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Abstract: It is well known that the Mediterranean diet contributes to healthy living, prevention of non-
communicable diseases, and longevity. A cross-sectional study was conducted with participants from
Greece who follow the Mediterranean diet and were further divided into two categories: (i) Christian
Orthodox Church (COC) religious fasters and (ii) non-fasters. Four-hundred individuals underwent
anthropometric measurements, whereas information regarding dietary intake was collected via three
24 h diet recalls and a monthly food frequency questionnaire. Principal component analysis was
performed to derive dietary patterns, whereas associations between dietary patterns and metabolic
syndrome (MetS) risk factors were investigated with the general linear model. Non-fasters (1 = 200)
were found to consume significantly more beef, chicken, turkey, sausage, broth, fried potatoes,
ketchup, and mustard, while consuming less seafood, snails, soya, tarama salads, fresh fruits,
margarine, olives, and decaf coffee. Two distinct dietary patterns were identified in fasters: (i) the
“Mixed Diet” and (ii) the “Plant-based /Fasting Diet” pattern. Moreover, three patterns were identified
in non-fasters, and were identified as follows: (i) the “Western Diet”, (ii) the “Mixed Diet”, and (iii) the
“Mediterranean-like Diet” pattern. No significant association was observed between dietary patterns
and the prevalence of MetS in our population. Further epidemiological studies should evaluate the
links between dietary patterns and MetS prevalence within the adult Greek population.

Keywords: dietary patterns; Mediterranean diet; Western diet; plant-based diet; Christian Orthodox
Church fasting; metabolic syndrome

1. Introduction

Food represents a fundamental aspect of human life, providing nourishment and
energy, but it also plays significant social and cultural role [1]. Dietary patterns refer to the
composition, combination, and variety of foods and beverages consumed by individuals or
populations over time [2]. During recent decades, scientific interest has focused on how
dietary patterns, rather than individual nutrients and/or food items, may affect the risk of
chronic diseases [3,4].

The most commonly recognized dietary patterns that have been linked to longevity
and protection against non-communicable diseases (NCDs) are the Mediterranean, Nordic,
and Okinawan dietary patterns [5-9]. Evidence of the benefits of the Mediterranean diet
were first reported in the Seven Countries Studies (S5CS) in the late 1950s, showing that
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a population of men from Crete who followed a traditional lifestyle way of living, with
an (i) increased level of physical activity, (ii) consumption of traditional foods, and who
(iii) fasted according to the Christian Orthodox Church (COC) recommendations, had a
higher life expectancy [10-12]. Indeed, the COC fasting regime is part of the Mediterranean
diet in Greece, which is followed for 180-200 days spread throughout the year in four major
fasting periods (i.e., Christmas, Easter, Assumption, and Holy Apostoles). During these
fasting periods, abstinence from red and white meat, dairy products, and eggs is mandatory,
while the consumption of fish, seafood, and snails is allowed only during specific days [13].

It is shown that the extensively studied Mediterranean diet has been proven to play
a key role in both the prevention and treatment of NCDs, including cardiovascular dis-
eases, type 2 diabetes, cancer, and metabolic syndrome (MetS) [10-18]. MetS represents
a major public health problem, being associated with the development of several car-
diometabolic diseases, including type 2 diabetes and its complications, cardiovascular
diseases, and non-alcoholic fatty liver disease [14-17]. MetS is diagnosed when three or
more of the following joint criteria are met: (i) elevated waist circumference (according
to race-specific cut off points); (ii) elevated fasting glucose levels (>100 mg/dL); (iii) re-
duced high-density lipoprotein (HDL) cholesterol [<40 mg/dL (1.0 mmol/L) in males, and
<50 mg/dL (1.3 mmol/L) in females]; (iv) increased triglyceride (TG) levels (>150 mg/dL,
1.7 mmol/L); and (v) elevated blood pressure (BP) levels (systolic BP > 130 and/or diastolic
BP > 85 mm Hg) [18]. According to the literature, following a Western type of diet has been
linked with increased incidence of MetS, while a Mediterranean diet has been in favor of
reducing all independent risk factors of MetS [19-22]. Also, plant-based diets [23-25] and
vegetarian dietary patterns [26,27] have been linked with positive outcomes of reducing all
related MetS risk factors.

As MetS remains a public health issue, the relationship of the Mediterranean diet,
and more specifically, the COC recommendations along with its risk factors, needs further
investigation. Up to date, a few studies focusing on the effects of COC on MetS risk factors
have been carried out in Greece [28-32], Africa [33-35], and the USA [36,37]. The initial aim
of this study was to identify the dietary patterns followed by a COC fasting population and
a non-fasting population in Greece, and secondly, to investigate any relationships between
the dietary patterns and MetS risk factors and prevalence.

2. Methods
2.1. Study Population

This cross-sectional study was conducted in Thessaloniki, Greece. An email invitation
for this study was sent to two local Universities, i.e., the Alexander Technological Educa-
tional Institute of Thessaloniki and the Aristotle University of Thessaloniki, as well as to
local churches. An initial diet questionnaire and a list with inclusion criteria were used to
determine eligible participants. Fasters were defined as those following the COC fasting
for the last 12 consecutive years or since childhood, whereas those who did not follow any
restrictive diet were identified as non-fasters. Inclusion criteria also included the following:
(i) age > 18 years and (ii) being in good general health, whereas exclusion criteria included
the following: (i) being unable to provide written or informed consent, (ii) being pregnant
or breastfeeding, and (iii) having long-term co-morbidities (e.g., diabetes mellitus). This
study’s protocol was approved by the Bioethics Committee of the Alexander Technological
Educational Institute of Thessaloniki (31-5/5679).

All individuals were informed about this study’s protocol and had the opportunity
to ask questions to researchers before providing their consent. A total of 54 individuals
from the initial 454 individuals that expressed interest in participation were excluded due
to exclusion criteria. Finally, the remaining 400 individuals were included in this study,
consisting of 200 fasters and 200 non-fasters. More details regarding this study’s design
were already published [28].
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2.2. Anthropometric, Biochemical and Dietary Data

A validated questionnaire was used to collect anthropometric and biochemical data,
medical history, and dietary intake [38]. A trained nutritionist performed all anthropometric
measurements and supervised the completion of the questionnaires. All participants were
asked to fast prior to the scheduled appointment for at least 10 h and to abstain from
physical activity the previous day. In terms of biochemical measurements, blood samples
were collected from all participants and analyses were performed in a certified lab. In terms
of anthropometric measurements, participants’ (i) weight was measured with a digital
scale to the nearest 100 g (TANITA UMO075, Amsterdam, The Netherlands); (ii) height was
measured with a portable stadiometer to the nearest 0.5 cm (TANITA HR001, Leicester, UK);
(iii) waist and hip circumference were measured with a body girth tape to the nearest 0.5 cm
(SECA 201, Hamburg, Germany); (iv) body composition and, more specifically, body fat,
muscle mass, and body water were measured with a bioimpedance analyzer (BODYSTAT
1500, Warwickshire, UK) following the bioelectrical impedance analysis (BIA) method;
and (v) blood pressure (BP) was measured with an electronic BP monitor to the nearest
0.5 mmHg (Omron, Hoffman Estates, IL, USA). Data on clinical history, education, marital
status, physical activity levels, sedentary time spending watching television and/or using
the computer, time sleeping, smoking status, and alcohol consumption, among others, were
collected via open-ended and closed questions. More details regarding data collection and
measurements were already published [28,29].

A combination of methods was used for recording dietary intake, including three 24 h
diet recalls [39], one food frequency questionnaire (FFQ) [40], and a nutritional behavior
questionnaire [38], as shown in the validated questionnaire of the NutriHeAl study that
was conducted on a Greek populace. All questionnaires were answered with the help
of a nutritionist; food replicas and household measures were used for the accuracy of
portion sizes, and the Food Processor v11.7 nutrition analysis software (ESHA, Salem, OR,
USA) was used to analyze food records. For each food item, participants were asked to
choose one of the following consumption options: (i) never/rarely, (ii) 1-3 times/month,
(iii) 1-2 times/week, (iv) 3-6 times/week, (v) 1 time/day, and (vi) >2 times/day.

2.3. Statistics

The SPSS v.21 statistical package (SPSS, Chicago, IL, USA) was used to perform the
analyses. One of the most common methods to identify dietary patterns is principal com-
ponent analysis (PCA) [4,41]. Scree plots and interpretability of each component were used
to determine the appropriate number of components that described the dietary patterns.
Foods positively and negatively associated with each dietary pattern were derived with lin-
ear combination [41,42]. Chi-squared test, one-way analysis of variance (ANOVA), general
linear model, and logistic regression analyses were also performed to investigate the associ-
ations between dietary patterns, anthropometric and biochemical data, as well as MetS risk
factors and prevalence. A two-sided p-value of 0.05 was set for statistical significance.

3. Results

Among the 400 participants, 200 were fasters (131 women, mean age 43.4 & 16.7 years)
and 200 were non-fasters (126 women, mean age 41.9 4= 17.3 years). Diastolic BP was
significantly lower in fasters (p = 0.003), whereas significantly more non-fasters were
smokers (p < 0.001), had more weekly workouts during their free time (p = 0.021), slept
more (p = 0.008), and spent more time in front of a computer/mobile screen (p = 0.043) and
watching TV (p < 0.001). Detailed results can be seen in the Supplementary Materials Table
51 and the comparisons were already published previously [28].

Fasters had significantly lower consumption of beef (p = 0.007), chicken (p = 0.001),
turkey (p = 0.003), pork sausage (p = 0.003), broth (p = 0.012), fried potatoes (p = 0.001),
ketchup (p = 0.002), and mustard (0.014). With regard to beef consumption, it was noticed
that 16.5% of fasters never consumed and 6% of non-fasters did; chicken was never con-
sumed by 15% of fasters vs. 5% of non-fasters; turkey was never consumed by 85.5% of
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fasters vs. 79% of non-fasters; pork sausages were never consumed by 54% of fasters vs.
44% of non-fasters; broth was never consumed by 63% of fasters vs. 53% of non-fasters;
fried potatoes were never consumed by 36% of fasters vs. 17.5% of non-fasters; ketchup
was never consumed by 59.5% of fasters vs. 49% of non-fasters; and mustard was never con-
sumed by 39.5% of fasters vs. 31.5% of non-fasters. Furthermore, fasters had significantly
higher consumption of seafood (p = 0.008), snails (p = 0.026), soya (p = 0.001), tarama salad
(p = 0.041), fresh fruits (p = 0.022), margarine (p = 0.024), olives (p = 0.006), and decaf coffee
(p = 0.023). In more details, seafood was consumed more than two times per week by 57.5%
of fasters vs. 37% of non-fasters; snails were consumed one to six times per week by 4.5%
of fasters vs. 1% of non-fasters; soya was consumed by one to six times per week by 10% of
fasters vs. 1.5% of non-fasters; tarama salad was consumed by one to six times per week
by 17.5% of fasters vs. 9.5% of non-fasters; fresh fruits were consumed once and/or more
than two times per day by 60% of fasters vs. 52% of non-fasters; olives were consumed
once and/or more times per day by 19% of fasters vs. 10% of non-fasters; margarine was
consumed one to six times per week by 23.5% of fasters vs. 16% of non-fasters; and decaf
coffee was consumed once and/or more than two times per day by 5% of fasters vs. 1.5%
of non-fasters.

One-hundred and fifty-three foods and beverages were initially included for the
analysis. Only those consumed by >5% of the population were grouped into 61 inter-
pretable and meaningful categories for the PCA. For example, food items from FFQ ‘lemon-
ade/orangeade with sugar’, ‘fizzy drink cola with sugar’, and ‘fizzy drink with sugar
other” were all grouped in a new category/food group labeled ‘soft drinks with sugar’.
Food groups with the corresponding food item(s) are presented in Supplementary Table S2.
PCA revealed three distinct dietary patterns in the whole population of this study, i.e., the
“Western Diet”, the “Mediterranean-like Diet”, and the “Plant-based /Fasting Diet” pattern,
which explained 17.5% of the variance when combined. The names of the identified dietary
patterns were selected for descriptive purposes and were based on the highest coefficient
scores (>0.3). The “Western Diet” pattern included 18 food groups and explained 7.2%
of the variance. The “Mediterranean-like Diet” pattern was positively associated with
14 food groups and explained 5.6% of the variance. Lastly, the “Plant-based /Fasting Diet”
pattern was related to 11 food groups and explained 4.7% of the variance. A factor loading
of at least 10.3| was needed to characterize the positive and negative association with
the specific dietary pattern. Supplementary files provide details of the constituent foods
comprising the 61 food groups analyzed using PCA (Supplementary Table S2), as well as
the factor loadings for the population of this study (Supplementary Table S3).

In the group of fasters, two distinct dietary patterns explained 14% of the variance,
ie., 7.9% the “Mixed Diet” pattern and 6.1% the “Plant-based/Fasting Diet” pattern,
respectively. The first one, the “Mixed Diet” pattern, encompassed full-fat milk and
yogurt, processed meat, white meat, bread, potatoes, pasta, rice, and other white cereals,
biscuits and cakes, savory snacks, pizza, and energy drinks, among others. The “Plant-
based /Fasting Diet” pattern was characterized by a high consumption of wholegrain bread,
fruits, vegetables (all categories, including raw, not raw, and cooked dishes), low-fat milk,
yogurt, and cheese, olive oil, seafood, nuts, and traditional confectionary (including halvah
and spoon sweets) foods. Results from the PCA with food groups and factor loadings are
shown in Table 1.

Table 1. Score coefficients from principal component analysis regarding food groups consumed by
fasters (n = 200).

Mixed Diet Pattern Plant-Based/Fasting Diet Pattern
Food Group(s) * - - - -
Variance Explained 7.9% Variance Explained 6.1%
Beer 0.180 0.090
Biscuits and cakes 0.388 —0.070
Butter 0.291 —0.023
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Table 1. Cont.

Mixed Diet Pattern Plant-Based/Fasting Diet Pattern
Food Group(s) *
Variance Explained 7.9% Variance Explained 6.1%
Cacao and chocolate powder 0.318 0.020
Cereal bar 0.095 0.468
Cheese (full fat) 0.177 —0.112
Cheese (low fat) 0.035 0.412
Chocolate confectionery 0.224 —0.019
Coffee —0.132 0.421
Eggs 0.151 —0.041
Energy drinks 0.354 —0.121
Fish (canned) 0.246 0.218
Fresh fish 0.077 —0.029
Fruit juices 0.510 —0.066
Fruits —0.165 0.528
Ice cream 0.283 0.104
Legumes 0.184 0.070
Liquor 0.170 0.173
Milk (full fat) 0.347 —0.219
Milk (low fat) 0.111 0.422
Nougat halva 0.323 0.316
Nuts —0.055 0417
Olive oil olives —0.211 0.397
Other bread 0.563 0.066
Other breakfast cereals 0.352 0.150
Other fat spreads 0.234 0.060
Other oils 0.288 0.034
Other seafood 0.055 0.328
Pasta, rice, and other white cereals 0.311 0.014
Pasta, rice, and other wholegrain cereals 0.295 0.087
Pastitsio 0.469 —0.088
Pies 0.160 —0.085
Pizza 0.386 0.140
Potatoes (boiled) 0.079 0.118
Potatoes (other) 0.395 —0.073
Processed meat 0.514 —0.040
Puddings 0.480 0.043
Red meat 0.281 —0.018
Rusks 0.057 0.415
Salad dressings dips 0.554 0.182
Salty baked products 0.277 0.084
Savory snacks 0.399 0.103

Soft drinks with sugar 0.462 —0.250
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Table 1. Cont.

Mixed Diet Pattern Plant-Based/Fasting Diet Pattern

Food Group(s) *
Variance Explained 7.9% Variance Explained 6.1%
Soft drinks without sugar 0.266 0.113
Soya products 0.194 0.102
Sugar honey marmalade 0.269 0.113
Tahini and spreads —0.186 0.186
Tea 0.310 0.296
Traditional confectionery 0.234 0.296
Traditional spirits 0.067 0.323
Vegetables homemade dishes 0.043 0.363
Vegetables (not raw) —0.263 0.352
Vegetables (raw) —0.109 0.451
Water —0.199 0.244
White bread and products 0.129 0.130
White meat 0.340 —0.111

Wholegrain breakfast cereals 0.119 0.401
Wholegrain bread and products —0.090 0.575
Wine 0.096 0.149
Yogurt (full fat) 0.337 0.080
Yogurt (low fat) —0.008 0.420

* Foods with the highest factor loadings >0.3 and those between 0.25 to 0.3 are positively related to a dietary
pattern. Foods with low factor loadings, and therefore less likely to be part of a dietary pattern, are between
—0.25and —0.3 and <-0.3.

In the group of non-fasters, three dietary patterns were derived with PCA, explaining
18.7% of the variance, i.e., 7.6% the “Western Diet”, 5.9% the “Mixed Diet” pattern, and
5.1% the “Mediterranean-like Diet” pattern, respectively. The “Western Diet” pattern was
characterized by a high consumption of full-fat milk and yogurt, salty baked, savory snacks,
biscuits, ice cream, white and other bread, potatoes, fruit juices, traditional foods such as
moussaka and pastitsio, pizza, soft drinks, chocolate confectionery, and white pasta, rice,
and other cereals, among others. The “Mixed Diet” pattern involved the consumption of
low-fat milk, yogurt and cheese, wholegrain breakfast cereals, wholegrain bread, liquor,
beer, wine, beer, traditional spirits (including ouzo, tsipouro, and raki), soft drinks without
sugar, canned fish, and rusks, among others. The last pattern, the “Mediterranean-like
Diet”, was characterized by a high intake of olive oil, tahini, nuts, full-fat yogurt and
cheese, fruits, vegetables (not raw), wholegrain bread, eggs, fresh fish, and coffee, among
others. Table 2 shows the full details of the food groups and factor loadings for these
dietary patterns.

Table 2. Food groups and respective factor loadings in non-fasters (1 = 200).

. Mixed Diet Mediterranean-like
Western Diet Pattern Pattern Diet Pattern
Food Group(s) * Vari Vari
. . o ariance ariance
Variance Explained 7.6% Explained 5.9% Explained 5.1%
Beer 0.108 0.407 —0.180
Biscuits and cakes 0.405 —0.186 0.131
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Table 2. Cont.

Food Group(® Western Diet Pattern M;(aet.?e?nlet Meclljltigr;:tetz?nhke
Variance Brplained 7% g1t 0, Explained 1%
Butter 0.317 0.16 0.274
Cacao and chocolate powder 0.463 0.109 0.130
Cereal bar 0.324 0.370 —0.065
Cheese (full fat) 0.214 —0.064 0.445
Cheese (low fat) 0.092 0.431 —0.118
Chocolate confectionery 0.298 —0.087 0.132
Coffee —0.163 0.239 0.251
Eggs 0.013 0.000 0.366
Energy drinks 0.193 0.186 —0.010
Fish (canned) —0.106 0.372 0.005
Fresh fish —0.001 0.106 0.281
Fruit juices 0.376 0.132 —0.159
Fruits —0.048 —0.007 0.451
Ice cream 0.433 —0.056 —0.226
Legumes 0.256 —0.062 —0.150
Liquor 0.041 0.473 —0.072
Milk (full fat) 0.545 —0.038 0.005
Milk (low fat) 0.081 0.558 —0.154
Nougat halva 0.211 0.148 0.269
Nuts 0.119 0.088 0.419
Olive oil olives —0.078 0.137 0.537
Other bread 0.512 0.249 0.067
Other breakfast cereals 0.241 0.382 —-0.115
Other fat spreads 0.135 —0.312 0.052
Other oils 0.376 —0.275 —0.003
Other seafood 0.284 0.175 0.054
Pasta, rice, and other white cereals 0.273 0.079 0.127
Pasta, rice, and other wholegrain cereals 0.111 0.213 0.096
Pastitsio 0.362 0.020 0.030
Pies —0.022 —0.085 0.360
Pizza 0.330 0.047 —0.056
Potatoes (boiled) 0.089 0.253 —0.059
Potatoes (other) 0.333 —0.096 —0.111
Processed meat 0.208 0.138 —-0.321
Puddings 0.488 0.218 —0.154
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Table 2. Cont.

Food Group(® Western Diet Pattern M;(aet.?e?nlet Meclljltizr;:tetz?nhke
Variance Explained 76% g 100 Explained 5.1%
Red meat 0.045 0.056 —0.049
Rusks 0.086 0.336 0.153
Salad dressings dips 0.529 0.158 —0.361
Salty baked products 0.435 0.203 —0.089
Savory snacks 0.419 0.218 —0.34
Soft drinks with sugar 0.465 0.106 —0.238
Soft drinks without sugar 0.244 0.399 —0.269
Soya products 0.101 —0.202 —0.224
Sugar honey marmalade 0.318 —0.190 0.139
Tahini and spreads 0.087 —0.162 0.447
Tea 0.045 —0.001 0.19
Traditional confectionery 0.497 —0.112 0.181
Traditional spirits —0.121 0.326 0.200
Vegetables homemade dishes 0.283 —0.014 0.197
Vegetables (not raw) —0.076 —0.128 0.346
Vegetables (raw) —0.001 0.268 0.014
Water 0.004 0.090 0.024
White bread and products 0.387 —0.003 0.093
White meat 0.144 0.215 —0.120
Wholegrain breakfast cereals 0.172 0.533 0.223
Wholegrain bread and products —0.273 0.342 0.374
Wine —0.109 0.370 0.041
Yogurt (full fat) 0.279 —0.218 0.354
Yogurt (low fat) —-0.174 0.496 0.098

* Foods with the highest factor loadings >0.3 and those between 0.25 to 0.3 are positively related to a dietary
pattern. Foods with low factor loadings, and therefore less likely to be part of a dietary pattern, are between
—0.25and —0.3 and <-0.3.

Independent associations between socio-economic and lifestyle characteristics, MetS
risk factors, and all identified dietary patterns were examined with multiple linear regres-
sion models. In Table 3, it is observed that fasters closer to the “Mixed Diet” pattern during
a non-fasting period spend more hours being physical active (p = 0.039), had elevated
waist circumference (p = 0.05), and elevated BP levels (p = 0.002), while no other significant
association was observed between the rest of the variables. On the contrary, fasters closer
to the “Plant-based /Fasting Diet” pattern during a non-fasting period had no significant
associations with the selected variables.
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Table 3. Results from multiple linear regression analysis evaluating the associations between lifestyle
and socio-economic characteristics and dietary patterns extracted with principal component analysis
in fasters (n = 200).

Dependent Variable Variables B 95% CI P
Gender 0.056 —0.49, 0.60 0.838
Education status —0.012 —0.23,0.21 0.914
Family status —0.072 —0.41,0.26 0.672
Smoking status —0.322 —0.70, 0.05 0.091
BMI status 0.104 —0.25,0.46 0.561
Body fat —0.006 —0.04, 0.03 0.748
PA status 0.204 0.01, 0.40 0.039
Total energy (kcal) —0.001 0.00, 0.00 0.722
“Mixed Diet” pattern PRO (g) 0.000 —0.02, 0.02 0.956
CHO (g) 0.002 —0.01, 0.02 0.801
FAT (g) 0.004 —0.03, 0.04 0.811
Waist circumference (cm) 0.333 0.000, 0.66 0.050
HDL (mg/dL) —0.138 —0.50, 0.22 0.452
Triglycerides (mg/dL) —0.259 —0.64,0.13 0.191
Glucose (mg/dL) —0.173 —0.77,0.43 0.575
BP (mmHg) 0.628 0.24,1.01 0.002
MetS presence —-0.375 —0.98,0.23 0.224
Gender —0.123 —0.67,0.42 0.660
Education status 0.173 —0.05, 0.39 0.129
Family status 0.200 —0.14, 0.54 0.248
Smoking status 0.151 —-0.22,0.53 0.433
BMI status —0.013 —0.37,0.34 0.945
Body fat 0.000 —0.03, 0.03 0.992
PA status —0.050 —0.24,0.14 0.619
) Total energy (kcal) 0.000 —0.004, 0.003 0.811
up1a]gti'e‘1f}5;i/tl:fmg PRO (g) 0.001 —0.01,0.01 0.888
CHO (g) 0.003 —0.01, 0.01 0.703
FAT (g) 0.001 —0.03, 0.03 0.963
Waist circumference (cm) 0.125 —0.22,0.47 0.482
HDL (mmol/dL) —0.034 —0.41,0.34 0.861
Triglycerides (mg/dL) 0.219 —0.19, 0.63 0.295
Glucose (mg/dL) 0.592 —0.04,1.23 0.070
BP (mmHg) 0.015 —0.39, 0.42 0.941
MetS presence —0.423 —1.06, 0.21 0.194

BMI: body mass index, PA: physical activity, HDL: high-density lipoprotein, BP: blood pressure, MetS: metabolic
syndrome, PRO: protein, CHO: cholesterol.

Table 4 presents findings for non-fasters. In more details, those closer to the “Western
Diet” pattern were women (p = 0.039), those closer to the “Mixed Diet” pattern had
no observed association, while those who were closer to a “Mediterranean-like Diet”
pattern were married (p = 0.001) and had increased waist circumference (p = 0.024). No
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significant association was observed between lifestyle habits in both groups (fasters and
non-fasters), such as smoking, alcohol consumption, and dietary intake. Importantly, in
both study groups, no relationship was observed between distinct dietary patterns and
MetS prevalence.

Table 4. Results from multiple linear regression analysis evaluating the associations between lifestyle
and socio-economic characteristics and dietary patterns extracted with principal component analysis
in non-fasters (n = 200).

Dependent Variable Variables B 95% CI P
Gender 0.524 0.02,1.02 0.039
Education status 0.006 —0.21,0.22 0.957
Family status —0.004 —0.28,0.27 0.978
Smoking status 0.009 —0.33,0.35 0.957
BMI status 0.126 —0.22,0.47 0.477
Body fat —0.025 —0.06, 0.01 0.196
PA status 0.046 —0.12,0.22 0.607
“Western Diet” pattern Total energy (kcal) 0.001 —0.001, 0.003 0.258
PRO (g) —0.006 —0.019, 0.007 0.353
CHO (g) —0.002 —0.010, 0.006 0.655
FAT (g) —0.013 —0.03, 0.006 0.172
Waist circumference (cm) —0.071 —0.43, 0.29 0.698
HDL (mmol/dL) 0.379 —0.007, 0.76 0.054
Triglycerides (mg/dL) —0.005 —0.37,0.36 0.978
Glucose (mg/dL) —0.240 —0.73,0.25 0.335
BP (mmHg) 0.157 —0.23,0.54 0.430
MetS presence —0.345 —0.99, 0.30 0.296
Gender —0.142 —0.64, 0.35 0.576
Education status 0.098 —0.11,0.31 0.373
Family status —0.047 —-0.32,0.23 0.738
Smoking status —0.015 —0.35,0.32 0.930
BMI status —0.256 —0.60, 0.09 0.151
Body fat 0.029 —0.009, 0.06 0.132
PA status —0.109 —0.28, 0.06 0.224
“Mixed Diet” pattern Total energy (kcal) 0.000 —0.002, 0.002 0.687
PRO (g) 0.003 —0.01, 0.01 0.691
CHO (g) —0.001 —0.009, 0.007 0.771
FAT (g) 0.000 —0.01, 0.01 0.985
Waist circumference (cm) —0.088 —0.45,0.28 0.636
HDL (mmol/dL) —0.184 —0.57,0.20 0.354
Triglycerides (mg/dL) —0.016 —0.38,0.35 0.931
Glucose (mg/dL) —0.258 —0.75,0.24 0.308
BP (mmHg) —0.084 —0.48,0.31 0.679

MetS presence 0.413 —0.24,1.07 0.217
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Table 4. Cont.

Dependent Variable Variables B 95% CI P
Gender 0.511 0.03, 0.99 0.037
Education status —0.028 —0.23,0.18 0.790
Family status 0.438 0.17,0.70 0.001
Smoking status —0.089 —0.41,0.24 0.594
BMI status 0.308 —0.02, 0.64 0.072
Body fat —0.017 —0.05, 0.01 0.346
PA status 0.040 —0.12,0.20 0.638
“Mediterranean-like Total energy (kcal) 0.000 —0.002, 0.001 0.603
Diet” pattern PRO (g) 0.004 —0.009, 0.01 0.527
CHO (g) 0.002 —0.006, 0.01 0.563
FAT (g) 0.004 —0.01, 0.02 0.679
Waist circumference (cm) 0.415 0.05,0.77 0.024
HDL (mmol/dL) —0.047 —0.43,0.33 0.807
Triglycerides (mg/dL) —0.097 —0.46, 0.26 0.600
Glucose (mg/dL) 0.233 —0.25,0.72 0.347
BP (mmHg) 0.294 —0.09, 0.68 0.138
MetS presence —0.342 —0.98, 0.30 0.296

BMI: body mass index, PA: physical activity, HDL: high-density lipoprotein, BP: blood pressure, MetS: metabolic
syndrome, PRO: protein, CHO: cholesterol.

We also conducted a gender analysis. In men (1 = 143), two distinct dietary patterns
explained 15.2% of the variance. The first one, the “Western Diet” pattern, explained 8.7% of
the variance, and included a high consumption of soft drinks with sugar, other bread, butter,
savory snacks, salty baked products, salad dressing dips, full-fat milk, soft drinks without
sugar, cacao and chocolate powder, puddings, fruit juices, biscuits and cakes, other oils,
processed meat, white bread and products, traditional confectionery, beer, liquor, energy
drinks, pastitsio, other potatoes, pasta, rice, and other white cereals, and other breakfast
cereals. The “Mediterranean-like Diet” pattern explained 6.4% of the variance, and was
characterized by increased consumption of fruits, wholegrain grain bread and products,
olive oil and olives, low-fat yogurt, rusks, nuts, vegetables raw, wholegrain breakfast
cereals, cereal bar, low-fat milk, fresh fish, low-fat cheese and vegetables (not raw). Results
from the PCA with food groups and factor loadings are shown in Supplementary Table S4.
In women (n = 257), the same two dietary patterns were derived and explained 13.2%
of the variance (7.5% and 5.7%, respectively). The first one, the “Western Diet” pattern,
was characterized by a high consumption of salad dressing dips, ice cream, fruit juices,
other bread, puddings, full-fat milk, pastitsio, pizza, savory snacks, soft drinks with sugar,
legumes, potatoes (other), traditional confectionary, processed meat, cacao and chocolate
powder, biscuits and cakes, other oils, and salty baked products. The “Mixed Diet” pattern
involved a high consumption of low-fat milk, low-fat yogurt, liquor, cereal bar, wholegrain
breakfast cereals, wine, traditional spirits, other breakfast cereals, beer, low-fat cheese,
coffee, soft drinks without sugar, wholegrain bread and products, and rusks. PCA results
are presented in Supplementary Table S5.

A further analysis was carried out based on gender and diet status combined. For
male fasters, we identified the “Mixed Diet” pattern explaining 10.1% of the variance and
the “Plant-based /Fasting Diet” pattern explaining 7.9% of the variance. The “Mixed Diet”
pattern was positively associated with the consumption of fruit juices, soft drinks with sugar,
other bread, butter, other oils, cacao and chocolate powder drinks, full-fat milk, processed
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meat, pastitsio and moussaka, biscuits and cakes, pasta, rice, and other white cereals,
full-fat yogurt, potatoes (other), savory snacks, fish canned, salad dressing dips, puddings,
energy drinks, full-fat cheese, other breakfast cereals, salty baked products, white bread
and other products, red meat, tea, sugar, honey, and marmalade. The “Plant-based /Fasting
Diet” pattern was characterized by a high consumption of fruits, wholegrain bread and
other products, vegetables (raw), cereal bar, low-fat cheese, low-fat milk, nuts, low-fat
yogurt, olive oil and olives, wholegrain breakfast cereals, vegetables, homemade dishes,
traditional confectionery, savory snacks, rusks, soya products, other seafood, vegetables
(not raw), and pasta, rice, and other wholegrain cereals.

For female fasters, we identified the “Western Diet” pattern explained 7.7% of the
variance and the “Mixed Diet” pattern explained 6.3% of the variance. The “Western
Diet” pattern was characterized by a high consumption of salad dressing dips, other bread,
processed meat, pastitsio and moussaka, puddings, white meat, fruit juices, energy drinks,
pizza, savory snacks, ice cream, potatoes (other), other breakfast cereals, full-fat milk,
legumes, soft drinks with sugar, biscuits and cakes, full-fat yogurt, nougat and halva,
chocolate confectionery, and pasta, rice, and other white cereals. The “Mixed Diet” pattern
was positively associated with the consumption of wholegrain bread and products, coffee,
traditional spirits, vegetables (raw), cereal bar, low-fat milk, olive oil and olives, low-fat
yogurt, wholegrain breakfast cereals, rusks, nougat and halvah, fruits, other fat spreads,
sugar, honey, marmalade, tea, nuts, vegetables, and homemade dishes.

In the group of non-fasters, we identified the same two dietary patterns in both men
and women: the “Western Diet” and the “Mixed Diet” patterns. These patterns explained
16.3% and 14.8% of the variance in men and women, respectively. In male non-fasters, the
“Western Diet” pattern explained 9.5% of the variance, and was characterized by a high
consumption of other bread, soft drinks with sugar, savory snacks, soft drinks without
sugar, salty baked products, beer, puddings, salad dressing dips, full-fat milk, traditional
confectionary, butter, chocolate confectionary, biscuits and cakes, liquor, other seafood,
cacao and chocolate powder, white bread and other white grains, whole grain breakfast
cereals, cereal bars, energy drinks and low-fat cheese. The “Mixed Diet” pattern explained
6.8% of the variance and was positively associated with the consumption of wholegrain
bread and other white grains, olive oil and olives, fruits, wine, rusks, low-fat milk, pasta,
rice, and other wholegrain cereals, eggs, nuts, vegetables, homemade dishes, low-fat yogurt,
fresh fish, beer, and wholegrain breakfast cereals.

In non-fasters women, the “Western Diet” pattern explained 8.3% of the variance and
was characterized by a high consumption of salad dressing dips, ice cream, puddings, fruit
juices, full-fat milk, soft drinks with sugar, cacao and chocolate powder drinks, other bread
products, pizza, salty baked products, legumes, savory snacks, pastitsio and moussaka,
traditional confectionary, potatoes (other), cereal bars, other breakfast cereals, other oils,
white bread and products, biscuits, and cakes. The “Mixed Diet” pattern, explaining 6.5%
of the variance, was associated with a high consumption of low-fat milk, liquor, low-fat
cheese, other breakfast cereals, beer, low-fat yogurt, cereal bar, soft drinks without sugar,
wine, and wholegrain breakfast cereals.

4. Discussion

In this cross-sectional study, fasters were found to consume significantly less beef,
chicken, turkey, sausages, broth, fried potatoes, ketchup, and mustard, while significantly
more seafood, snails, soya, tarama salad, fresh fruits, margarine, olives, and decaf coffee,
during a non-fasting period. Our findings answer previously raised questions regarding
the exact differences in the dietary intake of COC fasters during non-fasting periods [28,43].
This is of great importance as results reveal that fasters adopted the COC fasting recom-
mendations not only during fasting periods but also followed a healthier dietary pattern
throughout the year. It is known that fasting is associated with healthy dietary habits
during fasting periods. For example, 99 COC fasters in the USA were reported to consume
significantly more legumes, soya products, nuts, seeds, wholegrain products, and fresh
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fruits, as well as significantly less red meat, poultry, processed meat, dairy products, and
eggs during the 48-day Easter fasting period [36]. Similarly, fasters who were members
of two different Greek monasteries (1 = 10) were reported to consume significantly more
legumes, fish, shellfish, snails, and nuts during the Easter fasting period when compared
with a non-fasting period [44]. In agreement with our results, in another Greek COC
fasting population (n = 38), it was found that fasters consumed significantly more legumes,
potatoes, fruits, and vegetables after Christmas, Lent, and the Assumption fasting periods
when compared with non-fasters (1 = 29) [45,46]. These findings support the hypothesis
that fasters tend to adopt healthy dietary habits even in non-fasting periods.

In this study, two distinct dietary patterns were identified in fasters, i.e., the “Mixed
Diet” and the “Plant-based /Fasting Diet” pattern, while three dietary patterns were identi-
fied in non-fasters, i.e., the “Western Diet”, the “Mixed Diet” and the “Mediterranean-like
Diet” pattern. Similarly, in the ATTICA study (n = 3.042 Greek healthy adults), three dietary
patterns were identified as follows: the “healthy dietary choices”, the “between”, and the
“unhealthy dietary choices” pattern [47]. The “healthy dietary choices” pattern, character-
ized by fish, vegetables, fruits, cereals, legumes, and potatoes, was linked with a lower
incidence of cardiovascular disease [47]. All these foods positively correlated to the “Plant-
based/Fasting Diet” pattern that was identified in fasters in this study. In the Vyronas
study in Greece with 2118 participants, two dietary patterns were derived, i.e., the “Junk
food” and the “Vegetarian/healthy” pattern, followed by individuals who also adopted a
healthier lifestyle, such as an increased level of physical activity and absence from smok-
ing [48]. In another study with 146 metabolically unhealthy obese Greek adults, four
distinct dietary patterns were extracted, i.e., the “Western-type”, the “Mediterranean-like
diet”, the “healthy”, and the “animal meat and sauces” pattern [32]. Elevated body weight,
body fat, waist circumference, and BMI were positively correlated with the “Western-type”
and the “animal meat and sauces” dietary patterns, whereas increased HDL levels and
high physical activity scores were positively associated with the “Mediterranean-like diet”
in another study with 146 Greek adults [49]. Furthermore, in the MAST4AHEALTH study,
an increased adherence was found in the “Western” and the “Plant-based” patterns among
Greek participants, similar to our study [50]. Notably, in a secondary analysis of data
collected form the ATTICA study, it was shown that Greeks were gradually deviating from
the traditional Mediterranean diet pattern towards a Western-type dietary pattern [51].

Among 16,008 middle-aged Spanish adults in the SUN study, a “Mediterranean Diet”
pattern, characterized by higher consumption of vegetables, fish, seafood, fruits, and olive
oil, was linked to reduced mortality [52], whereas the “Western Diet” pattern, including
an increased consumption of ultra-processed foods, was positively associated with an
increased risk for all-cause mortality [53]. In the NutriNet-Santé study with a sample of
105,832 individuals, three major dietary patterns were identified, i.e., the “Healthy”, the
“Traditional”, and the “Western” pattern [35], similar to the three dietary patterns that
were derived in our sample (n = 400). The incidence of inflammatory bowel diseases was
positively associated with the “Healthy” pattern and negatively related to the “Western”
pattern [54].

Gender analysis revealed different dietary patterns in men and women, i.e., the
“Western Diet” and the “Mediterranean-like Diet” pattern in men, and the “Western
Diet” and the “Mixed Diet” pattern in women. Similarly, in a Swedish adult population
(n =952 women and 788 men), three distinct dietary patterns were identified in women
(i.e., the “Healthy”, the “Swedish traditional”, and the “Light-meal” pattern), whereas
two patterns were identified in men (i.e., the “Healthy” and the “Swedish traditional”
pattern) [36]. In contrast, among 479 adult Indonesians, four dietary patterns were derived
in both sexes, i.e., the “Noodle, oil, and salty sea products”; the “Meat, vegetable, oil,
and fruit”; the “Vegetable, non-oil, and milk”; and the “Staples, Oil, and Sweet” dietary
pattern [37]. Similarly, in a Japanese adult population (6080 women and 3723 men), the
same five dietary patterns were identified in both genders, i.e., the “healthy”, the “Western”,
the “seafood”, the “bread”, and the “dessert” dietary pattern [38]. Increased BMI was
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positively associated with the “Western”, the “seafood”, and the “dessert” dietary pattern,
and negatively associated with the “healthy” and the “bread” dietary pattern [55].

With regard to the links between dietary patterns and MetS, the Korean National
Health and Nutrition Examination Survey involving data from 9069 participants (3777 men
and 5292 women) found that a high carbohydrate intake was strongly associated with a
higher risk of MetS in women [21]. In another study among 276 Polish adults, three distinct
dietary patterns were identified, i.e., the Western, Prudent, and Low Food diet pattern; rare
consumption of fish was a predictor of more severe MetS cases [22]. Furthermore, among
11,305 Korean adults aged 40 years or older, three similar, but not identical, dietary patterns
were empirically identified in men and women [56]. In sum, MetS was inversely associated
with the “vegetables/seaweeds” pattern in men, but positively related in women, whereas
the association between the “meat/poultry/seafood” pattern and MetS was U-shaped
in men and inversed in women. The “non-traditional/non-staple foods” pattern was
negatively related to MetS in both genders [56].

This study has certain limitations. For example, all participants were volunteers and
their categorization into the two study groups was based on their self-report of adhering to
the COC fasting recommendations since their childhood or at least the last 12 consecutive
years. Furthermore, the sample size is not nationally representative; hence, the results
cannot be generalized. However, our study population was one of the largest in relation
to COC fasters [13,57]. Furthermore, the dietary patterns were based on the self-reporting
FFQ and 24 h recalls; hence, the supervision of the participants from a trained nutritionist
was essential. Overall, this study could represent the basis for further research in this field,
evaluating the associations of dietary patterns with MetS components and the prevalence
among fasters. There is an urgent need to support sustainable food systems; thus, research
interest has focused on interventions for sustainable healthy diets during recent years,
such as the Mediterranean Diet [58-61], while religious fasting, and more specifically COC
fasting, is regarded as an important asset to be used in public health nutrition strategies [62].

5. Conclusions

This cross-sectional study found that fasters followed the COC fasting recommenda-
tions during a non-fasting period, contributing to a healthier and more sustainable way
of life. Furthermore, distinct dietary patterns were identified in fasters and non-fasters,
as well as in men and women. No association was found between the identified dietary
patterns and MetS prevalence. Further research is needed to thoroughly investigate the
food items characterizing each dietary pattern and their level of processing in order to
contribute to public health strategies.
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www.mdpi.com/xxx/sl, Table S1. Demographic & lifestyle characteristics, and prevalence of
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Author Contributions: Conceptualization, A.K., N.E.R. and A.G.K.; Methodology, AK., N.ER,,
A.-AK,MH. and A.G.K,; Formal analysis, A K.; Investigation, A.K.,, N.E.R., A-A K, E.V,, SK.P. and
PS.; Data curation, A.K., N.K. and I.P.; Writing—original draft, A.K.; Writing—review & editing, A K.,
N.K, LP, M.H. and A.G.K; Visualization, A.G.K,; Supervision, M.H. and A.G.K. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/xxx/s1
https://www.mdpi.com/xxx/s1

Foods 2023, 12, 3488 15 of 17

Institutional Review Board Statement: This study’s protocol was approved by the Bioethics Com-
mittee of the Alexander Technological Educational Institute of Thessaloniki (31.5/5679). This study
was conducted according to the Declaration of the World Medical Association of Helsinki (1989).
Each participant was informed about the aims, benefits, and potential risks of this study and signed a
consent form before data collection and blood sampling.

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

Data Availability Statement: The raw data supporting the conclusions of this study are available
from the corresponding author upon request.

Acknowledgments: The authors are thankful to participants for their excellent cooperation. The
authors are also thankful to Emmanouil Dermitzakis and the University of Geneva for providing
funding for data generation.

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

References

1.

@

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.; et al.
Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019, 393, 447-492.
[CrossRef]

Cespedes, E.M.; Hu, E.B. Dietary patterns: From nutritional epidemiologic analysis to national guidelines. Am. J. Clin. Nutr. 2015,
101, 899-900. [CrossRef]

Hu, EB. Dietary pattern analysis: A new direction in nutritional epidemiology. Curr. Opin. Lipidol. 2002, 13, 3-9. [CrossRef]
Zhao, J.; Li, Z.; Gao, Q.; Zhao, H.; Chen, S.; Huang, L.; Wang, W.; Wang, T. A review of statistical methods for dietary pattern
analysis. Nutr. J. 2021, 20, 37. [CrossRef]

Legrand, R.; Manckoundia, P.; Nuemi, G.; Poulain, M. Assessment of the Health Status of the Oldest Olds Living on the Greek
Island of Ikaria: A Population Based-Study in a Blue Zone. Curr. Gerontol. Geriatr. Res. 2019, 2019, 8194310. [CrossRef] [PubMed]
Legrand, R.; Nuemi, G.; Poulain, M.; Manckoundia, P. Description of Lifestyle, Including Social Life, Diet and Physical Activity, of
People >90 years Living in Ikaria, a Longevity Blue Zone. Int. J. Environ. Res. Public. Health 2021, 18, 6602. [CrossRef] [PubMed]
Pes, G.M.; Dore, M.P.; Tsofliou, F.; Poulain, M. Diet and longevity in the Blue Zones: A set-and-forget issue? Maturitas 2022,
164, 31-37. [CrossRef]

Dominguez, L.J.; Veronese, N.; Baiamonte, E.; Guarrera, M.; Parisi, A.; Ruffolo, C.; Tagliaferri, F.; Barbagallo, M. Healthy Aging
and Dietary Patterns. Nutrients 2022, 14, 889. [CrossRef] [PubMed]

Buettner, D.; Skemp, S. Blue Zones: Lessons from the World’s Longest Lived. Am. |. Lifestyle Med. 2016, 10, 318-321. [CrossRef]
Sarri, K.; Kafatos, A. The Seven Countries Study in Crete: Olive oil, Mediterranean diet or fasting? Public. Health Nutr. 2005,
8, 666. [CrossRef]

Puddu, PE.; Menotti, A.; Jacobs, D.R.; Adachi, H.; Kafatos, A.; Tolonen, H. Cardiovascular risk factors predict age at death in
60-year follow-up of the Seven Countries Study. Aging Clin. Exp. Res. 2023, 35, 193-202. [CrossRef]

Menotti, A.; Puddu, PE.; Tolonen, H.; Kafatos, A. Cardiovascular mortality in Northern and Southern European cohorts of the
Seven Countries Study at 60-year follow-up. J. Cardiovasc. Med. 2023, 24, 96-104. [CrossRef] [PubMed]

Kokkinopoulou, A.; Kafatos, A. Impact of Christian Orthodox Church dietary recommendations in Metabolic Syndrome risk
factors: A scoping review. Nutr. Res. Rev. 2021, 35, 1-15. [CrossRef] [PubMed]

Katsiki, N.; Anagnostis, P.; Kotsa, K.; Goulis, D.G.; Mikhailidis, D.P. Obesity, Metabolic Syndrome and the Risk of Microvascular
Complications in Patients with Diabetes mellitus. Curr. Pharm. Des. 2019, 25, 2051-2059. [CrossRef]

Katsiki, N.; Perez-Martinez, P.; Anagnostis, P.; Mikhailidis, D.P,; Karagiannis, A. Is Nonalcoholic Fatty Liver Disease Indeed the
Hepatic Manifestation of Metabolic Syndrome? Curr. Vasc. Pharmacol. 2018, 16, 219-227. [CrossRef] [PubMed]

Katsiki, N.; Athyros, V.G.; Karagiannis, A.; Wierzbicki, A.S.; Mikhailidis, D.P. Should we expand the concept of coronary heart
disease equivalents? Curr. Opin. Cardiol. 2014, 29, 389-395. [CrossRef] [PubMed]

Katsiki, N.; Athyros, V.G.; Karagiannis, A.; Mikhailidis, D.P. Metabolic syndrome and non-cardiac vascular diseases: An update
from human studies. Curr. Pharm. Des. 2014, 20, 4944-4952. [CrossRef]

Alberti, K.G.M.M.; Eckel, R H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.-C.; James, W.P.T; Loria,
C.M,; Smith, S.C.; et al. Harmonizing the metabolic syndrome: A joint interim statement of the International Diabetes Federation
Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute; American Heart Association; World
Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation 2009,
120, 1640-1645. [CrossRef] [PubMed]

Castro-Barquero, S.; Ruiz-Le6n, A.M.; Sierra-Pérez, M.; Estruch, R.; Casas, R. Dietary Strategies for Metabolic Syndrome: A
Comprehensive Review. Nutrients 2020, 12, 2983. [CrossRef]

Wang, H.; Wang, Y.; Shi, Z.; Zhao, L.; Jian, W.; Li, K.; Xu, R.; Wu, Y,; Xu, E; Wang, Y.; et al. Association between Dietary Patterns
and Metabolic Syndrome and Modification Effect of Altitude: A Cohort Study of Tibetan Adults in China. Nutrients 2023, 15, 2226.
[CrossRef] [PubMed]


https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.3945/ajcn.115.110213
https://doi.org/10.1097/00041433-200202000-00002
https://doi.org/10.1186/s12937-021-00692-7
https://doi.org/10.1155/2019/8194310
https://www.ncbi.nlm.nih.gov/pubmed/31885554
https://doi.org/10.3390/ijerph18126602
https://www.ncbi.nlm.nih.gov/pubmed/34205297
https://doi.org/10.1016/j.maturitas.2022.06.004
https://doi.org/10.3390/nu14040889
https://www.ncbi.nlm.nih.gov/pubmed/35215539
https://doi.org/10.1177/1559827616637066
https://doi.org/10.1079/PHN2005765
https://doi.org/10.1007/s40520-022-02288-5
https://doi.org/10.2459/JCM.0000000000001425
https://www.ncbi.nlm.nih.gov/pubmed/36583978
https://doi.org/10.1017/S0954422421000184
https://www.ncbi.nlm.nih.gov/pubmed/34108056
https://doi.org/10.2174/1381612825666190708192134
https://doi.org/10.2174/1570161115666170621075619
https://www.ncbi.nlm.nih.gov/pubmed/28669328
https://doi.org/10.1097/HCO.0000000000000068
https://www.ncbi.nlm.nih.gov/pubmed/25029454
https://doi.org/10.2174/1381612819666131206100750
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://www.ncbi.nlm.nih.gov/pubmed/19805654
https://doi.org/10.3390/nu12102983
https://doi.org/10.3390/nu15092226
https://www.ncbi.nlm.nih.gov/pubmed/37432367

Foods 2023, 12, 3488 16 of 17

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Lee, Y.-A.; Song, S.-W.; Kim, S.-H.; Kim, H.-N. Associations between Dietary Patterns and Metabolic Syndrome: Findings of the
Korean National Health and Nutrition Examination Survey. Nutrients 2023, 15, 2676. [CrossRef] [PubMed]

Biatkowska, A.; Gérnicka, M.; Zielinska-Pukos, M.A.; Hamulka, J. Associations between Dietary Patterns, Anthropometric
and Cardiometabolic Indices and the Number of MetS Components in Polish Adults with Metabolic Disorders. Nutrients 2023,
15,2237. [CrossRef]

Pefia-Jorquera, H.; Cid-Jofré, V.; Landaeta-Diaz, L.; Petermann-Rocha, F; Martorell, M.; Zbinden-Foncea, H.; Ferrari, G.; Jorquera-
Aguilera, C.; Cristi-Montero, C. Plant-Based Nutrition: Exploring Health Benefits for Atherosclerosis, Chronic Diseases, and
Metabolic Syndrome-A Comprehensive Review. Nutrients 2023, 15, 3244. [CrossRef]

Jovanovic, C.E.S.; Hoelscher, D.M.; Chen, B.; Ranjit, N.; van den Berg, A.E. The associations of plant-based food and metabolic
syndrome using NHANES 2015-16 data. |. Public Health 2023, 45, e22—€29. [CrossRef] [PubMed]

Huo, Y; Cao, S.; Liu, J.; Zhang, B.; Xu, K.;; Wang, Y.; Liu, H.; Yang, P; Zeng, L.; Yan, H.; et al. The Association between Plant-Based
Diet Indices and Metabolic Syndrome in Chinese Adults: Longitudinal Analyses from the China Health and Nutrition Survey.
Nutrients 2023, 15, 1341. [CrossRef]

Rizzo, N.S.; Sabaté, J.; Jaceldo-Siegl, K.; Fraser, G.E. Vegetarian dietary patterns are associated with a lower risk of metabolic
syndrome: The adventist health study 2. Diabetes Care 2011, 34, 1225-1227. [CrossRef] [PubMed]

Picasso, M.C.; Lo-Tayraco, J.A.; Ramos-Villanueva, ].M.; Pasupuleti, V.; Hernandez, A.V. Effect of vegetarian diets on the
presentation of metabolic syndrome or its components: A systematic review and meta-analysis. Clin. Nutr. 2019, 38, 1117-1132.
[CrossRef]

Kokkinopoulou, A.; Katsiki, N.; Pagkalos, I.; Rodopaios, N.E.; Koulouri, A.-A ; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P;
Dermitzakis, E.; Hassapidou, M.; et al. Nutrient Intake and Risk Factors for Metabolic Syndrome in Christian Orthodox Church
Religious Fasters. Nutrients 2023, 15, 2468. [CrossRef] [PubMed]

Kokkinopoulou, A.; Katsiki, N.; Pagkalos, I.; Rodopaios, N.E.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P.;
Dermitzakis, E.; Hassapidou, M.; et al. The Interplay between Metabolic Syndrome and Religious Fasting in Postmenopausal
Women. Nutrients 2023, 15, 2478. [CrossRef] [PubMed]

Kokkinopoulou, A.; Pagkalos, I.; Rodopaios, N.E.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P;
Hassapidou, M.; Kafatos, A.G. Does Religious Fasting Have a Protective Role against Metabolic Syndrome in Individuals Aged
>50 Years? Nutrients 2023, 15, 3215. [CrossRef] [PubMed]

Kokkinopoulou, A.; Rodopaios, N.E.; Koulouri, A.-A.; Vasara, E.; Papadopoulou, S.K.; Skepastianos, P.; Dermitzakis, E.;
Hassapidou, M.; Kafatos, A.G. Impact of Christian Orthodox Church Fasting on Metabolic Syndrome Components in Adults
Aged 18-49 Years. Nutrients 2023, 15, 1755. [CrossRef] [PubMed]

Papazoglou, A.S.; Moysidis, D.V.; Tsagkaris, C.; Vouloagkas, I.; Karagiannidis, E.; Kartas, A.; Vlachopoulos, N.; Konstantinou, G.;
Sofidis, G.; Stalikas, N.; et al. Impact of religious fasting on metabolic and hematological profile in both dyslipidemic and
non-dyslipidemic fasters. Eur. J. Clin. Nutr. 2022, 76, 891-898. [CrossRef]

Sinaga, M.; Teshome, M.S.; Kidane, R.; Yemane, T.; Tegene, E.; Lindstrom, D.; Belachew, T. Metabolic Effects of Fasting and
Animal Source Food Avoidance in an Ethiopian Adult Cohort. Sci. Rep. 2019, 9, 16964. [CrossRef] [PubMed]

Elshorbagy, A.; Jernerén, E; Basta, M.; Basta, C.; Turner, C.; Khaled, M.; Refsum, H. Amino acid changes during transition to a
vegan diet supplemented with fish in healthy humans. Eur. J. Nutr. 2017, 56, 1953-1962. [CrossRef]

Elsayed, A.; Noreldin, A K.A ; Elsamman, M.K,; Zaky, D.S.; Kaldas, E.S. Impact of Christians fasting in type 2 diabetic patients
among Egyptian coptic orthodox. J. Diabetol. 2018, 9, 88-94. [CrossRef]

Bethancourt, H.J.; Kratz, M.; O’Connor, K. Spiritually motivated restrictions on animal products have a limited impact on
consumption of healthy plant-based foods. Br. ]. Nutr. 2019, 122, 808-819. [CrossRef]

Bethancourt, H.J.; Kratz, M.; O’Connor, K. A short-term religious “fast” from animal products has a minimal impact on
cardiometabolic health biomarkers irrespective of concurrent shifts in distinct plant-based food groups. Am. J. Clin. Nutr. 2019,
110, 722-732. [CrossRef] [PubMed]

Hassapidou, M.; Tziomalos, K.; Lazaridou, S.; Pagkalos, I.; Papadimitriou, K.; Kokkinopoulou, A.; Tzotzas, T. The Nutrition
Health Alliance (NutriHeAl) Study: A Randomized, Controlled, Nutritional Intervention Based on Mediterranean Diet in Greek
Municipalities. J. Am. Coll. Nutr. 2020, 39, 338-344. [CrossRef]

Gibson, R.S.; Charrondiere, U.R.; Bell, W. Measurement Errors in Dietary Assessment Using Self-Reported 24-Hour Recalls in
Low-Income Countries and Strategies for Their Prevention. Adv. Nutr. 2017, 8, 980-991. [CrossRef] [PubMed]

Bountziouka, V.; Bathrellou, E.; Giotopoulou, A.; Katsagoni, C.; Bonou, M.; Vallianou, N.; Barbetseas, J.; Avgerinos, P.C.;
Panagiotakos, D.B. Development, repeatability and validity regarding energy and macronutrient intake of a semi-quantitative
food frequency questionnaire: Methodological considerations. Nutr. Metab. Cardiovasc. Dis. 2012, 22, 659—-667. [CrossRef]
Smith, A.D.A.C.; Emmett, PM.; Newby, PK.; Northstone, K. Dietary patterns obtained through principal components analysis:
The effect of input variable quantification. Br. . Nutr. 2013, 109, 1881-1891. [CrossRef] [PubMed]

Armstrong, D.J.; Sherriff, D.A.; Wrieden, D.W.L.; Brogan, D.Y.; Barton, K.L. Deriving and Interpreting Dietary Patterns in the
Scottish Diet: Further Analysis of the Scottish Health Survey and the Expenditure and Food Survey; Food Standards Scotland: Aberdeen,
UK, 2009.

Sarri, K.O.; Tzanakis, N.E.; Linardakis, M.K.; Mamalakis, G.D.; Kafatos, A.G. Effects of Greek Orthodox Christian Church fasting
on serum lipids and obesity. BMC Public Health 2003, 3, 16. [CrossRef]


https://doi.org/10.3390/nu15122676
https://www.ncbi.nlm.nih.gov/pubmed/37375580
https://doi.org/10.3390/nu15102237
https://doi.org/10.3390/nu15143244
https://doi.org/10.1093/pubmed/fdab403
https://www.ncbi.nlm.nih.gov/pubmed/35021215
https://doi.org/10.3390/nu15061341
https://doi.org/10.2337/dc10-1221
https://www.ncbi.nlm.nih.gov/pubmed/21411506
https://doi.org/10.1016/j.clnu.2018.05.021
https://doi.org/10.3390/nu15112468
https://www.ncbi.nlm.nih.gov/pubmed/37299432
https://doi.org/10.3390/nu15112478
https://www.ncbi.nlm.nih.gov/pubmed/37299441
https://doi.org/10.3390/nu15143215
https://www.ncbi.nlm.nih.gov/pubmed/37513633
https://doi.org/10.3390/nu15071755
https://www.ncbi.nlm.nih.gov/pubmed/37049597
https://doi.org/10.1038/s41430-021-01053-7
https://doi.org/10.1038/s41598-019-53185-3
https://www.ncbi.nlm.nih.gov/pubmed/31740698
https://doi.org/10.1007/s00394-016-1237-6
https://doi.org/10.4103/jod.jod_5_18
https://doi.org/10.1017/S0007114519001533
https://doi.org/10.1093/ajcn/nqz153
https://www.ncbi.nlm.nih.gov/pubmed/31380559
https://doi.org/10.1080/07315724.2019.1660928
https://doi.org/10.3945/an.117.016980
https://www.ncbi.nlm.nih.gov/pubmed/29141979
https://doi.org/10.1016/j.numecd.2010.10.015
https://doi.org/10.1017/S0007114512003868
https://www.ncbi.nlm.nih.gov/pubmed/22950853
https://doi.org/10.1186/1471-2458-3-16

Foods 2023, 12, 3488 17 of 17

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Papadaki, A.; Vardavas, C.; Hatzis, C.; Kafatos, A. Calcium, nutrient and food intake of Greek Orthodox Christian monks during
a fasting and non-fasting week. Public Health Nutr. 2007, 11, 1022-1029. [CrossRef]

Sarri, K.O.; Linardakis, M.K.; Bervanaki, EN.; Tzanakis, N.E.; Kafatos, A.G. Greek Orthodox fasting rituals: A hidden characteristic
of the Mediterranean diet of Crete. Br. J. Nutr. 2004, 92, 277-284. [CrossRef]

Sarri, K.O.; Kafatos, A.G.; Higgins, S. Is religious fasting related to iron status in Greek Orthodox Christians? Br. ]. Nutr. 2005,
94,198-203. [CrossRef]

Panagiotakos, D.B.; Pitsavos, C.; Stefanadis, C. Dietary patterns: A Mediterranean diet score and its relation to clinical and
biological markers of cardiovascular disease risk. Nutr. Metab. Cardiovasc. Dis. 2006, 16, 559-568. [CrossRef]

Kourlaba, G.; Panagiotakos, D.B.; Mihas, K.; Alevizos, A.; Marayiannis, K.; Mariolis, A.; Tountas, Y. Dietary patterns in relation
to socio-economic and lifestyle characteristics among Greek adolescents: A multivariate analysis. Public Health Nutr. 2009,
12,1366-1372. [CrossRef]

Amerikanou, C.; Kleftaki, S.-A.; Valsamidou, E.; Tzavara, C.; Gioxari, A.; Kaliora, A.C. Dietary Patterns, Cardiometabolic and
Lifestyle Variables in Greeks with Obesity and Metabolic Disorders. Nutrients 2022, 14, 5064. [CrossRef] [PubMed]
Amanatidou, A.I; Kaliora, A.C.; Amerikanou, C.; Stojanoski, S.; Milosevic, N.; Vezou, C.; Beribaka, M.; Banerjee, R.; Kalafati, I.-P;
Smyrnioudis, I.; et al. Association of Dietary Patterns with MRI Markers of Hepatic Inflammation and Fibrosis in the
MAST4HEALTH Study. Int. ]. Environ. Res. Public Health 2022, 19, 971. [CrossRef] [PubMed]

Georgoulis, M.; Georgousopoulou, E.N.; Chrysohoou, C.; Pitsavos, C.; Panagiotakos, D.B. Longitudinal Trends, Determinants,
and Cardiometabolic Impact of Adherence to the Mediterranean Diet among Greek Adults. Foods 2022, 11, 2389. [CrossRef]
[PubMed]

Zazpe, I.; Sdnchez-Tainta, A.; Toledo, E.; Sanchez-Villegas, A.; Martinez-Gonzalez, M.A. Dietary patterns and total mortality in a
Mediterranean cohort: The SUN project. J. Acad. Nutr. Diet. 2014, 114, 37-47. [CrossRef]

Rico-Campa, A.; Martinez-Gonzdlez, M.A.; Alvarez-Alvarez, I; de Deus Mendonga, R.; de la Fuente-Arrillaga, C,;
Goémez-Donoso, C.; Bes-Rastrollo, M. Association between consumption of ultra-processed foods and all cause mortality: SUN
prospective cohort study. BMJ 2019, 365, 11949. [CrossRef]

Vasseur, P.; Dugelay, E.; Benamouzig, R.; Savoye, G.; Lan, A.; Srour, B.; Hercberg, S.; Touvier, M.; Hugot, J.-P; Julia, C.; et al.
Dietary Patterns, Ultra-processed Food, and the Risk of Inflammatory Bowel Diseases in the NutriNet-Santé Cohort. Inflamm.
Bowel Dis. 2021, 27, 65-73. [CrossRef] [PubMed]

Nanri, H.; Hara, M.; Nishida, Y.; Shimanoe, C.; Nakamura, K.; Higaki, Y.; Imaizumi, T.; Taguchi, N.; Sakamoto, T.; Horita, M.; et al.
Dietary patterns and serum gamma-glutamyl transferase in Japanese men and women. J. Epidemiol. 2015, 25, 378-386. [CrossRef]
[PubMed]

Kim, Y.; Kim, Y.-M.; Shin, M.-H.; Koh, S.-B.; Chang Kim, H.; Kim, M.K. Empirically identified dietary patterns and metabolic
syndrome risk in a prospective cohort study: The Cardiovascular Disease Association Study. Clin. Nutr. 2022, 41, 2156-2162.
[CrossRef] [PubMed]

Koufakis, T.; Karras, S.N.; Zebekakis, P.; Kotsa, K. Orthodox religious fasting as a medical nutrition therapy for dyslipidemia:
Where do we stand and how far can we go? Eur. |. Clin. Nutr. 2018, 72, 474-479. [CrossRef] [PubMed]

Patra, E.; Kokkinopoulou, A.; Pagkalos, I. Focus of Sustainable Healthy Diets Interventions in Primary School-Aged Children: A
Systematic Review. Nutrients 2023, 15, 2460. [CrossRef] [PubMed]

Piscitelli, P.; Colao, A. Editorial: Healthy foods and dietary patterns in modern consumer. Front. Nutr. 2023, 10, 1239488.
[CrossRef] [PubMed]

Vetrani, C.; Piscitelli, P.; Muscogiuri, G.; Barrea, L.; Laudisio, D.; Graziadio, C.; Marino, F.; Colao, A. “Planeterranea”: An attempt
to broaden the beneficial effects of the Mediterranean diet worldwide. Front. Nutr. 2022, 9, 973757. [CrossRef] [PubMed]

Colao, A.; Vetrani, C.; Muscogiuri, G.; Barrea, L.; Tricopoulou, A.; Soldati, L.; Piscitelli, . UNESCO Chair on Health Education
and Sustainable Development “Planeterranean” Diet: Extending worldwide the health benefits of Mediterranean Diet based on
nutritional properties of locally available foods. J. Transl. Med. 2022, 20, 232. [CrossRef]

Trabelsi, K.; Ammar, A.; Boujelbane, M.A.; Puce, L.; Garbarino, S.; Scoditti, E.; Boukhris, O.; Khanfir, S.; Clark, C.C.T,;
Glenn, ].M,; et al. Religious fasting and its impacts on individual, public, and planetary health: Fasting as a “religious health
asset” for a healthier, more equitable, and sustainable society. Front. Nutr. 2022, 9, 1036496. [CrossRef] [PubMed]

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


https://doi.org/10.1017/S1368980007001498
https://doi.org/10.1079/BJN20041197
https://doi.org/10.1079/BJN20051472
https://doi.org/10.1016/j.numecd.2005.08.006
https://doi.org/10.1017/S1368980008004060
https://doi.org/10.3390/nu14235064
https://www.ncbi.nlm.nih.gov/pubmed/36501093
https://doi.org/10.3390/ijerph19020971
https://www.ncbi.nlm.nih.gov/pubmed/35055797
https://doi.org/10.3390/foods11162389
https://www.ncbi.nlm.nih.gov/pubmed/36010387
https://doi.org/10.1016/j.jand.2013.07.024
https://doi.org/10.1136/bmj.l1949
https://doi.org/10.1093/ibd/izaa018
https://www.ncbi.nlm.nih.gov/pubmed/32055825
https://doi.org/10.2188/jea.JE20140158
https://www.ncbi.nlm.nih.gov/pubmed/25787241
https://doi.org/10.1016/j.clnu.2022.07.038
https://www.ncbi.nlm.nih.gov/pubmed/36067587
https://doi.org/10.1038/s41430-018-0113-2
https://www.ncbi.nlm.nih.gov/pubmed/29453427
https://doi.org/10.3390/nu15112460
https://www.ncbi.nlm.nih.gov/pubmed/37299423
https://doi.org/10.3389/fnut.2023.1239488
https://www.ncbi.nlm.nih.gov/pubmed/37662594
https://doi.org/10.3389/fnut.2022.973757
https://www.ncbi.nlm.nih.gov/pubmed/36118764
https://doi.org/10.1186/s12967-022-03433-4
https://doi.org/10.3389/fnut.2022.1036496
https://www.ncbi.nlm.nih.gov/pubmed/36505246

	Introduction 
	Methods 
	Study Population 
	Anthropometric, Biochemical and Dietary Data 
	Statistics 

	Results 
	Discussion 
	Conclusions 
	References

