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SUMMARY

The rapidly increasing worldwide prevalence of obesity is currently con-
sidered a serious health problem that increases the risk for several
comorbidities, such as diabetes, cardiovascular disease, hypertension,
cancer, osteoarthritis and neuropathological disease. Increasing car-
bohydrate and/or fat consumption has been established to lead to
obesity, and dietary approaches have been suggested to control this
epidemic. Epidemiological studies suggest that the Mediterranean
diet, rich in vegetal ingredients, fish and olive oil, may reduce the risk
for obesity. This diet is an ample source of unsaturated fats and fibers
and has a low energy density. Studies have provided evidence that the
main component of olive oil (the monounsaturated fatty acid oleic
acid) may promote weight loss by biochemical mechanisms, including
enhanced f-oxidation and increased channeling of saturated fatty
acids into triglyceride pools. By contrast, in the absence of oleic acid,
dietary saturated fatty acids give rise to fat storage. This review ana-
lyzes the literature that has been published in this field and summa-
rizes experimental and human studies on obesity prevention.

INTRODUCTION

Obesity is a widely prevalent disorder and represents a serious
health problem in both developed and developing countries. The
World Health Organization (WHQO) defines overweight (also called
"pre-obese”) as a body mass index (BMI; weight in kilograms divid-
ed by the square of the height in meters) > 25 and obesity as a BMI

Correspondence: E.K.J. Pauwels, Pisa University Medical School, Pisa, Italy. E-mail:
ernestpauwels@gmail.com.

> 30, the normal range being 18-24. It states that in 2005, 1.6 billion
adults (age 15 years and older) were overweight and that at least
400 million adults were obese. The WHO further projects that by
2015 these numbers will be 2.3 billion and 700 million, respectively
(see www.who.int/mediacentre/factsheets). According to a pooling
analysis based on representative population samples from 106
countries covering about 88% of the world’s population, the
absolute numbers for 2030 have been predicted to total 2.16 billion
overweight and 1.12 billion obese individuals (1). WHO data also
show a considerable geographic variation in the percentage of obese
people per country. For instance, in the U.S., this percentage is 35%,
in the U.K. 25%, in Finland 15%, in Belgium 12% and in Italy 8% (see,
e.g., www.who.int/bmi/index.jsp). The prevelance of overweight
among school-age children amounts to 35% in parts of Europe and
the estimated burden of pediatric obesity is rising: whereas the
annual increase was typically below 0.1% in the 1980s, it was 0.3%
in the late 1990s (2). Compared with the data from the 1990 surveys,
the worldwide proportion of obese school-age children will almost
double by 2010. By that year, 26 million children will be overweight,
including 6.4 million in the E.U. The alarming level of this disorder is
further illustrated by the fact that in the U.S. the prevalence of obe-
sity in adolescents increased from 5% to 13% in boys and from 5% to
9% in girls between 1966-70 and 1988-91 (3). A health survey com-
pleted in 2002 revealed that in China 23% of the population is over-
weight and in Chinese cities 12% of adults and 8% of children are
obese (4). Similar data from other parts of the world have recently
been made public (5).

Obesity is associated with an increased risk for a variety of condi-
tions, including cancer, diabetes, hypertension, cardiovascular dis-
ease, obstructive sleep apnea syndrome, osteoarthritis, depression
and lower scores on measures for quality of life (6). These disorders
go hand in hand with increasing healthcare costs. Each year,
obesity costs the U.S. economy $150 billion and this number may
double every decade, reaching a total expenditure of around
$900 billion by 2030 (7). Also in Europe, the obesity-related health
economic burden is enormous, reportedly ranging from 0.09% to
0.61% of each country’s gross domestic product (8). These
data highlight the increasing impact of obesity on general health
and that its epidemic proportions require strong health-promoting
measures.
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The fact that the prevalence of obesity is increasing so drastically
points to environmental factors such as dietary behavior. Increasing
consumption of carbohydrates and fat, large portions and units with
high energy density have been reported to lead to obesity (9-11) and
it is clear that new nutritional strategies are necessary to control this
epidemic. In this context, much attention has been paid to
Mediterranean dietary patterns, which have been documented to
have positive effects on chronic disorders, and it has been pointed
out that this diet has beneficial effects on overweight and obesity
(12). Historically, the Seven Countries Study (the U.S., Finland, The
Netherlands, Italy, Greece, former Yugoslavia and Japan) showed
that cardiovascular disease occurs at a lower rate in the olive tree-
growing areas around the Mediterranean basin (13).

The supposedly beneficial diet of that region is based on moderate
consumption of mostly red wine with meals, which consist mainly of
vegetables, legumes, nuts, whole-wheat bread, fresh fruit, fish and
poultry rather than red meat, pork and dairy products. Furthermore,
the Mediterranean diet contains olive oil as the primary fat source.
Although dietary habits in the Mediterranean countries have
changed over the past decades, the high consumption of olive oil
and vegetal ingredients has remained a main characteristic. It is
thought that these dietary components contribute considerably to
the lower incidence of chronic disorders and diseases (14). Although
vegetal food has a relatively low energy density, the specific use of
relatively high amounts of olive oil represents a paradox as far as the
prevention of obesity is concerned. It should be noted, however, that
olive oil (especially extra-virgin olive oil) is a rich source of the
monounsaturated fatty acid (MUFA) oleic acid. There is ample evi-
dence from experimental and human studies that MUFAs promote
weight loss due to the fact that they are prone to oxidation, whereas
saturated fatty acids (SFAs) can lead to fat storage (15-18). Indeed,
an ecological study based on recent data from 168 countries has
shown that populations with a lower prevalence of obesity seem to
consume a greater amount of MUFAs (19). Although the majority of
epidemiological studies found a negative correlation between the
Mediterranean diet and the risk of obesity (20-22 and references
therein), a few did not find such an association (23, 24). More specif-
ically, the average weight of the participants of the SUN cohort study
increased during the 28-month follow-up period (23). The trial par-
ticipants with a relatively greater adherence to the Mediterranean
diet showed a smaller weight increment, although this characteris-
tic was no longer statistically significant after a multivariate adjust-
ment. The objective of this review is to analyze the literature pub-
lished on the Mediterranean diet and to review experimental studies
on obesity prevention and/or weight loss.

EXPERIMENTAL STUDIES

Polyunsaturated fatty acids

Clarke et al. (25) explain that nutrients are an essential component
of the environmental factors that interact with hormonal signals to
regulate gene expression. These authors emphasize the strong
direct influence of fatty acids on the molecular events that govern
genetic activity. Ingestion of nutrients rich in ®-3 and w-6 fatty acids
decreases de novo fatty acid biosynthesis by suppressing the expres-
sion of genes involved in lipogenic transcription. These polyunsatu-
rated fatty acids (PUFAs), but not SFAs, are present in vegetal food
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and fish and are able to downregulate the expression of hepatic
sterol regulatory element-binding protein (SREBP) gene expression.
In cell lines, micromolar concentrations of these fatty acids (predom-
inantly C18:2-C22:6) have been demonstrated to concentration-
dependently decrease the transcription of SRE-regulated genes by
20-75% (26). Changes in the levels of intracellular nonesterified
fatty acids also correlate well with changes in the expression of per-
oxisome proliferator-activated receptors PPARa, PPARP and both
isoforms of PPARy (PPARY1 and PPARY2). Although the liver is not a
typical organ to store lipids as energy reserves, hepatocytes are
strongly involved in de novo lipid biosynthesis. Findings by
Schadinger et al. indicate that PPARYZ2 is capable of inducing lipid
accumulation in hepatocytes by augmenting de novo lipid biosyn-
thesis. This process occurs through direct or indirect activation of
SREBP-1 and its downstream targets, the expression of which is
increased in hepatocytes expressing PPARy2 (27). The action of
PUFAs inhibits the expression and processing of SREBP-1C, and also
of nuclear transcription factor Y, transcription factor Spl and
upstream stimulatory factors involved in genes encoding lipogenic
enzymes (28). In addition, recent experiments by Damiano et al. (29)
have shown that inhibition of the gene transcription of the mito-
chondrial citrate transport protein by PUFAs is mediated by the
nuclear level of SREBP-1C protein. The citrate transport protein is
important for the transport of acetyl-CoA into the cytosol.

Thus, it is clear that PUFAs, acting as signaling molecules, have bio-
chemical effects on transcription factors in adipocyte differentiation
and function. PPARs and SREBPs are considered key players in this
field and a pronounced antiadipogenic effect has been demonstrat-
ed for m-3 PUFAs, namely the marine fatty acids docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA). These fatty acids acti-
vate a metabolic switch toward lipid catabolism and suppression of
lipogenesis. This effect was elucidated by Flachs et al. (30), who in
mice found a threefold stimulation of the expression of genes encod-
ing regulatory factors of oxidative lipid metabolism in white fat, coin-
ciding with a reduction of obesity. These findings are consistent with
recent results published by Van Schothorst et al. (31), who found
increased lipid metabolism in the small intestine of mice based on a
molecular response to DHA and EPA. Both peroxisomal and mito-
chondrial B-oxidation and fatty acid w-oxidation were increased.
Together with the ability of the m-3-derived compounds resolvin E1
and protectin D1 to alleviate low-grade inflammation of adipose tis-
sue (32), it appears that the DHA/EPA metabolic switch reduces
ectopic lipid deposition (33).

Monounsaturated fatty acids

In an excellent review, Bergouignon et al. (34) pursue the metabolic
fate of SFAs and MUFAs. They found that the stability of body mass
is acutely and tightly controlled by appropriate changes in the oxida-
tion of glucose and amino acids after meals. By contrast, adjustment
of fatty acid oxidation may take up to a week, which results in stor-
age of excess dietary fat. The fine tuning of body mass and more
specifically the balance between fat storage and fatty acid oxidation
is further complicated by the fact that short-chain (C2:0-C4:0) and
medium-chain (C6:0-C12:0) fatty acids, as well as unsaturated
oleate (18:1) and linoleate (18:2), are more readily oxidized than
longer-chain unsaturated fatty acids and SFAs (35). In animal stud-
ies this differential oxidation has been shown to influence fat
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balance (36) and body mass (37). It has also been demonstrated that
diet-induced thermogenesis in rats is lower with long-chain SFA
intake than with the intake of plant oils rich in MUFAs, a difference
that results in body fat accumulation (38).

Apart from differences in oxidation rates, the metabolic fates in adi-
pose tissues and in muscle also differ between fatty acids. In adipose
tissue the MUFA proportion is the highest of the total fatty acid con-
tent and relative mobilization increases with increases in the degree
of unsaturation, as shown in studies with rat adipocytes (39).
Differential incorporation has also been observed in cultured muscle
cells; oleate preferentially accumulates in triacylglycerides (TAGs)
and its biosynthesis is lower in cells exposed to SFAs than in those
exposed to unsaturated fatty acids. In contrast, SFAs preferentially
accumulate as diacylglycerides (DAGs). These in vitro results sug-
gest that SFA and MUFA diets can lead to opposite accumulation
into DAG and TAG pools. This significant difference in the metabolic
fates of fatty acids in cultured cells is also associated with a differ-
ence in responsiveness to insulin. It appears that incubation with an
excess of oleate induces a high TAG content in cultured muscle cells
but no alteration in insulin responsiveness, which may be linked to
non-MUFA-induced impairment of insulin action in muscle tissue of
rodents (40). In this context, it is interesting to note that improve-
ment of insulin sensitivity has been demonstrated by many experi-
mental studies focusing on high intake of olive oil, of which oleic acid
is the major fatty acid component (41). Indeed, recent reports by
Pickersgill et al. (42) and Gao et al. (43) have pointed out that
human muscle cells coincubated with oleate do not develop palmi-
tate-induced insulin resistance, suggesting a protective effect of
oleate. The mechanism behind this important finding was recently
further elucidated by Coll et al. (44), who demonstrated that oleate
reverses insulin resistance in skeletal muscle cells. The authors
explain that MUFAs rather than SFAs stimulate the activity of pro-
tein kinase A (PKA) and PPARa;, which control the expression of car-
nitine palmitoyltransferase 1 and peroxisome proliferator-activated
receptor gamma coactivator 1-o. (PGC-1-a), transcriptional activa-
tors promoting TAG accumulation and mitochondrial -oxidation,
preventing DAG formation. Other experiments have revealed that
oleate activates the expression of the genes encoding acyl-CoA
desaturase 1 and diacylglycerol O-acyltransferase 1. These enzymes
increase the desaturation process of palmitate, which facilitates the
channeling of palmitate into the TAG pool, thus enhancing -oxida-
tion of this fatty acid (44). This protective effect of MUFAs is also
apparent in their ability to inhibit the cytotoxic actions of palmitate
on pancreatic B-cells. It has been demonstrated by Dhayal et al. (45)
that palmitate-induced B-cell apoptosis can be inhibited by MUFAS,
preferably with a cis configuration, oleic acid being the most effective
in this respect.

OBESITY, INFLAMMATION AND THE MEDITERRANEAN DIET

Adipocytes secrete free fatty acids, glycerol, proteins and proinflam-
matory adipokines (46). The latter include the cytokines TNF-ot and
IL-6. Adipose tissue is also characterized by decreased production of
anti-inflammatory adiponectin and, overall, this leads to a state of
chronic local or systemic inflammation together with macrophage
infiltration in white adipose tissue. The macrophages scavenge
abundantly present apoptotic adipocytes (47), but are also responsi-
ble for the production of cytokines (48). This provides a mechanistic
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link between obesity and the development of type 2 diabetes, as
TNF-at is known to induce insulin resistance (49). Another biochem-
ical feature is the IL.-6-controlled production of C-reactive protein,
an important inflammatory biomarker that induces the formation of
cytokines related to the vascular system such as vascular cell adhe-
sion protein (VCAM) and intercellular adhesion molecule (ICAM),
providing a link between obesity and atherosclerosis (50). Of note is
that after weight loss or surgical fat removal, the inflammatory state
may be improved, evidenced by a reduction of macrophage infiltra-
tion and expression of genes encoding chemoattractants (51).

In their instructive review, Bullo et al. (52) point out that the question
of whether the inflammatory state is the cause or the consequence
of obesity remains unanswered. Yet there is recent evidence that the
expansion of adipose tissue during the development of obesity is
associated with low oxygen tension and poor metabolic adaptation
to hypoxia. As a result, overexpression of hypoxia-inducible genes
may stimulate the release of proinflammatory cytokines (53). In
particular, the overexpression of hypoxia-inducible factor 1-o
(HIF1-at) in excessive obesity could contribute to macrophage infil-
tration (53). This inflammatory process gives rise to proinflammato-
ry reactive oxygen and nitrogen species (“oxidative stress”), to which
the system reacts by secreting anti-inflammatory cytokines. Under
conditions of continuous inflammatory insults, chronic inflammation
may develop and proinflammatory cytokines may disturb the cellu-
lar redox system, activating nuclear factor NF-kappa-B (NF-kB) and
other redox-sensitive transcription factors. In turn, this mechanism
may activate proinflammatory effector enzymes such as cyclooxygen-
ase-2 (COX-2). Thus, persisting increased oxidative stress plays a
pivotal role in the persistence of inflammation and, eventually, in the
creation of comorbidities of obesity.

Adherence to the Mediterranean diet entails a high intake of antiox-
idant-rich foodstuffs, such as vegetal food (vegetables, legumes,
fruits, whole grains and nuts), fish and olive oil (12). There is ample
clinical and epidemiological evidence that components of this diet
and/or the diet as a whole can modulate the inflammatory
response. The bioactive food components of this diet that have been
identified as anti-inflammatory compounds include phenolic com-
pounds (predominantly from vegetal food and red wine), ®-3 fatty
acids from marine fish and unsaturated fatty acids from olive oil,
nuts and vegetal food. With regard to obesity, Schroder (12) suggest-
ed that the high antioxidant and anti-inflammatory action of these
components has a positive effect on weight loss and the risk for obe-
sity. This protective effect can be boosted by the lower energy densi-
ty of this diet relative to the diet of Northern Europe and the U.S. In
this respect, the relatively high fiber content of vegetables, nuts and
whole grains contributes to satiation, which encourages the intake of
smaller portions. In addition, the higher oxidation rate of MUFAs in
comparison with PUFAs and SFAs may add to the diet’s antiobesity
action (19, 54, 55). The human studies and epidemiological evidence
on these beneficial effects of the Mediterranean diet will be reviewed
below.

HUMAN STUDIES

Many clinical studies have focused on oleic acid, one of the major
components of the Mediterranean diet. The general outcome is that
this fatty acid is oxidized to a higher degree than stearate or palmi-
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tate, saturated fatty acids often consumed in the non-Mediterranean
diet. Soares et al. (54) examined the influence of the source of
dietary fat on postprandial thermogenesis. In 12 postmenopausal
women (BMI 21.9-38.3 kg/m?), it was found that a diet containing
olive oil, as opposed to cream, promoted postprandial fat oxidation
in obese persons. Previously, the same research group found similar
results in men with a large waist circumference (16). In addition, a
double-blind trial conducted by Kien et al. (55) in 43 healthy young
adults found opposite effects with regard to fat oxidation in diets rich
in oleic acid and low in palmitic acid and diets low in oleate and high
in palmitate, notably in women (56). Casas-Agustench et al. (57)
found a higher postprandial thermogenic response to meals high in
PUFAs from walnuts in contrast to a meal high in PUFAs from dairy
products. Surprisingly, in this randomized, crossover trial in
nonobese men, a clear effect on substrate oxidation or satiety could
not be demonstrated.

It is of special interest that Weinbrenner et al. (58) noticed an olive
oil-induced modulation of the oxidative/antioxidative status in
healthy men on a strict very-low-antioxidant diet, evidenced by
decreased plasma levels of oxidized LDL, 8-oxodeoxyguanosine in
mitochondrial DNA and urine, as well as malondialdehyde in urine
(P<0.05 for linear trend). A later study in 30 healthy volunteers sup-
ported this finding, revealing an increased resistance of LDL to oxi-
dation (59), the decrease in oxidative stress being attributed to the
phenolic content of olive oil (60). In this context, it is tempting to
speculate that phenolic compounds have beneficial effects in fight-
ing obesity. Indeed, in various experimental settings, the inhibition of
adipogenesis in adipocytes induced by phenolic compounds has
been demonstrated (61-65). It is noteworthy that resveratrol can
activate NAD-dependent deacetylase sirtuin-1 (hSIRT1), which pro-
tects mammalian organisms from diet-induced obesity (66, 67)
through the induction of antioxidant proteins and decreases activa-
tion of proinflammatory cytokines such as TNF-o and IL-6 via down-
modulation of NF-kB activity (68). However, before resveratrol can
be recommended for use in the prevention and treatment of obesity,
further studies on this omnipotent bioagent need to establish its
safety in the clinical setting (70).

EPIDEMIOLOGICAL STUDIES

Schroder (12), Buckland et al. (71) Moussavi et al. (19) and
Bergouignan et al. (34) have reviewed epidemiological studies that
have investigated associations between the Mediterranean diet and
obesity. A selection of these studies, as well as the most recent find-
ings and general trends, are presented below.

Cross-sectional studies

In the last decade, various cross-sectional studies have observed a
beneficial association between BMI and/or obesity and adherence to
the Mediterranean-type diet, including those authored by Schroder
et al. (20), Shubair et al. (72) and Panagiotakos (21, 73). The most
recent studies also demonstrated an inverse relationship between
the Mediterranean diet and the risk of obesity. The Predimed group
(74) estimated the risk factor in 3,204 asymptomatic high-risk
patients and found an odds ratio of 0.67 (95% confidence interval
[Cl]: 0.53-0.85) for the four clustered risk factors hypertension, dia-
betes, obesity and dyslipidemia. On a European scale, the diet of a
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total of 497,308 individuals (70.7% of whom were women) aged 25-
70 years from 10 European countries was assessed with country-
specific food preference questionnaires and related to BMI and waist
circumference. In their report published in 2009, the investigators
mention considerable heterogeneity among the various regions but
could nevertheless establish a significant association between high-
er adherence to the Mediterranean diet and a lower waist circumfer-
ence for a given BMI in both men and women, especially those from
the Northern European countries. However, a significant association
between the degree of adherence and BMI was not found (75).

Another recently published cross-sectional study, based on a vali-
dated food frequency questionnaire, reported on the glycemic load
and index and the BMI of 8,195 adults aged 35-74 years. In this
study, Mendez et al. (76) demonstrated that a high glycemic load
was associated with reduced BMI. Fruits, vegetables and legumes
related positively to the glycemic load. These findings confirmed the
results of a previous Danish study by Lau et al. (77) and a Japanese
study by Murakami et al. (78), although both also found a positive
association between glycemic index and BMI. It should be men-
tioned that the study by Mendez et al. (76), which lacked a follow-up,
was a cross-sectional study in which cause and effect were difficult
to identify. Moreover, it must be pointed out that the Japanese study
comprised women in a very narrow age range (18-20 years), where-
as the Danish study focused on carbohydrate intake in relation to
insulin resistance and not especially to components of the
Mediterranean diet.

Longitudinal studies

Analysis of the EPIC study’s Spanish cohort (17,238 women and
10,589 men) over a follow-up period of 3.3 years revealed that a high
adherence to the Mediterranean diet was linked to a significantly
lower risk for obesity (79). In another study, a 28-month follow-up of
the SUN cohort comprising 6,319 participants found a relatively
smaller weight increment in individuals with a relatively higher
adherence to the Mediterranean diet, although these results did not
remain statistically significant after multivariate adjustment. After a
follow-up of 1.9-12.5 years (mean 6.5), a significant inverse relation-
ship between the intake of fruit and vegetables and weight change
was observed in the European prospective EPIC cohort study includ-
ing 89,432 men and women from 5 countries (Denmark, Italy,
Germany, the Netherlands and the U.K.). The weight change was
=14 g/year (95% Cl: -19 to -9 g/year) per 100-g intake of fruit and
vegetables, which suggests that these components of the
Mediterranean diet contribute to a reduced risk for weight gain (80).
In the same cohort, the influence of energy-dense food was investi-
gated as well. The researchers could not establish a relationship
between this type of food and weight change, but the annual waist
circumference change was 0.09 cm (95% Cl: 0.01-0.18) per 1
kcal/day. Nonobese participants with a baseline BMI < 25 kg/m?
were more prone to change in waist circumference (0.17 cm/year;
95% Cl: 0.09-0.25). The research group concluded that these find-
ings suggest that lower-energy-dense diets do not prevent weight
gain but have a potential beneficial effect on the prevention of
abdominal obesity as measured by waist circumference (81). Another
analysis of the data revealed that the dietary glycemic index and
glycemic load did not affect weight change. However, the glycemic
index, but not the glycemic load, was significantly associated with
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waist circumference: with every 10-unit increase in the glycemic
index, the waist circumference increased by 0.19 cm/year (95% Cl:
0.11-0.27) (82). The authors take the view that further studies are
needed to confirm the above-mentioned small effects.

These observations on high-density/energy food are interesting, as
the Mediterranean diet is characterized by a relatively high content
of water and fibers from vegetal food, which adds to the feeling of
satiety. This effect diminishes the need for further energy intake (83)
and, together with diminished food portion size, can be useful for
health-related weight management (84).

Interventional studies

Randomized, controlled, prospective interventional studies looking
for a relationship between the Mediterranean diet and weight loss in
obese people and/or reduction of risk for obesity are scarce. In their
review published in 2008, Buckland et al. (71) mention that only four
studies conducted in overweight/obese participants were available.
The general outcome of this research was that the Mediterranean
diet is effective for losing weight. We identified a few more recent
longitudinal interventional studies carried out in obese patients.
Among these is a weight loss study by Shai et al. (85). These authors
published the results of a 2-year trial in which 322 moderately obese
people (BMI 31; 86% male) were randomly assigned to 1of 3 diets: a
low-fat and restricted-calorie diet, a Mediterranean and restricted-
calorie diet, or a low-carbohydrate and non-restricted-calorie diet.
After 1year, the mean weight loss was 2.9, 4.4 and 4.7 kg, respective-
ly. At 2 years, 272 participants completed the interventional study
and the mean weight loss was 3.3, 4.6 and 5.5 kg, respectively. In
addition, the low-carbohydrate diet had the most favorable effect on
lipids, whereas the Mediterranean diet had the most favorable effect
on glycemic control, as evidenced by fasting plasma glucose and
insulin levels among 36 participants with diabetes.

Andreoli et al. (86) studied a group of 47 obese women (aged
39.7 +13.2 years; BMI 30.7 + 6.0 kg/m?) at baseline, 2 and 4 months.
During the trial period, these subjects followed an exercise program
on body mass and a moderately hypoenergetic Mediterranean diet.
At 2 and 4 months, body weight and BMI decreased significantly
(P<0.001), and cardiovascular risk factors including LDL cholesterol
and HDL cholesterol improved significantly (P < 0.001 and
P < 0.002, respectively) at 4 months. This combination of exercise
and a healthy diet was also effective in a study performed by
Caudwell et al. (87) on a group of 58 obese men and women (BMI
31.8 + 4.5 kg/m?). After 12 weeks, the researchers found a mean
reduction in body weight of 3.3 kg (P < 0.01), although large individ-
ual variability varying from =14.7 kg to +2.7 kg was observed. This
was attributed to differences in energy intake over the intervention
period. This research group did not report on possible improvement
of cardiovascular risk factors, but beneficial effects in subjects with
abdominal obesity were demonstrated in a trial conducted by
Rallidis et al. (88). They recruited 90 participants without cardiovas-
cular disease or type 2 diabetes, randomly assigned to the interven-
tion or the control group. Only the subjects in the intervention cohort
followed a relevant daily and weekly food plan under close supervi-
sion by a dietician. In this group, the provision of basic food led to
increased intake of MUFAs, dietary fiber, vitamin C and controlled
use of alcohol. As a result of this setup, an increased flow-mediated
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dilatation (2.05%; 95% Cl: 0.97-3.13%) and a decreased diastolic
blood pressure (-6.44 mmHg; 95% Cl: -8.57 to —4.31) was meas-
ured only in the intervention group, indicating that close
adherence achieved by close dietetic supervision improves endothe-
lial function in subjects with abdominal obesity. This study shows
similarity to an investigation by Corbalan et al. (89), who conducted
a trial in 1,406 obese men and women (BMI 31 + 5 kg; aged
20-65 years) who were submitted to a weight reduction program for
34 weeks. The average weight loss in participants who were able to
adhere to the Mediterranean diet pattern over the full intervention
period amounted to 7.7 kg. The attrition rate was 4-9%, which was
considered low due to dietary/behavioral supervision and the atten-
dance of group therapy.

DISCUSSION AND COMMENTS

The proper way to test the hypothetical efficacy of an intervention is
a prospective, randomized study, if possible carried out in a double-
blind manner. In this respect, various (obviously unblinded) studies
have shown important weight loss in obese participants adhering
strictly to a Mediterranean-type diet, already after a few months (71).
Indeed, the favorable effect of this diet was recently confirmed in a
study conducted over a remarkably long period of 2 years by Shai et
al. (85).

Various properties of the Mediterranean diet may explain why it may
promote weight loss and/or protect against obesity. Firstly, this diet
has a low energy density and represents a low glycemic load
because of its relatively high water content. Indeed, high-energy,
high-density food is related to weight gain (90-92). Secondly, the
high fiber content of vegetal food gives rise to considerable satiation
and satiety with smaller portions. Thirdly, the fat composition of the
Mediterranean diet is high in ®-3 and MUFAs from vegetal food, fish
and olive oil (93). Well known for their antioxidant and anti-inflam-
matory actions, these components also enhance the protection
against obesity and serious diseases such as cancer, cardiovascular
disease and type 2 diabetes. Of note is that MUFASs increase fat oxi-
dation and after-meal thermogenesis.

Apart from these aspects, it has also been shown that the
Mediterranean diet contributes to a feeling of mental and physical
well-being (94, 95). This may increase the daily energy expenditure
and encourage preferred physical exercise (96, 97). Indeed, the tri-
angle between nutrition, obesity and physical activity is part of a
public health strategy to fight the obesity epidemic exemplified by
introducing changes in dietary belief and behavior (school food) and
improving physical activity environments for adults of all age groups
(98, 99). Against this background, sociodemographic characteristics
need to be taken into special account, as the Mediterranean diet is
more expensive to follow than a Western dietary pattern (100).

Due to the Mediterranean diet’s beneficial health effects, it has been
the subject of studies in the field of nutrigenetics and nutrigenomics.
As explained by Mutch et al. (107) these scientific disciplines attempt
to understand the relationship between diet and health. Whereas
nutrigenomics will determine the optimal diet from a series of nutri-
tional alternatives, nutrigenetics may eventually help clinicians to
find the optimal individualized diet to help to combat disease. It
goes without saying that both fields are closely related. In more bio-
logical terms, nutrigenomics starts from the fact that nutrients may
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change gene expression and thus the nature of proteins and
metabolites in the body. This field may find ways to understand how
nutrition influences metabolic pathways and eventually help to
modify and prevent diseases for which a genetic predisposition
exists (102). At this individual genetic level, polymorphisms of com-
mon genes and metabolic changes are the basis of gene-diet inter-
actions. The well-known interindividual differences in response to
various nutrients and diets are thought to originate from these inter-
actions. In this respect, various studies have demonstrated that
dietary intervention can exhibit interactions with single nucleotide
polymorphisms in coding genes involved in lipolytic and adipogenic
pathways in adipocytes from obese women (103 and references
therein). In this way, genome science may well pave the way to iden-
tify nutritional factors that act as agonists or antagonists useful for
the management of obesity, in which abnormal lipid metabolism
plays a role (104). These research efforts can hopefully lead to tai-
lored diets and help to halt the worldwide spread of obesity and
comorbidities.
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