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Abstract 

Background and aims  No study has examined the relationship between the presence of hypertension 
and the Mediterranean diet (MeDi) concerning other cardiometabolic risk factors.

We conducted a retrospective study to evaluate the presence of lower adherence to the Mediterranean diet in hyper-
tensive subjects and analyze the correlation between adherence to the Mediterranean Diet and other cardiovascular 
risk factors.

Materials and methods  We analyzed the records and collected the data of the patients admitted to our Internal 
Medicine ward from 2010 to 2020 with a discharge diagnosis of metabolic syndrome according to the NCEP ATP-III 
criteria. We divided patients in two groups: hypertensive and no hypertensive. The Mediterranean Diet Score was used 
to evaluate the consumption and frequency of the foods characterizing a Mediterranean-type diet.

Results  Hypertensive patients were older (73 ± 11.5 vs. 57.2 ± 5.7; p < 0.0005) and had a higher mean BMI (29.9 ± 5.2 
vs. 25 ± 2.4, p < 0.0005) compared to control group. The degree of adherence to the Mediterranean diet, evaluated 
by the Mediterranean diet score (MDS), was significantly higher in the control group than in the hypertensive group 
(3.8 ± 1.6 vs 6.9 ± 1.5; p < 0.0005). Various comorbidities were more prevalent in hypertensives, such as type 2 diabetes 
mellitus, heart failure, ischemic heart disease, and chronic renal failure. Lower adherence to the Mediterranean diet 
was significantly associated with an increased prevalence of dyslipidemia, cardiovascular diseases, chronic renal insuf-
ficiency, and PAD/carotid atherosclerosis, and significantly worse lipid profiles.

Conclusion  Our findings show that a lower adherence to a Mediterranean Diet Style is associated with a worse car-
diovascular risk factor profile in hypertensive patients.

Thus, Mediterranean diet adherence in hypertensive subjects is associated with a wider cardiometabolic scenario.
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Introduction
Hypertension is the main risk factor for cardiovascular 
disease (CVD) and all-cause mortality. Some studies 
have reported that foods that are typical of the Medi-
terranean diet (MedDiet), such as whole grains, veg-
etables, fruits, nuts, and extra virgin olive oil, have a 
favorable effect on the risk of hypertension, whereas 
foods that are not typical of this dietary pattern, such 
as red meat, processed meat, and poultry, have an unfa-
vorable effect [1].

A recent review summarized observational and inter-
vention studies, meta-analyses, and systematic reviews 
that have evaluated the effects of MedDiet on patterns of 
blood pressure (BP) [2] showing a relationship between 
low adherence to Mediterranean diet and hypertension. 
In general, MedDiet has a favorable effect in reducing 
BP in hypertensive or healthy people, but we do not have 
enough data to declare how strong this effect is [3, 4].

Many more studies are required to understand fully the 
BP changes that MedDiet induces.

Several studies have highlighted a direct correlation 
between adherence to the MedDiet and cardiovascular 
risk reduction [4–7].

Among the studies that analyzed the association 
between the Mediterranean diet and hypertension, the 
Greek EPIC (European Prospective Investigation into 
Cancer and Nutrition) study included 20.343 non-hyper-
tensive subjects showing that higher rates of adherence 
to the Mediterranean diet (measured by the MedDiet 
Score) were associated with reduced incidence of arterial 
hypertension [8].

A prospective cohort study conducted by the 
Seguimiento Universidad de Navarra evaluated the evo-
lution of blood pressure values over six years in 9.408 
subjects, highlighting that good adherence to the Medi-
terranean diet (MedDiet) correlated with slight variations 
in tension values ​​over time, suggesting that the Med-
Diet may play a role in preventing age-related increases 
in blood pressure [9]. Another study called the ATTICA 
study, evaluated 3.042 subjects in Greece, highlighting 
how subjects with higher tension values ​​showed a low 
adherence to the Mediterranean diet [10].

Hypertension is a major cardiovascular risk factor and 
it appears to be strongly suggestive that a higher degree 
of the relationship between cardiovascular and cerebro-
vascular events, such as ischemic stroke, congestive heart 
failure, and intracranial hemorrhage, may be mediated by 
a more direct interplay between diet and hypertension 
occurrence [1–5].

In study of our own group we previously reported 
among subjects who were less adherent to the Mediterra-
nean diet, those with lower MediScores, had strokes that 
were more frequently caused by thrombosis of the large 

arteries compared to lacunar or cardioembolic strokes 
[11].

Two other studies conducted by our study group 
showed that in the patients with lower adherence to the 
MedDiet brain hemorrhages were more frequent and 
mainly occurring the lobar rather than at the level of the 
nuclei of the base or capsule and that subjects suffering 
from heart failure ​​compared to the subjects in the control 
group [12, 13].

Nevertheless, only a few current studies have ana-
lyzed the relationship between hypertension and the 
degree of adherence to the MedDiet. Moreover, no study 
has examined the relationship between the presence 
of hypertension and the Mediterranean diet concern-
ing other cardiometabolic risk factors, such as the other 
factors comprising the diagnostic criteria of metabolic 
syndrome. Thus, we conducted a study to address these 
issues with the scientific hypothesis that low adherence 
to Mediterranean Diet is associated to hypertension and 
to other cardiometabolic risk factors strictly associated to 
hypertension.

Aims of the study

•	 The first aim of this study was to evaluate MedDiet 
adaptation status of patients with high blood pres-
sure/diagnosis of hypertension.

•	 The second aim was to analyze the correlation 
between the MDS and cardiovascular risk factors, 
such as hypercholesterolemia, previous cardiovascu-
lar events, blood cholesterol levels, triglyceride levels, 
blood glucose levels, C-reactive protein (CRP) levels, 
uricemia, weight, body mass index (BMI), ischemic 
heart disease, chronic renal failure, and atherosclero-
sis, in patients with arterial hypertension.

•	 The third aim was to analyze the relationship 
between cardiovascular risk factors and the level of 
adherence to the Mediterranean diet in hypertensive 
patients.

Materials and methods
Since 2010, our Internal Medicine ward, which serves 
Palermo and its district—the most populous city in Sicily, 
Italy—has administered a validated food frequency ques-
tionnaire (FFQ) tailored to the Sicilian population. This 
FFQ is used to evaluate the nutritional profiles of all con-
senting patients of our Internal Medicine Ward or their 
relatives if the patients are unable to respond [14].

Study design and population
This study involves a retrospective analysis of patient 
records from 2010 to 2020. We focused on patients who 
were discharged with a diagnosis of metabolic syndrome 



Page 3 of 9Daidone et al. BMC Nutrition           (2025) 11:44 	

according to the NCEP ATP-III criteria [15]. The cohort 
consists of 353 patients: 178 diagnosed with arterial 
hypertension and 175 control patients admitted for rea-
sons other than hypertension or its related conditions 
(e.g., pneumonia, syncope, trauma, and other infections).

Data collection and measurements
Upon admission, comprehensive measurements were 
taken for each patient, including blood pressure, serum 
glucose, creatinine, uric acid, cholesterol, triglycerides, 
ferritin, and CRP levels. Clinical histories and diagnos-
tic imaging techniques such as CT and MRI, along with 
instrumental examinations including echocardiography, 
ECG, and ultrasound, were used to identify comorbid 
conditions. These conditions included type 2 diabetes 
mellitus, cirrhosis, heart failure, atrial fibrillation, chronic 
ischemic heart disease, cerebrovascular disease, COPD/
OSAS, renal failure (staged according to NFK-DOQI 
criteria), and atherosclerotic disease (AOCP/carotid 
atherosclerosis).

Diabetes was defined by the ADA 2007 criteria or 
previous dietary, oral antidiabetic or insulin treatment 
before hospital admission [16].

Arterial hypertension was assessed using the ESC/ESH 
2007 criteria [17].

Hypercholesterolemia was defined as serum total cho-
lesterol levels ≥ 5.1 mmol/L, and hypertriglyceridemia as 
levels ≥ 1.7 mmol/L, following the NCEP-ATP III criteria 
[18]. Stroke was defined as a clinical presentation of focal 
neurological signs or symptoms believed to be of vascu-
lar origin, persisting for more than 24 h, and confirmed 
by brain CT and MRI at baseline and follow-up CT after 
48–72 h.

Mediterranean diet adherence
Adherence to the Mediterranean diet was evaluated 
using a semi-quantitative food frequency questionnaire 
(FFQ) adapted for the southern Italian population [14]. 
The Mediterranean Diet Score, based on guidelines by 
Trichopoulou et  al., was used to assess the frequency 
and consumption of foods typical of the Mediterranean 
diet. Scores ranged from 0 to 5 for each food group, with 
higher scores indicating greater adherence [19].

The key components of the diet included:

Abundant use of olive oil for cooking and dressing 
dishes.
Consumption of ≥ 2 daily servings of vegetables (at 
least one fresh serving in a salad).
 ≥ 2–3 daily servings of fresh fruits (including natural 
juices).
 ≥ 3 weekly servings of legumes.

≥ 3 weekly servings of fish or seafood (at least one 
serving of fatty fish).
 ≥ 1 weekly serving of nuts or seeds.

Preference for white meats (poultry without skin or 
rabbit) over red meats or processed meats.

Regular cooking with tomato, garlic, and onion, either 
with or without other aromatic herbs.

Negative recommendations included limiting or elimi-
nating the consumption of cream, butter, margarine, 
cold meat, pâté, duck, carbonated or sugared beverages, 
pastries, industrial bakery products, industrial desserts, 
French fries or potato chips, and pre-cooked cakes and 
sweets.

Alcohol consumption was also considered, recom-
mending wine as the primary source, with a maximum 
of 300  ml per day (1–3 glasses). Optimal alcohol con-
sumption scores were given for less than 300 ml per day, 
with lower scores for no consumption or consumption 
exceeding 700 ml per day.

Patients were categorized based on their adherence 
to the Mediterranean diet, with scores as follows: Low 
adherence: 0–7 points; Moderate adherence: 8–10 points; 
High adherence: 11–17 points.

The adherence scores were then correlated with the 
presence of metabolic syndrome and its individual 
components.

Ethical considerations
The study protocol was approved by the Ethics Commit-
tee of Paolo Giaccone University Hospital of Palermo. 
Due to the retrospective nature of the study, informed 
consent was not obtained. All methods were carried out 
in accordance with relevant guidelines and regulations.

Statistical analysis
Statistical analysis of quantitative and qualitative data, 
including descriptive statistics, was performed for all 
items. Continuous data are expressed as the mean ± SD 
unless otherwise specified. Baseline differences between 
groups were evaluated by the chi-squared or Fisher’s 
exact test, as appropriate for categorical variables, and by 
independent Student’s t-test for continuous parameters. 
Spearman correlation analysis was conducted to examine 
the association between the MDS score and risk factors, 
and each categorical variable was converted to dummy 
variables, as appropriate. Univariate analysis of variance 
(ANOVA) was performed for parametric variables, and 
post hoc analysis with Tukey’s test was used to determine 
if there were pairwise intragroup differences. Multino-
mial logistic regression analysis examined the correlation 
between patient characteristics (independent variables) 
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and the MDS score (dependent variable) in simple and 
multiple regression models.

Results
We analyzed the data of 178 hypertensive patients and 
175 control subjects without hypertension.

The comparison between the demographic variables 
of the hypertensive and control groups showed that the 
hypertensive patients were older (73 ± 11.5 vs. 57.2 ± 5.7; 
p < 0.0005) and had a higher mean BMI (29.9 ± 5.2 vs. 
25 ± 2.4, p < 0.0005) and that the degree of adherence to 
the Mediterranean diet, evaluated by the Mediterranean 
diet score, was significantly higher in the control group 
(p < 0.0005) (Table 1).

Hypertensive subjects also showed significantly lower 
mean GFR values ​​(56.8 ± 30 vs. 87.7 ± 35.1 p < 0.0005), 
higher uric acid ​​(mg/dl) (6.9 ± 6.9 vs. 3.9 ± 1.3; p < 0.0005), 
total cholesterol (mg/dl) (159.2 ± 46.2 vs. 145.4 ± 38.8; 
p = 0.003), LDL (mg/dl) (89.7 ± 34 vs. 78.7 ± 30.6; 
p < 0.0005), and triglyceride values (mg/dl) (132.5 ± 55.3 
vs. 99.1 ± 44, p < 0.0005) and lower HDL values (mg/
dl) ​​(41.2 ± 13.8 vs. 45.8 ± 20.4; p = 0.016), as reported in 
Table 2.

Hypertensive subjects also showed significantly 
lower mean glomerular filtration rate (GFR) values (ml/
min/1.73m2) ​​(56.8 ± 30 vs. 87.7 ± 35.1), higher uric acid ​​
(mg/dl) ​​(6.9 ± 6.9 vs. 3.9 ± 1.3; p < 0.0005), total cholesterol ​​
(mg/dl) (159.2 ± 46.2 vs. 145.4 ± 38.8; p = 0.003), LDL ​​(mg/
dl) (89.7 ± 34 vs. 78.7 ± 30.6; p < 0.0005), and triglyceride 
values ​​(mg/dl) (132.5 ± 55.3 vs. 99.1 ± 44, p < 0.0005) and 
lower HDL values ​​(41.2 ± 13.8 vs. 45.8 ± 20.4; p = 0.016), 
as reported in Table 2.

Considering the comorbidities of hypertensive subjects 
compared to controls, it was highlighted that various 

comorbidities were more prevalent among the former 
group, such as type 2 diabetes mellitus (p < 0.0005), heart 
failure (p < 0.0005), ischemic heart disease (p < 0.0005), 
and chronic renal failure (p < 0.0005); on the other hand, 
atrial fibrillation and carotid arteriosclerosis/PAD were 
more common among the subjects in the control group 
(Table 3).

Then, to analyze the hypertensive group, we stratified 
the patients in relation to their adherence to a Mediter-
ranean-type dietary regimen, identifying two groups: 
a group of subjects who were more adherent to the 
Mediterranean diet (Mediterranean diet scores of 5–9) 
and a group of subjects who were less adherent (MDS 
of 0–4). The analysis of the clinical data of both groups 
highlighted that a lower adherence to the MDS was sig-
nificantly associated (p < 0.0005) with an increased preva-
lence of diseases such as dyslipidemia, cardiovascular 

Table 1  Demographic and clinical variables in subjects with hypertension and in control subjects without hypertension

Subjects with hypertension 
(n = 178)

Controls (n = 175) p

Age 73 ± 11,5 57.2 ± 5.7

Sex (n%)
  Males 85 (47.75) 76 (43.42)

  Females 93 (52.24) 99 (56.57)

BMI (mean + -dS) (kg/m2) 29.9 ± 5,2 25 ± 2.4  < 0,0005
Smoker (n/%)
  Active 118 (66.29) 83 (47.42)

  Ex-smokers 48 (26.96) 59 (33.71)

  Nonsmokers 11 (6.19) 33 (18.85)

Mediterranean Diet Score (MDS): 3.8 ± 1.6 6.9 ± 1,5  < 0,0005
  Low adherence (1–4) 125 (70) 9 (5)

  High adherence (5–9) 53 (30) 166 (95)

Mediterranean Diet Score (MDS) Mean 3.8 ± 1.6 6.9 ± 1.5  < 0,0005

Table 2  Laboratory variables in subjects with hypertension vs. 
Controls

HDL high-density lipoprotein, LDL low -density lipoprotein

Subjects with hypertension n = 178) Controls (n = 175)

Creatinine (mg/dL) (Mean + -dS 1.6 ± 1.4 1.1 ± 0.9  < 0,0005
GFR (CKD-EPI) (mL/min) 
(Mean + -dS

56.8 ± 30 87.7 ± 35.1

Total cholesterol (mg/dL) 
(Mean + -dS

159.2 ± 46.2 145.4 ± 38.8 0,003

HDL (mg/dL) (mean/dS) 41.2 ± 13.8 45.8 ± 20.4 0.016
LDL (mg/dL) (mean/dS) 89.7 ± 34 78.7 ± 30.6  < 0.005
Triglycerides (mg/dL) (mean/dS) 132.5 ± 55.3 99.1 ± 44  < 0.0005
Uric acid (mg/dL) (mean/dS) 6.9 ± 6.9 3.9 ± 1.3  < 0.0005
Serum iron (mcg/dL) (mean/dS) 53.6 ± 36.6 58.2 ± 17.2 0.140

Ferritin (ng/L) (mean/dS) 259.3 ± 73.8 132.7 ± 99.7 0.026
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diseases, chronic renal insufficiency and PAD/carotid 
atherosclerosis (Table 4).

In addition to the clinical-anamnestic data, the labo-
ratory data collected during hospitalization in the ward 
were also analyzed, and it was highlighted that subjects 
with lower MDS had significantly worse lipid profiles 
(Table 5), whereas mean serum uric acid values ​​were sig-
nificantly higher in subjects who adhered to the Mediter-
ranean diet.

Discussion
This study enrolled 178 hypertensive patients and 175 
non-hypertensive control subjects with the aim of assess-
ing their cardiovascular risk based on their adherence to 
the Mediterranean diet; albeit with the intrinsic limita-
tions of our study, some interesting evidence has been 
highlighted.

In our study hypertensive subjects presented more 
comorbidities than normotensive subjects; in fact, among 
the hypertensive patients, we reported a lower mean glo-
merular filtration rate (GFR) value, higher serum uric 
acid, higher mean serum total cholesterol and LDL cho-
lesterol, higher mean triglyceride values and lower mean 
serum l HDL cholesterol values ​.

Thus, the hypertensive subjects also presented a worse 
cardiovascular profile, as evidenced by the higher aver-
age BMI and worse lipid profile of these subjects com-
pared to those in the control group (Table  2). Such 
evidence is already widely reported in the literature; we 
can cite several studies that demonstrate a higher preva-
lence of comorbidities in hypertensive subjects, such as 
the ‘Korea National Health and Nutrition Examination 
Survey 2007–2013’, which evaluated more than 30.000 
subjects and highlighted that hypertensive people had 
a higher prevalence of obesity, dyslipidemia and altered 
fasting glycemia [20].

The control subjects compared to the hypertensive 
group and a higher frequency of PAD and AF have found 
(Table 3). One possible explanation could be that many of 
the control subjects, although not superior to the hyper-
tension group, were smokers, as smoking is an independ-
ent risk factor for both PAD and AF [21, 22].

Among the hypertensive subjects we evaluated, those 
who were less adherent to the Mediterranean diet showed 
a higher prevalence of chronic renal failure than those 
who were more adherent to it (65% vs. 32%, p < 0.0005, 
Table 2); these data are in agreement with what has been 
highlighted by some other studies, such as the Northern 
Manhattan Study (NOMAS), a prospective study con-
ducted with 3.298 subjects of different ethnicities; the 
NOMAS was conducted from 1993 to 2008, evaluated 
the evolution of the GFR and showed that, in subjects 

Table 3  Prevalence of comorbidities in subjects with 
hypertension and in controls without hypertension

COPD Chronic obstructive pulmonary disease, PAD Peripheral artery disease, 
CKD Chronic kidney disease, CAD Coronary artery disease

Hypertension 
patients 
(N = 178)

Controls (N = 175) P

Dyslipidemia (n%) 105 (59) 41 (23.43)

Diabetes (n%) 131 (73) 53 (30)  < 0.0005
COPD (n%) 60 (34) 31 (17.7)

Atrial fibrillation (n%) 53 (30) 82 (47)  < 0.001
CAD (n%) 70 (40) 34 (19)  < 0.0005
Heart failure (n%) 80 (45) 40 (23)  < 0.0005
CKD (n%) 98 (55) 31 (18)  < 0.0005
PAD (n%) 62 (35) 80 (46) 0.037
Cirrhosis (n%) 15 (8) /

Table 4  Prevalence of comorbidities in hypertension patients 
with regard to the degree of adherence to a Mediterranean Diet 
style

COPD Chronic obstructive pulmonary disease, PAD Peripheral artery disease, 
CKD Chronic kidney disease, CAD Coronary artery disease

Subjects with low adherence
(MED-SCORES of 0–4) (N = 125)

Subjects with high 
adherence 
(MED-SCORES of 5–9)
(N = 53)

Dyslipidemia (n%) 93 (74) 12 (23)  < 0.0005
COPD (n%) 37 (30) 23 (43) 0.075
Diabetes (n%) 93 (74) 38 (72) 0.585

Heart failure (n%) 56 (45) 24 (45) 0.953

CAD 52 (42) 18 (34) 0.340

CKD 81 (65) 17(32)  < 0.0005
PAD 57 (46) 5 (9)  < 0.0005
Cirrhosis 9 (7) 6 (11) 0.365

Table 5  Laboratory variables in hypertension patients with 
regard to the degree of adherence to a Mediterranean Diet style

HDL High-density lipoprotein, LDL Low -density lipoprotein, Hb1Ac Glycated 
hemoglobin

*p < 0.005

**p > 0.0001

Subjects with low adherence
(MED-SCORES 0–4) (N = 125

Subjects with 
high adherence
(MEDSCORES of 
5–9) (N = 53)

p

Total cholesterol (mg/dL) 169.8 ± 46.3 134.3 ± 35.1  < 0,0005
HDL-cholesterol (mg/dL) 39.3 ± 13.2 45.7 ± 14.2 0,004
LDL cholesterol (mg/dL) 93.6 ± 42.4 80.64 ± 32.1 0,48

Triglycerides(mg/dL) 139.1 ± 58.2 117 ± 44.4 0,14

Uric Acid (mg/dL)* 6.2 ± 2.4 8.8 ± 12.2 0,035
Hb1Ac** 8.3 ± 3 7.5 ± 1.6 0,424



Page 6 of 9Daidone et al. BMC Nutrition           (2025) 11:44 

with MediScores > 5, there was a 50% lower probability of 
having a GFR < 60  ml/min/1.73 m2 [23]. Another recent 
study conducted by the Department of Internal Medicine 
of the University of Groningen highlighted how greater 
adherence to the Mediterranean diet was associated with 
better renal function outcomes in patients undergoing 
kidney transplantation. [24].

Our study also highlighted that subjects with better 
adherence to the Mediterranean diet were less affected 
by dyslipidemia (23% vs. 74%) and they showed a better 
lipid profile in terms of total cholesterol, high-density 
lipoprotein (HDL), low-density lipoprotein (LDL) and 
triglyceride values (Table  4). These data are also in line 
with what is reported in the literature; in fact, there are 
various studies that have highlighted the positive impact 
of the Mediterranean diet on the lipid profile, such as the 
Aragon Workers Health Study, which compared the lipid 
profile of subjects adhering to the Mediterranean diet 
with that of subjects with a Western-type diet rich in red 
meat and dairy products [25].

Hypertensive patients with greater adherence to the 
Mediterranean diet had higher serum uric acid levels 
(Table 2). The ATTICA study showed that the Mediter-
ranean diet reduced uric acid levels and hyperurice-
mia [11]. Our results do not seem to be in line with that 
study. Within the population of hypertensives there were 
patients with higher BMI, higher prevalence of diabe-
tes and liver cirrhosis. It has been shown that despite its 
antioxidant properties, moderate red wine consumption 
in patients with NAFLD increases triglyceride and uric 
acid levels and might worsen liver disease [26]. A fur-
ther study showed that tea consumption might increase 
uric acid levels [27]. Red wine is present in the Mediter-
ranean diet in modest amounts, usually consumed with 
meals, while, tea is present in low quantities in the Medi-
terranean diet. Although NAFLD was not reported in the 
group of hypertensive patients, the presence of increased 
BMI, worse lipid profile, and higher prevalence of diabe-
tes may suggest that NAFLD may be widespread in this 
population. This could explain why despite the higher 
adherence to the Mediterranean diet in these hyperten-
sive patients there is an increase in serum uric acid levels.

Another element of interest highlighted by our study 
is undoubtedly the greater average adherence to the 
Mediterranean diet of nonhypertensive subjects com-
pared to hypertensive subjects (Table 1); this is interest-
ing because there is not yet consolidated evidence in the 
literature regarding the protective role of the Mediterra-
nean diet against arterial hypertension, even from some 
important studies, such as the aforementioned ATTICA 
study, “The Greek EPIC” 30 study, or the study conducted 
by the Seguimiento Universidad de Navarra [8–10]. This 
result suggests the opportunity to conduct new studies 

that can better clarify and highlight the role of the Medi-
terranean diet not only in the prevention of cardiovascu-
lar risk, understood generically but also in the prevention 
of arterial hypertension sensu stricto.

Finally, the findings highlighted by our study satisfied 
our initial purpose, that is, to evaluate whether the risk 
factors for hypertension and other various comorbidities 
had a relationship with the better adherence toA Medi-
terranean diet style based on the identified cutoff of the 
MDS (< 5, > 5); what emerged in this sense was that lower 
adherence to the Mediterranean diet was associated with 
a higher BMI, worse lipid profile, and higher prevalence 
of metabolic and vascular comorbidieties such as dia-
betes and peripheral artery disease ( PAD) and CKD ( 
chronic kidney disease) in the subjects we evaluated, thus 
showing an increased prevalence of metabolic syndrome, 
accelerated atherosclerosis and, consequently, cardiovas-
cular risk (Table 4).

This worse metabolic and consequently pro-athero-
genic profile associated to a lower adherence to a Medi-
terranean Diert is furtherly demonstred by our findings 
concerning the higher median serum levels of mean 
serum total cholesterol and serum uric acid and lower 
mean serum HDL cholesterol, in our subjects with lower 
adherence to Mediterranean Diet indicating as this worse 
lipidaemic profile represents the metabolic phenotype of 
lower adherence to this dietetic style.

Although not yet unanimously recognized and 
accepted, and in consideration of our study and other 
studies that have investigated this issue, it is reason-
able to hypothesize that the Mediterranean diet can 
play an important role not only in terms of reducing 
cardiovascular risk but also in terms of the prevention 
and management of arterial hypertension. Compared 
to the Western diet, the Mediterranean diet is char-
acterized by the use of olive oil as the main source of 
fat; the latter is rich in polyphenols, which some stud-
ies, such as the study conducted by Rafael Moreno-
Luna and colleagues, have shown to have a hypotensive 
effect [28]. The aforementioned study compared the 
blood pressure values ​​of participants subjected to the 
intake of olive oil rich in polyphenols with those of 
subjects who took polyphenol-free olive oil, highlight-
ing that the former showed lower tension values ​​than 
the latter after adhering to this diet for four months 
(PAS < 7.79 mm Hg; PAD < 6.65 mm Hg); this was prob-
ably due to the vasoprotective action mediated by the 
stimulation of nitric oxide secretion, whose antioxidant 
action would contribute to the reduction of oxidized 
LDL and PCR serum values and consequently reducing 
endovascular damage and inflammation, thus contrib-
uting to the restoration of correct vascular reactiv-
ity [29]. Olive oil, in addition to other components of 
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the Mediterranean diet such as walnuts, almonds, and 
olives, is rich in monounsaturated fatty acids (MUFAs), 
which are known to be associated with an improve-
ment in the lipid profile and insulin sensitivity. Then, 
in analyzing the characteristics of the Mediterranean 
diet compared to those of the Dietary Approaches to 
Stop Hypertension (DASH) diet, which is currently the 
only diet whose hypotensive value is unanimously rec-
ognized, we can see how these show different points of 
contact; both diets are, in fact, rich in fruits, vegeta-
bles, seeds, and unsaturated oils and require a reduced 
intake of red meat. The main differences between the 
two dietary regimes are the attention to a reduced 
intake of salt, provided by the DASH diet and less by 
the Mediterranean diet, and the greater intake of white 
meats and low-fat dairy products in the DASH diet, 
which, according to some studies, could be associ-
ated with a reduction in arterial pressure values ​​[29]. 
The above characteristics, concerning the antioxidant 
function of the Mediterranean diet, obviously explains 
the reduction, as a consequence of the practice of this 
dietary regime of oxidative stress and therefore of vas-
cular degeneration processes such as atherosclerosis, as 
demonstrated by various studies such as the just men-
tioned Northern Manhattan Study, which, in addition 
to evaluating the effects of the Mediterranean diet on 
renal function, also assessed those on atherosclerosis, 
demonstrating a reduction in the intima-media carotid 
thickness in subjects strictly adhering to the Mediter-
ranean diet [23, 24].

Ultimately, from our study, even with all the limita-
tions of the study, it emerged that the Mediterranean 
diet, when understood not only as a food scheme but 
also as a real lifestyle, is, by its cultural and healthy con-
notations, a practice to be preserved and placed at the 
center of any public prevention plan, especially in situ-
ations such as ours; the Mediterranean diet represents 
not only a healthy lifestyle but also a precious tradition 
in historical and sociocultural terms. However, this is 
undermined by culinary globalization, which is a har-
binger of some eating habits that are not only foreign 
but also potentially harmful to our health.

Limitations
The first limitation of our study is its retrospective 
nature. Another possible limitation relies on our find-
ings concerning the higher frequency of males and 
smokers. Furthermore, a limitation is the fact that it 
was conducted in a single institution. Additionally, the 
data could be affected by recall bias and the control 
group is not age-comparable.

In conclusion, (Please give a conclusion paragraph 
that gives the results of this study as a summary.)

Conclusions
Our findings showed that hypertensive patients in com-
parison to control were more likely to be older, to have 
a higher BMI and a lower adherence to a Mediterranean 
Diet style as expressed by the Mediterranean Diet Score. 
We also showed that a lower adherence to the Mediter-
ranean diet in hypertensive subjects is significantly asso-
ciated with an increased prevalence of dyslipidemia, 
cardiovascular diseases, chronic renal insufficiency, and 
peripheral and carotid atherosclerosis, and to a worse 
lipid profile. Thus, we report that in hypertensive sub-
jects a lower adherence to a Mediterranean Diet Style is 
associated with a worse cardiovascular risk factor profile 
in hypertensive patients.

Acknowledgements
This is not a clinical trial.

Informed consent
Informed consent was not obtained owing to the retrospective nature of the 
study.

Authors’ contributions
M.D: wrote the manuscript;, T.D.C: wrote the main manuscript text; A.D. C: col-
lected the data and revised the manuscript A.C: statistical analysis and reviwed 
the manuscript;GS: collected the data; D.D.R: collected the data; A.T: wrote and 
reviewed the manuscript.

Funding
No funding to declare.

Data availability
Data from our database are available to be provided on request

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of the Policlinico P. 
Giaccone, University Hospital.
all methods were carried out in accordance with relevant guidelines and 
regulations.
Informed consent was not obtained owing to the retrospective nature of the 
study.
Hospital Ethics Committee of the Policlinico P. Giaccone, University Hospital.
waived the need for informed consent that was not obtained owing to the 
retrospective nature of the study.
N.A. (retrospective article).
The study protocol was approved by the Ethics Committee of the Policlinico P. 
Giaccone, University Hospital.

Consent for publication
N.A. (retrospective article).

Competing interests
The authors declare no competing interests.

Author details
1 Internal Medicine and Stroke Care Ward, Policlinico P. Giaccone University 
Hospital, Palermo, Italy. 2 Department of Health Promotion, Mother and Child 
Care, Internal Medicine and Medical Specialties (ProMISE), University 
of Palermo, Piazza Delle Cliniche N.2, 90127 Palermo, Palermo, Italy. 



Page 8 of 9Daidone et al. BMC Nutrition           (2025) 11:44 

Received: 27 January 2024   Accepted: 3 February 2025

References
	1.	 Da Silva R, Bach-Faig A, Raidó Quintana B, Buckland G, Vaz de Almeida 

MD, Serra-Majem L. Worldwide variation of adherence to the Mediter-
ranean diet, in 1961–1965 and 2000–2003. Public Health Nutr. 2009 
;12(9A):1676–84. https://​doi.​org/​10.​1017/​S1368​98000​99905​41. PMID: 
196898.

	2.	 De Pergola G, D’Alessandro A. Influence of Mediterranean Diet on 
Blood Pressure. Nutrients. 2018;10(11):1700.

	3.	 Belahsen R, Rguibi M. Population health and Mediterranean 
diet in southern Mediterranean countries. Public Health Nutr. 
2006;9(8A):1130–5. https://​doi.​org/​10.​1017/​S1368​98000​76685​17. PMID: 
17378952.

	4.	 Schwingshackl L, Hoffmann G. Mediterranean dietary pattern, inflam-
mation and endothelial function: A systematic review and meta-analy-
sis of intervention trials. Nutr Metab Cardiovasc Dis. 2014;24:929–39.

	5.	 D’Alessandro A, De Pergola G. The Mediterranean Diet: Its definition 
and evaluation of a priori dietary indexes in primary cardiovascular 
prevention. Int J Food Sci Nutr. 2018;69:647–59.

	6.	 Estruch R, Ros E, Salas-Salvadó J, Covas MI, Corella D, Arós F, Gómez-
Gracia E, Ruiz-Gutiérrez V, Fiol M, Lapetra J, Lamuela-Raventos RM, 
Serra-Majem L, Pintó X, Basora J, Muñoz MA, Sorlí JV, Martínez JA, 
Martínez-González MA, PREDIMED Study Investigators. Primary preven-
tion of cardiovascular disease with a Mediterranean diet. N Engl J Med. 
2013;368(14):1279–90.

	7.	 De Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle N. Med-
iter- ranean diet, traditional risk factors, and the rate of cardiovascular 
complications after myocardial infarction: final report of the Lyon Diet 
Heart Study. Circulation. 1999;99:779–85.

	8.	 Psaltopoulou T, Naska A, Orfanos P, Trichopoulos D, Mountokalakis T, 
Trichopoulou A. Olive oil, the Mediterranean diet, and arterial blood 
pressure: the Greek European Prospective Investigation into Cancer 
and Nutrition (EPIC) study. Am J Clin Nutr. 2004;80(4):1012–8. https://​
doi.​org/​10.​1093/​ajcn/​80.4.​1012. Erratum in: Am J Clin Nutr. 2005 
May;81(5):1181. PMID: 15447913.

	9.	 Nunez-Cordoba JM, Valencia-Serrano F, Toledo E, Alonso A, Martinez-
Gonzalez MA. The Mediterranean diet and incidence of hypertension: 
the Seguimiento Universidad de Navarra (SUN) Study. Am J Epidemiol. 
2009;169(3):339–46.

	10.	 Kouli GM, Panagiotakos DB, Kyrou I, Magriplis E, Georgousopoulou EN, 
Chrysohoou C, Tsigos C, Tousoulis D, Pitsavos C. Olive oil consumption 
and 10-year (2002–2012) cardiovascular disease incidence: the ATTICA 
study. Eur J Nutr. 2019;58(1):131–8. https://​doi.​org/​10.​1007/​s00394-​
017-​1577-x. Epub 2017 Nov 9 PMID: 29124386.

	11.	 Tuttolomondo A, Casuccio A, Buttà C, Pecoraro R, Di Raimondo D, Della 
Corte V, Arnao V, Clemente G, Maida C, Simonetta I, Miceli G, Lucifora 
B, Cirrincione A, Di Bona D, Corpora F, Maugeri R, Iacopino DG, Pinto A. 
Mediterranean Diet in patients with acute ischemic stroke: Relation-
ships between Mediterranean Diet score, diagnostic subtype, and 
stroke severity index. Atherosclerosis. 2015;243(1):260–7. https://​doi.​
org/​10.​1016/j.​ather​oscle​rosis.​2015.​09.​017. Epub 2015 Sep 11 PMID: 
26409625.

	12.	 Tuttolomondo A et al., Relationship between adherence to the 
Mediterranean Diet, intracerebral hemorrhage, and its location, Nutri-
tion, Metabolism & Cardiovascular Diseases, https://​doi.​org/​10.​1016/j.​
numecd.​2019.​06.​010.

	13.	 Tuttolomondo A, Di Raimondo D, Casuccio A, Velardo M, Salamone 
G, Cataldi M, Corpora F, Restivo V, Pecoraro R, Della Corte V, Maida 
C, Simonetta I, Cirrincione A, Vassallo V, Pinto A. Mediterranean diet 
adherence and congestive heart failure: Relationship with clinical 
severity and ischemic pathogenesis. Nutrition. 2020;70. https://​doi.​org/​
10.​1016/j.​nut.​2019.​110584. Epub 2019 Sep 13 PMID: 31759318.

	14.	 Fernandez-Ballart D, Pinol JL, Zazpe I, et al. Relative validity of a semi-
quantitative food-frequency questionnaire in an elderly Mediterranean 
Population of Spain. Br J Nutr. 2010;103:1808–16.

	15.	 Alexander CM, Landsman PB, Teutsch SM, Haffner SM, Third National 
Health and Nutrition Examination Survey (NHANES III); National 

Cholesterol Education Program (NCEP). NCEP-defined metabolic 
syndrome, diabetes, and prevalence of coronary heart disease 
among NHANES III participants age 50 years and older. Diabetes. 
2003;52(5):1210–4.

	16.	 Puavilai G, Chanprasertyotin S, Sriphrapradaeng A. Diagnostic criteria 
for diabetes mellitus and other categories of glucose intolerance: 1997 
criteria by the Expert Committee on the Diagnosis and Classification 
of Diabetes Mellitus (ADA), 1998 WHO consultation criteria, and 1985 
WHO criteria. World Health Organization. Diabetes Res Clin Pract. 
1999;44(1):21–6.

	17.	 Mansia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, 
Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope 
L, Rynkiewicz A, Schmieder RE, Struijker Boudier HA, Zanchetti A, 
European Society of Hypertension; European Society of Cardiology. 
2007 ESH-ESC Guidelines for the management of arterial hyperten-
sion: the task force for the management of arterial hypertension of the 
European Society of Hypertension (ESH) and of the European Society 
of Cardiology (ESC). Blood Press. 2007;16(3):135–232.

	18.	 Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults. Executive Summary of The Third Report of The 
National Cholesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, And Treatment of High Blood Cholesterol In Adults 
(Adult Treatment Panel III). JAMA. 2001;285(19):2486–97.

	19.	 Trichopoulou A, Orfanos P, Norat T, et al. Modified Medierranean Diet 
and Survival: EPIC-Elderly Prospective Cohort. Study BMJ. 2005;330:99.

	20.	 Noh J, Kim HC, Shin A, Yeom H, Jang SY, Lee JH, Kim C, Suh I. Prevalence 
of Comorbidity among People with Hypertension: The Korea National 
Health and Nutrition Examination Survey 2007–2013. Korean Circ J. 
2016;46(5):672–80.

	21.	 Sansone R, Busch L, Langhoff R. Update ESC-Leitlinie 2017: Periphere 
arterielle Verschlusserkrankung [Update ESC-Guideline 2017: Focus 
on PAD]. Dtsch Med Wochenschr. 2018 ;143(20):1455–1459. Ger-
man. https://​doi.​org/​10.​1055/a-​0588-​7317. Epub 2018 Oct 4. PMID: 
30286494.

	22.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist 
C, Boriani G, Castella M, Dan GA, Dilaveris PE, Fauchier L, Filippatos G, 
Kalman JM, La Meir M, Lane DA, Lebeau JP, Lettino M, Lip GYH, Pinto 
FJ, Thomas GN, Valgimigli M, Van Gelder IC, Van Putte BP, Watkins CL; 
ESC Scientific Document Group. 2020 ESC Guidelines for the diagnosis 
and management of atrial fibrillation developed in collaboration with 
the European Association for Cardio-Thoracic Surgery (EACTS): The 
Task Force for the diagnosis and management of atrial fibrillation of 
the European Society of Cardiology (ESC) Developed with the special 
contribution of the European Heart Rhythm Association (EHRA) of the 
ESC. Eur Heart J. 2021 ;42(5):373–498. https://​doi.​org/​10.​1093/​eurhe​
artj/​ehaa6​12. Erratum in: Eur Heart J. 2021 ;42(5):507. Erratum in: Eur 
Heart J. 2021;42(5):546–547. Erratum in: Eur Heart J. 2021 ;42(40):4194. 
PMID: 32860505.

	23.	 Khatri M, Moon YP, Scarmeas N, Gu Y, Gardener H, Cheung K, Wright CB, 
Sacco RL, Nickolas TL, Elkind MS. The association between a Mediterra-
nean-style diet and kidney function in the Northern Manhattan Study 
cohort. Clin J Am Soc Nephrol. 2014;9(11):1868–75.

	24.	 Gomes-Neto AW, Osté MCJ, Sotomayor CG, van den Berg E, Geleijnse 
JM, Berger SP, Gans ROB, Bakker SJL, Navis GJ. Mediterranean Style Diet 
and Kidney Function Loss in Kidney Transplant Recipients. Clin J Am 
Soc Nephrol. 2020 Feb 7;15(2):238–246. https://​doi.​org/​10.​2215/​CJN.​
06710​619. Epub 2020 Jan 2. PMID: 31896540; PMCID: PMC7015079.

	25.	 Peñalvo JL, Oliva B, Sotos-Prieto M, Uzhova I, Moreno-Franco B, 
León-Latre M, Ordovás JM. Greater adherence to a Mediterranean 
dietary pattern is associated with improved plasma lipid profile: 
the Aragon Health Workers Study cohort. Rev Esp Cardiol (Engl Ed). 
2015;68(4):290–7.

	26.	 Peluso I, Manafikhi H, Reggi R, Palmery M. Effects of red wine on post-
prandial stress: potential implication in non-alcoholic fatty liver disease 
development. Eur J Nutr. 2015;54(4):497–507. https://​doi.​org/​10.​1007/​
s00394-​015-​0877-2. Epub 2015 Mar 16 PMID: 25772634.

	27.	 Choi HK, Curhan G. Coffee, tea, and caffeine consumption and serum 
uric acid level: the third national health and nutrition examination 
survey. Arthritis Rheum. 2007;57(5):816–21. https://​doi.​org/​10.​1002/​art.​
22762. PMID: 17530681.

https://doi.org/10.1017/S1368980009990541
https://doi.org/10.1017/S1368980007668517
https://doi.org/10.1093/ajcn/80.4.1012
https://doi.org/10.1093/ajcn/80.4.1012
https://doi.org/10.1007/s00394-017-1577-x
https://doi.org/10.1007/s00394-017-1577-x
https://doi.org/10.1016/j.atherosclerosis.2015.09.017
https://doi.org/10.1016/j.atherosclerosis.2015.09.017
https://doi.org/10.1016/j.numecd.2019.06.010
https://doi.org/10.1016/j.numecd.2019.06.010
https://doi.org/10.1016/j.nut.2019.110584
https://doi.org/10.1016/j.nut.2019.110584
https://doi.org/10.1055/a-0588-7317
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.2215/CJN.06710619
https://doi.org/10.2215/CJN.06710619
https://doi.org/10.1007/s00394-015-0877-2
https://doi.org/10.1007/s00394-015-0877-2
https://doi.org/10.1002/art.22762
https://doi.org/10.1002/art.22762


Page 9 of 9Daidone et al. BMC Nutrition           (2025) 11:44 	

	28.	 Moreno-Luna R, Muñoz-Hernandez R, Miranda ML, Costa AF, 
Jimenez-Jimenez L, Vallejo-Vaz AJ, Muriana FJ, Villar J, Stiefel P. Olive 
oil polyphenols decrease blood pressure and improve endothelial 
function in young women with mild hypertension. Am J Hypertens. 
2012;25(12):1299–304.

	29.	 Medina-Remón A, Estruch R, Tresserra-Rimbau A, Vallverdú-Queralt 
A, Lamuela- Raventos RM. The effect of polyphenol consumption on 
blood pressure. Mini Rev Med Chem. 2013;13(8):1137–49. https://​doi.​
org/​10.​2174/​13895​57511​31308​0002. PMID: 22931531.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.2174/1389557511313080002
https://doi.org/10.2174/1389557511313080002

	Mediterranean diet and hypertension: relationship between adherence to a Mediterranean diet and arterial hypertension
	Abstract 
	Background and aims 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Aims of the study

	Materials and methods
	Study design and population
	Data collection and measurements
	Mediterranean diet adherence
	Ethical considerations
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


