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Abstract

Purpose of Review Obesity is a chronic disease, a major public health problem due to its association with non-communicable
diseases and all-cause mortality. Indeed, people with obesity are at increased risk for a variety of obesity-related disorders
including hypertension, dyslipidemia, type 2 diabetes mellitus, cardiovascular disease, and several cancers. Many popular
diets with very different macronutrient composition, including the Mediterranean diet (MD), have been used, proposed, and
studied for prevention and management of obesity. In particular, MD has been the subject of countless studies over the years
and now boasts a large body of scientific literature. In this review, we aimed to update current knowledge by summarizing
the most recent evidence on the effect of MD on obesity and obesity-related disorders.

Recent Findings The negative effects of obesity are partly reversed by substantial weight loss that can be achieved with
MD, especially when low-calorie and in combination with adequate physical activity. In addition, the composition of MD
has been correlated with an excellent effect on reducing dyslipidemia. It also positively modulates the gut microbiota and
immune system, significantly decreasing inflammatory mediators, a common ground for many obesity-related disorders.
Summary People with obesity are at increased risk for a variety of medical disorders including hypertension, dyslipidemia,
type 2 diabetes mellitus, and cardiovascular disease. Therefore, there is an inevitable need for measures to manage obesity
and its related disorders. At this point, MD has been proposed as a valuable nutritional intervention. It is characterized by a
high consumption of vegetables, fruit, nuts, cereals, whole grains, and extra virgin olive oil, as well as a moderate consump-
tion of fish and poultry, and a limited intake of sweets, red meat, and dairy products. MD proves to be the healthiest dietary
pattern available to tackle obesity and prevent several non-communicable diseases, including cardiovascular disease and
type 2 diabetes.

Keywords Mediterranean diet - Obesity - Obesity-related disorders - Cardiovascular diseases - Type 2 diabetes -
Dyslipidemia

Introduction

The World Health Organization defines obesity as abnormal
or excessive fat accumulation that portends increased risk to
health status [1]. Despite this relatively simplistic definition,
it is a chronic disease, a major public health problem that
adversely effects all aspects of mental and physical health.
Obesity has a growing worldwide prevalence irrespective of
This article is part of the Topical Collection on Metabolism age, sex, race, or socioeconomic status [2]. Nearly a third of
the world population is now suffering of overweight or obe-
sity, which corresponds to one-fold increase since 1980 [3].

People with obesity are at increased risk for a variety
of medical disorders including hypertension, dyslipidemia,
type 2 diabetes mellitus, cardiovascular disease (CVD),
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and several cancers [4-6], all of which render obesity to
be consistently associated with increased mortality [7, 8].
Therefore, there is inevitable need for measures to manage
obesity and its related disorders. At this point, Mediterra-
nean diet (MD) has been proposed to serve as a valuable
nutritional intervention [9]. It is characterized by a high
intake of vegetables, fruits, nuts, cereals, whole grains,
and extra-virgin olive oil, as well as a moderate consump-
tion of fish and poultry, and a limited intake of sweets, red
meat, and dairy products [10]. Indeed, the adherence to MD
dietary pattern is characterized by high intake of monoun-
saturated fat and fiber, and low in saturated fat with a bal-
anced ratio of omega-6/omega-3 essential fatty acids [11].
The adherence to MD dietary pattern has been showed to
be protective against the occurrence of several diseases, in
particular obesity and CVD [12]. In particular, two previ-
ously conducted landmark randomized controlled trials
(RCT) provided sobering evidence concerning the potential
of MD for weight control and CVD prevention, which is not
available for any other dietary pattern [13, 14]. Furthermore,
Mediterranean dietary pattern compared to other diets has
been reported as having proved to be the most effective in
prevention of obesity and obesity-related diseases [15].

In this paper, we aimed to review the current knowledge
regarding the effect of MD on obesity and obesity-related
disorders.

Mediterranean Diet and Body Composition

There is no single definition of what constitutes MD, but it
generally consists of little amounts of red meat, low to mod-
erate amounts of fish, poultry, and large quantities of fruit,
vegetables, whole grains, and pulses with unrestricted olive
oil as an important source of monounsaturated fatty acids
(MUFA) [16]. This diet is generally considered to be rela-
tively high in fat, and as such many health professionals may
be reluctant to recommend it to individuals with overweight
or obesity as high fat diets are perceived to promote weight
gain. Contrary to that popular belief, epidemiological studies
have described an inverse association of adherence to MD
with Body Mass Index (BMI) and weight gain [17, 18].
Moreover, higher adherence to MD is associated with
increased likelihood of weight loss maintenance [19]. How-
ever, most of those studies did not include assessments of
physical activity or capture total energy intake, which could
serve as significant confounders. The evidence from inter-
ventional studies on MD suggest that the weight effect
depends more on energy content rather than macronutrient
composition [20]. However, even when not energy restricted,
this diet is not associated with weight gain. In the largest
RCT on MD conducted to date, 7447 individuals were ran-
domized to MD supplemented with olive oil, MD
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supplemented with nuts, or a low-fat diet and followed for a
median of 4.8 years [21]. The fat content in the two MD
arms accounted for 42% of daily energy. Calorie restriction
was not required in either intervention arm and physical
activity was not encouraged, despite high prevalence of
overweight and obesity in the study population. At the end
of follow-up, participants in each of the three groups had
slightly reduced body weight and increased waist circumfer-
ence (WC). In comparison with low-fat diet, neither arm of
ad libitum MD demonstrated significant difference in body
weight: —0.410 kg (95% CI —0.830 to 0.01; p = 0.056) for
MD supplemented with olive oil and —0.016 kg (95% CI
—0.453 to 0.421; p = 0.942) for MD supplemented with
nuts. There was evidence that MD was associated with less
gain of central adiposity as shown by the adjusted difference
in WC after 5 years of —0.466 cm (95% CI —1.109 to 0.176;
p = 0.154) in MD with olive oil and —0.923 cm (95% CI
—1.604 to —0.241; p = 0.008) in the nut group, compared
with low-fat diet group. In conclusion, high fat, unrestricted
calories MD was associated with little weight changes and
less central adiposity compared with low-fat diet long term
[21]. A systematic meta-analysis of 16 RCTs (n = 3436)
assessing MD interventions of duration between 4 weeks and
24 months concluded that consumption of MD is associated
with a greater weight loss compared to control diets and that
the weight loss is more significant when energy restriction
and/or increased physical activity are recommended as part
of the intervention [22]. Another systematic analysis
assessed the effects of calorie-restricted MD on weight loss
in individuals with overweight and obesity after 12 months
or longer [23]. Five RCTs were included (n = 998). MD was
somewhat superior in producing weight loss compared to
low-fat diets (range of mean weight loss —4.1 to —10.1 kg
vs. —2.9 to —5.0 kg) but (similar to) same as low-carbohy-
drate diet and the American Diabetes Association (ADA)
diet. The effects of MD on BMI and WC were similar to that
on body weight reduction [23]. The current recommendation
for lifestyle management of subjects with type 2 diabetes and
overweight or obesity is to achieve and sustain a weight loss
of > 5% a target which is often difficult to reach in clinical
practice [24]. A meta-analysis incorporating 19 weight-loss
intervention study groups (n =2711) in type 2 diabetes dem-
onstrated that energy restricted Mediterranean style diet
combined with 175 min of physical activity weekly was one
of only two interventions achieving the recommended 5%
weight loss at 12 months [25]. This was associated with
significant improvement in metabolic parameters [25].
Emerging evidence suggests that MD can reduce central
adiposity and visceral fat, both of which have been associ-
ated with the risk of type 2 diabetes and CVD [26]. In cross-
sectional studies, adherence to MD has been shown to be
inversely associated with abdominal adiposity [17, 27, 28].
The beneficial effect of MD on reducing central adiposity
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and visceral fat could be related to its high content of poly-
unsaturated fatty acids (PUFA) and MUFA and low intake
of saturated fatty acids (SFA) [11]. It has long been known
that visceral adipose tissue comprises predominantly SFA,
whereas subcutaneous fat has deposits of PUFA and MUFA
[29]. In line with this hypothesis, a short cross-over study in
patients with obesity (n = 11), individuals with insulin
resistance demonstrated that an isocaloric MD rich in extra-
virgin olive oil prevented central body fat accumulation
compared with a low-fat diet without effect on body weight
[30]. Reduction in visceral adipose tissue has been reported
in two interventional trials of MD after 2 months [31, 32].
Contrary to these findings, a small RCT of ad libitum MD
(n = 35) compared to a low-fat diet (n = 31) for 6 months
demonstrated that the former was associated with reduced
subcutaneous adipose tissue but not visceral adipose tissue
or other body composition parameters in patients with over-
weight or obesity post coronary event [33]. However, the
participants with more sustained adherence to MD had sig-
nificantly lower WC (—2.81 cm, p = 0.01). No change in
body weight, and a trend for reduction in total body fat, was
observed despite the tendency for increased total energy
intake in the MD group [33]. An intervention with calorie-
restricted protein-enriched MD of 8 weeks’ duration has
been shown to result in significant reduction in weight
(—=16.7%), visceral fat (—27.4%), and fat mass (—28.1%) with
preservation of fat free mass (FFM) in men with obesity (n
= 37) awaiting laparoscopic sleeve gastrectomy [32].
Another short-intervention study of 6 weeks’ duration dem-
onstrated that hypocaloric MD was superior in reducing
body fat mass and preserving FFM compared to high-protein
diets in young, sedentary individuals [34ee]. Preservation of
FFM may be of particular importance in preserving short-
and long-term benefits of weight loss given that FFM has
been associated with decreased basal metabolic rate and the
risk of developing sarcopenic obesity [35]. A meta-analysis
of 50 studies including an overall population of nearly half
a million subjects concluded that MD had beneficial effects
on the risk of metabolic syndrome and its individual com-
ponents, including WC (mean difference —0.42 cm; 95% CI
—0.81 to —0.02) [36]. Importantly, larger effects were seen
in trials conducted in Mediterranean countries, possibly due
to better availability of the required food produce, although
other confounders such as genetic or environmental factors
may have played a role [36]. A systematic review looked
specifically at the effects of MD on central obesity outcomes.
The analysis of 18 interventional trials (7186 total subjects
and 5168 subjects assigned to MD) concluded that MD
could diminish abdominal adiposity as evidenced by reduc-
tion in WC, waist-hip ratio, or visceral fat [37]. The most
consistent reductions were observed in WC and visceral fat,
although only two studies reported the effects on the latter.

The reduction in central adiposity, albeit not universal, was
observed irrespective of whether energy restriction was rec-
ommended or not as part of the intervention. Interestingly,
four of the five studies that did not observe improvement in
measures of central adiposity were conducted in non-Med-
iterranean populations. It remains unclear if MD is more
effective in reducing central adiposity compared to other
dietary interventions given that MD showed superior effects
only in three studies included in the analysis [37e]. In con-
clusion, MD is an effective tool in reducing body weight,
particularly when energy restricted and in combination with
increased exercise. Reassuringly, even when not energy-
restricted it is not associated with weight gain in the short or
long term.

MD has the potential to reduce abdominal adiposity, in
particular metabolically detrimental visceral fat, indepen-
dently of weight loss, and can be recommended as a healthy
diet choice to individuals with obesity and overweight, par-
ticularly at risk of cardiovascular and metabolic disease. MD
may be more effective in Southern European populations
due to better availability of specific food produce, cultural
and other factors.

Mediterranean Diet and Type 2 Diabetes

The International Diabetes Federation (IDF) estimated just
over 20 years ago that 151 million adults were affected by
T2D worldwide [38]. This has increased to 463 million in
2019, suggesting a tripling of the global burden over this
period [38].

Lifestyle measures remain the cornerstone for type 2 dia-
betes treatment as recommended by several scientific socie-
ties, including the ADA and the European Association for
the Study of Diabetes (EASD) [39, 40]. In the latest (2021)
ADA guidelines, recommendations for medical nutrition
therapy emphasize the implementation of a Mediterranean-
style eating pattern to improve both glucose and lipid metab-
olism, thus minimizing individual’s cardiovascular risk [39].
Such an eating pattern is characterized by reduced consump-
tion of saturated and trans-fat, as well as an increased intake
of dietary PUFA n-3, viscous fiber, and plant sterols/stanols.
The plant-based components of MD (e.g., vegetables, fruits,
whole grains, and nuts) contain polyphenols that have been
shown to reduce insulin resistance and improve cardiometa-
bolic risk factors [41]. Olive oil and low-to-moderate alcohol
intake (especially red wine) also contribute to the benefits of
MD via their polyphenol content [42, 43]. Overall, potential
mechanisms underlying the beneficial effects of MD include
improvements in oxidative stress, inflammation, thrombosis,
insulin sensitivity, lipid profile, endothelial dysfunction, and
gut microbiota [44-46] (Fig. 1).
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Fig. 1 The beneficial mechanisms of Mediterranean diet in obesity-related disorders

Mediterranean Diet and Type 2 Diabetes
Prevention

Type 2 diabetes is considered one of the major obesity-
related comorbidities. The core pathophysiologic defect
which is at the base of obesity is insulin resistance in muscle
and liver, predicting the onset of type 2 diabetes in suscep-
tible subjects [47]. Although current dietary recommenda-
tions focused on weight loss and overall dietary quality, to
date, in subjects with obesity, there is no consensus on the
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optimal macronutrient composition of the diet for long-term
management of type 2 diabetes [48]. Previous meta-analyses
showed that adherence to MD could prevent type 2 diabetes
development by 19-23% [49, 50]. In a more recent cohort
study (n = 25,317 female participants from the Women’s
Health Study), a higher MD intake was related to a 30%
relative risk decrease in type 2 diabetes incidence during a
20-year follow-up [51]. Furthermore, an inverse association
between adherence to MD and the prevalence of metabolic
syndrome and prediabetes has been reported [52, 53].
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Mediterranean Diet and Cardiometabolic
Risk Factors

In patients with type 2 diabetes, MD can beneficially affect
glycemic control and cardiovascular risk [54, 55]. In this
context, a cross-sectional study among 500 patients with
type 2 diabetes investigated the impact of MD on glycated
hemoglobin (HbAlc). Mean HbAlc was 8.57 (+standard
deviation, SD 1.94), 7.63 (+1.32), and 6.47 (+0.7) % in
patients with low, moderate, and high adherence to MD,
respectively [56]. In another randomized trial (n = 215
newly diagnosed patients with type 2 diabetes), HbAlc was
significantly reduced by 1.2 and 0.9% at year 1 and 4, respec-
tively, in patients on MD [57]. Fasting plasma glucose,
serum insulin levels, and Homeostasis Model Assessment
of Insulin Resistance (HOMA-IR) were also significantly
decreased. As a consequence, significantly less patients
needed antidiabetic drug therapy both at year 1 and year 4
(hazard ratio, HR 0.70, 95% CI 0.59 to 0.90) [57]. Similar
results were reported in a systematic review of 20 RCTs (>
6 months duration, n = 2223 patients with type 2 diabetes)
showing greater decreases in body weight and HbAlc lev-
els, as well as delayed requirement for antidiabetic drugs
in patients with type 2 diabetes following a MD compared
with those on other low-fat or low-carbohydrate diets [58].

Apart from improvements in glucose metabolism and
body weight, MD can beneficially affect other cardiovascu-
lar risk factors, including lipids as triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C) and high-density
lipoprotein cholesterol (HDL-C), and blood pressure (BP),
in patients with type 2 diabetes [59]. For example, among
2568 patients with type 2 diabetes, those with a high MD
score had significantly lower LDL-C (101.5 +31.2 vs. 105.1
+ 31.9 mg/dL), TG (146.7 + 71.0 vs. 156.2 + 78.6 mg/
dL), systolic BP (133.3 + 23.7 vs. 135.3 + 14.9 mmHyg),
and diastolic BP (78.6 + 8.5 vs. 80.7 + 8.7 mmHg), as
well as higher HDL-C (46.8 + 12.4 vs. 45.3 + 11.6 mg/
dL) than those with a low MD score [60]. Such findings
were confirmed in a network meta-analysis (10 RCTs, n =
921 patients with type 2 diabetes) reporting that MD was
superior to a low-fat diet in reducing HbAlc (mean dif-
ference —0.45%; 95% CI —0.55 to —0.34), fasting plasma
glucose (mean difference —1.24 mmol/L; 95% CI —1.57 to
—0.91), weight (mean difference —1.18 kg; 95% CI —1.99
to —0.37), WC (mean difference —0.73 cm; 95% CI —1.26
to —0.19), and TG (mean difference —0.21 mmol/L; 95% CI
—0.27 to —0.16), as well as in increasing HDL-C (mean dif-
ference 0.07 mmol/L; 95% CI 0.04 to 0.11) [61]. Similarly,
in another meta-analysis (9 RCTs, n = 1178 type 2 diabetes
patients), MD led to greater decreases in HbAlc (mean dif-
ference —0.30%; 95% CI —0.46 to —0.14), fasting plasma
glucose (mean difference —0.72 mmol/L; 95% CI —1.24 to

—0.21), fasting insulin (M mean difference —0.55 pU/mL;
95% CI —0.81 to —0.29), weight (mean difference —0.29 kg;
95% CI —0.55 to —0.04), BMI (mean difference —0.29 kg/
m?%; 95% CI —0.46 to —0.12), TG (mean difference —0.29
mmol/L; 95% CI —0.47 to —0.10), systolic BP (mean differ-
ence —1.45 mmHg; 95% CI —1.97 to —0.94), and diastolic
BP (mean difference —1.41 mmHg; 95% CI —1.84 to —0.97),
as well as greater increases in HDL-C (mean difference 0.06
mmol/L; 95% CI 0.02 to 0.10) compared with control diets
[62]. These cardiometabolic effects of MD in patients with
type 2 diabetes were also summarized in a previous system-
atic review [63].

Mediterranean Diet and Diabetic
Microvascular Complications

Low adherence to MD was also linked to impaired renal
function and health-related quality of life in patients with
type 2 diabetes and chronic kidney disease [64, 65]. Among
women with type 2 diabetes, moderate and high MD scores
were related to significantly reduced rates of diabetic
nephropathy by 62% (OR 0.38; 95% CI 0.20 to 0.73) and
86% (OR 0.14; 95% CI1 0.06 to 0.33), respectively, compared
with a low MD score [66]. Of note, increases in MD score by
1-point were associated with 10% lower risk of CKD (mean
follow-up 20.6 + 7.0 years) as shown in a meta-analysis (13
studies, n = 27,618 individuals) [67]. Furthermore, imple-
mentation of MD was associated with decreased rate of inci-
dent CKD during mean follow-up of 24 years among 12,155
participants (aged 45—-64 years) from the Atherosclerosis
Risk in Communities Study [68]. Even when CKD has been
developed, MD can exert nephroprotection. For example, in
a cross-sectional analysis of the German Chronic Kidney
Disease Study (n = 2813 patients with CKD), a high MD
score correlated with higher estimated glomerular filtration
rate (eGFR) (B-coefficient 0.932, p = 0.007) [64]. Overall,
MD has been shown to prevent CKD, as well as decrease
renal function decline and improve survival in patients with
CKD [69].

Increased adherence to MD has been associated with
lower risk of developing diabetic retinopathy (HR 0.34; 95%
CI 0.13 to 0.89; p = 0.001 for trend) among 3614 patients
with type 2 diabetes (aged 55-80 years) from the PREven-
cién con Dleta MEDiterranea (PREDIMED) study [70].
Similar results have been reported in other studies [71-73].

Few evidence supports a link between adherence to MD
and protection against diabetic neuropathy development
[72], but further research is needed to elucidate such associa-
tions. Similarly, there is data showing that MD may preserve
cognitive function and prevent dementia [74, 75], even in
patients with type 2 diabetes [76].
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Mediterranean Diet and Diabetic
Macrovascular Complications

A previous umbrella review of meta-analyses found that high
adherence to MD was associated with a reduced risk of overall
mortality, CVD, coronary heart disease (CHD), myocardial
infarction (MI), overall cancer incidence, type 2 diabetes,
and neurodegenerative diseases [77]. Furthermore, MD was
reported to protect against worse outcomes (heart failure hos-
pitalization, unstable angina, stroke, recurrent MI, all cause or
cardia death) up to 46 months following an MI [78]. Similarly,
data from the GISSI-Prevenzione clinical trial showed that
MD significantly decreased all-cause death in 11,323 patients
with MI [79]. Furthermore, among 23,232 participants of the
European Prospective Investigations into Cancer and Nutrition
(EPIC) study, followed up for 17 years, stroke risk was signifi-
cantly reduced with a greater adherence to MD (HR 0.78; 95%
CI 0.65 to 0.93) [80]. Low adherence to MD was also related
to a higher incident of stroke compared with moderate (HR
1.32;95% CI 1.05 to 1.66) and high adherence (HR 1.28;95%
CI 1.00 to 1.63) among 30,239 participants of the REasons for
Geographic And Racial Differences in Stroke (REGARDS)
study, followed up for 6.5 years [81]. MD was shown to protect
against peripheral artery disease (PAD) development in the
PREDIMED study (n = 7435 participants, median follow-up:
4.8 years) [82].

In patients with type 2 diabetes, following MD led to sig-
nificant reductions in CVD incidence (RR 0.62; 95% CI 0.5
to 0.78) [83]. A recent meta-analysis of 38 cohort studies and
3 RCTs (including patients with type 2 diabetes) found that
adherence to MD was associated with significantly lower inci-
dences of CHD (RR 0.73; 95% C1 0.62 to 0.86), MI (RR 0.73;
95% CI 0.61 to 0.88), and stroke (RR 0.80; 95% CI 0.71 to
0.90), as well as of CHD mortality (RR 0.83; 95% CI 0.75
to 0.92), stroke mortality (RR 0.87; 95% CI 0.80 to 0.96),
and total CVD death (RR 0.79; 95% CI 0.77 to 0.82) [84].
A higher MD score was also linked to a significantly lower
risk (by 66%) of PAD incidence (OR 0.44; 95% CI 0.24 to
0.83) in patients with type 2 diabetes (n = 944) [85]. Similarly,
increased intake of fish and shellfish was reported to margin-
ally decrease PAD risk (HR per additional gram/week 0.99;
95% C10.99 to 1.00, p = 0.051) in 1112 patients with type 2
diabetes followed for a median of 19.7 years in the Malmo Diet
and Cancer study [86]. Nevertheless, further clinical data is
needed in patients with type 2 diabetes to establish the effects
of MD on cardiovascular morbidity and mortality.

In sum, in patients with type 2 diabetes, MD may mini-
mize the risk of diabetic micro and macrovascular compli-
cations, although further evidence is required. Therefore,
implementation of MD is recommended for both prevention
and treatment of prediabetes and type 2 diabetes [55, 87, 88].

@ Springer

Mediterranean Diet and Non-alcoholic Fatty
Liver Disease

Non-alcoholic fatty liver disease (NAFLD) has been associ-
ated with type 2 diabetes and further increase of cardiovas-
cular risk [§9-92]. NAFLD is regarded as the hepatic mani-
festation of metabolic syndrome [93]. Currently, the global
NAFLD prevalence is reported to be 25%, being highest in
the Middle East (32%) and South America (31%) followed
by Asia (27%), the USA (24%), Europe (23%), and Africa
with the lowest prevalence (14%) [94].

MD has been proposed as an effective nutrition therapy
for patients with type 2 diabetes and/or NAFLD, represent-
ing the first-line treatment for these metabolic diseases
[93, 95e, 96]. In this context, MD was shown to improve
biochemical and histological features of NAFLD [97, 98].
Therefore, implementation of MD may protect liver struc-
ture and function in patients with type 2 diabetes. Of inter-
est, in patients with of NAFLD, it has been reported the
enlargement of spleen which is the central organ in regulat-
ing the inflammation-related immune response depicting the
so called liver-spleen axis [99]. Healthy dietary patterns,
including MD, have been reported to improve immune and
inflammatory responses by both reducing NAFLD and
improving spleen function [100].

Overall, adherence to MD exerts several health benefits
by improving cardiometabolic risk factors, including glucose
and lipid metabolism, obesity indexes and NAFLD (Fig. 2).

Mediterranean Diet and Dyslipidemia

Dyslipidemia is a primary cause of the atherosclerotic car-
diovascular disease (ASCVD) [101]. In particular, the most
atherogenic form has been associated with type 2 diabe-
tes and insulin resistance conditions [102]. Dyslipidemia
is characterized by elevated serum levels of LDL-C and
TG and low levels of HDL-C [103]. In 2008, according to
the WHO Global Health Observatory, the prevalence of a
plasma total cholesterol level > 190 mg/dl was highest in
Europe (54% for both sexes), followed by North and South
America (48% for both sexes), while Africa and South-
East Asia had the lowest prevalence (22.6% and 29.0%,
respectively) [104]. Between 1980 and 2018, globally, lit-
tle or no change in total and non-HDL plasma cholesterol
was observed, but several regions experienced significant
changes in some lipid parameters: high-income countries,
which had the highest plasma cholesterol levels in 1980,
experienced a substantial reduction in plasma cholesterol
levels, while low- and middle-income countries experienced
large increases in both plasma cholesterol and plasma tri-
glycerides [105].
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Fig.2 The beneficial effects of adherence to MD on cardiometabolic factors and diabetic complications in patients with type 2 diabetes

In recent years, several studies have investigated the role
of diet and dyslipidemia. MD is a dietary pattern recom-
mended for cardiovascular prevention and has been pro-
moted by the European Society of Cardiology/European
Atherosclerosis Society (ESC/EAS) 2019 guidelines for
the management of dyslipidemia in addition to other life-
style changes (Table 1) [103]. Ancel Keys designed MD
almost five decades ago, and it has been recognized as one
of the healthiest dietary patterns [16]. In addition, it has been
negatively related to various chronic diseases, such as CVD
[106], cancer [107], obesity [108], type 2 diabetes [88], and
other metabolic conditions [109].

Specifically for patients that suffer from hyperlipidemia,
MD advocates for low intake of SFA, less than < 7% in
patients with hypercholesterolemia, and high consumption
of PUFA and micronutrients, including dietary vitamins and
minerals, that rises the plasma antioxidant capacity [110].

Also, MD favors the restriction of milk and dairy product
consumption and limited intake of meat and meat-derived
products [16]. Moreover, high plant-based food intake, such
as whole grains, vegetables, and fruits, is highly advisable.
MD suggests the consumption of seafood, regular consump-
tion of olive oil, and increased physical activity. Finally, MD
recommends reducing simple sugar intake and eliminating
alcohol. This dietary pattern is high on food groups such as
fruits and vegetables, fibers, olive oil, fish, and red wine, that
are rich sources of several bioactive compounds, including
antioxidants like carotenoids, flavonoids, resveratrol, and
other polyphenolic compounds [16].

Studies have proven that consumption of foods causes
modifications in the gut microbiota leading to an increase
of beneficial bacteria such as Lactobacillus, Bifidobacte-
rium, and Prevotella, and a reduction of harmful bacteria
like Clostridium [111]. This effect is positive for prevention

Table 1 Treatment targets/

Recommendation

i Treatment
goals 2019 European Society
of Cardiology/European Smoking
Atherosclerosis Society (ESC/ Diet

EAS) guidelines [103]

Physical activity
Bodyweight

Blood pressure

No use in any form of tobacco

Diet low in saturated fat with whole grain products, vegetables,
fruit, and fish

30-60 min moderately vigorous physical activity most days
BMI 20-25 kg/mz, and WC < 94 cm and < 80 cm (women)
< 140/90 mmHg

BMI body mass index, WC waist circumference
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and treatment of chronic diseases like obesity [112], dyslipi-
demia [113], and inflammation [114]. MD is also considered
a high fiber intake pattern, which can act on gut microbi-
ota by modulating its composition and the production of
metabolites that regulate immune function [115]. MD leads
to an increase in the number of intestinal bacterial species
responsible for producing short-chain fatty acids (SCFAs)
such as acetate, propionate, and butyrate, essential for proper
functioning in preventing metabolic diseases [115]. Also,
high consumption of PUFA n-3 from fish and vegetable
sources and an adequate PUFA n-6/ PUFA n-3 ratio from
MD [116] promotes a better metabolic profile compared to
other dietary patterns that are high on PUFA n-6 and favors
a higher production of proinflammatory substances and that
increases the risk of chronic diseases like ASCVD [117].
Dietary fiber has become a key mediator of the communica-
tion between the brain and the gut [118]. SCFAs exert their
beneficial effects directly by contributing to modulation of
host health through a range of tissue-specific mechanisms
related to gut barrier function, glucose homeostasis, immu-
nomodulation, and appetite regulation [118]. Evidence on
this effect has emerged from the modulation of gut microbial
composition through administration of prebiotics, defined as
a non-digestible food ingredient that stimulates the growth
and/or activity of one or a limited number of beneficial bac-
teria in the colon [119].

In addition to the gut microbiota modulation effects, the
beneficial impact of MD could also be due to immune sys-
tem modulation [100, 120]. In an intervention study con-
ducted by Llorente-Cortés et al. in 2010 on a population
with a high risk of ASCVD (n = 49), it was found that after
3 months, subjects who followed MD integrated with virgin
olive oil or nuts showed not only a reduction in interleukin-6
and soluble intercellular adhesion molecule-1, significant
inflammation mediators in the adhesion of leukocytes to the
endothelial surface, but also a reduction in activation of bio-
markers related to the atherosclerotic process [120]. There
was a reduction of the proinflammatory ligand CD40 and the
adhesion molecule CD49d on T lymphocytes and monocytes
after both MD [120].

Different researchers have studied the relationship
between SFA consumption, ASCVD risk and increased
LDL-C levels [121], while recent clinical studies support
the fact that SFA do not increase the risk of ASCVD. The
relationship between SFA intake and cardiovascular mortal-
ity has been discussed previously, and there was no higher
risk of ASCVD events in individuals with high consump-
tion of SFA than those with low consumption [121]. It has
been concluded that ASCVD risk may be more influenced
by the dietary source of SFA, mainly giving dairy and meat
products more focus [121]. Therefore, a higher intake of
SFA from meat products is related to the development of
ASCVD, and that lower ASCVD risk is linked to a higher

@ Springer

intake of SFA from dairy sources. However, the literature is
still controversial regarding the relationship between meat
and dairy products intake and the effect on lipid profile [88,
121, 122]. The Prospective Urban and Rural Epidemiology
study was a large study that helped understand the connec-
tion between macronutrient intake and mortality, concluding
that SFA intake does not influence mortality rate [123]. At
the same time, high consumption of carbohydrates has been
associated with a higher mortality risk for CVD [123].

Other studies have investigated the relationship between
SFA intake and cardiovascular mortality and did not observe
an increased risk of ASCVD events in subjects with high
consumption of SFA compared with those with low con-
sumption [124-126]. Consequently, ASCVD risk may be
influenced by the dietary source of SFA, mainly repre-
sented by dairy and meat products. Meat consumption is
a dietary risk factor for atherogenic dyslipidemia [126]. de
Oliveira et al. in the Multi-Ethnic Study of Atherosclerosis
(n = 5209) reported that a higher intake of SFA from meat
products is related to the development of ASCVD; on the
other hand, a lower ASCVD risk has been correlated to a
higher intake of SFA from dairy products [125]. However,
studies are controversial regarding the relationship between
meat and dairy products intake and the effect on lipid profile
[125, 126].

In 2021, Formisano et al. evaluated the influence of differ-
ent eating habits on the lipid profile of 106 patients suffering
from different types of dyslipidemia [126]. They concluded
that a high intake of dairy products was associated with
hyperlipidemia (higher levels of total cholesterol and HDL-
C), while a diet with an excessive amount of meat products
caused a form of dyslipidemia (higher total cholesterol and
TG levels and lower HDL-C levels) [126]. Therefore, dietary
recommendations should specify between SFA other than
suggesting general reduction in SFA intake.

Adherence is primordial for treatment of chronic diseases
[88, 122, 127]. Some reports examine the adherence to MD
and have shown that individuals with obesity and with low
adherence to MD presented worse anthropometric measure-
ments and metabolic profile compared with subjects who
were good sleepers and with an average adherence, inde-
pendently of age and gender [88, 122, 127]. Also, the effect
on gut microbiota includes the maintenance of presence of
Prevotella bacteria and other Firmicutes according to the
degree of adherence to MD [127-129]. On the contrary, low
adherence to MD has been associated with high levels of uri-
nary trimethylamine N-oxide, which is related to increased
cardiovascular risk [130, 131]. Of interest, through inflam-
matory processes, TMAO would have a potential role in dif-
ferent chronic non-communicable diseases, including obe-
sity [132], CVD [133], type 2 diabetes [134], NAFLD [134],
and inflammatory diseases [135]. Also, obesity is associated
with reduced spontaneous and stimulated growth hormone
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secretion and basal insulin-like growth factor I levels [136]
which has been associated with increased risk of ASCVD
[137]. The degree of adherence to MD and protein grams
intake was one of the most predictive factors of growth
hormone status in obesity, showing an association between
adherence to MD and the clinical alterations of cardiometa-
bolic status [136].

Moreover, another critical nutrient that MD considers is
vitamin D, and the evidence suggests that vitamin D defi-
ciency may represent a significant risk factor [138-140].
There is a close relationship between vitamin D and the
cardiovascular system by vitamin D receptors in vital tis-
sues like endothelium, smooth muscle, and myocardium
[138-140]. Therefore, low vitamin D status has been associ-
ated with increased BP [139, 140], dyslipidemia [139, 140],
impaired insulin metabolism [138], sleep disturbances [141,
142], thus increasing the risk of cardiovascular atheroscle-
rosis [139, 140]. It has been studied that hypovitaminosis
D might increase the cardiovascular risk in hypopituita-
rism patients, and it is a powerful predictor of prevalence
of dyslipidemia and hypertension in individuals [138, 140].
Hypovitaminosis D is commonly reported in patients with
obesity due to several mechanisms [143, 144]. Of interest,
very recently in a cross-sectional, observational study, it was
reported that high adherence to MD was associated with
low BMI in 617 individuals, probably through the antioxi-
dant and anti-inflammatory effects synergistically exerted
by either high vitamin D levels or high adherence to MD on
body weight [145ee].

Mediterranean Diet and Cancer

To date, the important role of prevention in several cancer
settings is well known, and diet has a good place among
these prevention strategies. A meta-analysis including
2,130,753 participants concluded that greater adherence to
MD was associated with a significantly lower risk of cancer
mortality (RR 0.86; 95% CI 0.81 to 0.91), colorectal cancer
(RR 0.82;95% CI 0.75 to 0.88), breast cancer (RR 0.92; 95%
CI 0.87 to 0.96), gastric cancer (RR 0.72; 95% CI 0.60 to
0.86), liver cancer (RR 0.58; 95% CI1 0.46 to 0.73), head and
neck cancer (RR 0.49; 95% CI 0.37 to 0.66), and prostate
cancer (RR 0.96; 95% CI 0.92 to 1.00) [146]. In addition,
data on the benefits of MD against incident cancers were
reported in the EPIC trial (n = 9669 incident cancers in men
and 21,062 in women) [147]. Evidence of protection was
strongest for colorectal, gastric, and breast cancers, espe-
cially after exclusion of alcohol from the score [147].
Breast cancer has increased by more than 20% worldwide
since 2008 and is the leading cause of cancer in women
[148]. Data from the PREDIMED study showed that after
a mean follow-up of 4.8 years, the observed rates of breast
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cancer were lower in the intervention groups with EVOO
or with nuts than in the control group with a low-fat diet.
After multivariate adjustment, the group supplementing
MD with EVOO had a significantly lower risk of devel-
oping breast cancer than the control group; for every 5%
additional calories from EVOO, the risk was 28% lower
(95% CI, 0.57 to 0.90) [148]. A case—control study of 2396
women aged 25-74 years found that MD was associated
with a 35% reduction in breast cancer risk [149]. The Four
Corners Breast Cancer Study showed that Hispanic (n =
757 cases and 867 controls) and non-Hispanic (n = 1524
cases and 1598 controls) women who adopted MD had a
lower risk of breast cancer [150]. Two prospective studies of
91,779 American women [151] and 65,374 French women
[152] confirmed a protective association between adherence
to MD and breast cancer incidence. The protective effect of
MD on breast cancer risk was associated with a reduction
in circulating estrogen levels and increased intake of carot-
enoids, which are known antioxidants that reduce oxidative
stress. The protective associations were greater in women
with negative progesterone and estrogen receptor [152].

A lower risk of colon cancer has been associated with
dietary patterns that are higher in vegetables, legumes,
fruits, whole grains, fish, lean meats, low-fat dairy prod-
ucts, moderate alcohol consumption, and lower consumption
of red and/or processed meats, sugar-sweetened beverages,
and saturated fats [153]. In contrast, diets containing greater
amounts of red/processed meat, sugars (i.e., desserts, sugar-
sweetened beverages, and sweets), potatoes, and chips are
associated with an increased risk of colorectal cancer [153].
Data from the Italian EPIC study involving 42,275 partici-
pants aged 25-70 years who did not have cancer at baseline
found that increased adherence to MD was associated with
an 8—11% lower risk of colorectal cancer in men and women
[154]. The protective effect was observed mainly for distal
colon and rectal cancer, whereas it was lower for proximal
colon cancer [154].

In conclusion, all the above results suggest that adherence
to MD may contribute to the reduction of various cancers
and also of overall cancer-related mortality. Nevertheless,
further research is needed to determine which foods and
nutrients are most effective for this outcome (Table 2).

Conclusion

The obesity pandemic is associated with high risk of mor-
bidity and mortality from different non-communicable
diseases. Of interest, the negative effects of obesity are
reversed in part with substantial weight loss. The composi-
tion of MD has been related to an excellent effect on reduc-
ing dyslipidemia. Additionally, it positively modulates the
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gut microbiota and immune system, significantly decreasing
inflammation mediators, common ground for many obesity-
related disorders. MD is the healthiest dietary pattern avail-
able to prevent several non-communicable diseases, includ-
ing cardiovascular disease and type 2 diabetes.
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