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Abstract: Nonalcoholic fatty liver disease (NAFLD) is liver damage characterized by an accumulation
of triglycerides in hepatocytes of >5% (due to an alteration of the balance of the lipid metabolism in
favour of lipogenesis compared to lipolysis) that is not induced by the consumption of alcohol. The
pathology includes simple steatosis and nonalcoholic steatohepatitis, or NASH (steatosis associated
with microinflammatory activities), which can evolve in 15% of subjects with hepatic fibrosis to
cirrhosis and the development of hepatocellular carcinoma. The aim of this study is to report the role
of macro- and micronutrients in the pathogenesis and prevention of NAFLD in obese subjects. A total
of 22 obese or overweight patients with hepatic steatosis were monitored periodically, evaluating their
eating habits, fasting glycaemia, lipid picture, liver enzymes, anthropometric parameters, nutrition
status, liver ultrasound, oxidative stress, and adherence to the Mediterranean diet. A statistical
analysis shows a significant positive relationship between total cholesterol and the Mediterranean
adequacy index (MAI) (r = −0.57; p = 0.005) and a significant negative relationship between ALT
transaminases and the MAI (r = −0.56; p = 0.007). Nutrition and diet are important factors in the
pathogenesis and prevention of NAFLD. The dietary model, based on the canons of the Mediterranean
diet, prevents and reduces the accumulation of fat in hepatocytes. Therefore, in agreement with
other studies in the literature, we can state that a dietary model characterized by foods rich in fibre,
carotenoids, polyphenols, ω3 fatty acids, folic acid, and numerous other molecules is inversely
correlated with the serum levels of ALT transaminases, an enzyme whose level increases when the
liver is damaged and before the most obvious symptoms of organ damage appear.

Keywords: NAFLD; micronutrients; Mediterranean diet; transaminases; prevention; cognitive
impairment; cognitive rehabilitation

1. Introduction

Nonalcoholic fatty liver disease is liver damage characterized by an accumulation
of triglycerides in hepatocytes of >5% (due to an alteration of the balance of the lipid
metabolism in favour of lipogenesis compared to lipolysis) that is not induced by the con-
sumption of alcohol or by other etiological factors that cause liver disease, including drugs,
toxins, infectious diseases, etc. [1]. NAFLD includes simple steatosis and nonalcoholic
steatohepatitis, or NASH (steatosis associated with microinflammatory activities), which
can evolve in 15% of subjects with hepatic fibrosis to cirrhosis and the development of
hepatocellular carcinoma [2]. In fact, NAFLD progresses in four stages, which includes,
in the first stage, the deposition of fat in the liver (NAFL, or nonalcoholic fatty liver). The
second stage is characterized by excess fat storage in the liver and NASH (nonalcoholic
steatohepatitis) inflammation. Persistent inflammation can cause a scar to form in the liver:
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this stage is called fibrosis (third stage). The fourth stage is cirrhosis, which is the most
severe form of NAFLD, with impaired liver cell structure and function [3]. NAFLD is
associated with age, gender, race, and ethnicity. Several genetic and epigenetic factors, a
sedentary lifestyle, sleep (sleep apnoea syndrome), and diet composition, may play a role
in the pathogenesis of NAFLD and NASH [4–6].

NAFLD is frequently associated with obesity, type II diabetes [7,8], dyslipidaemia
(hypertriglyceridemia, rather than hypercholesterolemia, and low HDL levels), hyperinsu-
linemia, and insulin resistance and, more generally, with metabolic syndrome [9]. In most
cases, NAFLD is considered to be the hepatic expression of “metabolic syndrome”, a set of
clinical conditions that have insulin resistance as a common etiopathogenetic denominator.
Metabolic syndrome is characterized by the presence, in the same patient, of abdominal
obesity with a circumference of >102 cm in men and of >88 cm in women in addition to
two or more of the following parameters: fasting hyperglycaemia, hypertriglyceridemia,
reduced HDL cholesterol, and arterial hypertension. The diagnostic process includes the
calculation of the body mass index (BMI) and the measurement of the waist. In fact, most
patients with NAFLD/NASH have visceral obesity, which favours the establishment of
insulin resistance, an important pathogenetic factor of NAFLD and NASH [10]. Its role in
the pathogenesis of NAFLD is mainly linked to the ability to promote the accumulation
of fat in hepatocytes. Finally, in NAFLD there is an increase in transaminases. ALTs are
higher than ASTs, with an ALT/AST ratio > 1, which is contrary to what occurs in alcoholic
liver diseases. Since nutrition is an important pathogenetic factor in NAFLD/NASH, the
Mediterranean diet seems to be the nutrition model to follow. Several studies indicate
that, due to its food’s richness in fibre, carotenoids, omega-3, and folic acid, it is inversely
correlated with serum transaminase levels, insulin resistance, and the severity of chronic
liver disease and that it would appear to prevent NAFLD [10–18].

NAFLD is a multisystem disease, and several clinical features of this disease have
been linked to cognitive disorders [19] to the extent that they are considered to be com-
plications of this condition [20,21]. It is not yet clear whether it is NAFLD that causes
these cognitive disorders, but we do know that associated conditions, such as vascular dys-
function, systemic inflammation, obstructive sleep apnoea, and atherosclerosis, contribute
to cognitive dysfunction [22,23]. Cognitive deficits would appear to affect psychomotor
speed, visuospatial functions [24], attention, memory [25], executive functions, and abstract
reasoning [26]. It would seem that an influence of the disorder on the cognitive sphere is
more likely in women than in men but only if a highly inflammatory state is present [27].
In addition to cognitive effects, NAFLD appears to affect mood by causing depression
and anxiety [20,28], but these results as well as those for the cognitive sphere [29] are
rather equivocal.

Food intake also has an effect on cognitive performance in patients with a high risk of
NAFLD: higher nutrient intake and better diet quality correlate with a better immediate
and delayed memory [30]. The role of macro- and micronutrients in the pathogenesis and
prevention of NAFLD in obese subjects is reported in the present study. Moreover, active
meal management activities are proposed, and their effects on cognitive functions have
been measured.

2. Materials and Methods

All patients involved within this study were administered Montreal Cognitive Assess-
ment (MoCA) to examine their cognitive profile. MoCA is a rapid tool for the assessment of
cognitive functioning. It assesses several cognitive domains: attention and concentration,
executive functions, memory, language, visuoconstructive skills, abstraction, calculation,
and orientation. The administration time of this test is 10 min, and scores range from 0 to
30, with a score of 26 and above generally considered normal. Since cognitive impairment
could affect adherence to treatment and the treatment itself, patients who scored below 26
were not taken into account in the study. After the test’s administration, 22 obese or over-
weight patients with a mean age of 43 years (range 27–64 years), who were teetotal, who
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were nonsmoking, and who had hepatic steatosis evidenced by hepatic ultrasonography,
were found to be eligible for recruitment. These patients were monitored periodically for
six months.

The following were evaluated:

• Eating habits;
• Blood chemistry tests (fasting glycaemia, lipid picture (total cholesterol and HDL

cholesterol), and liver enzymes (AST and ALT transaminases));
• Anthropometric parameters (body weight, height, BMI calculation, and waist circumference);
• Nutrition status (bioimpedance test, FM (fat mass), and FFM (lean mass));
• Liver ultrasound;
• Oxidative stress;
• Adherence to the Mediterranean diet.

Patients were also subjected to a low-calorie diet (1300–1400 Kcal), the total caloric
intake (TCI) consisting of 20% protein, 25% lipids, and 55% carbohydrates. The dietary
recommendations for patients with NAFLD are as follows:

(1) Carbohydrates should be 45–60% of TCI (simple carbohydrates < 10% of TCI);
(2) Lipids should be 20–35% of TCI (2–4 g/day of omega-3);
(3) Proteins should be 20–25% of TCI.

The indicators of oxidative stress, analysed in plasma before and after the admin-
istration of the diet, were malonylaldehyde (MDA) and reduced glutathione (GSH). In
particular, the oxidative damage, caused by radical species, was evaluated by quantifying
the lipid peroxidation expression of oxidative damage by determining the plasma levels
of MDA. The modulation of antioxidant defences was evaluated by analysing the plasma
levels of reduced glutathione.

The analytical procedures used for the determination of the above parameters have
been described in our previous work [31,32]. Adherence to the Mediterranean diet was
calculated using the MAI (Mediterranean adequacy index) according to the method of
Fidanza et al. [33]. The MAI was calculated from 18 food groups, was expressed as a
percentage of the total energy consumed, and was obtained by dividing the sum of the
percentages of total energy of food groups typical of the Mediterranean diet (bread, cereals,
legumes, potatoes, vegetables, fresh fruits, nuts, fish, wine, and olive oil) by the percentage
of total energy of food groups less typical of the Mediterranean diet (milk, dairy products,
meat, eggs, animal fats and margarines, sweet drinks, sweets, and sugar).

Specifically, the formula used was

MAI =
% of energy bread + cereals + legumes dry and fresh + potatoes + vegetables + fresh fruit + nuts + fish + wine + vegetables oils

% of energy milk + dairy products + meat + eggs + animal fats and margarine + sweet beverages + cakes + pies and cookies + sugar

The value of the MAI for the Italian Mediterranean population was between 4.0 and 8.5.
Adherence to the Mediterranean diet was ensured through regular monitoring of the

food diary filled out by patients. Indeed, the detection of eating habits and individual
food consumption was carried out by administering questionnaires and using a reasoned
nutrition atlas and by executing the following:

(a) Recording reminder of the foods eaten during meals in a day by means of a quantita-
tive assessment;

(b) Registering remembrance of foods consumed habitually and recently through quanti-
tative assessment and registering frequency of consumption.

The consumption of the various food groups consumed was quantified in terms of
grams per day. It was therefore possible to trace the daily calorie intake.

We also decided to assess whether the use of this reasoned atlas combined with the
person’s active involvement in managing their own meals influenced cognitive performance.
Activities such as compilation of diaries, preparing meals or snacks, researching and using
recipes, deciding on and organising the daily menu, and preparing shopping lists are often
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included in ecological rehabilitation programmes. Although these aspects are often taken
for granted, these complex skills require the use and coordination of several cognitive
abilities [34–36]. They enhance personal and instrumental autonomy; may increase flexible
thinking; and stimulate memory, attention, and visuospatial abilities [37,38]. Evidence
suggests that changing these health behaviours can benefit cognitive function [39,40].
Therefore, at the end of the diet, MoCA was readministered to assess any changes.

3. Statistical Analysis

The continuous variables were expressed as the mean ± the standard deviation,
whereas the categorical variables were expressed as frequencies and percentages. A paired
t-test or Wilcoxon signed-rank test was used to determine if there was a difference between
T0 (baseline) and T1 (after 6 months). The correlations between the variables were computed
using Spearman’s coefficient or Pearson correlation. Analyses were performed using an
open-source R3.0 software package. A 95% confidence level was set with a 5% alpha error.
Statistical significance was set at p < 0.05.

4. Results

The demographic and clinical characteristics of the sample are reported in Table 1. The
comparison between T0 and T1 showed highlighted significant differences in the clinical
variables (p < 0.01) (Table 1; Figure 1).

Table 1. Demographic and clinical characteristics of sample.

T0 T1

Variables Mean ± SD Mean ± SD p-Student

Age 43.0 ± 12.40 - -
Education 14.19 ± 3.42 - -

MoCA 27.2 ± 1.23 27.41 ± 1.37 0.13
Total Cholesterol 267.14 ± 12.87 190.55 ± 121.43 <0.001 *±

HDL 33.00 ± 3.18 42.27 ± 4.42 <0.001 *
Triglycerides 217.64 ± 9.04 90.86 ± 4.99 <0.001 *±

Glycaemia 137.68 ± 8.92 92.45 ± 4.30 <0.001 *
AST 48.82 ± 2.82 28.32 ± 3.05 <0.001 *
ALT 88.91 ± 3.89 31.32 ± 2.82 <0.001 *
BMI 37.36 ± 2.57 31.23 ± 2.35 <0.001 *

Circumference 118.55 ± 2.56 101.45 ± 2.97 <0.001 *±

FM 35.05 ± 3.46 29.27 ± 2.71 <0.001 *
FFM 64.95 ± 3.46 70.73 ± 2.71 <0.001 *
MDA 0.98 ± 0.15 0.36 ± 0.07 <0.001 *
GSH 5.90 ± 0.55 12.89 ± 1.37 <0.001 *
MAI 1.92 ± 0.14 4.34 ± 0.46 <0.001 *±

± Wilcoxon-signed rank test. * Statistically significant.

The patients did not show a significant improvement in cognitive performance, mea-
sured with the MoCA, between T0 and T1. Spearman correlation showed a significant
negative relationship between ALT and MAI (r = −0.48; p = 0.02) (Figure 2).
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5. Discussion

Nutrition and diet are important factors in the pathogenesis and prevention of NAFLD.
Numerous studies indicate that the eating habits of NAFLD patients differ significantly
from control populations. Among micronutrients, diets rich in fats and carbohydrates
play a role in the pathogenesis, prevention, and treatment of NAFLD [41–44]. Simple
sugars, sucrose, and fructose, among carbohydrates [45,46], as well as saturated fatty acids
(SFAs) [47,48], trans fatty acids [49], and ω6 fatty acids [50] play a role in the pathogenesis
of NAFLD. Dietary models typical of the “Western Diet”, consisting of a combination of
highly processed foods, sweets, and drinks enriched with simple sugars as well as red
meats and refined cereals, are also considered risk factors for the onset and progression of
the disease [51,52]. On the other hand, dietary fibre, foods containing carbohydrates with a
low glycaemic index [53,54], as well as monounsaturated fatty acids (MUFAs) and ω3 fatty
acids have beneficial effects against NAFLD.

Among the micronutrients, vit. C [27], vit. E [55–57], vit. D [31], polyphenols [58,59],
and antioxidant molecules prevent the pathogenesis of NAFLD.

Recent scientific testimonies highlight that the increasing use of fructose has favoured
the onset and spread of metabolic syndrome and, in particular, of diabetes and that it
plays a particularly important role in the development of NAFLD by favouring fibrosis
and the progression of NASH [60]. The fructose contained in fruit and honey is present
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together with glucose and sucrose. By consuming fruit, you also take in fibre, vitamins,
and antioxidants, which attenuate the effects of simple sugars on the liver. Fructose
can also be used by the food industry as a sweetener in some products, such as drinks
and snacks, especially those intended for children. Scientific data have highlighted the
risk, linked to its high lipogenetic power, of promoting the onset of insulin resistance.
In fact, the increase in the use of beverages rich in fructose increases fat mass, lipogenesis,
and inflammation and induces insulin resistance and hypertriglyceridemia, particularly
in overweight people [61,62]. It was also observed that, in rats, a diet rich in sucrose
resulted in the stimulation of lipogenesis and related enzymatic activities in the liver [63].
Additionally, ω3 fatty acids are important regulators of the genes responsible for the
degenerative metabolic pathway of fatty acids and determine the downregulation of the
synthesis and deposit of triglycerides [64]. Some studies have shown that ω3 fatty acids
reduce hepatic steatosis, improve insulin resistance, and reduce inflammation markers [65].

The dietary model, based on the canons of the Mediterranean diet, prevents and
reduces the accumulation of fat in hepatocytes. Observational and experimental studies
have affirmed that this dietary model, characterized by foods rich in fibre, carotenoids,
polyphenols, ω3 fatty acids, folic acid, and numerous other molecules, is inversely corre-
lated with the serum levels of transaminases, insulin resistance, and the severity of chronic
liver diseases. The Mediterranean diet (MD) is not only associated with a low incidence
of some chronic degenerative diseases, cancer mortality, and cardiovascular disease; in
fact, observational studies and clinical experiences have also highlighted a preventive role
against obesity and type II diabetes. The traditional MD is characterized by plant foods: in
fact, it is rich in wheat, cereals (including bread and pasta), legumes, fresh fruits, vegetables,
nuts, and olive oil. Red meats (beef and lamb) and meat derivatives must be consumed
in low quantities. The consumption of fish and chicken is moderate; alcohol (red wine) is
consumed in moderate quantities during meals. There is moderate consumption of milk
and dairy products as well as animal fats in the form of butter; lard and cream are not
included in the diet. The nutrients in the MD that show potentially protective effects are
(a) complex carbohydrates, (b) fibres, (c) monounsaturated fatty acids (ω3), (d) polyunsatu-
rated fatty acids (ω3), and (e) bioactive compounds. Bioactive compounds are substances,
which are almost all of vegetable origin, that are capable of modulating biological activities
and important physiological functions. In fact, multiple effects are attributed to these
compounds: antioxidants, anti-inflammatories, the modulation of detoxification enzymes,
and the stimulation of the immune system. The main bioactive compounds present in food
are (a) carotenoids, (b) polyphenols, and (c) vitamins (vitamins C and E). Furthermore,
several studies have shown that MD foods as a whole are more important for the longevity
of individual nutrients.

The MD, however, is not characterized by a simple table of foods contained in the
classic pyramid developed in the nineties, but it is, above all, a lifestyle that has as its
keywords seasonality, conviviality, tradition, frugality, zero waste, and physical activity.
This can ensure one’s well-being, longevity, and sustainability. After all, the meaning of
the word diet, from the Ancient Greek word dìaita, meaning “lifestyle”, is the search for
a balance with oneself, with others, and the environment: a search for well-being that
reconciles taste and health.

Recent studies have shown that adherence to the MD tends to decrease, especially
in overweight and obese subjects [66]. Several factors contribute to the development and
progression of NASH and fibrosis: insulin resistance, hyperinsulinemia, mitochondrial dys-
function, oxidative stress, lipid peroxidation, an increased production of proinflammatory
cytokines, hepatic stellate cell activation, and apoptosis [67]. Hepatic stellate cells induce
fibrosis and collagen deposition [68].

Oxidative stress (alterations in the balance between prooxidant and antioxidant activi-
ties) is due to an increase in reactive oxygen species (ROS). The oxidation of fatty acids is
an active source of ROS. This increase in ROS produces damage to DNA and proteins, dam-
ages the structure and function of membranes through lipid peroxidation, and increases the
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release of proinflammatory cytokines [69–72]. Finally, the results of various experimental
and clinical studies suggest that oxidative stress is associated with many of the components
of metabolic syndrome, diabetes mellitus, hypertension, obesity, dyslipidaemia, and inflam-
mation [73], and an inverse association between the Mediterranean diet and prevalence is
also demonstrated for metabolic syndrome [74].

6. Conclusions

The results obtained from our investigation would seem to suggest that an adequate
diet, conforming to the characteristics of the Mediterranean diet, could have a modulatory
effect on the prevention, development, and progression of NAFLD. Further studies could
investigate more deeply the extent and quality of these effects on a larger sample.
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