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Abstract 

 

This study is the first to attempt to examine the effects of periodic vegetarianism, 

through the fasting of Orthodox Church, on bone growth, osteoporosis, bone fractures and 

bone health in general. It is also the first study to investigate lifelong nutrition through the 

multi-year use of fasting (at least 10 years) according to the Rules of the Orthodox Church 

and is the largest sample population to date (400 people) dealing with the issue of fasting 

of the Orthodox Church. 

The low intake of calcium and dairy products observed during fasting periods for an 

average of 178 (± 19) days a year, does not seem to compromise bone health in older 

individuals, men and postmenopausal women. Also, young people (18-35 years old) who 

have been fasting since childhood did not have a problem with height or any of the bone 

health indicators in adulthood. Therefore, periodic abstinence from dairy products and, in 

general, animal products for decades, even starting in childhood, does not endanger bone 

health. 

The periodic restriction of the dietary intake of products of animal origin to a slightly 

hypothermic diet that characterizes the fast of the Orthodox Church has been combined 

with increased consumption of plant foods, with a wide variety, which seems to 

beneficially affect musculoskeletal metabolism, perhaps better than complementary 

nutrition. Despite having lower protein intakes, men and women who had been periodically 

avoiding animal source foods for a median of 15 years did not differ in bone mineral 

density (BMD) and bone mass (BMC) or prevalence of bone fracture from controls with no 

food restrictions. BMD and BMC exhibited only weak (if any) correlations with 

consumption of protein-rich foods. Thus, continuous protein intake for a along time seems 

to play a minor (if any) role in bone health. It was found that the individuals following a 

religious lifestyle had lower vitamin D intake, lower sunlight exposure and, at times, lower 

serum 25-hydroxyvitamin D concentration than controls, although these differences did not 

impact bone health. These finding of the present study may prove useful in designing 

healthy diets for people who wish, or need, to have limited intake of animal and dairy 

foods. Future studies could employ assessment of fasters during periods of fasting and 

periods of no food restriction (in addition to the moderate-fasting period chosen in the 

present study) for a more accurate characterization of the relation between nutrient intake 

and bone health. 
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Περίληψη 

 

Η παρούσα μελέτη είναι η πρώτη μελέτη που προσπαθεί να εξετάσει την επίδραση 

και τις επιπτώσεις της περιοδικής φυτοφαγίας, μέσω της νηστείας της Ορθόδοξης 

Εκκλησίας, στην ανάπτυξη των οστών, στην οστεοπόρωση, στα οστικά κατάγματα και 

γενικά στην υγεία των οστών. Επίσης είναι η πρώτη γνωστή μελέτη που ερευνά τη δια 

βίου διατροφή μέσω της πολυετούς χρήσης της νηστείας (τουλάχιστον 10 έτη) σύμφωνα 

με τους Κανόνες της Ορθόδοξης Εκκλησίας και είναι η μεγαλύτερη σε πληθυσμό 

δείγματος έρευνα μέχρι σήμερα (400 άτομα) που ασχολείται με το θέμα της νηστείας της 

Ορθόδοξης Εκκλησίας. 

Η χαμηλή πρόσληψη ασβεστίου και γαλακτοκομικών προϊόντων που παρατηρείται 

κατά τις περιόδους νηστείας για κατά μέσο όρο 178 (± 19) ημέρες το χρόνο, δεν φαίνεται 

να βλάπτουν την υγεία των οστών σε ηλικιωμένα άτομα, άνδρες και μετεμμηνοπαυσιακές 

γυναίκες. Επίσης, σε νεαρά άτομα (18-35 ετών) που νηστεύουν από την παιδική τους 

ηλικία δεν είχαν πρόβλημα σε ανάστημα ή οποιονδήποτε από τους δείκτες υγείας των 

οστών κατά την ενηλικίωσή τους. Συνεπώς η περιοδική αποχή από γαλακτοκομικά 

προϊόντα και, γενικά, ζωικά προϊόντα για δεκαετίες, ακόμη και ξεκινώντας από την 

παιδική ηλικία, δεν θέτει σε κίνδυνο την υγεία των οστών. 

Ο περιοδικός περιορισμός της διατροφικής πρόσληψης ζωικής προέλευσης 

προϊόντων σε μια ελαφρώς υποθερμιδική δίαιτα που χαρακτηρίζει τη νηστεία της 

Ορθόδοξης Εκκλησίας, συνδυάστηκε με αυξημένη κατανάλωση φυτικών τροφών, με 

μεγάλη ποικιλία, η οποία φαίνεται να επηρεάζει ευεργετικά τον μυοσκελετικό 

μεταβολισμό, ίσως καλύτερα από την αποκλειστική κατανάλωση συμπληρωμάτων 

διατροφής.  

Παρά το γεγονός ότι έχουν χαμηλότερες προσλήψεις σε ζωικές πρωτεΐνες, άνδρες 

και γυναίκες που αποφεύγουν περιοδικά τροφές ζωικής προέλευσης για μέσο όρο 15 ετών, 

δεν διέφεραν στην οστική πυκνότητα (BMD) και οστική μάζα (BMC) και στα πέντε 

σημεία-θέσεις που εξετάστηκαν ή τον επιπολασμό της οστεοπενίας, της οστεοπόρωσης ή 

του κατάγματος των οστών από την ομάδα ελέγχου, με χωρίς περιορισμούς στα τρόφιμα.  

Η κατανάλωση τροφών πλούσιων σε πρωτεΐνες εμφάνισε μόνο ασθενείς 

συσχετισμούς με BMD ή BMC. Έτσι, η συνεχής πρόσληψη πρωτεΐνης φαίνεται να παίζει 

δευτερεύοντα ρόλο στην υγεία των οστών. 
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Διαπιστώθηκε ότι η πολυετή χρήση της νηστείας (τουλάχιστον δέκα χρόνια), 

εμφάνισε αύξηση κατανάλωσης φρούτων και λαχανικών και αύξηση κατανάλωσης 

θαλασσινών και ψαριών και σε περιόδους μη νηστείας, επηρεάζοντας και διαμορφώνοντας 

τις διατροφικές συνήθειες των νηστευόντων, κατά τη διάρκεια όλου του έτους και όχι 

μόνο στις περιόδους νηστείας, διατροφή που προσεγγίζει την Μεσογειακή διατροφή. 

Επίσης, τα άτομα που ακολουθούσαν τη νηστεία βρέθηκαν να είχαν χαμηλότερη 

πρόσληψη βιταμίνης D, χαμηλότερη έκθεση στο ηλιακό φως και μερικές φορές, 

χαμηλότερη συγκέντρωση 25-υδροξυβιταμίνης D στον ορό από ότι οι μη-νηστεύοντες, 

αλλά αυτές οι διαφορές δεν επηρέασαν την υγεία των οστών τους. 

Αυτά τα ευρήματα της παρούσας μελέτης μπορούν να αποδειχθούν χρήσιμα στο 

σχεδιασμό και διαμόρφωση  υγιεινών διαίτων ή διατροφικών σχεδίων για άτομα που 

επιθυμούν ή χρειάζονται περιορισμένη ή χαμηλή πρόσληψη ζωικών και γαλακτοκομικών 

τροφών. 

Μελλοντικές μελέτες θα μπορούσαν να χρησιμοποιήσουν την αξιολόγηση των 

νηστευόντων κατά τις περιόδους νηστείας και τις περιόδους χωρίς περιορισμό των 

τροφίμων (εκτός τις ημέρες νηστείας της Τετάρτης και Παρασκευής που επιλέχθηκαν στην 

παρούσα μελέτη, με τις ημέρες νηστείας της Τετάρτης και της Παρασκευής) για έναν πιο 

ακριβή χαρακτηρισμό της σχέσης μεταξύ πρόσληψης θρεπτικών συστατικών και υγείας 

των οστών. 
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Chaptel 1. Is periodic abstinence from dairy products for half a year, 

detrimental to bone health of children and adolescents? 

[Austin Journal Food Sciences. 2017; 5(3):1094] 

 

Introduction 

Proper nutrition is important for the development and conservation of the bone mass. 

80-90% of the bone mineral content (BMC) is formed by calcium and phosphorus (1), 

along with other important molecules and elements (proteins, magnesium, copper, iron) 

and vitamins (A, C, D, K) (2).  

Milk is broadly consumed because of its high nutritional value. It contains various 

elements such as bioactive peptides, calcium, and growth factors that interfere to the bone 

metabolism stages, namely bone turnover (3).  

The Estimated Calcium Average Requirement (EAR) for the adolescent ranges 

between 800 to 1050 mg/day while the recommended daily intake (RDI) is 1000 - 1300 

mg/day; it's also well understood that EAR as well RDI vary under certain conditions as in 

pregnancy, lactation, menopause and aging (4). 

For more than two decades, USA recommends to children and adults the intake of 

calcium for prevention of osteoporosis (1, 5-8). They suggest the dairy servings as the best 

way for that, depending on age, for 4-8 years old is 3 servings and 9-18 years old, 4 

servings daily. Three servings of dairy provide 828 mg calcium and 4 servings 1104 mg Ca 

(9). 

In the USA over 120 food products are calcium-fortified. Therefore taking the 

recommended portions of diary daily plus the calcium from non dairy products far exceeds 

the RDI intake of calcium.  It is also amazing that although the dietary intake of calcium 

ranks first around the world, representing the 72% of global dietary calcium intake (10), 

osteoporosis and bone fractures rates are high as they range between 700 and 1000 

incidents per 100000 population annually (11, 12). Excessive calcium intake has been 

questioned on its efficacy in preventing osteoporosis and its potentially negative effects in 

health (13-17).  

Recent epidemiological studies in women (18), children and adolescents (19-22) 

have questioned the efficacy of dairy products and other calcium-containing products for 

the good health of the bones (23). 
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World Health Organization (WHO) recommendations for the prevention of 

osteoporosis highlight the “calcium paradox” and suggest a minimum intake of 400-500 

mg/day of calcium from all sources for individuals above 50 who live in countries with 

high rate of bone fractures (24). Furthermore, WHO concludes that “there is no chance to 

globally approximate the calcium intake for the general population”. This statement also 

includes children and adolescents. On the other hand, European and UK reports suggest 

dietary reference intake of calcium through dairy products between 800 and 1300 mg/day 

for all individuals –USA included- for their whole life (25)  

Skeletal health indexes such those of bone growth as well of biological maturity of 

bony structures can be determined through correlation between Bone Mineral Density 

(BMD) and/or Bone Mineral Content (BMC) outcomes and calcium intake from milk and 

dairy products (25). The Institute of Medicine (IOM) in order to assess the importance of 

calcium and vitamin D intake determined the optimum Dietary Reference Intake (DRI) 

(26). 

According to Recommended Dietary Allowances (RDA) recommendations, 700 mg 

of calcium is the optimum daily dosage for children between 1 and 3 years old, whereas 

1000mg for those of 4-8 years old. Adolescents need higher calcium levels, no less than 

1300mg per day (26).  

However, prospective epidemiological studies have raised questions about the 

effectiveness of the use of dairy products in the promotion of bone health (23). Over the 

past two decades an increasing number of studies it has been carried out on religious fasts 

and their impact on human health (27). The Christian Orthodox Church (COC) diet 

proposes entirely different dietary habits that are worth to be mentioned because through 

alternating time-fixed fasting periods they achieve the optimal balance in an admittedly 

healthy nutritional pattern: the Mediterranean diet.  

COC recommends abstaining from dairy, meat, and eggs for about 180 days per year 

(159-197, SD: 178±19) and instead of 155 days/year from fish for adults and children 

(Table 1).  

For that reason, it may be considered as periodic vegetarianism although seafood 

allowed in all fasting periods (31-35).  

Low consumption of dairy, meat and egg products leads to reduced intake of 

saturated fats, while the use of olive oil in large quantities has shown positive effects on 

the prevention of chronic diseases (36). In addition, COC fasts as nutritional health-
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promotive habits (37, 38) are still the main characteristics of Mediterranean diet in Greece 

(39-41). 

The objective of this study is to review the existing literature on the effects of 

consumption of dairy products and total dietary calcium intake on bone integrity in 

children and adolescents, primarily to assess whether the evidence supports the following: 

(1) Which one of the two nutritional habits promotes the optimum bone growth 

during childhood and adolescence: a daily consumption of 3-4 servings of dairy products, 

or a periodic fasting that includes calcium from non-dairy foods? 

(2) Does the statement "the recommended servings of dairy products is the optimal 

choice for promoting bone health and integrity in contrast to other sources of food or 

supplements containing calcium" seem to be valid? 

(3) Has the 180-day abstinence from dairy products per year, as suggested by the 

COC, negative effects on bone growth in children and adolescents?  

 

Methods 

The MEDLINE, COCHRANE, EMBASE and PUBMED databases were searched. 

Articles not included in those databases and studies on vegetarian diets as well as studies 

from the Christian Orthodox Church on fasting were also searched.  

Keywords used were: dairy, dairies, dairy products, vegan, fast, fasting, plus bones, 

bone mineral density (BMD), bone mineral content (BMC), osteoporosis, osteopenia, 

including only studies and reports to humans, children and teenagers, aging above 3 years-

old, published in English language, from 1990 to January 2017.  

The research focused on age, sex, and race of the participants and also on the activity 

level and the pubertal status. Other factors such as socioeconomic status, exposure to the 

sun or caffeine consumption didn’t be taken into consideration.  

As changes in BMD develop slowly (42) we focused on trials and studies having at 

least one-year follow-up. 

Finally, our search yielded to 12 cross-sectional studies; 7 longitudinal prospective 

studies, 3 randomized and one case-control study. 
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Results 

We studied 22 selected randomized controlled trials of milk and calcium intake for 

children and adolescents (Table 2).  

Kardinaal et al. in cross-sectional study investigated the association between dietary 

calcium intake and radial bone density among 1116 Caucasian girls (aged 11-15 years) at 

different levels of calcium intake in six European countries. There was no evidence of a 

relation between calcium intake and BMD at different levels of intake; although there was 

a positive association at calcium intake levels <600 mg/day (6.28, p=0.02). Nevertheless, 

the interaction was not significant and there was no consistent trend over intake categories. 

These results do not support the hypothesis that dietary calcium acts as a determinant of 

peak BMD in European young women, for a wide range of intake (15). 

Kröger et al. studied the effect of puberty and genetic factors on the development of 

bone mass and density in a prospective study 65 children and adolescents (aged 7-20 years 

old). They didn’t find any significant relationship between the increment rate of bone 

density and physical activity or calcium intake (<800 - >1200) (19). 

Lloyd et al. studied in two longitudinal studies the relation of exercise and BMD on 

teenage. The first, one (year 2000) was conducted in 81 girls (20) Cumulative sports-

exercise scores between ages 12 and 18 years were associated with hip BMD at age of 18 

years (r = .42) but not related to the total body bone mineral gain. Time-averaged daily 

calcium intake ranged from 500 to 1500 mg/day in this cohort, was not associated with hip 

BMD at age 18 years or with total body bone mineral gain at age 12 through 18 years. 

 The second study (2002) included 75 healthy white female adolescents (aged 12-18 

years) sports-exercise scores were correlated with BMD at the femoral neck and shaft.  

Average total daily calcium intake at age 12-20 years old ranged from 486 to 1958 

mg/day and no associations (p < 0.05) were observed between bone measurements and 

calcium intake (22). 

Kohlenberg-Mueller et al. in a cross-sectional study focused on the vegan diet in 

seven women and one man 19 to 24 years old indicating that neither calcium balance nor a 

single bone turnover biomarker has been significantly affected. Calcium intake levels 

(843±140 mg, p<0.01) were adequate despite the significant difference in calcium intake 

levels between plant foods and dairy (43). 

Ho-Pham’s et al. cross-sectional study compared bone health in 105 postmenopausal 

vegan Mahayana Buddhist nuns and 105 omnivorous postmenopausal women 50-85 years 
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old. Nuns, which had been engaged the vegan diet at mean 33 years (range: 10-72 years), 

demonstrated on average very low (330 ± 205 vs. 682 ± 417 mg/day, p < 0.001mg) 

calcium daily intake. Lumbar Spine BMD was identical in both groups (0.74±0.14 vs. 

0.77±0.14 g/cm2; mean ± SD; p=0.18). Same results in Femoral Neck BMD (0.62±0.11 vs. 

0.63±0.11 g/cm2; p=0.35) as well as in Body BMD results were 0.88±0.11 vs. 0.90±0.12 

g/cm2; (p=0.31). Prevalence of osteoporosis (T scores ≤−2.5) at the femoral neck in vegans 

and omnivores was 17.1% and 14.3% (p=0.57), respectively. Therefore, veganism has no 

adverse effect on BMD (44). 

In a randomized case-control study, milk intake of 1.5 L/day for 7 days was 

associated with higher calcium intake (p<0.0001) but decreased bone turnover in 

prepubertal 24 boys. Serum osteocalcin (s-OC) and C-terminal telopeptides of type I 

collagen (s-CTX) were significantly decreased in the milk group (-30.9%; -18.7%, 

respectively, p≤0.04) as well as bone-specific alkaline phosphatase (s-BAP) (p=0.06) (45). 

Another randomized case-control prospective study examined the effects of 

increased milk consumption on bone (and body) composition in boys engaged with 

resistance training. Twenty-eight boys (13 to 17 years of age) were randomly assigned to 

consume, in addition to their habitual diet, 3 servings/day of 1%  milk (n=14) or fruit juice 

not fortified with calcium (n=14) while followed a 12-week resistance training program. 

Only the “whole-body BMD" was been affected. The milk group showed two-fold greater 

increase than the juice group (0.028 vs 0.014 g/cm2, respectively). Nevertheless, the juice 

group showed a greater increase at "whole-body BMC", after 12 weeks (2,667g vs 2,591g 

respectively, p<0.001). BMD and BMC were increased in both groups after six weeks, and 

there was a further increase at 12
th

 week (46). 

 A cross-sectional study of 330 boys and girls aged 8 years no association was found  

between children‘s current calcium intake (1336 mg per day deriving from milk, fruit and 

vegetable consumption) and BMD. Only potassium and vegetable intakes, were negatively 

associated with total-body BMD (-0.14 and -0.15, respectively, p <0.05) (47). 

 A cross-sectional study of 176 Finnish girls aged 8-20 years-old had a seven-day 

Calcium intake Diary (CaD). Subjects were classified into three groups according to 

Tanner stage: prepubertal (Tanner 1; n=41), peripubertal (Tanner 2 and 3; n=54), and 

postpubertal (Tanner 4 and 5; n=81). No association was found between calcium intake 

and bone activity variables (BMD, BMC, and BMD femoral neck), but the high level of 

calcium intake in all age groups of the study T1+1018±361mg/d, T3 and 
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T4=1059±460mg/d and T4 and T5=1231±565mg/d was likely to explain the lack of 

association. Namely, the fact that calcium intake that exceeds a certain level does not 

further contribute to bone mineralization (48). 

 A cross-sectional study in Central Japan's community (Mie) study the effects of 

dairy intake on bone health in a representative population sample of Japanese adult women 

(n = 1252, 19-80 years-old), high-school adolescent girls (n = 2651, 15-18 years-old) and 

boys (n = 2110, 15-18 years-old). These groups were examined according to the frequency 

of weekly milk consumption which was set at 4-5 times, 2-3 times and ≤ 1 time a week. Z-

score dropped as the frequency of milk intake increased in all women. Specifically, it was 

103.4% for once a week intake or less, 102.3% for 2 or 3 times a week, 102.8% for 4 to 5 

times a week, and 101.2% for the daily intake. Bone density of the subjects was noticeably 

lower in the daily intake subgroup than that of the once a week or less, although not 

statistically significant (p < 0.1). This suggests that the bone density of adult women 

decreases as the frequency of milk intake is increasing. Also, the intake of milk did not 

affect the bone density of high school girls who avoided physical exercise (Z-score daily 

95.3%, ≤1 time 95.2%, p < 0.1) (49).  

The same study included 2110 Japanese boys, study the effect of milk intake on bone 

density on those abstained from physical activities in comparison to those systematically 

exercised was similar (p < 0.1). For no-exercise boys, Z-score showed a rise proportionally 

to the milk consumption, although the alteration was not significant (for daily milk intake 

was 95.9% and for ≤1 time was 93.3%, p < 0.1). In those Japanese boys cheese intake 

showed that Z-score was lowest in the daily intake group (systematic-exercise boys: daily 

99.5% and ≤1 time 100.4%, no-exercise boys: daily 93.6% and ≤1 time 94.4%, p < 0.1). 

Same results for yoghurt in no-exercise high school girls (daily 93.8% and ≤1 time 95.1%, 

p < 0.1). Lastly, the cream seems to be beneficial for the bone health of girls without 

physical activity (p = 0.05) (49). 

In a cross-sectional study in Netherlands examined the relation between physical 

activity, calcium intake from dairy products and BMC in 1359 children aged 7 to 11 years. 

No significant differences (in adjusted mean levels) in bone mineral content were found 

when "high" and "low" calcium intake groups were compared ("high" and "low" being 

defined by the upper and lowest decile of calcium intake). No evidence was found for any 

association between daily calcium intake and BMC in childhood, concluding that increased 

BMC was only detected in children with a high level of physical activity (50). 
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The study of 215 female twin pairs (122 monozygotic and 93 dizygotic) aged 10-26 

years demonstrated the roles of constitutional and lifestyle factors on bone mass. 60% of 

total dietary calcium was derived from dairy products. In post-menarchial pairs, the 

detected difference in daily calcium intake level of intake (1041±674g/day) was associated 

with a univariate fashion with a relevant difference in total body BMC, although the robust 

estimation was considerably smaller. Across all pairs and after adjusting for menarchial 

status, height, lean mass, and fat mass, the coefficient for calcium intake became 0.04 -/+ 

0.09%/100 mg. There were also found no associations within-pair relatively calcium intake 

and BMD at the lumbar or femoral sites (51). 

In a 3-year prospective study of 179 Hong Kong boys and girls aged 12-13 years at 

baseline - reported that there was no influence of calcium intake (711.8 mg/day for boys 

and 580.8 mg/day for the girls) on BMD, BMC and bone mineral accretion. During the 

study period, mean BMC of the dominant forearm increased from 0.61 to 0.75 (p < 0.001) 

in the boys (25%) and from 0.64 to 0.73 (p < 0.001) in the girls (12.3%). Similarly, mean 

BMD of L2-L4 vertebrae was increased for both sexes from 0.63 to 0.77 (p < 0.001) in 

boys (24.2%) and from 0.75 to 0.87 (p < 0.001) in girls (14.5%). For girls, a higher age and 

an advanced pubertal stage at the beginning of the study resulted in a significantly (p = 

0.03) slower rate of increase in BMC of the forearm and BMD of the lumbar spine when 

compared with those girls with a less advanced pubertal stage at the beginning of the study. 

Comparing BMC of the forearm and BMD of the lumbar spine among boys and girls, rates 

of change in boys were significantly higher than those in girls (p < 0.01) (52). 

In a study of 162 Icelandic Caucasian girls aged 13 and 15, reported a threshold 

effect intake on BMD of calcium intake 1293±452 mg/d in 13 year age group and 

1082±382 mg/d calcium in 15 year age group (the intake of calcium from dairy products 

was 16.3% higher in younger girls as compared to older); above this, no further effect has 

been noticed. Univariate analysis showed no significant correlation between calcium 

intakes from milk and other dairy products and BMD or BMC in either age group (53). 

A case-control study investigated for 2 years the relationship between dairy intake 

and the risk of fractures in 100 children (74 boys and 26 girls, aging 7-14 years old). They 

concluded that high consumption of cola sodas and noncarbonated beverages (including 

fruit juices) are positively and significantly associated with the probability of a fracture. On 

the other hand, consumption of either non-cola carbonated beverages or dairy products is 
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unrelated. The latter is possibly due to misclassification of dairy intake or/and the fact that 

consumption of dairy products is generally high in adolescence and early adulthood (54).  

A cohort of 581 pupils from Wales aged 7-9 investigated  for the effect of milk 

supplement in childhood during growth on adult forearm bone mineral content (BMC) and 

density (BMD) in a 14 years follow-up.  They were randomized half of them to receive 

190 ml of milk daily (or 228 mg of calcium) at their free school meal, regardless of that at 

home, on each school day for six terms in comparison to a control group given no milk.  

The total calcium intake in the two groups was for the Men: 1297±397, 1323±319 

(Control) and for the Women: 933±278, 940±317 (Control). They found that BMD was 

positively associated with body weight (p < 0.01) current intakes of calcium (P less than 

0.05), vitamin D (P less than 0.01) and sports activity during adolescence; inversely 

associated with alcohol consumption (p < 0.05). In multiple linear regression analysis, 

body weight and sports activity during adolescence were stronger determinants of female 

BMD than was diet (55). 

In a 3-year prospective study 171 Finnish girls aged 9-15 years were investigated for 

calcium intake (1575±637 g/day) and BMD measured every 6 months for 3 years. There's 

no significant correlation between mean dietary calcium & vitamin D intake and BMD or 

BMAD at the lumbar spine or femoral neck regarding the overall study population. 

However, lumbar spine BMD was at 27% (0.030g/cm
2
) greater in the highest than in the 

lowest vitamin D intake tertile in the girls with advanced sexual maturation (95% CI: 

0.004, 0.056 g/cm
2
 - p for trend for all tertiles = 0.016) (56).   

Another 15-year longitudinal study (the "Amsterdam Growth and Health Study"), 

examined 84 males and 98 females (aged between 13 and 28). Multiple-regression 

analyses incorporating calcium intake by body height (CAIH), weight-bearing activities 

(WBA), body weight (WT) and BMD indicated that calcium intake during adolescence and 

young adulthood was not a significant predictor of lumbar BMD at the age of 27 years for 

both sexes (males p<0.01, females p<0.001) (57). 

The effects of calcium supplementation and dairy products consumption on bone and 

body composition were studied in 48 of pubertal girls from USA (aged 9 to 13). In this 

randomized intervention study, the control group consumed their usual diet (728±321 

mg/day calcium) and the dairy group’s diet was supplemented weekly with dairy products 

to at least 1200 mg calcium daily (1437±366 mg/day) over a period of 1 year. There were 

no differences between the two groups during the study as showed by bone mineral values 
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(control group: 1508±167, dairy group: 1490±291gm) and lumbar spine bone density data 

(control: 0.665±0.077, dairy: 0.663±0.096 gm/cm2). At the end of the year, either average 

lumbar spine bone density (control group: 0.748±0.084, dairy group: 0.772±0.086) or total 

body bone mineral content (control: 1617±152, dairy: 1695±317) did not differ 

significantly between groups (58). 

Another randomized intervention study, 82 girls of United Kingdom 12 year old girls 

treated with daily consumption of 568 ml milk for 18 months follow-up. The control group 

received an average baseline of 150 ml of daily milk. Both groups demonstrated 9.6% 

increase for total body BMD of milk group (SD 1.9%; 95% confidence interval 9.0% to 

10.2%) and control group 8.5% (2.7%; 7.6% to 9.4%); p=0.017) and total body BMC 

27.0% (5.8%; 25.2% to 28.8%) v 24.1% (6.3%; 22.0% to 26.1%); p=0.009). Expressed in 

absolute terms, the respective increases were 0.090 (0.020; 0.084 to 0.096) v 0.081 (0.025; 

0.072 to 0.089) g/cm2 for total body BMD (p=0.021) and 428 (88; 398 to 452) v 391 (107; 

358 to 430) g for total body BMC (p=0.035). Short term increases in calcium or dairy food 

intake in children or adolescents may not be sufficient to sustain an increase in bone mass 

over several decades (59).   

At last, Chryssochoou et al. in a cross-sectional study investigated the relationships 

between Christian Orthodox Church's fasting and overall nutrition, growth and physical 

activity in children and adolescents from northern Greece. Among 609 children between 5 

and 15.5 years old, 12.1% of them followed all fasting periods (AF) without consuming 

dairy products (p=0.056) during the last 3.5 years and they didn’t demonstrate any 

significant difference in their height (144.0±1.2 cm) in comparison to those that partially 

fasted (PF) (145.0±0.6 cm) or to the never fasted (NF) (145.1±0.6) (p=0.730). These 

children (NF) were found to have significantly higher calcium intake than full-fastened 

ones (1.151 versus 1.037 mg, respectively, p=0,017) (60). 

 

Discussion 

This study summarizes the published data on calcium balance regarding different 

types of dietary patterns. On the other hand, it presents the current knowledge on Orthodox 

Christian Church's diet as she combines features of other diets in proper timing as well as 

in a balanced combination of food ingredients. 

Benefits from calcium consumption are well-established regardless the source.  
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Calcium intake - as the apparent rate of calcium absorption - doesn’t significantly 

differ between vegan (26%) and lactovegetarian (24%) diet (43). These rates are consistent 

with other studies on calcium balance that carried out with different kinds of non- 

vegetarian diet: 15% -36 % (61), 27% (62), 16% -21% (63), 23%-31 % (64) and 16% -24 

% (65). 

The controversy about calcium's impact on musculoskeletal metabolism and more 

specifically on bone density shows significant interest. Studies on dairy-free vegetarian 

diets showed no (statistically significant) difference in BMD or in the degree of bone loss 

(66).  

On the other side, the "Rotterdam study" points that fruit, vegetable, and dairy 

pattern with 135gr more milk as well as 29gr more yogurt, is responsible for high BMD, 

bending strength and more stable bones and hence for reduced osteoporotic fracture risk 

[HR (95% CI): 0.92 (0.89 - 0.96)] and hip fracture [HR (95% CI): 0.81 (0.70 - 0.93)] in 

women at the age of 55 (67). 

Finally, others support that bone density and risk of bone fractures were found to be 

similar in omnivores and lacto-vegetarians (68, 69).  

The amount of calcium uptake is inversely related to the risk of fractures. Indeed 

sub-Saharan people with around 200 mg calcium daily consumption, they present lower 

bone fragility than those with double intake levels (i.e. Hong Kong, Singapore and Papua 

New Guinea) and even more than people who exceed 1000 mg (Norway, Sweden, 

Denmark, USA, UK, Ireland, New Zealand, Finland, etc.). Reasons for the wide 

geographic variation of fracture incidence still remain unknown (70) while causality can be 

found in high animal-derived protein intake, low vegetable and fruit intake, and low 

physical activity. The negative effect of menopause onto the musculoskeletal metabolism 

logically it should be accompanied by corresponding changes in bone density, though this 

has not yet been confirmed in populations where the daily calcium intake is significantly 

limited about 375 mg on average per day (44).  

Even calcium and vitamin D3 daily intake for vegans is 55% and 63% respectively 

of those of omnivores; this doesn't adversely affect bone density or the frequency of 

fractures. In contrast, the higher intake of animal protein and lipids is associated with more 

bone loss than that of vegans (66). 

On the daily milk consumption or calcium supplements during childhood and 

adolescence, some studies support that dietary or supplementary calcium does not affect 
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spine & hip bone density (15, 17-19, 21, 22, 25, 44, 45, 48, 50, 52, 53, 55, 56, 71-92)
 
or 

bone turnover (45), even when the daily consumption of calcium exceeds 1000 mg (48, 53, 

90).  

Others studies advocate the opposite; total body BMC/BMD increase range from 

small (93) to significant (46, 59, 76, 85, 94-97)
 
also they lack sufficient information about 

that beneficial effect.  

Having on mind that the ideal vitamin D intake levels for the children and 

adolescents are 400-600 IU/day, alterations on its quantity as well as on that of other 

nutrients (such retinol) along with exercise habits could alter the effects of milk on BMD 

(18, 87, 89, 98, 99). 

High intakes of calcium (>1400 mg/day) in women are associated with higher death 

rates from all causes and cardiovascular disease (100). Indeed, higher milk intake was 

associated with higher mortality as disclosed by cohort studies in both sexes with higher 

fracture incidence in women (101). Moreover, there's a link between habitual consumption 

of milk & dairy products with increasing risk for prostate cancer (102-104). 

Apart from all the above reported on calcium equilibrium and its interactions, non-

animal sources of calcium such beverages from soy or rice, cereals, and fruit juices are of 

great biological and nutritional importance (105). 

The content of oxalates or fibers (phytate/dietary) seems to be associated with low 

calcium intake (106-109). Indeed, high oxalates in spinach and rhubarb show 5% (110) and 

9% (111) absorption rates respectively, while other plant foods demonstrate higher: 41% 

for cabbage (112), 22% for beans (113) or 52% for Chinese cabbage and 48% for broccoli 

(114).  

Regardless of vegan or lactovegetarian diet, calcium equilibrium isn't affected 

despite foods with high oxalates (spinach, beets), fiber-rich (whole grain bread, oats) or the 

calcium-rich mineral water (43). Nevertheless, adequate calcium amounts in humans can 

be also achieved at intake levels far below the recommended (115-118). 

Over and above, calcium bioavailability is of importance. In mineral water and milk 

is almost the same no matter the content (119-120) as a single dose of 172mg/l mineral 

water's calcium inhibits PTH secretion and bone resorption (121). Higher bioavailability 

was observed in low-oxalate vegetables as broccoli, kale, cabbage and collards unlike in 

nuts, dried beans, and spinach (122, 123). 
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Regular weight-bearing exercise and at least a normal age-related body weight in 

adolescence and young adulthood are of key importance in reaching the highest lumbar 

peak bone mass at the age of 27 years, regardless calcium intake (57), protein consumption 

or vitamin D levels (58). 

Alternative nutritional lifestyles such as vegetarianism are popular the trend for any 

age group. An increasing rate of 2-5% of European adult population adopts a vegetarian 

eating pattern (124). Concerns about global warming and sustainable food production as 

well as economic concerns are important incentives for someone to become vegetarian 

(105, 125, 126). Most of them are young parents who introduce their children to vegan diet 

(105). Moreover, vegan teenagers live in an otherwise omnivorous family (127); published 

data (even limited) report no significant effect of vegan or vegetarian diet in growth during 

adolescence (128). 

Among these various diets and under the general acceptance of the healthy eating 

habits that they introduce, Christian Orthodox Church (COC) diet introduces the "rationale 

of measure" instead of a complete abstinence from certain kind of foods. Fish is less 

frequently recommended while dairy and meat products are not allowed. 

These fasting periods are well-defined and applied every year. Before long periods of 

fasting, such the 48-day long Lent, free consumption of all kind of food for three weeks is 

allowed. At the third week, only dairy products and fish (except meat) are allowed. During 

the week that follows the end of Lent (Easter Week) and the first 12 days after the 

Christmas fasting (The Twelve days) any kind of food is allowed to be consummated
 

(Table 1) (28-30).
 
  

Papadaki et al. studied data on calcium intake alterations during one week of Lent. Α 

double portion of all foods and drinks were chemically analyzed. Mean daily calcium 

intake was 533mg all from non-dairy products. Same chemical analysis for the non-fasting 

week after Easter reported 966mg/day (129). 

A study conducted in children who fast, show a lower than the recommended daily 

intake of vitamin E and magnesium, but not for calcium and other minerals or trace 

elements which did not differ significantly between fasters (partially or completely) and 

non-fasters. These latter are ranked higher in daily energy intake, as they consume larger 

amounts of animal proteins and/or saturated fatty acids (6). 
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Conclusion 

Overall balance and bioavailability of calcium are not significantly affected by the 

type of diet followed by children and adolescents. Christian Orthodox Church diet with its 

fasting may have a favorable effect on health as it provides adequate nutrition coverage as 

well as protection against numerous chronic diseases. In fact, periodic abstinence since 

childhood from dairy products meat and eggs tends to reduce the risk for future 

osteoporosis as it positively affects the bone mass density. 

Far away from permanent food deprivations, which are not secondary to medical 

directives, one can argue that COC fasting is an integrated nutritional opportunity for a 

healthy lifestyle. 
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Table 1. Fasting of the Christian Orthodox Church (COC) (28-30).   

FASTING DAYS PERIODS OF FASTING 

LENT 41 From a Clean Monday to Saturday of Lazarus 

EASTER WEEK 6 From Holy Monday to Saturday
 

CHRISTMAS 40 From November 15 through December 24 

ASSUMPTION 14 From 1 to August 15 

HOLY APOSTLES*
 

0 – 30**
 

On the next day Sunday of All Saints up to 

June 28, the eve of the feast of Saints Peter 

and Paul 

DAILY 3 

January 5 (Eve of Epiphany) 

August 29 (the decapitation of John the 

Baptist) 

September 14 (Exaltation of the Holy Cross) 

EVERY WEDNESDAY 

AND FRIDAY
 55 – 63

 

All Wednesdays and Fridays of the year, apart 

from those already in the periods of fasting 

and absolute or free periods 

DAY TOTAL 
159 – 197

 

SD:178 ± 19
 

 

* So named because it precedes the two apostolic feasts: the Apostles Peter and Paul, June 29 and 

"Synaxis (Bevy) of the 12 Apostles," June 30. 

** The duration of this fasting period is undefined, because the launch depends on the moveable 

feast of Easter. 
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Table 2. Characteristics of the 22 selected randomized controlled trials of milk and calcium intake for children and adolescents. 

Author / year      

(Study) 
No of patients 

Ages 

(years) 
Duration 

Calcium 

Intake, mg/day 

Milk and Dairy, 

g/day 
Groups 

Type of 

Research  
Indices 

Kardinaal 1999 (15) 1116 girls and 

young women / 

6 Europe 

countries 

11 – 15 - 609±282 (Italy)  

831±363 

(Poland 

881±335 

(France) 

1134±462 

(Netherlands) 

1258±594 

(Denmark) 

1267±550  

(Finland) 

Not representative 

for the respective 

countries. 

750 girls (11 – 15 

years of age)  

375young women  (20 

– 23 years of age) 

from Finland, Italy, 

Denmark, Poland, 

Netherlands, France  

Cross-

sectional 

study 

BMC,    

BMD 

Kröger 1993 (19) 65 children and 

adolescents / 

Finland  

7 – 20 

  

1 year <800 - >1200 

 

- - Prospective 

study 

BMD 

Lloyd 2000 (20)  81 white 

teenager girls / 

US 

12 – 18 

 

6 years 500 – 1500 

 

- Sports – exercise 

No sports 

 

 Longitudinal  

 study 

BMD 

Lloyd 2002 (22)  75 white female 

adolescents / US 

12 – 20 

 

8 years 486 - 1958 - Exercise, fitness  Longitudinal  

 study 

BMD 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%B6ger%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8148662
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Kohlenderg-Mueller 

2003 (43) 

16 young adults 

/ Germany 

19 – 24 10 days 843 ± 140 

1322 ± 302 

Milk 32% 8 Vegan  

8 Lactovegeterian  

Cross-

sectional 

study 

Urinary 

calcium 

excretion 

Ho-Pham 2009 (44) 210 women  / 

Vietnam 

50 - 85 10-72 

years 

vegan 

diet 

375 (330 ± 205) 

683 omnivores 

 

- 

 

105 Vegans Buddhist 

nuns 

105 omnivores women 

Cross-

sectional 

study 

BMD 

Budek 2007 (45) 24 boys / 

Denmark   

8 7 days 

 

1000± 300 

2900±200 

1.5 L/day 

skimmed milk  

12 boys, milk group 

12 boys, meat group 

Cross-

sectional 

study 

 Bone 

turnover 

markers        

(s-

Osteocalcin,          

s-CTX,           

s-BAP) 

Volek 2003 (46) 

 

28 boys /  

US 

13 – 17  

 

3 months 

 

1723±274 

979±286 

236 mL/ serving/d  

of 1% fluid milk                   

(3 daily servings) 

14 boys, milk group 

14 boys, juice group 

Cross-

sectional 

study 

BMC,    

BMD 

Jones 2001 (47) 330 children 

(215 boys, 115 

girls) / 

Tasmania, 

Australia  

8 5 years 1336±541 590 mL/d 215 boys 

115 girls 

Cross-

sectional 

study 

BMD, 

Urinary 

Potassium 

and 

Sodium 
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Uusi-Rasi 1997 (48)  176 girls / 

Finland 

8 – 20 

 

7 days 1018±361 (T1) 

1059±460 (T2 

& T3) 

1231±565 (T4 

& T5) 

7d calcium intake 

diary (CaD) 

Tanner stage 1(T1) 

pre-pubertal:           

9.2±1.1 age 

Tanner stage 2 & 3 

(T2 & T3) per 

pubertal: 11.8±1.3 age 

Tanner stage 4 & 5 

(T4 & T5) post-

pubertal: 15.9±1.8 age  

Cross-

sectional 

study 

BMC,    

BMD, 

BMAD 

Yoshii 2007 (49) 4761 children / 

Japan 

15-18 3 years - Dairy (milk, 

cheese, yogurt, 

cream): 

daily, 4-5 times,  

2-3 times, ≤ 1 

time a week 

2651 high school girls 

2110 high school boys 

1252 women 

Cross-

sectional 

study 

Bone 

status 

(Z-score) 

VandenBergh 1995 (50) 1359 children / 

Netherlands 

7 – 11 

 

28 

months 

- Boys: 1.3±0.44 

Girls: 1.2±0.43 

653 boys 

706 girls 

Cross- 

sectional 

study 

BMC 

Young 1995 (51) 215 female twin 

pairs / Australia 

10 – 26 

 

- 60% of total 

dietary calcium 

is derived from 

dairy produce 

and fish. 

Premenarchial: 

1178±701 

Postmenarchial: 

1041±674 

122 monozygotic 

(MZ) 

93 dizygotic (DZ) 

Cross-

sectional 

twin study 

BMD,    

BMC 
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Cheng 1999 (52) 179 children / 

China  

12 – 16 

 

3 years Boys: 722  

(beginning of 

the study) – 

700.8  (at the 

last visit) 

Girls: 560 – 

608.8 

- 87 girls 

92 boys  

 Longitudinal   

 study 

BMC,    

BMD 

Kristinsson 1994 (53) 162 girls / 

Iceland 

13 and 15 -  1000 - 1200 13 years: 

1293±452 

15 years: 

1082±382 

80 girls, 13 years 

82 girls, 15 years 

 Cross- 

 sectional  

 study 

BMD, 

BMC 

Petridou 1997 (54) 100 children / 

Greece 

7 – 14 

 

2 years - Assess 

consumption of 

the calcium rich 

dairy products 

74 boys 

26 girls 

 Case control  

 study 

Fracture 

Felily 1992 (55) 581 children / 

United Kingdom 

7 – 9 

 

2 years 

(assesse

d 14 

years 

later) 

Men: 1297±397 

1323±319 

(Control) 

Women: 

933±278 

940±317 

(Control) 

0-568 ml milk. 

190 ml milk on 

each school day 

for 6 terms 

197 boys and girls 

174 controls 

 Randomized,    

 controlled  

 trial (RCT) 

BMC,    

BMD 
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Lehtonen-Veromaa 2002 

(56) 

171 girls / 

Finnland  

9 – 15 

 

3 years 1575±637 Supplement 10 μg 

Vit. D2 + 500 mg 

Ca per day 

66 gymnasts 

65 runners 

60 nonathletic 

 Longitudinal    

 study 

BMD or 

BMAD 

Welten 1994 (57) 182 children / 

Netherlands    

13  15 years Boys: 1100-

1435 

Girls: 941.4-

1204 

80% of the 

calcium intake is 

supplied by dairy 

products 

84 boys 

98 girls 

 Longitudinal  

 study 

BMD 

Chan GM 1995 (58) 48 white girls / 

US 

11 1 year 

 

Control: 

728±321 

Dairy: 

1437±366 

Dairy products 

weekly (1200 mg 

Ca) 

24 Control group 

24 Dairy group 

 Randomized,     

 controlled  

 trial (RCT) 

BMC,    

BMD 

Cadogan 1997 (59) 82 white girls /  

United Kingdom 

12.2  18 

months 

Control: 703 

Milk: 1125 

Milk group: 568 

mL/d  

38 Control 

44 Milk  

 Open  

 Randomized   

 intervention  

 trial 

BMD,    

BMC 

Chryssochoou 2010 (60) 323 boys and 

286 girls / 

Greece 

5 – 15 ½ 3 ½ 

years 

1134±28 (TF) 

1040±28 (PF) 

1090±59 (NF) 

451±14 (TF) 

383±14 (PF) 

427±30 (NF)  

Total fastening (TF) 

12,1% 

Partial fastening (PF) 

43,3% 

No fastening (NF) 

 Cross- 

 sectional  

 study 

Growth 

rate 
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Chaptel 2. Effect of periodic abstinence from dairy products for 

approximately half of the year on bone health in adults following the 

Christian Orthodox Church fasting rules for decades. 

[Archives of Osteoporosis. 2019; 14(1):68] 

 

Introduction 

Osteoporosis is a systemic skeletal disease characterized by low bone mass and 

deterioration of bone microarchitecture, with consequent increased bone fragility and 

susceptibility to fracture (1). Osteoporosis is a major public health concern, affecting 200 

million worldwide (2) and causing 9 million fractures per year, which are accompanied by 

substantial pain and suffering, impaired quality of life, disability, and even death (3). Since 

it is a disease associated primarily with old age, its prevalence is expected to rise with 

improvements in life expectancy. 

Although genetic and hormonal factors influence skeletal health, proper nutrition is 

considered essential for the prevention of osteoporosis (4). In this context, dietary lifestyles 

that are biased toward specific food sources and/or exclude other food sources offer the 

opportunity to examine the dependence of bone health on nutrition. One such case is the 

lifelong periodic fasting implemented by the Christian Orthodox Church (COC). 

In COC lifestyle, faith is expressed, among other things, through abstinence from 

certain foods—predominantly of animal origin except for seafood and snails—for certain 

periods and days during the year. The total days of COC fasting range from 159 to 197 

(average, 178) and include five main periods, three important religious days, Wednesdays, 

and Fridays, as detailed in Supplemental Table 1. However, to facilitate replenishment of 

nutrients in the body after prolonged fasting, the COC has set two periods, comprising a 

total of 47 days, of no food restriction (not even on Wednesdays or Fridays). 

A fundamental characteristic of COC fasting rules is the avoidance of meat, poultry, 

eggs, and dairy products. Consumption of olive oil, wine, and fish is generally permitted 

during fasting, except on Wednesdays and Fridays, unless these fall on the 47 days during 

which there is no food restriction. Seafood, such as oysters, mussels, shrimp, cuttlefish, 

octopus, squid, crab, and lobster, as well as snails, are permitted during all fasting days on 

which oil consumption is allowed. These characteristics of COC fasting are reminiscent of 

the Mediterranean diet (5). 
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At the same time, the characteristics of COC fasting raise concern about possible 

consequences on bone health. In particular, the exclusion of dairy products (the best source 

of calcium) and eggs (a good source of cholecalciferol) from the diet during approximately 

half of the year, as well as the abstention from fish (another good source of cholecalciferol) 

during approximately five months, may compromise calcium status in the body (6). 

Therefore, the present study sought to investigate the role of COC fasting on bone mass 

maintenance and prevalence of osteoporosis among men and women above 50 years of 

age. To the best of our knowledge, there are no other studies assessing the potential impact 

of so long periodic abstinence from dairy products on bone health or osteoporosis. 

 

Methods 

Participants and study period 

This study is part of a larger cross-sectional study aimed at investigating the effects 

of COC fasting on health (including bone health) by comparing fasting to non-fasting 

individuals (hereafter referred to as fasters and non-fasters). Because, as mentioned, we are 

unaware of any similar study, we could not perform a power analysis to determine the 

necessary sample size. Thus, we intuitively chose to recruit at least 400 adults, equally 

divided between fasters and non-fasters. This number is much higher than the sample sizes 

of 120 and 59 in two previous studies that examined the association of COC fasting with 

serum lipids and obesity (7) and with iron status (8), respectively.  

We further decided to divide our sample equally between the ages of < 50 and ≥ 50, 

with at least 100 fasters and 100 non-fasters in each age group. The present study focuses 

on the older group; the sample sizes comply with the estimate of Ho-Pham and coworkers 

(9) that a sample size of 91 vegetarians and 91 omnivores was required to have a power of 

0.80 in detecting a difference of 0.05 g/cm
2
 in bone mineral density (BMD) at the 

confidence interval of 95%. Although COC fasters are not vegetarians, the aforementioned 

study was as close to our study as we could possibly find. 

Participants were recruited on a voluntary basis in the province of Thessaloniki, 

Greece, between September 2013 and October 2015 through churches, a monastery, and 

public centers for the elderly. Of the 218 individuals who consented to participate, 15 were 

excluded because they did not meet the inclusion criteria, which were the absence of 

chronic disease, absence of morbid obesity (BMI ≥ 40 kg/m
2
), no dietary supplementation, 

no medication, and (in the case of the fasting group) adherence to COC fasting for at least 
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10 years. Three more individuals were excluded because they did not complete all 

measurements. The remaining 200 participants were 100 fasters and 100 non-fasters. The 

fasters included 68 women and 32 men; the non-fasters included 66 women and 34 men.  

To ensure that the data regarding the fasters were as representative of the entire year 

as possible, we did not perform measurements during periods of fasting or periods of no 

food restriction. Rather, all measurements and blood sampling were performed on 

Saturdays during the periods characterized by fasting on Wednesdays and Fridays only. 

Anthropometric and cardiac parameters 

Body weight was measured on a digital scale to the nearest 0.1 kilogram with the 

participant wearing light clothing and no shoes. Standing height was measured with a 

portable stadiometer to the nearest centimeter. Resting heart rate and blood pressure were 

measured with an electronic blood pressure monitor (Omron, Hoffman Estates, IL) in 

sitting position after 10 minutes of rest. 

Bone health parameters 

BMD and bone mineral content (BMC) were evaluated using dual-energy X-ray 

absorptiometry (Lunar DPX Bravo, GE Healthcare, equipped with the GE Lunar enCORE 

software, v. 13.5) at the lumbar spine (L2–L4), right hip, left hip, right femoral neck, and 

left femoral neck. Osteoporosis was diagnosed as BMD of 2.5 standard deviations (T-

score) or more below the young adult reference mean, whereas osteopenia was defined as a 

T-score between –1.0 and –2.5 (10). Participants were also asked about any history of bone 

fracture. 

Biochemical parameters  

Six milliliters of blood were drawn from a forearm vein in sitting position between 8 

and 10 a.m., after 12 hours of fast. Blood samples were placed in test tubes without 

anticoagulant, left to clot at room temperature, and centrifuged at 1,500 g for 10 minutes. 

Serum was separated from other blood components, divided into Eppendorf tubes, and 

stored at –80
o
C until analyzed for calcium, vitamin D (specifically, 25-hydroxyvitamin D), 

and urea (as an index of protein intake). Calcium was measured through the arsenazo III 

method in a Mindray BS-300 Chemistry Analyzer. Vitamin D was measured through 

Chemiluminescent Microparticle Immunoassay in an Abbott Architect i2000SR analyzer. 

Urea was measured through the urease – glutamate dehydrogenase method in a Mindray 

BS-300 Chemistry Analyzer. The coefficients of variation for the three analytes were 5%, 
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7%, and 3%, respectively, and the laboratory carrying out these measures was involved in 

a nationwide external quality control program.  

Dietary assessment 

Dietary calcium, vitamin D, protein, and alcohol intakes were assessed through 

interviewer-based recalls of food intake over three days, which included a Wednesday or 

Friday (during which the fasters obeyed fasting), another weekday, and a weekend day. 

Participants were interviewed about all foods and liquids consumed during those days. 

Food intake records were analyzed using the Food Processor Nutrition Analysis software 

(ESHA, Salem, OR). 

In addition to the food intake records, a semi-quantitative food frequency 

questionnaire with 140 questions was used to assess the participants’ dietary habits during 

a period of one month. Frequency of consumption was based on a typical portion of each 

food and beverage. This questionnaire was then used to assess the consumption of dairy 

products (milk, yogurt, cheese, butter, and dairy cream) and soy products (soy milk and 

soy cheese) as good sources of calcium. Soy products were included to take into account 

20 participants, 17 fasters and 3 non-fasters, who obtained part of their calcium intake from 

them. The questionnaire was also used to evaluate adherence to the Mediterranean diet 

through the MedDietScore (11), an 11-item index that produces a score ranging from 0 to 

55 (0 to 5 for each item); a higher score suggests a greater adherence to the traditional 

Mediterranean diet. 

Physical activity and smoking habits 

Participants were asked to rank their habitual physical activity as very low, low, 

moderate, high, or very high on a 5-point scale. Additionally, they were asked what type of 

physical activity they practiced for distinction of those who practiced high-intensity/impact 

weight-bearing exercise from those who did not. Finally, they were asked about their 

smoking habits. Those who smoked one or more cigarettes per day were classified as 

smokers. 

Ethics 

The study protocol was approved by the Bioethics Committee of the Alexander 

Technological Educational Institute of Thessaloniki, and the 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 the study and 

signed a consent form before data collection and blood sampling. 
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Statistical analysis  

The Kolmogorov-Smirnov test and histogram charts were used to assess the 

normality of distribution of continuous variables. The distribution of most variables 

differed significantly from normal in at least one of the two groups (fasters or non-fasters). 

Thus, for the sake of uniformity, we report all continuous variables as median (interquartile 

range) and compared groups by using the non-parametric Mann-Whitney U test 

throughout. The few variables that warranted a t test did not produce a different outcome 

from the Mann-Whitney U test. Nominal variables are reported as percentages and were 

tested through the 
2
 test.  

Statistical analysis was performed using the SPSS, version 25 (SPSS, Chicago, IL). 

All statistical tests and corresponding P values were two-sided, and the level of statistical 

significance was set at 0.05. 

 

Results 

Demographic Characteristics 

Fasters were 58.2 (54.0–62.3) years old (maximum 77.6) and had been observing 

COC fasting for 31 (10–63) years, starting at the age of 25 (20–46). Fourteen had started 

fasting before adulthood (between the ages of 10 and 15). Non-fasters were 56.4 (53.2–

61.8) years old (maximum 77.3). All women were postmenopausal, with menopause 

having occurred at the age of 50 (45–52) in fasters and 49 (47–50) in non-fasters. The two 

groups did not differ in any of the aforementioned parameters (P > 0.05). 

Anthropometric and cardiac parameters 

Body weight, height; BMI, resting heart rate, systolic blood pressure, and diastolic 

blood pressure of the participants are shown in Table 1. The two groups did not differ in 

any anthropometric or cardiac parameter (P > 0.05) except for diastolic blood pressure (P 

= 0.007), which was thus more favorable in fasters. 

Bone health parameters 

The two groups did not differ significantly in BMD (Figure 1) or BMC (Figure 2) at 

the lumbar spine, right hip, left hip, right femoral neck, or left femoral neck. Likewise, the 

14 fasters who started fasting before adulthood did not differ significantly from the 86 who 

started as adults in any of these parameters. The frequency of osteoporosis and osteopenia 

at these sites (Table2) was independent of group (P > 0.05), as shown by 
2
 tests where all 

expected frequencies were at least 5% to ensure validity. Likewise, the frequency of 
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osteoporosis and osteopenia was independent of sex. The average prevalence of 

osteoporosis was 5% (ranging from 0% to 16% across sites, groups, and sexes), while the 

average prevalence of osteopenia was 35% (ranging from 22% to 50%). Eighty-eight 

fasters and 82 non-fasters were free of osteoporosis at all 5 sites, although this difference 

was not statistically significant. Twenty participants from each group, all women, had had 

bone fractures. 

Biochemical and dietary parameters  

The serum calcium, 25-hydroxyvitamin D, and urea concentrations are shown in 

Table 3. The two groups did not differ significantly in calcium or vitamin D, whereas the 

difference in urea was marginally significant (P = 0.095). Daily dietary calcium, vitamin 

D, and protein intakes, based on the 3-day recalls, are also shown in Table 3. The 

differences in calcium and protein intake were significant (P = 0.010 and 0.028, 

respectively).  

The lower calcium intake of fasters compared to non-fasters was corroborated by the 

analysis of the food frequency questionnaire: Fasters consumed 10.3 (7.6–16.3) servings of 

dairy and soy products per week, whereas non-fasters consumed 15.3 (10.6–21.0) servings 

(P < 0.001). Finally, the corresponding MedDietScore was the same for the two groups: 30 

(27–34) and 30 (27–33), respectively. Daily alcohol consumption was 0 (0–0) g in both 

groups, since most participants (89 fasters and 76 non-fasters) reported none. 

Physical activity and smoking habits 

Fasters did not differ from non-fasters in habitual physical activity (Figure 3). Only 7 

fasters and 8 non-fasters practiced high-intensity/impact weight-bearing exercises. Fasters 

smoked considerably less than non-fasters, since only three fasters were smokers, as 

compared to 36 non-fasters (P < 0.001). Fasters smoked 0 (0-0) cigarettes daily, whereas 

non-fasters smoked 0 (0-5) cigarettes daily. 

 

Discussion 

In the present study, we have examined differences in a number of parameters related 

to bone health (specifically, BMD, BMC, prevalence of osteopenia and osteoporosis, and 

history of bone fracture) between individuals of both sexes, aged 50 to 78 years, who had 

been adhering to periodic fasting according to the rules of the COC for at least 10 years 

and controls who did not restrict their diet. Our main finding is that bone health did not 

differ between groups even though fasters had lower consumption of dairy and soy 
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products, as well as lower calcium and protein intakes (but not lower food consumption 

overall, as evidenced by the absence of difference in BMI). Although previous studies (7,8) 

have addressed the impact of COC fasting on health indices (specifically, the lipidemic 

profile, BMI, and iron status), this is the first study, to the best of our knowledge, relating 

COC fasting to the prevalence of chronic diseases such as osteoporosis. 

Sufficient consumption of dairy products is generally recommended due their high 

contents of high-quality protein, minerals, and vitamins, with most countries suggesting 2 

to 3 servings per day for the adult population (12). In our study, consumption of dairy and 

soy products was below these recommendations for most fasters: Division of the weekly 

intakes by 7 yielded 1.5 (1.1–2.3) servings per day for fasters and 2.2 (1.5–3.0) servings 

per day for non-fasters. Yet, fasters did not differ from non-fasters in any of the bone 

health parameters assessed. These findings challenge the view that dairy consumption is 

beneficial for bone health and constitute a useful addition to recent controversial findings 

showing an association of higher milk and total dairy consumption with a lower risk of hip 

fracture in older adults (13), no clear association of milk or total dairy consumption with 

the risk of hip fracture (14), and an attenuation of age-related cortical bone loss in 

consumers of fermented dairy products (such as yogurt) but not in consumers of milk or 

ripened cheese (15). It is thus possible that bone health depends on other factors than the 

intermittent intake of specific foods. 

A recent meta-analysis has concluded that, compared with omnivores, vegetarians 

and vegans have lower BMD at the femoral neck and lumbar spine, while vegans have 

higher fracture rates (16). These conclusions, combined with the findings of the present 

study, suggest that, although abolition of many or all foods of animal origin for life 

(vegetarianism and veganism, respectively) is detrimental to bone health, periodic 

abstinence from these foods for about half of the year (COC fasting) does not. 

In accordance with the lower consumption of dairy and soy products, calcium intake 

by fasters was lower than that by non-fasters. Nevertheless, most fasters obtained more 

calcium (median 532 mg/day) than the recommended minimum of 400–500 mg/day for the 

prevention of osteoporosis (17). This may explain the fact that fasters did not differ from 

non-fasters in BMD, BMC or fracture rate. Considering the fact that the DRI for calcium 

for older adults is 1,000-1,200 mg (18), our findings suggest that not as much calcium is 

needed to optimize BMD and BMC and prevent osteoporosis.  
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In addition to calcium, fasters had lower intakes of two more nutrients related to 

bone health, that is, vitamin D and protein (19–21), although the difference in vitamin D 

did not reach statistical significance, despite being numerically large (due to the wide 

dispersion of the individual values), and although sunshine exposure is usually the most 

important determinant of circulating 25-hydroxyvitamin D levels. These findings can also 

be explained by the lower consumption of dairy products and, generally, foods of animal 

origin by fasters. As with calcium, however, these lower intakes were not reflected in did 

not prove enough to cause a difference between fasters and non-fasters in the bone health 

parameters assessed in this study. 

Despite a significant difference in dietary calcium intake, the serum calcium 

concentration did not differ between fasters and non-fasters. This may be explained by the 

presence of a very efficient calcium homeostatic system in the body (22). Likewise, despite 

a significant difference in dietary protein intake, the serum urea concentration did not 

differ between fasters and non-fasters. However, differences in both parameters were 

numerically small (6% to 10%) and in the same direction (that is, both protein intake and 

serum urea concentration were higher in the non-fasters). Finally, the serum vitamin D 

concentration and vitamin D intake did not differ significantly between groups and was 

numerically higher in non-fasters. In all, the biochemical data seem to be in accordance 

with the dietary ones.  

An interesting finding of our study was the lower diastolic blood pressure of fasters 

compared to non-fasters. This suggests that some aspect of their lifestyle is more favorable. 

At present, is not clear what that aspect might be. Further analyses are under way, which 

might shed light on this difference.      

A limitation of the present study is the one always associated with studies involving 

self-reporting of lifestyle parameters. Therefore, the possibility exists of misreporting 

(either under- or over-reporting) food intakes, physical activity, and smoking habits. 

However, there is no reason to suspect that fasters misreported these parameters in a way 

different from non-fasters. Additionally, because of the variation in dietary habits of fasters 

over the year, the possibility exists that some of the measured endpoints may fluctuate 

depending on when they are measured (although it is difficult to think that the primary 

endpoints, such as BMD, BMC, and prevalence of osteopenia and osteoporosis, can 

fluctuate during a year). Nevertheless, it would be desirable to perform the same 
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measurements in future studies during periods of fasting and periods of no food restriction 

in addition to the “intermediate” period assessed in the present study. 

In conclusion, despite lower calcium intake and lower consumption of dairy and soy 

products, older men and women adhering to COC fasting did not differ from peers who did 

not fast in any of the indices of bone health examined. Thus, periodic abstinence from 

dairy and, in general, animal products does not seem to harm bone health in older 

individuals. This finding may prove useful in designing healthy diets for people who wish, 

or need, to have limited intake of such foods. 
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Table 1. Demographic, anthropometric, and cardiac parameters of the participants (median 

and interquartile range) 

Parameter Fasters (n = 100) Non-fasters (n = 100) 

Gender (female/male) 68/32 66/34 

Age (years) 58.2 (54.0–62.3) 56.4 (53.2–61.8) 

Body weight (kg) 75.5 (68.8–84.0) 76.7 (66.5–84.3) 

Height (m) 1.63 (1.58–1.69) 1.63 (1.59–1.71) 

BMI (kg/m
2
) 28.0 (25.8–31.4) 28.1 (25.0–30.5) 

Resting heart rate (bpm) 69 (62–76)  70 (64–76) 

Systolic blood pressure (mmHg) 130 (123–133) 129 (126–133) 

Diastolic blood pressure (mmHg) 80 (74–84) 82 (78–85)* 

* P = 0.007, significantly different from fasters according to Mann-Whitney U test. 

 

Table 2. Prevalence of osteoporosis and osteopenia at five sites 

Site Osteoporosis (%) Osteopenia (%) Normal (%) 

Fasters Non-fasters Fasters Non-fasters Fasters Non-fasters 

Lumbar spine 6 15 28 31 66 54 

Right hip 3 3 38 28 59 69 

Left hip 3 2 35 30 62 68 

Right femoral neck 7 1 39 33 54 66 

Left femoral neck 5 1 47 43 48 56 
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Table 3. Biochemical and dietary parameters of the participants (median and interquartile 

range) 

Parameter Fasters (n = 100) Non-fasters (n = 100) 

Serum calcium (mg/dL) 9.7 (9.4–10.1) 9.7 (9.4–9.9) 

Serum 25-hydroxyvitamin D (ng/mL) 16.5 (12.7–20.8) 18.2 (12.7–23.2) 

Serum urea (mg/dL) 29 (24–36) 32 (25–40) 

Daily dietary calcium intake (mg) 532 (347–752) 659 (474–857)* 

Daily dietary vitamin D intake (µg) 1.20 (0.41–2.79) 1.69 (0.65–3.30) 

Daily dietary protein intake (g) 0.67 (0.46–0.84) 0.71 (0.58–0.93)* 

* P < 0.05, significantly different from fasters according to Mann-Whitney U test. 
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Figure 1. Box plots of bone mineral density at the lumbar spine (A), right hip (B), left hip 

(C), right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-

fasters. Each box represents the interquartile range, and the center line represents the 

median. Whiskers are extended to the most extreme data point that is no more than 1.5 

times the interquartile range from the edge of the box (Tukey style). Dots represent 

outliers. No significant difference between groups was found (Mann-Whitney U test, P > 

0.05). 
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Figure 2. Box plots of bone mineral content at the lumbar spine (A), right hip (B), left hip 

(C), right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-

fasters. See Figure 1 for description of each plot’s elements. No significant difference 

between groups was found (Mann-Whitney U test, P > 0.05). 
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Figure 3. Distribution of physical activity levels in fasters and non-fasters. Groups did not 

differ significantly (
2
 test, P > 0.05). 
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Supplemental Table 1. Fasting Periods and Days According to the Rules of the Christian Orthodox Church  

Fasting Period/Days Duration 

(days/year) 

Additional dietary restrictions
1 

Fish consumption 

Lent: 6 weeks before the Holy Week of Easter (i.e., 

Clean Monday to Saturday of Raising of Lazarus) 

41 Avoidance of oil and wine on all 

days except weekends and March 9 

(holiday of the Forty Martyrs) 

Mandatory on March 25 

(Annunciation) 

Holy Week: Holy Monday to Holy Saturday 6 Avoidance of oil and wine on all 

days
2 

 

Christmas: November 15 to December 24 40 Avoidance of oil and wine on 

Wednesdays, Fridays, and 

Christmas Eve  

Mandatory on November 21 

(Presentation of Virgin Mary); allowed 

from November 22 to December 17  

Dormition (or Assumption): August 1 to 14 14 Avoidance of oil and wine on all 

days except weekends 

Mandatory on August 6 (Christ’s 

Transfiguration) 

Saint Apostles:
3
 Monday after All Saints’ Sunday 

Day to June 28
 

0 to 30
4 

Avoidance of oil and wine on 

Wednesdays, Fridays, and June 28, 

unless it falls on a weekend 

Mandatory on June 24 (Nativity of John 

the Baptist) 

Important Religious Days: January 5 (Epiphany’s 

Eve), August 29 (Abrupt of John the Baptist’s 

head), September 14 (Exaltation of the Holy Cross) 

3 Avoidance of oil and wine, unless 

they fall on weekends 

 

Wednesdays and Fridays:
5
 All Wednesdays and 

Fridays except those included in two periods of no 

food restriction after Easter and Christmas
 

55 to 63
6
 Avoidance of oil and wine unless 

they fall on designated holidays 

 

Mandatory on Wednesday of Mid-

Pentecost and Wednesday of the sixth 

week after Easter. 

Total 159 to 197   

1
 In addition to avoidance of foods of animal origin. 

2 
Consumption of oil and wine can be tolerated at Holy Thursday’s lunch (because oil and wine were consumed at the Last Supper. 

3 
So called because it proceeds the two apostolic holidays: the feast of Saints Peter and Paul (June 29) and the Council of the Twelve Apostles (June 30).  
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4 
This varies because its start depends on the mobile feast of Easter. For example, when Easter is celebrated on May 5, the Saint Apostles fasting is not 

observed. 
5
 Strict fasting is preserved as a reminder of the Betrayal (Wednesday) and the Holy Passion of Christ (Friday). 

6 
Not counting

 
Wednesdays and Fridays included in all periods described above. 
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Chaptel 3. The significant effect on musculoskeletal metabolism and bone 

density of the Eastern Mediterranean Christian Orthodox Church 

fasting. 

[European Journal of Clinical Nutrition. 2020; 74:1736-1742] 

 

Introduction 

World's population is steadily aging. By 2050, people over the age of 60 probably 

will double, reaching 22%, while the elderly will be tripled (1). 

After the age of 50, almost 1 in 2 females & 1 in 5 men will suffer fragility fracture 

(2). In USA, over 2 million osteoporotic fractures per year cost up to $ 17 billion, 

predicting an increase of over 87% in the 65-74 age group, which is expected to reach 50% 

of prevalence by 2025 (3), as the age-adjusted incidence of fractures increases 

exponentially during the seventh decade of life (4). 

Aging is accompanied by changes in the dietary status and metabolism of the 

musculoskeletal system and is clinically manifested either as a reduction in bone density, 

i.e. osteoporosis, or in muscle mass, i.e. sarcopenia, and/or as muscle-strength impairment, 

i.e. dynapenia (5). The key point is the inability to maintain the energy balance resulting in 

frailty (6). In fact, osteoporosis is observed in 20% of malnourished (undernourished) 

elders (7), while 30% of the frail elder women have severe osteoporosis and sarcopenia (8). 

For this reason, a balanced diet with the essential for bone health foods contributes to 

the prevention of osteoporosis (9). Such a diet is the "Mediterranean" that appears to have 

beneficial effects on bone health (10). A special variation of this is the diet of the Greek 

Orthodox Christian Church (M.C.O.C. diet) as it is considered a healthy eating habit (11), 

where abstinence from dairy and animal proteins lasts for 180 ± 19 days a year. 

The purpose of this case-control study is to investigate the effects of the Hellenic 

(Greek) or Mediterranean C.O.C. fasting on bone density and musculoskeletal metabolism 

in men and women in menopause, over 50 years of age. 

 

Methods 

The permission of the Ethics Committee of the Alexandrian Technological 

Educational Institute as well the written consent given by the participants made the study 

feasible. 
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The study group (M.C.O.C. diet followers) consisted of 100 fasters (68 women and 

32 men, mean 59 ± 6.5), with 32 years average fasting time and the control group (typical 

Mediterranean diet followers) of 100 non-fasters (66 females and 34 males, mean 58.1 ± 

6.8). Interviews gathered personal information along with medical and nutritional history. 

In addition to the food intake records, a semi-quantitative food frequency 

questionnaire with 140 questions was used to assess the participants’ dietary habits during 

a period of one month. Frequency of consumption was based on a typical portion of each 

food and beverage. This questionnaire was also used to evaluate adherence to the 

Mediterranean diet through the MedDietScore (12), an 11-item index that produces a score 

ranging from 0 to 55 (0 to 5 for each item); a higher score suggests a greater adherence to 

the traditional Mediterranean diet. 

The post-hoc analysis of the data obtained showed strength of 88.6%. Therefore, the 

total number of 200 individuals (100 in each group) is considered to meet the requirements 

for proper statistical processing and reliable results. 

Of the 218 people who agreed to participate, 15 were excluded because they did not 

meet the integration criteria, which were the absence of chronic disease, the absence of 

morbid obesity (BMI ≥ 40 kg/m
2
), no dietary supplement, no medication and adherence to 

COC fasting for at least 10 years. Three more people were excluded due to lack of 

complete data. 

The participants were recruited on a voluntary basis and came from the province of 

Thessaloniki, in particular through parishes, two monasteries and public centers for the 

care of the elders. 

The fasting group was formed by people dedicated to fasting for more than 10 years.  

Also, no intervention was performed and the statistical processing was based 

exclusively on measurement data. 

Everyone underwent basic physical assessment, height, body weight and BMI 

measurements. Biochemical blood tests calculated key-metabolic markers and DEXA tests 

analyzed body composition (fat and lean mass) as well as BMD, BMC, T-score, and Z-

score of L2-4 vertebrae and hips. 

Nutrition history through a 3-day food record during a non-fasting period provided 

data of macro-, micronutrient and calorie intakes processed by Food Processor Nutrition 

Analysis software. Finally, energy intakes calculated on a daily food consumption mode. 
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To ensure that the data regarding the fasters were as representative of the entire year 

as possible, we did not perform measurements during periods of fasting or periods of no 

food restriction. Rather, all measurements and blood sampling were performed on 

Saturdays during the periods characterized by fasting on Wednesdays and Fridays only. 

Including a statement confirming that informed consent was obtained from all 

subjects. 

 

Results 

The IBM SPSS 25.0 software performed statistical process. A comparative analysis 

conducted between fasters and non-fasters via Chi-square and Student T-test, having 

previously set an acceptable level of significance of 5%. 

In short, fasters showed better T-scores for the lumbar spine, as opposed to the right 

femoral neck, not only for normal bone density levels, but also for osteoporosis. In terms 

of statistical significance: 

1. Overall lumbar spine osteoporosis incidence was as low as 9% (18 individuals out 

of 200), namely 4% of fasters and the - more than three times higher - 14% of non-fasters. 

2. Τhe exactly opposite was observed for the right hips as 5% of fasters 

demonstrated femoral neck osteoporosis versus null of the non-fasters. (Figures 1 and 2). 

3. Among non-fasters, 35% were smokers instead of 4% of fasters. 

4. Non-fasters exceeded in the following intakes: macronutrients (protein, total, 

monounsaturated & polyunsaturated fat and dietary fibers), vitamins (B3, B12, D3, E, and 

folic acid), minerals and trace minerals (calcium, ferrum, magnesium, manganese, 

phosphorus and selenium). 

5. As for potassium, an inverse correlation detected for those within the range of 

sufficiency, ie 1600 - 2000 mg (32.7% of fasters vs 13.2% of non-fasters), despite the fact 

that daily intake over 2000 mg recorded the 50.9% of non-fasters and the 41.82% of fasters 

(Χ
2
 & Mann-Whitney). (Table 1). 

6. The corresponding MedDietScore was the same for the two groups: 30 (27–34) 

and 30 (27–33), respectively. The weight in the two groups did not differ, for faster was 

75.5 kg (68.8–84.0) and for the non-fasters was 76.7 kg (66.5–84.3). 

In contrast to the above, the blood levels of all nutrients did not show statistically 

significant differences between the two study groups. 
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Discussion 

The present study investigated the possible effects of the M.C.O.C. diet on 

musculoskeletal metabolism, particularly on bone density in individuals over 50 years and 

in postmenopausal women. Fasting, for Orthodox Christianity, is the consumption of "dry 

food" with no meat, fish, eggs, dairy, oil or wine, once a day, and even at 9 o'clock 

according to the ecclesiastical timetable of the Holy Sacraments (around 3:00 p.m.). In 

fact, this nutritional habit is a variation of the typical Mediterranean diet with the approved 

beneficial effects on the human musculoskeletal system (10). It consists of bread, fruit, 

legumes, nuts, seafood, snails and vegetables during the fasting periods (13), resembling to 

a vegetarianism variant or Dietary Restriction type. 

The existence of cyclic alternations of fasting periods with those of restriction-free 

on food consumption is the main difference from the classic Mediterranean pattern. 

Additionally, the same restrictions do not apply to all fasts of the year. For example, during 

Christmas fasting, fish can be consumed all days except Wednesdays, Fridays and the final 

week until Christmas Eve. 

From a spiritual point of view, fasting in combination with self-restraint (i.e. 

limitation of quantities consumed) helps believers to appease their passions, strengthen 

their morale and cleanse their bodies from the toxins, to wit, this behavior is not a mere 

abstinence from certain types of food, but also a "physical exercise" with mental benefits 

(14). 

The majority of participants were overweight and obese, as the proportion of normal 

BMI subjects was 16% and 25% for fasters and non-fasters respectively, with more than 

half being above the upper - normal waist circumference levels (58.2% and 55%). These 

are in line with the observations of Sarri et al., where no BMI reduction observed in the 

largest part of the sample (15). 

Everyone engaged a sub-caloric diet, as the minimum daily requirement of 1600 

Kcal (IOM, 2005) reached by the 67.56% of fasters and the 37.14% of non-fasters. 

Regarding men, 83.3% and 88.8% respectively, reached the threshold of 2000 Kcal, all 

consistent with relevant published data (16). 

There was evidence of a low-protein intake in about 60% of individuals; 65.4% of 

the fasters and 58.5% of the non-fasters reported an average daily intake below 0.8 g/kg 

BW as 0.8-1.5 g/kg BW is the range of sufficiency for adequate BMD (17). These findings 

confirm previously published data (18). However, calculations in mass units, daily protein 
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intake provided evidence of sufficiency, as over 25 g/24h recorded the 94.5% and 98.1% 

respectively. 

It has been reported that high protein intake is a risk factor for osteoporosis as the 

increase of the acidic "load" promotes catabolism of calcium phosphate crystals (including 

those of hydroxyapatite), resulting to increased blood calcium and hypercalciuria (19). On 

the other hand, reduction of dietary protein can cause decreased calcium absorption, 

leading to secondary hyperparathyroidism (20). In our study, both blood calcium levels as 

the relevant biochemical markers were within the normal range. 

The Institute of Medicine recommends 800 mg/day calcium as estimated average 

requirement (EAR) for men of 51 through 71 years old and 1000 mg/day for women over 

51 and men aged 71 and older, while RDAs are 1000 and 1200 mg/day respectively (21).  

Our study showed that calcium ≤800 mg/24h measured in 81.8% of fasters and in 

62.26% of non-fasters. Calcium above 1000 mg/24h recorded by 5.45% and 13.2%, 

respectively. Similarly, 1.85% and 11.3% noted daily calcium intake above 100% RDA, 

compatible with those already published (14, 22). 

RDA percentage for phosphorus ranged to satisfactory levels, as the 100% achieved 

the >63% of fasters and the 68% of non-fasters. Indeed, unaltered levels of phosphorus 

intake have also reported in M.C.O.C. fasters (23). 

Despite the differences in macro- and micronutrient intakes and the almost steady 

small amounts consumed by fasters, the blood tests did not show statistically significant 

fluctuations. Noteworthy, serum 25 (OH) D3 ranged at low levels as a daily intake of less 

than 100% RDA noted in 95% of fasters. Indeed, >20 ng/ml found in 29.51% of fasters 

and in 41% of non-fasters. Concerning B12, low intake levels were found in 40.7% and 

54.7% respectively, as for vitamin C in 64.8% and 56.6%, all the above similar to the 

already known data (15). 

Alkaline phosphatase found to be within the normal range in 77.42% of fasters and 

among non-fasters, 80.64% in males and 18.3% in females. Menopause could explain the 

difference between women and men. Nevertheless, there was no laboratory evidence of 

bone catabolic activity. 

Besides the M.C.O.C. fasts, relevant published data regarding other religious fastings 

are in line with our findings. In a comparative study between Catholic nuns and Buddhists 

following a hybrid vegan/lactovegetarian diet, no differences found between daily intakes 

and biochemical markers or even somatometric changes. The same work points to the 
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"agreement" between other studies conducted on vegetarians of other "neighboring" 

doctrines such as Chinese and Korean Taoists and/or Protestants, such as Seventh Day 

Adventists (24). Table 2 provides comparative data regarding fasting features among 

various doctrines. 

DEXA measurements showed a statistically significant difference in favor of fasters; 

where the incidence of osteoporosis was 4% versus 14% of the non-fasters, although the 

overall 9% confirm the already known beneficial effect of the Mediterranean diet on bone 

metabolism. The statistically significant difference in bone density of the right hips versus 

the left ones attributed to right-handed participants and, therefore, not taken into account. 

As mentioned, few studies have so far focused on the relationship between "religion-

related" eating habits and bone density disorders. In one of those conducted in elder 

vegetarians, vegans, lactovegetarians and omnivores, lower BMD found in femoral neck 

and Ward's triangle of vegetarians, as compared to the latter, but not in the spine (25).  

These are consistent with our findings as well with antecedent studies as Lau at al. 

have reported. There was also agreement in correlations between daily intakes and 

somatometric data. 

Several studies assess possible BMD changes through the prism of classical dietary 

patterns. As stated, though there is no statistically significant correlation between the 

Mediterranean diet and the bone metabolism’s biochemical markers, it appears that 

adoption of these dietary habits ensures optimum bone density with minimization of the 

fracture risk (10). 

Other studies examine the effect of dietary interventions for specific purposes, e.g. 

weight loss in obesity. A recent study examining the effect of Calorie Restriction versus 

Intermittent Fasting and vegetarian/vegan patterns has concluded that BMD - but not bone 

quality - is negatively affected mainly in vegans since they do not exercise systematically, 

as compared to omnivores (26). There is no data on the level of physical activity in this 

document, and this is a limitation. 

A similar meta-analysis indicates that in relation to meat-eaters, vegetarians and 

vegans as well demonstrate a correspondingly lower BMD as well as a fracture risk of 32% 

(27). Again, the lack of FRAX data did not allow conclusions to be drawn, and this is 

another one limitation.  

On ending up the attempts for comparative evaluation of our study's findings, a 

mention should be made to the valid CALERIE study. Despite the methodological 
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differences (ie study design, inclusion/exclusion criteria) that exceeded the obvious 

similarities such as bone health/metabolism (28), this comparison enhanced the importance 

of our conclusions. 

Indeed, while BMD results from CALERIE ranged from non-statistically significant 

increases in obese young adults (29) to almost unchanged in non-obese young adults and 

obese elders (30), our study showed a statistically significant increase in BMD in 

overweight and obese men and postmenopausal women aged 50+ years without the use of 

dietary supplements and despite low levels of vitamin D3. 

According to the anthropology of nutrition, geographic peculiarities determine the 

availability of raw materials, forming the basic dietary pattern (31). So far, C.O.C. diet in 

Mediterranean countries seems to be unique among other C.O.C. nations around the world 

with regard to antioxidant load and detoxification potential of the body especially during 

the non-fasting periods as there are time-intervals where the antioxidant consumption 

overrides the low consumption of animal fats. For example, the "north-European" Russians 

who consume more animal fat than the "southern" Greeks do. However, there is flexibility 

in choosing through a "wide" group of foods, e.g. of vegetable/animal origin with some 

exceptions (fish, oil, wine). The latter becomes important, as these foods are beneficial for 

the prevention or treatment of osteoporosis, as modern therapies with fewer drugs propose 

(32). Incidentally, the lack of data on oxidative stress is another limitation, as low protein 

intake does not exclusively represent the total oxidative potential. 

The strength of this study is that it contemplates a less-studied eating habit in the 

light of the musculoskeletal metabolism and osteoporosis in a crucial age of over 50, and 

especially in menopausal women. This is, as it seems, a novelty in the field of Nutrition 

and Orthopedics. 

 

Conclusion 

The M.C.O.C. diet based on the Mediterranean pattern has a favorable effect bone 

metabolism and bone density. The - overall low - incidence of osteoporosis in the 

Mediterranean diet was over the threefold that of the M.C.O.C. diet. It turns out that 

abstinence from dairy products and meat does not affect bone density or iron levels and 

generally does not adversely affect musculoskeletal metabolism. 

There were also significant differences in daily consumption - excluding potassium - 

of proteins, fats (including polyunsaturated), dietary fibers, vitamins (B3, B12, folate, D3, 
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E) and minerals (calcium, manganese selenium, iron, phosphorus) in favor of traditional 

Mediterranean diet. However, the “periodic” M.C.O.C. diet, which helps in cell 

detoxification and - potentially - in "hormonal" balance, seems to be a healthy lifestyle 

habit, along with the low incidence of smoking in fasters. 

In conclusion, the periodic restriction of dietary intake of animal origin into a slightly 

hypocaloric diet, combined with increased consumption of plant foods of all "colors", 

seems to affect beneficially the musculoskeletal metabolism, perhaps better than the 

exclusive consumption of dietary supplements. Future research expected to enrich our 

knowledge in this unique nutritional model. 
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Table 1. Nutritional intakes. 

 

Macro- & micro-nutrient Intakes 

 Fasters           

(C.O.C. diet) 

(n=53) 

Non-fasters                

(Mediterranean diet)  

(n=55) 

 

Mean Median Mean Median p-value 

Proteins (gr) 51.0 49.0 59.5 57.1 .040 

Total fat (gr) 79.5 73.5 90.9 89.5 .005 

Polysaturated fat (gr) 8.9 8.5 10.8 9.7 .033 

Dietary fibers (gr) 18.0 17.0 25.0 22.0 .005 

B3 vitamin (% RDA) 56.5 42.0 74.8 64.0 .004 

B12 vitamin (mcg) 2.7 1.9 5.3 2.5 .007 

B12 vitamin (% RDA) 114.7 79.5 219.7 105.0 .010 

D3 vitamin (mcg) 1.9 0.9 5.3 2.3 .001 

D3 vitamin (% RDA) 20.1 9.5 36.8 21.0 .002 

E vitamin (% RDA) 46.0 40.5 65.3 48.5 .029 

Folic acid (%RDA) 44.5 40.0 57.5 48.0 .001 

Calcium (%RDA) 565 511 763 686 .014 

Calcium (mg) 48.2 42.5 64.4 57.0 .016 

Ferrum (mg) 8.5 7.9 11.0 9.4 .021 

Magnesium (mg) 163.3 159.0 216.2 186.7 .024 

Manganese (%RDA) 53.5 42.0 71.3 59.0 .013 

Manganese (mg) 1.1 0.9 1.5 1.2 .024 

Phosphorus (%RDA) 110.6 105.0 138.3 126.0 .027 

Phosphorus (mg) 785.0 735.0 971.0 880.0 .026 

Potassium (1.6-2.0 g) 32.7% 13.2% .016 

Selenium (%RDA) 72.2 65.0 99.5 78.0 .035 

Selenium (mg) 40.6 34.4 55.9 43.0 .027 
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Table 2. Concise features of the fasts of various religious doctrines. 

 Eastern Christian 

Orthodoxy (C.O.C. 

fasting) (11-17, 23) 

 

Christian 

Catholicism (33)
 

 

Seventh Day Adventism 

(protestantism) 

Islam (34)
 

 

Buddhism/Taoism 

Fasting type Periodic fasting 

(abstinence of 

certain foods) on 

Mediterranean 

pattern, slightly CR 

Hybrid (Calorie 

Restriction/ 

vegetarianism), 

not necessarily 

CR 

Biblical diet & Various 

types of veganism/ 

vegetarianism/ semi- 

vegetarianism (pesco-) 

/CR (24, 36) 

 

Intermittent 

Fasting (Time-

restricted 

feeding) 

Various types 

Buddhists’ Temple 

food: vegetarianism/ 

semi-vegetarianism 

(lacto- /ovo-), not 

necessarily CR (24) 

Taoists’ bigu diet: IF-

to-CR (37) 

Annual duration 180 +/- 19 days 40 days Throughout the year (36)
 

 

One month Throughout the 

year
178

 

Abstinence of meat, fish, eggs, 

dairies, oil, wine 

Meat Pigs, shellfish, 

vultures/meat (38)
 

 

Food and water Meat (Taoists & 

Buddhists), five 

pungent vegetables, 

alcohol, high 

amounts of processed 

food (Buddhists), 

(24) grain (Taoists) 

(37) 

Physical activity  Regular (no 

restriction) 

Regular (no 

restriction) 

Sabbatarianism (24h 

drawback) (38, 39)
 

 

Regular (no 

restriction) 

Reduced (prayer)-to-

regular 

BMI Increased Normal-to-high Low-to-normal (36, 38)
 

 

Normal (34)- to-

high (35)
 

Normal (37)-to-high, 

higher than 

omnivores (i.e. 

Koreans) (24)
 

Bone Health Positive impact No negative 

impact 

Positive impact (38, 40)
 

 

Controversial 

[beneficial on 

PTH and 

Calcium 

(34)/early 

osteoporosis 

(41)]
 

Controversial (no 

negative impact/ 

osteoporosis) (25, 42)
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Figure 1. Prevalence of normal bone density. 

 

Columns of prevalence of normal bone density (T-score ≥ 1.5) at the lumbar spine (L2/L4), 

left hip (L Hip), right hip (R Hip), left femoral neck (L femoral neck), and right femoral 

neck (R Femoral Neck) of fasters (gray boxes) and non-fasters (black boxes). A 

comparative analysis conducted between fasters and non-fasters via Chi-square & Student 

T-test, having previously set an acceptable level of significance of 5%. Fasters showed 

better T-scores for the lumbar spine (Chi-square, p < 0.05), as opposed to the right femoral 

neck, not only for normal bone density levels. 
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Figure 2. Prevalence of Osteoporosis. 

 

Columns of prevalence (%) of osteoporosis at the lumbar spine (L2/L4), left hip (L Hip), 

right hip (R Hip), left femoral neck (L femoral neck), and right femoral neck (R Femoral 

Neck) of fasters (gray columns) and non-fasters (black columns). A comparative analysis 

conducted between fasters and non-fasters via Chi-square & Student T-test, having 

previously set an acceptable level of significance of 5%. Overall lumbar spine osteoporosis 

incidence was as low as 9%, namely 4% of fasters and the - more than three times higher - 

14% of non-fasters (Chi-square, p < 0.05). Τhe exactly opposite was observed for the right 

hips as 5% of fasters demonstrated femoral neck osteoporosis versus null of the non-

fasters. 
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Chaptel 4. Bone status of young adults with periodic avoidance of dairy 

products since childhood. 

[European Journal of Pediatrics. 2020; 179(4):645-651] 

 

Introduction 

Bone health is an important determinant of overall health and longevity. Maximizing 

peak bone mass by young adulthood is considered crucial for reducing the risk of bone 

fracture and osteoporosis in later life (1). In fact, longitudinal studies show that measures 

of bone health, such as bone mineral density (BMD) and bone mineral content (BMC), 

track strongly from childhood through adolescence and young adulthood (2-4). This 

stresses the importance of ensuring optimal bone development during childhood and 

adolescence. 

Among the many factors determining bone mass and strength development in youth, 

nutrition (in the sense of both individual nutrient intake and food patterns) plays a pivotal 

role (5). This is why unusual food patterns, emphasizing specific foods and/or excluding 

others, during childhood and adolescence can provide valuable insight into the dependence 

of bone development on nutrition. A case in point is the periodic fasting dictated by the 

Christian Orthodox Church (COC), which consists in abstention from certain foods—

mostly of animal origin notwithstanding seafood and snails—for specific periods and days 

during the year (6) and has many characteristics of the Mediterranean diet (7). 

Because COC bars dairy products (the best dietary source of calcium) and eggs (a 

good source of cholecalciferol) for approximately half of the year, as well as fish (another 

good source of cholecalciferol) for approximately 5 months, it may lower calcium status in 

the body, with consequences on bone health, especially during development. We recently 

showed that older adults who had been fasting for decades did not differ in BMD, BMC, or 

prevalence of osteoporosis from non-fasting peers despite lower calcium intake (6).  

However, most (86%) had started fasting as adults. To address the question whether 

fasting in childhood and adolescence affects bone mass in adulthood, we investigated the 

effect of COC fasting since childhood on stature and bone health of young men and 

women.  
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Material and methods 

Participants and study design 

This is part of a larger cross-sectional study, conducted in the province of 

Thessaloniki, Greece, between September 2013 and October 2015 and aimed at examining 

the effects of COC fasting on health (including bone health) by comparing fasting to non-

fasting individuals (hereafter referred to as fasters and non-fasters) of both sexes. We chose 

to include at least 400 participants, equally divided between fasters and non-fasters, as well 

as between the ages of 18-35 and ≥ 50, with at least 100 subjects in each subgroup. The 

present study refers to the younger group, while findings on the older group have been 

published (6). The study protocol was approved by the Bioethics Committee of the 

Alexander Technological Educational Institute of Thessaloniki. 

Participants were recruited on a voluntary basis from the Aristotle University of 

Thessaloniki, the (then) Alexander Technological Educational Institution of Thessaloniki 

(presently International Hellenic University), churches, and two monasteries. Of the 236 

persons who agreed to participate, 25 were excluded because, at their first visit, they were 

found not to meet all the inclusion criteria, which were the absence of chronic disease, 

absence of morbid obesity (BMI ≥ 40 kg/m
2
), no dietary supplementation, no medication, 

and (in the case of the fasters) observance of COC fasting for at least 10 years or from the 

age of 10. Eleven more individuals were excluded because they did not complete all 

measurements. That left 200 subjects (100 fasters and 100 non-fasters).  

To make certain that data regarding fasters were as representative of the whole year 

as possible, no measurements were done during periods of fasting or no food restriction. 

Instead, measurements and blood sampling were performed on Saturdays during periods 

characterized by fasting on Wednesdays and Fridays only. 

Anthropometric and cardiac parameters 

Body weight was measured on a digital scale and height was measured to the nearest 

centimeter with a stadiometer. Resting heart rate and blood pressure were measured with 

an electronic blood pressure monitor (Omron, Hoffman Estates, IL). 

Bone status parameters 

BMD and BMC were measured through dual-energy X-ray absorptiometry at five 

sites, as described (6). BMD was considered low if it was 2.0 standard deviations (Z-score) 

or more below the mean of a healthy population of the same age and sex; BMD was 
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considered normal if it was above that limit (8). Subjects were asked whether they had had 

any bone fracture. 

Biochemical parameters  

Participants provided 6 mL of venous blood after 12 hours of fast while seated. 

Serum, produced after clotting, was analyzed for calcium, vitamin D (specifically, 25-

hydroxyvitamin D), and urea (as an index of protein intake), as described (6).  

Dietary assessment 

Dietary calcium, vitamin D, protein, and alcohol intakes were assessed through 

interviewer-based recalls of food intake, as described (6). Moreover, the subjects’ dietary 

habits during a period of one month were assessed through a food frequency questionnaire 

to estimate the consumption of dairy and soy products as good sources of calcium, as well 

as adherence to the Mediterranean diet through the MedDietScore (9).  

Physical activity and smoking habits 

Subjects were asked about the amount and type of physical activity to help us 

pinpoint high-impact weight-bearing exercises that better promote BMD (10). Finally, they 

were interviewed about their smoking habits, and those smoking at least one cigarette daily 

were considered smokers. 

Statistical analysis  

Continuous variables were examined for normality of distribution with the 

Kolmogorov-Smirnov test and histogram charts. Because the distribution differed 

significantly from normal in most cases and to facilitate comparisons across parameters, 

we report all continuous variables as median (interquartile range) and compared groups by 

the non-parametric Mann-Whitney U test. (None of the few variables that warranted a t test 

produced a different outcome.) Nominal variables are reported as percentages and were 

tested through the 
2
 test.  

The SPSS, version 25 (SPSS, Chicago, IL), was used in all statistical analyses. All 

statistical tests and corresponding P values were two-sided, and statistical significance was 

declared at P < 0.05. 

 

Results 

Demographic Characteristics 

Fasters were 26.7 (22.2–33.4) years old and had been observing COC fasting for 14 

(10–21) years, starting at the age of 10 (10–12). Non-fasters were 24.0 (21.0–28.9) years 
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old. Although significant (P = 0.004), this difference of 2.7 years between groups is not 

expected to have any bearing on the results. 

Anthropometric and cardiac parameters 

Distribution of sexes, body weight, height, BMI, resting heart rate, systolic blood 

pressure, and diastolic blood pressure did not differ between groups (P > 0.05, Table 1). 

Bone status parameters 

No significant difference between groups was found in BMD (Figure 1) or BMC 

(Figure 2) at the lumbar spine, right hip, left hip, right femoral neck, or left femoral neck.  

The frequency of low and normal BMD at these sites (Table 2) was independent of 

group (P > 0.05), as shown by the 
2
 test. The average prevalence of low BMD was 4% 

(ranging from 2% to 9% across sites and groups). Eighty-nine fasters and 88 non-fasters 

had normal BMD at all 5 sites (non-significant difference). Fifteen fasters and 13 non-

fasters, all women, reported that they had had bone fractures (non-significant difference).  

These had occurred in the upper limbs (8 and 6, respectively), lower limbs (6 in each 

group), and shoulder (one in each group). 

Biochemical and dietary parameters  

Table 3 presents the serum calcium, 25-hydroxyvitamin D, and urea concentrations 

of fasters and non-fasters. The differences in calcium or 25-hydroxyvitamin D were not 

significant, whereas the difference in urea was (P = 0.004). Table 3 also presents the daily 

calcium, vitamin D, protein, and alcohol intakes, based on the 3-day recalls. The 

differences in calcium, protein, and alcohol intakes were significant (P = 0.010, 0.022, and 

0.005, respectively), whereas the difference in vitamin D intake was marginally significant 

(P = 0.095). In all cases, values were higher in non-fasters.  

Analysis of the food frequency questionnaires showed that fasters consumed 11.5 

(7.5–17.0) servings of dairy products per week, whereas non-fasters consumed 14.0 (9.0–

22.4) servings (P = 0.039). When the consumption of soy products by 33 participants (32 

fasters and one non-faster) was added, the difference between groups was dampened: 

fasters consumed 12.0 (7.5–18.5) servings of dairy and soy products per week, whereas 

non-fasters still consumed 14.0 (9.0–22.4) servings (P = 0.103). Weekly alcohol 

consumption was 2 (0–4) drinks in fasters and 4 (2–6) in non-fasters (P < 0.001). Finally, 

the MedDietScore was 30 (26–33) and 29 (26–32), respectively (P = 0.643). These values 

indicate moderate adherence to the traditional Mediterranean diet, since the MedDietScore 

ranges from 0 (no adherence) to 55 (full adherence) (9).  
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Physical activity and smoking habits 

Habitual physical activity did not differ between fasters and non-fasters (Figure 3).  

Twenty-nine fasters and 32 non-fasters practiced high- impact weight-bearing 

exercises (non-significant difference). Only seven fasters were smokers, compared to 22 

non-fasters (P = 0.003). Smokers did not differ significantly from non-smokers in any bone 

status parameter. 

 

Discussion 

We have investigated differences in indices of bone status (specifically, stature, 

BMD, BMC, prevalence of low BMD, and history of bone fracture) between young adults 

of both sexes, who had been practicing periodic religious fasting for at least 10 years or 

from the age of 10, and non-fasting controls. We found that none of these indices differed 

between groups despite fasters having lower dairy consumption and calcium intake. We 

are unaware of other research on the potential impact of prolonged periodic abstinence 

from dairy products since childhood on bone status. Longitudinal studies for up to 17 years 

have found that bone mass tracks strongly from childhood all the way to young adulthood, 

with tracking correlation coefficients ranging from 0.6 to 0.9 (2-4). These findings indicate 

that early levels of bone mass are important for later bone health and reinforce the 

relevance of the present study. 

A recent position statement and systematic review on peak bone mass development 

and lifestyle factors has concluded that the best evidence (grade A) is available for positive 

effects of calcium intake and physical activity (5). In our study, the latter did not differ 

between groups, whereas the former was lower in fasters. Nevertheless, this did not seem 

to affect bone development or, in general, bone health. It appears that this lower calcium 

intake was still sufficient for good bone status. 

In accordance with the lower calcium intake, consumption of dairy products was 

lower by fasters compared to non-fasters. Evidence for a positive effect of dairy 

consumption on bone mass is considered good (5), and most countries suggest 2 to 3 

servings per day (11). In the present study, dairy consumption was below these 

recommendations for most fasters, as can be seen when one divides the weekly intakes 

reported under Results by 7, which yields 1.6 (1.1–2.4) servings per day. By comparison, 

non-fasters consumed 2.0 (1.3–3.2) servings per day; thus, half of them met the minimum 

recommendation. The lack of differences between groups in the bone status parameters 
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assessed questions the importance of dairy products for bone health. Thus, our findings add 

to recent controversial findings ranging from a positive to no association of dairy 

consumption with indices of bone health (12-14).  

Fasters had lower intakes of two more nutrients that have been linked to bone status, 

namely, vitamin D and protein (5, 15). These differences are apparently due to the lower 

consumption of dairy products and, in general, foods of animal origin by fasters. As with 

calcium, however, these differences were not reflected in a difference between groups 

regarding bone status. Of the biochemical parameters measured, the serum calcium 

concentration did not differ between fasters and non-fasters (despite the significant 

difference in calcium intake), indicative of the strong calcium homeostasis in the body 

(16). On the other hand, the serum urea concentration was lower in fasters, in accordance 

with their lower protein intake.  

Among the lifestyle factors differing between fasters and non-fasters were alcohol 

consumption and smoking. Despite drinking more alcohol, non-fasters, as well as fasters, 

had all light to moderate consumption, not exceeding two drinks per day. Because such 

consumption is generally reported to be beneficial for bone health, unlike heavy 

consumption (17), one cannot argue that the higher alcohol consumption by non-fasters 

had a detrimental effect on bone status, one that could have counterbalanced a detrimental 

effect of lower calcium and dairy consumption in fasters, resulting in no difference 

between groups. Likewise, it seems unlikely that the higher prevalence of smoking among 

non-fasters could have counterbalanced the lower calcium and dairy consumption by 

fasters: first, because the evidence for a detriment of smoking on bone health is limited and 

inconsistent (5, 18); and second, because smokers did not differ from non-smokers in any 

of the bone status parameters measured. 

The findings of the present study are in accordance with those of our previous study 

(6), which showed that older men and women (50 years and over) observing religious 

fasting for a median of 31 years did not differ in BMD, BMC, prevalence of osteoporosis, 

or history of bone fracture from non-fasting controls despite having lower dairy 

consumption and calcium intake. At the same time, it has the same limitations, that is, (i) 

the possibility of participants misreporting (either under- or over-reporting) food intakes, 

physical activity, and smoking habits (although it seems unlikely that one group 

misreported differently from the other) and (ii) the possible fluctuation of some parameters 
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during periods of fasting and periods of no food restriction in fasters, which could be 

remedied by performing multiple measurements over the year in future studies. 

In conclusion, young men and women adhering to COC fasting since childhood did 

not differ from peers who did not fast in stature or any of the indices of bone health 

examined, despite lower calcium intake and lower consumption of dairy products. Taken 

together with those of our recent study in older individuals, our findings show that periodic 

abstinence from dairy and, in general, animal products over decades, even starting in 

childhood, does not compromise bone health. This conclusion may be exploited for the 

formulation of healthy dietary plans for persons who desire, or need, to have low intakes of 

such foods. 



 
 

82 
 

References 

1.  Golden NH, Abrams SA, Committee on Nutrition. Optimizing bone health in children 

and adolescents. Pediatrics, 2014; 134(4):e1229-e1243.  

2.  Rønne M, Heidemann M, Schou A, Lauren JO, Bojesen AB, et al. Tracking of bone 

mass from childhood to puberty: a 7-year follow-up. The CHAMPS study DK. 

Osteoporos Int. 2018; 29(8):1843-1852.  

3.  Wren TAL, Kalkwarf HJ, Zemel BS, et al. Longitudinal tracking of dual-energy X-ray 

absorptiometry bone measures over 6 years in children and adolescents: Persistence of 

low bone mass to maturity. J Pediatr. 2014; 164(6):1280-1285.e2.  

4.  Yang Y, Wu F, Winzenberg T, Jones G. Tracking of areal bone mineral density from 

age eight to young adulthood and factors associated with deviation from tracking: a 

17-year prospective cohort study. J Bone Miner Res. 2018; 33(5):832-839.  

5.  Weaver CM, Gordon CM, Janz KF, Kalkwarf HJ, Lappe JM, et al. The National 

Osteoporosis Foundation’s position statement on peak bone mass development and 

lifestyle factors: a systematic review and implementation recommendations. 

Osteoporos Int. 2016; 27(4):1281-1386.  

6.  Rodopaios NE, Mougios V, Konstantinidou A, Iosifidis S, Koulouri AA, et al. Effect 

of periodic abstinence from dairy products for approximately half of the year on bone 

health in adults following the Christian Orthodox Church fasting rules for decades. 

Arch Osteoporos. 2019; 14(1):68.  

7.  Sarri KO, Linardakis MK, Bervanaki FN, Tzanakis NE, Kafatos AG. Greek Orthodox 

fasting rituals: a hidden characteristic of the Mediterranean diet of Crete. Br J Nutr. 

2004; 92;277-284.  

8.  Lewiecki EM, Gordon CM, Baim S, Leonard MB, Bishop NJ, et al. International 

Society for Clinical Densitometry 2007 Adult and Pediatric Official Positions. Bone. 

2008; 43(6):1115-1121.  

9.  Panagiotakos DB, Pitsavos C, Stefanidis 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.  

10. Xu J, Lombardi G, Jiao W, Banfi G. Effects of exercise on bone status in female 

subjects, from young girls to postmenopausal women: an overview of systematic 

reviews and meta-analyses. Sport Med. 2016; 46(8):1165-1182.  

11. Weaver CM. How sound is the science behind the dietary recommendations for dairy? 



 
 

83 
 

Am J Clin Nutr. 2014; 99(5):1217S-1222S.  

12. Bian S, Hu J, Zhang K, Wang Y, Yu M, Ma J. Dairy product consumption and risk of 

hip fracture: a systematic review and meta-analysis. BMC Public Health. 2018; 

18:165.  

13. Biver E, Durosier-Izart C, Merminod F, Chevalley T, van Rietbergen, et al. Fermented 

dairy products consumption is associated with attenuated cortical bone loss 

independently of total calcium, protein, and energy intakes in healthy postmenopausal 

women. Osteoporos Int. 2018; 29:1771-1782. 

14. Feskanich D, Meyer HE, Fung TT, A B-FH, C WW. Milk and other dairy foods and 

risk of hip fracture in men and women. Osteoporos Int. 2018; 29:385-396. 

15. Dolan E, Sale C. Protein and bone health across the lifespan. Proc Nutr Soc. 2019; 

78:45-55.  

16. Houillier P, Froissart M, Maruani G, Blanchard A. What serum calcium can tell us and 

what it can’t. Nephrol Dial Transplant. 2006; 21(1):29-32.  

17. Gaddini GW, Turner RT, Grant KA, Iwaniec UT. Alcohol: a simple nutrient with 

complex actions on bone in the adult skeleton. Alcohol Clin Exp Res. 2016; 

40(4):657-671.  

18. Strozyk D, Gress TM, Breitling LP. Smoking and bone mineral density: comprehensive 

analyses of the third National Health and Nutrition Examination Survey (NHANES 

III). Arch Osteoporos. 2018; 13(1):16.  

  



 
 

84 
 

Table 1. Demographic, anthropometric and cardiac parameters of the participants (median 

and interquartile range) 

Parameter Fasters (n = 100) Non-fasters (n = 100) 

Sex (female/male) 63/37 60/40 

Body weight (kg) 67.5 (57.2–80.1) 66.9 (58.0–81.7) 

Height (m) 1.68 (1.62–1.75) 1.69 (1.63–1.78) 

BMI (kg/m
2
) 23.9 (21.3–27.5) 23.5 (20.8–26.2) 

Resting heart rate (bpm) 69 (63–77)  72 (65–82) 

Systolic blood pressure (mmHg) 120 (113–130) 123 (114–130) 

Diastolic blood pressure (mmHg) 76 (68–81) 76 (71–87) 

 

 

Table 2. Prevalence of low and normal bone mineral density values at five sites 

Site Low (%) Normal (%) 

Fasters Non-fasters Fasters Non-fasters 

Lumbar spine 7 9 93 91 

Right hip 2 4 98 96 

Left hip 4 3 96 97 

Right femoral neck 3 3 97 97 

Left femoral neck 2 3 98 97 

 

 

Table 3. Biochemical and dietary parameters of the participants (median and interquartile 

range) 

Parameter Fasters (n = 100) Non-fasters (n = 100) 

Serum calcium (mg/dL) 9.7 (9.4–10.1) 9.7 (9.4–9.9) 

Serum 25-hydroxyvitamin D (ng/mL) 16.5 (12.7–20.8) 18.2 (12.7–23.2) 

Serum urea (mg/dL) 29 (24–36) 32 (25–40) 

Daily dietary calcium intake (mg) 532 (347–752) 659 (474–857)* 

Daily dietary vitamin D intake (µg) 1.20 (0.41–2.79) 1.69 (0.65–3.30) 

Daily dietary protein intake (g) 0.67 (0.46–0.84) 0.71 (0.58–0.93)* 

Daily alcohol intake (g) 0.0 (0.0–0.0) 0.0 (0.0–7.2)* 

* P < 0.05, significantly different from fasters according to Mann-Whitney U test. 
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Figure 1. Box plots of bone mineral density at the lumbar spine (A), right hip (B), left hip 

(C), right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-

fasters. Each box represents the interquartile range, and the center line represents the 

median. Whiskers are extended to the most extreme data point that is no more than 1.5 

times the interquartile range from the edge of the box (Tukey style). Dots represent 

outliers. No significant difference between groups was found (Mann-Whitney U test, P > 

0.05). 
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Figure 2. Box plots of bone mineral content at the lumbar spine (A), right hip (B), left hip 

(C), right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-

fasters. See Figure 1 for description of each plot’s elements. No significant difference 

between groups was found (Mann-Whitney U test, P > 0.05). 
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Figure 3. Distribution of physical activity levels in fasters and non-fasters. Groups did not 

differ significantly (
2
 test, P > 0.05). 
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Chaptel 5. Dietary protein intake from different animal and plant 

sources plays a minor role in the bone health of adults with or without 

intermittent fasting for decades. 

[International Journal of Food Sciences and Nutrition. Publiced on line: 07 Dec 2020] 

 

Introduction 

The integrity and health of osseous tissue are important for the overall health, well-

being, quality of life, and longevity of an individual.  Osteoporosis, on the other hand, by 

augmenting bone fragility and susceptibility to fracture, is associated with considerable 

pain, impaired quality of life, disability, and even death (1, 2). Justifiably then, numerous 

studies have sought to elucidate how bone status can be improved. 

Among the factors that may have an impact on skeletal health and integrity, dietary 

protein intake remains one of the most controversial.  This is partly due to the presence of 

several conflicting factors that, at least in theory, may lead to negative or positive effects of 

dietary protein on bone status (3). On one hand, a high protein intake may increase the 

renal acid load, which induces calcium loss from bone to neutralize pH and promotes bone 

demineralization (4). On the other hand, dietary protein is needed for bone formation, since 

protein constitutes approximately one quarter of human bone mass (5), upregulates 

anabolic hormones and growth factors with osteogenic action (6), and promotes muscle 

growth (7), thus indirectly benefiting bone by placing increased mechanical load on it.  

Moreover, dietary protein increases dietary calcium absorption (8), thus 

counteracting the potentially negative effect of acidification.   

The aforementioned conflicting factors may explain the variable findings of studies 

that have examined the association of protein intake with bone health and integrity.  As an 

example, a recent meta-analysis has found a small positive effect of high protein intake on 

bone mineral density (BMD) at one skeletal site but not at other sites (9). Analysis of the 

association between dietary patterns characterized by consumption of different protein 

sources (such as meat vs fish) has also produced variable findings (as detailed in the 

Discussion) (10).  

One such dietary pattern is the periodic fasting advocated by the Christian Orthodox 

Church (COC), which consists in avoidance of certain foods (mainly of animal origin 

except seafood and snails) for certain periods and days (totaling approximately half of the 
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year) and shares many characteristics with the Mediterranean diet (11). As such, COC 

fasting is low in red meat, poultry, eggs, and dairy products, while being high in seafood.   

Foods predominating in the fasters’ diet during fasting days include cereals, pulses, 

vegetables, and fruits. Foods predominating in the fasters’ diet during non-fasting days and 

in the non-fasters’ diet at all times include milk, cheese, and dishes of all sorts based on red 

meat, whereas consumption of vegetables and fruits is lower. 

Because of its particularly demanding character, full adherence to COC fasting rules 

is nowadays rare.  We have recently shown that men and women fully adhering to COC 

fasting for decades, whether being older (11) or younger (12), did not differ in indices of 

bone integrity, such as BMD, bone mineral content (BMC), and prevalence of osteopenia, 

osteoporosis, and bone fracture, from non-fasting counterparts. 

The aim of the present work was to contribute to the clarification of the role of 

dietary protein in bone integrity and health.  To this end, we took advantage of the 

aforementioned lack of differences in bone status between fasters and non-fasters to 

investigate whether protein intake or source differed or not between groups in the total 

sample of our two previous studies (11, 12). The former possibility (differences in protein 

intake or source despite no differences in bone status) would not favor a role of protein in 

bone integrity or health, whereas the latter possibility (no differences in protein intake or 

source, paralleled by no differences in bone status) would leave such a role open. 

 

Materials and Methods 

Participants and study period 

This cross-sectional study included 400 adults, equally divided between fasters and 

non-fasters.  The study was conducted between September 2013 and October 2015, with 

each participant being assessed once.  Participants were recruited on a voluntary basis from 

the Aristotle University of Thessaloniki, the (then) Alexander Technological Educational 

Institution of Thessaloniki (presently International Hellenic University), churches, 

monasteries, and public centers for the elderly, all located in the province of Thessaloniki, 

Greece.  Of the 454 individuals who consented to participate, 40 were excluded because, at 

their first visit, they were found not to meet the inclusion criteria, which were the absence 

of chronic disease, absence of morbid obesity (BMI ≥ 40 kg/m
2
), no dietary 

supplementation, and no medication. Additionally, to qualify as fasters, they were needed 

to declare full adherence to COC fasting without interruption for at least the past 10 years 
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or (for those who were 18 or 19 years old) from the age of 10; to qualify as non-fasters, 

they were needed to declare no avoidance of any food. 

Fourteen more individuals were excluded because they did not complete all the 

measurements described below, thus leaving 400 participants (200 fasters and 200 non-

fasters).  The fasters included 131 women and 69 men; the non-fasters included 126 

women and 74 men. The participant flow diagram is shown in Figure 1.  

Full adherence to COC fasting requires avoidance of foods of animal origin (except 

seafood and snails) during five periods of the year (totaling 101-131 days, depending on 

when Easter falls) and allows unrestricted eating during two other periods (totaling 47 

days), as described in detail elsewhere (11). The remainder of the year consists in 

“moderate” fasting, that is, avoidance of animal source foods on Wednesdays and Fridays 

only. The total days of fasting range from 159 to 197 (average, 178). To ensure that the 

data regarding the fasters were as representative of the entire year as possible, no 

measurements were performed during the five periods of fasting or the two periods of no 

food restriction.  Rather, all measurements, interviews, and blood sampling were 

performed during periods of moderate fasting.  

Primary and secondary outcome measures 

The predeclared primary outcome measures of our research were BMD and BMC at 

five sites; prevalence of bone fracture; frequency of consumption of protein sources; and 

protein intake from these sources.  The predeclared secondary outcome measures were 

anthropometric parameters and the serum concentrations of urea, creatinine, and uric acid. 

Anthropometric parameters 

Body weight was measured on a digital scale to the nearest 0.1 kilogram with the 

participant wearing light clothing and no shoes.  Standing height was measured with a 

portable stadiometer to the nearest centimeter. 

Bone status parameters 

BMD and BMC were evaluated using dual-energy X-ray absorptiometry (Lunar 

DPX Bravo, GE Healthcare, equipped with the GE Lunar enCORE software, v. 13.5) at the 

lumbar spine (L2-L4), right hip, left hip, right femoral neck, and left femoral neck.  

Subjects were also asked about any history of bone fracture. 

Dietary assessment 

The participants’ dietary habits were assessed through a validated semi-quantitative 

food frequency questionnaire comprising 14 food groups (red meat; poultry and eggs; 
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seafood; dairy products; pulses; grains and cereals; nuts and seeds; vegetables; fruits; oils 

and fats; sweets; beverages; alcoholic drinks; and composite dishes) (13), which was 

administered by a certified dietitian. Participants were asked to report the frequency of 

consumption of foods in portions per week on average over the past month.  Questionnaire 

data were then used to calculate the consumption of the following protein sources: red 

meat; poultry and eggs; seafood; dairy products; pulses; and grains and cereals.  Portion 

sizes were set according to the National Nutrition Guide for Greek Adults (14) and are 

presented in Table 1. Protein intake was assessed on the basis of the protein content of 

these foods (15, 16). It should be noted that grains and cereals were included in the list 

despite their rather low protein contents because they made a considerable quantitative 

contribution to the total protein intake of the participants, as will be shown under Results. 

The food frequency questionnaire was also used to assess alcohol intake in drinks per 

week.  

Biochemical parameters  

Blood samples were drawn into test tubes without anticoagulant from a forearm vein 

in sitting position between 8 and 10 a.m., after 12 hours of fast. Samples were left to clot at 

room temperature and centrifuged at 1,500 g for 10 minutes. Serum was removed and 

analyzed for urea, creatinine, and uric acid through the urease - glutamate dehydrogenase, 

sarcosine oxidase, and uricase-peroxidase methods, respectively, in a Mindray BS-300 

Chemistry Analyzer.  The coefficients of variation for the three analytes were 3%, 3%, and 

1%, respectively, and the laboratory carrying out the measures participated in a nationwide 

external quality control program. 

Physical activity and smoking habits 

Subjects were asked to rank their habitual physical activity as very low, low, 

moderate, high, or very high on a 5-point scale. Additionally, they were asked what type of 

physical activity they practiced to let us identify high-intensity/impact weight-bearing 

exercises that better promote BMD (17). Finally, they were interviewed about their 

smoking habits; those smoking one or more cigarettes daily were considered smokers. 

Ethics 

The study protocol was approved by the Bioethics Committee of the Alexander 

Technological Educational Institute of Thessaloniki, and the study was conducted 

according to the Declaration of the World Medical Association of Helsinki (1989).  Each 
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participant was informed about the aims, benefits, and potential risks of the study and 

signed a consent form before data collection and blood sampling. 

Statistical analysis  

The Kolmogorov-Smirnov test and histogram charts were used to assess the 

normality of distribution of continuous variables.  The distribution of most variables 

differed significantly from normal in at least one of the two groups (fasters or non-fasters).  

Thus, for the sake of uniformity, we report all continuous variables as median (interquartile 

range) and compared groups by using the non-parametric Mann-Whitney U test 

throughout.  The few variables that warranted a t test did not produce a different outcome 

from the Mann-Whitney U test.  Nominal variables were tested through the 
2
 test. 

Correlation analysis was performed by determining Spearman’s  correlation coefficient.  

Statistical analysis was performed using the SPSS, version 25 (SPSS, Chicago, IL).   

All statistical tests and corresponding P values were two-sided, and statistical 

significance was declared at P < 0.05. 

 

Results 

Demographic Characteristics 

Fasters were 43.0 (26.7–58.2) years old (ranging from 18.2 to 77.6).  They had been 

observing COC fasting for 15 (10–32) years, starting at the age of 15 (10–26).  Non-fasters 

were 43.0 (24.0–56.5) years old (ranging from 18.0 to 77.3).  Sixty-eight women in the 

fasting group and 66 in the non-fasting group were postmenopausal, with menopause 

having occurred at the ages of 50 (45–52) and 49 (47–50), respectively.  The two groups 

did not differ in any of the aforementioned parameters (P > 0.05). 

Anthropometric parameters 

Body weight of fasters and non-fasters was 72.9 (62.9–81.4) kg and 71.2 (60.5–84.0) 

kg, respectively.  The corresponding values were 1.66 (1.60–1.73) m and 1.66 (1.61–1.74) 

m for height; and 26.6 (23.0–29.5) kg/m
2
 and 25.6 (22.7–29.1) kg/m

2
 for BMI.  The two 

groups did not differ in any anthropometric parameter (P > 0.05). 

Bone health parameters 

The two groups did not differ significantly in BMD (Figure 2) or BMC (Figure 3) at 

the lumbar spine, right hip, left hip, right femoral neck, or left femoral neck.  Thirty-five 

fasters (17.5%) and 33 non-fasters (16.5%), all women, reported that they had had bone 
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fractures (non-significant difference).  These had occurred in the upper limbs (17 in each 

group), lower limbs (17 and 13, respectively), and shoulder (one and three, respectively). 

Dietary parameters  

Table 2 presents the weekly frequency of consumption of protein sources by fasters 

and non-fasters.  The latter had significantly higher consumption of red meat, poultry-eggs, 

dairy products, and grains-cereals, whereas the former had higher consumption of seafood.  

The same differences between groups were found in daily protein intake (Table 3).  In 

addition, the sum of protein intake from these sources was higher in non-fasters. In both 

groups, dairy and grains-cereals were the major protein sources, followed, in sequence, by 

red meat, poultry-eggs, seafood, and pulses. 

Weekly alcohol consumption was 0 (0–2) drinks in fasters and 2 (0–6) drinks in non-

fasters (P < 0.001). 

Biochemical parameters  

In agreement with the higher meat and protein intakes by non-fasters, their serum 

urea, creatinine, and uric acid concentrations were numerically higher compared to fasters 

(Table 4), although only the difference in urea reached statistical significance. 

Physical activity and smoking habits 

Fasters did not differ from non-fasters in habitual physical activity level or 

percentage of subjects practicing high-intensity/impact weight-bearing exercises (P > 

0.05).  Fasters smoked considerably less than non-fasters, since only 10 fasters were 

smokers, as compared to 58 non-fasters (P < 0.001). Fasters did not differ from non-fasters 

in any bone status parameter. 

Correlation between bone status and protein source 

We examined whether BMD or BMC correlated with protein source independent of 

group (to increase the power of the analysis).  Results are shown in Tables 5 and 6.  Both 

BMD and BMC were positively correlated with red meat and poultry-egg consumption.  

Seafood consumption exhibited either negative or no significant correlation with the two 

bone parameters.  Dairy consumption displayed only two positive correlations, whereas 

pulse and grain-cereal consumption was not correlated with any bone parameter.  All 

significant correlations were weak, explaining only 1.0% to 2.8% of the variation in bone 

parameters.  Because of this and because of the lack of normal distribution in most of the 

bone and dietary parameters, we did not proceed to multiple regression analysis. 
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Discussion 

The present study examined the relationship of dietary protein intake and source with 

a number of parameters related to bone integrity and health (namely, BMD, BMC, and 

prevalence of bone fracture) of 400 men and women by taking advantage of a rare, a priori 

defined, dietary pattern (full adherence to religious fasting), characterized by periodic 

avoidance of foods from animal sources.  Movassagh and Vatanparast, in their scoping 

review (18), stress that dietary-pattern approaches in the study of bone health take into 

account contributions from various aspects of the diet and can thus complement single-

nutrient and single-food studies. 

Fasters did not differ from non-fasters in demographic characteristics or 

anthropometric measures, thus providing a sound basis for comparing the main study 

outcomes between groups. The dietary analysis performed showed distinct differences 

between fasters and non-fasters in the consumption of the major protein sources, i.e., dairy 

products, grains-cereals, red meat, and poultry-eggs, all in favor of non-fasters.   

Conversely, fasters had higher consumption of seafood, a minor protein source in 

both groups. As a result of these differences, daily protein intake was higher in non-fasters.  

Nevertheless, groups did not differ in BMD, BMC, or incidence of bone fracture. 

The connection of dietary protein intake with bone integrity and bone health is not 

clear. Dolan and Sale (3), summarizing systematic reviews and meta-analyses by Darling 

et al. (19) and Shams-White et al. (9), conclude that higher protein intakes have a small 

positive impact on BMD. In particular, Darling et al. (19) found a weak positive 

relationship of dietary protein intake with BMD and BMC, only explaining 1-2 % of the 

variation in BMD. Likewise, the meta-analysis of randomized controlled trials and 

prospective cohort studies by Shams-White et al. (9) reported a small positive effect 

(0.52%) of higher, compared to lower, protein intakes (defined differently in each analyzed 

study) on BMD at the lumbar spine but no effect at other sites (that is, total hip, femoral 

neck or total body).  Similarly, Rizzoli et al. (20) summarizing systematic reviews and 

meta-analyses on the benefits and risks of dietary protein intakes for bone health in adults, 

concluded that high protein intakes may be beneficial in reducing bone loss and hip 

fracture risk, provided calcium intakes are adequate. Variation in protein intakes within the 

“normal” range accounted for 2-4% of BMD variance. Such small differences can also be 

seen in most of the panels of Figures 2 and 3 in the present paper, where the median BMD 

and BMC of non-fasters was 1% to 3% higher than that of fasters. Although these 
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differences did not reach statistical significance in the present single study, our data can 

make a useful contribution to future meta-analyses examining the connection between 

dietary protein intake and bone health. 

To further examine the possible connection of protein source with bone status, 

correlation analysis was performed, which produced weak (explaining just 1% to 3% of the 

variation in BMD or BMC) positive results for red meat, poultry-eggs, and (partly) dairy 

products, weak negative results for seafood, as well as no significant correlation for pulses 

and grains-cereals. Again, there are controversies in the literature regarding the connection 

of specific protein sources with bone status.  In agreement with the present findings, 

Durosier-Izart et al. (21) reported that bone strength was positively associated with total, 

animal, and dairy protein intakes but not with vegetable protein intake in healthy 

postmenopausal women.  Nevertheless, Wallace and Frankenfeld, (22) in their systematic 

review and meta-analysis, conclude that, when it comes to the beneficial effect of high 

protein intake on BMD, there are no differences between animal and plant proteins, 

although data in this area are scarce. 

Regarding seafood consumption, the present findings differ from those of Li et al. 

(23), who reported that Chinese men with high fish consumption (without consideration for 

portion size) had a lower prevalence of osteoporosis. Of interest is the study of Choi and 

Park (24), who found a weak positive association (with correlation coefficients ranging 

from 0.047 to 0.181) with BMD in Koreans (who consumed seafood 23 times per month 

on average) but not in Americans (who consumed seafood only 5 times per month on 

average). The authors suggest that a minimum seafood intake might be necessary for a 

substantial effect on bone status.  Although comparison of their findings with ours is 

hampered by the fact that they used times of consumption, not portions, a median of 1.5 

portions per week (for the entire sample in the present study) places the Greek participants 

closer to Americans than to Koreans. 

Also of interest is the systematic review by Perna et al. (10) on the association 

between dietary patterns of meat (including processed meat and poultry) and fish 

consumption with BMD or fracture risk.  The review in question included 37 studies with a 

total of 432,924 subjects.  The meat patterns were positively associated with bone health in 

the minority of studies (encompassing 4% of subjects), whereas the remainder of the 

studies showed either no association (48% of subjects) or negative association (48% of 

subjects). The fish patterns were positively associated with bone health in the minority of 
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studies again (encompassing 13% of subjects), whereas the remaining studies showed 

either no association (84% of subjects) or negative association (3% of subjects). The 

authors note, however, that negative effects of meat diets on bone were seen in the setting 

of a Western diet, not in Mediterranean or Asian diets. These conclusions highlight how 

complex the interrelationship of the different food components is in determining bone 

health. 

The biochemical measures employed in the present study corroborate the dietary 

data. Specifically, serum urea, an accepted index of dietary protein intake (25), was 

significantly higher in non-fasters than fasters, as was protein intake.  Serum creatinine and 

uric acid, known indices of meat consumption (25, 26), were also higher, although not 

significantly, in non-fasters.  Biochemical data do not usually accompany dietary data in 

similar studies; thus, we consider them an important part of the present study. 

Alcohol consumption and smoking were two lifestyle factors differing between 

fasters and non-fasters, both being higher in the latter. Despite drinking more alcohol, non-

fasters (as well as fasters) had all light to moderate consumption, that is, less than two 

drinks per day. Because such consumption is thought to be beneficial for bone health (as 

opposed to heavy consumption) (27), it seems unlikely that the higher alcohol consumption 

by non-fasters had a detrimental effect on bone status, such that could counterbalance a 

detrimental effect of lower protein intake by fasters, resulting in no differences between 

groups. Likewise, it seems unlikely that the higher prevalence of smoking among non-

fasters could have counterbalanced the lower protein intake by fasters. This is because the 

evidence for a detriment of smoking on bone health is limited and inconsistent (28, 29) and 

because smokers did not differ from non-smokers in any of the bone status parameters 

measured. 

The main strength of the present study is the examination of a relatively large group 

of individuals who followed a distinct, rare dietary pattern (COC fasting). Their marked 

differences in food intake from non-fasting controls enabled a robust testing of the relation 

between bone health and protein intake from different animal and plant sources. On the 

other hand, as with all studies based on self-reported lifestyle parameters, the present study 

is limited by the likelihood of misreporting food intakes. However, given the similarity of 

the two groups in demographic and anthropometric characteristics, it seems improbable 

that fasters misreported differently from non-fasters. In addition, the variation in the 

fasters’ diet over the year may lead to fluctuations in some endpoints, making their values 
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dependent on when they are measured (although it is difficult to think that BMD and BMC 

can fluctuate during a year).  

 

Conclusions 

Despite having lower protein intakes, men and women who had been periodically 

avoiding animal source foods for a median of 15 years did not differ in BMD, BMC, or 

prevalence of bone fracture from controls with no food restrictions.  BMD and BMC 

exhibited only weak (if any) correlations with consumption of protein-rich foods.  Thus, 

protein intake seems to play a minor (if any) role in bone health.  These findings may aid 

in delineating the role of dietary protein in bone health and producing practical 

recommendations on the matter.  Future studies could employ assessment of fasters during 

periods of fasting and periods of no food restriction (in addition to the moderate-fasting 

period chosen in the present study) for a more accurate characterization of the relation 

between nutrient intake and bone health. 
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Table 1. Portion sizes and protein content of the foods whose intake was assessed in the study 

Food group Foods Portion size 

(g) 

Protein content 

(g/portion) 

Red meat Beef, pork, lamb, goat, rabbit, game 

(cooked)  

140 35.0 

 Cold cuts 30 5.2 

Poultry and eggs  Chicken, turkey (cooked) 140 36.0 

 Eggs 60 7.4 

Seafood Fish, mollusks, shellfish (cooked) 140 21.0 

Dairy Milk, yogurt 240 11.3 

 cheese 30 5.2 

 dairy cream 120 3.8 

Pulses Beans, lentils, soybeans (cooked) 180 24.5 

Grains and cereals Bread 40 3.7 

 Rusks 60 6.1 

 Bagels, breadsticks, pita bread 30 2.7 

 Pasta, rice, frumenty (cooked) 220 7.3 

 Sweet corn (cooked) 50 1.4 

 Breakfast cereals 35 3.2 
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Table 2. Frequency of consumption of food groups that are good protein sources by the 

participants of the study (portions/week) 

Food group Fasters (n = 200) Non-fasters (n = 200) P 

Red meat 2.0 (1.0-3.5) 3.0 (1.5-4.5) < 0.001 

Poultry and eggs  3.5 (2.5-5.5) 4.5 (3.0-7.0) 0.001 

Seafood 2.0 (1.0-2.5) 1.5 (1.0-2.0) 0.010 

Dairy 11.5 (7.5-17.9) 15.0 (11.5-21.5) < 0.001 

Legumes 1.5 (1.5-1.5) 1.5 (1.5-1.5) 0.050 

Grains and cereals 19.0 (15.0-27.0) 21.8 (15.5-30.4) 0.017 

 

 

Table 3. Daily protein intake from food groups that are good protein sources by the participants 

of the study (g/kg body weight) 

Food group Fasters (n = 200) Non-fasters (n = 200) P 

Red meat 0.12 (0.07-0.20) 0.16 (0.10-0.23) < 0.001 

Poultry and eggs  0.11 (0.06-0.13) 0.13 (0.10-0.16) < 0.001 

Seafood 0.09 (0.05-0.12) 0.08 (0.04-0.12) 0.031 

Dairy 0.17 (0.10-0.27) 0.22 (0.14-0.32) < 0.001 

Legumes 0.07 (0.06-0.10) 0.07 (0.06-0.09) 0.121 

Grains and cereals 0.18 (0.12-0.26) 0.20 (0.14-0.29) 0.049 

Sum 0.78 (0.63-1.02) 0.91 (0.72-1.18) < 0.001 
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Table 4. Serum concentrations of metabolites related to protein and meat intake in the 

participants of the study 

Metabolite Fasters (n = 200) Non-fasters (n = 200) P 

Urea (mg/dL) 27.0 (21.0-33.0) 30.0 (24.0-36.8) 0.001 

Creatinine (mg/dL) 0.90 (0.83-1.03) 0.94 (0.83-1.06) 0.102 

Uric acid (mg/dL) 4.3 (3.5-5.3) 4.5 (3.7-5.5) 0.343 

 

 

 

Table 5. Correlation between frequency of consumption of food groups that are good protein 

sources and bone mineral density at five sites in the participants of the study (n = 400).  

 Lumbar Right hip Left hip Right femoral 

neck 

Left femoral 

neck 

Red meat ns 0.149 (0.003) 0.150 (0.003) 0.136 (0.006) 0.168 (0.001) 

Poultry and eggs  ns 0.142 (0.004) 0.131 (0.009) 0.161 (0.001) 0.139 (0.005) 

Seafood ns -0.106 (0.034) -0.122 (0.015) -0.132 (0.008) -0.160 (0.001) 

Dairy ns ns ns ns ns 

Legumes ns ns ns ns ns 

Grains and cereals ns ns ns ns ns 

Values are Spearman’s , followed by P value in parentheses.  ns, not significant (P > 0.05). 
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Table 6. Correlation between frequency of consumption of food groups that are good protein 

sources and bone mineral content at five sites in the participants of the study (n = 400).  

 Lumbar Right hip Left hip Right femoral 

neck 

Left femoral 

neck 

Red meat 0.136 (0.006) 0.156 (0.002) 0.150 (0.003) 0.159 (0.001) 0.152 (0.002) 

Poultry and eggs  0.109 (0.029) 0.110 (0.028) 0.100 (0.046) 0.162 (0.001) 0.143 (0.004) 

Seafood ns ns ns ns ns 

Dairy ns ns ns 0.115 (0.021) 0.101 (0.044) 

Legumes ns ns ns ns ns 

Grains and cereals ns ns ns ns ns 

Values are Spearman’s , followed by P value in parentheses.  ns, not significant (P > 0.05). 
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Figure 1.  Participant flow diagram of the study. 
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Figure 2.  Box plots of bone mineral density at the lumbar spine (A), right hip (B), left hip (C), 

right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-fasters.  See 

Figure 1 for description of the graph elements.  No significant difference between groups was 

found (Mann-Whitney U test, P > 0.05). 
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Figure 3.  Box plots of bone mineral content at the lumbar spine (A), right hip (B), left hip (C), 

right femoral neck (D), and left femoral neck (E) of fasters (gray boxes) and non-fasters.  See 

Figure 1 for description of the graph elements.  No significant difference between groups was 

found (Mann-Whitney U test, P > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

108 
 

Supplemental Table 1. Periods of assessment of fasters in relation to fasting rules of the Christian Orthodox Church  

Period Duration 

(days) 

Dietary restrictions
 

Seafood consumption Individuals 

assessed 

September 17 (onset of study) to 

November 14, 2013: Moderate fasting 

59 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

58 

November 15 to December 24, 2013: 

Nativity fast 

40 Avoidance of animal source foods (except 

seafood, see right); avoidance of oil and wine on 

Wednesdays, Fridays, and Christmas Eve  

Mandatory on November 21 

(Presentation of Virgin Mary); 

allowed from November 22 to 

December 17  

 

December 25, 2013, to January 6, 2014: 

Unrestricted diet 

12
a 

   

January 7 to February 9, 2014: Moderate 

fasting 

34 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

11 

February 10 to March 2, 2014: Unrestricted 

diet 

21    

March 3 to April 13, 2014: Lent 42 Avoidance of animal source foods (with two 

exceptions, see right); avoidance of oil and wine 

on all days except weekends and March 9 

(holiday of the Forty Martyrs) 

Mandatory on March 25 

(Annunciation); optional on April 13 

(Palm Sunday) 

 

April 14 to 19, 2014: Holy Week 6 Avoidance of animal source foods, oil, and wine
 

  

April 20 to 27, 2014: Unrestricted diet 8    

April 28 to June 8, 2014: Moderate fasting 42 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays; mandatory on May 14 

(Wednesday of Mid-Pentecost) and 

May 28 (Wednesday of the sixth 

week after Easter) 

21 

June 9 to 15, 2014: Unrestricted diet 7    
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June 16 to 28, 2014: Saint Apostles’ fast
 

13
 

Avoidance of animal source foods (with one 

exception, see right); avoidance of oil and wine 

on Wednesdays, Fridays, and June 28, unless it 

falls on a weekend 

Mandatory on June 24 (Nativity of 

John the Baptist) 

 

June 29 to July 31, 2014: Moderate fasting 33 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

17 

August 1 to 14, 2014: Dormition (or 

Assumption) fast 

14 Avoidance of animal source foods (with one 

exception, see right); avoidance of oil and wine 

on all days except weekends 

Mandatory on August 6 (Christ’s 

Transfiguration) 

 

August 15, 2014: Unrestricted diet 1    

August 16 to November 14, 2014: 

Moderate fasting 

91 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

21 

November 15 to December 24, 2014: 

Nativity fast 

40 Avoidance of animal source foods (except 

seafood, see right); avoidance of oil and wine on 

Wednesdays, Fridays, and Christmas Eve  

Mandatory on November 21 

(Presentation of Virgin Mary); 

allowed from November 22 to 

December 17  

 

December 25, 2014, to January 6, 2015: 

Unrestricted diet 

12
a 

   

January 7 to February 1, 2015: Moderate 

fasting 

26 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

21 

February 2 to 22, 2015: Unrestricted diet 21    

February 23 to April 5, 2015: Lent 42 Avoidance of animal source foods (with two 

exceptions, see right); avoidance of oil and wine 

on all days except weekends and March 9 

(holiday of the Forty Martyrs) 

Mandatory on March 25 

(Annunciation); optional on April 5 

(Palm Sunday) 

 

April 6 to 11, 2015: Holy Week 6 Avoidance of animal source foods, oil, and wine
 

  

April 12 to 19, 2015: Unrestricted diet 8    
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April 20 to May 31, 2015: Moderate 

fasting 

42 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays; mandatory on May 6 

(Wednesday of Mid-Pentecost) and 

May 20 (Wednesday of the sixth 

week after Easter) 

24 

June 1 to 7, 2015: Unrestricted diet 7    

June 8 to 28, 2015: Saint Apostles’ fast
 

21 Avoidance of animal source foods (with one 

exception, see right); avoidance of oil and wine 

on Wednesdays, Fridays, and June 28, unless it 

falls on a weekend 

Mandatory on June 24 (Nativity of 

John the Baptist) 

 

June 29 to July 31, 2015: Moderate fasting 33 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

22 

August 1 to 14, 2015: Dormition (or 

Assumption) fast 

14 Avoidance of animal source foods (with one 

exception, see right); avoidance of oil and wine 

on all days except weekends 

Mandatory on August 6 (Christ’s 

Transfiguration) 

 

August 15, 2015: Unrestricted diet 1    

August 16 to October 10, 2015 (end of 

study): Moderate fasting 

56 Avoidance of animal source foods (except 

seafood), oil, and wine on Wednesdays and 

Fridays 

Allowed except on Wednesdays and 

Fridays 

5 

Shown are five periods of fasting (orange), five periods of unrestricted eating (green), and four periods of moderate fasting (yellow) per year. Assessment of fasters took 

place only during the latter periods. 
a 
Not counting January 5 (Epiphany’s Eve), which is a day of fasting. 
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Chaptel 6. Vitamin D status, vitamin D intake, and sunlight exposure in 

adults adhering or not to intermittent religious fasting for decades. 

[International Journal of Food Sciences and Nutrition. 2020. Draft] 

 

Introduction 

Vitamin D refers to a group of fat-soluble steroids, the most important of which are 

vitamin D2, or ergocalciferol, and vitamin D3, or cholecalciferol (1). The major natural 

source of vitamin D in humans is the biosynthesis of cholecalciferol in the skin through a 

process that depends on sunlight exposure (specifically ultraviolet B radiation) (2), 

whereas the dietary contribution to vitamin D status is small. Vitamin D originating from 

the skin or the diet enters the circulation and is metabolized to 25-hydroxyvitamin D in the 

liver, which reenters the circulation and is converted to 1,25-dihydroxyvitamin D, the 

biologically active form of vitamin D, in the kidneys. 1,25-dihydroxyvitamin D is 

important for the absorption of calcium and phosphorus from the intestine and kidneys; 

skin development; and, possibly, muscle function and performance (3).  

Vitamin D status in the body is assessed through the serum 25-hydroxyvitamin D 

concentration. According to the Endocrine Society’s clinical practice guideline, vitamin D 

deficiency is defined as a 25-hydroxyvitamin D below 20 ng/mL, vitamin D insufficiency 

between 20 and below 30 ng/mL, and sufficiency as at least 30 ng/mL for achieving a 

healthy lifestyle (4–6), although the Institute of Medicine has concluded that 20 ng/mL is 

the top end of the requirement for a serum vitamin D level in almost all of the general 

population (7).  

In recent years a vitamin D deficiency pandemic has been described, since more and 

more people worldwide have serum 25-hydroxyvitamin D concentration below 20 ng/mL 

(6). This has been attributed to avoidance of sunlight and/or use of sunscreens due to 

greater concern for skin cancer, inadequate time spent in outdoor activities due to a more 

sedentary way of life in indoor environments, and inadequate dietary intake of vitamin D 

due to decreased consumption of good sources such as oily fish (despite the fact that many 

foods, mainly dairy and cereals, are fortified with vitamin D, although not in Greece) (6). 

An additional cause of vitamin D deficiency might be the increased incidence of obesity, 

which is inversely associated with serum 25-hydroxyvitamin D concentration (7–9). 

Consequences of vitamin D deficiency are primarily reflected on bone health and relate to 



 
 

112 
 

rickets, osteomalacia, and increased risk of fracture (4). In addition, vitamin D sufficiency 

has been linked, albeit with less certainty, to a number of health benefits such as reduced 

risks of cardiovascular disease, cancer, diabetes, autoimmune diseases, and respiratory 

diseases (10), including current coronavirus disease 2019 (COVID-19) pandemic (11).  

Faithful followers of the Christian Orthodox Church (COC) embrace lifelong 

intermittent fasting (for almost half of the year) characterized by abstinence from certain 

foods, predominantly of animal origin, such as dairy products and meat (12). Additionally, 

they usually choose a rather conservative lifestyle that includes covering large parts of the 

body with clothes and preferring indoor, rather than outdoor, activities. These habits raise 

concern about possible consequences on their vitamin D status due to the exclusion of 

dairy products (which are the foods most frequently fortified with vitamin D) and eggs (a 

good source of cholecalciferol) when they fast, as well as due to possible low sunlight 

exposure. Nevertheless, as we have recently shown, men and women fully adhering to 

COC fasting for decades, whether being older (12) or younger (13), did not differ in 

indices of bone integrity, such as bone mineral density, bone mineral content, and 

prevalence of osteopenia, osteoporosis, and bone fracture, from non-fasting counterparts. 

Therefore, we wondered whether vitamin D status, dietary vitamin D intake, and sunlight 

exposure differed between fasters and non-fasters. The presence of differences would 

question the role of vitamin D in the bone status of these individuals. 

 

Methods 

Study design 

The present study is part of a larger cross-sectional study aimed at investigating 

possible consequences of lifelong intermittent abstinence from animal source products on 

various health indicators. The study lasted from September 2013 to October 2015 and, of 

the 454 individuals who volunteered to participate, 400 healthy adults, equally divided 

between fasters and non-fasters, met the inclusion criteria and completed all 

measurements. The distribution of participants between genders was 131 women and 69 

men in the fasters and 126 women and 74 men in the non-fasters. The participant flow 

chart is shown in Supplemental Figure 1. The fasters had been adhering to religious fasting 

for a median of 15 years. Details of the study design and the participants have been 

presented (12,13).  

Anthropometric characteristics  
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Body weight and height were measured on a digital scale with a built-in stadiometer 

to the nearest 0.1 kg and cm, respectively, and body mass index (BMI) was calculated from 

these measures. Percentage body fat and fat mass were estimated through bioelectrical 

impedance using a Tanita BC-532 analyser (Tanita, Yiewsley, UK). Waist-to-hip ratio was 

measured using a stretch-resistant tape. 

Vitamin D status 

We assessed vitamin D status of the participants through serum 25-hydroxyvitamin 

D concentration. Fasting venous blood samples were drawn and treated as described (12). 

Serum 25-hydroxyvitamin D was measured through chemiluminescent microparticle 

immunoassay in an Abbott Architect i2000SR analyzer. The coefficient of variation was 

5% and the laboratory carrying out the assay was involved in a nationwide external quality 

control program.  

Dietary vitamin D intake 

Dietary vitamin D intake was assessed through interviewer-based recalls of food 

intake over 3 days, which included a Wednesday or Friday (during which the fasters 

obeyed fasting), another weekday, and a weekend day. Participants were interviewed about 

all foods and liquids consumed during those days. None of the participants in the study 

received any dietary supplement. Food intake records were analyzed using the Food 

Processor Nutrition Analysis software (ESHA, Salem, OR).  

Sunlight exposure  

The estimation of the participants’ sunlight exposure was based on the questions 

proposed by Macdonald (14) and included additional ones, as presented in Table 1. The 

questions were answered during a direct interview with the same researcher (NER).  

Bone status  

Bone mineral density (BMD) was measured using dual-energy X-ray absorptiometry 

(Lunar DPX Bravo, GE Healthcare, equipped with the GE Lunar enCORE software, v. 

13.5) at the lumbar spine (L2–L4), right hip, left hip, right femoral neck, and left femoral 

neck.   

Ethical approval 

This study was conducted according to the guidelines laid down in the Declaration of 

Helsinki, and all procedures involving human subjects were approved by the Bioethics 

Committee of the then Alexander Technological Educational Institute of Thessaloniki, 

presently International Hellenic University; approval number 31.5/5679/17-12-2013. Each 
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participant was informed about the aims, benefits, and potential risks of the study and 

written informed consent was obtained from all subjects before data collection and blood 

sampling. 

Statistical analyses  

The Kolmogorov-Smirnov test and histogram charts were used to assess the 

normality of distribution of continuous variables. The distribution of most variables 

differed significantly from normal in at least one of the two groups (fasters or non-fasters). 

Thus, for the sake of uniformity, we report all continuous variables as median (interquartile 

range) and compared groups by using the non-parametric Mann-Whitney U test 

throughout. The few variables that warranted a t test did not produce a different outcome 

from the Mann-Whitney U test. Vitamin D concentration across seasons was compared 

through the Kruskal-Wallis test. Nominal variables were tested through the 
2
 test. 

Correlation analysis was performed by determining Spearman’s  correlation coefficient. 

Statistical analysis was performed using the SPSS, version 25 (SPSS, Chicago, IL). All 

statistical tests and corresponding P values were two-sided, and statistical significance was 

set at P < 0.05. 

 

Results 

Characteristics of participants 

Participants’ age, body weight, height, BMI, percentage body fat, fat mass, and 

waist-to-hip ratio are presented in Table 2. Fasters did not differ significantly from non-

fasters in any of these characteristics (P > 0.05). Over half of the participants were 

overweight or obese (BMI > 25 kg/m
2
). 

Vitamin D concentration and intake 

Groups did not differ in serum 25-hydroxyvitamin D concentration significantly 

[fasters, 16.8 (12.7–22.5) ng/mL; non-fasters, 18.7 (14.5–23.5) ng/mL; P = 0.105]. Of the 

400 participants, only 22 (5.5%) had values ≥ 30 ng/mL; 131 (32.8%) had values ≥ 20 and 

< 30 ng/mL; and 247 (61.8%) had values < 20 ng/mL. According to the 3-day recalls, non-

fasters had significantly higher daily vitamin D intake [1.74 (0.59–3.18) µg] compared to 

fasters [1.25 (0.45–2.73) µg; P = 0.026]. Vitamin D intake was significantly correlated to 

serum 25-hydroxyvitamin D concentration ( = 0.150, P = 0.003, n = 400), although only 

2% (that is, ρ
2
) of the variation in the former explained the variation in the latter. Serum 
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25-hydroxyvitamin D was negatively correlated to age ( = –0.125, P = 0.012), BMI ( = 

–0.111, P = 0.026), percentage body fat ( = –0.184, P < 0.001), and fat mass ( = –0.182, 

P < 0.001).  

Vitamin D concentration and season of blood sampling 

We examined serum 25-hydroxyvitamin D concentration as a function of the 

meteorological season of blood sampling. There were significant differences between 

seasons (P < 0.001), with the highest concentration seen in autumn [20.4 (15.6–24.3) 

ng/mL], followed by summer [(17.7 (13.3–23.8) ng/mL], winter [16.8 (12.8–21.5) ng/mL], 

and spring [15.9 (12.1–21.0) ng/mL]. Νon-fasters had significantly higher concentration in 

winter (P = 0.005) and spring (P = 0.001), compared to fasters (Figure 1).  

Sunlight exposure 

Fasters did not differ significantly from non-fasters in most of the responses to the 

questions related to sunlight exposure. Data on the questions in which significant 

differences were detected are shown in Table 3. Non-fasters spent more time outside 

during spring (P = 0.002), exposed larger parts of the body/skin (specifically, hands and 

face) during winter (P = 0.003), and applied less protection against sunlight on a sunny 

day, as more fasters applied combined protection (P < 0.001).  

Bone status 

BMD at the lumbar spine, right hip, left hip, right femoral neck, and left femoral 

neck were not correlated to serum 25-hydroxyvitamin D concentration. BMD at these sites 

did not differ significantly depending on the season of measurement, either overall or by 

group.  

 

Discussion 

The aim of the present study was to examine whether adhering to intermittent fasting 

and to habits related to sunshine exposure for decades in the context of religious beliefs 

affect vitamin D status, which plays important roles in bone health and, possibly, 

conditions related to immune health, including COVID-19 (4,10,11). Fasters and their non-

fasting counterparts did not differ in age or anthropometric characteristics related to fat 

content, which protects our findings from these potential confounders. Indeed, we found 

serum 25-hydroxyvitamin D to be negatively correlated with age, which can be attributed 

to decreased capacity of the skin to produce vitamin D3 with aging (15). The literature is 

not clear on this issue. For example, in their review, Manios et al. (16) conclude that the 
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degree of vitamin D deficiency and/or insufficiency is higher in infants and adolescents 

than in adults and elderly, stating however that such comparisons need to be interpreted 

cautiously because of differences in latitude, ethnic mix, and season of blood sampling. 

Concerning the impact of body composition on circulating vitamin D, obese individuals 

tend to have lower serum 25-hydroxyvitamin D compared to normal-weight individuals 

(7,9,17). It has even been recommended that obese adults require 2–3 times the RDA of 

vitamin D to both treat and prevent vitamin D deficiency, because much of vitamin D is 

stored in adipose tissue, where it is not bioavailable (5,6). Indeed, we found serum 25-

hydroxyvitamin D to be negatively correlated to BMI, percentage body fat, and fat mass in 

the participants of the present study. 

Overall, the two groups did not differ significantly in vitamin D concentration, 

although non-fasters had numerically higher values than fasters. This absence of significant 

difference, despite the significantly higher daily vitamin D intake by the non-fasters, could 

be attributed to the small impact of the diet on vitamin D status, since solar radiation is the 

major contributor to circulating vitamin D. The minor impact of dietary vitamin D intake 

was confirmed by the finding that it explained only 2% of the variation in the serum 25-

hydroxyvitamin D concentration through correlation analysis. It is noteworthy that only 

5.5% of the participants had vitamin D sufficiency, whereas 61.8% had vitamin D 

deficiency, without, nevertheless, considerable impact on bone health, as found in our 

previous studies (12,13). The absence of correlation between BMD and circulating vitamin 

D concentration found in the present study is in line with the low impact of vitamin D 

status on bone health, as also suggested by Taylor et al. (7). 

The high rates of vitamin D insufficiency and deficiency are even more remarkable 

and worrying, given the fact that the mean monthly modeled ultraviolet B doses in Greece, 

including Thessaloniki (where the present study was conducted), are much higher than 

those in any of the other European countries included in the analysis of O’Neill et al. (18). 

In addition, Manios et al. (16) point out that, contrary to expectations, there is a high 

prevalence of low vitamin D status in Southern Europe and Eastern Mediterranean, despite 

abundant sunshine, although there are not enough data for safe conclusions so far. 

According to van Schoor et al. (19), vitamin D deficiency has a high prevalence all over 

the world; the authors attribute the low serum 25-hydroxyvitamin D in Greece to more skin 

pigmentation and sunshine avoiding behavior, compared to Northern Europe.  
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In addition to higher vitamin D intake, non-fasters exceeded fasters in sunlight 

exposure, as judged by their responses to three relevant questions. This may be due to a 

more relaxed lifestyle, with no commitments to religious customs and traditions. It has 

been reported that the vitamin D deficiency observed in recent years is more prevalent 

among individuals who avoid sun exposure by wearing clothes covering most of their body 

due to religious and cultural beliefs irrespective of latitude (20). In the study of Lee et al. 

(21), personal sunlight exposure, measured using the ambulatory lux meter, was not 

significantly related with serum vitamin D level change and the sunlight exposure score 

measured by sunlight exposure questionnaire, although several limitations in the sunlight 

measurement existed. 

When the serum vitamin D concentration was compared between the two groups 

depending on the season, the non-fasters exhibited significantly higher values than fasters 

in winter and spring. These differences are in line with the differences concerning sunlight 

exposure, as two of the three significantly different responses were related to indices of 

sunlight exposure during the same seasons. In particular, non-fasters spent more time 

outside during spring and exposed larger parts of the body/skin during winter, compared to 

fasters. Additionally, non-fasters applied less protection against sunlight on a sunny day, as 

more fasters applied combined protection, which probably indicates more relaxed attitude 

of non-fasters toward sunlight exposure.   

Our findings on the seasonal variation of the serum vitamin D concentration are in 

accordance with findings showing highest concentrations in the summer and autumn (22). 

In addition, the finding that the highest concentration was seen in autumn, while the lowest 

in spring, is in agreement with Kroll et al. (23), who found that the concentration peaked in 

September and troughed in March. It seems that high exposure to sunlight in spring and 

summer increases vitamin D concentration in summer and autumn, suggesting a delayed 

effect of sunlight exposure on circulating vitamin D.  

A limitation of the present study, as with the majority of studies based on self-

reported lifestyle parameters, is the likelihood of misreporting food intakes and sunlight 

exposure. However, given the similarity of the two groups in demographic and 

anthropometric characteristics, it seems improbable that fasters misreported differently 

from non-fasters.  Additionally, an objective measure of sunlight exposure (through 

meters) would be desirable, although this was not possible to apply to the 400 participants 

of the present study due to financial constraints. 
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In conclusion, in this study examining the vitamin D status in 400 individuals of both 

sexes, half of whom followed religious customs and traditions that included many years of 

intermittent abstinence from foods of animal origin and half did not, we found no 

differences in serum vitamin D concentration between groups overall, although when 

groups were compared by season, non-fasters had higher concentrations in winter and 

spring. Additionally, non-fasters had higher dietary vitamin D intake and partly higher 

sunlight exposure. These differences were not reflected in bone status and health in the 

present and our two previous studies (12,13), suggesting a not so determinant role of 

vitamin D in the bone status of these individuals. The low serum 25-hydroxyvitamin D 

concentrations in the 378 out of the 400 participants adds to the evidence for prevalent 

vitamin D deficiency. Randomized studies are needed to provide safe conclusions on the 

effect of vitamin D sufficiency on human health. 
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Table 1. Questions and answers to estimate sunlight exposure  

 

Question Answer 

Do you go outside during the day?  Yes  

No  

On a weekly basis, how often do you go 

outside during the day? 

Rarely 

Moderately often 

Often 

How long do you stay outside during 

autumn? 

Less than 15 min 

Between 15 and 30 min 

Between 30 min and 2 h 

More than 2 h 

How long do you stay outside during 

winter? 

Less than 15 min 

Between 15 and 30 min 

Between 30 min and 2 h 

More than 2 h 

How long do you stay outside during 

spring? 

Less than 15 min 

Between 15 and 30 min 

Between 30 min and 2 h 

More than 2 h 

How long do you stay outside during 

summer? 

Less than 15 min 

Between 15 and 30 min 

Between 30 min and 2 h 

More than 2 h 

Which parts of the body/skin have been 

exposed during autumn? 

Face only  

Hands and face  

Hands and face plus arms and/or legs  

Hands and face plus arms and/or legs and 

some/all of trunk 

Which parts of the body/skin have been 

exposed during winter? 

Face only  

Hands and face  

Hands and face plus arms and/or legs  
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Hands and face plus arms and/or legs and 

some/all of trunk 

Which parts of the body/skin have been 

exposed during spring? 

Face only  

Hands and face  

Hands and face plus arms and/or legs  

Hands and face plus arms and/or legs and 

some/all of trunk 

Which parts of the body/skin have been 

exposed during summer? 

Face only  

Hands and face  

Hands and face plus arms and/or legs  

Hands and face plus arms and/or legs and 

some/all of trunk 

What kind of protection against sunlight do 

you apply on a sunny day? 

No protection 

Hat 

Sunscreen  

Stay in the shade 

Clothes with long sleeves 

Combined protection (at least two of the 

above) 

Do you avoid the sun during summer? Yes 

No 

Do you sometimes stay in the sun during 

summer? 

Yes 

No 

Do you prefer to stay in the sun during 

summer? 

Yes 

No 
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Table 2. Characteristics of participants in the two groups (median and interquartile range) 

 

Characteristic Fasters (n = 200) Non-fasters (n = 200) 

Age (years) 45 (27–58) 46 (24–57) 

Body weight (kg) 72.9 (62.9–81.4) 71.3 (60.5–84.0) 

Height (m) 1.66 (1.60–1.72) 1.66 (1.61–1.74) 

BMI (kg/m
2
) 26.6 (23.0–29.5) 25.6 (22.7–29.1) 

Body fat (%) 31.1 (24.0–38.9) 30.3 (24.1–36.3) 

Fat mass (kg) 22.5 (14.7–30.2) 21.5 (15.9–28.6) 

Waist-to-hip ratio 0.89 (0.82–0.97) 0.89 (0.81–0.98) 

 

 

 

Table 3. Significantly different answers to the sunlight exposure questions between groups 

(%, P < 0.05)  

 

Question Answer  

Fasters Non-fasters 

How long do you stay 

outside during spring? 

Less than 15 min 

Between 15 and 30 min 

Between 30 min and 2 h 

More than 2 h 

9.5 

7 

59.5 

24 

7 

3.5 

44.5 

42* 

Which parts of the 

body/skin have been 

exposed during winter? 

Face only  

Hands and face  

Hands and face plus 

arms and/or legs  

Hands and face plus 

arms and/or legs and 

73 

26 

0.5 

 

0.5 

59.5 

40 

0.5 

 

0 
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some/all of trunk 

What kind of protection 

against sunlight do you 

apply on a sunny day? 

No protection 

Hat 

Sunscreen  

Stay in the shade 

Clothes with long 

sleeves 

Combined protection (at 

least two of the above) 

0 

3.5 

8.5 

38.5 

8 

 

41.5 

2.5 

10.5 

17.5 

44 

1.5 

 

24 

*Numbers in bold indicate superior sunlight exposure. 
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Figure 1. Serum vitamin D concentration in fasters and non-fasters according to 

meteorological season of blood sampling in the Northern Hemisphere. Winter, December 

to February; spring, March to May; summer, June to August; autumn, September to 

November. *Significantly different between groups (P < 0.01) 
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