated protein kinase pathway eventually leading
to improved energy outcome in insulin resistant subjects.Not only this
but these molecules have a positive effect on obesity indices as well
which in turn shapes the idea of healthy hepatic portal circulation.
The presence of soluble and insoluble Fiber in vegetables helps in
appetite management leading in the achievement of ideal BMI(34).
Apart from this the presence of Alkaloids helps in preventing the
adipose tissues to increase in size and managing liver steatosis in a
better way (35).

Thendlics
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effectively. The famous Spearman correlation analysis reveal strong
links between intestinal flora, lipid metabolism and iron homeostasis
mitigating that fruit extracts mitigated ALI via the gut microbiota
liver-axis (38)

Fish: The growing manifestation of NAFLD worldwide with hyper-
lipidemia and increased cholesterol levels is getting an attention to
segregate and analyze the animal sources of protein.Ina study of
YouchiAshayoka et al he explained the benefits of small fish intake
and improving liver health (40).

Egg: Source of amino acids and choline proves egg to be an essential
part in NAFLD dietary management but due to its high cholesterol
content the suggested daily intake needs to be titrated (42).In recent
future the pharma cotreatment of NAFLD AND NASH from fish
models utilising omega 3 fatty acid as per the experiment done in
2012 by Chalasani et.al (43)

Chicken/Meat: High consumption of red meat and processed meat is
directly proportional to steato-hepatities.Consumption of meat cooked
in unhealthy manner is related to insulin resistance as established by
D Ivancovsky-wajcman et.al in 2022 (44).
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Fig. 2. Marra, A., Manousakis, V., Zervas, G. P., Koutis, N., Finos, M. A., Adamantidi, T., ... &Tsoupras, A. (2024). Avocado and its by-products as
natural sources of valuable anti-inflammatory and antioxidant bioactive for functional foods and cosmetics with health-promoting properties. Applied
Sciences, 14(14), 5978 (39)

Table 1: Asaoka, Y., Terai, S., Sakaida, 1., & Nishina, H. (2013). The expanding role of fish models in understanding non-alcoholic fatty liver
disease. Disease models & mechanisms, 6(4), 905-914 (41)

Table 1. List of mutant fish models of liver disease

Species Mutant Gene Function Liver phenotypes Knockout mice Reference
Zebrafish  foiegras  Trafficking protein particle  ER-to-Golgi Hepatic steatosis; nuclear Not characterized yet Sadler etal,,
complex 11 (trappc11) trafficking degeneration of hepatocytes 2005
Medaka ~ nmk ATP-binding cassettesub- ~ Lipid and iron Hepatic steatosis Knockout mice die early ~ Miyake etal,,
family Bmember 7 (abcb7)  metabolism in gestation 2008
Zebrafish  ducttrip S-adenosyl-homocysteine Methionine Hepatic steatosis; mitochondrial ~ Not characterized yet Matthews etal.,
hydrolase (ahcy) metabolism dysfunction; liver degeneration 2009
Zebrafish  hi559 CDP-diacylglycerol-inositol  Phospholipid Hepatic steatosis Not characterized yet Thakur et al,,
3-phosphatidyltransferase  synthesis 2011
(cdipt)
Zebrafish ~ hu1960,  Serine/threonine kinase 11 Phosphorylation of - Fasting hepatic steatosis; Homozygous deletion  van der Velden
hu1968 (stk11) the nutritional glycogen depletion mutants die at etal, 2011
sensor AMP- midgestation
kinase
Zebrafish  redmoon  Solute carrier family 16a B-hydroxybutyrate Fasting hepatic steatosis Not characterized yet Hugoetal., 2012
member 6a (slc16a6a) transporter
Zebrafish ~ st67 Sec63 ER translocon Disrupted bile canaliculi; Tissue-specific Monk etal., 2013
machinery accumulation of large homozygous mutations

lysosomes; hepatic steatosis

result in kidney and
liver cyst formation

Fruits: Liver is an important digestive gland in the body.In today’s
age of packaged and processed foods we have put an extra pressure
over the system leading to the damage of the organ in turn leading to
another array of metabolic diseases (37).NAFLD I sone of them
which is growing as serious health concern worldwide. However,
daily recommended consumption of whole fruits and the presence of
functional components in them can help to manage the condition

Seeds/Nuts/Oil: Modulation of dietary fat and its impact on intestinal
microbiome is well-known preferred and customised as per
population or subject need call help in in preventing NAFLD
progression. Flaxseeds are well known for its fatty acid composition
and healing mechanism of hepatic damage (45).Walnuts,
Almonds,sesameseeds, sunflower seeds, and safflower seeds have
their unique fatty acid composition profile which helps to counteract
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the progression of steatosis (46). In 2013 in an research conducted by
Betha Conlon et.al the role of pufa,mufa and saturated fats has been
depicted in relevance with NAFLD (47).Many researches are being
done in getting the fact that a diet rich in vegetable sources with high
omega3 content and limiting excess saturated fat in meals can
counteract NAFLD in population irrespective of gender age and
place.Systemic reviews were done according to Cochrane, the centre
for Reviews and Dissemination and PRISMA guidelines.

DISCUSSION

Amino alanine transferase levels were remarkably reduced in a quasi-
model dietary intervention of Mediterranean diet experiment, along
with HOMA cystine levels and improvement of overall health as per
Fraser et al 2008 (48).In2012 a comparative dietaryintervention trial
was run by L. Bozzetto et al. Two groups were divided and one was
fed with foods rich in unsaturated fatty acids and whole grains
whereas second was containing more of simple carbohydrates (49).
The former group showed better liver function activity after aperiod
of six months. In 2013 Rayan et.al did a comparative study again
among dietary intervention of Mediterranean diet with diet rich in fats
and lower percentage ofcarbohydrate groups. They came up with
results which proved the suitability of Mediterranean diet among
subjects (50). The effectiveness of Mediterranean diet was established
among nonalcoholic fatty liver patients by bright liver score in just a
6-month trial period among people over 50 years of age with BMI
above 30 by Trovato et.al in 2015.A combined effect of sylbin-
Vitamin E and phospholipid complex along with Mediterranean diet
showed improvement amongoverweight patients as per studied
conducted by Abena Voli, 2015 (51).According to the article
published in world journal of Gastroenterogy in 2016, traditional
Mediterranean diet including meals from all 8 food group exchanges
in definite serving is proved to be helpful in managing non alcoholic
fatty liver disease among obese. Italian groups (52). The HOMA IR
values got significantly reduced with gross reduction of body fat
percentage.In Greece in 2014 a comparative trial experiment was
conducted by Kontogiani among 73 overweight non alcoholic fatty
liver patients and 58 non-alcoholic fatty liver patients irrespective of
their body weight with dietary intervention of Mediterranean diet
(53).

Surprisingly both the groups showed less severity of the disease
progression in both groups. In an Italian study conducted in 2016 by
Trovato et.al has shown the improvement of non- alcoholic fatty liver
disease markers and HOMA IR with an improvement in lifestyle and
quality of diet that is by following diet rich in Mediterranean foods
(54).In 2017 the study done by Baratta et.al has shown a positive
relation among obese groups on consumption of Mediterranean diet
by reducing risk of cardio vascular disorders and NAFLD (55). The
strong bond between gut micro biota and NAFLD has been put
forward byseveral studies, where the high fiber content of MD
reduces Formicates andincreases Bacteriodetes,thus improving the
microbial marking that enhances themuscle muss by lowering the fat
content and different grades of obesity of differentgrade,
inflammation and related metabolic alterations (56). Moreover, it’s
been wellproved in many researched papers the role of
Bifidobacterium in reducing C reactiveproteins and plasma
cholesterol (57). It has been researched and proved in manyjournals
the clinical fat loss achieved by calorie restriction and leading to
overallweight loss by restricting calories either including physical
activity or not leading toimprovement in different and multiple
NAFLD biomarkers including liver enzymes, NASH, liver fat and
fibrosis (58). The subcategory NAFLD has two sub categories that
iSNAFL (Non Alcoholic Fatty Liver) and NASH (Non-alcoholic
steatohepatitis). Halfwaythrough 2023, more than 200 experts in liver
disease formalized their decision toreliable NAFLD to metabolic
dysfunction associated steatotic liver disease. It isincreasing
worldwide and expected to become number one cause of cirrhosis of
liverand hepato-cellular carcinoma in coming 5 years (59). Presently
there is no such provenpharmacologically treatment. Weight loss is
the 1¥line therapy in improving up to 10 percent hepatosteatosis. To.

To achieve this wide clinically researched diet therapywith
supplementation of super-food needs to be adapted with appropriate
physicalactivity.

CONCLUSION

So far, we have come across that the various bioactive component of
Mediterranean diet are useful in limiting the progression of the
disease and healing process of liver but the findings are limited in
supporting the fact that which food group needs to be consumed in
how much amount and in what combination. Also, the data are
limited in the cooking methodology of these food items and time of
consumption.

Conflict of Authors: There is no conflict of interest to be declared by
any of the authors.
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