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Abstract: The aim was to assess inflammatory markers among adults and adolescents in relation
to the adherence to the Mediterranean diet. A random sample (219 males and 379 females) of the
Balearic Islands population (12–65 years) was anthropometrically measured and provided a blood
sample to determine biomarkers of inflammation. Dietary habits were assessed and the adherence
to the Mediterranean dietary pattern calculated. The prevalence of metabolic syndrome increased
with age in both sexes. The adherence to the Mediterranean diet in adolescent males was 51.3% and
45.7% in adults, whereas in females 53.1% and 44.3%, respectively. In males, higher adherence to
the Mediterranean diet was associated with higher levels of adiponectin and lower levels of leptin,
tumor necrosis factor alpha (TNF-α), plasminogen activator inhibitor 1 (PAI-1) and high-sensitivity
C-reactive protein (hs-CRP) in adults, but not in young subjects. In females, higher adherence
was associated with lower levels of leptin in the young group, PAI-1 in adults and hs-CRP in both
groups. With increasing age in both sexes, metabolic syndrome increases, but the adherence to the
Mediterranean diet decreases. Low adherence to the Mediterranean dietary pattern (MDP) is directly
associated with a worse profile of plasmatic inflammation markers.
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1. Introduction

The traditional Mediterranean diet (MD) is characterized by a high intake of vegetables, legumes,
fruits and nuts and cereals (which in the past were largely unrefined), a high intake of olive oil,
but a low intake of saturated lipids, a moderately high intake of fish (depending on the proximity
of the sea), a low-to-moderate intake of dairy products (and then mostly in the form of cheese or
yoghurt), a low intake of meat and poultry and a regular, but moderate intake of ethanol, primarily in
the form of wine and generally during meals [1,2]. The traditional Balearic diet corresponds to the
typical Mediterranean dietary pattern (MDP) [3]. Overall, the MDP is considered a healthy prudent
dietary pattern, and a high adherence to it has been associated with a better health status, due to the
protective effect that this pattern shows against various chronic diseases [4–6] including a favorable
effect on total mortality, cardiovascular disease and several cancers [1,6,7]. The MD has been also
proposed as one of the determinants of the longevity of these populations [8]. Adherence to a healthy
dietary pattern has been shown to be inversely associated with metabolic syndrome (MetS) [9,10],
some of its components [11] and type-2 diabetes [12]. The MetS is a cluster of common cardiovascular
risk factors, including central obesity, hyperglycemia, low High-density lipoprotein (HDL)-cholesterol
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concentrations, hypertension and hypertriglyceridemia. The association of MetS with the risk of
developing diabetes and cardiovascular disease (CVD) is well documented, implying a greater risk of
mortality [13,14].

Lately, it has also been proposed that markers of systemic inflammation may be included in the
MetS definition [15]. Although inflammation is a normal defense mechanism that protects the body
against infection or other insults, pathological inflammation is associated with tissue damage and
disease [16]. In this sense, low-grade systemic inflammation appears to play an important role in the
pathophysiology of obesity, insulin resistance, CVD and the anomalous coagulation process [10,17].
The chronic inflammatory response is characterized by abnormal cytokine production and the
activations of inflammatory signaling pathways [18,19]. Adipose tissue is currently considered to
be hormonally active and to take part in the control of metabolism. Adipose tissue secretes a large
number of physiologically-active peptides that have common properties with cytokines, and therefore
referred to as adipocytokines [20]. Some of these adipocytokines are leptin, the inflammatory cytokines
tumor necrosis factor α (TNF-α) and interleukin-6 (IL-6), plasminogen activator inhibitor 1 (PAI-1),
resistin, angiotensinogen, as well as the anti-inflammatory cytokine adiponectin pro-inflammatory
mediators and a reduced production of adiponectin [17,21,22]. This implies that measures focused
on the reduction of the inflammatory situation would improve the risk factors associated with MetS.
Studies assessing the association of the adherence to MD with diverse inflammatory biomarkers in
healthy persons reported inverse correlations [23,24].

A growing body of evidence suggests that the protective effects of the MD may result, at least in
part, from its anti-inflammatory properties [25]. Low-grade chronic inflammation has been involved as
a potential mediator for the development of many cardio-metabolic diseases. Therefore, studying the
relation between the diet quality and inflammatory markers will be interesting. The aim of this study
was to assess the relationship between inflammatory markers and adherence to the MD in adults and
adolescents of the Balearics Islands, a Mediterranean region, and to assess how the level of adherence
to the MD could affect the levels of inflammatory markers.

2. Materials and Methods

2.1. Study Design

This study is part of two larger research projects in which the target population solely consisted
of inhabitants aged between 12 and 17 years old and 16–65 years old living on the Balearic Islands,
which has been described in more detail elsewhere [26,27]. Participants were invited to provide blood
samples in order to determine the biochemical parameters. Five hundred and ninety-eight subjects
(219 males and 379 females) took part in the biochemical phase. The reasons for not taking part were
(a) the subjects declined or (b) the parents of adolescents did not authorize the blood sample provision.
Participants were divided into two groups: adolescents (12–17 years; 146 males and 218 females)
and adults (18–65 years; 73 males and 161 females). The study protocol was in accordance with
the Declaration of Helsinki and was approved by the Balearic Islands Ethics Committee (Approval
Reference Number IB/2251/14-PI).

2.2. General Questionnaire

Dietary questionnaires and a global questionnaire incorporating questions related to socio-
economic status (based on the occupation and classified as low, medium and high, according to
the Spanish Society of Epidemiology methodology [28]), education level (grouped according to years
and type of education: low, <6 years at school; medium, 6–12 years of education; high, >12 years of
education) and lifestyle factors and health status were utilized (i.e., smoking habit (no; yes; occasionally,
<1 cigarette/day) and alcohol consumption (no; yes)).

Dietary questionnaires were interviewer administered and included two 24-h diet recalls and
a semiquantitative food-frequency questionnaire (FFQ) previously validated [29] and covers 145 food
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items (118 of the original validated FFQ plus the most characteristic Balearic Islands foods in order to
make the interviewee answer easy) arranged by food type. Frequency of food consumption was based
on times that food items were consumed (frequency per day, week or month). Consumption <1/month
was considered no consumption. Daily consumption (g) was determined by dividing the reported
amount of the intake by the frequency per day (d). The 24-h recall was carried out twice during
the study period; the first in the warm season (May–September) and the second in the cold season
(November–March). This was to avoid the influence of seasonal variations. To avoid bias brought on by
day-to-day intake variability, the questionnaires were administered from Monday–Sunday. Conversion
of food into nutrients was made using a self-made computerized program based on Spanish [30,31]
and European [32] food composition tables and complemented with food composition data available
for Majorcan food items [33]. Volumes and portion sizes were reported in natural units, household
measures or with the aid of a book of photographs [34]. Information about food consumption patterns
was obtained from the food frequency questionnaire, whereas information on nutrient intake was
derived from the average food daily consumption reported in the two 24-h recalls [33]. Identification
of underreported food intake was made using the energy intake:basal metabolic rate (EI:BMR) ratio.
In adults, an EI:BMR ratio <1.14 classified the individual as an under-reporter [35]. In adolescents,
an EI:BMR ratio of <0.92 (boys) and <0.85 (girls) was considered to represent underreporting [36].
Under-reporters did not take part in the biochemical phase in order to avoid a confounding factor.

2.3. Mediterranean Dietary Pattern

The MDP was defined according to a previously-defined score indicating the degree of adherence
to the traditional MD [1,8]. This Mediterranean dietary score (MDS) was converted to relative
percentage of adherence using a previously described method [37] that will now be briefly summarized.

An energy-adjusted value was obtained for each individual for the daily consumption of legumes,
cereals and roots (including bread and potatoes), fruit (including nuts), vegetables, fish, meat (and meat
products) and milk (and milk products). The alcohol consumption in adolescents must be null, and
values above the reference indicate consumption of alcohol on the part of adolescents. In adults, in order
to score ‘moderate alcohol consumption’, a transformation centered at the level of consuming 30 g/day
for men (30–(30–absolute alcohol intake)) and 20 g/day for women (20–(20–absolute alcohol intake))
was used to obtain the highest value for men consuming 30 g/day or women consuming 20 g/day and
progressive lower values as the consumption was lower or higher than these values. Information about
the consumption of all these food items was obtained from the food-frequency questionnaire. The daily
intake of fatty acids was calculated as the average intake recorded from the two 24-h recalls, and the
monounsaturated fatty acids (MUFA):saturated fatty acids (SFA) ratio was calculated.

All these values were standardized as a Z value [31,34]. A Z score expresses the difference between
the individual’s measurement and the mean value of the reference population (in this case, the study
population), as a proportion of the standard deviation (SD) of the reference population (observed
intake − mean intake/SD). In adults, the total MDS was computed by adding up all the Z scores
obtained for the favorable or more Mediterranean’ dietary components (legumes, cereals and roots,
fruit, vegetables, fish, moderate alcohol, MUFA:SFA ratio) and subtracting the Z value obtained from
the consumption of meat and milk:

∑Zi = Zlegumes + Zcereals and roots +Zfruit + Zvegetables + Zfish + Zmoderate alcohol + ZMUFA:SFA− Zmeat

− Zmilk

In adolescents, the total MDS was computed by adding up all the Z scores obtained for the
favorable or ‘more Mediterranean’ dietary components (legumes, cereals and roots, fruit, vegetables,
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fish and MUFA:SFA ratio) and subtracting the Z value obtained from the consumption of meat, whole
milk (mainly high in fat) and alcohol:

∑Zi = Zlegumes + Zcereals and roots + Zfruit + Zvegetables + Zfish + ZMUFA:SFA − Zmeat − Zwhole milk
− Zalcohol

The MDS was converted to the relative percentage of adherence using the range of values of the
sample. This percentage ranged from 100 (maximum adherence) to 0 (minimum adherence):

Adherence (Percentagei) = (∑Zi − ∑Zmin) × 100/(∑Zmax − ∑Zmin)

Once the percentage of adherence to the MDP was calculated, the variables that could determine
a higher or lower adherence were assessed.

2.4. Anthropometric Measurements

Height was determined using a mobile stadiometer (Kawe 44444, Kirchner & Wilhelm GmBH Co.,
KG, Asperg, Germany), with the subject’s head in the Frankfurt plane. Body weight was determined
to the nearest 100 g using a digital scale (Tefal, sc9210, Groupe SEB, Rumilly, France). The subjects
were weighed in bare feet and light underwear, which was accounted for by subtracting 300 g from
the measured weight. The body mass index (BMI) was also calculated.

Triceps skinfold (TSF) and subscapular skinfold thickness (SCSF) were measured using a Holtain
skinfold caliper (Tanner/Whitehouse, Crymych, U.K.), and the mean of three measurements (right
arm) was used to calculate body fat (BF) as described previously [34].

Waist circumference (WC) and hip circumference (HC) were measured using a non-stretchable
measuring tape (Kawe 43972, Kirchner & Wilhelm GmBH Co., KG, Asperg, Germany). The subjects
were asked to stand erect on a flat surface in a relaxed position with both feet together. WC was
measured as the smallest horizontal girth between the costal margins and the iliac crests at minimal
respiration. HC was taken as the greatest circumference at the level of the greater trochanter (the widest
portion of the hip) on both sides. For both WC and HC, two measurements were made to the nearest
0.1 cm, and the mean of the two readings was taken as the final value. The waist-to-hip ratio (WHR)
was also calculated.

Automated (Omron, M4-I, Healthcare Co. Ltd., Kyoto, Japan) blood pressure (BP) measurements
to the nearest 1 mmHg were taken from seated participants with the right arm resting and palm facing
upward. Two readings were taken 5 min apart, and the mean of the two readings was taken. If the
difference between the first and the second reading was ≥10 mmHg for systolic blood pressure (SBP)
and/or ≥6 mmHg for diastolic blood pressure (DBP), then a third measurement was made, and the
mean of all three measurements was taken.

2.5. Metabolic Syndrome Definition

The program’s Adult Treatment Panel III [38,39] was used to define MetS in subjects aged
18–65 years. Participants were defined as having MetS if they met or exceeded the criteria for three or
more of the following five variables: (1) waist circumference >102 cm in men and >88 cm in women;
(2) serum triglyceride ≥150 mg/dL; (3) HDL-cholesterol <40 mg/dL in men and <50 mg/dL in women;
(4) BP ≥130/85 mmHg; and (5) fasting plasma glucose level ≥100 mg/dL.

The MetS definition used in adolescents (12–17 years) was that for adolescents proposed by de
Ferranti et al. [40], and their criteria were based closely on The Adult Treatment Panel III (ATP III) [39].
Participants were defined as having MetS if they met or exceeded the criteria for three or more of
the following five variables: triglyceridemia (TG) ≥1.1 mmol/L; high-density lipoprotein cholesterol
(HDL-c) <1.3 mmol/L (boys aged 15–17 years <1.17 mmol/L); fasting blood glycaemia ≥6.1 mmol/L;
waist circumference (cm) >75th percentile for age and sex [41]; SBP and/or DBP (mm Hg) >90th
percentile for age, sex and height [42].
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2.6. Biochemical Measurements

Venous blood samples were obtained from the antecubital vein in suitable vacutainers at 08:00 h of
the interview day after 12-h overnight fasting conditions. Plasma was obtained after centrifugation of
the blood samples at 900× g for 20 min at 4 ◦C. The plasma phase was then collected and freshly used for
biochemical assays. Circulating levels of adiponectin (AD), leptin, tumor necrosis factor alpha (TNF-α)
and plasminogen activator inhibitor 1 (PAI-1) were determinated by the fluorokine MultiAnalyte
Profiling (MAP) Human Obesity Base kit based on Luminex®-technology (R&D systems®, Minneapolis,
MN, USA). High-sensitivity C-reactive protein (hs-CPR) was measured by nephelometry (Dade Behring
BNII, Marburg, Germany).

2.7. Statistical Analysis

Statistical analyses were performed with SPSS Version 24.0 for Windows (SPSS Inc., Chicago,
IL, USA). According to previous studies in which sex differences in inflammatory markers were
found [43,44], in the present study, all tests were stratified by sex and age. The median value of
adherence to the MD was calculated in each age group, and subjects were categorized into two groups
(above and below the median value). All continuous variables were expressed as the mean ± standard
deviation. Anthropometric measurements were compared between both age groups in each sex.
Inflammatory markers were compared between groups of adherence to the MD (above and below the
median) in each sex and age group. Differences between group means were tested using Analysis
of Variance (ANOVA). Differences in MetS prevalence were calculated by means of χ2. Correlation
between inflammatory markers and dietary components of the MDS were also assessed using the
Pearson correlation coefficient. A p-value ≤ 0.05 was considered statistically significant.

3. Results

Table 1 shows the general characteristics of male and female subjects according to age group.
In both the male and female subjects, there were significant differences in weight, height, BMI, TSF, WC,
HC, WHR, total body fat and MetS. All these parameters were significantly higher in the 18–65 group
vs. the 12–17 group.

Figure 1 represents the percentage of adherence to the MDP of male and female subjects according
to age group. In both sexes, the adherence to the MDP is significantly lower in the older groups.
The adherence to the MD was significantly different between male adolescents (51.3 ± 9.0) and
adults (45.1 ± 6.8) and between female adolescents 53.1 ± 9.1 and adults 43.7 ± 6.0. On the contrary,
no significant differences are evidenced when comparing the adherence between the two sexes.
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Figure 1. Adherence to Mediterranean dietary (MD) pattern expressed as a percentage (%) ± standard
deviation (SD) in male and female subjects studied. y.o.: years old. Statistically-significant differences:
* p < 0.05.



Nutrients 2018, 10, 62 6 of 13

Table 1. General characteristics of male and female subjects studied.

Age (Years)

Male (n = 219) 12–17 (n = 146) 18–65 (n = 73)

Weight (kg), mean ± SD 62.7 ± 12.6 82.2 ± 14.7 *
Height (cm), mean ± SD 170.5 ± 9.4 174.9 ± 6.4 *

BMI (kg/m2), mean ± SD 21.4 ± 3.1 26.9 ± 5.1 *
TSF (mm) ± SD 10.1 ± 4.0 16.3 ± 7.1 *
WC (cm) ± SD 72.2 ± 7.8 89.6 ± 13.3 *
HC (cm) ± SD 91.5 ± 9.0 103.6 ± 8.2 *

WHR ± SD 0.79 ± 0.05 0.86 ± 0.06 *
Total body fat (%) 12.9 ± 6.0 20.6 ± 7.1 *

MetS (%) 8.6 16.3 *

Female (n = 379) (n = 218) (n = 161)

Weight (kg), mean ± SD 57.3 ± 9.6 64.3 ± 13.1 *
Height (cm), mean ± SD 161.4 ± 6.2 162.8 ± 11.2 *

BMI (kg/m2), mean ± SD 21.9 ± 3.3 26.7 ± 5.0 *
TSF (mm) ± SD 14.3 ± 4.4 23.7 ± 7.3 *
WC (cm) ± SD 67.5 ± 6.5 76.9 ± 11.1 *
HC (cm) ± SD 94.7 ± 8.0 102.5 ± 9.4 *

WHR ± SD 0.71 ± 0.06 0.75 ± 0.05 *
Total body fat (%) 15.2 ± 5.8 28.9 ± 6.2 *

MetS (%) 3.4 7.2 *

Abbreviations: SD: standard deviation; BMI: body mass index; TSF: triceps skinfold; WC: waist circumference;
HC: hip circumference; WHR: waist-to-hip ratio; MetS: metabolic syndrome. Statistically significant differences:
* p < 0.05.

Table 2 shows levels of inflammatory markers in adult male subjects according to the adherence
to the MDP. Regarding adiponectin levels, statistically-significant differences were obtained in adult
subjects, for which higher levels of adiponectin were associated with higher adherence to the MDP.
The other biomarkers (leptin, TNF-α, PAI-1 and hs-CRP) values were statistically significant in adult
male subjects, reporting plasma lower levels among subjects with higher adherence to the MDP.

Table 2. Levels of inflammatory markers in adult male subjects according to the adherence to the MDP.

Adherence to MDP (%) n Adiponectin
(µg/mL)

Leptin
(ng/mL)

TNF-α
(pg/mL)

PAI-1
(ng/mL)

hs-CRP
(mg/mL)

12–17 years old

Above median value (≥50%) 68 13.8 ± 5.8 10.4 ± 8.6 5.4 ± 4.7 577 ± 212 0.16 ± 0.26
Under median value (<50%) 78 14.4 ± 5.8 7.6 ± 9.1 6.0 ± 5.1 563 ± 229 0.19 ± 0.38

18–65 years old

Above median value (≥50%) 40 13.1 ± 6.7 9.4 ± 7.3 7.9 ± 2.4 201 ± 29 0.17 ± 0.18
Under median value (<50%) 33 9.5 ± 2.4 * 16.0 ± 9.5 * 12.3 ± 3.0 * 262 ± 32 * 0.41 ± 0.42 *

Values are expressed as mean ± standard deviation. Abbreviations: MDP: Mediterranean dietary pattern; TNF-α:
tumor necrosis factor alpha; PAI-1: plasminogen activator inhibitor 1; hs-CRP: high-sensitivity C-reactive protein.
Statistically significant differences between male by Analysis of Variance (ANOVA): * p < 0.05.

Table 3 shows levels of inflammatory markers in females in relation to adherence to the MDP.
Adiponectin and TNF-α level did not show any statistically-significant difference depending on the
adherence to the MDP. Leptin values were statistically significant for adolescents, for which lower levels
of leptin were associated with higher adherence. PAI-1 values were statistically significant for adults,
for which a lower level had higher adherence. Hs-CRP values were statistically significant for both
groups, evidencing lower levels of the subjects with higher adherence. No significant correlations were
evidenced between the different individual food groups (fruits, vegetables, etc.) and the inflammatory
biomarkers (data not shown).
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Table 3. Levels of inflammatory markers in adult female subjects according to the adherence to the MDP.

Adherence to MDP (%) n Adiponectin
(µg/mL)

Leptin
(ng/mL)

TNF-α
(pg/mL)

PAI-1
(ng/mL)

hs-CRP
(mg/mL)

12–17 years old

Above median value (≥50%) 90 16.4 ± 6.5 24.7 ± 11.0 5.4 ± 4.5 476 ± 236 0.07 ± 0.08
Under median value (<50%) 128 15.0 ± 6.0 36.3 ± 13.9 * 5.3 ± 4.8 538 ± 266 0.16 ± 0.13 *

18–65 years old

Above median value (≥50%) 78 10.3 ± 1.5 44.3 ± 25.1 7.3 ± 3.1 204 ± 32 0.18 ± 0.23
Under median value (<50%) 83 11.1 ± 1.1 43.0 ± 24.0 7.7 ± 2.7 298 ± 43 * 0.28 ± 0.32 *

Values are expressed as mean ± standard deviation. Abbreviations: MDP: Mediterranean dietary pattern; TNF-α:
tumor necrosis factor alpha; PAI-1: plasminogen activator inhibitor 1; hs-CRP: high-sensitivity C-reactive protein.
Statistically significant differences between female by ANOVA: * p < 0.05.

4. Discussion

The main finding of the present study is that low adherence to the MDP was directly associated
with a worse profile of plasmatic inflammation markers, especially in the male adult population,
whereas the female population only showed significance for PAI-1 and hs-CRP. The present results
also indicate that with increasing age, there is an increase in weight, BMI, TSF, WC, HC, WHR, total
body fat and MetS (%), but a decrease in the adherence to MDP in both sexes. The adherence to the
MDP (51–53% in adolescents and 43–45% in adults) is similar to that observed in the population of the
Balearic Islands, both in the adult population [45] and in the adolescent population [46]. Compared to
adults, adolescents had higher adherence to the MDP, however, it cannot be discarded that adolescents
underreported their sweets and snacks consumption.

Weight gain is a common physiological process associated with aging derived from a decrease in
BMR in both men and women, especially, in the case of women, during the transition to menopause
derived from hormonal changes [47,48]. Aging also induces important changes in body fat distribution
with an increased tendency for central or visceral fat distribution (android pattern). Obesity and
increased central body fat are directly related to metabolic alterations and an increased risk of
cardiovascular disease. In addition, older people are more prone to low-grade chronic inflammation,
which can contribute to worsen chronic diseases [49]. In the Balearic Islands, as well as in other
Mediterranean countries, the prevalence of MetS increases progressively with age, and males were
also at higher risk for MetS [50,51]. It has been also reported that subjects with lower MDP adherence
exhibited higher occurrence of MetS and all its components [52].

Regarding markers of inflammation, higher adherence to the MPD was associated with higher
levels of adiponectin and lower levels of leptin, TNF-α, PAI-1 and hs-CRP in adults, but not in young
subjects. In females, higher adherence was associated with lower levels of leptin in the young group,
PAI-1 in adults and hs-CRP in both groups. Adiponectin is an adipokine mostly secreted from adipose
tissue with anti-diabetic, anti-obesity and anti-inflammatory effects [53]. The intake of fish, omega-3
supplementation and adherence to an MDP seem to be associated with an increase in adiponectin
levels [54,55]. However, in the present study, a lack of a statistically-significant correlation between
fish or any other food groups was found, suggesting cumulative effects of all MD components, and
not a clear effect of specific diet component. In type 2 diabetic subjects, an intervention with an MD
had a total follow-up of 8.1 years [56]. Accordingly, the low adiponectin levels evidenced in males
with an adherence to MDP under the median value could contribute to obesity and cardiovascular
risk since this group presents a higher prevalence of MetS. Similar results were obtained in a previous
study that showed a decrease in adiponectin concentration in response to the MD, but this decrease
only reached statistical significance in men [57]. Leptin is another adipokine synthesized by adipocytes
proportionally to adipocyte volume and total fat mass and also plays a key role in the regulation of
appetite [58]. Diverse intervention studies reported that a hypocaloric diet based on an MDP resulted
in a notable reduction in plasma concentrations of inflammatory biomarkers including leptin [59–61].
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However, these changes in adipokines are only evident when they were associated with weight
loss. MD with weight loss significantly reduced plasma leptin levels and increased plasma adiponectin
levels [60,61]. PAI-1, mainly produced by endothelial cells, has been positively associated with visceral
adiposity and has been shown to be risk factor for thrombotic diseases since this factor is the main
inhibitor of fibrinolysis. The higher levels reported in PAI-1 in both adult males and females with
a low adherence to MDP suggest a higher risk for thrombotic diseases. Several studies evidenced that
modifying the diet towards MD leads to a decrease in PAI-1 [60,62,63].

In the present study, adult males with higher adherence to the MD showed better inflammatory
profile vs. the group with adherence under the median value. The changes are less prominent in adult
females when comparing the degree of adherence to MD. It has been evidenced that estrogens are
cardio-protective and also tend to reduce fat intake and increase energy expenditure, reducing fat
accumulation, mainly visceral fat [64]. The visceral fat is directly associated with the production of
pro-inflammatory mediators, and in females, the minor accumulation of this fat can minimize the
differences in the measured markers [65]. In males, changes in the quality of the diet such as increasing
the intake of more healthy vegetable oils could increase the degree of the observed change in the
inflammatory markers.

There are studies showing that increasing the adherence to MD, weight reduction and exercise
interventions are associated with decreases in markers of systemic inflammation, including IL-6,
TNF-α and CRP [52,60,66–68]. In this sense, hs-CRP seems to be the most adequate biomarker
of metabolic syndrome-linked inflammation since it showed higher plasma concentrations in the
groups with lower adherence to the MDP. The results are in accordance with previous reports reporting
a significant reduction of hs-CRP levels in subjects who implemented an MDP, independently of weight
loss [24,50,60]. Accordingly, in a subcohort of the PREDIMED (Prevención con Dieta Mediterránea)
study, a significant reduction of circulating CRP and IL-6 after 12 months of intervention with MD
was evidenced [67]. It has been suggested that the inverse relation between hs-CRP with MD score
could be associated with a higher unsaturated fat amount of these foods, which may predispose to
abdominal obesity and lipidic oxidation [52].

Changes in the traditional MDP toward the modern Western diet are taking place, representing
a dietary globalization. Nowadays, a diet rich in meat, processed foods and sweets is increasingly more
common in the population, affecting young and adult subjects. However, a high adherence to the MDP
is related to a lower risk of suffering pathologies such as cardiovascular diseases or cancer [3–6]. In this
sense, the beneficial effect of the MDP against CVD has been mainly attributed to its effects controlling
classical atherosclerosis risk factors. Lately, it has been suggested that an anti-inflammatory effect in
the vascular wall may be another important mechanism to explain the link between the MDP and low
cardiovascular mortality [9]. The important role of inflammation in the pathogenesis of atherosclerosis
has led to the belief that dietary preventive measures act in part by modifying related inflammatory
pathways [69]. Indeed, atherosclerosis has long been considered the result of lipid accumulation in
the artery wall, but there is currently compelling evidence that inflammation plays a key role at all
stages of the disease [70]. Early phases of atherosclerosis involve the recruitment of inflammatory
cells from the circulation, their adhesion to endothelium and finally migration to subendothelial
space, a complex process mediated by inflammatory stimuli, which involves cytokine production
and upregulation of adhesion molecules on endothelial cells and leucocytes [71]. There are studies in
Mediterranean populations suggesting that the MDP has anti-inflammatory effects [24,72], which was
also ascertained in the U.S. population [73]. Furthermore, other research suggests that a long-term
consumption of a Mediterranean-style diet may be an effective dietary strategy for protecting against
metabolic syndrome, a risk factor for type 2 diabetes mellitus and CVD [74]. Finally, recent studies
evidenced that the quality of the Mediterranean diet modifies molecular parameters such as the
methylation profile and also the expression of microRNAs in white blood cells, which are related to
the modulation of inflammation [75,76]. Furthermore, a reduction of pro-inflammatory mediators
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by adipocytes could reduce immune cell infiltration in adipose tissue and, hence, contribute to the
reduction of the low-grade inflammation [65].

5. Strengths and Limitations

This study provides further information on the relationship between the MDP and inflammatory
markers. However, this study has several limitations. First, the present cross-sectional design gives
limited ability to elucidate the causal relationship between inflammatory markers and MDP. Second,
there is a potential lack of generalization of the results due to the sample size obtained for each age
group of males and females. Third, despite the guidance of licensed dieticians, diet was self-reported,
and we cannot rule out some recall bias.

6. Conclusions

The present results show that low adherence to the MDP is directly associated with a worse
profile of plasmatic inflammation markers, especially in the male adult population, with the female
population only showing significance for PAI-1 and hs-CRP. Evidence that overeating and adiposity
contribute to systemic inflammation and development of metabolic syndrome raises the possibility
that lifestyle interventions may provide effective means of reducing risk factors for CVD. Future
longitudinal studies can explore whether the decrease in risk associated with lifestyle changes is
mediated by decreases in systemic inflammation.

Acknowledgments: Funding: Instituto de Salud Carlos III (Projects PI14/00636 and PI17/01827, Red
Predimed-RETIC RD06/0045/1004, and CIBEROBN CB12/03/30038), EU-COST Action CA16112, Grant of
support to research groups No. 35/2011 (Balearic Islands Gov.) and EU-FEDER funds. The funding sponsors had
no role in the design of the study, in the collection, analyses or interpretation of the data; in the writing of the
manuscript; nor in the decision to publish the results.

Author Contributions: J.A.T., M.d.M.B. and I.L. designed the study and wrote the protocol. A.S., M.d.M.B., A.J.,
C.B., E.A. and A.P. collected data, conducted literature searches and provided summaries of previous research
studies. M.d.M.B. conducted the statistical analysis. A.S., M.d.M.B., A.P. and J.A.T. wrote the first draft of the
manuscript. All read and approved the final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Trichopoulou, A.; Costacou, T.; Bamia, C.; Trichopoulos, D. Adherence to a Mediterranean diet and survival
in a Greek population. N. Engl. J. Med. 2003, 348, 2599–2608. [CrossRef] [PubMed]

2. Serra-Majem, L.; Bach, A.; Roman, B. Recognition of the Mediterranean diet: Going step further. Public Health
Nutr. 2006, 9, 101–102. [CrossRef]

3. Tur, J.A. Nutritional survey of the Balearic Islands (ENIB, 1999–2000). Rev. Cienc. 2002, 27–30.
4. Grosso, G.; Mistretta, A.; Frigiola, A.; Gruttadauria, S.; Biondi, A.; Basile, F.; Vitaglione, P.; D’Orazio, N.;

Galvano, F. Mediterranean diet and cardiovascular risk factors: A systematic review. Crit. Rev. Food Sci. Nutr.
2014, 54, 593–610. [CrossRef] [PubMed]

5. Serra-Majem, L.; Roman, B.; Estruch, R. Scientific evidence of interventions using the Mediterranean diet:
A systematic review. Nutr. Rev. 2006, 64, S27–S47. [CrossRef] [PubMed]

6. Sofi, F.; Cesari, F.; Abbate, R.; Gensini, G.F.; Casini, A. Adherence to Mediterranean diet and health status:
Meta-analysis. BMJ 2008, 337, a1344. [CrossRef] [PubMed]

7. Pelucchi, C.; Bosetti, C.; Rossi, M.; Negri, E.; La Vecchia, C. Selected aspects of Mediterranean diet and cancer
risk. Nutr. Cancer 2009, 61, 756–766. [CrossRef] [PubMed]

8. Trichopoulou, A.; Kouris-Blazos, A.; Wahlqvist, M.L.; Gnardellis, C.; Lagiou, P.; Polychronopoulos, E.;
Vassilakou, T.; Lipworth, L.; Trichopoulos, D. Diet and overall survival in elderly people. BMJ 1995, 311,
1457–1460. [CrossRef] [PubMed]

9. Esposito, K.; Marfella, R.; Ciotola, M.; Di Palo, C.; Giugliano, F.; Giugliano, G.; D’armiento, M.; D’andrea, F.;
Giugliano, D. Effect of a Mediterranean-style diet on endothelial dysfunction and markers of vascular
inflammation in the metabolic syndrome: A randomized trial. JAMA 2004, 292, 1440–1446. [CrossRef] [PubMed]

http://dx.doi.org/10.1056/NEJMoa025039
http://www.ncbi.nlm.nih.gov/pubmed/12826634
http://dx.doi.org/10.1079/PHN2005929
http://dx.doi.org/10.1080/10408398.2011.596955
http://www.ncbi.nlm.nih.gov/pubmed/24261534
http://dx.doi.org/10.1111/j.1753-4887.2006.tb00232.x
http://www.ncbi.nlm.nih.gov/pubmed/16532897
http://dx.doi.org/10.1136/bmj.a1344
http://www.ncbi.nlm.nih.gov/pubmed/18786971
http://dx.doi.org/10.1080/01635580903285007
http://www.ncbi.nlm.nih.gov/pubmed/20155613
http://dx.doi.org/10.1136/bmj.311.7018.1457
http://www.ncbi.nlm.nih.gov/pubmed/8520331
http://dx.doi.org/10.1001/jama.292.12.1440
http://www.ncbi.nlm.nih.gov/pubmed/15383514


Nutrients 2018, 10, 62 10 of 13

10. Calder, P.C.; Ahluwalia, N.; Brouns, F.; Buetler, T.; Clement, K.; Cunningham, K.; Esposito, K.; Jönsson, L.S.;
Kolb, H.; Lansink, M.; et al. Dietary factors and low-grade inflammation in relation to overweight and
obesity. Br. J. Nutr. 2011, 106 (Suppl. 3), S5–S78. [CrossRef] [PubMed]

11. Newby, P.K.; Muller, D.; Tucker, K.L. Associations of empirically derived eating patterns with plasma lipid
biomarkers: A comparison of factor and cluster analysis methods. Am. J. Clin. Nutr. 2004, 80, 759–767.
[PubMed]

12. Van Dam, R.M.; Rimm, E.B.; Willett, W.C.; Stampfer, M.J.; Hu, F.B. Dietary patterns and risk for type 2
diabetes mellitus in U.S. men. Ann. Intern. Med. 2002, 136, 201–209. [CrossRef] [PubMed]

13. Gami, A.S.; Witt, B.J.; Howard, D.E.; Erwin, P.J.; Gami, L.A.; Somers, V.K.; Montori, V.M. Metabolic syndrome
and risk of incident cardiovascular events and death: A systematic review and meta-analysis of longitudinal
studies. J. Am. Coll. Cardiol. 2007, 49, 403–414. [CrossRef] [PubMed]

14. Lakka, H.M.; Laaksonen, D.E.; Lakka, T.A.; Niskanen, L.K.; Kumpusalo, E.; Tuomilehto, J.; Salonen, J.T.
The metabolic syndrome and total and cardiovascular disease mortality in middle-aged men. JAMA 2002, 288,
2709–2716. [CrossRef] [PubMed]

15. Marsland, A.L.; McCaffery, J.M.; Muldoon, M.F.; Manuck, S.B. Systemic inflammation and the metabolic
syndrome among middle-aged community volunteers. Metabolism 2010, 59, 1801–1808. [CrossRef] [PubMed]

16. Medzhitov, R. Origin and physiological roles of inflammation. Nature 2008, 454, 428–435. [CrossRef] [PubMed]
17. Cancello, R.; Clement, K. Is obesity an inflammatory illness? Role of low-grade inflammation and

macrophage infiltration in human white adipose tissue. BJOG 2006, 113, 1141–1147. [CrossRef] [PubMed]
18. Wellen, K.E.; Hotamisligil, G.S. Obesity-induced inflammatory changes in adipose tissue. J. Clin. Investig.

2003, 112, 1785–1788. [CrossRef] [PubMed]
19. Ridker, P.M.; Brown, N.J.; Vaughan, D.E.; Harrison, D.G.; Mehta, J.L. Established and emerging plasma

biomarkers in the prediction of first atherothrombotic events. Circulation 2004, 109, IV6–IV19. [CrossRef]
[PubMed]

20. Alikasifoglu, A.; Gonc, N.; Ozon, Z.A.; Sen, Y.; Kandemir, N. The relationship between serum adiponectin,
tumor necrosis factor-alpha, leptin levels and insulin sensitivity in childhood and adolescent obesity:
Adiponectin is a marker of metabolic syndrome. J. Clin. Res. Pediatr. Endocrinol. 2009, 1, 233–239. [CrossRef]
[PubMed]

21. Scherer, P.E. Adipose tissue: From lipid storage compartment to endocrine organ. Diabetes 2006, 55, 1537–1545.
[CrossRef] [PubMed]

22. Stefan, N.; Stumvoll, M. Adiponectin—Its role in metabolism and beyond. Horm. Metab. Res. 2002, 34,
469–474. [CrossRef] [PubMed]

23. Dai, J.; Miller, A.H.; Bremner, J.D.; Goldberg, J.; Jones, L.; Shallenberger, L.; Buckham, R.; Murrah, N.V.;
Veledar, E.; Wilson, P.W.; et al. Adherence to the Mediterranean diet is inversely associated with circulating
interleukin-6 among middle-aged men: A twin study. Circulation 2008, 117, 169–175. [CrossRef] [PubMed]

24. Chrysohoou, C.; Panagiotakos, D.B.; Pitsavos, C.; Das, U.N.; Stefanadis, C. Adherence to the Mediterranean
diet attenuates inflammation and coagulation process in healthy adults: The ATTICA Study. J. Am.
Coll. Cardiol. 2004, 44, 152–158. [CrossRef] [PubMed]

25. Estruch, R. Anti-inflammatory effects of the Mediterranean diet: The experience of the PREDIMED study.
Proc. Nutr. Soc. 2010, 69, 333–340. [CrossRef] [PubMed]

26. Bibiloni, M.d.M.; Martinez, E.; Llull, R.; Juarez, M.D.; Pons, A.; Tur, J.A. Prevalence and risk factors for
obesity in Balearic Islands adolescents. Br. J. Nutr. 2010, 103, 99–106. [CrossRef] [PubMed]

27. Coll, J.L.; Bibiloni, M.M.; Salas, R.; Pons, A.; Tur, J.A. Prevalence and Related Risk Factors of Overweight and
Obesity among the Adult Population in the Balearic Islands, a Mediterranean Region. Obes. Facts 2015, 8,
220–233. [CrossRef] [PubMed]

28. Alvarez, C.; Alonso, J.; Domingo, A.; Regidor, E. La Medición de la Clase Social en Ciencias de la Salud;
SG-Sociedad Española de Epidemiología: Barcelona, Spain, 1995.

29. Martin-moreno, J.M.; Boyle, P.; Gorgojo, L.; Maisonneuve, P.; Fernandez-rodriguez, J.C.; Salvini, S.;
Willett, W.C. Development and validation of a food frequency questionnaire in Spain. Int. J. Epidemiol.
1993, 22, 512–519. [CrossRef] [PubMed]

30. Mataix, J.; Mañas, M.; Llopis, J.; Martínez de Victoria, E.; Juan, J.; Borregón, A. Tablas de Composición de
Alimentos Españoles (Composition Tables of Spanish Foods), 3rd ed.; INTA-Universidad de Granada: Granada,
Spain, 1998.

http://dx.doi.org/10.1017/S0007114511005460
http://www.ncbi.nlm.nih.gov/pubmed/22133051
http://www.ncbi.nlm.nih.gov/pubmed/15321819
http://dx.doi.org/10.7326/0003-4819-136-3-200202050-00008
http://www.ncbi.nlm.nih.gov/pubmed/11827496
http://dx.doi.org/10.1016/j.jacc.2006.09.032
http://www.ncbi.nlm.nih.gov/pubmed/17258085
http://dx.doi.org/10.1001/jama.288.21.2709
http://www.ncbi.nlm.nih.gov/pubmed/12460094
http://dx.doi.org/10.1016/j.metabol.2010.05.015
http://www.ncbi.nlm.nih.gov/pubmed/20619428
http://dx.doi.org/10.1038/nature07201
http://www.ncbi.nlm.nih.gov/pubmed/18650913
http://dx.doi.org/10.1111/j.1471-0528.2006.01004.x
http://www.ncbi.nlm.nih.gov/pubmed/16903845
http://dx.doi.org/10.1172/JCI20514
http://www.ncbi.nlm.nih.gov/pubmed/14679172
http://dx.doi.org/10.1161/01.CIR.0000133444.17867.56
http://www.ncbi.nlm.nih.gov/pubmed/15226246
http://dx.doi.org/10.4274/jcrpe.v1i5.233
http://www.ncbi.nlm.nih.gov/pubmed/21274300
http://dx.doi.org/10.2337/db06-0263
http://www.ncbi.nlm.nih.gov/pubmed/16731815
http://dx.doi.org/10.1055/s-2002-34785
http://www.ncbi.nlm.nih.gov/pubmed/12384822
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.710699
http://www.ncbi.nlm.nih.gov/pubmed/18086924
http://dx.doi.org/10.1016/j.jacc.2004.03.039
http://www.ncbi.nlm.nih.gov/pubmed/15234425
http://dx.doi.org/10.1017/S0029665110001539
http://www.ncbi.nlm.nih.gov/pubmed/20515519
http://dx.doi.org/10.1017/S000711450999136X
http://www.ncbi.nlm.nih.gov/pubmed/19671204
http://dx.doi.org/10.1159/000435826
http://www.ncbi.nlm.nih.gov/pubmed/26159577
http://dx.doi.org/10.1093/ije/22.3.512
http://www.ncbi.nlm.nih.gov/pubmed/8359969


Nutrients 2018, 10, 62 11 of 13

31. Moreiras, O.; Carvajal, A.; Cabrera, L.; Cuadrado, C. Tablas de Composición de Alimentos (Food Composition
Tables), 7th ed.; Pirámide: Madrid, Spain, 2003.

32. Favier, J.C.; Ireland-Ripert, J.; Toque, C.; Feinberg, M. Répertoire Géneral des Aliments: Table de Composition
(Foods General Repertory: Composition Tables), 2nd ed.; Tec & Doc Lavoisier: Paris, France, 1995.

33. Ripoll, L. La Cocina de las Islas Baleares (The Balearic Islands Cookery); EAE Editorial Academia Espanola: Palma
de Mallorca, Spain, 1992.

34. Tur, J.A.; Romaguera, D.; Pons, A. Adherence to the Mediterranean dietary pattern among the population of
the Balearic Islands. Br. J. Nutr. 2004, 92, 341–346. [CrossRef] [PubMed]

35. Goldberg, G.R.; Black, A.E.; Jebb, S.A.; Cole, T.J.; Murgatroyd, P.R.; Coward, W.A.; Prentice, A.M. Critical
evaluation of energy intake data using fundamental principles of energy physiology: 1. Derivation of cut-off
limits to identify under-recording. Eur. J. Clin. Nutr. 1991, 45, 569–581. [PubMed]

36. Livingstone, M.B.; Black, A.E. Markers of the validity of reported energy intake. J. Nutr. 2003, 133 (Suppl. 3),
895S–920S. [PubMed]

37. Sanchez-Villegas, A.; Martinez, J.A.; De Irala, J.; Martinez-Gonzalez, M.A. Determinants of the adherence to
an “a priori” defined Mediterranean dietary pattern. Eur. J. Nutr. 2002, 41, 249–257. [CrossRef] [PubMed]

38. Grundy, S.M.; Cleeman, J.I.; Daniels, S.R.; Donato, K.A.; Eckel, R.H.; Franklin, B.A.; Gordon, D.J.;
Krauss, R.M.; Savage, P.J.; Smith, S.C.; et al. Diagnosis and management of the metabolic syndrome:
An American Heart Association/National Heart, Lung, and Blood Institute Scientific Statement. Circulation
2005, 112, 2735–2752. [CrossRef] [PubMed]

39. National Heart, Lung, and Blood Institute; American Academy of Family Physicians. Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation 2002, 106, 3143–3421.

40. De Ferranti, S.D.; Gauvreau, K.; Ludwig, D.S.; Neufeld, E.J.; Newburger, J.W.; Rifai, N. Prevalence of the
metabolic syndrome in American adolescents: Findings from the Third National Health and Nutrition
Examination Survey. Circulation 2004, 110, 2494–2497. [CrossRef] [PubMed]

41. Serra, L.; Aranceta, J.; Pérez, C.; Moreno, B.; Tojo, R.; Delgado, A.; AEP-SENC-SEEDO, Collaborative Group.
Curvas de Referencia Para la Tipificación Ponderal; IM&C, SA: Madrid, Spain, 2002; pp. 9–69.

42. National Heart, Lung, and Blood Institute. Update on the 1987 Task Force Report on High Blood Pressure
in Children and Adolescents: A working group report from the National High Blood Pressure Education
Program. Pediatrics 1996, 98, 649–658.

43. Cartier, A.; Côté, M.; Lemieux, I.; Pérusse, L.; Tremblay, A.; Bouchard, C.; Després, J.P. Sex differences in
inflammatory markers: What is the contribution of visceral adiposity? Am. J. Clin. Nutr. 2009, 89, 1307–1314.
[CrossRef] [PubMed]

44. Lew, J.; Sanghavi, M.; Ayers, C.R.; McGuire, D.K.; Omland, T.; Atzler, D.; Gore, M.O.; Neeland, I.; Berry, J.D.;
Khera, A.; et al. Sex-Based Differences in Cardiometabolic Biomarkers. Circulation 2017, 135, 544–555.
[CrossRef] [PubMed]

45. Bibiloni, M.M.; Gonzalez, M.; Julibert, A.; Llompart, I.; Pons, A.; Tur, J.A. Ten-Year Trends (1999–2010) of
Adherence to the Mediterranean Diet among the Balearic Islands’ Adult Population. Nutrients 2017, 9, 749.
[CrossRef] [PubMed]

46. Martinez, E.; Llull, R.; Bibiloni, M.M.; Pons, A.; Tur, J.A. Adherence to the Mediterranean dietary pattern
among Balearic Islands adolescents. Br. J. Nutr. 2010, 103, 1657–1664. [CrossRef] [PubMed]

47. JafariNasabian, P.; Inglis, J.E.; Reilly, W.; Kelly, O.J.; Ilich, J.Z. Aging human body: Changes in bone, muscle
and body fat with consequent changes in nutrient intake. J. Endocrinol. 2017, 234, R37–R51. [CrossRef]
[PubMed]

48. Kapoor, E.; Collazo-Clavell, M.L.; Faubion, S.S. Weight Gain in Women at Midlife: A Concise Review of the
Pathophysiology and Strategies for Management. Mayo Clin. Proc. 2017, 92, 1552–1558. [CrossRef] [PubMed]

49. Ilich, J.Z.; Kelly, O.J.; Kim, Y.; Spicer, M.T. Low-grade chronic inflammation perpetuated by modern diet as
a promoter of obesity and osteoporosis. Arh. Hig. Rada Toksikol. 2014, 65, 139–148. [CrossRef] [PubMed]

50. Esposito, K.; Kastorini, C.M.; Panagiotakos, D.B.; Giugliano, D. Mediterranean diet and metabolic syndrome:
An updated systematic review. Rev. Endocr. Metab. Disord. 2013, 14, 255–263. [CrossRef] [PubMed]

51. Cuschieri, S.; Vassallo, J.; Calleja, N.; Pace, N.; Mamo, J. The effect of age, gender, TG/HDL-C ratio and
behavioral lifestyles on the metabolic syndrome in the high risk Mediterranean Island population of Malta.
Diabetes Metab. Syndr. 2017, 11 (Suppl. 1), S321–S327. [CrossRef] [PubMed]

http://dx.doi.org/10.1079/BJN20041209
http://www.ncbi.nlm.nih.gov/pubmed/15469637
http://www.ncbi.nlm.nih.gov/pubmed/1810719
http://www.ncbi.nlm.nih.gov/pubmed/12612176
http://dx.doi.org/10.1007/s00394-002-0382-2
http://www.ncbi.nlm.nih.gov/pubmed/12474068
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/16157765
http://dx.doi.org/10.1161/01.CIR.0000145117.40114.C7
http://www.ncbi.nlm.nih.gov/pubmed/15477412
http://dx.doi.org/10.3945/ajcn.2008.27030
http://www.ncbi.nlm.nih.gov/pubmed/19297456
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.023005
http://www.ncbi.nlm.nih.gov/pubmed/28153991
http://dx.doi.org/10.3390/nu9070749
http://www.ncbi.nlm.nih.gov/pubmed/28708083
http://dx.doi.org/10.1017/S0007114509993576
http://www.ncbi.nlm.nih.gov/pubmed/20089205
http://dx.doi.org/10.1530/JOE-16-0603
http://www.ncbi.nlm.nih.gov/pubmed/28442508
http://dx.doi.org/10.1016/j.mayocp.2017.08.004
http://www.ncbi.nlm.nih.gov/pubmed/28982486
http://dx.doi.org/10.2478/10004-1254-65-2014-2541
http://www.ncbi.nlm.nih.gov/pubmed/24945416
http://dx.doi.org/10.1007/s11154-013-9253-9
http://www.ncbi.nlm.nih.gov/pubmed/23982678
http://dx.doi.org/10.1016/j.dsx.2017.03.009
http://www.ncbi.nlm.nih.gov/pubmed/28283398


Nutrients 2018, 10, 62 12 of 13

52. Viscogliosi, G.; Cipriani, E.; Liguori, M.L.; Marigliano, B.; Saliola, M.; Ettorre, E.; Andreozzi, P.
Mediterranean dietary pattern adherence: Associations with prediabetes, metabolic syndrome, and related
microinflammation. Metab. Syndr. Relat. Disord. 2013, 11, 210–216. [CrossRef] [PubMed]

53. Izadi, V.; Azadbakht, L. Specific dietary patterns and concentrations of adiponectin. J. Res. Med. Sci. 2015, 20,
178–184. [PubMed]

54. Kubota, N.; Terauchi, Y.; Yamauchi, T.; Kubota, T.; Moroi, M.; Matsui, J.; Eto, K.; Yamashita, T.; Kamon, J.;
Satoh, H.; et al. Disruption of adiponectin causes insulin resistance and neointimal formation. J. Biol. Chem.
2002, 277, 25863–25866. [CrossRef] [PubMed]

55. Ouchi, N.; Kihara, S.; Arita, Y.; Okamoto, Y.; Maeda, K.; Kuriyama, H.; Hotta, K.; Nishida, M.; Takahashi, M.;
Muraguchi, M.; et al. Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial NF-kappaB
signaling through a cAMP-dependent pathway. Circulation 2000, 102, 1296–1301. [CrossRef] [PubMed]

56. Maiorino, M.I.; Bellastella, G.; Petrizzo, M.; Scappaticcio, L.; Giugliano, D.; Esposito, K. Mediterranean diet
cools down the inflammatory milieu in type 2 diabetes: The MEDITA randomized controlled trial. Endocrine
2016, 54, 634–641. [CrossRef] [PubMed]

57. Bedard, A.; Tchernof, A.; Lamarche, B.; Corneau, L.; Dodin, S.; Lemieux, S. Effects of the traditional
Mediterranean diet on adiponectin and leptin concentrations in men and premenopausal women: Do sex
differences exist? Eur. J. Clin. Nutr. 2014, 68, 561–566. [CrossRef] [PubMed]

58. Caro, J.F.; Sinha, M.K.; Kolaczynski, J.W.; Zhang, P.L.; Considine, R.V. Leptin: The tale of an obesity gene.
Diabetes 1996, 45, 1455–1462. [CrossRef] [PubMed]

59. Hermsdorff, H.H.; Zulet, M.A.; Abete, I.; Martinez, J.A. Discriminated benefits of a Mediterranean dietary
pattern within a hypocaloric diet program on plasma RBP4 concentrations and other inflammatory markers
in obese subjects. Endocrine 2009, 36, 445–451. [CrossRef] [PubMed]

60. Richard, C.; Royer, M.M.; Couture, P.; Cianflone, K.; Rezvani, R.; Desroches, S.; Lamarche, B. Effect of the
Mediterranean diet on plasma adipokine concentrations in men with metabolic syndrome. Metabolism
2013, 62, 1803–1810. [CrossRef] [PubMed]

61. Greco, M.; Chiefari, E.; Montalcini, T.; Accattato, F.; Costanzo, F.S.; Pujia, A.; Foti, D.; Brunetti, A.;
Gulletta, E. Early effects of a hypocaloric, Mediterranean diet on laboratory parameters in obese individuals.
Mediat. Inflamm. 2014, 2014, 750860. [CrossRef] [PubMed]

62. Trifiletti, A.; Scamardi, R.; Gaudio, A.; Lasco, A.; Frisina, N. Hemostatic effects of diets containing olive or
soy oil in hypertensive patients. J. Thromb. Haemost. 2005, 3, 179–180. [CrossRef] [PubMed]

63. Mezzano, D.; Leighton, F.; Martinez, C.; Marshall, G.; Cuevas, A.; Castillo, O.; Panes, O.; Munoz, B.;
Perez, D.D.; Mizon, C.; et al. Complementary effects of Mediterranean diet and moderate red wine intake on
haemostatic cardiovascular risk factors. Eur. J. Clin. Nutr. 2001, 55, 444–451. [CrossRef] [PubMed]

64. Miller, C.N.; Brown, L.M.; Rayalam, S.; Della-Fera, M.A.; Baile, C.A. Estrogens, inflammation and obesity:
An overview. Front. Biol. 2012, 7, 40–47. [CrossRef]

65. Taylor, L.E.; Sullivan, J.C. Sex differences in obesity-induced hypertension and vascular dysfunction:
A protective role for estrogen in adipose tissue inflammation? Am. J. Physiol. Regul. Integr. Comp. Physiol.
2016, 311, R714–R720. [CrossRef] [PubMed]

66. Esposito, K.; Pontillo, A.; Di Palo, C.; Giugliano, G.; Masella, M.; Marfella, R.; Giugliano, D. Effect of weight
loss and lifestyle changes on vascular inflammatory markers in obese women: A randomized trial. JAMA
2003, 289, 1799–1804. [CrossRef] [PubMed]

67. Casas, R.; Sacanella, E.; Urpí-Sardà, M.; Chiva-Blanch, G.; Ros, E.; Martínez-González, M.A.; Covas, M.I.;
Lamuela-Raventos, R.M.; Salas-Salvadó, J.; Fiol, M.; et al. The effects of the Mediterranean diet on biomarkers
of vascular wall inflammation and plaque vulnerability in subjects with high risk for cardiovascular disease.
A randomized trial. PLoS ONE 2014, 9, e100084. [CrossRef] [PubMed]

68. Park, Y.M.; Zhang, J.; Steck, S.E.; Fung, T.T.; Hazlett, L.J.; Han, K.; Ko, S.H.; Merchant, A.T. Obesity Mediates
the Association between Mediterranean Diet Consumption and Insulin Resistance and Inflammation in US
Adults. J. Nutr. 2017, 147, 563–571. [CrossRef] [PubMed]

69. Giugliano, D.; Ceriello, A.; Esposito, K. The effects of diet on inflammation: Emphasis on the metabolic
syndrome. J. Am. Coll. Cardiol. 2006, 48, 677–685. [CrossRef] [PubMed]

70. Hansson, G.K. Inflammation, atherosclerosis, and coronary artery disease. N. Engl. J. Med. 2005, 352,
1685–1695. [CrossRef] [PubMed]

http://dx.doi.org/10.1089/met.2012.0168
http://www.ncbi.nlm.nih.gov/pubmed/23451814
http://www.ncbi.nlm.nih.gov/pubmed/25983773
http://dx.doi.org/10.1074/jbc.C200251200
http://www.ncbi.nlm.nih.gov/pubmed/12032136
http://dx.doi.org/10.1161/01.CIR.102.11.1296
http://www.ncbi.nlm.nih.gov/pubmed/10982546
http://dx.doi.org/10.1007/s12020-016-0881-1
http://www.ncbi.nlm.nih.gov/pubmed/26860514
http://dx.doi.org/10.1038/ejcn.2014.27
http://www.ncbi.nlm.nih.gov/pubmed/24595221
http://dx.doi.org/10.2337/diab.45.11.1455
http://www.ncbi.nlm.nih.gov/pubmed/8866547
http://dx.doi.org/10.1007/s12020-009-9248-1
http://www.ncbi.nlm.nih.gov/pubmed/19816812
http://dx.doi.org/10.1016/j.metabol.2013.07.012
http://www.ncbi.nlm.nih.gov/pubmed/23993420
http://dx.doi.org/10.1155/2014/750860
http://www.ncbi.nlm.nih.gov/pubmed/24729662
http://dx.doi.org/10.1111/j.1538-7836.2004.01095.x
http://www.ncbi.nlm.nih.gov/pubmed/15634286
http://dx.doi.org/10.1038/sj.ejcn.1601202
http://www.ncbi.nlm.nih.gov/pubmed/11423921
http://dx.doi.org/10.1007/s11515-011-1174-y
http://dx.doi.org/10.1152/ajpregu.00202.2016
http://www.ncbi.nlm.nih.gov/pubmed/27511280
http://dx.doi.org/10.1001/jama.289.14.1799
http://www.ncbi.nlm.nih.gov/pubmed/12684358
http://dx.doi.org/10.1371/journal.pone.0100084
http://www.ncbi.nlm.nih.gov/pubmed/24925270
http://dx.doi.org/10.3945/jn.116.243543
http://www.ncbi.nlm.nih.gov/pubmed/28298537
http://dx.doi.org/10.1016/j.jacc.2006.03.052
http://www.ncbi.nlm.nih.gov/pubmed/16904534
http://dx.doi.org/10.1056/NEJMra043430
http://www.ncbi.nlm.nih.gov/pubmed/15843671


Nutrients 2018, 10, 62 13 of 13

71. Blankenberg, S.; Barbaux, S.; Tiret, L. Adhesion molecules and atherosclerosis. Atherosclerosis 2003, 170,
191–203. [CrossRef]

72. Salas-Salvadó, J.; Garcia-Arellano, A.; Estruch, R.; Marquez-Sandoval, F.; Corella, D.; Fiol, M.; Gómez-
Gracia, E.; Viñoles, E.; Arós, F.; Herrera, C.; et al. Components of the Mediterranean-type food pattern
and serum inflammatory markers among patients at high risk for cardiovascular disease. Eur. J. Clin. Nutr.
2008, 62, 651–659. [CrossRef] [PubMed]

73. Fung, T.T.; McCullough, M.L.; Newby, P.K.; Manson, J.E.; Meigs, J.B.; Rifai, N.; Willett, W.C.; Hu, F.B.
Diet-quality scores and plasma concentrations of markers of inflammation and endothelial dysfunction.
Am. J. Clin. Nutr. 2005, 82, 163–173. [PubMed]

74. Rumawas, M.E.; Meigs, J.B.; Dwyer, J.T.; McKeown, N.M.; Jacques, P.F. Mediterranean-style dietary pattern,
reduced risk of metabolic syndrome traits, and incidence in the Framingham Offspring Cohort. Am. J.
Clin. Nutr. 2009, 90, 1608–1614. [CrossRef] [PubMed]

75. Arpon, A.; Riezu-Boj, J.I.; Milagro, F.I.; Marti, A.; Razquin, C.; Martínez-González, M.A.; Corella, D.;
Estruch, R.; Casas, R.; Fitó, M.; et al. Adherence to Mediterranean diet is associated with methylation
changes in inflammation-related genes in peripheral blood cells. J. Physiol. Biochem. 2016, 73, 445–455.
[CrossRef] [PubMed]

76. Marques-Rocha, J.L.; Milagro, F.I.; Mansego, M.L.; Zulet, M.A.; Bressan, J.; Martinez, J.A. Expression of
inflammation-related miRNAs in white blood cells from subjects with metabolic syndrome after 8 weeks of
following a Mediterranean diet-based weight loss program. Nutrition 2016, 32, 48–55. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S0021-9150(03)00097-2
http://dx.doi.org/10.1038/sj.ejcn.1602762
http://www.ncbi.nlm.nih.gov/pubmed/17440519
http://www.ncbi.nlm.nih.gov/pubmed/16002815
http://dx.doi.org/10.3945/ajcn.2009.27908
http://www.ncbi.nlm.nih.gov/pubmed/19828705
http://dx.doi.org/10.1007/s13105-017-0552-6
http://www.ncbi.nlm.nih.gov/pubmed/28181167
http://dx.doi.org/10.1016/j.nut.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26421388
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design 
	General Questionnaire 
	Mediterranean Dietary Pattern 
	Anthropometric Measurements 
	Metabolic Syndrome Definition 
	Biochemical Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

