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Abstract: The primary aim of this study is to investigate the relationship of the Mediterranean diet
(MD) with metabolic syndrome (MetS) and its components in Caucasian subjects between 35 and
74 years. The secondary aim is to analyze sex differences. Methods: A cross-sectional trial. This study
utilized data from the EVA, MARK, and EVIDENT studies, a total of 3417 subjects with a mean age
of 60.14+9.14 years (57% men). MetS was defined based on the Joint Scientific Statement National
Cholesterol Education Program III. Waist circumference, blood pressure, fasting plasma glucose,
and lipid profile were measured. Adherence to the MD was assessed with the 14-item
Mediterranean Diet Adherence Screener (MEDAS) questionnaire used in the PREDIMED study.
Good adherence was considered when the MD value was higher than the median value. Results:
The mean value of the MEDAS questionnaire was 5.83+2.04; (Men 5.66+2.06 and women 6.04+1.99;
p<0.001). Adherence to the MD was observed by 38.6% (34.3% men and 40.3% women; p<0.001).
MetS was observed in 41.6% (39.0% men and 45.2%women p<0.001). In the multiple regression
analysis after adjusting for possible confounders, the mean MD value showed a negative association
with the number of MetS components per subject (=-0.336), and with the different components of
MetS: Systolic blood pressure (=-0.011), Diastolic blood pressure ([3=-0.029), glycemia ([3=-0.009),
Triglycerides ([3=-0.004), Waist circumference (3=-0.026), except with the HDL-cholesterol value
which showed a positive association (3=0.021); (p<0.001 in all cases). The adjusted logistic regression
models showed that an increase in MDA decreases the probability of MetS (OR =0.56) and its
components: blood pressure >130/85 mmHg (OR = 0.63), fasting plasma glucose 2100 mg/dL (OR =
0.62); triglycerides 2150 mg/dL (OR = 0.65); waist circumference 288 cm in women and 2102 cm in
men (OR =0.74), and increases high-density lipoprotein cholesterol <40 mg/dL in men or <50 mg/dL
in women (OR = 1.70); (p<0.001 in all cases). The results by sex were similar, both in multiple
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regression and logistic regression. Conclusion: The results of this study suggest that a greater
adherence to the Mediterranean diet decreases the probability of presenting Mets globally and by
sex.

Keywords: Mediterranean diet; metabolic syndrome; Caucasian subjects; A cross-sectional trial

1. Introduction

Nutritional research currently focuses on dietary patterns rather than individual nutrients or
foods [1]. The Mediterranean diet (MD) is the most well-known and researched dietary pattern
worldwide. It is characterized by the consumption of a wide variety of foods, such as extra virgin
olive oil, legumes, cereals, nuts, fruits, vegetables, dairy, fish and wine [2]. Many of these foods
provide various phytonutrients, among which polyphenols and vitamins play an important role. It
is currently one of the healthiest dietary patterns, mainly due to its antioxidant and anti-inflammatory
effects 5/13/24 [1,3,4]. Numerous studies, systematic reviews, and meta-analyses have established the
protective effects of the Mediterranean diet against several chronic diseases, including diabetes,
obesity, cardiovascular disease, cancer, aging disorders, and overall mortality [1,2,4-12]. All this is
related to a better lipid profile, lower blood pressure (BP), blood sugar and obesity [4,13].

Metabolic syndrome (MetS) is made up of multiple risk factors for atherosclerosis, including
obesity, high BP, elevated fasting plasma glucose (FPG), and atherogenic dyslipidemia [14]. MetS has
become a major health problem in the world. Its prevalence is rising due to the increase in the
consumption of fast food (high in calories and low in fiber) and the decrease in physical activity
resulting from mechanized transport and sedentary activities during leisure time [15]. MetS doubles
the risk of morbidity and mortality from cardiovascular disease and multiplies the risk of all-cause
mortality by 1.5 times [16-18].

Healthy lifestyle factors, such as physical activity and MD, decrease the likelihood of developing
MetS. Thus, a recent study showed that participants with higher MetS followed a pro-inflammatory
dietary pattern and tended to have lower adherence to DM, showing lower intake of carbohydrates
and nuts and higher intake of proteins, saturated fatty acids, cholesterol, red and processed meat
products, and oils other than olive oil [19]

However, the effect of MD on the prevalence of this disease and each of its components is not
fully established in the Caucasian population. For this reason, this study has the following objectives:
first, to investigate the relationship of MD with MetS and its components in Caucasian subjects
between 35 and 74 years; second, to analyze sex differences.

2. Materials and Methods
2.1. Design

A descriptive cross-sectional study was carried out with data from the EVA study [20]
(NCT02623894), the MARK study [21] (NCT01428934) and EVIDENT study [22] (NCT0108308).

2.2. Study Population

All studies were conducted in primary care, involving a total of 3471 subjects between the ages
of 35 and 75 who had recorded all the variables necessary to carry out this study. Specifically, the
following were included: 491 of the 501 subjects recruited in the EVA study [20], selected by random
sampling from the urban population without cardiovascular disease (reference population 43,946),
2330 of the 2475 subjects recruited in the MARK study [21], selected by random sampling among the
subjects consulted in 7 urban health centers and with inert cardiovascular risk, and 650 subjects from
the EVIDENT study [22], selected by random sampling among the subjects consulted in a primary
care center.
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A detailed description of the methodology of the studies, as well as the inclusion and exclusion
criteria, can be found in the protocols of the three studies [20-22].

2.3. Variables and Measuring Instruments
2.3.1. Adherence to the Mediterranean Diet

Adherence to the MD was evaluated with a 14-item questionnaire, validated in Spain and used
in the PREDIMED study [23]. The questionnaire includes 12 questions on the frequency of food
consumption and two questions on typical eating habits of the Spanish population. Each question
was rated with zero or one point. One point was given for: use of olive oil as the main fat for cooking,
daily consumption of four or more tablespoons (one tablespoon = 13.5 g) of olive oil (including oil
used for frying, salad dressing, etc.), two or more servings of vegetables, three or more pieces of fruit,
less than one serving of red or processed meat, less than one serving of animal fat, less than one cup
(one cup =100 ml) of carbonated beverages or sugar, and intake of white meat to a greater extent than
red meat. A point was also given for the weekly consumption of seven or more glasses of wine, three
or more servings of legumes, three or more servings of fish, three or more servings of nuts or dried
fruit, two or more servings of sofrito (a traditional sauce made with tomato, garlic, onion or leeks and
sautéed with olive oil), and less than two baked goods. The final score range was from 0 to 14 points,
with scores above the median (7) being considered as adherence to the Mediterranean diet [23].

2.3.2. Diagnostic Criteria of Metabolic Syndrome

According to the international consensus in the Joint Scientific Statement National Cholesterol
Education Program III [14], MetS was defined as the presence of three or more of the following five
components: waist circumference (WC) 288 cm in women and 2102 cm in men); elevated triglycerides
(TGC) 2150 mg/dL (or drug treatment for elevated TGC); high-density lipoprotein (HDL) cholesterol
<40 mg/dL in men or <50 mg/dL in women; high blood pressure (systolic blood pressure (SBP) 2130
mmHg or diastolic blood pressure (DBP) 285 mmHg, or antihypertensive drug treatment), and
fasting plasma glucose (FPG) 2100 mg/dL (or drug treatment for elevated glucose).

2.3.3. Anthropometric Measurements and Cardiovascular Risk Factors

Body weight was determined on two occasions using a homologated electronic scale (Seca 770;
Medical scale and measurement systems, Birmingham, United Kingdom) following due calibration
(precision + 0.1 kg), with the patient wearing light clothing and shoeless. These readings were
rounded to 100 g. Height in turn was measured with a portable system (Seca 222; Medical scale and
measurement systems, Birmingham, United Kingdom), recording the average of two readings, and
with the patient shoeless in the standing position. The values were rounded to the nearest centimeter.
Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2). Waist
circumference was measured according to the 2007 recommendations of the Spanish Society for the
Study of Obesity [24].

Office blood pressure measurement involved three measurements of systolic blood pressure
(SBP) and diastolic blood pressure (DBP), using the average of the last two, with a validated OMRON
model MI10-IT sphygmomanometer (Omron Health Care, Kyoto, Japan), by following the
recommendations of the European Society of Hypertension [25]. Subjects were considered to have
hypertension if they were taking antihypertensive drugs or had blood pressure values >140/90
mmHg; to have diabetes if taking hypoglycaemic agents or with fasting plasma glucose >126 mg/dl
or HbAlc 26.5%; to have dyslipidaemia if taking lipid-lowering drugs or with fasting total cholesterol
2240 mg/dl, low density lipoprotein cholesterol (LDL-c) 2160 mg/dl, high density lipoprotein
cholesterol (HDL-c) <40 mg/dl in men and <50 mg/dl in women, or triglycerides 2150 mg/dl. A value
of BMI 230 kg/m2 was used to define obesity [26].
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2.4. Statistical Analysis

Data are presented using means + standard deviations and numbers or percentages according
to whether they are continuous or categorical variables. The comparison between men and women
was performed using chi-square tests for percentages and Student’s t for continuous variables. The
Pearson correlation was used to analyze the relationship between continuous variables.

To analyze the association between average score value of MD and the number of MetS
components and with each of the MetS components, seven multiple linear regression models were
performed (ENTER method) using MD as the independent variable and the number of MetS
components, SBP in mmHg, DBP in mmHg, FPG in mg/dl, Triglycerides in mg/dl, HDL cholesterol
in mg/dl and WC in cm as dependent variables.

To analyze the association between adherence to the Mediterranean diet and the presence of
MetS and each of its components, we used six logistic regression models. MD adherence was the
independent variable (encoded as MD adherence = 1, MD non-adherence = 0. MetS components were
the dependent variables (encoded as yes = 1, no = 0), BP 2130/85 mmHg (yes = 1, no = 0), FPG =100
mg/dL (yes =1, no = 0), TGC 2150 mg/dL (yes = 1, no = 0), HDL-C mg/dL <40 in men, <50 mg/dL in
women (yes = 1, no = 0), and WC 288 cm in women, 2102 cm in men (yes = 1, no = 0). All models
included the adjustment variables of age, sex, and consumption of antihypertensive drugs,
hypoglycemic and lipid-lowering agents.

All analyses were performed globally and by sex. The SPSS Statistics program for Windows,
version 28.0 (IBM Corp, Armonk, NY, USA) was used. We considered a value of p <0.05 as a statistical
significance limit.

2.5. Ethical Principles

The research protocols for the studies incorporated into this pooled analysis were duly approved
by the Drug Research Ethics Committee of Salamanca, with registration numbers P115/01039 and
PI20/10569 (EVA study [20]), P110/02043 (MARK study [21]), and PI83/06/2018 (EVIDENT study [22]).
All subjects participating in these studies provided written informed consent. During the
development of the study, the standards of the Declaration of Helsinki [27] and the WHO standards
for observational studies were followed. The confidentiality of the subjects included was always
guaranteed in accordance with the provisions of Organic Law 3/2018, of 5 December, on Personal
Data Protection and guarantee of digital rights and Regulation (EU) 2016/679 of the European
Parliament and of the Council of 27 April 2016 on Data Protection (RGPD).

3. Results

3.1. Demographic and Clinical Characteristics of the Included Subjects

The characteristics, cardiovascular risk factors, and drug use are described globally and by sex
in Table 1. The mean age was 60.14 + 9.77 years, with no differences observed between sexes (p=0.543).
Men made up a greater proportion of the sample (57%), and showed higher BP, LDL cholesterol,
TGC, FPG and WC values than women. Women had higher total cholesterol and HDL cholesterol
values than men.

Table 1. General characteristics of the subjects included globally and by sex.

Global Women Men p value
(n=3417) (n=1468) (n=1849)
Mediterranean Diet
MD (total score) 5.83 +2.04 6.04 +1.99 567 +2.06 <0.001
Adherence to MD, n (%) 1259 (36.8) 509 (40.3) 668 (34.3) <0.001

Conventional risk factors
Sex,n(%) 1468 (43.0) 1849 (57,0) <0.001
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Age, (years) 60.14 +9.77 60.02 +10.02 60.23 9.58 0.543
SBP, (mmHg) 133.32 +19.37 128.67 +20.67 136.83 17.53  <0.001
DBP, (mmHg) 81.93 £10.94 7954 +10.81 83.74 10.69 <0.001
Hypertension, n (%) 2200 (64.4) 855 (58.2) 1345 (69.0) <0.001
Antihypertensive drugs, n (%) 1564 (45.8) 654 (44.6) 910 (46.7) 0.214
Total cholesterol, (mg/dl) 216.07 +41.28 21990 +42.74 213.18 +£39.91 <0.001
LDL cholesterol, (mg/dl) 132.74 +35.23 131.99 +3595 133.31 +34.67 0.139
HDL cholesterol, (mg/dl) 52.57 1451 57.30 #1579 49.00 =£12.32 <0.001
Triglycerides, (mg/dl) 132.94 +83.62 12217 +68.49 141.05 +92.61 <0.001
Dyslipidemia, n (%) 2721 (79.7) 1182 (80.5) 1539 (79.0)  0.148
Lipid-lowering drugs, n (%) 976 (28.6) 433 (29.5) 543 (27.9) 0.156
FPG, (mg/dl) 101.60 +31.72 100.08 32.27 102.75 31.25 0.007
HbAlc, (%) 5.94 +1.05 593 +1.07 595 +1.04 0.680
Diabetes mellitus, n (%) 687 (20.1) 282 (19.2) 405 (20.8)  0.138
Hypoglycaemic drugs, n (%) 575 (16.8) 235 (16.0) 340 (17.4)  0.143
Weight, kg 7744 £14.66 70.17 1334 8292 +13.14 <0.001
Height, cm 16454 +9.46 157.09 +6.68 170.15 +7.08 <0.001
BMI, (kg/m?) 28.55 +4.54 2847 +5.31 28.60 +3.86 0.202
WC, cm 98.58 +12.12  94.28 1294 101.82 =£10.35 <0.001
Obesity, n (%) 1079 (31.6) 469 (33.8) 583 (39.0) <0.001
MetS and its components

Number of MetS components 2.28 +1.33 233 +1.44 224 +1.25 0.027
MetS, n (%) 1423 (41.6) 663 (45.2) 760 (39.0) <0.001
BP >130/85 mmHg, n (%) 2561 (74.9) 998 (68.0) 1563 (80.2) <0.001
FPG =100 mg/dL, n (%) 1294 (37.9) 502 (34.2) 793 (40.6) <0.001
TGC 2150 mg/dL, n (%) 989 (28.9) 354 (24.1) 635 (32.6) <0.001
HDL-C mg/dL <40 men, <50 mg/dL 973 (28.5) 546 (37.2) 427 (21.9) <0.001

women, n (%)
WC 288 cm women, 2102 cm men, n 1966 (57.5) 1018 (69.3) 948 (48.6) <0.001
(%)

Values are means =+ standard deviations for continuous data and number and proportions for categorical data.

MD, Mediterranean Diet; SBP, systolic blood pressure; DBP, diastolic blood pressure; LDL, low—density
lipoprotein; HDL, high—density lipoprotein; FPG, fasting plasma glucose; HbAlc, glycosylated hemoglobin;
BMI, body mass index; WC, Waist circumference; MetS, Metabolic Syndrome; BP, blood pressure TGC,
Triglycerides. p value: differences between men and women.

3.2. Mediterranean Diet and Metabolic Syndrome

Table 1 shows the values for Mediterranean diet and MetS. The mean value of the total MD score
was 5.83 + 2.04 (women 6.04 + 1.99, men 6.67 + 2.06). The adherence to MD percentage was 36.8%
(women 40.3%, men 34.3). The percentage of subjects with MetS was 41.6% (women 45.2%, men
39.0%) and the mean number of MetS components was 2.28+1.33 (women 2.33+1.44, men 2.24+1.25).
When analyzing each of the components, women had a higher percentage of WC (69.3 vs 48.6) and
HDL_C (37.2 vs 21.9) and a lower percentage of FPG (34.2 vs 40.6), BP (68.0 vs 80.2) and TGC (24.1 vs
32.6) than men.

Figure 1 shows the overall distribution of subjects according to whether they have MetS or
adherence to MD, and Figure 2 shows the distribution by sex.
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Figure 1. distribution of subjects according to whether they have MetS or adherence to MD. MDA,
Mediterranean Diet Adherence; MetS, Metabolic Syndrome.
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Figure 2. Distribution of subjects according to whether they have MetS or adherence to MD by sex.
MDA, Mediterranean Diet Adherence; MetS, Metabolic Syndrome.
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Figure 3 shows the difference in the mean value of the MD score between subjects with and
without MetS and without each of the components of MetS and with MetS overall and by sex. In
MetS, FPG, HDL_C and WC components, the difference was greater in women and in TGC the
difference was greater in men (p<0.05).

Differences Socore Mediterranean Diet

B Global B Women B Men

MetS BP FPG TGC HDL_C WC

12

1,0

[+

0,

0

k=3

0,

.

0.2

0,0

Figure 3. Differences and 95% CI in the mean value of the MD Score and its components between
subjects with and without MetS and its components. MD, Mediterranean Diet; MetS, Metabolic
Syndrome; BP, blood pressure >130/85 mmHg; FPG, fasting plasma glucose >100 mg/dL, TGC,
Triglycerides 2150 mg/dL; HDL-C, high-density lipoprotein <40 in men mg/dL, <50 mg/dL in women;
WC, Waist circumference WC 288 cm in women, 2102 cm in men. *p<0.005 between men and women.

3.3. Correlation between the Mediterranean Diet and MetS and Its Components

The mean value of MD showed a negative correlation with the number of MetS components r=-
0.196 (women r=-0.220; men r=-0.185), and with all MetS components in the overall analysis and by
sex, except for HDL_C, which showed a positive correlation r=0.171 (women r=0.179; men r=0.130)
(Table 2).

Table 2. Pearson correlation between Mediterranean Diet and components of Metabolic Syndrome

globally and by sex.
MD (total score) Global Women Men
Number of MetS components -0.196** -0.220** -0.185**
SBP, (mmHg) -0.122** -0.106** -0.106**
DBP, (mmHg) -0.172** -0.123** -0.184**
FPG, (mg/dl) -0.118** -0.140** -0.097**
Triglycerides, (mg/dl) 0157 01497 ]
0.149**
HDL cholesterol, (mg/dl) 0.171** 0.179** 0.130**

WC, cm -0.174** -0.198** -0.116**
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MD, Mediterranean Diet; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high—density
lipoprotein; FPG, fasting plasma glucose; WC, Waist circumference; MetS, Metabolic Syndrome. Pearson
coefficient. *p<0.05; **p<0.01.

3.4. Association between Adherence to the Mediterranean Diet and MetS and Its Components

In the multiple regression analysis after adjusting for possible confounders, the mean value of
MBD showed a negative association with the number of MetS components ([3=-0.336, 95% CI -0.393 to
-0.280), and with the different MetS components: SBP (=-0.011, 95% CI -0.015 to -0.008), DBP (p=-
0.029, 95% CI -0.035 to -0.022), FPG (=-0.009, 95% CI -0.012 to -0.006), TGC (f3=-0.004, 95% CI -0.004
to -0.003), WC (p=-0.026, 95% CI -0.032 to -0.020), except with the HDL-cholesterol value which
showed a positive association (3=0.021, 95% CI 0.018 to 0.028). The results by sex were similar (Table

3).
Table 3. Association of the Mediterranean Diet with the number and components of the metabolic
syndrome globally and by sex Multiple regression analysis.
Global B (IC  95%) p
Number of components MetS -0.336 (-0.393 to- <0.001
0.280)
-0.011 (-0.015 to - <0.001
SBP, (mmHg)
0.008)
-0,029 (-0.035 to- <0.001
DBP, (mmHg)
0.022)
-0.009 (-0.012  to- <0.001
FPG, (mg/dl)
0.006)
Triol ides, (mg/dl) -0.004 (-0.004 to- <0.001
riglycerides, (m
&Y 8 0.003)
HDL cholesterol, (mg/dl) 0.023 (0.018 t00.028) <0.001
-0.026 (-0.032  to- <0.001
WC, cm
0.020)
Women
Number of components MetS -0.314 (-0.396 to- <0.001
0.231)
-0.009 (-0.014 to- <0.001
SBP, (mmHg)
0.004)
-0.021 (-0.030 to- <0.001
DBP, (mmHg)
0.012)
-0.006 (-0.010 to-
FPG, (mg/dl)
0.002) 0.002
Teiol ides, (mg/dl) -0.004 (-0.005 to- <0.001
riglycerides, (m
&Y 8 0.002)
HDL cholesterol, (mg/dl) 0.021 (0.014 t00.027) <0.001
-0.028 (-0.037  to- <0.001
WC, cm
0.020)

Men
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Number of components MetS -0.349 (-0.427  to- <0.001
0.271)
-0.013 (-0.018 to- <0.001
SBP, (mmHg)
0.008)
-0.034 (-0.043  to- <0.001
DBP, (mmHg)
0.026)
-0.011 (-0.014 to- <0.001
FPG, (mg/dl)
0.007)
Triglycerides, (mg/dl) -0.003 (-0.004  to- <0.001
riglycerides, (m
&Y 8 0.002)
HDL cholesterol, (mg/dl) 0.021 (0.014 t00.029) <0.001
-0.023 -(0.032 to - <0.001
WC, cm
0.014)

Multiple regression analysis using Number of MetS components, SBP, DBP, FPG, Triglycerides, HDL cholesterol
and WC as dependent variables, and as independent variables Mediterranean diet score, and as adjustment
variables age, sex, and consumption of antihypertensive drugs, hypoglycemic and lipid-lowering agents. MetS,
Metabolic Syndrome; MD, Mediterranean Diet; SBP, systolic blood pressure; DBP, diastolic blood pressure;
HDL, high-density lipoprotein; FPG, fasting plasma glucose; WC, Waist circumference.

Table 4 shows the results of the logistic regression analysis overall and by sex. The adjusted
logistic regression models showed that an increase in MD adherence decreases the probability of
MetS (OR =0.555, 95% CI 0.477 to 0.650) and its components: BP 2130/85 mmHg (OR = 0.634, 95% CI
0.522 to 0.771), FPG 2100 mg/dL (OR = 0.615, 95% CI 0.511 to 0.740); TGC 2150 mg/dL (OR = 0.641,
95% CI 0.546 to 0.753); WC 288 cm in women and >102 cm in men (OR = 0.741, 95% CI 0.639 to 0.859),
and increases HDL cholesterol <40 mg/dL in men or <50 mg/dL in women (OR = 1.700), 95% CI 1.442
to 2.005 (p<0.001 in all cases). The results by sex were similar.

Table 4. Association of the adherence to the Mediterranean Diet with Metabolic Syndrome and its
components globally and by sex Logistica regression analysis.

Global OR (95%CI) p
MetS 0.555 (0.474 to0.650) <0.001
BP >130/85 mmHg 0.634 (0.522 to00.771) <0.001
FPG 2100 mg/dL 0.615 (0.511 to0.740) <0.001
TGC 2150 mg/dL 0.641 (0.546 t00.753) <0.001
HDL-C mg/dL <40 men, <50 mg/dL women 1.700 (1.442 t02.005) <0.001
WC 288 cm women, 2102 cm men 0.741 (0.639 t00.859) <0.001
Women

MetS 0.478 (0.375 to0.611) <0.001
BP 2130/85 mmHg 0.656 (0.489 to0.879) 0.005
FPG 2100 mg/dL 0.584 (0437 to0.781) <0.001
TGC 2150 mg/dL 0.770 (0.597 t00.994) 0.045
HDL-C mg/dL <40 men, <50 mg/dL women 1.715 (1.369 to02.149) <0.001
WC 288 cm women, 2102 cm men 0.698 (0.551 to0.884) 0.003
Men

MetS 0.637 (0.517 to0.785) <0.001

BP >130/85 mmHg 0.624 (0478 to0.814) 0.001

d0i:10.20944/preprints202405.1170.v1
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FPG 2100 mg/dL 0.640 (0.503 to0.816) <0.001
TGC 2150 mg/dL 0.607 (0491 to0.751) 0.001
HDL-C mg/dL <40 men, <50 mg/dL women 1.664 (1.304 to2.122) <0.001
WC 288 cm women, 2102 cm men 0.783 (0.647 t00.948) 0.012

Logistic regression analysis using having MetS and its components as dependent variables, and as independent
variables Mediterranean diet score >7, and as adjustment variables age, sex, and consumption of
antihypertensive drugs, hypoglycemic and lipid-lowering agents. MD, Mediterranean Diet; MetS, Metabolic
Syndrome; BP, blood pressure >2130/85 mmHg; FPG, fasting plasma glucose 2100 mg/dL, TGC, Triglycerides
2150 mg/dL; HDL-C, high—density lipoprotein <40 men mg/dL, <50 mg/dL women; WC, Waist circumference
>88 cm women, 2102 cm men.

4. Discussion

The results of this study carried out in 3417 Caucasian subjects show that approximately 4 out
of 6 people have MetS and adherence to MD, with a differing ratio between the sexes. While the
percentage of men with MetS is higher than in women, the percentage of MD adherence is higher in
women than in men, which contrasts with other studies [28-31]. The percentage of each of the
components of the MetS varied according to sex. The presence of MetS and all components showed
an association with MD overall and by sex.

The prevalence of MetS in this study was 41% (45% in men and 39% in women) and is higher
than that found in other studies conducted in Spain. Thus, in the ENRICA study [30], which included
11149 representatives individuals of the Spanish population aged over 18 years, the prevalence in the
45-64 age group was 31% (36% men and 25% women), and increased with age and in the communities
of southern Spain. In the DARIOS study [31], which included 24,670 people aged between 35 and 74
years from 10 autonomous communities, the prevalence of MetS was 31% (32% in men and 29% in
women). In the same vein, the prevalence of MetS was higher than in the United States: 34% (36% in
men and 32% in women) [32]. When analyzing each of the components, as well as the results found
in this study, the percentage of fasting plasma glucose 2100 mg/dL and TGC 2150 mg/dL was higher
in men. The percentage of subjects with HDL-C <40 mg/dL in men, <50 mg/dL in women and WC
>88 cm in women, 2102 cm in men was higher in women. There is considerable variation in
prevalence depending on the geographical area, age, sex, level of education, degree of obesity and
the definition used for diagnosis [30,31,33]. Therefore, these data are not directly comparable because
they correspond to different age groups, and subjects from the different studies had different
characteristics; in our case a significant percentage of those from the MARK study [21] were subjects
with intermediate cardiovascular risk, while those from the EVIDENT [22] study were selected by
random sampling among the subjects consulted, and subjects from a population-based sample were
only included in the EVA study [20]. Moreover, while the ENRICA study [30] included subjects from
all over Spain over 18 years of age, the DARIOS study [31] only included data from 10 autonomous
communities and from subjects aged between 35-75 years.

However, there are fewer data in longitudinal studies on the effect of MD on the incidence of
MetS. Some longitudinal studies have examined the importance of Mediterranean lifestyles, as
measured with the adherence to the Mediterranean lifestyle (MEDLIFE) questionnaire. A 5-year
follow-up of the subjects included in the CORDIOPREV study showed that those with greater
adherence to the Mediterranean lifestyle had a lower incidence of MetS (odds ratio 0.37; 95% CI: 0.19-
0.75) and a higher probability of reversing MetS (odds ratio 2.08; 95% CI 1.11-3.91) compared to
participants in the low adherence group of MEDLIFE [34]. Similarly, with the cohort of the ENRICA
study at 8.7 years of follow-up, assessing the Mediterranean lifestyle with the MEDLIFE index
showed that greater adherence to it was associated with a lower incidence of MetS [35]. The MEDLIFE
index, representing the Mediterranean lifestyle, includes food consumption as well as other dietary
habits and healthy behaviors (living together, eating in company, rest and social habits) characteristic
of traditional Mediterranean culture and supports the importance of cultural habits, beyond mere
eating habits, as strong determinants of health. The aforementioned studies did not evaluate the
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isolated effects of each item but rather the joint, and possibly synergistic, effect of the combination of
several behaviors related to traditional Mediterranean culture. For this reason, prospective studies
are needed to specifically analyze the effect of adherence to MD on MetS.

In this study, we found an association between the variables that define MD and MetS as
continuous variables (in multiple regression analysis) and categorical variables (in logistic regression
analysis). This association differs from that found in other studies, so a study conducted on 1,404
adults in Luxembourg only found a significant association between MD and MetS when used as a
continuous score, based on the weighting of the compounds by exploratory factor analysis with MetS,
but not when used as categorical variables [36]. However, the PREDIMED-PLUS study that included
5739 overweight/obese participants with MetS characteristics (aged 55 to 75 years) showed that
participants with MetS tended to have lower adherence to MD [19]. In the study carried out by
Hassani, S et al. [37], adherence to MD was not associated with MetS, presenting an association only
with fasting blood glucose (OR: 0.57, CI: 0.33-0.97) and abdominal obesity (OR: 0.42, CI: 0.20-0.87) in
women. In 1972, Greek schoolchildren aged 9 to 13 years with a logistic regression analysis revealed
that “poor” adherence to MD was associated with an increased likelihood of central obesity (OR 1.31;
95% CI: 1.01-1.73) and hypertriglyceridemia (OR 2.80; 95% CI: 1.05-7.46), after adjusting for several
possible confounders [38]. Finally, a meta-analysis that included 58 studies and analyzed the
relationship between adherence to MD and the components of MetS found that WC = -0.20, (95%
CI: -0.40, -0.01) and TGC p=-0.27 (95% CI: -0.27, -0.11) were lower and HDL-C (=-0.28 (95% CI: 0.07,
0.50) was higher in the group with high adherence to MD without finding an association with FBG
and BP [39].

In summary, high adherence to MD can have a positive impact on MetS parameters. However,
this may vary from one component to another, probably explained by the heterogeneity in the studies
in terms of subjects included, analyses performed, associated pathologies or concomitant treatments.
More research is therefore needed in this field.

Limitations and Strengths

This study has a number of limitations and strengths. The main limitation is the analysis of cross-
sectional data, which prevents us from establishing causality. Another limitation is that the people
included in the analysis come from three studies with very different characteristics, including the
largest number of subjects in the MARK study (MetS). Among the strengths of the study are the size
of the sample and the fact that all the criteria that define MetS, such as anthropometry and blood
pressure, were carried out under standardized conditions and with validated devices. In addition, all
analytical measurements were performed in laboratories with adequate quality controls.

5. Conclusions

The results of this study suggest that greater adherence to the Mediterranean diet decreases the
probability of presenting MetS and each of its components globally and by sex. This suggests the
need to improve adherence to the Mediterranean diet in primary health care in order to reduce the
prevalence of MetS and the health problems it causes.
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