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Abstract: Background: Adults with fatty liver present unusual glycaemia and lipid metabolism; as a
result, non-alcoholic fatty liver disease (NAFLD) is now considered as part of the metabolic syndrome
(MetS). Objective: To assess the 6- and 12-month effects of customized hypocaloric dietary and
enhanced physical activity intervention on intrahepatic fat contents and progression of NAFLD, in
patients with MetS. Design: Cross-sectional study in 155 participants (40–60 years old) from Balearic
Islands and Navarra (Spain) with a diagnosis of NAFLD and MetS, and BMI (body mass index)
between 27 and 40 kg/m2; patients were randomized in a 1:1:1 ratio to either Conventional Diet,
Mediterranean diet (MD)–high meal frequency, and MD–physical activity groups. Methods: Dietary
intake was assessed using a validated food frequency questionnaire. Adherence to Mediterranean diet,
anthropometrics, physical activity, and biochemical parameters (fasting glucose, glycated hemoglobin,
bilirubin, aspartate aminotransferase, alanine aminotransferase—ALT–, gamma-glutamyl transferase,
uric acid, urea, creatinine, albumin, total cholesterol, high-density lipoprotein cholesterol—HDL-
cholesterol–, and triglycerides) were also assessed. Results: Subjects with NAFLD and MetS had
reduced intrahepatic fat contents, and liver stiffness, despite the intervention the participants went
through. All participants ameliorated BMI, insulin, Hb1Ac, diastolic blood pressure, HDL-cholesterol,
and ALT, and improved consumption of total energy, fish, and legumes. Participants in the MD–HMF
group improved waist circumference. Conclusions: Customized hypocaloric dietary and enhanced
physical activity interventions may be useful to ameliorate NAFLD.

Keywords: NAFLD; metabolic syndrome; physical activity; intrahepatic fat contents; Mediterranean
diet; FLIPAN

1. Introduction

NAFLD is characterized by hepatocyte triacylglycerol accumulation (steatosis), which
can progress to inflammation, fibrosis, and cirrhosis (steatohepatitis) [1]. Increased lipogen-
esis, together with hyperlipidemia and raised fat deposition, contribute to non-alcoholic
fatty liver disease [2].
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Adults as well as children with fatty liver display abnormal glucose and lipid metabolism;
as a result, NAFLD is now regarded as a key part of the MetS [3]. The ‘multiple hit’
hypothesis, including hits such as insulin resistance, lipotoxicity, nutritional factors, gut
microbiota, genetic and epigenetic factors, is currently the most widely accepted theory
for NAFLD pathogenesis [3]. Lifestyle modifications, such as exercise and a healthy diet,
resulting in sustained weight loss, are the only proven and effective strategies available
currently to curtail the NAFLD burden [2]. While weight loss is the single most effective
intervention, it can be extremely challenging for patients to achieve the sustained weight
loss goal [4]. Currently, there is no consensus concerning the pharmacological treatment
of NAFLD. The cornerstone of NAFLD management is, however, lifestyle interventions
focused on exercise and a well-balanced diet for both quality and quantity [5]. Despite
some between-country variations, the Mediterranean diet (MedDiet) in Spain reflects a food
consumption pattern rich in fruits and vegetables, legumes, whole grains, olive oil, fish
and nuts, with greater consumption of white or lean meats than of red or processed meats,
moderate consumption of dairy products, and intake of small amounts of wine, mainly red
wine and with meals; many studies suggest that the protective effects of the MedDiet may
be due mostly to the anti-inflammatory and antioxidant properties of its components [6].
NAFLD is associated with visceral obesity, insulin resistance, dyslipidemia, and chronic
inflammation, all of which are features of MetS, and the MedDiet may improve NAFLD by
modulating the presence of these conditions [7]. Evidence from limited epidemiological
data indicates that greater adherence to the MedDiet is associated with lower probability of
having non-alcoholic steatohepatitis (NASH) [8]. The present study aims to evaluate 6- and
12-month effects of customized nutritional interventions on the amelioration of intrahepatic
fat deposits and progression of NAFLD among obese patients with metabolic syndrome.

2. Methods
2.1. Design

The current study was a multicenter (Mallorca and Navarra, Spain) prospective ran-
domized trial, with personalized nutritional intervention based on a Mediterranean diet, to
evaluate whether and to which extent customized dietary and physical activity intervention
ameliorate NAFLD among obese patients with Metabolic Syndrome. Inclusion criteria were
aged 40–60 years, Body Mass Index (BMI) between 27 and 40 kg/m2, NAFLD diagnosed
by magnetic resonance imaging (MRI; Signa Explorer 1.5T, General Electric Healthcare,
Chicago, IL, USA), and with MetS traits as described by the International Diabetes Federa-
tion (IDF) consensus [9]. Exclusion criteria were previous cardiovascular disease, congestive
heart failure, liver diseases (other than NAFLD), cancer or a history of malignancy in the
previous 5 years, previous bariatric surgery, acute febrile illnesses, urinary tract infections,
post-renal hematuria, hemochromatosis, protein overload, non-medicated depression or
anxiety, alcohol and drug abuse, pregnancy, primary endocrinological diseases (other than
hypothyroidism and type 2 diabetes mellitus), concomitant therapy with steroids, intense
physical exercise, or being unable to provide informed consent.

2.2. Ethics

The study was registered at ClinicalTrials.gov with number NCT04442620 (https:
//clinicaltrials.gov/ct2/show/NCT04442620; accessed on 25 February 2022). The study
protocol was reviewed and approved by the Ethics Committee of the Balearic Islands (ref.
IB 2251/14 PI; approved on 26 February 2020) and the Ethics Committee of the University
of Navarra (ref. 054/2015mod2; approved on 22 February 2018), and it followed the
Declaration of Helsinki ethical standards.

2.3. Subjects

From June 2018 to January 2020, 237 patients were screened for eligibility. Of those,
82 did not meet inclusion criteria or refused to participate. Patients satisfying the selection
criteria will be grouped according to the followings: stage of NAFLD 1, 2 or 3, whether have

https://clinicaltrials.gov/ct2/show/NCT04442620
https://clinicaltrials.gov/ct2/show/NCT04442620
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T2DM (yes/no), and gender. Finally, 155 patients were randomized using the MinimPy
desktop minimization program in a 1:1:1 ratio to one of the three intervention groups for
12 months: Conventional diet (CD), AASLD recommendations; MedDiet–high meal fre-
quency (MD–HMF); and MedDiet–physical activity (MD–PA). Of the 155 patients included,
5 patients withdrew their consent before receiving intervention, and 22 withdrew their
consent or were lost to follow-up before completing 6 and 12 months of the trial. Finally,
data from a total of 128 participants were analyzed. Patients were distributed as follows:
43 in the CD group; 43 in the MD–HMF group; and 42 in the MD–PA group. A flowchart of
recruitment and randomization is shown in Figure 1.

Figure 1. Flowchart of the study.

The intervention groups sought to ameliorate NAFLD among obese patients with
Metabolic Syndrome. Three interventions were chosen based on the conditions of the
studied population. For the management of NAFLD, several international guidelines
endorse weight loss either through a combination of dietary modifications and physical
activity or through one of these [10,11]. Nevertheless, quality of diet composition could
also play a crucial role. The MedDiet, naturally rich in antioxidants and anti-inflammatory
foods, together with personalized physical activity could have a positive health effect on
liver steatosis [8]. Hence, in the current study, a personalized nutritional intervention
based on an energy-restricted customized Mediterranean diet, which introduces plenty of
antioxidant and anti-inflammatory bioactive components, coupled with physical activity
promotion, was considered as the control group and was compared with two more dietary
strategies, which included a Mediterranean Diet intervention with seven meals a day, and
the conventional dietary approach proposed by the American Association for the Study of
Liver Diseases (AASLD).

The Conventional Diet (CD) group followed the American Association for the Study
of Liver Disease (AASLD) recommendations [12] that recommends an energy restriction
enough to lose 3–5% of body weight to improve steatosis, and 7–10% to improve most of
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the histopathological features of NAFLD/NASH, including fibrosis, following the general
guidelines of the U.S. Department of Health and Human Services and the U.S. Department
of Agriculture (20–35% fat, 10–35% protein, 45–65% carbohydrate) [13], and maintain an
adequate fiber (25 g/day) and cholesterol (<250 mg/day) intake. Moreover, this group
was instructed to accumulate a minimum of 10,000 steps a day (recorded by a personal
pedometer) [14].

The Mediterranean Diet–high meal frequency (MD–HMF) group adhered to a Med-
Diet based on a distribution of macronutrients of 30–35% fat (mainly mono- and poly-
unsaturated fatty acids from extra virgin olive oil, nuts, and omega-3 containing foods),
25% protein (mainly from vegetable sources), and 40–45% carbohydrates (50–70% of the
total carbohydrate intake should be low glycemic index and rich in fiber). Patients allocated
this treatment were advised to consume 7 meals a day, gradually reducing the caloric
content at each main meal, with the highest calorie meals to be consumed early during the
day (breakfast, lunch, dinner and two snacks in the morning and two snacks in the after-
noon). Moreover, this diet was previously observed to reduce fat mass and overall weight
and improve general oxidative stress in patients with metabolic syndrome [15], providing
high Total Antioxidant Capacity (TAC), and focused on the chronological distribution
of meals, as factors such as meal frequency and distribution could aid in reducing the
feeling of hunger, thus improving compliance to an energy-restricted dietary regime [16].
Additionally, with the previous group, subjects were instructed to accumulate a minimum
of 10,000 steps a day also recorded by a personal pedometer [17].

The Mediterranean Diet–physical activity (MD–PA) group also followed an energy-
restricted MedDiet. However, meal frequency was of 4–5 meals a day including snacks.
This group consumed 35–40% of total calories from fat (8–10% of saturated fatty acids, >20%
of monounsaturated fatty acids, >10% of polyunsaturated fatty acids and <300 mg/day
of cholesterol), approximately 20% of total calories from proteins and 40–45% or more of
total calories from carbohydrates (low glycemic index). Sodium chloride should not exceed
6 g a day (2.4 g of sodium), and dietary fiber should be no less than 30–35 g/day [17].
Participants in this group, on the other hand, were instructed to undergo a 35 min interval
training session three times a week, with a combination of two instructor-led on-site training
sessions and one remote prescribed training session a week for the whole duration of the
trial. Physical activity sessions of 35 min consisted of 5 min warm-up, 20 min interval
training, and 10 min breathing and stretching. It has been pointed out that an association
between physical activity and risk of nonalcoholic fatty liver disease, and people with
NAFLD showed low levels of PA [18]. Three to five sessions per week of moderate or
vigorous physical activity, an equivalent of 150–200 min per week, have been shown to
decrease the development of NAFLD [19].

2.4. Dietary Intake Assessment

Each intervention aimed at reducing caloric intake by 25–30% of baseline intake
and increasing energy expenditure by 400 kcal/70 kg of body weight (5.7 kcal per kg
of body weight). Trained dietitians provided patients a daily calorie prescription, food
regimens based on exchange systems, and a seven-day meal plan for each season by trained
dietitians. Patients were instructed to weigh themselves weekly, and patient–dietitian
contact (in person, by phone, or via e-mail) was offered once every two weeks for the first
six months to aid adherence.

Information about intakes was collected at baseline and 6 months using a validated
148-item Food Frequency Questionnaire (FFQ) [20]. The 148 items consist of usual portion
sizes of foods and drinks with response categories to indicate frequency of consumption
over a period of 6 and 12 months; participants were asked how often, on average, they
consumed the amount of item reported on the FFQ during the past year and respond using
nine options ranging from never or less than once per month to six or more times per
day. Additional foods not included in the questionnaire and the frequency of consumption
were manually entered. Energy and nutrients intakes were calculated by multiplying the



Nutrients 2022, 14, 2223 5 of 19

nutrient composition of the portion size of each item by the frequency of consumption using
a computer program based on available food composition tables [21]. Dietary information
derived from the 148-item FFQ included total energy expressed as kcal per day (kcal/d),
macro- and micro-nutrient intakes, and intakes according to food groups.

Adherence to the MedDiet was assessed by means of a previously used, validated
17-item MedDiet adherence questionnaire [22]. A score was given for each met objective:
1 (compliance) or 0 (non-compliance). The total score ranged between 0 and 17, with a
score of 0 indicating no compliance, and a score of 17 indicating maximum adherence.

2.5. Anthropometrics

At baseline and at 6 and 12 months follow-up, weight, body fat, BMI, waist circum-
ference (WC), blood pressure (BP), and information on energy expenditure were taken by
trained dietitians. Height was measured at baseline using a mobile stadiometer (Seca 213,
SECA Deutschland, Hamburg, Germany), with the participant’s head maintained in the
Frankfort plane, and to the nearest millimeter. Weight and body fat were measured using a
Segmental Body Composition Analyzer for impedance testing (Tanita MC780P-MA, Tanita,
Tokyo, Japan), with participants wearing light clothes and no shoes (0.6 kg of weight was
subtracted for their clothing). Using a measuring tape, the waist circumference was taken
halfway between the last rib and the iliac crest, with participants standing upright. BMI was
calculated as weight in kg/height in m2, using the standard formula (weight in kilograms
divided by the square of height in meters). BP was measured in triplicate (2 min apart) with
a validated semi-automatic oscillometer (Omron HEM-705CP, Hoofddorp, The Nether-
lands), in the non-dominant arm after a 5 min rest in a seated position. The average of the
three measurements was recorded and used for statistical analysis. Information on mean
weekly time (in minutes) of physical activity was collected using the Minnesota Leisure
Time Physical Activity Questionnaire (Spanish version); energy expenditure was expressed
as metabolic equivalents of task (MET) min/week [23,24].

2.6. Blood Collection and Biochemical Analysis

At each visit, venous blood and single spot urine samples were collected in the
morning after a 12 h overnight fast. Blood was collected through a venous catheter from the
antecubital vein in suitable vacutainers. Measures included routine biochemical parameters,
such as fasting glucose, glycated hemoglobin (HbA1c), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), gamma-glutamyl transferase (GGT), total cholesterol, high-
density lipoprotein cholesterol (HDL-C), and triglyceride (TG); these were measured in
serum on the Abbott ARCHITECT c16000 employing commercial kits (Abbott Diagnostics,
IL, USA). Low-density lipoprotein cholesterol (LDL-C) was calculated according to the
Friedewald formula [25].

2.7. Diagnosis of NAFLD

Liver fat was verified by abdominal MRI (Signa Explorer 1.5T, General Electric Health-
care, Chicago, IL, USA) and quantified as mean percentage (%). A mean intrahepatic fat
≥6.4% was considered clinically relevant [26]. Elastography/Fibroscan on the other hand
provided an estimation of liver stiffness that in turn is affected by fat infiltration [27].

2.8. Statistics

Sample size was estimated for weight loss as the primary outcome of the study,
assuming a two-group t-test (two-sided) of the difference between the control group and
the two intervention groups (group ratio = 2). Based on previous evidence [15,28], a
weight reduction difference of 2.5 kg with a standard deviation (SD) of 4.5 was expected
between the control group and the intervention groups. A total sample size of 150 patients
was needed to give the trial a 95% power to detect a statistically significant difference
in weight loss between the control and the intervention groups (α = 0.05), as well as to
account for a 20% dropout rate. The analysis was conducted by modified intention to treat
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(mITT) with randomized participants analyzed according to the treatment group. Statistical
analysis was performed using the SPSS statistical software package, version 27.0 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics were used for characteristics of the subjects.
Continuous variables were expressed as means ± SD. Categorical data were expressed as
count and percentage. To compare percentages, a Chi-square test was used. To compare
values of quantitative variables with normal distribution, ANOVA was used. Changes
(delta) in anthropometric, biochemical, and dietary parameters were evaluated by a paired
t-test. Between-group changes were assessed by one-way ANCOVA, while statistically
controlling for baseline measures. Post hoc analyses were performed by applying the
Bonferroni method. Results were considered statistically significant if p-value < 0.05.

3. Results

Table 1 shows the characteristics of participants at baseline. No differences between
all the groups (CD, MD–HMF, and MD–PA) were registered for any of the considered
sociodemographic and clinical parameters.

Table 1. Characteristics of participants at baseline.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p *

Females (n; %) 16 (37.2) 14 (32.6) 17 (40.5) 0.875
Females at

menopause (n; %) 10 (23.3) 6 (14.0) 7 (16.7) 0.672

Age (years) (mean ± SD) 54.1 ± 8.9 52.3 ± 7.1 52.2 ± 5.8 0.648
Currently

smoking (n; %) 5 (11.6) 7 (16.3) 4 (9.5) 0.361

Hypertension (n; %) 14 (32.6) 14 (32.6) 8 (19.0) 0.120
T2DM (n; %) 8 (18.6) 10 (23.3) 13 (31.0) 0.268

Hyperlipidemia (n; %) 17 (39.5) 18 (41.9) 13 (31.0) 0.683
No physical

activity (n; %) 20 (46.5) 20 (46.5) 17 (40.5) 0.988

Abbreviations: CD: Conventional Diet; MD–HMF: Mediterranean diet–high meal frequency; MD–PA: Mediter-
ranean Diet–physical activity (control group); SD standard deviation; T2DM: type 2 diabetes mellitus. * Differences
between groups: by ANOVA (quantitative variables) and by Chi-square (percentages).

Table 2 shows the anthropometric, metabolic, and liver parameters in the 6-month
trial versus baseline. Concerning the anthropometric and metabolic parameters, BMI,
body weight, insulin, Hb1Ac, diastolic blood pressure and HDL-cholesterol ameliorate
in time with no difference between the three groups. In contrast with WC, the groups
MD–PA and MD–HMF decreased their values (−4.0 ± 6.3 p < 0.001; −7.3 ± 5.8 p < 0.001),
respectively, having differences between the groups MD–PA and MD–HMF (p = 0.046).
Other parameters experienced changes through time in some treatment groups; however, no
time*group interaction was found for parameters other than waist circumference. Changes
in anthropometric, metabolic, and liver parameters at 6 and 12 months follow-up versus
baseline can be visualized clearer in Figure 2.

Table 3 shows the changes in adherence to the MedDiet at 6 months versus baseline.
Energy, legumes, and fish consumption in the 6-month trial improved with no differences
between the three groups. Adherence to the MedDiet, fruits and soft drinks improved,
with differences between the intervention groups. Differences between the interventions on
the adherence to the MD were noticeable, highlighting the increase in adherence between
the control group (+3.6 ± 3.0 p < 0.001) and the MD–HMF group (+6.2 ± 3.5 p < 0.001)
with changes in time per group (p = 0.002). Regarding fruits, participants improved their
consumption, where MD–HMF increased the most (+95.8 ± 116.2 p < 0.001), having a
significant difference between the control group and MD–HMF (p = 0.049). As for soft
drinks, MD–HMF reduced their consumption (−9.4 ± 23.3 p = 0.011) and by comparing
the interventions groups, there was a significant change between the control group with
both Mediterranean counterparts (p = 0.007). Some differences were found within groups
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through time; however, no time * group interaction was found. Changes in adherence to
the MedDiet, energy and nutrients intake at 6 and 12 months follow-up versus baseline can
be visualized clearer in Figure 3.

Table 2. Changes in 6 months of anthropometric, metabolic, and liver parameters after 6 months of
intervention.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

BMI (kg/m2)

Basal 33.6 ± 3.7 33.9 ± 3.9 33.4 ± 3.1

0.1456 months 31.4 ± 3.9 31.4 ± 3.8 31.8 ± 3.4

∆ −2.1 ± 1.9 * −2.5 ± 2.2 * −1.6 ± 1.7 *

Body weight (kg)

Basal 92.8 ± 14.4 96.2 ± 13.8 96.8 ± 12.3

0.1286 months 86.7 ± 13.6 89.1 ± 13.5 92.2 ± 13.1

∆ −6.0 ± 5.4 * −7.1 ± 6.3 * −4.6 ± 4.9 *

Body fat (%)

Basal 35.7 ± 6.3 35.3 ± 7.2 35.4 ± 7.3

0.3086 months 34.4 ± 9.1 34.9 ± 15.9 33.6 ± 8.0

∆ −1.3 ± 7.0 −0.4 ± 14.8 −1.8 ± 2.8 *

Mass muscle (kg)

Basal 56.7 ± 12.2 58.4 ± 8.4 59.7 ± 10.2

0.1366 months 54.8 ± 11.4 56.0 ± 8.5 58.3 ± 10.1

∆ −1.8 ± 2.4 * −2.4 ± 2.3 * −1.4 ± 2.1 *

Waist circumference (cm)

Basal 110.7 ± 9.4 112.1 ± 9.1 112.7 ± 8.5

0.0466 months 106.7 ± 18.3 104.8 ± 10.7 108.6 ± 10.0

∆ −4.0 ± 16.3 −7.3 ± 5.8 *b −4.0 ± 6.3 *b

Physical activity (MET)

Basal 2866.8 ± 2292.1 3483.0 ± 2741.1 3529.2 ± 4108.6

0.6166 months 3647.6 ± 2577.6 3646.6 ± 2348.8 3833.5 ± 3675.1

∆ 780.8 ± 2626.6 163.6 ± 3082.7 304.3 ± 2767.6

Glucose (mg/dL)

Basal 109.1 ± 22.6 134.5 ± 14.2 121.6 ± 59.7

0.7936 months 104.6 ± 34.7 129.0 ± 13.4 109.4 ± 44.4

∆ −4.4 ± 23.6 −5.5 ± 13.8 * −12.2 ± 44.8

Hb1Ac (%)

Basal 6.1 ± 1.0 5.9 ± 1.0 6.2 ± 1.6

0.8206 months 5.9 ± 0.7 5.7 ± 0.8 5.8 ± 1.2

∆ −0.2 ± 0.7 * −0.2 ± 0.5 * −0.4 ± 1.2 *

HR (beats/min)

Basal 71.7 ± 10.1 69.4 ± 12.2 73.5 ± 12.5

0.7866 months 66.3 ± 11.2 66.4 ± 8.9 67.9 ± 10.6

∆ −5.4 ± 9.5 * −3.0 ± 9.3 −5.6 ± 9.5 *

SBP (mmHg)

Basal 138.6 ± 15.8 134.5 ± 14.2 134.4 ± 16.1

0.8806 months 131.2 ± 17.6 129.0 ± 13.4 131.1 ± 15.8

∆ −7.4 ± 15.3 * −5.5 ± 13.8 * −3.3 ± 17.0

DBP (mmHg)

Basal 85.5 ± 10.4 85.7 ± 8.0 85.3 ± 9.0

0.9806 months 81.3 ± 9.1 81.7 ± 7.5 81.8 ± 9.8

∆ −4.1 ± 8.6 * −4.0 ± 8.9 * −3.5 ± 8.9 *
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Table 2. Cont.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

Triglycerides (mg/dL)

Basal 188.2 ± 96.6 201.4 ± 313.1 200.2 ± 122.6

0.0966 months 159.2 ± 110.7 128.2 ± 72.1 165.2 ± 108.0

∆ −29.1 ± 103.3 −73.2 ± 290.0 −35.0 ± 128.0

Total-cholesterol (mg/dL)

Basal 203.0 ± 43.2 199.6 ± 56.0 191.8 ± 39.2

0.6616 months 193.8 ± 45.8 184.4 ± 38.8 191.7 ± 42.7

∆ −9.2 ± 28.9 * −15.1 ± 52.7 −0.1 ± 44.6

HDL-chol (mg/dL)

Basal 45.5 ± 14.5 45.6 ± 9.2 41.8 ± 9.1

0.6646 months 47.8 ± 14.6 48.9 ± 10.8 43.8 ± 9.5

∆ 2.3 ± 6.3 * 3.3 ± 8.4 * 2.0 ± 5.0 *

Intrahepatic fat contents (%)

Basal 16.2 ± 9.3 16.9 ± 13.4 16.5 ± 11.4

0.1006 months 10.4 ± 7.5 8.3 ± 8.0 10.7 ± 6.4

∆ −5.8 ± 7.8 * −8.7 ± 12.4 * −5.9 ± 10.6 *

Liver stiffness K-pa

Basal 8.4 ± 1.8 8.6 ± 1.7 8.2 ± 2.6

0.5896 months 4.8 ± 2.0 5.2 ± 1.9 5.8 ± 1.8

∆ −3.6 ± 2.5 * −3.4 ± 1.8 * −2.4 ± 3.1 *

AST (mg/dL)

Basal 27.4 ±10.1 26.4 ± 16.6 23.3 ± 10.0

0.6096 months 22.9 ± 6.8 23.2 ± 6.7 23.0 ± 15.3

∆ −4.6 ± 8.6 * −3.2 ± 15.3 −0.3 ± 8.1

ALT (mg/dL)

Basal 37.5 ± 20.3 38.2 ± 38.7 33.6 ± 27.1

0.4646 months 26.5 ± 10.4 25.7 ± 12.8 26.9 ± 24.6

∆ −11.0 ± 16.3 * −12.5 ± 32.8 * −6.7 ± 17.3 *

GGT (mg/dL)

Basal 47.4 ± 30.3 58.3 ± 81.0 37.3 ± 17.4

0.5916 months 33.7 ± 22.9 47.7 ± 77.8 31.7 ± 19.6

∆ −13.7 ± 22.1 * −10.6 ± 67.2 −5.6 ± 11.3 *

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CD:
Conventional Diet; ∆: change between basal and 6-month data; DBP: Diastolic blood pressure; GGT: gamma-
glutamyl transferase; HbA1c: glycated hemoglobin; HDL-c: High density lipoprotein-cholesterol; HR: heart rate;
kPa: kilopascals; MD–HMF: Mediterranean diet–high meal frequency; MD–PA: Mediterranean Diet–physical
activity (control group); MedDiet: Mediterranean diet; METs: metabolic equivalents; SBP: systolic blood pressure;
TG: triglycerides; Total-c: total cholesterol. Data are expressed as mean ± standard deviation (SD). ∆: delta
* p < 0.05. ‡ Differences between the three intervention groups at 6 months after adjustment for baseline values
and age by ANCOVA. Post hoc test by Bonferroni: “b: differences between MD–PA and MD–HMF”.

Table 3. Changes in adherence to the Mediterranean diet after 6 months of intervention.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

Adherence to MedDiet

Basal 7.3 ± 2.6 6.9 ± 2.7 7.7 ± 2.3

0.0026 months 10.9 ± 2.8 13.1 ± 2.7 11.8 ± 2.8

∆ 3.6 ± 3.0 *a 6.2 ± 3.5 *a 4.1 ± 3.0 *

Energy (kcal/d)

Basal 2481.2 ± 633.0 2311.7 ± 980.1 2437.0 ± 697.2

0.5296 months 2166.3 ± 676.9 1964.8 ± 519.2 2126.1 ± 626.6

∆ −314.9 ± 762.8 * −346.9 ± 947.2 * −310.9 ± 747.8 *
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Table 3. Cont.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

Vegetables (g/d) per 1000 kcal

Basal 144.2 ± 111.5 138.4 ± 74.5 131.2 ± 82.7

0.2296 months 164.1 ± 72.9 184.8 ± 88.6 184.2 ± 85.7

∆ 19.9 ± 123.4 46.5 ± 88.6 * 53.0 ± 66.5 *

Fruits
(g/d) per 1000 kcal

Basal 137.7 ± 75.7 110.2 ± 80.9 131.7 ± 96.8

0.0496 months 158.3 ± 93.6 206.0 ± 121.7 173.2 ± 109.5

∆ 20.6 ± 93.8 a 95.8 ± 116.2 *a 41.5 ± 95.7 *

Legumes
(g/d) per 1000 kcal

Basal 9.5 ± 5.7 10.2 ± 6.5 9.1 ± 5.2

0.1136 months 13.2 ± 9.2 21.1 ± 16.2 15.9 ± 10.4

∆ 3.7 ± 9.5 * 10.9 ± 16.1 * 6.8 ± 10.0 *

Cereal
(g/d) per 1000 kcal

Basal 64.1 ± 27.7 62.0 ± 33.7 57.7 ± 31.6

0.0706 months 66.5 ± 31.8 53.9 ± 53.9 62.4 ± 24.0

∆ 2.4 ± 39.9 −8.1 ± 43.1 4.7 ± 37.8

Meats and meat products
(g/d) per 1000 kcal

Basal 81.3 ± 37.6 79.2 ± 29.0 78.3 ± 34.3

0.2566 months 67.0 ± 24.3 70.1 ± 32.9 69.2 ± 29.7

∆ −14.3 ± 41.8 * −9.1 ± 28.4 * −9.1 ± 29.9

Olive oil
(g/d) per 1000 kcal

Basal 12.9 ± 6.2 14.7 ± 9.5 12.9 ± 6.2

0.4066 months 15.9 ± 8.7 13.8 ± 7.9 14.1 ± 8.4

∆ 3.0 ± 8.5 * −0.9 ± 10.4 1.3 ± 9.2

Fish
(g/d) per 1000 kcal

Basal 41.1 ± 26.4 36.6 ± 24.0 48.5 ± 29.3

0.0116 months 56.7 ± 42.5 56.5 ± 27.2 70.6 ± 38.3

∆ 15.6 ± 41.1 * 19.9 ± 32.4 * 22.1 ± 32.9 *

Nuts
(g/d) per 1000 kcal

Basal 5.3 ± 6.3 4.6 ± 5.5 6.1 ± 7.4

0.4526 months 7.8 ± 9.9 13.7 ± 13.9 12.5 ± 10.2

∆ 2.6 ± 9.9 9.1 ± 14.0 * 6.4 ± 10.3 *

Sweets and pastries
(g/d) per 1000 kcal

Basal 10.1 ± 11.2 10.9 ± 15.4 13.7 ± 14.9

0.6846 months 8.1 ± 11.6 5.3 ± 7.9 5.8 ± 8.9

∆ −2.0 ± 12.2 −5.6 ± 18.0 * −8.0 ± 15.5 *

Soft Drinks
(mL/d) per 1000 kcal

Basal 14.6 ± 33.5 10.7 ± 23.2 10.3 ± 36.6

0.0076 months 5.6 ± 13.1 1.3 ± 2.8 0.5 ± 1.8

∆ −9.0 ± 85.1 a,c −9.4 ± 23.3 *a −9.8 ± 36.5 c

Dairy
(mL/d) per 1000 kcal

Basal 156.7 ± 103.1 126.8 ± 63.8 136.2 ± 88.1

0.2866 months 181.4 ± 115.2 203.2 ±128.5 176.0 ± 112.2

∆ 24.7 ± 92.0 76.4 ± 122.9 * 39.8 ± 107.0 *

Abbreviations: Adherence to MedDiet: Adherence to Mediterranean Diet; ∆: delta; CD: Conventional Diet;
MD–HMF: Mediterranean diet–high meal frequency; MD–PA: Mediterranean Diet–physical activity (control
group). Data are expressed as mean ± standard deviation. ∆: delta * p < 0.05; ‡ Differences between the three
intervention groups at 6 months after adjustment for baseline values and age by ANCOVA. Post hoc test by
Bonferroni: “a: differences between CD and MD–HMF groups”; “c: differences between CD and MD–PA”.
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Figure 2. Changes in anthropometric, metabolic, and liver parameters at 6 and 12 months follow-
up versus baseline. CD: Conventional Diet; MD–HMF: Mediterranean diet–high meal frequency;
MD–PA: Mediterranean diet–physical activity (control group). Physical activity was represented as
MET × 10−2. Triglycerides were represented as mg/dL.
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Figure 3. Changes in adherence to MedDiet, energy and nutrients intake at 6 and 12 months follow-up
versus baseline. CD: Conventional Diet; MD–HMF: Mediterranean diet–high meal frequency; MD–
PA: Mediterranean Diet–physical activity (control group). Energy was represented as kcal × 10−2.
Meat and dairy intake were represented as g/d per 100 kcal.

Table 4 and Figure 2 show changes in anthropometric, metabolic, and liver parameters
at 12 months versus baseline, and Table 5 and Figure 3 show changes in adherence to Med-
Diet, and energy and nutrient intake at 12 months versus baseline, respectively. Obtained
results were similar to those obtained after 6 months follow-up.
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Table 4. Changes in anthropometric, metabolic, and liver parameters after 12 months of intervention.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

BMI (kg/m2)

Basal 33.6 ± 3.7 34.3 ± 4.0 33.4 ± 3.1

0.00612 months 31.9 ± 4.1 31.7 ± 4.3 31.8 ± 3.5

∆ −1.7 ± 1.8 *a −2.6 ± 2.2 *a.b −1.6 ± 1.8 *b

Body weight (kg)

Basal 92.7 ± 14.4 96.3 ± 13.8 95.3 ± 12.3

0.03112 months 88.4 ± 14.4 89.5 ± 14.4 91.6 ± 13.0

∆ −4.3 ± 5.5 * −6.8 ± 6.4 *b −3.7 ± 5.0 *b

Body fat (%)

Basal 35.2 ± 6.3 35.4 ± 7.2 35.7 ± 7.3

0.73712 months 33.3 ± 6.1 34.2 ± 9.8 34.9 ± 8.2

∆ −1.9 ± 2.6 * −1.2 ± 8.4 −1.2 ± 7.2

Mass muscle (kg)

Basal 57.6 ± 12.2 59.5 ± 8.4 58.7 ± 10.2

0.09912 months 56.1 ± 11.1 56.1 ± 10.4 57.6 ± 11.0

∆ −1.6 ± 2.5 * −3.3 ± 6.6 * −1.1 ± 2.0 *

Waist circumference (cm)

Basal 110.7 ± 9.4 112.1 ± 9.1 112.7 ± 8.5

0.04412 months 105.0 ± 10.25 104.8 ± 12.0 107.3 ± 9.9

∆ −5.2 ± 6.3 * −7.3 ± 6.2 * −4.1 ± 6.0 *

Physical
activity (MET)

Basal 2750.2 ± 2327.7 3772.4 ± 3275.0 3615.0 ± 4171.1

0.06312 months 4357.8 ± 4305.6 3440.4 ± 3101.9 4333.1 ± 3849.8

∆ 1607.6 ± 3819.3 * −331.9 ± 3278.9 718.1 ± 4189.2

Glucose (mg/dL)

Basal 114.3 ± 36.0 108.7 ± 26.4 118.2 ± 51.9

0.54612 months 108.2 ± 29.8 100.7 ± 23.1 105.1 ± 18.2

∆ −6.0 ± 16.3 * −8.0 ± 20.2 * −13.1 ± 46.0

Hb1Ac (%)

Basal 6.1 ± 1.0 5.9 ± 1.0 6.1 ± 1.5

0.27612 months 6.0 ± 1.0 5.7 ± 0.7 5.7 ± 0.6

∆ −0.1 ± 0.4 −0.2 ± 0.6 −0.4 ± 1.3

HR (beats/min)

Basal 69.4 ± 11.4 67.0 ± 11.4 67.3 ± 8.9

0.54112 months 63.8 ± 11.1 60.6 ± 11.1 63.7 ± 11.0

∆ −5.6 ± 7.8 * −6.4 ± 7.4 * −3.6 ± 8.3

SBP (mmHg)

Basal 136.3 ± 12.7 133.3 ± 14.2 131.9 ± 13.6

0.47212 months 127.0 ± 15.0 129.1 ± 20.6 125.5 ± 16.6

∆ −9.3 ± 12.9 * −4.2 ± 15.3 −6.4 ± 14.0

DBP (mmHg)

Basal 87.7 ± 10.4 88.1 ± 6.7 87.9 ± 6.6

0.87512 months 80.5 ± 9.1 82.2 ± 8.4 80.9 ± 8.2

∆ −7.2 ± 7.5 * −5.9 ± 10.3 * −7.0 ± 8.5 *

Triglycerides (mg/dL)

Basal 186.5 ± 97.8 207.6 ± 330.1 184.4 ± 115.2

0.47812 months 161.7 ± 108.7 132.0 ± 64.7 148.1 ± 76.5

∆ −24.8 ± 85.5 −75.6 ± 317.0 −36.3 ± 119.2

Total-
cholesterol (mg/dL)

Basal 202.7 ± 43.2 202.7 ± 57.1 196.0 ± 40.6

0.30512 months 195.0 ± 46.8 183.1 ± 39.6 191.6 ± 40.7

∆ −7.7 ± 33.8 −19.6 ± 63.6 * −4.4 ± 36.8
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Table 4. Cont.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

HDL-chol (mg/dL)

Basal 45.5 ± 14.6 46.1 ± 9.0 43.0 ± 9.3

0.56012 months 47.3 ± 14.2 49.5 ± 11.4 45.4 ± 11.9

∆ 1.8 ± 7.1 3.3 ± 7.4 * 2.4 ± 6.2 *

Intraliver fat contents (%)

Basal 14.5 ± 10.1 12.0 ± 12.1 13.5 ± 11.8

0.37212 months 12.6 ± 9.1 7.1 ± 5.8 10.6 ± 7.7

∆ −1.8 ± 7.6 −4.9 ± 10.6 * −2.9 ± 11.3

Liver stiffness K-pa

Basal 5.3 ± 1.7 5.3 ± 1.9 5.3 ± 2.2

0.30012 months 5.0 ± 1.7 4.8 ± 1.5 5.7 ± 2.4

∆ −0.3 ± 2.1 −0.4 ± 2.2 −0.4 ± 2.8

AST (mg/dL)

Basal 28.4 ± 10.1 27.7 ± 17.5 23.9 ± 9.0

0.04112 months 27.4 ± 17.1 20.9 ± 5.6 22.8 ± 8.8

∆ −1.0 ± 16.0 c −6.8 ± 16.2 −1.1 ± 7.2 *c

ALT (mg/dL)

Basal 37.5 ± 20.4 39.4 ± 40.6 33.6 ± 23.1

0.24012 months 33.4 ± 25.7 25.0 ± 13.0 25.7 ± 16.3

∆ −4.2 ± 28.3 −14.4 ± 36.4 * −8.0 ± 15.1 *

GGT (mg/dL)

Basal 47.1 ± 30.3 51.7 ± 71.2 37.5 ± 18.0

0.34812 months 43.8 ± 44.3 36.3 ± 37.5 31.2 ± 16.4

∆ −3.3 ± 36.3 −15.4 ± 56.4 −6.3 ± 13.0 *

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CD:
Conventional Diet; ∆: change between basal and 12-month data; DBP: Diastolic blood pressure; GGT: gamma-
glutamyltransferase; HbA1c: glycated hemoglobin; HDL-c: High density lipoprotein-cholesterol; HR: heart rate;
kPa: kilopascals; MD–HMF: Mediterranean diet–high meal frequency; MD–PA: Mediterranean Diet–physical
activity (control group); MedDiet: Mediterranean diet; METs: metabolic equivalents; SBP: systolic blood pressure;
TG: triglycerides; Total-c: total cholesterol. Data are expressed as mean ± standard deviation (SD). ∆: delta
* p < 0.05 ‡ Differences between the three intervention groups at 12 months after adjustment for baseline values and
age by ANCOVA. Post hoc test by Bonferroni: “a: differences between CD and MD–HMF groups”; “b: differences
between MD–PA and MD–HMF”; “c: differences between CD and MD–PA”.

Table 5. Changes in adherence to the Mediterranean diet after 12 months of intervention.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

Adherence to MedDiet

Basal 7.2 ± 2.6 7.0 ± 2.7 7.9 ± 2.3

0.00112 months 10.8 ± 2.6 12.7 ± 2.6 11.5 ± 2.3

∆ 3.6 ± 2.9 *c 5.7 ± 3.3 * 3.5 ± 2.6 *c

Energy (kcal/day)

Basal 2500.9 ± 643.9 2372.4 ± 992.7 2364.8 ± 695.9

0.84512 months 2035.9 ± 628.1 1971.4 ± 893.7 2036.1 ± 514.8

∆ −464.9 ± 723.0 * −401.0 ± 1305.4 * −328.7 ± 617.6 *

Vegetables (g/day) per 1000 kcal

Basal 139.5 ± 110.7 133.0 ± 65.5 143.0 ± 87.7

0.69512 months 178.8 ± 120.1 189.3 ± 81.7 192.7 ± 112.6

∆ 39.3 ± 100.2 * 56.3 ± 68.9 * 49.8 ± 101.7 *

Fruits
(g/day) per 1000 kcal

Basal 131.2 ± 77.1 114.1 ± 82.3 138.8 ± 97.2

0.04712 months 165.5 ± 121.9 181.3 ± 117.0 167.4 ± 106.7

∆ 34.4 ± 121.3 67.2 ± 133.1 * 28.6 ± 86.5
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Table 5. Cont.

CD (n = 43) MD–HMF
(n = 43)

MD–PA
(n = 42) p ‡

Legumes
(g/day) per 1000 kcal

Basal 9.2 ± 5.6 10.0 ± 6.4 9.7 ± 5.6

0.60412 months 12.9 ± 9.4 15.6 ± 10.9 13.7 ± 8.5

∆ 3.7 ± 8.7 * 5.6 ± 9.6 * 4.0 ± 9.5 *

Cereal
(g/day) per 1000 kcal

Basal 65.4 ± 29.9 66.1 ± 33.6 54.5 ± 28.5

0.03112 months 74.1 ± 39.1 50.6 ± 29.7 53.8 ± 22.5

∆ 8.7 ± 46.5 c −15.4 ± 44.1 * −0.7 ± 25.2 c

Meats and meat products
(g/day) per 1000 kcal

Basal 198.7 ± 90.4 173.9 ± 63.5 174.0 ± 73.4

0.06312 months 65.4 ± 39.9 77.8 ± 50.5 83.4 ± 35.5

∆ −133.3 ± 102.0 * −96.1 ± 77.7 * −90.7 ± 64.2 *

Olive oil
(g/d) per 1000 kcal

Basal 13.5 ± 7.0 14.9 ± 9.4 13.1 ± 5.8

0.14912 months 15.1 ± 8.5 12.9 ± 7.5 15.0 ± 6.9

∆ 1.6 ± 10.0 −2.0 ± 10.2 1.9 ± 8.2

Fish
(g/day) per 1000 kcal

Basal 40.5 ± 26.0 34.9 ± 21.5 51.9 ± 31.3

0.00612 months 49.5 ± 31.6 67.3 ± 38.7 63.9 ± 30.8

∆ 9.0 ± 30.9 c 32.4 ± 39.8 * 12.0 ± 31.1 *c

Nuts
(g/day) per 1000 kcal

Basal 5.1 ± 6.3 4.3 ± 5.5 6.3 ± 7.7

0.00112 months 7.3 ± 7.6 13.4 ± 11.5 9.0 ± 8.1

∆ 2.1 ± 6.4 *c 9.0 ± 12.0 * 2.7 ± 6.7 *c

Sweets and pastries
(g/day) per 1000 kcal

Basal 12.8 ± 16.5 11.5 ± 15.0 12.2 ± 15.2

0.66612 months 8.4 ± 14.3 8.1 ± 18.8 5.2 ± 7.0

∆ −4.3 ± 15.3 −3.4 ± 18.9 −7.0 ± 14.9 *

Soft Drinks
(mL/day) per 1000 kcal

Basal 15.9 ± 34.1 12.2 ± 24.6 11.0 ± 41.0

0.07112 months 4.7 ± 12.6 1.1 ± 2.5 13.6 ± 53.8

∆ −11.1 ± 30.9 * −11.1 ± 24.8 * 2.5 ± 60.2

Dairy
(mL/day) per 1000 kcal

Basal 361.3 ± 190.0 312.2 ± 164.1 297.3 ± 241.7

0.16312 months 180.0 ± 175.1 214.9 ± 118.5 146.5 ± 98.6

∆ −181.3 ± 229.9 * −97.3 ± 140.1 * −150.8 ± 225.5 *

Abbreviations: Adherence to MedDiet: Adherence to Mediterranean Diet; ∆: change between basal and 12-month
data; CD: Conventional Diet; MD–HMF: Mediterranean diet–high meal frequency; MD–PA: Mediterranean
Diet–physical activity (control group). Data are expressed as mean ± standard deviation. ∆: delta * p < 0.05;
‡ Differences between the three intervention groups at 12 months after adjustment for baseline values and age by
ANCOVA, Post hoc test by Bonferroni. “c: differences between CD and MD–PA”.

4. Discussion

In the current randomized trial of participants with metabolic syndrome and NAFLD,
after a 6- and 12-month personalized weight loss intervention, subjects significantly reduced
intrahepatic fat contents by MRI, and liver stiffness values, with no differences in the three
interventions. A possible explanation could be because of the changes that participants
went through towards a change in lifestyle, which agrees with a study that reported that
beyond the dietary intervention, the lifestyle therapeutic approach to NAFLD may benefit
from an improvement in life quality [29]. In the current study, kilocalories were significantly
reduced and that could explain why the three interventions worked on the liver parameters.
In concordance with the present study, a previous study conducted in Helsinki reported
that in general, energy intake is the most relevant factor when it comes to reducing the



Nutrients 2022, 14, 2223 15 of 19

accumulation of fat in the liver [30]. As previously described, the most effective treatment
for NAFLD is weight loss achieved by caloric restriction [31].

The three intervention groups worked with no differences between them in 6 months
from baseline of the following parameters: For anthropometric parameters, BMI and body
weight improved. As for metabolic parameters, ALT, insulin, Hb1Ac, diastolic blood pres-
sure and HDL-cholesterol improved. For dietary parameters, total energy, legumes, and fish
consumption increased. A plausible explanation for the amelioration of the anthropometric
parameters, besides the reduced energy intake that our study gave to the participants,
is that the diets in the current study contained adequate amounts of fiber, which could
have contributed to the successful outcome of the interventions. Fiber supplementation
increases satiety and decreases eating frequency by stimulating anorexigenic hormones
and suppressing the orexigenic hormone ghrelin; this positive effect, combined with its
low energy density, has been related to weight loss [32,33]. The improvement of metabolic
parameters could be explained by diet amelioration. In a study where the effect of two
hypocaloric diets (500 kcal/d less) was observed, it concluded that a reduced total energy
intake manages to reduce transaminase levels and insulin resistance in obese patients
with fatty liver disease, regardless of the composition of the diet (low carbohydrate, low
fat or balanced) [34,35]. Furthermore, the significant increase in fish consumption that
participants had was important. The literature shows that fish, particularly fish oil, has a
preventive impact against NAFLD [36,37]. Fish and fatty fish, due to their exclusively high
content of omega-3 fatty acids, exert their beneficial effect on NAFLD by improving lipi-
demic and glycemic control, as well as by attenuating inflammation [38]. There is a study
that aimed to evaluate the dietary intake of fish and v-3 fatty acids in children, where they
proved by a linear regression model the relations between serum ALT and long-chainω-3
fatty acid intake that tended toward significance by adding factors including demographic,
anthropometric, and dietary variables [39]. Additionally, the Toronto study noted a strong
inverse relation between EPA and DHA intake and ALT [40]. As for legumes, there is a
study that was conducted in Iran that found that a higher intake of total legumes (beans,
lentils, and peas) was associated with a lower risk of NAFLD [41]. It is known that dietary
intake of legumes is associated with intake of bioactive compounds and vegetable proteins,
and lower waist circumference, serum cholesterol, and blood pressure [42]. Legumes have
high fiber content and low glycemic index that may help to enhance lipid profiles and
reduce lipid peroxidation. Moreover, legumes lowered blood lipids through increasing
fat and steroid excretion through feces, as well as short-chain fatty acid synthesis in the
colon [43–46].

In the current study, it was significant that the MedDiet improved participants’ WC.
Interestingly, the literature shows that the reduction in participants’ waist size is an impor-
tant variable. In a cross-sectional study conducted on 1500 individuals living in Tehran,
it was assumed that food patterns affect fatty liver by changing waist circumference size,
which is an indication of abdominal fat accumulation. The relationship’s power indicates
that keeping waist circumference in a normal range may prevent fatty liver, even if a proper
diet is not followed [47]. Furthermore, a meta-analysis with 20 structured studies con-
cluded that WC is the strongest anthropometric variable in predicting fatty liver (OR = 3.14;
95% Cl: 2.07–4.77), an even stronger variable than BMI [48]. In the current findings, the
MD–HMF group reduced the most. A plausible explanation is that eating more than seven
meals per day reduced the risk of obesity compared to eating less than three meals per
day; additionally, frequent eaters had lower waist circumference after adjusting for diet
and lifestyle [49]. Nevertheless, these data contrast with another study that found no
correlation between increased meal frequency and type 2 diabetes risk in women after six
years follow up [50]. Another explanation for the improvement in the participants’ WC
could be the changes in dietary habits that the MD–HMF group did. There was an increase
in consumption of fruits, and a decrease in the consumption of soft drinks compared to the
control group. The literature supports these results. A systematic review showed in their
findings that increased intake of fruits was inversely associated with WC decrease [51].
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Moreover, several studies showed that sweet drinks are linked to an increased risk of
obesity, metabolic syndrome, fatty liver, and heart disease, owing to higher calorie intake,
as well as rapid and high increases in absorbable sugars [47].

The current results showed that adherence to the MedDiet occurred in the three
interventions, even though the CD group was not advised to adhere to the MedDiet like
the other groups. Interestingly, this group increased the consumption of extra virgin olive
oil, even though they were not encouraged to consume olive oil. It seems that subjects
themselves preferred olive oil when starting the trial, maybe due to the place the study
took place—half of the participants were from the Mediterranean. Moreover, the subjects in
the CD, by modifying habits towards a healthier lifestyle, increased adherence. A previous
study found that the MedDiet had an effect that was unaffected by other lifestyle changes,
and also greater adherence to MedDiet was substantially connected with a reduced degree
of insulin resistance, ALT, and NAFLD severity [8].

5. Strengths and Limitations

The main strength of this study is that liver images were obtained by MRI, which
is considered the most sensitive and accurate non-invasive method for quantifying liver
fat contents [52]. Participants included in the study were highly compliant with the inter-
ventions. On the other hand, the major limitation was the sample size. A bigger sample
size could give a more confident answer to which intervention was the best. Another
limitation was the estimated values of the FFQ: even after being validated, it might overes-
timate intake of certain food groups. Thirdly, the study was unable to demonstrate that
customized hypocaloric dietary and increased physical activity interventions are more
effective at preventing NAFLD than a traditional diet. This could be due to the fact that the
Conventional Diet of the AASLD was difficult to carry out in the Mediterranean region;
when participants thought of a healthier life, they increased their use of virgin or extra
virgin olive oil, nuts, and fish. It was a challenging to make them use other products not
from the MedDiet.

6. Conclusions

Subjects with NAFLD and MetS after 6 and 12 months of a customized dietary inter-
vention had reduced intrahepatic fat contents, and liver stiffness, despite the intervention
the participants went through. All participants ameliorated BMI, insulin, Hb1Ac, diastolic
blood pressure, HDL-cholesterol, and ALT, and improved their consumption of total energy,
fish, and legumes. Participants in the MD–HMF improved WC, and the consumption of
fruits and soft drinks compared to the control group. Customized hypocaloric dietary and
enhanced physical activity interventions may be useful to ameliorate NAFLD. Further
human studies are needed to enlighten the effects of nutrients in the development of hepatic
steatosis and other related diseases.
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