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Abstract: The aim of this observational study was investigating the possible correlation between
adherence to the Mediterranean diet (MeD) and SARS-COV-2 infection rates and severity among
healthcare professionals (HCPs). An online self-administrated questionnaire (evaluating both MeD
adherence and dietary habits) was filled out by HCPs working in Piedmont (Northern Italy) from 15
January to 28 February 2021. Out of the 1206 questionnaires collected, 900 were considered reliable
and analyzed. Individuals who reported the SARS-COV-2 infection (n = 148) showed a significantly
lower MeD score, with a lower adherence in fruit, vegetables, cereals, and olive oil consumption.
In a logistic regression model, the risk of infection was inversely associated with the MeD score
(OR = 0.88; 95% CI 0.81–0.97) and the consumption of cereals (OR = 0.64; 0.45–0.90). Asymptomatic
individuals with SARS-COV-2 infection reported a lower intake of saturated fats than symptomatic;
individuals requiring hospitalization were significantly older and reported worse dietary habits than
both asymptomatic and symptomatic individuals. After combining all symptomatic individuals
together, age (OR = 1.05; 1.01–1.09) and saturated fats intake (OR = 1.09; 1.01–1.17) were associated
with the infection severity. HCPs who reported a SARS-COV-2 infection showed a significantly lower
MeD score and cereal consumption. The infection severity was directly associated with higher age
and saturated fat intake.

Keywords: Mediterranean diet; SARS-COV-2 infection; healthcare professionals; dietary habits

1. Introduction

Since March 2020, the world community is facing one of the biggest pandemics in its
history and the first of the globalized world [1]. Almost no country has been spared from
the spread of SARS-COV-2, but large differences exist in the prevalence rate among and
within states [2]. In Italy, a north–south gradient in incidence and mortality is traceable,
with northern regions showing the highest infection rates (6749.68 per 100,000 inhabitants),
while the southern regions display the lowest rates (2188.10 per 100,000) [3,4]. Establishing
the reasons for these differences could be very challenging, and many factors, such as
different genetic backgrounds, lifestyles, higher age, comorbidities, air pollution, smoking
habits, population density, and healthcare system organizations, may play a role [5–7].
Differences in dietary habits were hypothesized early on as critical factors in the variable
susceptibility and severity of the infection owing to the role of nutrition in the human
immune defense against virus attacks [8,9]. The intake of specific foods, such as fermented
foods, ameliorated the outcomes of patients, while others, such as sugar products, adversely
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impacted the recovery from the virus infection [9,10]. Deficiencies in micronutrients
(selenium, vitamin C, vitamin D) have been associated both with SARS-COV-2 infection
and adverse outcomes in observational or ecological studies [11,12]. A few clinical trials
reported favorable outcomes in patients with SARS-COV-2 infections after vitamin C [13]
and D supplementation [14–19], with less severe disease and better survival. Finally, in
Italy, the pandemic itself, owing to the psychological consequences and limitations imposed
by the lockdown, determined worse lifestyle patterns with more frequent unhealthy food
choices, as well as a reduction both in the adherence to the Mediterranean diet (MeD) and
in the level of exercise [19–24].

The MeD is a dietary pattern rich in plant foods (fruits, vegetables, cereals, legumes,
tree nuts, seeds, and olives): olive oil is the principal source of added fat, along with high to
moderate intake of fish and seafood (≥2 servings/week), moderate weekly consumption
of eggs (2–4/week), poultry, and dairy products (2 servings/week), low consumption
of red meat (<2 servings/week), processed meat (≤1 serving/week), and sweets (≤2
servings/week), and a moderate intake of alcohol (mainly wine during meals) [25]. This
combination of dietary habits results in high intakes of nutritional components with
anti-inflammatory, antioxidant, and immunomodulatory effects, including dietary fiber,
unsaturated fats, omega-3 polyunsaturated fatty acids (PUFAs), vitamins, minerals, and
various healthy phytochemicals, such as polyphenols and flavonoids [26,27]. Previous
meta-analyses suggested an inverse association between MeD adherence and the risk of
all-cause mortality [28,29], cardiovascular diseases, cancer, and neurodegenerative and
dysmetabolic diseases [30–32]. Moreover, the MeD was found to decrease inflammation,
with a reduction in C-reactive protein (CRP) and proinflammatory cytokines [33–35], as
well as a reduction in the risk of respiratory infections [36] and sepsis [37]. The trend
of MeD adherence grows from the North to the South in Italy, while the SARS-COV-2
incidence rate rises in the opposite direction [3,4]. It has been hypothesized that the MeD
may represent a potential approach to address conditions associated with SARS-COV-2
infection and severity, such as diabetes, cardiovascular diseases, and obesity [38–40]. To
the best of our knowledge, no study has specifically addressed the association between the
adherence to the MeD and the incidence of the SARS-COV-2 infection.

Healthcare professionals (HCPs), due to the nature of their work, are at increased risk
of SARS-COV-2 infection. In Italy, 126,394 cases occurred among healthcare personnel,
corresponding to 3.8% of total infections [3]. Incidence of SARS-COV-2 infection among
the HCPs was reported to be around 10% [41,42].

The purpose of the present proof-of-concept observational study was therefore to
investigate the possible correlations between adherence to the MeD and SARS-COV-2
infection rates and severity among HCPs.

2. Materials and Methods

This was an observational retrospective study. Health professionals from the hospitals
and the local health facilities in the Piedmont region were invited to participate by e-mail.
The study was conducted from the 15 January 2021 to the 28 February 2021. Inclusion
criteria were as follows: health professionals still active at work and in contact with
patients, age 20 to 65 years, the ability to receive e-mails, and the ability to fill in an online
questionnaire. Exclusion criteria were as follows: age <20 and >65 years, retirees, and
people who were no longer active at work or who had no contact with patients. Data were
collected through Google Forms, via e-mail.

2.1. Ethical Issues

The study protocol was approved by the Bioethics Committee of the University of
Torino (number 492927, 4 December 2020). All the procedures were in line with the declara-
tion of Helsinki. The research was conducted online, according to the recommendations of
the Association of Internet Researchers [43]. All data were anonymous. Participants were
informed about the aims of the study and were reassured about the fact that all informa-
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tion would be kept confidential and used for research purposes only; they were required
to accept the data sharing and privacy policy before starting to fill in the questionnaire.
Google Forms has privacy standards, including data protection.

2.2. Questionnaires

A self-administered questionnaire collecting clinical and dietary data was created by
using Google Forms. The questionnaire included both the Medi-lite questionnaire [44]
and a previously validated medium-length food-frequency questionnaire [45], plus items
relative to sociodemographic and clinical characteristics.

The questionnaire was first sent electronically to a small number of volunteers (n = 20)
in order to check the feasibility, comprehensibility, and the time required for compilation.
Only minor corrections relative to the wording of some sentences were made. The link
to the finalized survey was sent by e-mail to the institutional e-mail addresses of HCPs
from hospitals and local health facilities of different areas of the Piedmont region. The
participants completed it autonomously and were strongly requested to be truthful and to
answer carefully in order to ensure the quality of the survey. All the items were mandatory,
and the respondents had the possibility to change their answers.

The following data were collected: age, actual working activity, gender, weight, height,
education level, living alone or with friends/family, presence of chronic diseases (diabetes
mellitus, arterial hypertension, cardiovascular, pulmonary, autoimmune diseases, others),
and chronic use of drugs. Those who had received any type of degree (either a bachelor’s
degree or a master’s degree) were considered as graduates. Furthermore, participants
were asked about having ever contracted the SARS-COV-2 infection. They could choose
one of the following answers: never, asymptomatic with a positive swab, home-managed
infection, infection requiring hospital admission in a non-intensive care unit, or infection
requiring the admission to an intensive care unit.

The validated Medi-lite adherence score [46] assesses the consumption of nine food
categories: the daily frequency of consumption of fruit, vegetables, cereals, meat and meat
products, dairy products, alcohol, and olive oil, and the weekly frequency of consumption
of legumes, and fish. The highest categories of consumption of the foods that are typical
of the MeD (fruit, vegetables, cereals, legumes, and fish) received a score of 2 points, the
middle categories 1 point, and the lowest categories 0 points. On the other hand, the highest
categories of consumption of the food that are not typical of the MeD (meat and meat
products and dairy products) received a score of 0 points, the middle categories 1 point,
and the lowest categories 2 points. The daily consumption of 1–2 alcohol units (1 unit = 12 g
alcohol) received 2 points, the daily consumption of <1 alcohol unit received 1 point, a
daily alcohol consumption >2 units received 0 points. The regular consumption of olive
oil received 2 points, the frequent consumption 1 point, and the occasional consumption 0
points [46]. The final score, i.e., the sum of the points, ranges from 0 (low adherence) to 18
(high adherence).

The medium-length food-frequency questionnaire is a tool validated in the Italian
population [45]. The questionnaire assessed the semi-quantitative habitual intake of differ-
ent foods during the previous 12 months. In particular, the consumption of 36 different
food items based on commonly eaten foods and portion sizes of the Italian population
was collected. Participants indicated the usual consumption frequency of each food and
the relative amount [45]. Photographs of food were used to help in the description of the
portion size [47]. The food items were categorized as drinks (coffee, alcoholic, and soft
drinks), milk and dairy products, meat–fish–eggs, cereals, vegetables–legumes–fruit, and
fatty dressings and other (sweets, fried foods, and fast food) [45].

The intakes of energy and nutrients were calculated taking into account the portion
size, the frequency of consumption, and the weighted mean energy and nutrient value
of each food and beverage by using a Microsoft Excel software based on the most recent
Council for Agricultural Research and Economics (CREA) Food Composition Database [48].
All questionnaires were analyzed by a registered dietitian, and a medical doctor (MD)
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with expertise in nutrition carefully checked for errors. Both of them were blinded to the
answers relative to the SARS-COV-2 infection.

2.3. Validity of Self-Reported Energy Intake

The plausibility of self-reported energy intakes was assessed in accordance with litera-
ture [49]. Predicted energy requirements were calculated using the Schofield equations, in
line with the Italian guidelines [50]. The measure of physical activity was not available;
all participants were assumed to have a sedentary level of activity. This assumption is
reasonable considering the significant reduction in exercise described during the pandemic
period in Italy owing to the limitations imposed by the lockdown [24] and the fact that our
participants were HCPs, all actively engaged in the patient care.

Participants were classified as under-reporters, plausible reporters, or over-reporters
on the basis of their ratio of reported energy intake to predicted energy requirements.
In order to account for the normal variation in energy expenditure and measurement
errors, the confidence limits were calculated in line with literature: the ratio for under- and
over-reporters were <0.70 and >1.42, respectively [51].

2.4. Statistical Methods

Anonymous data were collected, exported, and stored in password protected com-
puters. Results were expressed as mean ± standard deviation (SD) or percentage as
appropriate.

The Student’s t-test, ANOVA, and Mann–Whitney and Kruskal–Wallis tests were used
for normally distributed or skewed variables, respectively. Post hoc analyses with the
Scheffé test were employed for testing differences among subgroups. The Chi-square test
was used to test for categorical variables.

The independent association between the incidence of SARS-COV-2 infection and
the variables that were significantly different at univariate analyses was assessed by two
logistic regression models, one including the MeD score and the other including its single
significant components. Due to the low number of subjects requiring hospital admission,
the independent association between the severity of SARS-COV-2 infection and the vari-
ables that were significantly different at univariate analyses was assessed after combining
symptomatic individuals in a unique category; moreover, due to the low number of patients
who were available for this analysis, a stepwise backward selection approach was adopted
to exclude from the model all variables losing statistical significance at multivariate analy-
sis, thus reducing potential concerns for overfitting effects. Results were reported as odds
ratio (OR) and 95% confidence intervals (CI). A p-value < 0.05 was considered statistically
significant.

3. Results

After removing duplicate submissions, we recruited 1206 participants. Out of them,
294 (24.4%) were under-reporters, and 12 (1.0%) were over-reporters, thus leaving 900
individuals for the final analyses (Table 1). They were highly educated middle-aged adults,
on average healthy (more than three-quarters without chronic diseases), and with normal
weight; about half of them were MDs. The adherence to the MeD was found to have a
slightly left-skewed distribution (skewness: −0.41) with a mean score of 10.5 (median 11.0)
and a range from 2 to 17 (Table 2).
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Table 1. Characteristics of the participants.

SARS-COV-2
p

Yes No

Number 900 148 752
Age (years) 41.8 ± 13.1 43.3 ± 12.5 41.5 ± 13.2 0.13
Males (%) 27.7 27.7 27.7 0.99

Graduation (%) 90.1 89.9 90.2 0.91
Living alone (%) 14.4 10.1 15.3 0.10

MD (%) 50.7 53.4 50.1 0.47
No chronic diseases (%) 75.7 73.0 76.2 0.40

Weight (kg) 64.3 ± 12.3 65.6 ± 12.9 64.0 ± 12.2 0.16
Height (cm) 167.8 ± 8.4 167.9 ± 8.2 167.8 ± 8.4 0.82

BMI (kg/m2) 22.8 ± 3.7 23.2 ± 4.1 22.7 ± 3.6 0.10
MD: medical doctor; BMI: body mass index.

Table 2. Dietary habits of the participants.

SARS-COV-2
p

Yes No

Number 900 148 752
Total energy (kcal) 1992.1 ± 468.9 1937.3 ± 464.8 2002.9 ± 469.2 0.12

Total carbohydrates (% kcal) 49.1 ± 7.8 47.7 ± 8.8 49.4 ± 7.5 0.018
Sugars (% kcal) 12.6 ± 5.4 12.2 ± 5.4 12.7 ± 5.3 0.35

Total fats (% kcal) 32.4 ± 6.7 33.1 ± 7.0 32.2 ± 6.6 0.15
Saturated fats (% kcal) 11.9 ± 6.0 13.1 ± 6.1 11.7 ± 6.0 0.015

Monounsaturated fats (% kcal) 15.9 ± 4.5 15.6 ± 4.7 15.9 ± 4.4 0.44
Polyunsaturated fats (% kcal) 4.5 ± 1.5 4.4 ± 1.6 4.6 ± 1.5 0.23

Proteins (% kcal) 16.4 ± 3.4 17.0 ± 3.4 16.3 ± 3.4 0.022
Fiber (g/day) 22.8 ± 7.4 20.6 ± 7.3 23.2 ± 7.3 <0.001

Alcohol (g/day) 6.0 ± 8.6 6.2 ± 8.4 5.9 ± 8.6 0.80 *
Mediterranean score

Milk 0.60 ± 0.80 0.51 ± 0.72 0.61 ± 0.82 0.30 *
Meat 1.28 ± 0.80 1.21 ± 0.81 1.29 ± 0.80 0.24 *
Fruit 1.00 ± 0.88 0.76 ± 0.82 1.04 ± 0.89 <0.001 *

Vegetables 1.17 ± 0.87 0.92 ± 0.87 1.22 ± 0.86 <0.001 *
Legumes 1.09 ± 0.63 1.01 ± 0.61 1.11 ± 0.64 0.08 *
Cereals 1.82 ± 0.50 1.68 ± 0.67 1.85 ± 0.46 0.001 *

Fish 0.77 ± 0.54 0.76 ± 0.55 0.78 ± 0.54 0.68 *
Olive oil 1.71 ± 0.57 1.59 ± 0.66 1.74 ± 0.55 0.004 *
Alcohol 1.09 ± 0.39 1.09 ± 0.41 1.09 ± 0.39 0.83 *

Total score 10.5 ± 2.7 9.5 ± 2.8 10.7 ± 2.7 <0.001 *
MD = medical doctor; BMI = body mass index * Mann–Whitney test.

In this sample, 148 (16.4%) reported the SARS-COV-2 infection; in 4% (n = 36) of
participants, there was an occasional finding of positivity to the swab to which HCPs are
periodically submitted in Italy, while 11.4% reported the occurrence of a symptomatic
infection, and 1% reported the need of hospital admission (Table 3). Individuals who
reported the SARS-COV-2 infection (any severity) showed a significantly higher intake
of saturated fats and proteins, and a lower consumption of carbohydrates and fiber. The
MeD score was significantly lower in the former, with a lower adherence relatively to the
consumption of fruit, vegetables, cereals, and olive oil. By comparing scores as categorical
variables (0,1,2) the results were similar (Supplementary Table S1). In a logistic regression
model, each 1-point increment in the MeD score was associated with a 12% reduction in the
risk of SARS-COV-2 infection (Table 4, Model 1). In the model including the single MeD
components (Table 4, Model 2), the consumption of cereals was inversely associated with
the odds of infection. The results did not change significantly if considering the scores as
categorical variables (Supplementary Table S2).
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Table 3. Characteristics of the participants by the severity of the SARS-COV-2 infection.

Asymptomatic Symptomatic Hospital Admission p

Number 36 103 9
Age (years) 37.2 ± 11.1 44.4 ± 12.5 * 54.8 ± 5.7 * § <0.001
Males (%) 25.0 29.1 22.2 0.83

Graduation (%) 99.4 89.3 77.8 0.32
Living alone (%) 16.7 8.7 0.0 0.23

MD (%) 50.0 55.3 44.4 0.74
No chronic diseases (%) 77.8 74.8 33.3 * § 0.021

Weight (kg) 62.6 ± 11.4 66.2 ± 13.1 70.4 ± 15.0 0.19
Height (cm) 168.4 ± 7.5 167.8 ± 8.3 167.1 ± 9.3 0.89

BMI (kg/m2) 22.1 ± 3.7 23.4 ± 4.1 25.2 ± 4.8 0.08
Total energy (kcal) 1865.0 ± 327.4 1970.1 ± 503.8 1850.7 ± 467.9 0.43

Total carbohydrates (% kcal) 49.8 ± 7.1 47.9 ± 8.6 37.4 ± 11.0 * § <0.001
Sugars (% kcal) 11.5 ± 4.4 12.2 ± 5.1 16.1 ± 10.0 0.07

Total fats (% kcal) 31.0 ± 5.5 33.1 ± 6.8 41.5 ± 9.1 * § <0.001
Saturated fats (% kcal) 10.5 ± 5.4 13.3 ± 5.5 * 20.5 ± 8.4 * § <0.001

Monounsaturated fats (% kcal) 15.9 ± 4.1 15.4 ± 4.8 16.8 ± 5.8 0.67
Polyunsaturated fats (% kcal) 4.6 ± 1.5 4.3 ± 1.6 4.3 ± 1.5 0.66

Proteins (% kcal) 17.1 ± 3.8 16.8 ± 3.3 18.3 ± 3.2 0.44
Fiber (g/day) 20.8 ± 6.4 21.0 ± 7.4 14.6 ± 6.6 § 0.036

Alcohol (g/day) 5.7 ± 5.8 6.1 ± 8.8 8.2 ± 12.9 0.45 **
Mediterranean score

Milk 0.47 ± 0.77 0.53 ± 0.71 0.33 ± 0.71 0.52 **
Meat 1.25 ± 0.80 1.21 ± 0.82 1.00 ± 0.71 0.63 **
Fruit 0.89 ± 0.89 0.73 ± 0.79 0.56 ± 0.88 0.47 **

Vegetables 1.17 ± 0.91 0.87 ± 0.84 0.44 ± 0.88 0.05 **
Legumes 0.89 ± 0.62 1.09 ± 0.60 0.56 ± 0.53 0.018 **
Cereals 1.86 ± 0.49 1.68 ± 0.66 1.00 ± 1.00 0.004 **

Fish 0.75 ± 0.55 0.79 ± 0.55 0.44 ± 0.53 0.20 **
Olive oil 1.67 ± 0.59 1.60 ± 0.65 1.22 ± 0.97 0.40 **
Alcohol 1.19 ± 0.40 1.07 ± 0.40 1.00 ± 0.50 0.23 **

Total score 10.1 ± 3.1 9.6 ± 2.5 6.6 ± 3.1 * § 0.011 **
MD = medical doctor; BMI = body mass index * p < 0.05 vs. asymptomatic; § p < 0.05 vs. symptomatic (Scheffé test) ** Kruskal–Wallis test.

Among individuals with SARS-COV-2 infection, asymptomatic individuals were sig-
nificantly younger and reported a lower intake of saturated fats than the symptomatic ones
(Table 3). The small number of HCPs who underwent hospitalization were significantly
older and reported a lower health status and worse dietary habits than both asymptomatic
and symptomatic individuals (Table 3 and Supplementary Table S3). Their MeD score was
6.6. After combining symptomatic individuals in a unique category (Supplementary Tables
S4 and S5), the significant variables were considered for inclusion in a logistic regression
model through a stepwise backward selection; those that finally retained a statistically
significant association with infection severity were age (OR 1.05; 95% CI 1.01–1.09) and
percentage of saturated fats (OR 1.09; 95% CI 1.01–1.17). This result did not vary when
including, among the starting variables of the model, the MeD components as continuous
or categorical variables.
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Table 4. Association between SARS-COV-2 infection and adherence to the MeD by logistic regression
analyses.

SARS-COV-2 Infection (n = 900)—Model 1

OR 95% CI p

Total carbohydrate (%kcal) 0.99 0.96–1.03 0.71
Saturated fats (%kcal) 1.00 0.96–1.04 0.99

Protein (%kcal) 1.02 0.97–1.09 0.42
Fiber (g/day) 0.98 0.95–1.02 0.31

MeD score 0.88 0.81–0.97 0.010

SARS-COV-2 Infection (n = 900)—Model 2

OR 95% CI p

Total carbohydrate (%kcal) 1.01 0.97–1.05 0.70
Saturated fats (%kcal) 1.00 0.96–1.05 0.77

Protein (%kcal) 1.05 0.98–1.11 0.15
Fiber (g/day) 0.98 0.94–1.02 0.29

Fruit 0.85 0.64–1.13 0.27
Vegetables 0.86 0.63–1.19 0.37

Cereals 0.64 0.45–0.90 0.010
Olive oil 0.95 0.65–1.40 0.81

Severity of the SARS-COV-2 Infection (n = 148) §

OR 95% CI p

Age (years) 1.05 1.01–1.09 0.006
Saturated fats (%kcal) 1.09 1.01–1.17 0.029

CI: confidence intervals; § p < 0.05 vs. symptomatic (Scheffé test). § Model obtained after stepwise backward
selection of predictive variables.

4. Discussion

A significantly lower MeD score was found in HCPs who reported a SARS-COV-2
infection, in particular a lower cereal consumption. Furthermore, the infection severity
was directly associated with increasing age and saturated fat intake.

4.1. SARS-COV-2 Incidence

We found lower mean values of the MeD score than reported in other Italian studies
employing the Medi-lite questionnaire [52–54]. Differences might be due to the demo-
graphic characteristics of our participants, composed of middle-aged active-working HCPs
from northern Italy, since higher MeD scores have been reported in the elderly and in un-
employed or low-occupational level individuals when compared to skilled workers [52,53].
Furthermore, a lower adherence to MeD was described in northern compared to southern
Italian regions, both in adults and teenagers [55–57], even if an overall trend towards
reduction in the MeD adherence was observed nationwide over the years, particularly
among younger people [58–60].

The MeD score was significantly lower in our HCPs with a SARS-COV-2 infection
and, among them, in those with symptomatic disease and more severe infection. These
results suggest a potential protective effect of the MeD against the SARS-COV-2 infection,
as proposed by several authors [38–40]. In a recent ecological study, MeD adherence was
negatively associated with both SARS-COV-2 cases and related deaths [61]. However,
the design of the study did not allow for establishing a direct relationship, and many
confounding factors related to societal norms, cultural factors, the governmental response to
the pandemic, and differences in healthcare systems across countries may have influenced
the results [61].

To the best of our knowledge, our study is the first that specifically evaluated the
association between MeD adherence and SARS-COV-2 infection. A few studies have
assessed the link between a high MeD adherence and the generic risk of infections, reporting
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a lower risk for sepsis in adults [37], and better outcomes of children with recurring colds
and frequent inflammatory complications [36].

The beneficial effects of the MeD are related to its high content of immunomodulat-
ing and anti-inflammatory substances, such as vitamins, PUFAs, polyphenols, and fibers.
A beneficial role of vitamins against SARS-COV-2 infection has been hypothesized [62].
Antioxidant vitamins could reduce the generation of reactive oxygen (ROS) and reactive
nitrogen species in response to the infection, which has been shown to be harmful to
host cells [63]. PUFAs, in particular omega-3, exert anti-inflammatory effects as they are
metabolic precursors of specialized pro-resolving lipid mediators, including α-linolenic
acid, eicosapentaenoic acid, and docosahexaenoic acid, which could contribute to damp-
ening the critical inflammatory period [64]. Polyphenols, whose intake was higher in
the presence of a high MeD adherence [65], interact with transcription factors, including
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) and nuclear factor
erythroid 2-related factor 2 (Nrf-2), exerting anti-inflammatory and antioxidant effects,
respectively [63].

Furthermore, the MeD has been reported to modulate the platelet-activating factor
(PAF), a glyceryl-ether phospholipid (1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine)
which is a mediator of inflammation and thrombosis [66] and might contribute to the
thromboembolic complications that are common in severe SARS-COV-2 infections [40].
MeD was reported to reduce PAF both in healthy subjects and in patients with type
2 diabetes mellitus [67,68], and the healthy components of the MeD (cereals, legumes,
vegetables, fish, and wine) favorably modulate the pro-inflammatory actions of PAF [69].

Finally, a plethora of epidemiological studies have demonstrated the benefits of
increasing adherence to the MeD towards weight control and the risk of obesity and
dysmetabolic diseases [70]. Excess of adiposity is a well-known risk factor for severe
disease and mortality in patients with SARS-COV-2 infection, particularly in the elderly,
owing to common underlying pathophysiological features [38,71]. Adhering to the MeD
might therefore confer benefits towards the SARS-COV-2 infection by means of its favorable
role on weight control.

Our results showed that the consumption of cereals was inversely associated with
the risk of SARS-COV-2 infection. Unfortunately, the questionnaires we used did not
allow us to discriminate the types of consumed cereals (whole or refined). Evidence from
epidemiological data showed that whole cereals consumption is associated with reduced
risks for developing chronic diseases, such as type 2 diabetes mellitus, cardiovascular
diseases, obesity, and some types of cancer [72–74]. Moreover, improvements in insulin
resistance, blood lipid levels, and markers of subclinical systemic inflammation have
been associated with the intake of whole grains [75–77], with several of their components
implicated in these beneficial effects, such as fiber, magnesium, betaine, resistant starch,
and phytochemicals, including polyphenols and lignan [78,79]. On the other hand, the
intake of refined cereals, despite being widely assumed to be associated with adverse
health outcomes, failed to be linked to cardiometabolic diseases and all-cause mortality
by several meta-analyses [80–83], while total grain consumption was associated with a
reduced risk of chronic diseases and mortality [84,85], even if to a lesser extent than whole
grains. Cereal grains seem to display an immunomodulatory activity by inducing the
production of interleukin-10 (IL-10) from CD14+ monocytes in vitro [86,87]; polyphenols
and β-glucans, major components of the soluble fraction of the whole grain fiber, have
been suggested to stimulate immune responses [88,89], and, together with other types
of fiber, might contribute to the modulation of the gut microbiota, a critical player in the
development of the host immune system [90].

4.2. SARS-COV-2 Severity

We found a direct association between SARS-COV-2 infection severity and age, in
line with the literature [91]. The elderly showed a longer diseases course, worse clinical
patterns, poorer outcomes during hospitalization, and an increased risk of death [92–94].



Nutrients 2021, 13, 1721 9 of 15

The phenomenon known as inflammaging, the inflammatory state associated with aging as
part of the decline in the effectiveness of the immune system termed immuno-senescence,
might contribute to the infection severity [95].

The consumption of saturated fats (SFAs) was significantly higher among HCPs report-
ing a symptomatic SARS-COV-2 infection. Both clinical and preclinical studies reported an
association between dietary SFA intake and inflammation markers and chronic systemic
low-grade inflammation [96–99]. Low-grade chronic inflammation, a common condition
in people with obesity and diabetes mellitus, has been proposed to facilitate the cytokine
storm, which is linked to SARS-COV-2 infection severity [100,101]. The mechanisms by
which SFAs trigger chronic low-grade inflammation are not completely understood. These
compounds are able to activate Toll-like receptor-4 (TLR4) signaling [102], a member of
the family of Toll-like receptors which, after recognizing exogenous pathogen-associated
molecular components and various non-microbial damage-associated molecular patterns,
promote the synthesis of pro-inflammatory cytokines and chemokines and induce the
expression of co-stimulatory molecules, such as CD80 (cluster of differentiation) and CD86,
on antigen-presenting dendritic cells, thus triggering adaptive immune responses [102].
Furthermore, SFAs might amplify inflammation through the increased synthesis of ce-
ramides (bioactive sphingolipids mediating numerous cell-signaling events), which en-
hance the NF-κB pathway, thus increasing the expression of several pro-inflammatory
genes [103,104]. Finally, SFAs might contribute to low-grade systemic inflammation by
modulating the gut microbiota composition. High SFA diets have been implicated in
reducing the gut microbiota richness, increasing the Firmicutes-to-Bacteroidetes ratio, and
inducing gut dysbiosis [105,106]. This latter condition leads to an increased intestinal per-
meability with enhanced lipopolysaccharides (LPS) transport in the bloodstream, resulting
in metabolic endotoxemia [107], which contributes to low-grade inflammation, insulin resis-
tance, adipocyte hyperplasia, and the reduction of pancreatic beta-cells function [108,109].

4.3. Limitations

Our prevalence of under-reporters was in line with the previous literature [110,111].
The employed questionnaires did not allow us to properly estimate the micronutrient
intakes of our participants; furthermore, we did not collect data about the intake of vi-
tamin D or other supplements. This did not enable us to specifically test the association
between infection rate and nutrients, such as vitamins and trace elements, that have been
demonstrated to play key roles in supporting the immune system and helping in deal
with coronavirus infections [112]. The enrolment of HCPs from a single region and the
low percentage of male participants were further study limitations. Indeed, there is a
gender bias in participating in the completion of food questionnaires [113,114]. Further-
more, in Italy, there is a predominance of women among healthcare workers (>70% in
Piedmont) [115]; this finding is reassuring about the representativeness of our sample. This
was a proof-of-concept study and, therefore, no explicit estimations of the sample size were
made at the time of the study design. However, in a post hoc analysis, given the observed
results and considering 0.05 as significance level, this study had a power of 99.7% for the
detection of differences in the MeD score between subjects who reported the SARS-COV-2
infection and those who did not, and a power of 73.9% for the detection of differences in
the MeD score between subjects requiring hospitalization and those reporting an infection
of any other severity.

5. Conclusions

Health care professionals reporting a SARS-COV-2 infection had a significantly lower
MeD score, in particular, a lower than recommended consumption of cereals. Among those
with the infection, higher age and increased saturated fat intake were correlated with a
more severe disease. These results are worth confirming in a larger series of individuals
with SARS-COV-2 infections of greater severity. The potential role of the specific MeD
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foods and/or their key components warrants further investigation as well, and clinical
explorative trials on this topic are urgently needed.

In conclusion, the MeD might represent a potential approach to address the SARS-
COV-2 outbreak in order to prevent and/or improve disease-related outcomes.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu13051721/s1, Table S1: Mediterranean scores by SARS-COV-2 infection, Table S2: Asso-
ciation between SARS-COV-2 infection (yes vs no) and adherence to the MeD (categorical scores)
by logistic regression analyses, Table S3: Mediterranean scores by SARS-COV-2 severity, Table S4:
Characteristics of the participants by the severity of the SARS-COV-2 infection, after combining
symptomatic individuals in a unique category, Table S5: Mediterranean scores by SARS-COV-2
severity, after combining symptomatic individuals in a unique category.

Author Contributions: Conceptualization, S.B. (Simona Bo), V.P., and M.P.; methodology, V.P., M.P.,
and F.B.; formal analysis, S.B. (Simona Bo), V.P., and F.B.; investigation, V.P., C.D., and I.G.; data
curation, S.B. (Simona Bo), S.F., and F.B.; writing—original draft preparation, V.P. and S.B. (Simona
Bo); writing—review and editing, V.P., M.P., S.F., and S.B. (Silvio Buscemi); supervision, E.G. and S.B.
(Silvio Buscemi). All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of the University of Torino (protocol
code 492927, date of approval 4 December 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are grateful to all the healthcare professionals who have devoted a little of
their precious time to filling out the online questionnaire.

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

References
1. World Health Organization. Coronavirus Disease (COVID-19). Available online: https://www.who.int/emergencies/diseases/

novel-coronavirus-2019 (accessed on 7 April 2021).
2. Johns Hopkins Coronavirus Resource Center. COVID-19 Map. Available online: https://coronavirus.jhu.edu/map.html (accessed

on 7 April 2021).
3. EpiCentro. Sorveglianza Integrata COVID-19: I Principali Dati Nazionali. Available online: https://www.epicentro.iss.it/

coronavirus/sars-cov-2-sorveglianza-dati (accessed on 7 April 2021).
4. Buscemi, S.; Buscemi, C.; Batsis, J.A. There is a relationship between obesity and coronavirus disease 2019 but more information

is needed. Obesity 2020, 28, 1371–1373. [CrossRef]
5. Pan, D.; Sze, S.; Minhas, J.; Bangash, M.N.; Pareek, N.; Divall, P.; Williams, C.M.; Oggioni, M.R.; Squire, I.B.; Nellums, L.B.; et al.

The impact of ethnicity on clinical outcomes in COVID-19: A systematic review. EClinicalMedicine 2020, 23, 100404. [CrossRef]
6. Goumenou, M.; Sarigiannis, D.; Tsatsakis, A.; Anesti, O.; Docea, A.O.; Petrakis, D.; Tsoukalas, D.; Kostoff, R.; Rakitskii, V.;

Spandidos, D.A.; et al. COVID-19 in Northern Italy: An integrative overview of factors possibly influencing the sharp increase of
the outbreak (Review). Mol. Med. Rep. 2020, 22, 20–32. [CrossRef] [PubMed]

7. Asselta, R.; Paraboschi, E.M.; Mantovani, A.; Duga, S. ACE2 and TMPRSS2 variants and expression as candidates to sex and
country differences in COVID-19 severity in Italy. Aging 2020, 12, 10087–10098. [CrossRef]

8. Bousquet, J.; Anto, J.M.; Iaccarino, G.; Czarlewski, W.; Haahtela, T.; Anto, A.; Akdis, C.A.; Blain, H.; Canonica, G.W.; Cardona, V.;
et al. Is diet partly responsible for differences in COVID-19 death rates between and within countries? Clin. Transl. Allergy 2020,
10, 16. [CrossRef]

9. Kamyari, N.; Soltanian, A.R.; Mahjub, H.; Moghimbeigi, A. Diet, Nutrition, Obesity, and Their Implications for COVID-19
Mortality: Development of a Marginalized Two-Part Model for Semicontinuous Data. JMIR Public Health Surveill. 2021, 7, e22717.
[CrossRef]

10. Bousquet, J.; Anto, J.M.; Czarlewski, W.; Haahtela, T.; Fonseca, S.C.; Iaccarino, G.; Blain, H.; Vidal, A.; Sheikh, A.; Akdis, C.A.;
et al. Cabbage and fermented vegetables: From death rate heterogeneity in countries to candidates for mitigation strategies of
severe COVID-19. Allergy 2021, 76, 735–750. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/nu13051721/s1
https://www.mdpi.com/article/10.3390/nu13051721/s1
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://coronavirus.jhu.edu/map.html
https://www.epicentro.iss.it/coronavirus/sars-cov-2-sorveglianza-dati
https://www.epicentro.iss.it/coronavirus/sars-cov-2-sorveglianza-dati
http://doi.org/10.1002/oby.22883
http://doi.org/10.1016/j.eclinm.2020.100404
http://doi.org/10.3892/mmr.2020.11079
http://www.ncbi.nlm.nih.gov/pubmed/32319647
http://doi.org/10.18632/aging.103415
http://doi.org/10.1186/s13601-020-00323-0
http://doi.org/10.2196/22717
http://doi.org/10.1111/all.14549
http://www.ncbi.nlm.nih.gov/pubmed/32762135


Nutrients 2021, 13, 1721 11 of 15

11. Ilie, P.C.; Stefanescu, S.; Smith, L. The role of vitamin D in the prevention of coronavirus disease 2019 infection and mortality.
Aging Clin. Exp. Res. 2020, 32, 1195–1198. [CrossRef] [PubMed]

12. Zhang, J.; Taylor, E.W.; Bennett, K.; Saad, R.; Rayman, M.P. Association between regional selenium status and reported outcome
of COVID-19 cases in China. Am. J. Clin. Nutr. 2020, 111, 1297–1299. [CrossRef]

13. Hemilä, H.; Chalker, E. Reanalysis of the Effect of Vitamin C on Mortality in the CITRIS-ALI Trial: Important Findings Dismissed
in the Trial Report. Front. Med. 2020, 7, 590853. [CrossRef]

14. Annweiler, G.; Corvaisier, M.; Gautier, J.; Dubée, V.; Legrand, E.; Sacco, G.; Annweiler, C. Vitamin D Supplementation Associated
to Better Survival in Hospitalized Frail Elderly COVID-19 Patients: The GERIA-COVID Quasi-Experimental Study. Nutrients
2020, 12, 3377. [CrossRef] [PubMed]

15. Castillo, M.E.; Costa, L.M.E.; Barrios, J.M.V.; Díaz, J.F.A.; Miranda, J.L.; Bouillon, R.; Gomez, J.M.Q. Effect of calcifediol
treatment and best available therapy versus best available therapy on intensive care unit admission and mortality among patients
hospitalized for COVID-19: A pilot randomized clinical study. J. Steroid Biochem. Mol. Biol. 2020, 203, 105751. [CrossRef]

16. Ling, S.F.; Broad, E.; Murphy, R.; Pappachan, J.M.; Pardesi-Newton, S.; Kong, M.-F.; Jude, E.B. High-Dose Cholecalciferol Booster
Therapy is Associated with a Reduced Risk of Mortality in Patients with COVID-19: A Cross-Sectional Multi-Centre Observational
Study. Nutrients 2020, 12, 3799. [CrossRef]

17. Tan, C.W.; Ho, L.P.; Kalimuddin, S.; Cherng, B.P.Z.; Teh, Y.E.; Thien, S.Y.; Wong, H.M.; Tern, P.J.W.; Chandran, M.; Chay, J.W.M.;
et al. Cohort study to evaluate the effect of vitamin D, magnesium, and vitamin B12 in combination on progression to severe
outcomes in older patients with coronavirus (COVID-19). Nutrition 2020, 79–80, 111017. [CrossRef]

18. Rastogi, A.; Bhansali, A.; Khare, N.; Suri, V.; Yaddanapudi, N.; Sachdeva, N.; Puri, G.D.; Malhotra, P. Short term, high-dose
vitamin D supplementation for COVID-19 disease: A randomised, placebo-controlled, study (SHADE study). Postgrad. Med. J.
2020. [CrossRef]

19. Giannini, S.; Passeri, G.; Tripepi, G.; Sella, S.; Fusaro, M.; Arcidiacono, G.; Torres, M.O.; Michielin, A.; Prandini, T.; Baffa, V.; et al.
Effectiveness of In-Hospital Cholecalciferol Use on Clinical Outcomes in Comorbid COVID-19 Patients: A Hypothesis-Generating
Study. Nutrients 2021, 13, 219. [CrossRef]

20. Pellegrini, M.; Ponzo, V.; Rosato, R.; Scumaci, E.; Goitre, I.; Benso, A.; Belcastro, S.; Crespi, C.; De Michieli, F.; Ghigo, E.; et al.
Changes in Weight and Nutritional Habits in Adults with Obesity during the “Lockdown” Period Caused by the COVID-19
Virus Emergency. Nutrients 2020, 12, 2016. [CrossRef]

21. Scarmozzino, F.; Visioli, F. Covid-19 and the Subsequent Lockdown Modified Dietary Habits of Almost Half the Population in an
Italian Sample. Foods 2020, 9, 675. [CrossRef]

22. Di Renzo, L.; Gualtieri, P.; Pivari, F.; Soldati, L.; Attinà, A.; Cinelli, G.; Leggeri, C.; Caparello, G.; Barrea, L.; Scerbo, F.; et al. Eating
habits and lifestyle changes during COVID-19 lockdown: An Italian survey. J. Transl. Med. 2020, 18, 1–15. [CrossRef]

23. Di Santo, S.G.; Franchini, F.; Filiputti, B.; Martone, A.; Sannino, S. The Effects of COVID-19 and Quarantine Measures on the
Lifestyles and Mental Health of People Over 60 at Increased Risk of Dementia. Front. Psychiatry 2020, 11, 578628. [CrossRef]
[PubMed]

24. Maugeri, G.; Castrogiovanni, P.; Battaglia, G.; Pippi, R.; D’Agata, V.; Palma, A.; Di Rosa, M.; Musumeci, G. The impact of physical
activity on psychological health during Covid-19 pandemic in Italy. Heliyon 2020, 6, e04315. [CrossRef]

25. Bach-Faig, A.; Berry, E.M.; Lairon, D.; Reguant, J.; Trichopoulou, A.; Dernini, S.; Medina, F.X.; Battino, M.; Belahsen, R.; Miranda,
G.; et al. Mediterranean diet pyramid today. Science and cultural updates. Public Health Nutr. 2011, 14, 2274–2284. [CrossRef]

26. Mazzocchi, A.; Leone, L.; Agostoni, C.; Pali-Schöll, I. The Secrets of the Mediterranean Diet. Does [Only] Olive Oil Matter?
Nutrients 2019, 11, 2941. [CrossRef]

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

28. Sofi, F.; Abbate, R.; Gensini, G.F.; Casini, A. Accruing evidence on benefits of adherence to the Mediterranean diet on health: An
updated systematic review and meta-analysis. Am. J. Clin. Nutr. 2010, 92, 1189–1196. [CrossRef] [PubMed]

29. Soltani, S.; Jayedi, A.; Shab-Bidar, S.; Becerra-Tomás, N.; Salas-Salvadó, J. Adherence to the Mediterranean Diet in Relation to
All-Cause Mortality: A Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort Studies. Adv. Nutr. 2019, 10,
1029–1039. [CrossRef]

30. Dinu, M.; Pagliai, G.; Casini, A.; Sofi, F. Mediterranean diet and multiple health outcomes: An umbrella review of meta-analyses
of observational studies and randomised trials. Eur. J. Clin. Nutr. 2018, 72, 30–43. [CrossRef] [PubMed]

31. Papadaki, A.; Nolen-Doerr, E.; Mantzoros, C.S. The Effect of the Mediterranean Diet on Metabolic Health: A Systematic Review
and Meta-Analysis of Controlled Trials in Adults. Nutrients 2020, 12, 3342. [CrossRef]

32. Morze, J.; Danielewicz, A.; Przybyłowicz, K.; Zeng, H.; Hoffmann, G.; Schwingshackl, L. An updated systematic review and
meta-analysis on adherence to mediterranean diet and risk of cancer. Eur. J. Nutr. 2021, 60, 1561–1586. [CrossRef] [PubMed]

33. Schwingshackl, L.; Hoffmann, G. Mediterranean dietary pattern, inflammation and endothelial function: A systematic review
and meta-analysis of intervention trials. Nutr. Metab. Cardiovasc. Dis. 2014, 24, 929–939. [CrossRef]

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

http://doi.org/10.1007/s40520-020-01570-8
http://www.ncbi.nlm.nih.gov/pubmed/32377965
http://doi.org/10.1093/ajcn/nqaa095
http://doi.org/10.3389/fmed.2020.590853
http://doi.org/10.3390/nu12113377
http://www.ncbi.nlm.nih.gov/pubmed/33147894
http://doi.org/10.1016/j.jsbmb.2020.105751
http://doi.org/10.3390/nu12123799
http://doi.org/10.1016/j.nut.2020.111017
http://doi.org/10.1136/postgradmedj-2020-139065
http://doi.org/10.3390/nu13010219
http://doi.org/10.3390/nu12072016
http://doi.org/10.3390/foods9050675
http://doi.org/10.1186/s12967-020-02399-5
http://doi.org/10.3389/fpsyt.2020.578628
http://www.ncbi.nlm.nih.gov/pubmed/33173523
http://doi.org/10.1016/j.heliyon.2020.e04315
http://doi.org/10.1017/S1368980011002515
http://doi.org/10.3390/nu11122941
http://doi.org/10.1017/S0007114511005460
http://doi.org/10.3945/ajcn.2010.29673
http://www.ncbi.nlm.nih.gov/pubmed/20810976
http://doi.org/10.1093/advances/nmz041
http://doi.org/10.1038/ejcn.2017.58
http://www.ncbi.nlm.nih.gov/pubmed/28488692
http://doi.org/10.3390/nu12113342
http://doi.org/10.1007/s00394-020-02346-6
http://www.ncbi.nlm.nih.gov/pubmed/32770356
http://doi.org/10.1016/j.numecd.2014.03.003
http://doi.org/10.1001/jama.292.12.1440


Nutrients 2021, 13, 1721 12 of 15

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

36. Calatayud, F.; Calatayud, B.; Gallego, J.; González-Martín, C.; Alguacil, L. Effects of Mediterranean diet in patients with recurring
colds and frequent complications. Allergol. Immunopathol. 2017, 45, 417–424. [CrossRef]

37. Gray, M.S.; Wang, H.E.; Martin, K.D.; Donnelly, J.P.; Gutiérrez, O.M.; Shikany, J.M.; Judd, S.E. Adherence to Mediterranean-style
diet and risk of sepsis in the REasons for Geographic and Racial Differences in Stroke (REGARDS) cohort. Br. J. Nutr. 2018, 120,
1415–1421. [CrossRef]

38. Angelidi, A.M.; Kokkinos, A.; Katechaki, E.; Ros, E.; Mantzoros, C.S. Mediterranean diet as a nutritional approach for COVID-19.
Metabolism 2021, 114, 154407. [CrossRef]

39. Maiorino, M.I.; Bellastella, G.; Longo, M.; Caruso, P.; Esposito, K. Mediterranean Diet and COVID-19: Hypothesizing Potential
Benefits in People with Diabetes. Front. Endocrinol. 2020, 11, 574315. [CrossRef] [PubMed]

40. Detopoulou, P.; Demopoulos, C.; Antonopoulou, S. Micronutrients, Phytochemicals and Mediterranean Diet: A Potential
Protective Role against COVID-19 through Modulation of PAF Actions and Metabolism. Nutrients 2021, 13, 462. [CrossRef]
[PubMed]

41. Colaneri, M.; Novelli, V.; Cutti, S.; Muzzi, A.; Resani, G.; Monti, M.C.; Rona, C.; Grugnetti, A.M.; Rettani, M.; Rovida, F.; et al.
The experience of the health care workers of a severely hit SARS-CoV-2 referral Hospital in Italy: Incidence, clinical course and
modifiable risk factors for COVID-19 infection. J. Public Health 2021, 43, 26–34. [CrossRef] [PubMed]

42. Garzaro, G.; Clari, M.; Ciocan, C.; Grillo, E.; Mansour, I.; Godono, A.; Borgna, L.G.; Sciannameo, V.; Costa, G.; Raciti, I.M.; et al.
COVID-19 Infection and Diffusion Among the Healthcare Workforce in a Large University-Hospital in Northwest Italy. SSRN
Electron. J. 2020, 111, 184–194. [CrossRef]

43. Franzke, A.S.; Bechmann, A.; Zimmer, M.; Ess, C. Internet Research: Ethical Guidelines. The Association of Internet Researchers.
3.0. 2020. Available online: https://aoir.org/reports/ethics3.pdf (accessed on 7 April 2021).

44. Sofi, F.; Macchi, C.; Abbate, R.; Gensini, G.F.; Casini, A. Mediterranean diet and health status: An updated meta-analysis and a
proposal for a literature-based adherence score. Public Health Nutr. 2014, 17, 2769–2782. [CrossRef]

45. Buscemi, S.; Rosafio, G.; Vasto, S.; Massenti, F.M.; Grosso, G.; Galvano, F.; Rini, N.; Barile, A.M.; Maniaci, V.; Cosentino, L.; et al.
Validation of a food frequency questionnaire for use in Italian adults living in Sicily. Int. J. Food Sci. Nutr. 2015, 66, 426–438.
[CrossRef]

46. Sofi, F.; Dinu, M.; Pagliai, G.; Marcucci, R.; Casini, A. Validation of a literature-based adherence score to Mediterranean diet: The
MEDI-LITE score. Int. J. Food Sci. Nutr. 2017, 68, 757–762. [CrossRef]

47. Atlante Fotografico delle Porzioni degli Alimenti per Adulti. Available online: https://www.scottibassani.it/atlante-fotografico-
delle-porzioni-degli-alimenti/ (accessed on 7 April 2021).

48. AlimentiNUTrizione. Ricerca per Alimento. Available online: https://www.alimentinutrizione.it/tabelle-nutrizionali/ricerca-
per-alimento (accessed on 7 April 2021).

49. Brassard, D.; Laramée, C.; Robitaille, J.; Lemieux, S.; Lamarche, B. Differences in Population-Based Dietary Intake Estimates
Obtained From an Interviewer-Administered and a Self-Administered Web-Based 24-h Recall. Front. Nutr. 2020, 7, 137. [CrossRef]

50. Fabbisogno Energetico Medio (AR) in Età Adulta. Available online: https://sinu.it/2019/07/09/fabbisogno-energetico-medio-
ar-in-eta-adulta/ (accessed on 7 April 2021).

51. Garriguet, D. Accounting for misreporting when comparing energy intake across time in Canada. Public Health Rep. 2018, 29,
3–12.

52. Dinu, M.; Pagliai, G.; Giangrandi, I.; Colombini, B.; Toniolo, L.; Gensini, G.; Sofi, F. Adherence to the Mediterranean diet among
Italian adults: Results from the web-based Medi-Lite questionnaire. Int. J. Food Sci. Nutr. 2021, 72, 271–279. [CrossRef]

53. Marventano, S.; Godos, J.; Platania, A.; Galvano, F.; Mistretta, A.; Grosso, G. Mediterranean diet adherence in the Mediterranean
healthy eating, aging and lifestyle (MEAL) study cohort. Int. J. Food Sci. Nutr. 2018, 69, 100–107. [CrossRef]

54. La Verde, M.; Mulè, S.; Zappalà, G.; Privitera, G.; Maugeri, G.; Pecora, F.; Marranzano, M. Higher adherence to the Mediterranean
diet is inversely associated with having hypertension: Is low salt intake a mediating factor? Int. J. Food Sci. Nutr. 2018, 69, 235–244.
[CrossRef] [PubMed]

55. Ruggiero, E.; Di Castelnuovo, A.; Costanzo, S.; Persichillo, M.; Bracone, F.; Cerletti, C.; Donati, M.B.; De Gaetano, G.; Iacoviello,
L.; Bonaccio, M.; et al. Socioeconomic and psychosocial determinants of adherence to the Mediterranean diet in a general adult
Italian population. Eur. J. Public Health 2019, 29, 328–335. [CrossRef] [PubMed]

56. Predieri, S.; Sinesio, F.; Monteleone, E.; Spinelli, S.; Cianciabella, M.; Daniele, G.M.; Dinnella, C.; Gasperi, F.; Endrizzi, I.; Torri, L.;
et al. Gender, Age, Geographical Area, Food Neophobia and Their Relationships with the Adherence to the Mediterranean Diet:
New Insights from a Large Population Cross-Sectional Study. Nutrients 2020, 12, 1778. [CrossRef]

57. Noale, M.; Nardi, M.; Limongi, F.; Siviero, P.; Caregaro, L.; Crepaldi, G.; Maggi, S. Adolescents in Southern regions of Italy adhere
to the Mediterranean Diet more than those in the Northern regions. Nutr. Res. 2014, 34, 771–779. [CrossRef] [PubMed]

58. Bonaccio, M.; Di Castelnuovo, A.; Bonanni, A.; Costanzo, S.; De Lucia, F.; Persichillo, M.; Zito, F.; Donati, M.B.; de Gaetano,
G.; Iacoviello, L. Decline of the Mediterranean diet at a time of economic crisis. Results from the Moli-sani study. Nutr. Metab.
Cardiovasc. Dis. 2014, 24, 853–860. [CrossRef] [PubMed]

http://doi.org/10.1001/jama.289.14.1799
http://www.ncbi.nlm.nih.gov/pubmed/12684358
http://doi.org/10.1016/j.aller.2016.08.006
http://doi.org/10.1017/S0007114518002866
http://doi.org/10.1016/j.metabol.2020.154407
http://doi.org/10.3389/fendo.2020.574315
http://www.ncbi.nlm.nih.gov/pubmed/33042027
http://doi.org/10.3390/nu13020462
http://www.ncbi.nlm.nih.gov/pubmed/33573169
http://doi.org/10.1093/pubmed/fdaa195
http://www.ncbi.nlm.nih.gov/pubmed/33140084
http://doi.org/10.2139/ssrn.3578806
https://aoir.org/reports/ethics3.pdf
http://doi.org/10.1017/S1368980013003169
http://doi.org/10.3109/09637486.2015.1025718
http://doi.org/10.1080/09637486.2017.1287884
https://www.scottibassani.it/atlante-fotografico-delle-porzioni-degli-alimenti/
https://www.scottibassani.it/atlante-fotografico-delle-porzioni-degli-alimenti/
https://www.alimentinutrizione.it/tabelle-nutrizionali/ricerca-per-alimento
https://www.alimentinutrizione.it/tabelle-nutrizionali/ricerca-per-alimento
http://doi.org/10.3389/fnut.2020.00137
https://sinu.it/2019/07/09/fabbisogno-energetico-medio-ar-in-eta-adulta/
https://sinu.it/2019/07/09/fabbisogno-energetico-medio-ar-in-eta-adulta/
http://doi.org/10.1080/09637486.2020.1793306
http://doi.org/10.1080/09637486.2017.1332170
http://doi.org/10.1080/09637486.2017.1350941
http://www.ncbi.nlm.nih.gov/pubmed/28705075
http://doi.org/10.1093/eurpub/cky127
http://www.ncbi.nlm.nih.gov/pubmed/30020486
http://doi.org/10.3390/nu12061778
http://doi.org/10.1016/j.nutres.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25213381
http://doi.org/10.1016/j.numecd.2014.02.014
http://www.ncbi.nlm.nih.gov/pubmed/24819818


Nutrients 2021, 13, 1721 13 of 15

59. Leone, A.; Battezzati, A.; De Amicis, R.; De Carlo, G.; Bertoli, S. Trends of Adherence to the Mediterranean Dietary Pattern in
Northern Italy from 2010 to 2016. Nutrients 2017, 9, 734. [CrossRef]

60. Veronese, N.; Notarnicola, M.; Cisternino, A.M.; Inguaggiato, R.; Guerra, V.; Reddavide, R.; Donghia, R.; Rotolo, O.; Zinzi, I.;
Leandro, G.; et al. Trends in adherence to the Mediterranean diet in South Italy: A cross sectional study. Nutr. Metab. Cardiovasc.
Dis. 2020, 30, 410–417. [CrossRef] [PubMed]

61. Greene, M.W.; Roberts, A.P.; Frugé, A.D. Negative Association between Mediterranean Diet Adherence and COVID-19 Cases and
Related Deaths in Spain and 23 OECD Countries: An Ecological Study. Front. Nutr. 2021, 8, 591964. [CrossRef] [PubMed]

62. Jovic, T.H.; Ali, S.R.; Ibrahim, N.; Jessop, Z.M.; Tarassoli, S.P.; Dobbs, T.D.; Holford, P.; Thornton, C.A.; Whitaker, I.S. Could
Vitamins Help in the Fight Against COVID-19? Nutrients 2020, 12, 2550. [CrossRef]

63. Iddir, M.; Brito, A.; Dingeo, G.; Fernandez Del Campo, S.S.; Samouda, H.; La Frano, M.R.; Bohn, T. Strengthening the Immune
System and Reducing Inflammation and Oxidative Stress through Diet and Nutrition: Considerations during the COVID-19
Crisis. Nutrients 2020, 12, 1562. [CrossRef]

64. Weill, P.; Plissonneau, C.; Legrand, P.; Rioux, V.; Thibault, R. May omega-3 fatty acid dietary supplementation help reduce severe
complications in Covid-19 patients? Biochimie 2020, 179, 275–280. [CrossRef]

65. Godos, J.; Rapisarda, G.; Marventano, S.; Galvano, F.; Mistretta, A.; Grosso, G. Association between polyphenol intake and
adherence to the Mediterranean diet in Sicily, southern Italy. NFS J. 2017, 8, 1–7. [CrossRef]

66. Lordan, R.; Tsoupras, A.; Zabetakis, I.; Demopoulos, C.A. Forty Years Since the Structural Elucidation of Platelet-Activating
Factor (PAF): Historical, Current, and Future Research Perspectives. Molecules 2019, 24, 4414. [CrossRef]

67. Antonopoulou, S.; Fragopoulou, E.; Karantonis, H.C.; Mitsou, E.; Sitara, M.; Rementzis, J.; Mourelatos, A.; Ginis, A.; Phenekos, C.
Effect of Traditional Greek Mediterranean Meals on Platelet Aggregation in Normal Subjects and in Patients with Type 2 Diabetes
Mellitus. J. Med. Food 2006, 9, 356–362. [CrossRef]

68. Karantonis, H.C.; Fragopoulou, E.; Antonopoulou, S.; Rementzis, J.; Phenekos, C.; Demopoulos, C.A. Effect of fast-food
Mediterranean-type diet on type 2 diabetics and healthy human subjects’ platelet aggregation. Diabetes Res. Clin. Pract. 2006, 72,
33–41. [CrossRef]

69. Nomikos, T.; Fragopoulou, E.; Antonopoulou, S.; Panagiotakos, D.B. Mediterranean diet and platelet-activating factor; a
systematic review. Clin. Biochem. 2018, 60, 1–10. [CrossRef]

70. Dinu, M.; Pagliai, G.; Angelino, D.; Rosi, A.; Dall’Asta, M.; Bresciani, L.; Ferraris, C.; Guglielmetti, M.; Godos, J.; Del Bo’, C.;
et al. Effects of Popular Diets on Anthropometric and Cardiometabolic Parameters: An Umbrella Review of Meta-Analyses of
Randomized Controlled Trials. Adv. Nutr. 2020, 11, 815–833. [CrossRef]

71. Seidu, S.; Gillies, C.; Zaccardi, F.; Kunutsor, S.K.; Hartmann-Boyce, J.; Yates, T.; Singh, A.K.; Davies, M.J.; Khunti, K. The impact of
obesity on severe disease and mortality in people with SARS-CoV-2: A systematic review and meta-analysis. Endocrinol. Diabetes
Metab. 2021, 4. [CrossRef]

72. Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups
and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective
Studies. Adv. Nutr. 2019, 10, 205–218. [CrossRef]

73. Chen, G.-C.; Tong, X.; Xu, J.-Y.; Han, S.-F.; Wan, Z.-X.; Qin, J.-B.; Qin, L.-Q. Whole-grain intake and total, cardiovascular, and
cancer mortality: A systematic review and meta-analysis of prospective studies. Am. J. Clin. Nutr. 2016, 104, 164–172. [CrossRef]

74. Zong, G.; Gao, A.; Hu, F.B.; Sun, Q. Whole Grain Intake and Mortality From All Causes, Cardiovascular Disease, and Cancer.
Circulation 2016, 133, 2370–2380. [CrossRef]

75. Hollænder, P.L.B.; Ross, A.B.; Kristensen, M. Whole-grain and blood lipid changes in apparently healthy adults: A systematic
review and meta-analysis of randomized controlled studies1–3. Am. J. Clin. Nutr. 2015, 102, 556–572. [CrossRef]

76. Hajihashemi, P.; Haghighatdoost, F. Effects of Whole-Grain Consumption on Selected Biomarkers of Systematic Inflammation: A
Systematic Review and Meta-analysis of Randomized Controlled Trials. J. Am. Coll. Nutr. 2018, 38, 275–285. [CrossRef]

77. De Punder, K.; Pruimboom, L. The Dietary Intake of Wheat and other Cereal Grains and Their Role in Inflammation. Nutrients
2013, 5, 771–787. [CrossRef]

78. Fardet, A. New hypotheses for the health-protective mechanisms of whole-grain cereals: What is beyond fibre? Nutr. Res. Rev.
2010, 23, 65–134. [CrossRef] [PubMed]

79. Vitaglione, P.; Mennella, I.; Ferracane, R.; Rivellese, A.A.; Giacco, R.; Ercolini, D.; Gibbons, S.M.; La Storia, A.; Gilbert, J.A.;
Jonnalagadda, S.; et al. Whole-grain wheat consumption reduces inflammation in a randomized controlled trial on overweight
and obese subjects with unhealthy dietary and lifestyle behaviors: Role of polyphenols bound to cereal dietary fiber. Am. J. Clin.
Nutr. 2015, 101, 251–261. [CrossRef]

80. Schwingshackl, L.; Hoffmann, G.; Lampousi, A.-M.; Knüppel, S.; Iqbal, K.; Schwedhelm, C.; Bechthold, A.; Schlesinger, S.; Boeing,
H. Food groups and risk of type 2 diabetes mellitus: A systematic review and meta-analysis of prospective studies. Eur. J.
Epidemiol. 2017, 32, 363–375. [CrossRef]

81. He, K.; Li, Y.; Guo, X.; Zhong, L.; Tang, S. Food groups and the likelihood of non-alcoholic fatty liver disease: A systematic review
and meta-analysis. Br. J. Nutr. 2020, 124, 1–13. [CrossRef]

82. Wu, D.; Guan, Y.; Lv, S.; Wang, H.; Li, J. No Evidence of Increased Risk of Stroke with Consumption of Refined Grains: A
Meta-analysis of Prospective Cohort Studies. J. Stroke Cerebrovasc. Dis. 2015, 24, 2738–2746. [CrossRef]

http://doi.org/10.3390/nu9070734
http://doi.org/10.1016/j.numecd.2019.11.003
http://www.ncbi.nlm.nih.gov/pubmed/31822430
http://doi.org/10.3389/fnut.2021.591964
http://www.ncbi.nlm.nih.gov/pubmed/33748170
http://doi.org/10.3390/nu12092550
http://doi.org/10.3390/nu12061562
http://doi.org/10.1016/j.biochi.2020.09.003
http://doi.org/10.1016/j.nfs.2017.06.001
http://doi.org/10.3390/molecules24234414
http://doi.org/10.1089/jmf.2006.9.356
http://doi.org/10.1016/j.diabres.2005.09.003
http://doi.org/10.1016/j.clinbiochem.2018.08.004
http://doi.org/10.1093/advances/nmaa006
http://doi.org/10.1002/edm2.176
http://doi.org/10.1093/advances/nmy092
http://doi.org/10.3945/ajcn.115.122432
http://doi.org/10.1161/CIRCULATIONAHA.115.021101
http://doi.org/10.3945/ajcn.115.109165
http://doi.org/10.1080/07315724.2018.1490935
http://doi.org/10.3390/nu5030771
http://doi.org/10.1017/S0954422410000041
http://www.ncbi.nlm.nih.gov/pubmed/20565994
http://doi.org/10.3945/ajcn.114.088120
http://doi.org/10.1007/s10654-017-0246-y
http://doi.org/10.1017/S0007114520000914
http://doi.org/10.1016/j.jstrokecerebrovasdis.2015.08.004


Nutrients 2021, 13, 1721 14 of 15

83. Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Lampousi, A.-M.; Knüppel, S.; Iqbal, K.; Bechthold, A.; Schlesinger, S.; Boeing,
H. Food groups and risk of all-cause mortality: A systematic review and meta-analysis of prospective studies. Am. J. Clin. Nutr.
2017, 105, 1462–1473. [CrossRef]

84. Aune, D.; Norat, T.; Romundstad, P.; Vatten, L.J. Whole grain and refined grain consumption and the risk of type 2 diabetes: A
systematic review and dose–response meta-analysis of cohort studies. Eur. J. Epidemiol. 2013, 28, 845–858. [CrossRef] [PubMed]

85. Aune, D.; Keum, N.; Giovannucci, E.; Fadnes, L.T.; Boffetta, P.; Greenwood, D.C.; Tonstad, S.; Vatten, L.J.; Riboli, E.; Norat, T.
Whole grain consumption and risk of cardiovascular disease, cancer, and all cause and cause specific mortality: Systematic review
and dose-response meta-analysis of prospective studies. BMJ 2016, 353, i2716. [CrossRef]

86. Crowley, D.; O’Callaghan, Y.; O’Brien, N. The Immunomodulatory Potential of Cereal Grains. Curr. Nutr. Food Sci. 2018, 14,
183–196. [CrossRef]

87. Yamazaki, K.; Murray, J.A.; Kita, H. Innate immunomodulatory effects of cereal grains through induction of IL-10. J. Allergy Clin.
Immunol. 2008, 121, 172–178.e3. [CrossRef]

88. Shakoor, H.; Feehan, J.; Apostolopoulos, V.; Platat, C.; Al Dhaheri, A.S.; Ali, H.I.; Ismail, L.C.; Bosevski, M.; Stojanovska, L.
Immunomodulatory Effects of Dietary Polyphenols. Nutrients 2021, 13, 728. [CrossRef]

89. Han, B.; Baruah, K.; Cox, E.; Vanrompay, D.; Bossier, P. Structure-Functional Activity Relationship of β-Glucans From the
Perspective of Immunomodulation: A Mini-Review. Front. Immunol. 2020, 11, 658. [CrossRef]

90. Hooper, L.V.; Littman, D.R.; MacPherson, A.J. Interactions between the Microbiota and the Immune System. Science 2012, 336,
1268–1273. [CrossRef]

91. Zheng, Z.; Peng, F.; Xu, B.; Zhao, J.; Liu, H.; Peng, J.; Li, Q.; Jiang, C.; Zhou, Y.; Liu, S.; et al. Risk factors of critical & mortal
COVID-19 cases: A systematic literature review and meta-analysis. J. Infect. 2020, 81, e16–e25. [CrossRef]

92. Liu, Y.; Mao, B.; Liang, S.; Yang, J.-W.; Lu, H.-W.; Chai, Y.-H.; Wang, L.; Zhang, L.; Li, Q.-H.; Zhao, L.; et al. Association between
age and clinical characteristics and outcomes of COVID-19. Eur. Respir. J. 2020, 55, 2001112. [CrossRef]

93. Pennington, A.F.; Kompaniyets, L.; Summers, A.D.; Danielson, M.L.; Goodman, A.B.; Chevinsky, J.R.; Preston, L.E.; Schieber,
L.Z.; Namulanda, G.; Courtney, J.; et al. Risk of Clinical Severity by Age and Race/Ethnicity Among Adults Hospitalized for
COVID-19—United States, March–September 2020. Open Forum Infect. Dis. 2021, 8, ofaa638. [CrossRef] [PubMed]

94. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054–1062.
[CrossRef]

95. Pietrobon, A.J.; Teixeira, F.M.E.; Sato, M.N. I mmunosenescence and Inflammaging: Risk Factors of Severe COVID-19 in Older
People. Front. Immunol. 2020, 11, 579220. [CrossRef] [PubMed]

96. Kennedy, A.; Martinez, K.; Chuang, C.-C.; LaPoint, K.; McIntosh, M. Saturated Fatty Acid-Mediated Inflammation and Insulin
Resistance in Adipose Tissue: Mechanisms of Action and Implications. J. Nutr. 2009, 139, 1–4. [CrossRef]

97. Luukkonen, P.K.; Sädevirta, S.; Zhou, Y.; Kayser, B.; Ali, A.; Ahonen, L.; Lallukka, S.; Pelloux, V.; Gaggini, M.; Jian, C.; et al.
Saturated Fat Is More Metabolically Harmful for the Human Liver Than Unsaturated Fat or Simple Sugars. Diabetes Care 2018, 41,
1732–1739. [CrossRef]

98. Mazidi, M.; Heidari-Bakavoli, A.; Khayyatzadeh, S.S.; Azarpazhooh, M.R.; Nematy, M.; Safarian, M.; Esmaeili, H.; Parizadeh,
S.M.R.; Ghayour-Mobarhan, M.; Kengne, A.P.; et al. Serum hs-CRP varies with dietary cholesterol, but not dietary fatty acid
intake in individuals free of any history of cardiovascular disease. Eur. J. Clin. Nutr. 2016, 70, 1454–1457. [CrossRef]

99. Santos, S.; Oliveira, A.; Casal, S.; Lopes, C. Saturated fatty acids intake in relation to C-reactive protein, adiponectin, and leptin: A
population-based study. Nutrition 2013, 29, 892–897. [CrossRef] [PubMed]

100. Miossec, P. Understanding the cytokine storm during COVID-19: Contribution of preexisting chronic inflammation. Eur. J.
Rheumatol. 2020, 7, S97–S98. [CrossRef]
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