University of Crete
School of Medicine

Department of Social Medicine, Preventive Medicine and Nutrition

PhD Thesis

“The effects of fasting of the Christian Orthodox Church on

bone development and osteoporosis”

«O emmtooeis g Nnoteiog s Op00doéng Exkinoiog oty ootk

avanTuEN KOl 06TEOTOPOGT)

Nikolaos E. Rodopaios
PhD Cantidate

Heraklion, Crete
2020



Empirénov KadOnyntig

AoacBwtakng Kovotavrivog, Emuc. Kafnyntg

Méin Entaperotg EEetastikig Emrtponnc

Foaiavaxng Eppavooni, Kabnynmg
Kagdtog Avioviog, Opdtipog Kabnyntig
Kapavtdvag Andotorog, Kabnyntig
Koiaitlaxkng Evayyehog, Emk. Kadnynmg
Mmreptoudc IN'ewpyrog, Emik. Kabnynmg
[Tepducoyrvvn Xpvcoovra, Emk. Kabnyntrg



Acknowledgements

The assignment of this Doctoral Thesis was a challenge for me and | would like to
express my warm thanks to all those who contributed to its completion.

I would like to express my sincere gratitude to my supervisor Professor Emeritus, Dr
Anthony Kafatos for the continuous support of my PhD study and related research, for his
patience, motivation and immense knowledge. | specifically appreciated his extensive
personal and professional guidance and provision of precious scientific knowledge.

I am particularly indebted to Adjunct Professor, Dr Konstantinos Lasithiotakis for his
insightful comments and encouragement; and to Professor, Dr Emmanouil Galanakis for
his advice and scientific support. Without their precious support it would not be possible to
conduct part of my research.

Special thank to Professor Maria Hassapidoy and Mrs Alexandra Koulouri, without
her precious support it would not be possible to conduct part of my research. I am very
grateful to Professor Vasilis Mougios for instrumental support and advice in the
development and publication of my research.

I am grateful also to Metropolitan Varnavas of Neapolis and Stavroupolis,
Thessaloniki; Metropolitan Georgios of Kitros, Katerini, and Platamon; Hieromonk Father
Luke Kipouros of Holy Trinity Monastery, Panorama, Thessaloniki; Nun, Melani
Chatzipatera, Mother Superior of Assumption of Virgin Monastery, Panorama,
Thessaloniki; Professor Emeritus of the School of Theology, Aristotle University of
Thessaloniki, Dimitrios Tselegidis; Archimandrite Nikodemos Skrettas-Plexidas; and
Archpriest Athanasios Gikas; Professors of the School of Pastoral and Social Theology,
Aristotle University of Thessaloniki, for their help in collecting the study sample. Also |
want to thank the Hieromonk Archimandrite Eulogios Tsalapatanis for information about
Cristian Orthodox Church fasting.

Nobody has been more important for me in the completion of this project than my
family members. | would like to thank my parents and my wife for all their help and
support throught this challenging work. Words cannot express how grateful 1 am to my
father and mother for all of the sacrifices they have made on my behalf. Their words of
wisdom and prayers were what sustained me thus far. Finally, | wish to give thanks to my
three daughters for the inspiration, support and understanding through hard times during
my PhD thesis.



To my wife Tatiana

To my daughters: Smaragdi, Christina-Anna and Trifonia



Abstract

Iepiinyn
Chaptel 1.

Chaptel 2.

Chaptel 3.

Contents

Is periodic abstinence from dairy products for half a
year, detrimental to bone health of children and
adolescents?

Introduction

Methods

Results

Discussion

Conclusion

References

Tables

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.

Introduction

Methods

Results

Discussion

Conclusion

References

Tables & Figures

The significant effect on musculoskeletal metabolism and
bone density of the Eastern Mediterranean Christian
Orthodox Church fasting.

Introduction

Methods

Results

Discussion

10
10
12
13
18
22
23
35

41
41
42
45
46
49
50
52

59
59
59
61
62



Chaptel 4.

Chaptel 5.

Chaptel 6.

Annex

Conclusion

References

Tables & Figures

Bone status of young adults with periodic avoidance of
dairy products since childhood.

Introduction

Methods

Results

Discussion

Conclusion

References

Tables & Figures

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.
Introduction

Methods

Results

Discussion

Conclusion

References

Tables & Figures

Vitamin D status, vitamin D intake, and sunlight
exposure in adults adhering or not to intermittent
religious fasting for decades.

Introduction

Methods

Results

Discussion

Conclusion

References

Tables & Figures

Published Articles in Scientific Journals

65
67
71

75
75
76
77
79
81
82
84

88
88
89
92
94
97
98
101

111
111
112
114
115
118
119
122
127



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.



Iepiinyn

H mapovoca perétn etvar n wpdtn pedétn mov mpoomabel va eeTdoel Ty emidpaon
KOl TI EMMTOOCELS TNG TEPLOOIKNG QutoQayiag, Héocw g vnoteiog g OpBodoéng
Exxinociog, ommv avdntuén tov 00T®V, 6TV 06TEOTOP®ST], GTO OGTIKO KOTAYLOTO Kot
YeVIKd oty vyela Tov ootdv. Emiong elvar n mpodtn yvooT HEAETN TTOV €pevVA TN Ol
Blov dtatpoer| HEG® NG TOAVETOVG YPNOoNG NG vnoteiag (TovAdytotov 10 £tn) coppmva
pe toug Kavdveg g OpBodoéng ExkAnciog xot sivor n peyodvtepn oe mAnbuoud
detypartog épevva péypt onpepa (400 dtopa) mov acyoAeital pe To BEpua TG ynoteiog g
0Op0B6d0&nc Exkinoiac.

H yopnAn tpdécinyn acPectiov Kot YOAUKTOKOUIKOV TPOIOVTOV TOV Tapatnpeiton
KAt TIG TEPLOOOVE VNGTElNG Yo Katd péco 6po 178 (x 19) nuépeg to xpovo, dev paivetal
va BAATTOLV TNV VYELD TOV 0GTOV GE NAKIOUEVO ATOUO, GVOPES KO UETEUUNVOTOVGLOKEG
yovaikes. Emiong, oe veapd dropa (18-35 €rdv) mov vnotebovv amd TNV TodIKN TOLG
nAwia oev glyav mpOPANUO G AVACTNUA 1] OTOOVONTOTE amd TOLG OgikTeg VYelog TV
00TV KOTE TNV &VNMKI®ON TOLG. XUVEM®MG 1| TEPLOOIKN MOy OmO YOAUKTOKOUIKE
mpoiovTa Kot yevikd, Cowkd mpoidvta yioo dekaetiec, akoun Kot Eekvovtog amd Tnv
Tondtkn NAkia, dev B€Tel o€ Kivduvo TV vYeia TOV 00TMV.

O meplodikdg meplopiopds ™G SWTPOPIKNG TPOSANYNG (KNG TPoEAevong
TPOIOVIOV oe o eAapp®Os vrobepdikn dlowta mov yopaktnpiler ™ vnoteia g
OpB0d0oENe Exxinociag, ocvvovdotnke He aENUEVN KATOVOAWMGCT QUTIKOV TPOP®V, UE
peydAn moikidio, m omoion @aivetor vo  emnpedlel €LEPYETIKA TOV HVOCKEAETIKO
petafolopd, icmg koAVTEPA Oomd TNV OMOKAEIGTIKY] KOTOVOAMOY, GLUTANPOUATOV
STPOPTG.

[Tapd 10 yeyovog OtL £govv YOUNAOTEPEG TPOCANYELS 08 (MIKES TPMTEIVES, AvOpeg
KOl YOVOUKES TTOV OITOPEVYOVV TTEPLOJIKA TPOPES CmIKNG TpoéAevong Yo LEco O6po 15 Ty,
dev diépepav oty ootikn wukvotta (BMD) kot ootk pala (BMC) kot ota mévte
onpeia-Béoelg mov e€eTdoTnKAV 1 TOV EMUTOAACHO TNG OCTEOMEVING, TNG 0GTEOTOPWOONG 1
TOV KOTAYUOTOS TV OGTAOV OO TNV OUAdN EAEYYOV, LE YMPIG TEPLOPIGLOVG GTO TPOPLLLAL.

H xotovédAwon tpopodv mAoOGIwV o0& TPOTEIVEG eupavice povo acBeveig
ovoyeticpovg pe BMD 1§ BMC. 'Etol, 1 cuveyng mpdcsAnym npoteivng eaivetot va moilet

dguTEPEVLOVTA POLO GTNV VYEIN TV OGTOV.



Awmotdbnke 611 M WOALETY ¥pNoN ™G Vnoteiag (TovAdyloTov JdEKa YpoOvIaL),
EUPAVIcE aBENOT KOTAVAAWMONG PPOVT®V KOl AQYOVIKOV Kol oOENom KaTovOA®oNg
Bolacoivdv Kol Yopldv Kol o TEPLOO0VE Un vnoteiag, ennpedlovtag Kot SIoUOPPOVOVTIG
TIC O10TPOPIKEG GLVNOELEG TOV VNOTELOVTOV, KOTA TN SLIPKEWL OAOL TOL £TOVE Kol Ol
UoVo oTIC TEPLOSOVE VNOTEING, dLTPOPT OV Tpoceyyilel TV Mecoyelakn dloTpo.

Eniong, ta dtopa mov akolovbovoav ) vnoteia Ppébnkav va giyav younidtepn
npdéoAnyn Prrapivnie D, younidtepn €xbeon oto MAOKO QO¢ Kol UEPIKES (POPEC,
YoUnAOTEPN cvykévipwon 25-vdpoévPitapivng D otov opd amd 6t ot pun-vnotedovreg,
OALG QVTEG O1 SLOPOPES OEV EMNPENCOV TNV VYEIN TOV 0GTMV TOVC.

AVTa To EVPAUATO TNG TOPOVGOS WEAETNG UTOPOVV va amodeyBovv ypnoie oto
OYEOGUO KOl OLOUOPPM®GT  VYIEWDV JOiT®V 1 STPOPIKAOV GYedimV Yoo ATope OV
emBopodv 1 yperalovtar TEPOPIGUEVT 1| XOUNAT] TPOSANYT (OIKOV Kol YOAOKTOKOUIK®Y
TPOPOV.

Melhovtikég peréteg Ba pmopovoay va YPNOUOTO|GOVV TNV oEloAdYNoN T®V
VNOTELOVTIOV KoTd TIG TEPLOOOLG VNoTelog Kot TG TEPLOOOVG YWOPIS TEPOPIGUO TV
Tpoginmv (extdg Tic nuépeg vnoteiog g Tetaptng ko [apackeung mov emAéynkay otnv
TopoVca, LEAETT, He TIg NuéEpeg vnoteiog g Tetdptng kou g [apackevng) yia Evav mo
axpipn yopakTNPopd g oxéong Hetad TPpOcANYNG OPENTIKOV GLGTATIKOV Kol VYELNg

TOV 00TAOV.



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).

Kroger 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 |
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 2,591¢g
respectively, p<0.001). BMD and BMC were increased in both groups after six weeks, and
there was a further increase at 12" 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 TI1+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 <I 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 <I 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: 1297397, 13234319
(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?) 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? - 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: 16954+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. A
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

On the next day Sunday of All Saints up to
HOLY APOSTLES* 0-30** | June 28, the eve of the feast of Saints Peter

and Paul

January 5 (Eve of Epiphany)
August 29 (the decapitation of John the

DAILY .
3 Baptist)
September 14 (Exaltation of the Holy Cross)
EVERY WEDNESDAY All Wednesdays and Fridays of the year, apart

55 -63 from those already in the periods of fasting

AND FRIDAY .
and absolute or free periods

159 — 197
DAY TOTAL
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 ) Ages ) Calcium Milk and Dairy, Type of )
No of patients Duration Groups Indices
(Study) (years) Intake, mg/day g/day Research
Kardinaal 1999 (15) 1116 girls and 11-15 - 609+282 (Italy) | Not representative | 750 girls (11 — 15 Cross- BMC,
young women / 831+363 for the respective | years of age) sectional BMD
6 Europe (Poland countries. 375young women (20 | study
countries 881+335 — 23 years of age)
(France) from Finland, Italy,
11344462 Denmark, Poland,
(Netherlands) Netherlands, France
1258+594
(Denmark)
1267+550
(Finland)
Kroger 1993 (19) 65 children and 7-20 1 year <800 - >1200 - - Prospective BMD
adolescents / study
Finland
Lloyd 2000 (20) 81 white 12-18 | 6years 500 — 1500 - Sports — exercise Longitudinal BMD
teenager girls / No sports study
us
Lloyd 2002 (22) 75 white female | 12 -20 | 8years 486 - 1958 - Exercise, fitness Longitudinal BMD
adolescents / US study
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http://www.ncbi.nlm.nih.gov/pubmed/?term=Kr%C3%B6ger%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8148662

Kohlenderg-Mueller 16 young adults | 19-24 | 10 days 843 + 140 Milk 32% 8 Vegan Cross- Urinary
2003 (43) / Germany 1322 + 302 8 Lactovegeterian sectional calcium
study excretion
Ho-Pham 2009 (44) 210 women / 50 -85 10-72 | 375 (330 £205) - 105 Vegans Buddhist Cross- BMD
Vietnam years 683 omnivores nuns sectional
vegan 105 omnivores women | study
diet
Budek 2007 (45) 24 boys / 8 7 days 1000+ 300 1.5 L/day 12 baoys, milk group Cross- Bone
Denmark 2900+200 skimmed milk 12 boys, meat group sectional turnover
study markers
(s-
Osteocalcin,
s-CTX,
s-BAP)
Volek 2003 (46) 28 boys / 13-17 | 3 months 17234274 236 mL/ serving/d | 14 boys, milk group Cross- BMC,
usS 979+286 of 1% fluid milk | 14 boys, juice group sectional BMD
(3 daily servings) study
Jones 2001 (47) 330 children 8 5 years 13364541 590 mL/d 215 boys Cross- BMD,
(215 boys, 115 115 girls sectional Urinary
girls) / study Potassium
Tasmania, and
Australia Sodium
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Uusi-Rasi 1997 (48) 176 qgirls / 8-20 7days | 1018+361 (T1) | 7d calcium intake | Tanner stage 1(T1) Cross- BMC,
Finland 10594460 (T2 | diary (CaD) pre-pubertal: sectional BMD,
& T3) 9.2+1.1 age study BMAD
12314565 (T4 Tanner stage 2 & 3
& T5) (T2 & T3) per
pubertal: 11.8+1.3 age
Tanner stage 4 & 5
(T4 & T5) post-
pubertal: 15.9+1.8 age
Yoshii 2007 (49) 4761 children / 15-18 3 years - Dairy (milk, 2651 high school girls | Cross- Bone
Japan cheese, yogurt, 2110 high school boys | sectional status
cream): 1252 women study (Z-score)
daily, 4-5 times,
2-3 times, <1
time a week
VandenBergh 1995 (50) | 1359 children/ 7-11 28 - Boys: 1.3+0.44 653 boys Cross- BMC
Netherlands months Girls: 1.2+0.43 706 girls sectional
study
Young 1995 (51) 215 female twin | 10— 26 - 60% of total Premenarchial: 122 monozygotic Cross- BMD,
pairs / Australia dietary calcium | 1178+701 (M2) sectional BMC
is derived from | Postmenarchial: 93 dizygotic (DZ) twin study
dairy produce | 1041+674

and fish.
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Cheng 1999 (52) 179 children / 12-16 | 3years Boys: 722 - 87 girls Longitudinal BMC,
China (beginning of 92 boys study BMD
the study) —
700.8 (at the
last visit)
Girls: 560 —
608.8
Kristinsson 1994 (53) 162 girls / 13 and 15 - 1000 - 1200 13 years: 80 girls, 13 years Cross- BMD,
Iceland 1293+452 82 girls, 15 years sectional BMC
15 years: study
10824382
Petridou 1997 (54) 100 children / 7-14 2 years - Assess 74 boys Case control Fracture
Greece consumption of 26 girls study
the calcium rich
dairy products
Felily 1992 (55) 581 children / 7-9 2years | Men: 1297397 | 0-568 ml milk. 197 boys and girls Randomized, BMC,
United Kingdom (assesse 1323+319 190 ml milk on 174 controls controlled BMD
di4 (Control) each school day trial (RCT)
years Women: for 6 terms
later) 9334278
940+317
(Control)
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Lehtonen-Veromaa 2002 171 girls / 9-15 | 3years 15754637 Supplement 10 pg | 66 gymnasts Longitudinal | BMD or
(56) Finnland Vit. D, + 500 mg | 65 runners study BMAD
Ca per day 60 nonathletic
Welten 1994 (57) 182 children / 13 15 years Boys: 1100- 80% of the 84 boys Longitudinal BMD
Netherlands 1435 calcium intake is | 98 girls study
Girls: 941.4- | supplied by dairy
1204 products
Chan GM 1995 (58) 48 white girls / 11 1 year Control: Dairy products 24 Control group Randomized, BMC,
us 7284321 weekly (1200 mg | 24 Dairy group controlled BMD
Dairy: Ca) trial (RCT)
14374+366
Cadogan 1997 (59) 82 white girls / 12.2 18 Control: 703 Milk group: 568 38 Control Open BMD,
United Kingdom months Milk: 1125 mL/d 44 Milk Randomized BMC
intervention
trial
Chryssochoou 2010 (60) | 323 boys and 5-15% 3% 1134428 (TF) | 451+14 (TF) Total fastening (TF) Cross- Growth
286 girls / years 1040+28 (PF) | 383+14 (PF) 12,1% sectional rate
Greece 1090+59 (NF) | 427+30 (NF) Partial fastening (PF) |study

43,3%
No fastening (NF)
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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 shails—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? 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?), 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°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 Il
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.

44



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 y? 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 y? 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?) 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 (ng) 1.20 (0.41-2.79) 1.69 (0.65-3.30)

Daily dietary protein intake (Q) 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 (y° 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  Additional dietary restrictions® Fish consumption
(days/year)
Lent: 6 weeks before the Holy Week of Easter (i.e., 41 Avoidance of oil and wine onall ~ Mandatory on March 25
Clean Monday to Saturday of Raising of Lazarus) days except weekends and March 9 (Annunciation)
(holiday of the Forty Martyrs)
Holy Week: Holy Monday to Holy Saturday 6 Avoidance of oil and wine on all
days?
Christmas: November 15 to December 24 40 Avoidance of oil and wine on Mandatory on November 21
Wednesdays, Fridays, and (Presentation of Virgin Mary); allowed
Christmas Eve from November 22 to December 17
Dormition (or Assumption): August 1 to 14 14 Avoidance of oil and wine on all ~ Mandatory on August 6 (Christ’s
days except weekends Transfiguration)
Saint Apostles:* Monday after All Saints’ Sunday 0 to 30* Avoidance of oil and wine on Mandatory on June 24 (Nativity of John
Day to June 28 Wednesdays, Fridays, and June 28, the Baptist)
unless it falls on a weekend
Important Religious Days: January 5 (Epiphany’s 3 Avoidance of oil and wine, unless
Eve), August 29 (Abrupt of John the Baptist’s they fall on weekends

head), September 14 (Exaltation of the Holy Cross)
Wednesdays and Fridays:> All Wednesdays and 55t0 63°  Avoidance of oil and wine unless  Mandatory on Wednesday of Mid-

Fridays except those included in two periods of no they fall on designated holidays Pentecost and Wednesday of the sixth
food restriction after Easter and Christmas week after Easter.
Total 159 to 197

! 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.
%S0 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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* 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.

> Strict fasting is preserved as a reminder of the Betrayal (Wednesday) and the Holy Passion of Christ (Friday).
® 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?), 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. The 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
(X? & 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

62



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 Non-fasters
(C.O.C. diet) (Mediterranean diet)
(n=53) (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) 445 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 94 021
Magnesium (mg) 163.3 159.0 216.2 186.7 024
Manganese (%RDA) 535 42.0 71.3 59.0 013
Manganese (mg) 1.1 0.9 1.5 1.2 024
Phosphorus (%RDA) | 1106 | 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'®

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- | Normal (37)-to-high,
high (35) higher than
omnivores (i.e.
Koreans) (24)
Bone Health Positive impact No negative Positive impact (38, 40) | Controversial Controversial (no
impact [beneficial on negative impact/

PTH and
Calcium
(34)/early
osteoporosis

(41)]

osteoporosis) (25, 42)
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Figure 1. Prevalence of normal bone density.
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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.
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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). The 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?), 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 y? 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 y? 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 O (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.
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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)
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?) 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 (ug) 1.20 (0.41-2.79) 1.69 (0.65-3.30)
Daily dietary protein intake (Q) 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 (y° 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?®), 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 y? test.
Correlation analysis was performed by determining Spearman’s p 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? and 25.6 (22.7-29.1) kg/m? 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-lzart 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  Protein content
(g/portion)
Red meat Beef, pork, lamb, goat, rabbit, game 140 35.0
(cooked)
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
Poultry and eggs
Seafood

Dairy

Legumes

Grains and cereals

Sum

0.12 (0.07-0.20)
0.11 (0.06-0.13)
0.09 (0.05-0.12)
0.17 (0.10-0.27)
0.07 (0.06-0.10)
0.18 (0.12-0.26)

0.78 (0.63-1.02)

0.16 (0.10-0.23)
0.13 (0.10-0.16)
0.08 (0.04-0.12)
0.22 (0.14-0.32)
0.07 (0.06-0.09)
0.20 (0.14-0.29)

0.91 (0.72-1.18)

<0.001

<0.001

0.031

<0.001

0.121

0.049

<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 Left femoral
neck 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 p, 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 Left femoral
neck 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 p, followed by P value in parentheses. ns, not significant (P > 0.05).
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Figure 1. Participant flow diagram of th

e 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).
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Supplemental Table 1. Periods of assessment of fasters in relation to fasting rules of the Christian Orthodox Church

Period Duration  Dietary restrictions Seafood consumption Individuals
(days) assessed
September 17 (onset of study) to 59 Avoidance of animal source foods (except Allowed except on Wednesdays and 58
seafood), oil, and wine on Wednesdays and
Fridays

November 14, 2013: Moderate fasting

January 7 to February 9, 2014: Moderate Avoidance of animal source foods (except

fasting seafood), oil, and wine on Wednesdays and

Fridays

Fridays

Allowed except on Wednesdays and 11
Fridays

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 21
Fridays; mandatory on May 14

(Wednesday of Mid-Pentecost) and

May 28 (Wednesday of the sixth

week after Easter)
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June 29 to July 31, 2014: Moderate fasting 33 Avoidance of animal source foods (except Allowed except on Wednesdays and 17
seafood), oil, and wine on Wednesdays and Fridays
Fridays

August 16 to November 14, 2014: Avoidance of animal source foods (except Allowed except on Wednesdays and
Moderate fasting seafood), oil, and wine on Wednesdays and Fridays
Fridays

January 7 to February 1, 2015: Moderate Avoidance of animal source foods (except Allowed except on Wednesdays and

fasting seafood), oil, and wine on Wednesdays and Fridays
Fridays
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April 20 to May 31, 2015: Moderate
fasting

June 8 to 28, 2015: Saint Apostles’ fast

June 29 to July 31, 2015: Moderate fasting

August 1 to 14, 2015: Dormition (or
Assumption) fast

August 16 to October 10, 2015 (end of
study): Moderate fasting

42

21

33

14

56

Avoidance of animal source foods (except
seafood), oil, and wine on Wednesdays and
Fridays

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

Avoidance of animal source foods (except
seafood), oil, and wine on Wednesdays and
Fridays

Avoidance of animal source foods (with one
exception, see right); avoidance of oil and wine
on all days except weekends

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)

Mandatory on June 24 (Nativity of
John the Baptist)

Allowed except on Wednesdays and
Fridays
Mandatory on August 6 (Christ’s

Transfiguration)

Allowed except on Wednesdays and
Fridays

24

22

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.

#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 D,, 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
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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 y? test.
Correlation analysis was performed by determining Spearman’s p 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
setat 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?).

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) ug] compared to
fasters [1.25 (0.45-2.73) pg; P = 0.026]. Vitamin D intake was significantly correlated to
serum 25-hydroxyvitamin D concentration (p = 0.150, P = 0.003, n = 400), although only

2% (that is, p?) 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 (p = -0.125, P = 0.012), BMI (p =
—-0.111, P = 0.026), percentage body fat (p =-0.184, P < 0.001), and fat mass (p = -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]. Non-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 Rarely

outside during the day?

Moderately often
Often

How long do you stay outside during

autumn?

Less than 15 min
Between 15 and 30 min
Between 30 minand 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 minand 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 minand 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 minand 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 Face only

exposed during spring? 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 Face only

exposed during summer? 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  No protection
you apply on a sunny day? 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 Yes
summer? No
Do you prefer to stay in the sun during Yes
summer? 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)

Body weight (kg)
Height (m)

BMI (kg/m?)
Body fat (%)

Fat mass (kg)
Waist-to-hip ratio

45 (27-58)

72.9 (62.9-81.4)
1.66 (1.60-1.72)
26.6 (23.0-29.5)
31.1 (24.0-38.9)
22.5 (14.7-30.2)
0.89 (0.82-0.97)

46 (24-57)

71.3 (60.5-84.0)
1.66 (1.61-1.74)
25.6 (22.7-29.1)
30.3 (24.1-36.3)
21.5 (15.9-28.6)
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 Less than 15 min 95 7
outside during spring? Between 15 and 30 min 7 35

Between 30 minand 2 h 59.5 445

More than 2 h 24 42*
Which parts of the Face only 73 59.5
body/skin have been Hands and face 26 40
exposed during winter? Hands and face plus 0.5 0.5

arms and/or legs

Hands and face plus 0.5 0

arms and/or legs and
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some/all of trunk

What kind of protection No protection

against sunlight do you Hat

apply on a sunny day? Sunscreen
Stay in the shade
Clothes with long
sleeves
Combined protection (at

least two of the above)

3.5

8.5

38.5

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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Abstract

The question of "What's the best diet for children and adolescents which
ensures their optimum bone health?” has triggered this review study of all
nutritional habits including the Christian Orthodox Church's diet with its particular
periods of fasting. In order to evaluate the abstinence from dairy products in
childhood and adolescence for mare than 180 days per year, we assessed the
relative knowledge on vegans and vegetarians in relation to calcium intake. We
researched the world-wide published experience as well as studies focused on
Christian Orthodox Church’s fasting and its contribution to bone health status in
children and teenagers with at least one year follow-up randomized controlled
trials. During the last 30 years, more than 120 published studies all over the
world dispute the generalization that milk consumption during childhood and
adolescence relates to “strong bones’. World-wide research experience on
vegans and vegetarians reveals that non-diary food resources of calcium fortify
the bones, ensure their integrity and development and that calcium daily intake,
essential for the bone health, and can be gained from foods other than dairy.
Abstinence from dairy products in childhood and adolescence for about 180
days per year -as proposed by the Christian Orthodox Church- seems to act as

a means lo bone integrity and optimal development.

Keywords: Milk; Dairy; Children; Adolescents; Fast

Abbreviations

AF: All Fasting Periods; BMC: Bone Mineral Content; BMD:
Bone Mineral Density; CaD: Calcium Intake Diary; COC: Christian
Orthodox Church; EAR: Estimated Average Requirement; IOM:
Institute of Medicine; NF: Never Fasted; PF: Partially Fasted;
RDI: Recommended Daily Intake; s-BAP: Alkaline Phosphatase;
s-CTX: C-Terminal Telopeptides Of Type I Collagen; s-OC: Serum
Osteocalcin; WHO: World Health Organization,

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].

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.
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Table 1: Fasting of the Christian Orthodox Church (COC) [28-30].

FASTING DAYS PERIODS OF FASTING
LENT 4 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
January 5 (Eve of Epiphany)
DAILY 3 August 29 (the decapitation of John the Baptist)
September 14 (Exaltation of the Holy Cross)
EVERY WEDNESDAY AND 5563 All Wednesdays and Fridays of the year, apart from those already in the periods of fasting and absolute or free
FRIDAY periods
159 - 197
DAYTOTAL SD:178:419

* 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.

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 caleium 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 [27].

However, prospective epidemiological studies have raised
questions about the effectiveness of the use of dairy products in
the promotion of bone health [28]. 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
daysfyear 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-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.
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
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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 Ages Calcium Intake, mg/ | Milk and Dairy, g/ Type of
(Study) No of patients (vears) Duration day day Groups Research Indices
6091282 (Italy) 750 girls (11-15
8311363 (Poland years of age)
Kardinaal 1116 girls and 8814335 (France) Not representative | 375 young women Cross-
1999 [1] young women /6 | 11-15 - 1134462 for the respective | (20-23 years of age) sectional siud BMC, BMD
Europe countries (Netherlands) countries. from Finland, ltaly, Y
1258+594 (Denmark) Denmark, Poland,
1267£550 (Finland) Netherlands, France
65 children and .
Kroger 1993 adolescents / 720 1 year <800 - >1200 } ) Prospective BMD
[19] . study
Finland
. Sports-exercise .
Lloyd 2000 | 81 white teenager g 500-1500 . Longitudinal
[20] girls | US 12-18 6 years No sports study BMD
Lloyd 2002 | 75 white female | . Longitudinal
22] adolescents / US 12-20 . 8 years 486 - 1958 - Exercise, fitness study BMD
Kohlenderg- ) ;
16 young adults / 843+140 . o 8 Vegan Cross- Urinary calcium
Muel[l:;]Q 003 Germany 19-24 10 days 13224302 Milk 32% 8 Lacto vegeterian | sectional study excretion
105 Vegans
Ho-Pham 210 women / 50-85 10-72 years g;: S;?g:i?:g - Buddhist nuns Cross- BMD
2009 [44] Vietnam vegan diet 105 omnivores | sectional study
women
Bone turnover
Budek 2007 7 days 1000£300 1.5 Liday skimmed | 12 boys, milk group Cross- markers
j45) | 24boys/Denmark| 8 2900+200 milk 12 boys, meat group | sectional study | (s-Osteocalcin,
. s-CTX, s-BAP)
V"'e[::]‘m 28boys/ |, 3months 17234274 fgsﬂ"J:'; m"aggiﬁ" 14 boys, mik group | Cross- BVC. BVD
us 979+286 ’ . Y114 boys, juice group | sectional study '
servings)
330 children .
BMD, Urinary
Jones 2001 | @15 boys, 115 | | g oo 13362541 590 mUd 215 boys Cross: | petassium and
[471 girls/ Tasmania, 115 girls sectional study .
. Sodium
Australia
Tanner stage 1(T1)
pre-pubertal: 9.241.1
age
Tanner stage 2 &
I 10184361 (T1) Lo 3(T2&T3)per
‘:;;;F[‘f:]‘ A6 girls/Finland | 820 | 7days | 10592460 (T2&T3) | ° :iaa'””g:[‘:fke puberta: 11813 | %% |BMC, BID, BMAD
12311565 (T4 & T5) v age ¥
Tanner stage 4 &
5 (T4 & T5) post-
pubertal: 15.9+1.8
age
Dairy (milk, cheese, | 2651 high school
: f yogurt, cream): girls g
Y"S'[“‘i'g?w Aroronren | 1618 | 3years daiy, -5 times, | 2110 high school | CT8 B;’Z“_i ;‘2’;5
P 2-3 times, < 1 time boys ¥
a week 1252 women
VandenBergh = 1359 children / Boys: 1.320.44 653 boys Cross-
1995 [50] Netheriangs | | | 28 months Girls: 1.240.43 706 girls sectional study BMC
Premenarchial
) 60% of total dietary 122 monozygotic Cross-
Young 1995 | 215female Win | 456 | . |calciumis derived from|  'T7o01 (M2) sectional twin | BMD, BMC
B1 pairs [ Australia dairy produce and fish.| | CSmenarchiall | gy 4 gotic (D2) stud
e | 1041674 vg Y
Boys: 722 (beginning
Cheng 1999 179 children / of the study)-700.8 (at 87 girls Longitudinal
[52] China 126 | 3years the last visit) : 92 boys study BMC, BMD
Girls: 560-608.8
Kristinsson . 13 and 13 years: 1293+452 | 80 girls, 13 years Cross-
1994 [53] 162 girls / Iceland 15 1000 - 1200 15 years: 1082+382 | 82 girls, 15 years | sectional study BMD, BMC
. ; Assess consumption
Petridou 1997 | 100 children / 714 2 years of the calcium rich 74 boys Case control Fracture
[54] Greece . 26 girls study
dairy products
2 years Men: 1297+397 0-568 ml milk. Randomized
Felily 1992 581 children / 7.9 (asseysse 414 1323319 (Control) | 190 ml milk on each | 197 boys and girls controlled triall BMC. BMD
[55] United Kingdom ears later) Women: 9334278 school day for 6 174 controls (RCT) !
Y 940+317 (Control) terms
Lehtonen- Supplement 10 pg 66 gymnasts Longitudinal
Veromaa 2002|171 girls / Finnland | 9-15 3 years 1576¢637 Vit. D, + 500 mg Ca 65 runners 9 BMD or BMAD
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. 80% of the calcium _—
Welten 1994 182 children / Boys: 1100-1435 . . \ 84 boys Longitudinal
[57) Netherlands | 10 | 19Ye8'S | Gic 0414.1204 | ke S supplied by 98 girls study BMD
dairy products
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Chan GM I 1 year Control: 728+£321 Dairy products 24 Control group L
190558 | *EWhilegiis/US | 11 Dairy: 1437£366  weekly (1200 mg Ca)| 24 Dairy group °°“‘('§L‘:ef) el | BMC, BMD
Open
Cadogan 1997 82 white girls / Control: 703 ) i 38 Control Randomized
59] United Kingdom | 122 | 18 months Milk: 1125 Milk group: 568 mL/d 44 Milk intervention | oM. BMC
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Total fastening (TF)
1134428 (TF) 451214 (TF) 12,1% _
C“Z”Bjso"ﬁ‘a"” 329 bore and 2% 51504 3vhyears | 1040128 (PF) 33414 (PF) | Partalfostening | %% | Growthrae
9 1090459 (NF) 427430 (NF) (PF) 43,3% Y
No fastening (NF)

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].

Kroger 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 < 0.03) 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 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/cm® mean + SD;

p=0.18). Same results in Femoral Neck BMD (0.62+0.11 vs. 0.63+0.11
glem?; p=0.35) as well as in Body BMD results were 0.88+0.11 vs.
0.90+0.12 gfem? (p=0.31). Prevalence of osteoporosis (1 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/em’, 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" week [46].

A cross-sectional study of 330 boys and gitls 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 T4=1059+460mg/d and T4 and
T5=12314565mg/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].
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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].

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 (1041674g/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].

Inastudy 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 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 Bone Mineral Density
(BMD) ina 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: 12974397, 13234319
(Control) and for the Women: 9334278, 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].

Ina3-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?) 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’ - p for trend
for all tertiles = 0.016) [56].

Another 15-year longitudinal study (the “Amsterdam Growth
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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 (control
group: 1508167, dairy group: 1490+291gm) and lumbar spine bone
density data (control: 0.665+0.077, dairy: 0.663£0.096 gm/cm?). 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: 16174152, dairy: 1695+317) did not differ
significantly between groups [58].

Another randomized intervention study, 82 girls of United
Kingdom 12 year old gitls 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/em® 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
aver 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)
(145.040.6 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. 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 (ie. 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 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 TU/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
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[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].

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. A 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].

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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Abstract

Summary Christian Orthodox Church (COC) fasting is characterized by periodic abstinence from animal foods (including dairy
products). We found that, despite this, older individuals adhering to COC fasting for decades did not differ in bone mineral
density, bone mineral content, or prevalence of osteoporosis at five sites from non-fasting controls.

Purpose The present observational study investigated whether adherence to COC fasting, characterized by periodic abstinence
from animal foods (including dairy products), affects bone health and the prevalence of osteoporosis in older individuals.
Methods Participants were 200 men and women, of whom 100 had been following the fasting rules of the COC for a median of
31 years and 100 were non-fasters, all aged 50 to 78 years. Participants underwent measurements of bone mineral density (BMD)
and bone mineral content (BMC) at the lumbar spine, right hip, left hip, right femoral neck, and left femoral neck; completed a 3-
day food intake record and food frequency questionnaire; and provided blood samples for biochemical measurements.

Results Fasters did not differ from non-fasters in demographic characteristics, anthropometric measures, BMD, BMC, or prev-
alence of osteopenia or osteoporosis at any of the five sites measured (P > 0.05). Fasters had lower daily calcium intake than non-
fasters (median 532 vs 659 mg, P =0.010), daily protein intake (0.67 vs 0.71 g/kg, P=0.028), and consumption of dairy and soy
products (10.3 vs 15.3 servings per week, P < 0.001). Groups did not differ in serum calcium, vitamin D, or urea concentrations.
Conclusions Despite lower calcium intake and lower consumption of dairy and soy products, older individuals adhering to COC
fasting did not differ in BMD, BMC, or prevalence of osteoporosis from controls. Thus, periodic abstinence from dairy and,
generally, animal products does not seem to compromise bone health in older individuals.
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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 preven-
tion 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 an-
imal 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 re-
plenishment 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 restric-
tion. Seafood, such as oysters, mussels, shrimp, cuttlefish,
octopus, squid, crab, and lobster, as well as snails, are permit-
ted during all fasting days on which oil consumption is
allowed. These characteristics of COC fasting are reminiscent
of the Mediterranean diet [3].

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 cho-
lecalciferol) from the diet during approximately half of
the year, as well as the abstention from fish (another good
source of cholecalciferol) during approximately 5 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
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abstinence from dairy products on bone health or
08teoporosis.

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 (in-
cluding 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 be-
tween fasters and non-fasters, This number is much
higher than the sample sizes of 120 and 59 in two pre-
vious 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 vegetar-
ians and 91 omnivores was required to have a power of 0.80 in
detecting a difference of 0.05 g/em? 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®), no dietary supplementation, no medi-
cation, and (in the case of the fasting group) adherence
to COC fasting for at least 10 years. Three more indi-
viduals 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 repre-
sentative 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.
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Anthropometric and cardiac parameters

Body weight was measured on a digital scale to the nearest
0.1 kg 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 pres-
sure monitor (Omron, Hoffman Estates, IL) in sitting position
after 10 min 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 diag-
nosed as BMD of 2.5 standard deviations (T score) or maore
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 was drawn from a forearm vein in
sitting position between 8 and 10 a.m., after 12 h of fast.
Blood samples were placed in test tubes without anticoagu-
lant, left to clot at room temperature, and centrifuged at 1500g
for 10 min. Serum was separated from other blood compo-
nents, divided into Eppendorf tubes, and stored at —80 °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 mea-
sured 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 var-
iation for the three analytes were 5%, 7%, and 3%, respective-
ly, and the laboratory carrying out these measures was in-
volved 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
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. Food intake records were ana-
lyzed 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
1 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 prod-
ucts 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 clas-
sified 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, bene-
fits, 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 var-
iables. 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 contin-
uous variables as median (interquartile range) and compared
groups by using the non-parametric Mann—Whitney U test
throughout. The few variables that warranted a ¢ test did not
produce a different outcome from the Mann—Whitney U test.
Nominal variables are reported as percentages and were tested
through the x test.

Statistical analysis was performed using the SPSS, version
25 (SPSS, Chicago, IL). All statistical tests and corresponding
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P values were two-sided, and the level of statistical signifi-
cance 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 param-
eters (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 an-
thropometric or cardiac parameter (P> 0.05) except for dia-
stolic blood pressure (P = 0.007), which was thus more favor-
able in fasters.

Bone health parameters

The two groups did not differ significantly in BMD
(Fig. 1) or BMC (Fig. 2) at the lumbar spine, right hip,
left hip, right femoral neck, or left femoral neck.
Likewise, the 14 fasters who started fasting before adult-
hood 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 (Table 2) was
independent of group (P>0.05), as shown by \’ tests
where all expected frequencies were at least 5% to en-
sure validity. Likewise, the frequency of osteoporosis and

osteopenia was independent of sex. The average preva-
lence of osteoporosis was 5% (ranging from 0 to 16%
across sites, groups, and sexes), while the average prev-
alence of osteopenia was 35% (ranging from 22 to 50%).
Eighty-eight fasters and 82 non-fasters were free of os-
teoporosis at all five 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 concen-
trations 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 =10.095). 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 con-
sumed 15.3 (10.6-21.0) servings (P < 0.001). Finally, the cor-
responding MedDietScore was the same for the two groups:
30 (27-34) and 30 (27-33), respectively. Daily alcohol con-
sumption 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 phys-
ical activity (Fig. 3). Only seven fasters and eight non-
fasters practiced high-intensity/impact weight-bearing ex-
ercises. Fasters smoked considerably less than non-
fasters, since only three fasters were smokers, as com-
pared to 36 non-fasters (P<0.001). Fasters smoked 0
(0-0) cigarettes daily, whereas non-fasters smoked 0
(0-5) cigarettes daily.

Table 1 Demographic,

anthropometric, and cardiac Parameter

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

parameters of the participants

(median and interquartile range) Gender (female/male)

Age (years)

Body weight (kg)

Height (m)

BMI (kg/m?)

Resting heart rate (bpm)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

68/32 66/34

58.2 (54.0-62.3) 56.4(53.2-61.8)
75.5 (68.8-84.0) 76.7 (66.5-84.3)
1.63 (1.58-1.69) 1.63 (1.59-1.71)
28.0(25.8-31.4) 28.1(25.0-30.5)
69 (62-76) 70 (64-76)

130 (123-133) 129 (126-133)
80 (74-84) 82 (78-85)*F

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

In the present study, we have examined differences in a num-
ber 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 accord-
ing 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 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 pro-
file, BML, 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 rec-
ommended 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 rec-
ommendations 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
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Fig. 1 Box plots of bone mineral density at the lumbar spine (a), right hip
(b), left hip (¢), right femoral neck (d), and left femoral neck () 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

assessed. These findings challenge the view that dairy con-
sumption is beneficial for bone health and constitute a useful
addition to recent controversial findings showing an associa-
tion 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]. Tt 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, pe-
riodic 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 recommend-
ed 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
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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).

@ Springer

142



68 Page6of 8

Arch Osteoporos (2019) 14: 68

a b c
100 60 60
90 1 E 551 . 551

807 501 50

Gl g

§ 70 451 45

8

c

=]

Qo

5 60 401 401

[+}]

£

E 5 35 4 35

[+}]

c

@

40-1 301 30 1
30 251 J 251

20- 20- 20-
Fig.2 Box plots of bone mineral content at the lumbar spine (a), right hip
(b), left hip (¢), right femoral neck (d), and left femoral neck (e) of fasters

rate. Considering the fact that the DRI for calcium for
older adults is 1000-1200 mg [18], our findings suggest
that not as much calcium is needed to optimize BMD and
BMC and prevent osteoporosis.

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 stafistical significance, despite being numerically large
(due to the wide dispersion of the individual values), and
although sunshine exposure is usually the most important de-
terminant 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.
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(gray boxes) and non-fasters. See Fig. 1 for description of each plot’s

Despite a significant difference in dietary calcium intake,
the serum calcium concentration did not difter 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 parame-
ters were numerically small (6 to 10%) and in the same direc-
tion (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 were 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 sug-
gests that some aspect of their lifestyle is more favorable. At

Table 2 Prevalence of

osteoporosis and osteopenia at Site Osteoporosis (%) Osteopenia (%) Normal (%)
five sites
Fasters Non- Fasters Non- Fasters Non-
fasters fasters fasters

Lumbar spine 6 15 28 31 66 54
Right hip 3 3 38 28 59 69
Lefi 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 Parameter

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

(median and interquartile range)
Serum calcium (mg/dL)

Serum 25-hydroxyvitamin D (ng/mL)

Serum urea (mg/dL)

Daily dietary calcium intake (mg)
Daily dietary vitamin D intake (jtg)
Daily dietary protein intake (g)

9.7 (9.4-10.1) 9.7 (9.4-9.9)
16.5 (12.7-20.8) 18.2(12.7-23.2)
29 (24-36) 32 (25-40)

532 (347-752) 659 (474-857)*

1.20 (0.41-2.79)
0.67 (0.46-0.84)

1.69 (0.65-3.30)
0.71 (0.58-0.93)*

*P < 0.05, significantly different from fasters according to Mann—Whitney U test

present, it is not clear what that aspect might be. Further anal-
yses are under way, which might shed light on this difference.

A limitation of the present study is the one always associ-
ated with studies involving self-reporting of lifestyle parame-
ters. Therefore, the possibility exists of misreporting (cither
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
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Fig. 3 Distribution of physical activity levels in fasters and non-fasters.
Groups did not differ significantly (1 test, P> 0.03).

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 mea-
surements in future studies during periods of fasting and pe-
riods 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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Abstract

Proper nutrition throughout childhood and adolescence is crucial for normal bone development. We investigated whether
adherence to Christian Orthodox Church fasting is characterized by periodic avoidance of animal foods (including dairy prod-
ucts), since childhood affects stature or bone health in young adults. This cross-sectional study included 200 healthy men and
women, aged 18-35, of whom 100 had been following religious fasting for a median of 14 years, starting at the age of 10, and 100
were non-fasters. Measurements included body height; bone mineral density and bone mineral content at the lumbar spine, right
hip, left hip, right femoral neck, and left femoral neck; prevalence of bone fracture; serum biochemical parameters; food and
nutrient intake; and physical activity and smoking habits. Fasters did not differ from non-fasters in anthropometric measures
(including height), bone mineral density and content, or prevalence of low bone mineral density at any of the five sites measured;
number of bone fractures; or serum calcium or 25-hydroxyvitamin D concentrations (P > 0.05). Fasters had lower daily calcium
and protein intakes, as well as lower dairy consumption than non-fasters. Groups did not differ in physical activity, and fasters
smoked less than non-fasters.

Conelusion: Despite lower calcium intake and lower dairy product consumption, individuals adhering to religious fasting
since childhood did not differ in height, bone mineral density and content, or prevalence of fractures from controls. Therefore,
periodic abstention from dairy and, generally, animal products since childhood does not seem to compromise bone health in
young adults.
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‘What is Known:
* Bone health is an important determinant of overall health and longevity.

* Proper nutrition throughout childhood and adolescence is crucial for novmal bone development.
* Adequate intake of dairy products is considered important due to their high calcium content.

What is New:

« Young adults with limited calcium intake and dairy product consumption, due to adherence to the fasting rules of the Christian Orthodox Church since
childhood, do not differ in height or indices of bone health from non-fasting controls.

Keywords Adulthood - Bone mineral density - Calcium - Childhood - Christian Orthodox Church fasting - Dairy

Abbreviations:

BMC  Bone mineral content
BMD  Bone mineral density

COC  Christian Orthodox Church

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 to 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 spe-
cific foods and/or excluding others, during childhood and ad-
olescence 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 specif-
ic periods and days during the year [6] and has many charac-
teristics 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 ques-
tion 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.

@ Springer

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 (pres-
ently 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?), 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 repre-
sentative 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 electron-
ic blood pressure monitor (Omron, Hoffiman Estates, IL).
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Bone status parameters

BMD and BMC were measured through dual-energy X-ray
absorptiometry at five sites, as described [6]. BMD was con-
sidered 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 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 h 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 exer-
cises 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 distri-
bution with the Kolmogorov-Smirnov test and histogram
charts. Because the distribution differed significantly from
normal in most cases and to facilitate comparisons across pa-
rameters, we report all continuous variables as median (inter-
quartile range) and compared groups by the non-parametric
Mann-Whitney U test. (None of the few variables that war-
ranted a ¢ test produced a different outcome.) Nominal vari-
ables are reported as percentages and were tested through the
Y 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 de-
clared at P < 0.05.

Results
Demographic characteristics

Fasters were 26.7 (22.2-33.4) years old and had been observ-
ing 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 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 (Fig. 1) or BMC (Fig. 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 x*
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). Fifieen 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 differ-
ences in calcium or 25-hydroxyvitamin D were not signifi-
cant, whereas the difference in urea was (P = 0.004). Table 3
also presents the daily calcium, vitamin D, protein, and alco-
hol 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 con-
sumed 12.0 (7.5-18.5) servings of dairy and soy products
per week, whereas non-fasters still consumed 14.0 (9.0—
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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)
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?) 23.9(213-27.5) 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)

22.4) servings (P = 0.103). Weekly alcohol consumption was Discussion

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 ad-
herence to the traditional Mediterranean diet, since the
MedDietScore ranges from 0 (no adherence) to 55 (full adher-
ence) [9].

Physical activity and smoking habits

Habitual physical activity did not differ between fasters
and non-fasters (Fig. 3). Twenty-nine fasters and 32 non-
fasters practiced high-impact weight-bearing exercises
(non-significant difference). Only seven fasters were
smokers, compared with 22 non-fasters (P = 0.003).
Smokers did not differ significantly from non-smokers in
any bone status parameter.

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 cor-
relation coefficients ranging from 0.6 to 0.9 [2-4]. These find-
ings indicate that early levels of bone mass are important for
later bone health and reinforce the relevance of the present
study.
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Fig.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 () 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
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A recent position statement and systematic review on peak
bone mass development and lifestyle factors have 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 with non-
fasters. Evidence for a positive effect of dairy consumption on
bone mass is considered good [5], and most countries suggest
2-3 servings per day [11]. In the present study, dairy con-
sumption was below these recommendations for most fasters,
as can be seen when one divides the weekly intakes reported
under the “Results™ section 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

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
Lefi hip 4 3 96 97
Right femoral neck 3 3 97 97
Left femoral neck 2 3 98 97

[T ]l

elements. No significant difference between groups was found (Mann-
Whitney U test, P > 0.05)

minimum recommendation. The lack of differences between
groups in the bone status parameters assessed questions the
importance of dairy products for bone health. Thus, our find-
ings add to recent controversial findings ranging from a pos-
itive 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 [3,
15]. These differences are apparently due to the lower con-
sumption 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 se-
rum calcium concentration did not differ between fasters and
non-fasters (despite the significant difference in calcium in-
take), 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 cal-
cium and dairy consumption in fasters, resulting in no differ-
ence 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
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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)

Serum 25-hydroxyvitamin D (ng/mL)
Serum urea (mg/dL)

Daily calcium intake (mg)

Daily vitamin D intake (ug)

Daily protein intake (g/kg)

Daily alcohol intake (g)

9.7 (9.4-10.1) 9.8 (9.5-10.0)
17.6 (12.8-24.0) 19.2 (15.8-23.8)
25 (19-30) 28 (23-35)

532 (350-799) 663 (444-920)*
125 (0.50-2.22) 1.82(0.56-2.97)
0.73 (0.59-0.96) 0.83 (0.67-1.05)
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

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
amedian of 31 years did not differ in BMD, BMC, prevalence
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Fig. 3 Distribution of physical activity levels in fasters and non-fasters.
Groups did not differ significantly (1 test, P> 0.03)
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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 s, (1)
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 (2) the possible fluctuation of
some parameters 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.
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Abstract

Objective Nutritional disorders cause secondary osteoporosis as well as musculoskeletal metabolism dysfunction. The
Christian Orthodox Church’s fasting in Mediterranean countries such Greece and Cyprus, or M.C.0.C. diet consists of self-
restraint from food and/or food categories for 180 = 19 days of total, especially of animal protein and dairy products. This
case-control study attempts to investigate the effect of this fasting pattern on musculoskeletal metabolism and bone density.
Design One hundred fasters (or M.C.0.C. diet followers; 68 women and 32 men, mean 59 £06.5) with 32 years average
fasting time and 100 non-fasters (66 females and 34 males, mean 58.1+6.8; the control group of Mediterranean diet
followers) over the age of 50, including menopausal women, were interviewed, as well as physically and laboratory
examined along with DEXA measurements of the L2-4 vertebrae and hips. Nutrition data gathered through a 3-day food
record during a non-fasting period, while energy intakes calculated on a daily food consumption basis.

Results Given the overall low incidence of osteoporosis in the Mediterranean diet, it appears to be more than three times
higher than that of M.C.O.C. diet despite the periodic restriction of food intake of animal origin into a slightly hypothermic
pattern, which in turn is characterized by increased consumption of multicolored vegetable foods.

Conclusions Abstinence from dairy products and meat does not adversely affect musculoskeletal metabolism or bone
density. M.C.O.C. diet seems to be “healthy” eating habit for the musculoskeletal system, as future studies expected to
confirm.

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 one in two females and one in
five 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
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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
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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 osteo-
porosis [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 cating
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.0.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.

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 gath-
ered personal information along with medical and nutri-
tional history.

In addition to the food intake records, a semiquantitative
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 ques-
tionnaire was also used to evaluate adherence to the Med-
iterranean diet through the MedDietScore [12], an 11-item
index that produces a score ranging from 0 to 55 (0-5 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 cach 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 (BMI240kg/m?), no dietary supplement,
no medication and adherence to COC fasting for at least 10
years. Three more people were excluded due to the 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 exclu-
sively 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 12-4 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.

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 acceptlable level of significance of 5%.

In short, fasters showed better 7-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 staristical 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. The exactly opposite was observed for the right hips
as 5% of fasters demonstrated femoral neck osteo-
porosis versus null of the non-fasters. (Figs. 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 and
polyunsaturated fat and dietary fibers), vitamins (B3,
B12, D3, E, and folic acid), minerals and trace
minerals (calcium, ferrum, magnesium, manganese,
phosphorus, and selenium).
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Fig. 1 Columns of prevalence of normal bone density (T-score 2
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 and 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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Fig. 2 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 com-
parative analysis conducted between fasters and non-fasters via Chi-
square and 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). The exactly
opposite was observed for the right hips as 5% of fasters demonstrated
femoral neck osteoporosis versus null of the non-fasters.

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
2000mg recorded the 50.9% of non-fasters and the
41.82% of fasters (X° and 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).

SPRINGER NATURE

Table 1 Nutritional intakes.

Magcro- and micronutrient intakes

Fasters (C.0.C.
diet) (n =353)

Non-fasters
(Mediterranean
diet) (n=155)

Mean Median Mean Median p value
Proteins (g) 51.0 490 595 571 0.040
Total fat (g 795 735 90.9 895  0.005
Polysaturated fat (g) 8.9 8.5 10.8 9.7 0.033
Dietary fibers (g) 18.0 170 250 220 0.005
B3 vitamin (% RDA) 56.5 420 748  64.0 0.004
B12 vitamin (mcg) 2.7 1.9 5.3 2.5 0.007
B12 vitamin (% RDA) 1147 795 2197 1050  0.010
D3 vitamin (mcg) 1.9 0.9 53 23 0001
D3 vitamin (% RDA)  20.1 9.5 36.8 21,0 0.002
E vitamin (% RDA) 46.0 405 653 485  0.029
Folic acid (%RDA) 44.5 400 57.5  48.0  0.001
Calcium (%RDA) 565 511 763 686 0.014
Calcium (mg) 482 425 644 570 0.016
Ferrum (mg) 8.5 79 11.0 94 0.021
Magnesium (mg) 163.3 1590 2162 1867  0.024
Manganese (%RDA) 535 420 7.3 59.0 0.013
Manganese (mg) 1.1 0.9 1.5 1.2 0.024
Phosphorus (%RDA) 1106 1050 1383 1260  0.027
Phosphorus (mg) 7850 7350 9710 8800  0.026
Potassium (1.6-2.0 g) 32.7% 13.2% 0.016
Selenium (%RDA) 722 650 995  78.0  0.035
Selenium (mg) 406 344 559 430 0027

In contrast to the above, the blood levels of all nutrients
did not show statistically significant differences between the
two study groups.

Discussion

The present study investigated the possible effects of the
M.C.0.C. diet on musculoskeletal metabolism, particularly
on bone density in individuals over 50 years and in post-
menopausal 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 muscu-
loskeletal 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.
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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. In
addition, 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 obser-
vations 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 pub-
lished 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/lkg BW
as 0.8-1.5 g/lkg BW is the range of sufficiency for adequate
BMD [17]. These findings confirm previously published
data [18]. However, calculations in mass units, daily protein
intake provided evidence of sufficiency, as over 25 g/24 h
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 cal-
cium as estimated average requirement 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/24 h measured in 81.8% of fasters and in
62.26% of non-fasters. Calcium above 1000mg/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, >20ng/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 bio-
chemical markers or even somatometric changes. The same
work points to the “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 bene-
ficial 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 vege-
tarians, as compared with 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

SPRINGER NATURE
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Various types Buddhists” Temple food:

Buddhism/Taoism

Intermittent fasting (time-
restricted feeding)

Islam [34]

Seventh day adventism
Biblical diet and various types of
veganism/vegetarianism/semi-

(protestantism)

Christian Catholicism [33]
Hybrid (calorie restriction/

Periodic fasting (abstinence of

(C.O.C. fasting) [11-17, 23]

Table 2 Concise features of the fasts of various religious doctrines.
Eastern Christian Orthodoxy

Fasting type

SPRINGER NATURE

vegetarianism/semi-vegetarianism (lacto-/
ovo-), not necessarily CR [24] Taoists’

bigu diet: IF-1o-CR [37]

certain foods) on Mediterranean  vegetarianism), not

pattern, slightly CR

vegetarianism (pesco-)/CR [24, 36]

necessarily CR

Throughout the year [24]

One month

Throughout the year [36]

40 days

Meat

180+ 19 days

Annual duration

Meat (Taoists and Buddhists), five pungent
vegetables, alcohol, high amounts of

Food and water

Pigs, shellfish, vultures/meat [38]

Meat, fish, eggs, dairies,

Abstinence of

wine

oil,

processed food (Buddhists), [24] grain

(Taoists) [37]

Regular (no restriction) Reduced (prayer)-to-regular

Sabbatarianism (24 h drawback)

[38, 39]

Regular (no restriction)

v Regular (no restriction)

Physical activit

Normal [37]-to-high, higher than
omnivores (i.e., Koreans) [24]

Normal-to-high Low-to-normal [36, 38] Normal [34]- to-high [35]

Increased

BMI

Controversial (beneficial on  Controversial (no negative impact/

PTH and Calcium [34]

Positive impact [38, 40]

No negative impact

Positive impact

Bone Health

osteoporosis) [25, 42]

learly osteoporosis [41])

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 con-
cluded that BMD—but not bone quality—is negatively
affected mainly in vegans since they do not exercise sys-
tematically, as compared with 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 cor-
respondingly lower BMD as well as a fracture risk of 32%
[27]. Again, the lack of FRAX data did not allow conclu-
sions 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 differences (i.e.,
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 nonobese young adults and
obese elders [30], our study showed a statistically sig-
nificant 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.0.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 vege-
table/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.
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Conclusion

The M.C.O.C. diet based on the Mediterranean pattern has a
favorable effect bone metabolism and bone density. The -
overall low - prevalence of osteoporosis in the Mediterra-
nean 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 con-
sumption—excluding potassium—of proteins, fats (includ-
ing polyunsaturated), dietary fibers, vitamins (B3, B12,
folate, D3, E) and minerals (calcium, manganese selenium,
iron, phosphorus) in favor of traditional Mediterranean diet.
However, the “periodic” M.C.0.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 metabo-
lism, 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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ABSTRACT

We examined whether bone health is related to protein intake from different sources by utilising
a distinct, rare dietary pattern: avoidance of animal foods for approximately half of the year
according to Christian Orthodox Church fasting. Four-hundred adults, of whom 200 had been fol-
lowing religious fasting for a median of 15years and 200 were non-fasters, underwent anthro-
pometry, measurements of bone mineral density (BMD) and bone mineral content (BMC), and
completed a food frequency questionnaire. Groups did not differ significantly in anthropometric
measures, BMD, or BMC. Fasters had higher consumption of seafood and lower consumption of
red meat, poultry-eggs, dairy products, and grains-cereals than non-fasters. Protein intake from
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these food groups exhibited similar differences; overall, fasters had lower protein intake than non-
fasters, BMD and BMC were positively, though weakly, correlated with red meat and poultry-egg
consumption. Thus, protein intake seems to play a minor (if any) role in bone health.

Introduction

The integrity and health of osseous tissue are import-
ant for the overall health, well-being, quality of life,
and longevity of an individual. Osteoporosis, on the
other hand, by augmenting bone fragility and suscep-
tibility to fracture, is associated with considerable
pain, impaired quality of life, disability, and even
death (Pisani et al. 2016; Tarrant and Balogh 2020).
Justifiably then, numerous studies have sought to elu-
cidate 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 (Dolan and
Sale 2019). Dietary protein has been shown to be a
powerful regulator of calcium metabolism (Kerstetter
et al. 1997). On one hand, a high protein intake may
increase the renal acid load, which induces calcium

loss from bone to neutralise pH and promotes bone
demineralisation (Carnauba et al. 2017). On the other
hand, dietary protein is needed for bone formation,
since protein constitutes approximately one quarter of
human bone mass (Boskey 2013), upregulates anabolic
hormones and growth factors with osteogenic action
(Bonjour 2016), and promotes muscle growth (Witard
et al. 2016), thus indirectly benefiting bone by placing
increased mechanical load on it. Moreover, increased
dietary protein increases intestinal calcium absorption
(Kerstetter et al. 2003; Kerstetter et al. 2005; Calvez
et al. 2012), thus counteracting the potentially nega-
tive 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 (Shams-White et al. 2017). Analysis
of the association between dietary patterns
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characterised by consumption of different protein
sources (such as meat vs fish) has also produced vari-
able findings, as detailed in Discussion section (Perna
et al. 2017).

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 (totalling approximately half of the
year) and shares many characteristics with the
Mediterranean diet (Rodopaios et al. 2019). 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 (Rodopaios et al. 2019) or younger (Rodopaios
et al. 2020), did not differ in indices of bone integrity,
such as BMD, bone mineral content (BMC), and
prevalence of osteopenia, osteoporosis, and bone frac-
ture, 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 sta-
tus between fasters and non-fasters to investigate
whether protein intake or source differed or not
between groups in the total sample of our two previ-
ous studies (Rodopaios et al. 2019, 2020). The former
possibility (differences in protein intake or source des-
pite no differences in bone status) would not favour 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 centres
for the elderly, all located in the province of
Thessaloniki, Greece. Of the 454 individuals who con-
sented to participate, 40 were excluded because, at
their first visit, they were found not to meet the inclu-
sion criteria, which were the absence of chronic dis-
ease, absence of morbid obesity (BMI > 40 kgfmz), no
dietary  supplementation, and no medication.
Additionally, to qualify as fasters, they were needed to
declare full adherence to COC fasting without inter-
ruption for at least the past 10 years 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 avoid-
ance 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 (totalling 101-131 days,
depending on when Easter falls) and allows unre-
stricted eating during two other periods (totaling
47days). The remainder of the year consists in
“moderate” fasting, that is, avoidance of animal source
foods, oil, and wine on Wednesdays and Fridays only.
The total days of fasting range from 159 to 197 (aver-
age, 178). To ensure that the data regarding the fasters
were as representative of the entire year as possible,

S —
Assessed for
eligibility (n = 454)

A

Excluded (n = 54)
Allocated to * Not meeting inclusion
fasters (n = 214) and criteria (n = 40)

non-fasters (n = 240) * Failed to perform all
measurements (n = 14)

r

Enrolled in = 400)

l

Non-fasters (n = 200)

Fasters (n = 200)

Figure 1. Participant flow diagram of the study.
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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, as presented in detail in
Supplemental Table 1.

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 centimetre.

Menstrual history and contraceptive use

The female participants were interviewed about
whether they had regular (21-35days) or irregular
menstrual cycle, whether they had entered menopause
and, if so, at what age. Additionally, they were asked
whether they were using oral contraceptives.

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 question-
naire (Papadopoulou et al. 2008) comprising 14 food
groups (red meat; poultry and eggs; seafood; dairy
products; pulses; grains and cereals; nuts and seeds;
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vegetables; fruits; oils and fats; sweets; beverages; alco-
holic drinks; and composite dishes), which was admin-
istered 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 accord-
ing to the National Nutrition Guide for Greek Adults
(Institute of Preventive Medicine Environmental and
Occupational Health 2014) and are presented in Table 1.
Protein intake was assessed on the basis of the protein
content of these foods (Food Standards Agency 2002;
Trichopoulou 2004). It should be noted that grains
and cereals were included in the list despite their
rather low protein contents because they made a con-
siderable quantitative contribution to the total protein
intake of the participants, as will be shown under
Results section.

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 12hours of fast. Samples
were left to clot at room temperature and centrifuged
at 1,500¢ for 10minutes. Serum was removed and
analysed for urea, creatinine, and uric acid through
the urease - glutamate dehydrogenase, sarcosine oxi-
dase, and uricase-peroxidase methods, respectively, in
a Mindray BS-300 Chemistry Analyser. The coeffi-
cients 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.

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 74
Seafood Fish, molluscs, shellfish (cooked) 140 210
Dairy Milk, yogurt 240 13
cheese 30 52
dairy cream 120 38
Pulses Beans, lentils, soybeans (cooked) 180 245
Grains and cereals Bread 40 37
Rusks 60 6.1
Bagels, breadsticks, pita bread 30 2.7
Pasta, rice, frumenty (cooked) 220 73
Sweet corn (cooked) 50 1.4
Breakfast cereals 35 32
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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 iden-
tify high-intensity/impact weight-bearing exercises
that better promote BMD (Xu et al. 2016). Finally,
they were interviewed about their smoking habits;
those smoking one or more cigarettes daily were con-
sidered 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 collec-
tion 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 varia-
bles 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 varia-
bles 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 x* test. Correlation analysis was per-
formed by determining Spearman’s p correlation
coefficient.

Statistical analysis was performed using the SPSS
version 25 (SPSS, Chicago, IL). All statistical tests and
cotresponding 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).

Menstrual history and contraceptive use

In the fasting group, 53 women had regular menstrual
cycle, 10 had irregular menstrual cycle, and 68 were
postmenopausal (totaling 131). The corresponding val-
ues in the non-fasting group were 42, 18, and 66
(totaling 126). Menopause had 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). Only two fasters (and none of
the non-fasters) were taking oral contraceptives.

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 266
(23.0-29.5) kg/m” and 25.6 (22.7-29.1) kg/m® for
BMI. The two groups did not differ in any anthropo-
metric 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 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,
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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 fem-
oral 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 differ-

ence between groups was found (Mann-Whitney U test, p > 0.05).

Table 2. Frequency of consumption of food groups that are
good protein sources by the participants of the study (por-
tions/week).

Food group Fasters (n=200)  Non-fasters (n=200) p Value
Red meat 2.0 (1.0-3.5) 3.0 (1.5-4.5) <0.001
Poultry and eggs 3.5(2.5-55) 4.5 (3.0-7.0) 0.001
Seafood 2.0(1.0-25) 1.5 (1.0-2.0) 0.010
Dairy 11.5 (7.5-17.9) 15,0 (11.5-21.5) <0,001
Pulses 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 (15.5-304) 0.017

and uric acid concentrations were numerically higher
compared to fasters (Table 4), although only the dif-
ference 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
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practicing high-intensity/impact weight-bearing exer-
cises (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 sta-
tus 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 signifi-
cant correlation with the two bone parameters. Dairy
consumption displayed only two positive correlations,

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 Value
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) 022 (0.14-032) <0.001
Pulses 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) 091 (0.72-1.18) <0.001

Table 4. Serum concentrations of metabolites related to pro-
tein and meat intake in the participants of the study.

Metabolite Fasters (1=200)  Non-fasters (n =200) p Value
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) 43 (35-53) 4.5 (3.7-5.5) 0.343

whereas pulse and grain-cereal consumption was not
correlated with any bone parameter. All significant
correlations were weak, explaining only 1.0%-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.

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), char-
acterised by periodic avoidance of foods from animal
sources. Movassagh and Vatanparast (2017), in their
scoping review stress that dietary-pattern approaches in
the study of bone health take into account contributions
from various aspects of the diet and can thus comple-
ment single-nutrient and single-food studies.

Fasters did not differ from non-fasters in demo-
graphic 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 pro-
tein sources, ie. dairy products, grains-cereals, red
meat, and poultry-eggs, all in favour of non-fasters.
Conversely, fasters had higher consumption of sea-
food, a minor protein source in both groups. As a
result of these differences, daily protein intake was

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
Pulses ns ns ns ns ns
Grains and cereals ns ns ns Ns ns

Values are Spearman’s p, followed by p value in parentheses. ns: not significant (p = 0.05).

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)
Pulses ns ns ns ns ns
Grains and cereals ns ns Ns ns ns

Values are Spearman’s p, followed by p value in parentheses. ns: not significant (p > 0.05).
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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
(2019), summarising systematic reviews and meta-
analyses by Darling et al. (2009) and Shams-White
et al. (2017), conclude that higher protein intakes
have a small positive impact on BMD. In particular,
Darling et al. (2009) found a weak positive relation-
ship of dietary protein intake with BMD and BMC,
only explaining 1-2% of the variation in BMD.
Likewise, the meta-analysis of randomised controlled
trials and prospective cohort studies by Shams-White
et al. (2017) reported a small positive effect (0.52%) of
higher, compared to lower, protein intakes (defined
differently in each analysed 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. (2018), summarising systematic reviews and
meta-analyses on the benefits and risks of dietary pro-
tein 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%-3% higher than that of fasters.
Although these differences did not reach statistical sig-
nificance 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 pro-
tein source with bone status, correlation analysis was
performed, which produced weak (explaining just
1%-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 regard-
ing the connection of specific protein sources with
bone status. In agreement with the present findings,
Durosier-Izart et al. (2017) reported that bone
strength was positively associated with total, animal,
and dairy protein intakes but not with vegetable pro-
tein intake in healthy postmenopausal women.
Nevertheless, Wallace and Frankenfeld (2017), 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
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animal and plant proteins, although data in this area
are scarce,

Regarding seafood consumption, the present find-
ings differ from those of Li et al. (2017) who reported
that Chinese men with high fish consumption (with-
out consideration for portion size) had a lower preva-
lence of osteoporosis. Of interest is the study of Choi
and Park (2016) who found a weak positive associ-
ation (with correlation coefficients ranging from 0.047
to 0.181) with BMD in Koreans (who consumed sea-
food 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 min-
imum seafood intake might be necessary for a sub-
stantial 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 sam-
ple 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. (2017) on the association between dietary pat-
terns 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 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 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 (Wu
2006) was significantly higher in non-fasters than fas-
ters, as was protein intake. Serum creatinine and uric
acid, known indices of meat consumption (Choi et al.
2005; Wu 2006) were also higher, although not signifi-
cantly, 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.
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Alcohol consumption and smoking were two life-
style 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 con-
sumption) (Gaddini et al. 2016), 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 smok-
ing on bone health is limited and inconsistent
(Weaver et al. 2016; Strozyk et al. 2018) 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 examin-
ation of a relatively large group of individuals who fol-
lowed 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. Moreover, whilst the participants have
declared full adherence to COC fasting in previous
years, there is no confirmation of this, understandably,
so there was a reliance on self-report, which is not
ideal but was the only feasible option in this circum-
stance. In addition, the variation in the fasters’ diet
over the year may lead to fluctuations in some end-
points, making their values dependent on when they
are measured (although it is difficult to think that
BMD and BMC can fluctuate during a year). An add-
itional limitation is the lack of snapshots of physical
activity, nutrition, and other contributing lifestyle fac-
tors over the years. Finally, a limitation of the study is
that the participants lost during the study (14 of the
414 eligible ones) might have substantially different
profiles from those of the 400 who completed the
study. However, the proportion of the former to the
latter (3.5%) is rather small; therefore, the chance of
their having a significant effect on the outcomes of
the study should also be considered small.

Conclusion

Despite having lower protein intakes, men and women
who had been periodically avoiding animal source
foods for a median of 15years 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 assess-
ment 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 characterisation of the relation between
nutrient intake and bone health.
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