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Abstract: Background: The COVID-19 pandemic has negatively affected several aspects of people’s
lifestyle worldwide. Healthy dietary patterns and their bioactive components may improve or even
co-treat the negative impacts of the COVID-19 pandemic in several aspects of people’s lifestyle and
mental health in daily life. The aim of this survey is to evaluate the potential effect of Mediterranean
diet (MD) adherence against COVID-19-induced complications. Methods: This is a cross-sectional
survey performed on 3721 adults aged between 18 and 65 years old, which aims to evaluate the
potential association of MD adherence with multiple sociodemographic, anthropometric, and lifestyle
factors during the COVID-19 pandemic period. Results: This study has supported evidence that
elevated MD compliance was independently related to female gender, better economic status, no
smoking, increased risk of abdominal obesity, higher physical activity levels, greater prevalence
of adequate sleep quality, better quality of life, and reduced probability of anxiety and depression
during the COVID-19 pandemic by adjusting for multiple confounders. Conclusions: MD compliance
may improve or even co-treat the negative impacts of the COVID-19 pandemic in several aspect
of people’s lifestyle in daily life. Further research is strongly recommended exploring the possible
beneficial effects of the MD against COVID-19 lifestyle complications in daily life.

Keywords: COVID-19 pandemic; quality of life; sleep quality; anxiety; depression; sociodemographic
parameters; anthropometric parameters; lockdown

1. Introduction

The COVID-19 pandemic began at the end of 2019, affecting several aspects of people’s
daily life. To prevent the disease from spreading, countries were obliged to enact stringent
health regulations and social segregation policies. Particularly, in nations that have under-
gone protracted containment measures, the social distancing command, teleworking [1], the
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closing of schools and companies, and general isolation appear to exert a substantial delete-
rious impact on people’s psychology and daily routines [2]. Thus, the COVID-19 pandemic
has become a challenge for governments and healthcare professionals. The significant
medical complications, the increased prevalence of morbidity, and the quick international
diffusion of COVID-19 have resulted in critical public health concerns, activating several
public governmental actions worldwide.

The COVID-19 pandemic has important detrimental consequences on several aspects
of mental health, and, thus, the WHO has emergently addressed the mental health of the
general population as an issue of great priority [3,4]. Several longitudinal studies have
showed that in the first phase of pandemic, mental health (i.e., anxiety, depression, and
general distress) worsened compared with the time prior to the pandemic [5]. Recent
studies have indicated that during the epidemic, many persons experienced negative
emotional impacts because of the worry of infection and of the death of their relatives [6].
In this aspect, the COVID-19 pandemic was a distressing event which included various
kinds of stress factors such as worry of infection, fear for family members’ health, social
disconnection and isolation, the interruption of routine actions in daily life, and modifi-
cation in financial status [7,8]. In a substantial population-based cross-sectional survey,
social isolation during the COVID-19 pandemic was found to exert a global negative effect
on residents’ behaviors [9]. For example, a considerable elevation in the prevalence of
sedentariness, alcohol consumption, and smoking was noted. Accordingly, eating habits
were considerably worse during the pandemic [9].

Noticeably, the immune system’s function and the probability of interaction with food
have attracted specific attention during the effort to limit infection in order to provide a
better functional response and more effective protection against COVID-19 [10,11]. Ade-
quate food intake appears to provide some amount of protection against the virus and can
assist in managing the infection in the event of illness [12]. It has been well-recognized
that when an organism is exposed to an infectious agent, the immune system works much
more intensively [13]. This increased action is supplemented by an accelerated metabolic
rate, which requires additional energy, higher biosynthetic substrates, as well as regulatory
substances derived by foods [14]. A balanced, healthy diet can therefore be instrumental in
enhancing the immune system, which is crucial for fighting various infections. In contrast,
an unhealthy diet has adverse effects in terms of inflammatory conditions and oxidative
stress, and therefore can considerably affect the final outcome by weakening the immune
system [14]. Since shortages of specific nutrients from the body (such as vitamins C and
D and omega-3 fatty acids) might increase the chance of infection, there is gradually con-
tinued interest in immune-boosting supplements that could help to prevent COVID-19
or cure its symptoms [15–17]. Many substances have not been fully examined for this
disease, although it is known that they may help to prevent or minimize the symptoms
of the common cold, influenza, and other respiratory diseases. Therefore, some scientists
have believed that they may also be effective against COVID-19 [15–17]. Regular vitamin
C intake has been demonstrated to lessen the duration and intensity of the common cold,
as well as the risk of colds in individuals subjected to significant physical stress. It is also
beneficial for those with lung diseases, presenting reduced levels of vitamin C, as well as
those with viral illnesses, such as shingles. Vitamin C’s antioxidant properties may also
lower oxidative stress during infections [18].

Several research studies have also indicated that vitamin D deficiency and insufficiency
are also frequent in the global population [18,19]. Notably, researchers have reported a
link between COVID-19 severity and serum vitamin D concentrations in the last two
years [18–23]. In the setting of COVID-19, 1,25(OH)2D3 seems to downregulate the early
viral phase (SARS-CoV-2 infection) by enhancing innate antiviral effector mechanisms, as
well as the later cytokine-mediated hyperinflammatory phase [21]. By considering the
common origin of vitamin D, cortisol and sex hormones from cholesterol, certain reports
of an interaction between the secosteroid 1,25(OH)2D3 and other steroidal hormones are
not unexpected, in particular regarding common metabolic and cellular effects on immune
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system response and autoimmunity [23]. Importantly, 25OH-vitamin D serum deficiency
has been associated with more severe lung involvement, longer disease duration, and risk
of death in elderly COVID-19 patients. Moreover, the detection of low vitamin D levels
in younger COVID-19 patients with fewer comorbidities has further suggested vitamin
D deficiency as a crucial risk factor at any age [22]. In addition, key dietary components
such as vitamins C, D, and E; zinc; selenium; and omega-3 supplements have been well-
established to exert immunomodulatory effects, with special benefits in infectious disease,
and COVID-19 patients may show improvements in all clinical complaints except for bodily
pain and tiredness, appetite, and olfactory symptoms [23].

During the acute infection and recovery phase of COVID-19, oral probiotics may
also lower the antimicrobial resistance reservoir in the gut microbiota, whereas antibiotic
therapy has increased the amount of antimicrobial resistance [24–26]. These findings
have provided new evidence on the dynamics of the antimicrobial tolerance reservoir
in individuals with COVID-19 and raise the idea that microbiota-directed therapy could
help individuals with COVID-19 who were characterized by accumulated antimicrobial
tolerance, reducing their burden [24–26].

As a result of the psychological repercussions and restrictions imposed by the lock-
down, the pandemic itself led to worsening lifestyle patterns worldwide, including an
elevation in the intake of unhealthy foods and a decline in both compliance to the Mediter-
ranean diet (MD) and physical activity [27,28]. The MD mainly includes plant foodstuffs
like fruits, vegetables, cereals, legumes, nuts, seeds, and olives [28,29]. Extra virgin olive
oil is the main source of added fat and is consumed along with a high to intermediate
consumption of fish and seafood (about two servings per week); intermediate weekly
intake of eggs, poultry, and dairy products (two servings per week); a reduced intake
of red meat (about a maximum of two servings per week); processed meat (about one
serving per week); and sweets [27–29]. Increased consumption of nutrients which act
against inflammation and oxidative stress and also present immunomodulatory properties
is produced by this combination of eating behaviors. These nutrients include dietary fiber,
unsaturated fats, polyunsaturated fatty acids (PUFAs), vitamins, minerals, and several
bioactive phytochemicals, such as polyphenols and flavonoids [27–29]. An inverse rela-
tionship between MD compliance and the likelihood of cancer, cardiovascular disease,
neurodegenerative illnesses, and metabolic disorders has been suggested by several previ-
ous meta-analyses [30–32]. It was also shown that the MD may reduce the probability of
sepsis and lung infections, as well as inflammation, as indicated by a reduction in c-reactive
protein (CRP) and proinflammatory cytokines [30–32].

The MD has been presented as a feasible method for addressing COVID-19 infection
and severity-related issues such as obesity, diabetes, and cardiovascular disease [30–33]. The
MD also exerts a beneficial effect against inflammatory conditions, protecting the immune
system, while it may act as a protective agent against serious acute respiratory syndrome
coronavirus [34]. However, until now, there is merely a small number of studies which
have explored the impact of healthy dietary patterns or individual foodstuff components
against COVID-19 infection, and there are even fewer studies exploring the impact of
MD adherence against COVID-19 infection [34–37]. Hence, the present cross-sectional
study constitutes one of the few currently available studies that intends to explore the
potential effect of MD compliance in various sociodemographic, anthropometric, and
lifestyle characteristics like physical activity, sleep quality, quality of life, anxiety, and
depression during the COVID-19 lockdown period.

2. Materials and Methods
2.1. Study Population

In the current survey, 5123 individuals were primarily assigned from 10 geographically
diverse Greek areas: rural, urban, and islands (Athens, Thessaloniki, Larissa, Alexandroupo-
lis, Ioannina, Patra, Kalamata, Crete, and South and North Aegean). The inclusion criteria
for the primary assignment were individuals, both adult men and women at an equal
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number, with an age from 18 to 65 years old. Recruitment to the study was performed
during the COVID-19 lockdown in Greece in 2020–2021.

All participants’ information was confidential. All participants were notified concern-
ing the purpose of the study and signed a consent form in which they gave their approval
to publish their individual data anonymously. Sample size calculation was established
utilizing PS: Power and Sample Size calculator program. The randomization was con-
ducted utilizing a sequence of random binary numbers (i.e., 001110110, in which 0 signified
assignment and 1 no assignment to the survey).

Among 5123 primarily enrolled individuals, 241 (4.7%) of them finally denied taking
part in the survey. Among the remaining 4882 individuals, 201 (4.1%) individuals were
excluded due to missing data from the given certified questionnaire concerning physical
activity, sleep quality, quality of life, anxiety, and depression. Among the remaining
4681 individuals, 287 (6.1%) individuals were excluded due to incomplete data from their
given questionnaire related to sociodemographic and anthropometric parameters. Among
the remaining 4394 individuals, 673 (15.3%) individuals were excluded from the final
analysis due to the presence of any disease at the time of study, such as cardiovascular
diseases, cancer, metabolic disorders, and eating disorders. Finally, 3271 adults participated
in the final analysis, leading to a final response rate of 72.6%. A flow chart diagram of study
assignment is depicted in Figure 1. The study was approved by the Ethics Committee of
the University of the Aegean (ethics approval code: no 21/19 December 2019, approval
date: 19 December 2019) and it was in accordance with the World Health Organization
(52nd WMA General Assembly, Edinburgh, Scotland, 2000).
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Figure 1. Flow chart diagram of study assignment.

2.2. Study Design

Relevant semi-quantitative questionnaires were used for assembling the sociodemo-
graphic data, including age, gender, educational level, family economic status, nationality,
living status, employment status, smoking habits, and type of residency, of the enrolled
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individuals via face-to face interviews between the enrolled participants and the trained
personnel to minimize recall bias [38,39]. Education status was estimated based on the
summation of the educational years and financial level was categorized based on the
yearly family income as: 0, <5000 EUR; 1, 5000–10,000 EUR; 2, 10,000–15,000 EUR; 3,
15,000–20,000 EUR; 4, 20,000–25,000 EUR; 5, >25,000 EUR. Financial level was additionally
categorized as low for family yearly income ≤ 10,000 EUR, medium for yearly income
> 10,000 EUR and ≤20,000 EUR, and high for yearly income > 20,000 EUR [38,39]. The
above classification was based on the mean annual income of Greek citizens, which is about
19,893 EUR [38,39].

Body weight and height were also determined at the time of study to calculate Body
Mass Index (BMI). Participants’ weight was measured using a Seca scale [Seca, Hanover,
MD, USA], without shoes, to the near 100 g, while height was measured using a portable
stadiometer (GIMA Stadiometer 27335, Athens, Greece) with no shoes on, to the nearby
0.1cm. The WHO recommendations were applied to classify the assigned individuals as
normal weight, overweight, or obese [40,41]. A BMI between 18.5 and 24.9 Kg/m2 shows
a normal weight. A BMI between 25.0 and 29.9 Kg/m2 shows overweight, while a BMI
30.0 Kg/m2 and above indicates obesity [40,41]. The waist circumference was determined at
the midpoint between the lower margin of the last palpable ribs and the top of the iliac crest,
while the hip circumference was determined near to the widest portion of the buttocks, with
the tape parallel to the floor [42,43]. The Waist–Hip Ratio (WHR) was estimated by dividing
waist measurement by hip measurement. WHR has been considered as superior to BMI [44].
It has been recognized as a greater indicator of abdominal obesity [45], which is considered
as a better anthropometric measure for more efficiently estimating the probability of various
cardiometabolic disorders like diabetes mellitus II [46]. A WHR value of 0.80 or lower for
women and 0.90 or lower for men shows low health risk. A WHR value between 0.81 and
0.85 for women and between 0.96 and 1.0 for men shows moderate health risk, while a
WHR 0.86 or higher for women and 1.0 or higher for men indicates high health risk [45,46].

We also assessed physical activity levels utilizing the International Physical Activity
Questionnaire (IPAQ), in which individuals reported how much exercise they did in a
normal week. This self-reported questionnaire is utilized worldwide, assessing the total
physical activity over the previous 7 days, to be classified as low, moderate, or high [47].
IPAQ tool has been comprehensively examined and showed high reliability and adequate
validity, at least as effective as other self-reported PAQs [47].

We further assessed sleep quality by utilizing the Pittsburgh Sleep Quality Index
(PSQI), which contains 19 questions which are scored on a four-point scale (0–3) and
classified into 7 components (sleep quality, sleep latency, sleep period, habitual sleep
effectiveness, sleep disruption, taking sleeping medicines, and daytime disfunction) [48].
The items’ scores in each component were added and transformed into component scores
ranging between 0 (better) and 3 (worse) according to the related guidelines [48]. Total
PSQI scoring was determined as the sum of the 7 component scores ranging from 0 to 21,
where greater scoring shows inferior sleep quality. An overall PSQI scoring < 5 reveals
adequate sleep quality [48].

The World Health Organization’s Quality of Life Questionnaire (WHOQOL-Bref) was
applied for assessing quality of life of participants. This is a usual tool for assessing the
quality of life in both healthy individuals and patients, which is appropriate to be ap-
plied across genders, educational levels, and ages, and is also considered cross-culturally
applicable [49]. It has a great validity by giving evidence for adequate convergent and
differentiated validity and internal reliability of the physical, psychological, and envi-
ronmental fields [49]. Each individual item of the WHOQOL-Bref is scored from 1 to 5
on a response scale, which is ordered as a five-point ordinal scale. The scores are then
transformed linearly to a 0–100 scale [49].

The 6-item short-form State–Trait Anxiety Inventory (STAI-6) was used to assess the
anxiety of participants [50]. This is a consistent and valid instrument with acceptable
reliability and validity, as well as precision to variations in state anxiety. It is also likely to
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maximize responses rates and reduce the number of answering mistakes and unanswered
items, therefore enhancing the validity and generalizability of any results [50].

The Beck Depression Inventory (BDI-II) was applied for assessing the depression of
the participants. This questionnaire contains 21 groups of statements and is one of the
most broadly utilized psychometric tests for determining the intensity of depressive symp-
toms [51]. BDI-II contains items related to depressive symptomatology like hopelessness
and irritability, cognitions like guilt or feelings of being punished, as well as physical
symptoms like fatigue, weight decline, and lack of interest in sex [51]. The BDI-II has been
considered as a highly appropriate psychometric tool, indicating adequate consistency and
capability to distinguish between depressed and non-depressed individuals, and shows
increased concurrent, content, and structural validity. According to the available psychome-
tric evidence, the BDI-II is considered as a cost-effective questionnaire for determining the
intensity of depressive symptoms, with wide applicability for research and clinical practice
worldwide [51].

Concerning MD assessment, the validated MedDietScore was used [52,53]. This
questionnaire records the food frequency consumption of eleven selected foodstuff groups
based on MedDietScore index. Every question contains 6 probable responses, ranging from
0 to 5, which depend on the level of compliance with each foodstuff group. The summation
of the eleven responses results in a score between 0 and 55; a greater score represents
elevated MD compliance [52,53]. Concerning cereals, potatoes, fruits, vegetables, dairies,
and olive oil, the rates of six possible responses referred to daily consumption. Regarding
legumes, fish, red meat, and poultry, the rates of 6 probable responses referred to weekly
consumption [52,53]. The 11th question evaluated wine drinking at a daily frequency, with
intermediate drinking (≤1 and ≤2 drinks/day for women and men, respectively; one
drink = 100 mL = 12 g ethanol) being recognized as the greatest score [52,53]. The enrolled
individuals were classified into quartiles according to their MedDietScore. A MedDietScore
below 23 shows very low MD adherence, and a MedDietScore between 23 and 26 indicates
low MD adherence. A MedDietScore between 27 and 30 shows moderate MD adherence,
while a MedDietScore 31 and above indicates high MD adherence.

The questionnaires were accomplished by qualified personnel (e.g., medical and nurs-
ing personnel), nutritionists, and dietitians during face-to-face interviews with community-
dwelling assigned participants. The qualified personnel explained all the questions in
detail to all enrolled adults to increase the accuracy of answers.

2.3. Statistical Analysis

Student’s t-test and one-way ANOVA were used concerning continuous variables,
which followed the normal distribution. Kolmogorov–Smirnov test was applied to assess
normality distribution. Categorical variables were evaluated with Chi-square. The quan-
titative variables showing normal distribution are expressed as mean value ± Standard
Deviation (SD). The qualitative variables are expressed as absolute or relative incidences.
Multivariate binary logistic regression analysis was applied for examining whether MD
compliance is independently related to sociodemographic, anthropometric, and lifestyle
characteristics with adjustment for various possible confounders. As confounders, we en-
tered all the available co-variates, as all of them could have a confounding impact. Multiple
regression results are expressed as Odds Ratios (OR) and 95% confidence intervals (CI).
The Statistica 10.0 software, Europe, was used to perform the statistical analysis of the data
under study (Informer Technologies, Inc., Hamburg, Germany).

3. Results
3.1. Sociodemographic and Anthropometric Characteristics of the Study Population

All the sociodemographic and anthropometric parameters of the study population
are presented in Table 1. The mean age of the enrolled participants was 37.6 ± 5.8 (range:
21–65) years old. Regarding individuals’ sex, 50.5% were women and 49.5% were men.
The mean value of the educational years was 12.2 ± 2.8 (range: 0–14 years). Concerning
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the financial level, 71.6% of the participants stated a low yearly income, 18.6% a medium-
and 9.8% a high yearly income. In total, 85.7% of the participants were Greek and 14.3%
of the participants reported another nationality. Concerning living status, 73.1% lived
with others and 26.9% lived alone. A total of 80.8% of the participants reported that they
were employed and 19.2% of them were unemployed. A total of 70.2% of the enrolled
individuals were non-smokers, and the remaining 29.8% were regular smokers. As far as
the type of residency, 74.9% lived in urban regions and 25.1% lived in rural regions.

Table 1. Descriptive statistics of the study population.

Parameters (n = 3721) Descriptive Statistics

Age (mean ± SD; years) 37.6 ± 5.8

Gender (n, %)

Male 1841 (49.5%)

Female 1880 (50.5%)

Education level (mean ± SD; years) 12.2 ± 2.8

Family financial status (n, %)

Low 2664 (71.6%)

Medium 693 (18.6%)

High 364 (9.8%)

Nationality (n, %)

Greek 3189 (85.7%)

Other 531 (14.3%)

Living status (n, %)

Living with others 2720 (73.1%)

Living alone 1001 (26.9%)

Employment (n, %)

Employed 3006 (80.8%)

Unemployed 715 (19.2%)

Smoking habits (n, %)

Non-smokers 2612 (70.2%)

Smokers 1109 (29.8%)

Type of residency(n, %)

Urban 2789 (74.9%)

Rural 932 (25.1%)

BMI status (n, %)

Normal weight 2437 (65.5%)

Overweight 792 (21.3%)

Obese 492 (13.2%)

WHR (n, %)

Low 2387 (64.2%)

Moderate 854 (22.9%)

High 480 (12.9%)
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Table 1. Cont.

Parameters (n = 3721) Descriptive Statistics

Physical activity levels (n, %)

Low 2186 (58.7%)

Moderate 859 (23.1%)

High 676 (18.2%)

Sleep quality (n, %)

Adequate 2595 (69.7%)

Inadequate 1126 (30.3%)

Quality of life (n, %)

Below mean value 1872 (50.3%)

Over mean value 1849 (49.7%)

Anxiety (n, %)

No 2731 (73.4%)

Yes 990 (26.6%)

Depression (n, %)

No 2482 (66.7%)

Yes 1239 (33.3%)

Mediterranean Diet adherence (n, %)

Very low 927 (24.9%)

Low 932 (25.1%)

Moderate 931 (25.0%)

High 931 (25.0%)

BMI values were normally distributed, and the mean BMI value was 26.9 ± 4.4
(range: 18.2–41.3). According to BMI classification, 65.5% of the assigned participants were
classified as normal weight, 21.3% of them as overweight, and 13.2% as obese. Based on
the WHR, an indicator of abdominal obesity, 64.2% of the enrolled participants had a low
WHR, 23.1% of them had a moderate WHR, and 18.2% exhibited a high WHR.

3.2. Lifestyle Factors of the Study Population

All the lifestyle factors are presented in Table 1. Concerning the physical activity levels
of the enrolled individuals, according to IPAQ categorization, 58.7% exhibited low physical
activity levels, 23.1% showed intermediate physical activity levels, and 18.2% exhibited
high physical activity levels. Regarding the sleep quality of the study population, according
to PSQI categorization, 69.7% of the enrolled individuals showed adequate sleep quality
and 30.3% exhibited inadequate sleep quality. Concerning the quality of life of the assigned
participants, according to WHOQOL-Bref, a mean value of 52 ± 2.8 was recorded, while
50.3% had a score below the mean value and 49.7% exhibited a score above the mean value.

Concerning the anxiety of the enrolled participants, based on the six-item short-form
STAI classification, 73.4% of the had no symptoms of anxiety, whereas 26.6% of them were
diagnosed with anxiety. Regarding the depression of the assigned individuals, according
to the BDI-II classification, 66.7% of them had no depressive symptoms, whereas 33.3% of
them were diagnosed with depression.

MD compliance was evaluated using MedDietScore. The MedDietScore variable was
normally distributed according to the Kolmogorov–Smirnov test, showing a mean value of
27.5 ± 4.8 points (range: 10–43 points). Participants were grouped into quartiles according
to MedDietScore [36,37,50,51]. Individuals with a score ≤ 25 (24.9%) were categorized to
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have “very low” MD compliance and those with scores between 26 and 28 (25.1%) were
classified in the “low” MD compliance group. Individuals presenting scores between 29 and
31 (25.0%) were categorized to have “moderate” MD compliance, while those presenting a
score ≥ 32 (25.0%) were pointed to have “high” MD compliance [36,37,50,51].

3.3. Association of MD Adherence with Sociodemographic and Anthropometric Characteristics of
the Study Population

In cross-tabulation, elevated MD compliance was significantly more frequently noted
in female than male participants (Table 2, p = 0.0001). Individuals with a better family
annual income exhibited significantly higher levels of MD compliance (Table 2, p = 0.0002).
Individuals living with others showed considerably elevated levels of MD compliance
compared with those living alone (Table 2, p = 0.0184). Greater MD compliance was signif-
icantly more frequently noted in non-smokers compared with individuals who smoked
(Table 2, p = 0.0001). Individuals living in rural geographical areas exhibited significantly
higher MD compliance than those living in urban areas (Table 2, p = 0.0128).

Table 2. Association of MD adherence with sociodemographic, anthropometric, and lifestyle factors.

Characteristics
(n = 3721)

Mediterranean Diet Adherence

Very Low Low Moderate High p-Value

Age (mean ± SD;
years) 37.5 ± 9.1 37.2 ± 8.8 37.9 ± 8.5 37.6 ± 8.0 p = 0.3857

Gender (n, %)

Male 499 (53.8%) 638 (68.5%) 355 (38.1%) 348 (37.4%) p = 0.0001

Female 428 (46.2%) 294 (31.5%) 576 (61.9%) 583 (62.6%)

Education level
(mean ± SD; years) 12.8 ± 4.5 12.7 ± 4.3 13.1 ± 4.8 13.3 ± 5.1 p = 0.0538

Family financial status
(n, %) p = 0.0002

Low 704 (75.9%) 689 (73.9%) 724 (77.8%) 547 (58.7%)

Medium 187 (29.2%) 206 (22.1%) 168 (18.0%) 132 (14.2%)

High 36 (3.9%) 37 (4.0%) 39 (4.2%) 252 (27.1%)

Nationality (n, %) p = 0.4538

Greek 794 (85.6) 789 (84.7%) 811 (87.2%) 795 (85.4%)

Other 133 (14.4%) 143 (15.3%) 119 (12.8%) 136 (14.6%)

Living status (n, %) p = 0.0184

Living with others 657 (70.9%) 711 (76.3%) 643 (69.1%) 709 (76.2%)

Living alone 270 (29.1) 221 (23.7%) 288 (30.9%) 222 (23.8%)

Employment (n, %) p = 0.0894

Employed 730 (78.7%) 764 (82.0%) 747 (80.2%) 765 (82.2%)

Unemployed 197 (21.3%) 168 (18.0%) 184 (19.8%) 166 (17.8%)

Smoking habits (n, %) p = 0.0001

Non-smokers 593 (64.0%) 528 (56.7%) 723 (77.7%) 768 (82.5%)

Smokers 334 (36.0%) 404 (43.3%) 208 (22.3%) 163 (17.5%)

Type of residency
(n, %) p = 0.0128

Urban 744 (80.3%) 692 (74.3%) 689 (74.0%) 664 (71.3%)

Rural 183 (19.7%) 240 (25.7%) 242 (26.0%) 267 (28.7%)
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Table 2. Cont.

Characteristics
(n = 3721)

Mediterranean Diet Adherence

Very Low Low Moderate High p-Value

BMI status (n, %) p = 0.0297

Normal weight 607 (65.5%) 575 (61.7%) 621 (66.7%) 634 (68.1%)

Overweight 182 (19.6%) 225 (24.1%) 201 (21.6%) 184 (19.8%)

Obese 138 (14.9%) 132 (14.2%) 109 (11.7%) 113 (12.1%)

WHR (n, %) p = 0.0001

Low 576 (62.1%) 544 (58.4%) 586 (62.9%) 681 (73.2%)

Moderate 223 (24.1%) 260 (27.9%) 219 (23.5%) 152 (16.3%)

High 128 (13.8%) 128 (13.7%) 126 (13.5%) 98 (10.5%)

Physical activity levels
(n, %) p = 0.0021

Low 750 (80.9%) 766 (82.2%) 334 (35.9%) 336(36.1%)

Moderate 163 (17.6%) 157 (16.8%) 344 (36.9%) 195 (20.9%)

High 14 (1.51%) 9 (1.0%) 253 (27.2%) 400 (43.0%)

Sleep quality (n, %) p = 0.0001

Adequate 539 (58.1%) 525 (56.3%) 758 (81.4%) 773 (83.0%)

Inadequate 388 (41.9%) 407 (43.7%) 173 (18.6%) 158 (17.0%)

Quality of life (n, %) p = 0.0001

Below mean value 458 (49.4%) 598 (64.2%) 491 (52.7%) 325 (34.9%)

Over mean value 469 (50.6%) 334 (35.8%) 440 (47.3%) 606 (65.1%)

Anxiety (n, %) p = 0.0001

No 610 (65.8%) 642 (68.9%) 700 (75.2%) 779 (83.7%)

Yes 317 (34.2%) 290 (31.1%) 231 (24.8%) 152 (16.3%)

Depression (n, %) p = 0.0001

No 530 (57.2%) 573 (61.5%) 661 (71.0%) 718 (77.1%)

Yes 397 (42.8%) 359 (38.5%) 270 (29.0%) 213 (22.9%)

Based on BMI classification, individuals affected by overweight or obesity had sig-
nificantly lower levels of MD compliance than individuals at target weights (Table 2,
p = 0.0297). Based on WHR classification, a significantly higher frequency of abdominal
obesity was observed in participants adopting the MD at lower levels of compliance than
those presenting greater MD compliance (Table 2, p = 0.0001).

A marginal relation of greater MD adherence and advanced education status of par-
ticipants was noted, though at a non-significant level (Table 2, p = 0.0538). Accordingly,
employed participants showed a trend of correlation of higher MD adherence compared
with unemployed participants, though at a non-significant level (Table 2, p = 0.0894). No
relation between MD adherence and participants’ age and nationality was noted (Table 2,
p > 0.05).

3.4. Association of MD Adherence with Lifestyle Factors of the Study Population

Participants with greater MD compliance showed significantly higher physical ac-
tivity levels (Table 2, p = 0.0021). Participants presenting adequate sleep quality showed
significantly elevated MD compliance compared with those with inadequate sleep quality
(Table 2, p = 0.0001). Elevated MD compliance was significantly more frequently observed
in individuals with a better quality of life than those with a worse quality of life (Table 2,
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p = 0.0001). A considerably elevated frequency of anxiety symptoms was noted in individ-
uals with lower MD compliance compared with those with higher MD adherence (Table 2,
p = 0.0001). Accordingly, a considerably elevated incidence of depressive symptoms was
observed in individuals with lower MD compliance compared with those with elevated
MD adherence (Table 2, p = 0.0001).

3.5. Multivariate Analysis for MD Adherence with Adjustment for Multiple Confounding Factors

In multiple binary logistic regression analysis, MD compliance was independently
associated with participants’ economic level, smoking habits, WHR, physical activity, sleep
quality, quality of life, anxiety, and depression. (Table 3, p < 0.05). Specifically, female
individuals exhibited a 35% higher probability of greater MD compliance compared with
male participants (Table 3, p = 0.0087). Participants with a high annual income exhibited
a 32% greater prevalence of elevated MD compliance compared with those with low or
medium annual incomes (Table 3, p = 0.0376). Non-smoker individuals showed a 58%
higher incidence of greater MD compliance compared with individuals who smoked
(Table 3, p = 0.0189). Moreover, individuals with lower MD adherence showed a 69%
elevated probability to have abdominal obesity (expressed by WHR) compared with those
with elevated MD compliance (Table 3, p = 0.0184).

Table 3. Multivariate analysis for MD adherence, adjusting for possible confounders.

Characteristics

Mediterranean Diet Adherence
(Very Low + Low vs. Moderate + High)

OR * (95% CI **) p-Value

Gender (Male/Female) 1.35 (1.03–1.57) p = 0.0087

Educational status
(Below/Over mean value) 1.28 (0.77–1.82) p = 0.2938

Family financial level (Low
or medium/High) 1.32 (0.98–1.65) p = 0.0376

Nationality (Greek /Other) 0.91 (0.23–1.67) p = 0.8932

Living status (Living
alone/Living with others) 1.42 (1.05–1.87) p = 0.0783

Employment
(Unemployed/Employed) 1.15 (0.71–1.68) p = 0.2394

Smoking habits (Yes/No) 1.58 (1.33–1.84) p = 0.0189

Type of residency
(Urban/Rural) 1.10 (0.69–1.58) p = 0.1947

BMI status (Normal
weight/Overweight + Obese) 1.87 (1.28–2.43) p = 0.2043

WHR (Moderate + high/Low) 1.69 (1.42–1.81) p = 0.0184

Physical activity levels
(Low/Moderate + high) 1.55 (1.18–1.89) p = 0.0201

Sleep quality
(Inadequate/Adequate) 1.96 (1.72–2.29) p = 0.0119

Quality of life (Below mean
value/Over mean value) 2.04 (1.83–2.27) p = 0.0098

Anxiety (Yes/No) 2.18 (1.93–2.41) p = 0.0107

Depression (Yes/No) 2.43 (2.25–2.66) p = 0.0045
* Odds Ratio: OR. ** CI: Confidence interval.

In addition, individuals with greater MD compliance showed a 55% greater probability
of higher physical activity levels compared with those presenting lower levels of MD
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adherence (Table 3, p = 0.0201). Individuals adopting the MD at higher levels showed
a 96% higher prevalence of adequate sleep quality than those presenting reduced MD
compliance (Table 3, p = 0.0119). Individuals with greater MD compliance exhibited a
2-fold higher incidence of better quality of life than those presenting lower MD adherence
levels (Table 3, p = 0.0098). Individuals with lower MD compliance had a more than 2-fold
elevated probability of being diagnosed with anxiety than those with greater MD adherence
(Table 3, p = 0.0107). Accordingly, participants with lower MD compliance exhibited a
more than 2-fold increased probability of being diagnosed with depression than those with
greater MD adherence (Table 3, p = 0.0045).

3.6. Interrelationships between Sociodemographic, Anthropometric, and Lifestyle Factors

We have further assessed potential interrelationships between the collected data. In
fact, overweight and obesity was significantly associated with inadequate sleep quality,
urban type of residency, worse quality of life, lower physical activity levels, a higher
prevalence of anxiety and depression, and smoking habits (p < 0.05). Higher physical
activity levels were associated with better sleep quality, urban type of residency, greater
quality of life, and lower prevalence of anxiety and depression, as well as never smoking
(p < 0.05). Better sleep quality was also significantly associated with a lower prevalence
of anxiety and depression and not smoking (p < 0.05). A better quality of life was also
significantly associated with a lower prevalence of anxiety and depression, as well as not
smoking (p < 0.05). Anxiety was also significantly associated with a higher prevalence of
depression and smoking habits (p < 0.05).

4. Discussion

This is one of the few currently available studies that has explored the impact of MD
adherence on multiple sociodemographic, anthropometric, and lifestyles factors during the
COVID-19 pandemic. This study has provided evidence that higher levels of MD compli-
ance were independently related to female gender, better economic status, not smoking,
a lower risk of abdominal obesity, higher physical activity levels, greater prevalence of
adequate sleep quality, better quality of life, and a lower risk of anxiety and depressive
symptoms during the COVID-19 pandemic. Associations between greater MD adherence
and higher educational levels, living with others, living in rural regions, and a lower preva-
lence of overweight/obesity were also recorded in the unadjusted analysis. However, these
associations were significantly attenuated and did not remain significant after adjustment
for several confounders.

According to a recent study published in 2022, 35.4% of Greek adults are overweight
and 17.8% are obese. In our study, we recorded a lower prevalence of 21.3% of overweight
as well as a bit smaller prevalence of 13.2% of obesity concerning our study population.
This may be ascribed to the fact that the mean age of the enrolled individuals in our study
was quite low (37.6 ± 5.8 years.), whereas the mean age of the above Greek statistics
corresponds to a mean age of about 45 years [54]. The mean value of the educational years
was 12.2 ± 2.8 for our study population, which is similar to the official statistics [54]. The
prevalence of unemployed individuals in our study population was 19.2%, which is a bit
lower compared with the recent official statistics (26.4%) [54]. Food insecurity has been
recorded as 72.7% according to the official statistics, which is similar to the percentage of
our participants that have reported a 72.9% low and medium financial status. We have
also recorded a prevalence of 29.8% of enrolled individuals who were smokers, which
is very close to the percentage of 29.0% reported in other studies for Greece [55]. In our
study, we recorded a prevalence of 58.7% of the enrolled participants with low physical
activity levels, whereas other studies have reported an even higher prevalence of 83% in
Greece [56]. Similar decreases in the prevalence of depression, anxiety, stress, poor sleep,
and quality of life have also been noted in previous studies in the Greek population [57,58].

There are several studies showing a high prevalence of fatigue, situational and struc-
tural anxiety, and depression (60.4%, 60.1%, 46.8%, and 39.7%, respectively) [59–61]. Our
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results also showed that Greek nurses had among the highest rates of fatigue [9,12,41], anx-
iety, and depression compared with the findings of studies in other countries [6,10,11]. Our
results have indicated slightly smaller prevalences of anxiety and depression, 33.3% and
26.6%, which may be ascribed to the fact that we did not focus our study on healthcare pro-
fessionals, as in previous studies. Greece has the lowest ratio of nurses per 1000 inhabitants
among European Union countries [30], a finding that partly justifies these findings [59].

There is substantial research evidence which supports that several phenolic com-
pounds included in the MD exert protective effects against several human diseases, in-
cluding COVID-19 [27–31]. These phenolic compounds can act against oxidative stress
and inflammatory conditions and could enhance human health promotion; they are also
considered as preventive and/or co-treatment agents against several human diseases, in-
cluding COVID-19 infection. Specifically, hydroxytyrosol, resveratrol, flavonols, flavanols,
and flavanones may exhibit prevention effects against several human diseases, including
COVID-19 [27–31]. All these factors, which are also included in the MD, can support
overall human health. The above could be ascribed to the increase in the biosynthesis and
translocation of nuclear factor erythroid 2-related factor 2 (Nrf-2), which can enhance the
activity of enzymes, which can act against oxidative stress. The above decreases reactive
oxygen species (ROS) release and inhibits the action of matrix metalloproteinase-9 (MMP-9),
which contributes to the production of cytokines, suppressing the nuclear factor kappa B
(NF-κB) [62]. On the contrary, Westernized dietary patterns are commonly associated with
increased inflammatory conditions, increased oxidation conditions, and reduced immune
system function, and therefore could increase the intensity of COVID-19 symptoms [63,64].
The above detrimental actions may be ascribed to the fact that these dietary patterns contain
high amounts of saturated fat, refined carbohydrates, and sugar, whereas they include
lower amounts of fibers. Moreover, these dietary patterns have been related to a higher
risk of several disorders such as metabolic syndrome and cardiovascular diseases, cancer,
and others [63,64]. To date, the currently available epidemiological data remain extremely
scarce concerning the impact of healthy dietary patterns like MD against COVID-19. In this
context, Greene et al. have demonstrated an inverse association of MD compliance with
COVID-19-infected individuals and associated deaths, supporting evidence that the MD
and other healthy nutritional patterns, which can decrease inflammatory conditions, also
reducing the probability of various pathological states and disorders, may minimize the
likelihood of developing intense COVID-19 symptomatology and mortality [65].

A cross-sectional survey including 961 university students has explored their eating
habits, and found that the students who were regular smokers and drank high amounts of
alcohol have exhibited reduced compliance to the MD. In addition, lower levels of MD com-
pliance were observed in those students with elevated stress and lower sleep quality [66].
Another study has indicated that the quarantine has exerted considerably negative effects
on eating behaviors and physical activity [67]. The above has been attributed to the fact that
there has been an elevation in food intake and a decrease in physical activity, which can
result in body weight elevation [67]. In a longitude study conducted on 1520 participants,
increased intake of cereals was related to decreased risk of COVID-19 infection, while
the probability of being infected with COVID-19 reduced in combination with increasing
olive oil consumption [68]. These findings have supported evidence that adopting a well-
balanced MD may be considered as a crucial factor to decrease the likelihood of COVID-19
morbidity [69].

A cross-sectional survey has indicated that healthcare workers have showed a worsen-
ing in several aspects of their mental health during the COVID-19 pandemic, leading to
increased risk of depressive symptoms, anxiety, and stress [70]. The intensity of the stress
and anxiety symptomatology was dependent on the specialization of the healthcare per-
sonnel and the duration of exposure with individuals infected with COVID-19. Meanwhile,
the intensity of depressive symptoms was dependent on the specific characteristics of each
individual infected with COVID-19 [71]. The COVID-19 lockdown has also been associated
with a decrease in sleeping hours and physical activity [72]. A cross-sectional survey
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including 1008 individuals showed that the overall prevalence of depression reached an
extremely high percentage of 62.5% [73]. Notably, having depression was significantly
associated with anxiety and economic loss, as well as a lower quality of life [73]. In a
cross-sectional survey conducted on 1008 Macau residents, the overall prevalence of insom-
nia was also extremely high, reaching 49.0% during the COVID-19 epidemic period [73].
The above survey has showed that being quarantined in the COVID-19 epidemic period
and having psychiatric problems have increased the risk of insomnia and the prevalence
of worse quality of life [74]. In addition, a cross-sectional survey including 191 female
students has showed an extremely high prevalence of poor sleep quality equal to 82%, also
reporting macronutrient imbalances and increased amounts of protein and fat consumption
and a decrease in the consumption of carbohydrates and fibers [75]. Another study was
performed on 1388 university students. Among them, 66.4% were Lithuanians and 33.6%
were Croatians. This study has found a considerably low consumption of vegetables, olive
oil, fruits, nuts, legumes, and seafoods during the COVID-19 pandemic, while greater
compliance to the MD was related to better physical activity [75].

In an online study conducted on 3797 participants, the MD has decreased the risk of
developing anxiety, whereas female gender, worsening of diet quality during the epidemic,
and unemployment have enhanced the risk of developing anxiety [76]. Another two retro-
spective studies from Italy performed on 1401 participants have also supported evidence
that psychological distress due to COVID-19 confinement was clearly related to unhealthy
nutritional habits in both Italian cohorts [76]. Consumption of ultra-processed foodstuffs
was also directly related to a high risk of depression, anxiety, stress, and post-traumatic
stress disorder [77]. Notably, a large population-based study performed in Italy during the
first COVID-19 lockdown showed that 25.5% and 22% of survey respondents suffered from
moderate or severe psychological distress, respectively [75]. Younger age, female gender,
being unemployed, and being a student were considerably associated with more intense
depression symptomatology [78]. Accordingly, in a cross-sectional, online study performed
on 3797 persons, more than half (54%) of the enrolled individuals documented at least
mild anxiety, and 25% of them showed intermediate anxiety or even more intense anxiety
levels [78]. Remarkably, the MD has a decreased risk of developing intense anxiety levels,
even after adjusting for age, gender, and other covariates [78]. However, it should be noted
that both healthy dietary and lifestyle habits and not just lifestyle factor, including physical
activity levels, daily quality of life, anxiety, stress, depression, smoking habits, and sleep
quality, in combination with MD adherence, may exert positive effects on human health.

An observational follow-up study has assessed mental well-being variables in both
the pre-lockdown and post-lockdown periods. This study clearly showed that in the post-
lockdown period, a worsening in several aspects of life satisfaction occurred [79]. Moreover,
a similar worsening effect was recorded concerning depression, quality of life, pain inten-
sity, emotional behavior, and mental health, as well as a deteriorating effect on sleep quality,
sleep latency, sleep disturbances, and total sleep quality scoring [79]. In addition, adherence
to the MD was found to exert a preventive effect opposed to the enhanced frequency of
depressive symptoms [80]. In addition, a prospective study examined the association of
depression and anxiety symptomatology determined prior to and in the first weeks of the
COVID-19 pandemic with the prevalence of persistent symptomatology in 25,114 indi-
viduals and showed that the presence of depression symptoms in the first weeks of the
pandemic was related to incident persistent symptoms in both infected and non-infected
enrolled individuals [81]. These findings have suggested that depression and anxiety
symptomatology must be explored as a potential target for protective interventions against
persistent symptomatology due to COVID-19 infection [81]. In another cross-sectional
survey, the incidence of depression, anxiety, and stress was shown to be extremely high,
reaching 65.7%, 78.5%, and 61.4% of the study population, respectively [82]. Diverse factors
have been shown to be related to mental health problems in people with disabilities, such
as gender (male), marital state (being married), decreased educational status, comorbid
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medical diseases, low sleep quality, living in rural regions, hearing disability, disability
onset later in life, and testing positive for COVID-19 [82].

Overall, the currently available evidence is in accordance with our results, supporting
the fact that nutritional state may be associated with the probability of being infected by
COVID-19, and is also related to disease progression. The intake of energy-rich foodstuffs
such as sweets, cookies, and cakes has been enhanced in the period of lockdown. An
increased prevalence of uncontrolled eating and snacking between meals were also noted
during lockdown.

The COVID-19 pandemic has exerted several negative effects on eating behaviors
and the nourishment status of the general population worldwide, increasing the risk
of developing diverse mental health disorders like depression, anxiety, and stress. The
above could elevate the probability of people’s morbidity from cardiometabolic disorders,
inflammation-related pathophysiological states, cancer, sleep disturbances, depression, and
anxiety symptomatology. In this aspect, our study has provided evidence that elevated
MD compliance could enhance physical activity, sleep quality, and quality of life and may
also reduce the risk of developing depression and anxiety symptoms in the period of the
COVID-19 pandemic, in accordance with previous studies’ results.

The current survey has several strengths, as it included an adequate representative
sample of individuals enrolled from diverse regions of Greece, including both urban and
rural areas. The sample size of our survey was quite large and included only Caucasian
adults living in 10 geographically diverse Greek regions, and, thus, its representativeness
may be recognized as quite adequate. Hence, the present findings may be generalized
in other Caucasian European populations of other nationalities. Moreover, our survey
is one of the few surveys that investigated the relation of MD compliance with multiple
sociodemographic, anthropometric, and lifestyle factors during the COVID-19 pandemic.
Another advantage of our survey is that face-to-face interviews between the participating
individuals and the qualified personnel were performed to reduce recall bias. The de-
tailed explaining of guidelines and the thorough demonstration of the questions that were
systematically provided during the face-to-face interviews may also minimize potential
recall bias. Moreover, our study population contained only healthy individuals with no
history of any severe disease, with an equal number of women and men. We also examined
whether MD adherence during the COVID-19 pandemic may exert independent effects on
several sociodemographic, anthropometric, and lifestyle factors by adjusting for numerous
potential confounding factors. Finally, we used certified and validated questionnaires
which are currently considered as the gold standards for screening physical activity, sleep
quality, quality of life, anxiety, and depression, including the IPAQ, PSQI, WHOQOL-Bref,
STAI-6, and BDI-II, respectively.

The understanding of the current results should also be taken into consideration with
some limitations in mind. The cross-sectional design of this study reduces the likelihood
of etiological conclusions and suffers from the possible risk of recall biases, especially for
self-reported questions, even if we performed face-to-face interviews. Thus, no definitive
conclusions concerning causality should be derived because of our study design. However,
self-reported data have been extensively applied in epidemiological studies, showing great
consistency and validity to predict several outcomes. Another disadvantage of our survey
concerns the fact that BMI and WHR were utilized to distinguish participants’ overweight
and obesity as well as abdominal obesity, respectively. Nevertheless, direct determinations
of body fatty mass and distribution should be performed to expand and validate the
present results. In addition, there is the possibility for unmeasured confounders, even if
we have thoroughly adjusted for several confounding factors. Hence, it remains possible
that residual confounding factors could affect the present findings. Moreover, our study
population is young enough with a mean age of 37.6 ± 5.8 years, which limited our results
in young-aged individuals. In this aspect, further studies should be performed in specific
different age group populations, e.g., older adults, children, adolescents, in order for more
precise conclusion to be drawn. In addition, in our study, a higher prevalence of low
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income (71.6%) was recorded, which may reflect the young age of our study population.
Accordingly, 21.3% of our participants were affected by overweight and 13.2% were affected
by obesity, whereas the European TackSHS project showed even more increased prevalence
of overweight (33.1%) and obesity (19.7%) [83]. In addition, another limitation of our study
is the absence of data concerning serum vitamin D concentrations in our study population.
Vitamin D deficiency has been associated with more severe lung involvement, longer
disease duration, and risk of death in elderly COVID-19 patients, and vitamin D could be
used as supplementary, effective therapy, which may ameliorate and/or treat the symptoms
and severity of COVID-19 infection [18–22]. We also used the MD as a healthy dietary
pattern to explore the potential presence of any association with the COVID-19 pandemic.
However, there are also other healthy dietary patterns that should be investigated in
association with the COVID-19 pandemic. A last limitation of our study is that we have
not recorded alcohol over-drinking during the COVID-19 pandemic. The COVID-19
pandemic created an environment wherein stress and isolation could increase alcohol
consumption. There are several studies that have demonstrated that alcohol consumption
was considerably increased during the COVID-19 pandemic, which may increase the risk
of depression, anxiety, stress, and other lifestyle factors in daily routines [84]. Substantial
studies have also provided evidence that chronic alcohol consumption and alcohol use
disorder have increased the risk of COVID-19 infection and severe disease progression [85].

5. Conclusions

The COVID-19 pandemic has had important detrimental consequences on several
aspects of mental health, beyond the detrimental effects on public health and quality of
life. MD adherence seems to improve several aspects of COVID-19 complications, like
depression, anxiety, sleep quality, physical activity, and quality of life, within daily life.
However, the currently available studies on this topic remain extremely scarce. Thus, it is
strongly recommended to perform further well-designed and population-based studies to
assess the potential benefits of diverse healthy dietary patterns, including the MD, against
COVID-19 complications, with the aim to establish reliable and conclusive results.
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