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Abstract: This study aimed to assess the association between adherence to the Mediterranean diet
with serum Nitric oxide, Prostacyclin, and Thromboxane B2 among Prinzmetal angina patients and
healthy persons. This case-control study was conducted among 100 Prinzmetal angina patients
and 100 healthy persons referred to the Ardabil Imam Khomeini hospital between 2021 and 2022.
Blood samples were obtained from all study participants for measurement of serum Nitric oxide,
Prostacyclin, and Thromboxane B2. To calculate adherence to the Mediterranean diet, the ten-item
screener was used. The serum Nitric oxide in patients who adhered more to the Mediterranean diet
was higher than patients with less adherence (coeff. = 0.41 p = 0.04). The serum Prostacyclin level in
patients with greater adherence to the Mediterranean diet was 0.34 units higher than patients with
less adherence (coeff. = 0.34 p = 0.02). The level of serum Thromboxane B2 had a negative association
with adherence to the Mediterranean diet (coeff. = −0.48 p = 0.04). The amount of consumption of
olive oil, fruits, vegetables, and legumes in healthy people was more than Prinzmetal angina patients.
In Prinzmetal angina patients, more adherence to the Mediterranean diet can decrease the serum
Thromboxane B2 and increase the serum Nitric oxide and Prostacyclin.
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1. Introduction

In Iran, chronic non-communicable diseases, especially cardiovascular diseases, ac-
count for a major portion of the causes of death and disability [1,2]. Deaths caused by
cardiovascular diseases in developed countries are decreasing in recent years due to pre-
ventive measures and effective interventions [3,4], while these cases are high in developing
countries [5]. Economic and industrial development and the expansion of communication
have caused mechanization; this trend changes the way of life and increases the incidence
of cardiovascular diseases (e.g., coronary heart disease). These changes include smoking,
inactivity, and an unhealthy diet [4]. On the other hand, life expectancy is increasing rapidly
due to the reduction of communicable diseases in developing countries, and people are
exposed to these risk factors for a longer period [6].

Angina is a feeling of discomfort or pain in the chest that lasts for several minutes [7].
This condition occurs when the heart is unable to receive oxygen from the coronary arteries
for a short period due to the narrowing of the coronary arteries [8]. Due to the lack of blood
reaching the heart muscle, chest pain may be felt only in the morning or sometimes in
cold weather, after eating a heavy food meal, after physical activity, and after emotional
stress [7,9]. Angina is usually felt in the middle of the chest, but it can also be felt in the
shoulders, back, lower jaw, neck, arms, and left hand [10]. There are different types of
angina, including constant, non-constant, and Prinzmetal angina [11].
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Prinzmetal angina (synonyms: vasospastic angina (VS), variant angina, spontaneous
angina) is a rare type of angina pectoris caused by spasms of blood vessels supplying the
heart and accompanied by an elevation of the ST segment in the electrocardiogram [12].
The clinical manifestation of spasms of the coronary arteries is the sudden onset of severe
pain at rest or during sleep in the morning, less often in the daytime, with no obvious
connection with physical stress, often developing at the same time of day [13,14]. The
clinical features of this angina are unbearable pain, excessive sweating, tachycardia, and
hypotension. Any attack of VS can turn into acute myocardial infarction [15].

One of the causes of Prinzmetal angina syndrome incidence can be the reduction of
Nitric oxide production [16–18]. Nitric oxide (NO) is produced from L-arginine by the
Nitric oxide synthase (NOS) [19]. The constitutive in the arterial endothelium continuously
generates NO, which maintains basal vascular tone [20]. Nitric oxide production-related
gene mutation can be one of the prinzmetal angina syndrome incidence risk factors [18].
Prostaglandin I2 is a vasodilator [21,22] and Thromboxane B2 is a vasoconstrictor [23].
Many related studies indicated that the high serum level of Thromboxane B2 and low
serum of Prostaglandin I2 can be some of the main reasons for the occurrence of Prinzmetal
angina syndrome [24,25].

The Mediterranean diet’s cardio-protective properties have been linked to increased
lifespan and decreased cardiovascular disease incidence and death in southern Europe
as compared to northern Europe in the Seven Countries Study [26,27] and the MONICA
study [28]. A Mediterranean diet score was created to aid the assessment of the health
advantages of this food pattern [29]. The Mediterranean diet involves consuming a lot of
olive oil and plant-based foods like fruit, vegetables, legumes, whole-grain cereals, nuts,
and seeds. It also includes varying amounts of fish, moderate to high amounts of alcohol
(red wine in particular), dairy products, and relatively little meat [especially red meat [27].
Evidence for the preventive impact of the Mediterranean diet on cardiovascular illnesses
is growing in observational and intervention studies [30,31]. Intervention studies have
shown that the Mediterranean diet decreases risk factors of cardiovascular disease and
death in people who have previous myocardial infarctions [32]. According to one study,
a 2-point rise in the Mediterranean diet score was strongly associated with a 9% lower risk
of cardiovascular disease death [33]. Additionally, the prospective Nurses’ Health Study
has demonstrated that the Mediterranean diet reduced the incidence of cardiovascular
diseases and stroke [34].

Many studies reported the effect of the Mediterranean diet in heart disease preven-
tion [35,36], but so far, no study has investigated the association between this dietary pat-
tern with the serum level of Prostacyclin, Nitric oxide, and Thromboxane B2 in Prinzmetal
angina patients. Due to the lack of studies in this field and the importance of identifying
effective dietary factors in the prevention and control of Prinzmetal angina, this study
assessed and compared the levels of serum Prostacyclin, Nitric oxide, and Thromboxane B2
and their association with adherence to the Mediterranean diet among Prinzmetal angina
patients and healthy people in Ardabil adults.

2. Materials and Methods

This case-control study was conducted among 100 Prinzmetal angina patients aged
40–70 years that were referred to the heart clinic of Ardabil Imam Khomeini hospital
between 2021 and 2022. The subjects of the control group (n = 100) were matched with the
subjects of the patient group based on age, gender, and body mass index (BMI) and were
selected from the patients of the skin clinic of Imam Khomeini Hospital in Ardabil.

Patients with congenital heart abnormalities and vascular heart disease, people who
are unable to move due to cerebrovascular accidents, patients with chronic inflammatory
diseases such as tuberculosis-hepatitis, pregnant women, people treated with birth control
pills/steroid replacement, people with kidney failure, patients with thyroid and parathyroid
disorders, and people who had any surgery in the last 6 months were excluded from the
study. Patients that were referred to the hospital for the first time to diagnose the disease
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were included in this study and their blood was taken at the beginning of the diagnosis, so
that they had not yet received any intervention or medication.

The general characteristics of the study participants (age, weight, height, BMI, gen-
der, marital status, level of education, history of chronic diseases, alcohol and smoking
consumption, and physical activity level) were collected by the researcher using a general
questionnaire in the form of an interview. Weight, height, and hip and waist circumferences
were measured using the standard methods. The hip circumference was measured as the
greatest circumference around the buttocks and the waist circumference was measured
halfway between the costal edge and the iliac crest. The waist-hip circumference ratio was
calculated by dividing the waist circumference by the hip circumference. Body mass index
was calculated as weight (kg) divided by squared height (m2). Systolic and diastolic blood
pressures were measured twice after resting for 15 min in a sitting position [37]. The level
of physical activity was assessed using the International Physical Activity Questionnaire
(IPAQ) [38].

2.1. Physical Activity

According to the IPAQ-S scoring protocol, METs min·wk−1 of a specific activity
(vigorous, moderate, and low-intensity PA) is computed by multiplying the MET value
of particular activity (3.3 for walking, 4.0 for moderate PA, and 8.0 for vigorous PA)
with hours spent in that particular activity (walking METs min·wk−1 = 3.3 × walking
minutes × walking days). Only the activities lasting at least 10 min were considered
physical activity. The PA was categorized using the IPAQ scoring protocol. The cut-
off levels are based on the current guidelines for PA in the IPAQ scoring protocol as
three groups: 1. “low” (some activity is reported but not enough to meet categories 2 or
3), 2. “moderate” (5 or more days of any combination of walking, moderate-intensity or
vigorous intensity activities achieving a minimum of at least 600 METs min·wk−1) and
3. “high” (7 or more days of any combination of walking, moderate- or vigorous-intensity
activities accumulating at least 3000 METs min·wk−1).

2.2. Nitric Oxide Measurement

Blood samples were obtained from all study participants after fasting for at least
10 h. All the samples were centrifuged at 3000× g for 10 min and serum samples were
divided into aliquots and stored at −70 ◦C until analysis. Nitric oxide was measured by the
Griess reaction using the micro-pitting method. To measure total Nitrite and Nitrate (NOx)
concentrations, 100 microliters of serum were poured into a micro pellet and the samples
were kept overnight at 4 ◦C. At this stage, to separate the protein sediment, the samples
were centrifuged for 10 min in 1000× g and 100 microliters of the upper phase were kept
for measurement. Then, 100 microliters of vanadium chloride solution were kept from the
upper phase for NOx measurement. Then, 100 microliters of vanadium chloride solution
(8 mg/mL) were added to convert Nitrates into Nitrites. One hundred microliters of each
serum were poured into a 96-well plate. One hundred microliters of sulfanilamide solution
(1 g in 100 cc of 5% phosphoric acid) were added to all the wells containing the sample
and standard. The plate was incubated for 5–10 min in the dark at room temperature.
One hundred microliters of N-1 naphthyl ethylene diamine dihydrochloride solution was
added to all the wells and the plate was incubated again for 5–10 min in the darkroom at
room temperature. The maximum optical absorption after half an hour was read using
a spectrophotometer at a wavelength of 540 nm and the concentration of the samples was
calculated using the standard curve. Based on the range of normal concentration of NOx as
around 30 to 40 micromolar, the concentrations of 2, 12, 25, 50, 100, and 200 mmol/L were
considered as the standard range.

2.3. Prostacyclin Measurement

A validated commercially available ELISA Kit for Prostacyclin measurement (Glory
Science Co., Ltd. Company, Hemei, Taiwan, China) was used. First, the reagents were
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brought to room temperature. Fifty microliters of standard liquid were added to the first
tube and 100 microliters were removed from the first tube and added to the second tube.
Fifty microliters were taken from the second tube and added to the third tube and this
process continued until the end. After removing the blank, 40 microliters of sample were
added to the sample tubes and mixed. Then the solutions were incubated at 37 ◦C for
30 min. After incubation, washing solution was added and washed 5 times. Fifty microliters
of HRP solution were added to each sample and incubated for 30 min for the second time.
After the incubation, the washing step was performed again. In the next step, 50 uL
of chromogen A and B were added to each tube except the blank, and the tubes were
prevented from light exposure for 30 min. Then, 50 microliters of stopping solution
was added and after 15 min, the optical absorption of the solutions was measured using
a spectrophotometer at a wavelength of 450 nm. The measurement range was 50–150 ng/L.

2.4. Measurement of Thromboxane B2

A validated commercially available ELISA Kit for Human Thromboxane B2 measure-
ment was used. First, the reagents were brought to room temperature. Fifty microliters
of the standard liquid belonging to the kit itself was poured into each tube, then 100 mi-
croliters of the standard solution was added to the first tube, and 100 microliters was
removed from the first tube and added to the second tube. Fifty microliters was taken
from the second tube and added to the third tube and this process continued until the
end. After removing the blank, 40 microliters of the sample was added to the sample
tubes and mixed gently. Then, the solutions were incubated at 37 ◦C for 30 min. After
incubation, the washing solution was diluted 30 times. In the next step, a washing solution
was added to the samples and they were incubated for the second time for 30 min at the
same temperature. After the incubation, the washing step was performed again. In the
next step, 50 U of chromogen A and chromogen B were added to each tube except the
blank, and the tubes were prevented from light exposure for 30 min. Then, 50 microliters of
stopping solution was added and after 15 min, the optical absorption of the solutions was
measured using a spectrophotometer at a wavelength of 450 nm. The measurement range
was 1000–500 pg/mL.

2.5. Mediterranean Dietary Pattern Evaluation

The ten-item, ten-point Mediterranean Diet Adherence Screener (MEDAS) question-
naire was used to determine adherence to the MD. Based on the MEDAS ranking, par-
ticipants in this study were divided into two groups: those who adhered to the MD
less frequently (0–9) and those who adhered more frequently (10+). The frequency and
percentage of responses to each item summed to total score calculation [39].

2.6. Statistical Analysis

The study sample size was calculated based on previous studies and by applying the fol-
lowing formula n = S1

2 + S2
2/(µ1 − µ2)2 f(α,β) = 36 × 36 + 45 × 45/(153 − 104)2 = 14.52

person for each group. Statistical analyses were performed with STATA Version 14.0
(College Station, TX, USA) for Windows. All continuous variables were reported as
the mean± standard deviation. Independent T-test was used for assessment of the nor-
mal quantitative variables difference. The association between biochemical markers and
adherence to the MD was also assessed using multivariate regression. In all analyses,
a p-value ≤ 0.05 was considered as statistically significant.

3. Results

The general characteristics of the participants are shown in Table 1. The level of
physical activity in healthy people was higher than angina patients (p = 0.02). Fifty-
eight percent of Prinzmetal angina patients had a low level of physical activity, 38.2% had
moderate activity, and 2.9% had vigorous activity. The Prinzmetal angina patients had
significantly higher systolic and diastolic blood pressure than healthy subjects (p = 0.02).
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Table 1. General characteristics of study participants.

Variables Prinzmetal Angina Patients
n = 100

Healthy Controls
n = 100 p *

Age (years) 51.26 ± 0.86 51.37 ± 0.97 0.651
Gender
Male 50 [50%] 50 [50%] 0.79
Female 50 [50%] 50 [50%]
Weight [kg] 78.17 ± 13.12 78.16 ± 8.81 0.81
Body mass index [kg/m2] 26.25 ± 1.12 26.15 ± 3.28 0.62
Waist circumference [cm] 95.35 ± 18.38 94.44 ± 12.04 0.58
Waist circumference to hip
circumference 0.91 ± 0.14 0.82 ± 0.10 0.02 *

Physical activity [%] 0.02 *
- Low 58% 25%
- Moderate 38.2% 44%
- Vigorous 2.9% 21%
Smoking habit [%] 48.5% 21.3% 0.01 *

* Student-t test for independent samples or chi-square test.

The serum levels of Nitric oxide, Prostacyclin, and Thromboxane B2 in the participants
are shown in Table 2. There was a significant difference in serum Nitric oxide, Thromboxane
B2, and Prostacyclin between the two study groups. Nitric oxide level was 28.9 mmol/L
in Prinzmetal angina patients and 34.8 in healthy subjects (p = 0.04). The Prostacyclin
level mean in patients was significantly lower than healthy people (78.42 ± 10.97 vs.
85.59 ± 12.66 p = 0.01).

Table 2. Serum Nitric oxide, Prostacyclin, and Thromboxane B2, and blood pressure in study groups.

Variables Prinzmetal Angina Patients Healthy Controls p *

Nitric oxide mmol/L 28.9 ±1.15 34.8 ± 6.25 0.04
Prostacyclin pg/mL 78.42 ± 10.97 85.59 ± 12.66 0.01
ThromboxaneB2
pg/mL 888.62 ± 43.58 553.21 ± 8.25 0.05

SBP mmHg 130.01 ± 28 118.6 ± 18 0.04
DBP mmHg 95.02 ± 9.35 70.92 ± 2.82 0.02

* Student-t test for independent samples.

Table 3 indicates the results of the serum Nitric oxide, Prostacyclin, and Thromboxane
B2 (as dependent variables) association with adherence to the Mediterranean diet. The
serum Nitric oxide in patients with more adherence to MD was higher than in other patients
(coeff. = 0.41 p = 0.04). The serum Prostacyclin level in patients with greater adherence was
0.34 units higher than patients with less adherence (coeff. = 0.34 p = 0.02) and this association
was significant after adjusting for smoking, waist circumference, and physical activity level
(coeff. = 0.22 p = 0.01). A negative association was observed between the level of serum
Thromboxane B2 and adherence to the Mediterranean diet (coeff. = −0.48 p = 0.04). There
was a significant negative association between systolic blood pressure and diastolic blood
pressure with adherence to the Mediterranean diet (p ≤ 0.05).

The results related to the positive responses of the study participants to the intake of
the Mediterranean diet components are reported in Table 4. The consumption of olive oil
(13.13% vs. 48.33), vegetables (18.33% vs. 53.32%), fruits (23.33 vs. 70%), legumes (5% vs
65%), fish (5% vs. 66.66%), and nuts (3% vs. 48.33%) in Prinzmetal angina patients were
significantly lower than in healthy individuals (for all, p < 0.05).
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Table 3. Association between adherence to the Mediterranean diet with serum levels of Thromboxane
B2, Prostacyclin, and Nitric oxide in the study groups.

Dependent Variables Prinzmetal Patients Overall Healthy Subjects

coeff.f. 95% p * coeff.f. 95% CI p *

NO Model 1 0.41 0.38, 0.52 0.04 MODEL 1 0.31 0.28, 0.42 0.05
Model 2 0.28 0.21, 0.31 0.02 MODEL 2 0.26 0.22, 0.34 0.01

PGI2 Model 1 0.34 0.29, 0.41 0.02 MODEL 1 0.51 0.48, 0.52 0.05
Model 2 0.25 0.22, 0.29 0.01 MODEL 2 0.38 0.31, 0.41 0.04

TBb2 Model 1 −0.48 −0.42,
−0.51 0.04 MODEL 1 −0.28 −0.21,

−0.31 0.02

Model 2 −0.23 −0.19,
−0.28 0.02 MODEL 2 −0.22 −0.18,

−0.25 0.04

Model 1: adjusted for age and gender; Model 2: Model 1 with further adjustments for smoking habit, waist size,
and physical activity level. * Student-t test for independent samples.

Table 4. Positive answers to the MEDAS questionnaire.

Prinzmetal Angina
Patients [n = 60]

Healthy Persons
[n = 60] p

Olive oil, the main dressing 8 [13.13%] 29 [48.33%] 0.05

Olive oil, 4 ts/day 5 [8.33%] 28 [46.66%] 0.03 *

Vegetables, 2 s/day 11 [18.33%] 32 [53.33%] 0.01 *

Fruits, 3 s/day 14 [23.33%] 42 [70%] 0.04 *

Red meat, <1 s/day 5 [8.33%] 28 [46.66%] 0.04 *

Butter, <1 s/day 3 [5%] 29 [48.33%] 0.05

Sweet beverage, <1 s/day 3 [5%] 18 [30%] 0.02 *

Legumes, 3 s/week 5 [8.33%] 39 [65%] 0.01 *

Fish and seafood, 3 s/week 3 [5%] 40 [66.66%] 0.04 *

Sweets, <3 s/week 7 [11.66%] 20 [33.33%] 0.01 *

Nuts, 3/week 2 [3%] 29 [48.33%] 0.03 *

White meat over red 5 [8.33%] 28 [46.66%] 0.01 *

Notes: Data are expressed as numbers and percentages in parenthesis [n[%]] for categorical variables. Positive
answers to the MEDAS questionnaire: Vegetables daily serving: 1 medium portion = 200 g; fruit daily serving:
1 serving = 100–150 g portion; red meat/hamburgers/other meat daily serving: 1 medium portion = 100–150 g;
butter, margarine, or cream daily serving: 1 medium portion = 12 g; sweet or sugar-sweetened carbonated
beverages daily serving: 1 medium portion = 200 mL; legumes weekly serving: 1 portion = 150 g; fish daily
serving: 1 medium portion = 100–150 g; seafood daily serving: 1 medium portion = 200 g; nuts weekly serving:
1 portion of dairy product = 30 g. MEDAS: Mediterranean diet adherence screener; MD: Mediterranean diet; s:
serving; ts: tablespoon; *: p < 0.05.

4. Discussion

Our study is the first study that has examined the level of adherence to the Mediter-
ranean diet in Prinzmetal angina patients compared with healthy individuals, and the
association of adherence to MD with serum levels of Nitric oxide, Prostacyclin, and Throm-
boxane B2. The results of the study show that the serum levels of Nitric oxide and Prosta-
cyclin in Prinzmetal angina patients are significantly lower than in healthy individuals,
and the patients’, serum Thromboxane B2 is significantly higher than in healthy persons.
Nguyen et al. indicated that the cause of spasms in these patients is the low production
of Nitric oxide in the vascular endothelium [13]. Acetylcholine is released from parasym-
pathetic nerves during rest [40]. Acetylcholine stimulates the endothelium to produce
nitric oxide [41]. Endothelial damage leads to a lack of proper endothelial response to
acetylcholine to produce Nitric oxide [42].
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We also observed a significant association between adherence to the Mediterranean
diet and serum Nitric oxide in Prinzmetal angina patients. More adherence to the Mediter-
ranean diet led to an increase in the serum levels of Nitric oxide and Prostacyclin and
a decrease in the serum level of Thromboxane B2. According to Shannon’s research, adher-
ence to the Mediterranean diet boosts the production of Nitric oxide [43]. Nuts, legumes,
unrefined grains, and seafood are abundant in the Mediterranean diet and are all major
sources of L-arginine [43]. The Nitric oxide synthase enzymes oxidize this semi-essential
amino acid to produce NO [44]. Li et al. [45] evaluated the potential efficacy of L-arginine
supplementation in mitigating the adverse cardiovascular effects of hypertensive adults.
In his study, there were no substantial changes in L-arginine-NO metabolites and inflam-
matory biomarkers. In the aforementioned study, physical activity was not measured,
therefore, it can be one of the reasons for different results.

Some foods in the Mediterranean diet such as onion and garlic, fish, peas, beans,
peanuts, soybeans, almonds, and walnuts are dietary sources of Citrulline. Citrulline is
a precursor of Arginine and can play an indirect role in the production of Nitric oxide.
Holguin et al. [46] indicated that short-term L-citrulline treatment improved the excretion
of NO in obese asthmatics persons. Another study by Kim et al. [47] evaluated the age
association of vascular dysfunction in older adults with the insufficient synthesis of Nitric
oxide and showed that Citrulline ingestion improved impaired NO synthesis in older heart
failure adults but not reactive hyperemic forearm blood flow (RH-FBF), suggesting that
some factors other than NO synthesis play a role in the impaired RH-FBF in older heart
failure adults, and/or it may require a longer duration of supplementation to be effective
in improving RH-FBF.

Our results indicate that the consumption of olive oil in Prinzmetal angina patients was
less than in healthy people. In the PREDIMED intervention study results [48], individuals
who adhere more to the Mediterranean diet with extra virgin olive oil or nuts had a more
plasmatic indicator of NO availability (sum of plasma nitrate and nitrite). Le Sayec et al. [49]
indicated that olive oil phenolic and their circulating metabolites can modulate NO balance
by decreasing its degradation.

In the present study, the amount of seafood consumption in Prinzmetal angina pa-
tients was lower than healthy people. Based on other studies, more intake of fresh fish is
a protective factor against cardiovascular diseases [50,51], but some studies have shown
inconsistent results. Krittanawong et al. [50], in a review study, concluded that non-fried
fish consumption was probably associated with a reduced risk of overall cardiovascular dis-
ease events and myocardial infarction risk. In contrast, fried fish consumption is probably
associated with an increased risk of overall cardiovascular disease events and myocardial
infarction risk. Fish and sea foods contain multiple nutrients, such as omega-3 long-chain
polyunsaturated fatty acids, protein, vitamin D, vitamin B, Calcium, Selenium, and other
components. Several studies reported that omega-3 fatty acids could reduce cardiovas-
cular disease risk via several mechanisms, including improving vascular function [52].
The omega-3 fatty acids precisely activate cardiovascular protective signaling pathways,
increase the production of NO, and reduce oxidative stress and inflammation [53].

The fruit and vegetable consumption in the patients of this study was lower than in
the healthy subjects. Ruxton et al. [54], in a review study, concluded that the consumption
of fruit juice reduced the risk of stroke. Fruits and vegetables are rich in flavonoids [55].
Flavonoid-rich foods like apples, grapes, and red-orange juice, have shown positive effects
on endothelial function [56]. Macready et al. [57] conducted one study to measure the
dose-response relation between high-flavonoid (HF), low-flavonoid (LF), and habitual fruit
& vegetables (F&Vs) intake and vascular function and other cardiovascular disease risk
indicators. This study’s results indicated that HF F&Vs increased plasma NO (p = 0.0243)
with 14 portions/day as a whole. McCall et al. [58], in another clinical study, showed a dose-
dependent increase in endothelium-dependent microvascular function after consuming 1,
3, or 6 mixed F&V portions daily for 8 weeks in a parallel design. These results support this
improvement in microvascular function from a total of 3.9 to 6.3 portions of F&Vs daily.
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Chen et al. [59], in a randomized clinical trial, investigated the effect of Fruitow (FF),
a water-soluble tomato extract, on platelet function in elderly persons and indicated that
Fruitow blocked platelet aggregation and decreased Thromboxane B2 levels in elderly
people. Consumption of Mediterranean diet foods reduced the thrombotic state (decrease
in plasma von Willebrand factor, tissue factor pathway inhibitor, and tissue plasminogen
activator inhibitor 1) [60]. A Mediterranean diet high in Oleic acid reduces the production
of Thromboxane B2, decreases plasma von Willebrand factor (derived from the endothelium
and is important in the process of coagulation during a platelet thrombus), and Plasminogen
activator inhibitor 1 [60,61]. It can be concluded that adherence to the Mediterranean diet
leads to improved endothelial function and prevents Prinzmetal angina-related spasms.

The use of retrospective dietary information is the limitation of the current study. It is
suggested that future studies be conducted in the form of clinical intervention studies to
confirm better the MD effect on Prinzmetal angina syndrome.

5. Conclusions

The serum level of Thromboxane B2 in Prinzmetal angina patients is higher than
in healthy individuals. Prostacyclin and Nitric oxide serum levels in Prinzmetal angina
patients are lower than in healthy people. More adherence to the Mediterranean diet led to
a decrease in the serum Thromboxane B2 level and an increase in the serum Nitric oxide
and Prostacyclin levels in patients with Prinzmetal angina. The amount of consumption of
olive oil, fruits, vegetables, and legumes in healthy people was more than that of Prinzmetal
angina patients.
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24. Szczuko, M.; Kozioł, I.; Kotlęga, D.; Brodowski, J.; Drozd, A. The Role of Thromboxane in the Course and Treatment of Ischemic
Stroke. Int. J. Mol. Sci. 2021, 22, 11644. [CrossRef]

25. Lin, Y.; Chen, Y.; Yuan, J.; Qin, H.; Dong, S.; Chen, Q. Impact of aspirin use on clinical outcomes in patients with vasospastic
angina: A systematic review and meta-analysis. BMJ Open 2021, 11, e048719. [CrossRef] [PubMed]

26. Papandreou, P.; Gioxari, A.; Daskalou, E.; Vasilopoulou, A.; Skouroliakou, M. Personalized Nutritional Intervention to Improve
Mediterranean Diet Adherence in Female Patients with Multiple Sclerosis: A Randomized Controlled Study. Dietetics 2022,
1, 25–38. [CrossRef]

27. Hidalgo-Mora, J.J.; García-Vigara, A.; Sánchez-Sánchez, M.L.; García-Pérez, M.Á.; Tarín, J.; Cano, A. The Mediterranean diet:
A historical perspective on food for health. Maturitas 2020, 132, 65–69. [CrossRef]

28. Petermann-Rocha, F.; Ho, F.K.; Foster, H.; Boopor, J.; Parra-Soto, S.; Gray, S.R.; Mathers, J.C.; Celis-Morales, C.; Pell, J.P. (Eds.)
Nonlinear associations between cumulative dietary risk factors and cardiovascular diseases, cancer, and all-cause mortality:
A prospective cohort study from UK Biobank. In Mayo Clinic Proceedings; Elsevier: Amsterdam, The Netherlands, 2021.

29. AlAufi, N.S.; Chan, Y.M.; Waly, M.I.; Chin, Y.S.; Yusof, B.-N.M.; Ahmad, N. Application of mediterranean diet in cardiovascular
diseases and type 2 diabetes mellitus: Motivations and challenges. Nutrients 2022, 14, 2777. [CrossRef]

30. Sotos-Prieto, M.; Del Rio, D.; Drescher, G.; Estruch, R.; Hanson, C.; Harlan, T.; Hu, F.B.; Loi, M.; McClung, J.P.; Mojica, A.; et al.
Mediterranean diet–promotion and dissemination of healthy eating: Proceedings of an exploratory seminar at the Radcliffe
institute for advanced study. Int. J. Food Sci. Nutr. 2022, 73, 158–171. [CrossRef] [PubMed]

31. Tsigalou, C.; Konstantinidis, T.; Paraschaki, A.; Stavropoulou, E.; Voidarou, C.; Bezirtzoglou, E. Mediterranean diet as a tool to
combat inflammation and chronic diseases. An overview. Biomedicines 2020, 8, 201. [CrossRef]

32. Guasch-Ferré, M.; Willett, W.C. The Mediterranean diet and health: A comprehensive overview. J. Intern. Med. 2021, 290, 549–566.
[CrossRef]

33. Shikany, J.M.; Safford, M.M.; Soroka, O.; Brown, T.M.; Newby, P.K.; Durant, R.W.; Judd, S.E. Mediterranean Diet Score, Dietary
Patterns, and Risk of Sudden Cardiac Death in the REGARDS Study. J. Am. Heart Assoc. 2021, 10, e019158. [CrossRef]

http://doi.org/10.1038/s41598-020-59668-y
http://doi.org/10.12968/bjha.2022.16.3.110
http://doi.org/10.1159/000524948
http://doi.org/10.3390/jpm12071049
http://doi.org/10.1001/jama.2021.1527
http://doi.org/10.1016/j.imu.2019.100203
http://doi.org/10.1056/NEJMoa2200963
http://doi.org/10.1080/14779072.2021.1991314
http://doi.org/10.1016/j.acvd.2018.08.002
http://doi.org/10.3348/kjr.2012.13.1.27
http://doi.org/10.1016/j.trsl.2013.03.003
http://doi.org/10.1016/j.amjcard.2009.10.062
http://doi.org/10.1007/s000180050352
http://doi.org/10.1152/ajpheart.00111.2003
http://doi.org/10.1016/j.jcrc.2022.154010
http://doi.org/10.1111/j.1749-6632.1985.tb11852.x
http://doi.org/10.1161/ATVBAHA.121.317380
http://doi.org/10.3390/ijms222111644
http://doi.org/10.1136/bmjopen-2021-048719
http://www.ncbi.nlm.nih.gov/pubmed/34326051
http://doi.org/10.3390/dietetics1010004
http://doi.org/10.1016/j.maturitas.2019.12.002
http://doi.org/10.3390/nu14132777
http://doi.org/10.1080/09637486.2021.1941804
http://www.ncbi.nlm.nih.gov/pubmed/34225548
http://doi.org/10.3390/biomedicines8070201
http://doi.org/10.1111/joim.13333
http://doi.org/10.1161/JAHA.120.019158


Nutrients 2023, 15, 738 10 of 11

34. Crous-Bou, M.; Fung, T.T.; Prescott, J.; Julin, B.; Du, M.; Sun, Q.; Rexrode, K.; Hu, F.B.; De Vivo, I. Mediterranean diet and telomere
length in Nurses’ Health Study: Population based cohort study. BMJ 2014, 349, g6674. [CrossRef]

35. Chen, G.-C.; Neelakantan, N.; Martín-Calvo, N.; Koh, W.-P.; Yuan, J.-M.; Bonaccio, M.; Iacoviello, L.; Martínez-González, M.A.;
Qin, L.-Q.; van Dam, R.M. Adherence to the Mediterranean Diet and Risk of Stroke and Stroke Subtypes; Springer: Berlin/Heidelberg,
Germany, 2019; pp. 337–349.

36. Becerra-Tomás, N.; Blanco Mejía, S.; Viguiliouk, E.; Khan, T.; Kendall, C.W.C.; Kahleova, H.; Rahelić, D.; Sievenpiper, J.L.;
Salas-Salvadó, J. Mediterranean diet, cardiovascular disease and mortality in diabetes: A systematic review and meta-analysis of
prospective cohort studies and randomized clinical trials. Crit. Rev. Food Sci. Nutr. 2020, 60, 1207–1227. [CrossRef] [PubMed]

37. Flack, J.M.; Adekola, B. Blood pressure and the new ACC/AHA hypertension guidelines. Trends Cardiovasc. Med. 2020,
30, 160–164. [CrossRef]

38. Roberts-Lewis, S.F.; White, C.M.; Ashworth, M.; Rose, M.R. The validity of the International Physical Activity Questionnaire
(IPAQ) for adults with progressive muscle diseases. Disabil. Rehabil. 2021, 44, 7312–7320. [CrossRef]

39. Vieira, L.M.; Gottschall, C.B.; Vinholes, D.B.; Martinez-Gonzalez, M.A.; Marcadenti, A. Translation and cross-cultural adaptation
of 14-item Mediterranean Diet Adherence Screener and low-fat diet adherence questionnaire. Clin. Nutr. ESPEN 2020, 39, 180–189.
[CrossRef]

40. LeBouef, T.; Yaker, Z.; Whited, L. Physiology. Clin. Nutr. ESPEN 2020, 20, 120–128.
41. Zuccolo, E.; Laforenza, U.; Negri, S.; Botta, L.; Berra-Romani, R.; Faris, P.; Scarpellino, G.; Forcaia, G.; Pellavio, G.; Sancini, G.; et al.

Muscarinic M5 receptors trigger acetylcholine-induced Ca2+ signals and nitric oxide release in human brain microvascular
endothelial cells. J. Cell. Physiol. 2019, 234, 4540–4562. [CrossRef]

42. Bhandari, B.; Kanderi, T.; Yarlagadda, K.; Qureshi, M.; Komanduri, S. Coronary vasospasm as an etiology of recurrent ventricular
fibrillation in the absence of coronary artery disease: A case report. J. Community Hosp. Intern. Med. Perspect. 2021, 11, 510–515.
[CrossRef]

43. Shannon, O.M.; Stephan, B.C.M.; Minihane, A.-M.; Mathers, J.C.; Siervo, M. Nitric oxide boosting effects of the Mediterranean
diet: A potential mechanism of action. J. Gerontol. 2018, 73, 902–904. [CrossRef]

44. Stuehr, D.J. Enzymes of the L-arginine to nitric oxide pathway. J. Nutr. 2004, 134, 2748S–2751S. [CrossRef]
45. Li, H.; Liu, Q.; Zou, Z.; Chen, Q.; Wang, W.; Baccarelli, A.A.; Deng, F.; Guo, X.; Wu, S. L-arginine supplementation to mitigate

cardiovascular effects of walking outside in the context of traffic-related air pollution in participants with elevated blood pressure:
A randomized, double-blind, placebo-controlled trial. Int. J. Environ. 2021, 156, 106631. [CrossRef]

46. Holguin, F.; Grasemann, H.; Sharma, S.; Winnica, D.; Wasil, K.; Smith, V.; Cruse, M.H.; Perez, N.; Coleman, E.; Scialla, T.J.; et al.
L-Citrulline increases nitric oxide and improves control in obese asthmatics. J. Clin. Investig. 2019, 4, e131733. [CrossRef]
[PubMed]

47. Kim, I.-Y.; Schutzler, S.E.; Schrader, A.; Spencer, H.J.; Azhar, G.; Deutz, N.E.P.; Wolfe, R.R. Acute ingestion of citrulline stimulates
nitric oxide synthesis but does not increase blood flow in healthy young and older adults with heart failure. Am. J. Physiol. Metab.
2015, 309, E915–E924. [CrossRef] [PubMed]

48. Medina-Remón, A.; Tresserra-Rimbau, A.; Pons, A.; Tur, J.; Martorell, M.; Ros, E.; Buil-Cosiales, P.; Sacanella, E.; Covas, M.;
Corella, D.; et al. Effects of total dietary polyphenols on plasma nitric oxide and blood pressure in a high cardiovascular risk
cohort. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 60–67. [CrossRef] [PubMed]

49. Le Sayec, M.; Serreli, G.; Diotallevi, C.; Teissier, A.; Deiana, M.; Corona, G. Olive oil phenols and their metabolites modulate nitric
oxide balance in Human Aortic Endothelial Cells. Proc. Nutr. Soc. 2021, 80, E34. [CrossRef]

50. Krittanawong, C.; Isath, A.; Hahn, J.; Wang, Z.; Narasimhan, B.; Kaplin, S.L.; Jneid, H.; Virani, S.S.; Tang, W.W. Fish consumption
and cardiovascular health: A systematic review. Am. J. Med. 2021, 134, 713–720. [CrossRef]

51. Mohan, D.; Mente, A.; Dehghan, M.; Rangarajan, S.; O’Donnell, M.; Hu, W.; Dagenais, G.; Wielgosz, A.; Lear, S.; Wei, L.; et al.
Associations of fish consumption with risk of cardiovascular disease and mortality among individuals with or without vascular
disease from 58 countries. JAMA Intern. Med. 2021, 181, 631–649. [CrossRef]

52. Mason, R.P.; Jacob, R.F.; Shrivastava, S.; Sherratt, S.C.; Chattopadhyay, A. Eicosapentaenoic acid reduces membrane fluidity,
inhibits cholesterol domain formation, and normalizes bilayer width in atherosclerotic-like model membranes. Biochim. Biophys.
Acta—Biomembr. 2016, 1858, 3131–3140. [CrossRef]

53. Zhang, W.; Fu, F.; Tie, R.; Liang, X.; Tian, F.; Xing, W.; Li, J.; Ji, L.; Xing, J.; Sun, X.; et al. Alpha-linolenic acid intake prevents
endothelial dysfunction in high-fat diet-fed streptozotocin rats and underlying mechanisms. Vasa 2013, 42, 421–428. [CrossRef]

54. Ruxton, C.; Myers, M. Fruit juices: Are they helpful or harmful? An evidence review. Nutrients 2021, 13, 1815. [CrossRef]
55. Gu, C.; Howell, K.; Dunshea, F.R.; Suleria, H.A.R. Lc-esi-qtof/ms characterisation of phenolic acids and flavonoids in polyphenol-

rich fruits and vegetables and their potential antioxidant activities. Antioxidants 2019, 8, 405. [CrossRef]
56. Buscemi, S.; Rosafio, G.; Arcoleo, G.; Mattina, A.; Canino, B.; Montana, M.; Verga, S.; Rini, G. Effects of red orange juice intake

on endothelial function and inflammatory markers in adult subjects with increased cardiovascular risk. Am. J. Clin. Nutr. 2012,
95, 1089–1095. [CrossRef]

57. Macready, A.L.; George, T.W.; Chong, M.F.; Alimbetov, D.S.; Jin, Y.; Vidal, A.; Spencer, J.P.; Kennedy, O.B.; Tuohy, K.M.;
Minihane, A.-M.; et al. Flavonoid-rich fruit and vegetables improve microvascular reactivity and inflammatory status in men at
risk of cardiovascular disease—FLAVURS: A randomized controlled trial. Am. J. Clin. Nutr. 2014, 99, 479–489. [CrossRef]

http://doi.org/10.1136/bmj.g6674
http://doi.org/10.1080/10408398.2019.1565281
http://www.ncbi.nlm.nih.gov/pubmed/30676058
http://doi.org/10.1016/j.tcm.2019.05.003
http://doi.org/10.1080/09638288.2021.1983042
http://doi.org/10.1016/j.clnesp.2020.06.018
http://doi.org/10.1002/jcp.27234
http://doi.org/10.1080/20009666.2021.1915534
http://doi.org/10.1093/gerona/gly087
http://doi.org/10.1093/jn/134.10.2748S
http://doi.org/10.1016/j.envint.2021.106631
http://doi.org/10.1172/jci.insight.131733
http://www.ncbi.nlm.nih.gov/pubmed/31714895
http://doi.org/10.1152/ajpendo.00339.2015
http://www.ncbi.nlm.nih.gov/pubmed/26442881
http://doi.org/10.1016/j.numecd.2014.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25315667
http://doi.org/10.1017/S0029665121000355
http://doi.org/10.1016/j.amjmed.2020.12.017
http://doi.org/10.1001/jamainternmed.2021.0036
http://doi.org/10.1016/j.bbamem.2016.10.002
http://doi.org/10.1024/0301-1526/a000311
http://doi.org/10.3390/nu13061815
http://doi.org/10.3390/antiox8090405
http://doi.org/10.3945/ajcn.111.031088
http://doi.org/10.3945/ajcn.113.074237


Nutrients 2023, 15, 738 11 of 11

58. McCall, D.; McGartland, C.; McKinley, M.; Sharpe, P.; McCance, D.; Young, I.; Woodside, J. The effect of increased dietary fruit
and vegetable consumption on endothelial activation, inflammation and oxidative stress in hypertensive volunteers. Nutr. Metab.
Cardiovasc. Dis. 2011, 21, 658–664. [CrossRef]

59. Chen, H.; Zhang, S.; Wang, H.; Jiang, Y.; Bao, L.; Wu, W.; Qi, R. Inhibitory Effect of Fruitflow on Platelet Function: A Randomized
Placebo-Controlled Trial in Elderly Subjects. Res. Sq. 2021. [CrossRef]

60. Violi, F.; Pastori, D.; Pignatelli, P.; Carnevale, R. Nutrition, thrombosis, and cardiovascular disease. Circ. Res. 2020, 126, 1415–1442.
[CrossRef]

61. DiNicolantonio, J.J.; OKeefe, J. Importance of maintaining a low omega-6/omega-3 ratio for reducing platelet aggregation,
coagulation and thrombosis. Arch. Dis. Child 2019, 6, e001011. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.numecd.2010.01.009
http://doi.org/10.21203/rs.3.rs-95541/v2
http://doi.org/10.1161/CIRCRESAHA.120.315892
http://doi.org/10.1136/openhrt-2019-001011

	Introduction 
	Materials and Methods 
	Physical Activity 
	Nitric Oxide Measurement 
	Prostacyclin Measurement 
	Measurement of Thromboxane B2 
	Mediterranean Dietary Pattern Evaluation 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

