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[MepiAnwn (ota EAANVIKG)

MevikA emokoTNoN: MNaykoouiwg o emMTTOAACUOG TNG EAAEIWNG BiTauivng D oTov opd ival
iIO1aiTepa augnuévog. Ytoloyietar TTwg 1 SIOEKATOUMUPIO GvBpwWTTOl €XOUV XAMNAR
ouykévtpwan Birauivng D atov opd. Akdua kal o€ xwpes TG Meooyeiou, 6TTwg n EAAGDQ,
O0TTou N nAlo@aveia eival augnuévn, TTAPATNPEITAI AUENUEVOG ETTITTOAAOUOG Kal XaunAd

etmimeda Brrapivng D oTov 0pb.

AKOUN, o€ TTAYKOOMIO ETTITTEDO, TTAPATNEEITAI XOAUNAR TTPOCANWN BiTauivng D atrd Tnv Tpoon
KaBwg Kal ammd ocuptTmAnpwpata diaTpoPig. H éAAeiwn Bitapivng D ptropei va emdpdoel
oNPavTIK& oTn OKEAETIKN uyeia o€ OAEG TIG NAIKIOKEG OPAdEG, OTTWG YA TTAPAdEIYUA HE
POXITIONO 0TOUG AVAAIKOUG KABWG ETTIONG Kal va Quénoel TV mTeavoTNTA YIa 00TEOUAAAKIA,

OOTEOTTEVIA KOl OOTEOTTOPWON OTOUG EVAAIKEG.

EmmpooBeta, Tnv TeAeuTaia OeKaeTia OPKETEG MEAETEG E€XOUV OUCXETIOEl TNV €AAEIWN
Birauivng D kai ye GAAeG TTaBRO€Ig, Kal N oxéan Toug epeuvaral. Mapadeiypara atmmoreAouv
n méavr oxéon METaEu TnG Bitauivng D kai xpdviwv acBeveiwv OTTWG N TTaxucapKia, o
oakxapwdng diaBnTng, Ta autodvooda VOOHUATA, TA KAPSIAYYEIGKA VOOAUATA Kal O

Kapkivog. AKOun, oxeTiCetal ue augnuévn Bvnoiudtnta aveéapTrTou aITiag.

21ox0I: Acdopéva atmd avTITTIPOCWTTEUTIKO &giyua Tou TTANBucpol TG EANGSaG, dvw Twv
18 eTwv, a1ré TNV MaveAAadikr) MeAETn AloTpo@ng Kail Yyeiag xpnoipgoTtroinénkav o€ autn T
d1dakTopIkn d1aTpIBr. Kupiog o1dx0g TNG dIaTPIBAG ATAV N KATAYPAPr) TOU ETTITTOAGCHOU
EMNepng Birapivng D otov opd aTtov evijAiko TTANBuoud TG EANGSag kabwg eTTiong Kai n

OUOXETION TOU WE TOUG TTIBavoUG TTapAyovTEG TTou eTTNPEACOUV TA ETTITTEDA TNG.

AeuTtepelwv OTOXOG ATAV N KATAypa®n NG TTPOcAnWNg Biradivng D atmd tnv Tpo®A Kal n
olyKpIion autwv Twv emTTedwv Pe 1o Estimated Average Requirement kaBwg kal To
Recommended Dietary Intake. TéAog, SiepeuvnBnke WS €va BewpnTikd TTAPAdEIYHO
EUTTAOUTIOOU TpoYiuou ue Birapivn D B8a BonBoloe oTnv auénon dIaTPoQIKrG TTPOCANWNGS
Birauivng D kabwg kai TTwg Ba BeATiwvoTav n TpdoAnywn Birapivng D amd tnv 1poen o€

ouyKpIoN PE TIG CUOTAOEIG.



MeBodoAoyia: AvTITTPOOWTTEUTIKO deiypa 3773 evnAikwv nAikiag =218 etwv amoé tnv
TTASIOWNQIA TWV VOPWY TNG XWPAS XPNOIMOTTOIRONKE yia auTh TN PEAETN. H emAoyh Twv
€0eAOVTWV £YIVE TUXAIOTTOINUEVA, OE ouvEPyaaia e TNV EAANVIKR ZTaTIOTIK) Apxr METG aTTd
oTpwpaToTroinuévn derypatoAnyia. H MaveAhadikr) MeAéTn Alatpo@ri kai Yyeiog e@dpuooe
TANBWPa  epwTnuatoloyiwv oTouG €BeAOVTEG, TO TIEPICOOTEPA aATTIO TA  OTroid

OupTTANpWvYoOVTaV Pe TN BorRBeia epeuvnTr).

O1 petpnoeig Tou TpayuaTtotroifonkav Eyivav atmo eEEIBIKEUPEVO Kal EKTTAIBEUPEVO WE BAaN
TO TTPWTOKOAAO TNG MEAETNG ETTIOTNMOVIKO TTPOOWTTIKG. A TN CUYKEKPIYEVN BIOAKTOPIKN
d1aTpIBr kal avaAuon xpnoipoTtroienkav dsdopéva atréd: (1) E¢eTdoeig aipartog (Birapivn D,
TTapaBupeoeidig opudvn, aoBEaTio, KTA.), (2) epwTnuatoAdyio €kBeong otov HAIo, (3) Auo
avakAnoeig 24wpou avd €Bghovth Pe Baon Tnv Automated Multiple-Pass Method kai pe
xpnon Computer Assisted Personal Interview, (4) EpwtnuatoAdyio Aqung apudkwy Kai
OUMPTTANPWHATWY dIaTpo@rg Kai (5) AvOPWITOUETPIKEG HETPAOEIG.

MNa Tnv av@Auon Twv dedopévwy atmo TIS avakARoEIS 24wpou XpnoihoTroindnke n d1Ebvwg
a1rodeKT HEBoBOAOYIa yia TNV EKTIUNON Twv £€0€AOVTWYV TTOU UTTO- | UTTEP-AVAPEPOUV TN
olaTpo@ikr) Toug TIPOdoANWn (misreporters) kaBwg emiong kair peBodoAoyia yia TOV

utToAOYIOUO TNG ouvhBoug TTPOoANYNG Twv eBehovTwv (Usual intake estimation).

AtroteAéopara: H diduecog mpdoAnwn Bitauivng D otov opd Atav 16.72 ng/ml yia 10
oUvoAo Tou deiyparog, 16.67 ng/ml yia Tou dvdpeg kai 16.74 ng/ml yia TIG YUVAIKES, XWPIG
va TTapaTnEoUVTal OTATIOTIKA ONUAVTIKEG BIOPOPES METAEU Twv duo QUAwY (P=0.923). O
mOavoTNTEG Va €xouv ouykévipwon 25(0OH)D otov opd pikpdTepn Twv 20 ng/ml peiwvoTav
onpavtiké o€ ekeivoug TTou ATav TTOAU dpaaTrpiol (OR 0.55, 95% CI 0.35, 0.98), 1Tou gixav
augavépevn ékBeon otov AAI0 1-3 wpeg / Cl 0.44, 0.80), >3 wpeg / nuépa (OR 0.36, 95% CI
0.24, 0.55) kal xpwpa dEPUATOG avoIXTOXPWHO 1 PETPIa avolxToxpwuo (OR 0.47, 95% CI
0.24, 0.91), eAagppwg okoupdxpwuo (0.34, 95% CI 0.17, 0.67) kal OKOUPOXPWHO H TTOAU
okoUupo xpwua dépuatog (OR 0.34, 95% CI 0.15, 0.75), oe oUykpIOn PE TO QVTIOTOIXO
emimeda ouykpiong. O1 mBavoTnTEG augndnkav onUavTika pe Tnv Traxuocapkia (OR 1.95,
95% CI 1.24, 3.08) ka1 Tnv avoign wg 1repiodo cuAoynig deiypartog oto aipa (OR 1.75, 95%
Cl 1.22, 2.50). O1 TTapattdvw PETPROEIS OTOV 0pO TTpayuartotroidnkav og utrodeiyua 1084
aTOMWYV Tou eVAAIKOU TTANBUCHOU TNG PEAETNG OTTOU TTPAYMATOTTOIRNBNKAV Kal 01 EEETACEIG

aipaTog.



H diauecog TpdoAnyn Birapivng D atmd ta Tpo@Ia Kupgavenke atmd 1.16-1.72 meg/nuépa
Kal 1.01-1.26 avdAoya pe TNV NAIKIOKR opada Kal To @UAO. ZNPAVTIKEG TTNYES TNG BITAMIVNG
D amoé tnv Tpo®A ATav Ta Wapla (46%), 1o kpéag (15%) kal Ta dnuntpiakd (12%). QoTtdoo,
10 90% ToU TTANBUCOU 0t OAEG TIG NAIKIOKEG OUAdES dev TTAnpouoe To Estimated Average

requirement yia tn Birapivn D.

O eumrAouTiondg TpoYiuou/ Tpo@idwy ue Bitauivn D atroTeAei pia TTOMITIKA uyeiag TTou, av
EQapPUOCTEi, Ba uTTOPOUCE VA PEIWOEI GNUAVTIKE TO TTOOOOTO EKEIVWY TTOU TTPOCAANBAvVoUV
Bitauivn D amd tnv 1po®R Alyotepn amd 1o Estimated Average Requirement kai Katé

OUVETTEIO VO BEATIWOEI KAl TOV ETTITTOAGCHO eITTESWY BiTapivng D <20 ng/ml oTov 0pod.

Zuptrepdopara: H averrdpkeia tng Birauivng D civar 1diaitepa auénuévn otov evAAIKO
TANBUoPO TNG EAANGSQG. ZXETIKEG TTOMITIKEG dnUCIAG UYEIag CUVIOTWVTAI IBIAITEPA, Ol
oTroieg Ba ptropoucav va TTepIAauBavouy Tnv evioxuon Tng Birapivng D kaBwg kai TTpdTacn
yia augnuévn, aAAd acpaln £kBeon oTov AAI0. O1 TTOAITIKEG dnudOIag uyEiag yia Tnv augnon
TNG KATAVAAWGONG TPOPIPMWY PE UWPNAR TTEPIEKTIKOTNTA o€ BiTauivn D fy/ kai Tov EUTTAOUTIONO
TWV TPOQIKWYV UTTOPOUV VA PEIWCOUV CNUAVTIKA TO TTOCOOTO TWV ATOUWY TTOU OEV TTANPOUV

TIG CUOTAOCEIG KABWG Kal eKEiVV TTOU £XouV XapnAd emmitreda Bitapivng D otov opd.
EmioTnpovikog Topéag: EmodnuioAoyia Tng Alatpo@ric.

Aégeig kKA&1d14: Birapivn D, diatpo@ikn TTpdoAnwn, emdnuioAoyia, SIaTpo@IKA TTOAITIKH.



Abstract (in English)

Overview: Globally, the prevalence of low serum vitamin D is high. It is estimated that 1
billion people have low concentrations of serum vitamin D. Even in countries in the
Mediterranean, like Greece, where sunlight exposure is increased, high prevalence of low
serum vitamin D is observed. In addition, globally, low intake of vitamin D from food is
observed as well as from nutritional supplements. Vitamin D deficiency can impact on
skeletal health in all age groups, like for example with rickets in children as well as to

increase the probability of osteomalacia, osteopenia and osteoporosis in adults.

Furthermore, the last decade several studies have associated vitamin D deficiency with
other conditions, and their relationship is under investigation. Some examples are the
probable relationship of vitamin D with chronic conditions such as obesity, diabetes mellites,
autoimmune disease, cardiovascular diseases and cancer. It is also associated with

increased mortality from all causes.

Objectives: Data from a representative sample of the population in Greece =218 years old
from the Hellenic National Nutrition and Health Examination Survey were used for this
doctoral thesis. Main objective of this thesis was the estimation of low serum vitamin D
prevalence in Greek adults as well as its association with probable factors that can influence

its levels.

Secondary objective was the estimation of vitamin D intake from food as well as the
comparison of these levels with the Estimated Average Requirement as well as the
Recommended Dietary Intake. An additional objective was to estimate how a theoretical
example of food fortification could help increase vitamin D food intake as well as how much

of an improvement this could offer when intake levels were compared with the guidelines.

Methods: A representative sample of 3773 adults, aged 18 years old and over, from most
Greece’s counties was used for this study. Selection of volunteers was randomized, in
collaboration with the Hellenic Statistical Authority. In the Hellenic National Nutrition and
Health Survey a plethora of questionnaires were applied, and most were completed with
the help of field workers. The measurements/ clinical examinations were performed by

specialized and trained personnel according to the study protocol. For this specific doctoral
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thesis and analysis data were used from: (1) Blood results (serum vitamin D, parathyroid
hormone, calcium, etc.), (2) Sunlight exposure questionnaire, (3) Two 24-hour recalls per
volunteer based on the Automated Multiple-Pass Method and with the use of Computer
Assisted Personal Interview, (4) Drug and nutritional supplement questionnaire and (5)

Anthropometric measurements.

For the analysis of the 24-hour recall data methodology from the international knowledge
base was used in order to estimate misreporters as well as the estimation of the usual

intake.

Results: Median serum 25(OH)D was 16.72 ng/ml for the total sample, 16.67 ng/ml for
males and 16.74 ng/ml for females with no significant differences between the two genders
(P=0.923). The odds of having 25(OH)D <20 ng/ml significantly decreased with being very
active (OR 0.55, 95% CI 0.35, 0.98), increasing length of sun exposure 1-3 hours/day (OR
0.59, 95% CI 0.44, 0.80), >3 hours/day (OR 0.36, 95% CI 0.24, 0.55)], and skin color light
to medium skin (OR 0.47, 95% CI 0.24, 0.91), fairly dark skin colour (OR 0.34, 95% CI 0.17,
0.67) and dark or very dark skin colour (OR 0.34, 95% CI 0.15, 0.75)], compared to
respective baseline levels. The odds significantly increased with obesity (OR 1.95, 95% CI
1.24, 3.08), and spring season of blood sample collection (OR 1.75, 95% CI 1.22, 2.50).

Median vitamin D intake from food was 1.23 mcg/day (0.60, 2.44), with 9.1% consuming
supplements. Median vitamin D intake from food ranged from 1.16-1.72 mcg/day and 1.01-
1.26 in different age group in males and females, respectively. Major food sources of vitamin
D were fish (46%), meat (15%) and cereals (12%), however, over 90% of the population in
all age groups did not meet the Estimated Average Requirement, even when supplemental

use was accounted for. Vitamin D overall intake is below the average requirements.

Conclusion: Vitamin D deficiency is highly prevalent in Greek adults. Relevant public health
policies are highly recommended, which could include vitamin D fortification. and
suggestion for increased but safe sun exposure. Public health policies to increase the
consumption of foods high in vitamin D and/or food fortification may significantly reduce the

percentage of individuals that do not meet the recommendations.
Scientific field: Nutritional epidemiology.

Keywords: vitamin D, nutrition intake, epidemiology, nutrition policy.
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1. Introduction

1.1 Prevalence of serum 25(OH)D deficiency

In recent years vitamin D deficiency has become the most common nutritional deficiency
in the world with more than 1 billion people having inadequate levels of serum vitamin D
concentration (Holick 2007, Lips 2010). In populations living in low latitude where ultraviolet
(UV) rays are assumed adequate for vitamin D skin synthesis or in industrialized nations
where some foods are fortified with vitamin D, deficiency still persists (Palacios and
Gonzalez 2014) across all age groups and subgroups (Hilger et al. 2014, Manios et al.
2017, Spiro and Bulttriss 2014).

These levels are observed in the national (Katrinaki et al. 2016, Manios et al. 2017,
Papadakis et al. 2015), European (Cashman et al. 2016, Hilger et al. 2014, Manios et al.
2017, Spiro and Buttriss 2014) and International level (Hilger et al. 2014, Palacios and
Gonzalez 2014). Apart from low serum concentrations, published data have also reported
high prevalence of low vitamin D intake even at levels that are far below the recommended
reference intake, as per the Institute of Medicine (IoM) (Ross et al. 2011, Spiro and Buttriss
2014).

In more detail, several studies in the Greek adult population show a high prevalence of
vitamin D deficiency. In 625 healthy and free-living adults, aged 18-85 years old, living in a
latitude of 38° the prevalence of vitamin D deficiency was high (57.7%) (Singhellakis et al.
2011). Authors reported that this could possibly be explained by inadequate sun exposure,
use of commercial sunscreens, that can reduce vitamin D skin synthesis by up to 99%, as
well as air pollution (Singhellakis et al. 2011). Another study, that included 279 elderly
individuals in Greece also reported high levels of vitamin D deficiency where only 6.5%
could be considered having sufficiency during winter and 35% during summer (Papapetrou
et al. 2007).

Similar levels of deficiency, ranging from 50-80%, have been reported in the Greek
dataset of elderly individuals of a multicenter study; even peasants and farmers that are

supposed to work outdoors and therefore be exposed to the sun daily (van der Wielen et
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al. 1995). One possible explanation could be that they cover most of their body with clothes,

even during the summer months.

Numerous other studies in the Greek population have reported similar levels of
deficiency. For example a study in healthy young/ middle-aged men reported vitamin D
deficiency of 50.3% (Kassi et al. 2015). In addition, high prevalence of deficiency has been
observed in studies that included individuals <18 years old (Gonzalez-Gross et al. 2012,
Karras et al. 2013, Manios et al. 2017, Nicolaidou et al. 2006).

Studies from other countries in the mediterranean region, in European countries as well
as internationally, reported increased levels of deficiency which however vary from country
to country (Lips 2010, Manios et al. 2017, Spiro and Buttriss 2014). This variability was
expected as there are many factors that influence vitamin D status. For example, sun
exposure is influenced by factors such as geographical latitude, season, urban vs. rural
location, clothing, skin colour, air pollution and sunscreen use (SACN 2016). Even in
Southern European countries where there is a relative abundance of UVB availability, in
comparison to Northern European countries, increased prevalence of vitamin D deficiency
can be observed (Manios et al. 2017).

1.2 Prevalence of low intakes from food and supplements

Apart from the high prevalence of low serum vitamin D deficiency, which is considered
the main source for the majority of the population (Calvo et al. 2005), dietary intakes of
vitamin D are also very low (Spiro and Buttriss 2014). Many studies, from Greece but also
internationally, reported low intakes of vitamin D from food; intakes that are well below the
Estimated Average Requirement (EAR) (Au et al. 2013, Bailey et al. 2010, Freisling et al.
2010, Manios et al. 2014, Moore et al. 2004, Ross et al. 2011, Spiro and Buttriss 2014).

More specifically, a European Food Safety Agency (EFSA) study, that included intakes
from 14 European countries, reported a mean dietary intake ranging from 1.1 to 8.2 mcg/day
(EFSA 2012). This level of intake is explained in the literature as a result of very few foods
naturally containing vitamin D (SACN 2016). Some examples are fish, especially fatty fish;

milk, meat, eggs and fortified products, such as cereals (Spiro and Buttriss 2014). In more
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detail, egg yolk contains approximately 12.6 mcg per 100g, oily fish, such as salmon,
herring, sardines and mackerel, contains 5-16 mcg per 100g whereas animal products such
as meat, liver and kidneys contain 0.1-1.5 mcg per 100g (SACN 2016).

In addition vitamin D3 can be found in some species of plants however wide variation
has been reported and is not yet known if the edible portions contain it; some wild

mushrooms are also rich sources of vitamin D, (13-30mcg per 100g) (SACN 2016).

With regards to contribution of different food groups to vitamin D intake in European
countries fish contributes 70% of vitamin D from food intake in Spain (18-64 years old)
(AESAN 2011), 38% in France (ANSES 2013), 25% in the UK (19-64 years old) (Bates et
al. 2015), 12-16% (12% for those 18-64 years, 16% for those =265 years) in Ireland (Spiro
and Buttriss 2014) and only 8-11% in the Netherlands (8% in 7-69 years old and 11% in
270 years old) (DNFCS 2011, Ocke et al. 2013). Meat contributes 22% of vitamin D from
food intake (19-64 years old) (Bates et al. 2015), in Ireland 22-30% (30% for 18-64 years
old, 22% for 265 years old) (Spiro and Buttriss 2014), in Spain 2% (AESAN 2011) and in
the Netherlands 12-20% (20% in those 7-69 years old and 12% in those aged =70 years
old) (DNFCS 2011, Ocke et al. 2013). Another example, cereals, contributed 12% in males
and 13% in females in the UK (Spiro and Buttriss 2014), 4% in Spain (AESAN 2011) and
to 2-5% in Irish adults (Spiro and Bulttriss 2014).

Supplements offer a further option in order to increase intake. This has been particularly
important in (1) countries where sunlight availability is low, (2) during the winter months
irrespective of the country when sunlight availability is lower and/or (3) for people with very

low sunlight exposure (Cashman and Kiely 2014).

With respect to nutritional supplement consumption great variability has been observed
between different countries; especially between those living a more northern latitude
compared to those living in the mediterranean (Skeie et al. 2009). More specifically, a
gradient, in consumption, is observed between countries in the south and countries in the
north and as an example nutrition supplement consumption in Norway was as high as
61.7% whereas the lowest was observed in Greece (6.7% in females and 0.5% in males)
(Skeie et al. 2009). These observations highlighted the further need to explore vitamin D

intakes (from food and supplements) in Greece.
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With respect to mandatory food fortification, regulations differ between countries. For
example, according to European Union law directive infant and follow-on formula must be
fortified with vitamin D (SACN 2016). In the United States of America (USA), although on a
voluntary basis, almost all milk products are fortified. Other foods that are also, but to a
lesser extent, fortified include yoghurt, breakfast cereals, cheese as well as few other food
products (Yetley 2008). Law in Canada also requires that milk and margarine are fortified
on a mandatory basis as well as soy milk and infant formula (Calvo et al. 2004). In Greece,

there is no mandatory fortification law at the moment.

1.3 Vitamin D metabolism

1.3.1 Vitamin D synthesis

Vitamin D is a fat-soluble vitamin that humans obtain naturally via few foods that contain
it as well as through exposure of the skin to sunlight and from its precursor 7-
dehydrocholesterol. Vitamin D produced in the skin is referred as vitamin D3 (cholecalciferol)
whereas its dietary form can be either vitamin D3 or a similar molecule of plant origin called
vitamin D, (ergocalciferol) (FAO 2002). Cholecalciferol and ergocalciferol can be
considered metabolically equal (FAO 2002).

In addition, humans obtain vitamin D from nutritional supplements as well as from fortified
foods. Vitamin D from all mentioned sources is inert (IOM 2011). It must undergo two
hydroxylation reactions in order to be converted to its active form, 1,25-dihydrovitamin D.
The first reaction takes place in the liver where vitamin D is converted to 25-hydroxyvitamin
D (25(OH)D) the major circulating form; also known as calcidiol. This form is also the main
biomarker of vitamin D status. The second reaction takes place in the kidneys were it is

converted to 1,25-dihydroxyvitamin D; its active form, also known as calcitriol (IOM 2011).

Although named a “vitamin”, vitamin D is a steroid prohormone that has endocrine,
paracrine and autocrine functions. The most known (endocrine) function of vitamin D is to
regulate calcium absorption and homeostasis (Spiro and Buttriss 2014). Its active form

circulates in the blood with vitamin D binding protein. It can cross the plasma membrane
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and subsequently interact with the vitamin D receptor, binds to a specific vitamin D
responsive element and together with associated transcription factors enhances
transcription of mRNAs which in turn code for calcium-transporting proteins, bone matrix

proteins or cell cycle-regulating proteins (SACN 2016).

As a result, it stimulates the intestinal absorption of calcium and phosphate and
stimulates calcium resorption. These functions help restore serum levels of calcium and
phosphorus when their concentrations are low. With regards to maintaining this
homeostasis of calcium and phosphorus 1,25-dihydroxyvitamin D acts along with

parathyroid hormone (PTH).

1.3.2 Factors affecting serum 25(OH)D concentration

Currently serum 25(OH)D levels are considered the best available indicator of vitamin D
status, i.e. the best indicator of body content as well as the amount available for cellular use
and it is used as a marker upon which to decide if an individual has sufficient or deficient
serum concentration (SACN 2016).

Adipose tissue has been suggested as a place where vitamin D can be stored in the
body, however the physiological mechanisms which regulate this process are currently
unknown (IOM 2011). The same could be hypothesized for skeletal muscle but our
understanding is currently limited and it has been described in the literature as a research

gap to be studied further (Cashman and Kiely 2011).

Furthermore, when vitamin D enters the circulation is cleared by the liver in a few hours
and we rely only on measuring serum 25(OH)D concentration as it is not feasible to measure
vitamin D concentration in adipose tissue, muscle or the liver (SACN 2016). However, as
vitamin D and its metabolites stored in adipose tissue as well as other bodily sites, from
where they could also be mobilized, what is usually examined, in reality, is the relationship
between serum concentration and other factors, such as sunlight exposure and dietary
intake (IOM 2011, SACN 2016).
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As previously mentioned, serum 25(OH)D has been suggested as the best indicator of
status as well as the main form of storage in the body since it is easily available for cellular
use. It reflects intake from diet (foods and supplements) as well as skin synthesis (SACN
2016). Serum 1,25(0OH).D may not be considered the best indicator, although it is the main
driver of physiological responses to vitamin D, as even in cases of extreme deficiency serum
1,25(0OH)2D concentration can be normal (Holick 2004, IOM 2011). Hence, 25(0OH)D is used
as the indicator of vitamin D status by most health authorities (IOM 2011, SACN 2016)
although is not clear if serum 25(0OH)D can act as the ideal indicator of the association

between health outcomes and vitamin D status (IOM 2011).

For example, low serum 25(0OH)D concentrations have been associated with chronic
inflammatory conditions and therefore some researchers have suggested possible reverse
causality, i.e. that low serum 25(OH)D concentration could be an effect of an inflammatory
state rather than the cause (Reid et al. 2011). Similar associations have also been observed

in other studies (Silva and Furlanetto 2015).

In addition, a number of other factors can influence serum 25(OH)D concentration such
as season, geographical location, sun exposure, skin colour, sunscreen use, BMI, serum
PTH concentration as well as some genetic factors (Cashman and Kiely 2011, Holick et al.
2011, IOM 2011, SACN 2016).

1.3.2.1 Influence of dietary intake on serum 25(OH)D concentration

With regards to food intake and its influence on serum levels, both vitamin D, and D3 can
increase serum 25(0OH)D levels (Seamans and Cashman 2009), however it is not clear if
they have the same effect (SACN 2016). In addition, it has been suggested that the
simultaneous presence of dietary fat in the intestines can increase absorption of vitamin D
(Weber 1981). An individual’s stored body fat, as estimated by the Body Mass Index (BMI),
also seems to negatively influence the elevation of serum 25(OH)D concentration following

supplementation (Forsythe et al. 2012).

Although there is a great variability between trials and not all were dose-response, meta-

regression analyses of data from randomized controlled trials in adults show that for every
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1 mcg of vitamin D consumed serum concentrations increased by 0.25 ng/ml (Cranney et
al. 2007); an estimate that is very close to reports from other studies as well (Heaney and
Weaver 2003). However, the effect of increasing intakes of vitamin D from food and
supplements on serum 25(OH)D intake is linear and steeper up to vitamin D intake of 1000
IU/day (25 mcg/day), but decreases with intake 21000 |U/day (IOM 2011).

In addition, these results could be affected by the latitude and season were the
respective studies were conducted as some other researchers have reported higher
increases in serum 25(0OH)D concentration, on average 0.8 ng/ml (compared to 0.25 ng/ml

previously mentioned) for every 1 mcg intake per day (SACN 2016).

Similar, results were observed in an Institute of Medicine (loM) analysis between
randomized controlled trials conducted in populations of different latitudes. In order to
ensure that the guidelines by the loM will take into account the most vulnerable, in terms of
low serum 25(OH)D concentration, individuals in the formulation of their guidelines they
used data from higher latitudes where it is assumed that skin synthesis is at its lowest (IOM
2011).

1.3.2.2 Influence of sunlight exposure on serum 25(OH)D concentration

The effect of sunlight exposure to serum 25(OH)D concentration is influenced by many
factors such as season of the year, time of the day, amount of skin exposed, skin colour,

geographical latitude, sunscreen use as well as genetic factors (IOM 2011, SACN 2016).

In comparison with dietary vitamin D that is associated with chylomicrons and low density
lipoprotein and is subsequently metabolized in the liver, vitamin D synthesized in the skin
following sunlight exposure is more efficient in raising serum 25(OH)D concentrations
probably because it diffuses slowly in the bloodstream (Fraser 1983, Haddad et al. 1993).
Unfortunately, due to heterogeneity, in study design and populations studied, it is not
possible to quantitively and accurately report the effect of sun exposure on serum 25(OH)D
concentration (Cranney et al. 2007). However, the lower the serum 25(OH)D concentration

the higher the increase in serum levels following exposure to sunlight (Bogh et al. 2010). In
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the same study, researchers reported that with higher the surface area of the skin exposed

lower doses of exposure are adequate to elevate serum 25(0OH)D levels.

Some researchers have tried to quantify the effect of sun exposure to serum
concentration and suggested that exposure of approximately one quarter of the total body
surface 2-3 times per week to ¥2 Minimal Erythemal Dose (MED) during spring to autumn
season is equal to an oral dose of 1000 Ul vitamin D (SACN 2016). One MED is defined as
the minimum dose of ultraviolet radiation that produces erythema in that person’s skin.
However, this as well as similar studies do not always take into account normal life situations
where people naturally adopt different postures and are randomly oriented to the sun and
differ in the season when data was collected as well as in the ethnic groups studied, making
therefore generalization of these results difficult (Farrar et al. 2011, Farrar et al. 2013, Webb
et al. 2011).

Furthermore, latitude can influence skin synthesis following sunlight exposure. At
latitudes below 37°C sunlight is adequate for year round synthesis, whereas at higher
latitudes vitamin D cannot be synthesized during the winter months (SACN 2016). A study
which compared serum concentrations in different geographic latitudes (57°N vs. 51°N)
reported a difference of approximately 4 ng/ml (Macdonald et al. 2011). However, it should
also be considered that the weather in northern latitudes is colder and therefore individuals
might spend much less time outdoors as well as have most of their skin covered with

clothes, therefore reducing exposure of skin to the ultraviolet radiation.

For the same reason, contribution of skin synthesis to serum 25(OH)D status might be
more limited during the winter months. However, irrespective of being outdoors during
winter in higher latitudes ultraviolet radiation is even more limited and in northern countries
not enough to produce biologically relevant quantities of vitamin D in the skin (Webb et al.
1989, Webb et al. 1988). A seasonal variation in serum 25(OH)D concentrations has been
observed in many countries (IOM 2011, Kasahara et al. 2013, Manios et al. 2017, O'Neill
et al. 2016, Papadakis et al. 2015, SACN 2016).

Skin colour can also affect skin synthesis and it has been observed that individuals with
darker skin colour have lower serum 25(OH)D concentrations; although it is not entirely

clear if this is the result of cultural and lifestyle, rather than physiological, reasons (Clemens
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et al. 1982, SACN 2016, Webb 2006). Studies that have examined the role of skin melanin

on skin synthesis have led to contradictory findings (Armas et al. 2007, Libon et al. 2013).

Another factor that could potentially influence skin synthesis of vitamin D is age. In some
studies, individuals with increased age have lower serum 25(OH)D concentrations
compared to those of younger age (MacLaughlin and Holick 1985). However, as previously
mentioned for latitude and those living in northern areas/ countries, this could be the effect
of going less outdoor with increasing age and therefore being less exposed to ultraviolet
radiation. Furthermore, this lower serum 25(OH)D concentrations observed in older people
could be a consequence of diminishing liver and/ or kidney function which could in turn

influence one or both hydroxylation steps that take place in these two organs.

Apart from geographical and physiological factors, other factors can also have an impact
on skin synthesis. For example, public health policies are in place to prevent skin cancer
and therefore use of sunscreen can reduced skin synthesis of vitamin D. Relevant studies
reported that although sunscreen use could block completely skin synthesis, it does not
because sunscreens are not applied by individuals in the recommended dosage (Norval
and Wulf 2009, Springbett et al. 2010). Therefore, vitamin D skin synthesis could be
reduced but not completely prevented.

1.4 Health conditions associated with vitamin D deficiency

Low serum 25(OH)D levels have been associated with several health conditions of public
health concern. Serum 25(OH)D levels, as previously mentioned, are analogous to an
individual’s sunlight, and more specifically UVB light, exposure as well as intake from food
and supplements (SACN 2016).

The most widely studied role of vitamin D is the one that is related to bone health. During
an individual’s lifetime bone undergoes significant stages of growth, replacement and repair
(IOM 2011). Bone is broken down, in a process called resorption, and new is formed, in a
process called ossification (SACN 2016). Bone develops rapidly during infancy, less rapidly

during childhood until another period of rapid growth that takes place during adolescence.
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Peak is reached in the early 20s, however with increasing age bone resorption slowly
but steadily predominates bone ossification. Later in life rate of bone loss increases,
especially in women after menopause 4-8 years after which there is an acceleration of bone
loss (Harel et al. 2002).

Vitamin D helps absorb calcium in the gastrointestinal tract as well as to maintain
adequate serum calcium and phosphate concentrations for normal bone growth and
remodeling (Holick 2004). Serum 25(OH)D deficiency is implicated in three different
conditions related to bone health: rickets, osteomalacia and osteoporosis (IOM 2011).

Serum 25(OH)D deficiency can lead to development of rickets in children.

Vitamin D supplementation can reverse the skeletal changes if it is diagnosed and
prevented before the bone plates have begun to mature (SACN 2016). In adults,
osteomalacia can develop as a result of vitamin D deficiency and impaired bone
mineralization. Usually, it is also linked to hyperparathyroidism or caused by damage to the
liver and/ or kidneys which could interfere with the respective hydroxylation reactions in the

metabolic pathway to convert vitamin D to its active metabolite (IOM 2011).

In addition, osteoporosis can be developed as a result of ageing and is linked with micro-
architectural deterioration of bone mass and increased risk of fractures (IOM 2011, SACN
2016). Many factors, that can influence bone mass, along with vitamin D deficiency or

insufficiency can play a role in the development of osteoporosis (SACN 2016).

Apart from its effect on skeletal health, vitamin D has been studied for its probable effect
in more than a hundred health outcomes including a very wide range of diseases like
malignant, cardiovascular, autoimmune, infectious and metabolic diseases (Theodoratou et
al. 2014). However, due to the nature of results in observational studies, and their
accompanying limitations, no results offer highly convincing evidence of a role of vitamin D
for any outcome (IOM 2011, SACN 2016, Theodoratou et al. 2014).

Therefore, apart from beneficial effects of vitamin D supplementation (along with
calcium) on skeletal health, concerning other outcomes, vitamin D supplementation is
probably linked to decrease in dental caries in children as well in parathyroid hormone in

patients with chronic kidney disease (Holick 2005, Theodoratou et al. 2014).
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Suggestive, but not conclusive, evidence also exists with regards to adequate vitamin D
concentration in serum with cardiovascular disease, stroke, hypertension, depression,
metabolic syndrome, cognition, type 2 diabetes and high body mass index, among other

less common outcomes (Theodoratou et al. 2014).

1.5 Recommendations for vitamin D serum levels and intake

Although the major source for vitamin D in humans is skin synthesis following exposure
to sunlight, many; especially those living in Northern countries, rely on body stores (which
are not yet defined) and dietary intake (Cashman and Kiely 2014). However, as the ideal
method to measure vitamin D study is measuring serum 25(OH)D levels, which is influenced
by skin synthesis as well as intake — and the first source (skin synthesis) is in turn influenced
by a number of factors such as latitude, pollution, skin colour, etc. (SACN 2016), setting

recommended dietary intakes for vitamin D is not an easy task (Cashman and Kiely 2014).

In addition, our understanding of the role of serum levels of 25(OH)D and several health
outcomes, as previously mentioned, is limited (Theodoratou et al. 2014); which could be an
additional factor upon which requirements could be established. The strongest indicator,

currently, is the association of 25(OH)D levels with skeletal health.

In recent years and in response to the epidemic of low serum 25(0OH)D levels globally,
many governmental authorities have tried to establish recommendations regarding vitamin
D intake from food. One of the most comprehensive reviews was the one by the Institute of
Medicine regarding calcium and vitamin D requirements (IOM 2011). oM used a risk
assessment framework in order to derive the Dietary Reference Intake (DRI) values for the

first time; an approach described in the literature (Cashman 2012, Taylor 2008).

Similarly, other authorities, like the Scientific Advisory Committee on Nutrition (SACN)
as well as the European Food Safety Authority followed a similar approach to set the
reference intakes by appraising the evidence and using mostly evidence from independent
systematic evidence-based reviews (Cashman and Kiely 2014, EFSA 2018, SACN 2016).
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1.5.1 Recommendations for 25(OH)D serum levels

In this risk assessment approach, mentioned earlier, committees considered several
outcomes (e.g. clinical, functional) as well as biomarkers (e.g. of effect, of exposure) in
order to derive the Dietary Reference Intakes for vitamin D (Cashman 2012). Using mostly
data regarding the association between vitamin D and skeletal health reference serum
25(0OH)D was initially proposed; where a concentration 220 ng/mL was a suggested to meet
the requirements for almost all healthy individuals (97.5%) (Cashman and Kiely 2014). The
IoM committee named this concentration as the Recommended Dietary Allowance (RDA)-
like concentration (IOM 2011).

The IoM committee explicitly reported that the Dietary Reference Values (DRVSs) for
vitamin D were based on the best available evidence at the time it was written and
suggested that new DRVs should be derived when a much larger body of evidence is
available, including more randomized controlled trials (IOM 2011). However, due to the fact
that the available evidence is sometimes controversial and incomplete a lot of controversy
was generated among scientists and some criticized the recommendations as conservative
(Cashman and Kiely 2014).

Therefore, in response to the oM guidelines the Endocrine Society, in the USA, also
published guidelines for the evaluation, treatment and prevention of vitamin D deficiency
(Holick et al. 2011). Although, they had similar views the Endocrine Society suggested
categories of serum 25(OH)D which were based on “deficiency”, “insufficiency” and
“sufficiency” (Holick et al. 2011) rather than the relative serum 25(OH)D concentration that

would be “adequate” for 97.5% of the healthy population as loM suggested (IOM 2011).

Both authorities (IloM and the Endocrine Society) agree that the evidence is limited for a
causative link between serum 25(OH)D concentration and any outcome not related to
skeletal health (Holick et al. 2011, IOM 2011).

1.5.2 Recommendations for food intake
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Using meta-regression of data from randomized controlled trials, regarding the dose-
response relationship of serum 25(OH)D to intake from food and supplements, the oM
translated the suggested serum 25(OH)D levels into Dietary Reference Intakes (Cashman
and Kiely 2014, IOM 2011). This is how the Estimated Average Requirement (EAR) for
vitamin D was set at 10 mcg/day for all adults and the Recommended Dietary Requirement
(RDA) at 15 mcg/ day for adults 18-70 years old and at 20 mcg/day for those =71 years old.
(IOM 2011). The Tolerable Upper Intake Level (UL) was set at 100 mcg/day for adults =18
years old (IOM 2011).

The EAR is defined as the nutrient intake level that is estimated to meet the requirements
of half healthy individuals of the specified age and gender group (IOM 2011). The RDA is
defined as the nutrient intake level that is estimated to meet the needs of nearly all (97.5%)
healthy individuals of the specified age and gender group (IOM 2011). The UL is defined as

the maximum daily intake unlikely to cause any adverse health effects (IOM 2011).

Similar strategy in the development of reference intakes has been used by EFSA (EFSA
2010) where an Adequate Intake (Al) was set at 15 mcg/day (EFSA 2018). The Al is usually
set when evidence is insufficient to develop an RDA and is set at a level assumed to ensure
nutritional adequacy for a population (IOM 2011). Hence, the Al by EFSA is comparable
and equal to the RDA set by the IoM.

1.6 Gaps in knowledge

Based on the above several gaps in knowledge remain. Firstly, there is need to identify
the prevalence of low serum 25(OH)D concentration in a representative sample of the
Greek adult population. In addition, there is need to explore probable correlations between

serum 25(OH)D concentration and several factors that may influence it.

Some of these factors are dietary intake from food and supplements, sunlight exposure,
skin colour, season of the year when data was collected, body mass index, gender, age,

parathyroid hormone concentration, other dietary factors and sunscreen use.
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In addition, there is need to identify the level of intake from food and supplements in the
Greek population as well as the main food contributors of vitamin D in the Greek diet. From
all the factors named above those that are modifiable are food and supplement intake as

well as sunlight exposure, with the latter also influencing the risk of melanoma.

Hence, an additional aim of this study was to examine the theoretical effect of food
fortification on improving vitamin D intake from food, and more specifically in comparison to
the EAR and RDA.

All the above have been the scope of this PhD thesis and a detailed methodology was

followed in order to explore all potential factors that may influence the results.
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2. Scope of PhD thesis

The scope of the current PhD thesis was to measure the prevalence of low serum vitamin
D intakes of Greek adults, in a representative sample of the Greek population, as well as

the factors that may influence its levels.

An additional scope of this thesis was to estimate vitamin D intake from food and
supplements, identify the main food sources of vitamin D intake in Greek adults and show
how an example of food fortification might help increase dietary intake and improve serum
25(0OH)D status.

2.1 Specific aims by paper in support to PhD thesis

15t paper aims: To estimate the prevalence of low serum vitamin D levels in a
representative sample of Greek adults as well as identify the factors that could possibly
influence serum levels like for example sun exposure, nutritional intake, body mass index

and intake from supplements.

2"d paper aims: To estimate vitamin D intake from food as well as the main foods that
contribute to vitamin D food intake in the adult Greek population. In addition, to compare
intake levels with the EAR and the RDA as well as to describe the measurable benefits (in
comparison with the mentioned reference values) of an example of food fortification towards

increasing dietary intake at population level.

3'Y paper aims: To report in detail the methodology used to develop all questionnaires
and procedures that were developed in the Hellenic Nutrition and Health Study. In addition,

to report some preliminary findings of the study and population’s descriptive characteristics.
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& Health Study, IoM: Institute of Medicine, iPAQ: International Physical Activity Questionnaire,
ML: milliliter, NDNS: National Diet & Nutrition Survey, NG: nanograms, NHANES: National
Health & Nutrition Examination Survey, NIAAA: National Institute on Alcohol Abuse and
Alcoholism, OR: Odds ratio, UV: ultraviolet.
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Abstract

Background & aims: Serum 25(0OH)D deficiency is becoming an epidemic. The aim was
to assess vitamin D status of the adult Greek population in relation to intake, sun exposure
and other factors, using data from the Hellenic National Nutrition and Health Survey

(HNNHS).

Methods: Data from 1084 adult participants (37,8% males) were analyzed. Vitamin D
intake was assessed using 24-hour recalls. Serum 25(OH)D concentration was evaluated and
related to anthropometric measurements and other covariates including supplements used,
by sex. Variables significantly associated with 25(OH)D <20ng/ml were assessed using

simple and multiple logistic regression.

Results: Median vitamin D intake from food was 1.23 mcg/day (0.60, 2.44), with 9.1%
consuming supplements. Median serum 25(OH)D was 16.72 ng/ml, with no sex differences
(P=0.923). The odds of having 25(0OH)D <20 ng/ml significantly decreased with being very
active (OR 0.55, 95% CI 0.35, 0.98), increasing length of sun exposure [1-3 hours/day (OR
0.59, 95% CI 0.44, 0.80), >3 hours/day (OR 0.36, 95% CI 0.24, 0.55)], and skin color [light
to medium skin (OR 0.47, 95% CI 0.24, 0.91), fairly dark skin colour (OR 0.34, 95% CI
0.17, 0.67) and dark or very dark skin colour (OR 0.34, 95% CI 0.15, 0.75)], compared to
respective baseline levels. The odds significantly increased with obesity (OR 1.95, 95% CI

1.24, 3.08), and spring season of blood sample collection (OR 1.75, 95% CI 1.22, 2.50).
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Conclusions: Vitamin D deficiency is highly prevalent in Greek adults. Relevant public
health policies are highly recommended, which could include vitamin D fortification. and

suggestion for increased but safe sun exposure.

Keywords: Vitamin D, 25-hydrovitamin D, diet, public health, nutrition survey, Greece.
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Introduction

In recent years vitamin D deficiency has become the most common nutritional
deficiency in the world with more than 1 billion people having inadequate levels of serum
vitamin D concentration [1, 2]. In populations living in low latitude where UV rays are
assumed adequate for vitamin D skin synthesis or in industrialized nations where some foods
are fortified with vitamin D, deficiency still persists [3] across all age groups and subgroups
[4-6]. These levels are observed in the national [4, 7-10], European [4-6, 11] and
International level [3, 5]. Apart from low serum concentrations, published data have also
reported high prevalence of low vitamin D intake even at levels that are far below the

recommended reference intake, as per the Institute of Medicine (IoM) [6, 12].

Vitamin D has many physiological roles, including being a facilitator for calcium
absorption, maintaining bone health and regulation of cell growth. Recently, its role to other
health conditions, such as cardiovascular disease and diabetes have also been investigated
[13], emphasizing on the importance of a high prevalence of vitamin D deficiency at the

population level.

Vitamin D is primarily produced endogenously following skin exposure to ultraviolet
(UV) and its synthesis is influenced by a plethora of factors, such as geographical location,
use of sunscreen and type of clothing, time spent outdoors and time of the day, age, skin

pigmentation as well as environmental pollution [14].

In parallel, dietary intake is also important and significantly contributes to
maintaining serum 25-hydroxyvitamin D (25(OH)D) concentration above 20 ng/ml. Vitamin

D is found in a few foods, mainly in the form of cholecalciferol (vitamin D3) which is highly
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bioavailable. It can also be found as ergocalciferol (vitamin D2) from plant sources. Vitamin
D supplementation from various forms can also be added to the intake and should therefore

be considered when evaluating vitamin D status.

Given the significant prevalence of vitamin D deficiency worldwide, in all age
groups, irrespectively of sunlight prevalence, as well as the number of factors that influence
vitamin D status, studies addressing vitamin D population status are warranted. In Greece,
to our best knowledge, a study on the population prevalence of vitamin D deficiency in

adults, using a national representative sample, has not been performed.

The aim of this study is therefore to assess vitamin D status of the adult Greek
population, using serum 25(OH)D concentration, in relation to total vitamin D intake (from

diet and supplements) and sun exposure.

Materials & methods

Study design & Sample

Data from the Hellenic National Nutrition and Health Survey (HNNHS), was used
in this study, whereas collection took place from September 2013 to May 2015. Details of
HNNHS’s methods have been reported elsewhere [15]. Eligible for participation were males
and females >6 months old that reside in Greece who were (i) not pregnant/ breastfeeding,
(i) not institutionalized (e.g. military service, hospital, other institution) and selection was

performed using a random stratified design based on the 2011 census data.
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A total of 3836 adults (>18 years, 40.8% males) were initially enrolled in the
HNNHS, for whom anthropometric and medical history was assessed by trained interviewers
and according to the International Classification of Diseases (ICD-10) codes. All participants
were also invited to provide blood samples for biochemical — hematological evaluation and
anthropometric measurements. Of them, 1197 (26.2% of total population; 28.7% of adult
population) agreed; no age distribution differences were found between the total population and
those who provided blood sample (p= 0.677). A total sample of 1084 adults (23.7%
participation; 37.8% males) with available data on serum 25(OH)D concentration were

included.

Data collection

In HNNHS data collection included (i) an initial household Computer Assisted
Personal Interview (CAPI) consisting of multiple questionnaires and a 24hr recall, (ii)
additional validated questionnaires, (iii) a second 24hr recall via telephone 8-20 days after
the first interview, selecting a different non-consecutive day, as specified by HNNHS study-protocol
and (iv) a visit to a mobile unit in order to perform the medical, biochemical and
anthropometric examinations/ measurements. HNNHS fieldwork protocol. Interviews were
performed throughout all seasons of the year, to account for season vitamin D status and

decrease error in results.

The list of questionnaires used, relevant to this study, included information on
demographic, psychosomatic health, vitamin and subscribed drug intake. These can be found

in detail in the methodology HNNHS paper [15]. All questionnaires included in this study
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were adapted from previously validated and used by other large National Health Surveys

[16].

Blood samples in the morning, between 8:00 and 10:00 am, upon having fasted for
at least 10 hours. To assure compliance all individuals were asked if they had fasted and
when their last meal was. These were collected using BD vacutainer® safety blood collection
set 21G and holder 21G and Greiner vacuette KsEDTA. After centrifugation with the Nuve®
NF400 centrifuge samples were stored in cryovials in -80° C. Plasma 25(OH)D concentration
was measured on a COBAS e411 immunoassay analyzer (place) using the Elecsys Vitamin

D total assay (Roche Diagnostics, place) [17].

Dietary intake was assessed using a detailed interviewer-administered 24-hour
dietary recall using the Automated Multiple-Pass Method (84.5% completed both 24-hour
recalls) [18]. The FoodEx2 food classification and description system developed by the
European Food Safety Authority (EFSA) was used and recommendations for the
harmonization of data across European Union countries were followed [19]. Food
quantification was performed with the use of validated food atlases as the primary option
along with standardized household measures. The Nutrition Data System for Research
(NDSR) developed by the University of Minnesota was used for nutrient analysis. From the
initial n=1964 24-hour recalls there were 62 recalls with extreme intakes (<600 or >6000

kcal per day) which were excluded from the analysis (67.7% females, 32.3% males).

A drug and supplement questionnaire was developed using validated questionnaires
from other studies, mainly from the United States [15]. The questionnaire was applied twice,

during the initial interview as well as during the mobile unit visit. From this data, vitamin D
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supplement intake was categorized as follows: “no supplement use” or “supplement use”.
Although initially thought appropriate to have three categories (no supplement use, <10
ug/day and >10 pg/day), as those receiving >10 ug/day are supposed to intentionally seek
vitamin D supplementation [20] rather than obtaining it as part of a multivitamin supplement,
the number of observations in the >10 pg/day category was too small (males=2, females=45).
Although the ideal method to assess sun exposure is dosimetry [21] in HNNHS, due to
limited funding, sun exposure was assessed using a questionnaire; statistically significant
correlations have been reported between the two methods [22]. The questionnaire’s aim is
to evaluate the amount of sun exposure as well as the parameters that could influence vitamin
D skin synthesis to rank individuals accordingly. It included questions relating to sun
exposure for each of the four seasons (weekends and weekdays), exposure for the last 30

days, sunscreen use and skin colour.

Physical activity was measured using the International Physical Activity
Questionnaire (IPAQ) short form for those >18 years - <65 years and a modified version for
those >65 years old. Alcohol was assessed using questionnaire from NHANES, BRFSS,
Arkansas Cardiovascular Health Examination Survey (ARCHES) and Recommended
Alcohol Questions by the National Institute on Alcohol Abuse and Alcoholism (NIAAA)
were used [15]. Volunteers were classified as “alcohol” or “non-alcohol” consumers, based

on their intake over the past 30 days.

Anthropometric measurements were performed according to the NHANES study
protocol [23] with the use of Seca 213 portable stadiometer, and InBody 270 Biospace

analyser was used to measure body weight following the required preparation. Height was
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measured by asking the volunteer to (i) remove any ornaments, jewelry, etc. from the top of
the head, (ii) stand up straight against the backboard with the body weight evenly distributed
from feet flat on the platform, (iii) stand with the heels together and toes apart at
approximately a 60° angle and (iv) field researcher made sure that the back of the head,
shoulder blades, buttocks and heels made contact with the backboard. Weight was measured
by asking the volunteer to (i) remove heavy clothing and objects as well as shoes and (ii) to
stand in the center of the scale platform facing the recorder with hands at the sides and
looking straight ahead. Each of these individuals visited one of the 5 mobile units where

medical and anthropometric measurements were completed.

Statistical analyses

Normality of continuous data was checked using P-P and kernel density plots.
Categorical variables were expressed as frequencies and percentages (N %), whereas
continuous variables were expressed as mean with standard deviation (SD) if normal and
median if skewed and interquartile range (25%, 75%). Differences in categorical variables
were derived using chi square test and Kruskal-Wallis test for sex differences between
continuous variables, since continuous variables used in this analysis were not normally

distributed.

The 25(0OH)D cut-off for logistic regression chosen was 20 ng/ml as values <20
ng/ml reflect inadequate (12 to <20 ng/ml) or deficient (<12 ng/ml) levels for bone and

overall health in healthy individuals [24].

Univariate logistic regression analysis for each potential factor associated with

25(0OH)D, based on a-priori knowledge was assessed, in total and by sex. Variables that were
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found significantly associated with the odds of serum 25(OH)D levels <20 ng/ml were
included in the multivariate regression, as well as a-priory known factors. The Likelihood
Ratio test (LR test) was used to check the significance of the models with significance level

at 0.05.

All analyses were performed in STATA statistical software (STATA 13.1, Stata

Corp LP, Texas, USA) with a significance level set at P<0.05.

Ethical statement

The study was approved by the Ethics Committee of the Department of Food Science
and Human Nutrition of the Agricultural University of Athens. It was also approved by
Hellenic Data Protection Authority (HDPA). All members of the staff signed confidentiality

agreements. All volunteers were asked to sign a detailed consent form.

Results

Demographic and general characteristics of the population

The baseline characteristics of this subgroup of the HNNHS population are presented
in Table 1 in total as well as by sex. According to the Shapiro-Wilk test for normality
continuous variables did not follow a normal distribution. Statistically significant sex
differences were found for dietary vitamin D intake, Body Mass Index (BMI) category,

activity level, vitamin D supplement use, sun exposure and skin colour (P for all <0.05).

The median (interquartile range) age of the total sample was 36 years (27, 52), 35
(28, 48) for males and 36.5 (26, 54) for females. With regards to BMI category of the total
population, 57.8% normal weight or were underweight (4.9% underweight), 28.6%

overweight and 13.6% obese. Furthermore, males’ prevalence of overweight (38% vs.
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22.8%) and obesity (16.1% vs. 12.0%) were significantly higher compared to that of female

participants (P<0.001) (Table 1).

Serum 25(0H)D concentration, dietary intake and skin synthesis

Median (interquartile range) serum 25(OH)D concentration for the total population
was 16.7 ng/ml (9.8, 23.6), 16.67 ng/ml (11.1, 23.46) for males and 16.74 ng/ml (9.72, 23.64)
for females. According to the oM cut-off levels for vitamin D deficiency, 28.8% of the total
sample was found deficient (<30 ng/ml), 36.0% insufficient (<20 ng/ml), 35.1% sufficient
(>30 ng/ml and <50 ng/ml) and only 0.1% being in the high (=50 ng/ml) category. There
were no significant differences in serum 25(OH)D concentration between males and
females. In addition, there were no significant differences in serum 25(OH)D concentration
in different age groups (=18 years, data not shown). However, there were significant
differences in serum 25(OH)D concentration for the total sample (P<0.01) as well as for
males (P=0.003) and females (P=0.007) per month of blood sample collection (Figure 1)
with higher prevalence of 25(OH)D levels <20 ng/ml during March (end of Winter,
beginning of Spring season). In addition, there were significant differences in serum
25(0OH)D concentration for the total sample (P=0.03) as well as for males (P=0.002) and
females (P=0.03) per season of blood sample collection (data not shown) with higher

prevalence of 25(OH)D concentration <20 ng/ml during Spring, as per total sample.

Median (interquartile range) vitamin D intake from food for the total population was
1.23 pg/day (0.60, 2.44), 1.45 pg/day (0.66, 3.07) for males and 1.16 pg/day (0.56, 2.05) for
females. Regarding vitamin D supplement use, 9.1% reported taking a supplement

containing vitamin D (Table 1). Among those, 4.8% reported taking <10 pg/day vitamin D,
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mostly from multivitamins, and 4.3% reported taking >10 pg/day. There was statistically
significant difference in vitamin D supplement intake between sexes (P<0.001) as 94.1% of
males and 88.9% of females reported not taking a supplement containing vitamin D.
Additionally, a low 0.5% of males reported taking a supplement containing >10 pg /day

compared to the 6.7% of females.

Most of the total sample reported sun exposure for the last 30 days (before the blood
sample collection) of 0-1 h/day (49.2%) and 1-3 h/d (36.7%) compared to 13.0% that
reported >3 h/d. On the other hand, 45.2% and 36.9% of males reported 0-1 h/d and 1-3 h/d
of sun exposure respectively compared to 51.7% and 36.7% of females. In addition, 17.9%
of males and 11.7% of females reported sun exposure >3 h/d. There was statistically

significant difference in sun exposure between the two sexes (P=0.020).

There were no statistically significant differences in season of blood sample
collection between the two sexes (P=0.442). For 28.6% of the total sample blood collection

was performed during summer, 11.6% during fall, 29.4% during winter and 30.4% during
spring.

In terms of skin colour 60.2% of the total sample had light colour/ medium light as
(56.4% of total males and 62.5% of total females), 25.6% had dark skin (31.2% of males and
22.2% of females), 7.4% had dark or very dark skin colour, and 6.8% very light skin colour

(Table 1). There was statistically significant difference in skin colour between males and

females (P<0.001).

0dds of having 25(0OH)D concentration <20 ng/ml
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As can be seen in Table 2 the odds of having 25(OH)D levels <20 ng/ml were lower
for the total sample with high activity, with supplement use, increased hours of sun exposure
and darker skin colour. On the other hand, spring season of blood sample collection was
associated with increased odds of having 25(OH)D concentration <20 ng/ml as was being
obese. In more detail, very active individuals had 41% reduced odds (OR 0.59, 95% CI 0.35,
0.98, P=0.044). Individuals using vitamin D supplements were 46% less likely of having
insufficient serum vitamin D concentration (OR 0.54, 95% CI 0.34, 0.86, P=0.010). One to
three hours of sun exposure per day reduces the odds of 25(0OH)D <20 ng/ml by 41% (OR
0.59, 95% CI 0.44, 0.80, P=0.001), >3 hours/day by 64% (OR 0.37, 95% CI 0.24, 0.55,
P<0.001) as compared with 0-1 hours/day of sun exposure dy. Compared to very light skin
coloured individuals, those with light to medium light colour had 53% lower odds of
25(0OH)D concentration <20 ng/ml (OR 0.47, 95% C1 0.24, 0.91, P=0.025), those with fairly
dark 66% reduced odds (OR 0.34, 95% CI 0.17, 0.67, P=0.002) as those with dark or very
dark skin (OR 0.34, 95% CI 0.15, 0.75, P=0.007). Furthermore, blood samples collected
during spring compared to those collected during summer were related with 87.5% increased
odds of 25(0OH)D concentration <20 ng/ml (OR 1.73, 95% CI 1.22, 2.48, P=0.002). This
model was adjusted for age. The likelihood ratio test for the whole model was 88.85 with a

p value <0.001.

For males (Table 2) smoking status was associated with increased odds of 25(OH)D
concentration <20 ng/ml (OR 1.74, 95% CI 1.04, 2.90, P=0.034) as was spring season of
blood sample collection (OR 2.91, 95% CI 1.52, 5.53, P=0.001). On the other hand,

compared to 0-1 hours per day of sun exposure individuals with 1-3 hours per day had 44%
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reduced odds (OR 0.56, 95% CI 0.32, 0.95, P=0.033), >3 hours per day 80% reduced odds
(OR 0.21, 95% CI 0.11, 0.42, P<0.001). The model was adjusted for age, BMI category,
activity level, vitamin D supplement use and skin colour. The likelihood ratio test for the

model was 68.09 with P<0.001.

For females (Table 2) being obese was associated with increased odds of 25(OH)D
concentration <20 ng/ ml (OR 2.22, 95% CI 1.19, 4.16, P=0.012). In contrary, supplement
use compared to no supplement use was associated with 51% reduced odds (OR 0.49, 95%
C10.29, 0.85, P=0.012) as was sun exposure 1-3 hours/day (OR 0.61, 95% CI 0.42, 0.89,
P=0.012), >3 hours/day (OR 0.50, 95% C1 0.29, 0.89, P=0.019) compared to 0-1 hours/day
of sun exposure. Furthermore, light to medium skin colour (OR 0.44, 95% CI 0.21, 0.89,
P=0.023), fairly dark skin colour (OR 0.33, 95% CI 0.15, 0.70, P=0.004) and dark to very
dark skin colour (OR 0.28, 95% C1 0.11, 0.75, P=0.011) were associated with reduced odds
of 25(0OH)D concentration <20 ng/ ml compared to individuals with very light skin colour.
The model was adjusted for age, season of blood sample collection and PTH levels. The

likelihood ratio test for the whole model was 55.23 with P<0.001.

Several demographic variables (marital status, health insurance and income) as well
as other variables, mentioned in the literature, such as alcohol intake, serum cholesterol,
serum magnesium, serum creatinine, serum lead (Pb) levels, dietary factors (e.g. Ca, Vitamin
K), skeletal muscle mass and sunscreen use were not significantly associated with 25(OH)D
levels (data not shown). Fiber (OR 1.00, 95% CI 1.00, 1.01, P=0.046) and magnesium intake

(OR 1.00, 95% CI 1.00, 1.00, P=0.035) were significantly associated with the odds of having
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serum 25(OH)D <20 ng/ ml in males and in crude analyses but were excluded as there was

no clinical significance (OR=1).

Discussion

To our knowledge this is the first study that aims to identify factors associated with
25(OH)D concentration <20 ng/ml in Greek adults. HNNHS’ measurements revealed that
64,8% of adults had insufficient serum 25(OH)D concentration and 28.8% were deficient.
Many factors associated with vitamin D status are modifiable, including dietary intake,

sunlight exposure and supplement use.

Vitamin D deficiency and insufficiency have been of concern recently with a
worldwide review reporting that 37.3% of studies found mean values of 25(OH)D
concentration <20 ng/ml with the subtotal for males being 22.3 ng/ml and for females 21.3
ng/ml [5]. In accordance to our study, high prevalence of deficiency has been reported in
previous studies [5-9, 11, 25] with a review reporting 35-75% of adults from Mediterranean
countries having serum 25(OH)D concentration <20ng/ml (54% of Greek adults) [4]. These
studies have taken place in more than 40 countries worldwide many of which in Europe [5,
6]. Included studies were cross-sectional or cohort where vitamin D status was measured,
whereas studies where status was estimated, rather than measured, were excluded. Most

studies included a random sample.

In addition, other reports from Greece [7, 8], Europe [25] and non-European counties
[9, 26-28] showed that the highest prevalence of serum 25(OH)D concentration <20 ng/ml
was during March. In our study (Figure 1) no blood samples were collected during August

and September compared to others [25] which reported lowest prevalence during July-
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September. Lowest prevalence was observed in October after which it increases and peaks
in March. This is explained by higher sun exposure during summer and spring where 24%

& 13% have sun exposure >3 h/d compared to 7% during fall and winter.

Vitamin D food intake in our sample was low, a finding that seems reasonable as few
foods contain vitamin D and there is no fortification law in Greece; a strategy that is reported
to have a positive effect in other regions [29, 30]. Our results are similar or lower compared
to levels reported elsewhere [6, 31, 32]. In the United States, were milk and cereals are
fortified, intakes are higher (3.9-7.0 ug/day) [33]. Higher intakes are also observed in
European countries except Spain where there is also no fortification law and intake is 1.6-
1.7 pg/day [6]. Although, dietary assessment methodologies vary between European

countries, a notable discrepancy between intakes and recommendations exists [6].

Although, 0-1 or 1-3 hours/day might seem adequate and Greece has adequate UVB
availability all year round [34] we have to consider that data is self-reported, that the majority
of the skin might be covered by clothing, especially during the winter months, and that little
might be exposed to the sun rays. Also, participants might have also included time exposed
in the sun when behind a glass (e.g. inside a building or a car) that acts as a barrier of UVB
rays submission [35]. Furthermore, for cultural or health reasons people might be avoiding

sun exposure. Similar trends have been reported in sunny countries in the past [1, 36, 37].

Only approximately 6% of males and 11% of females reported consuming
supplements, and <1% of males & 6.7% of females receiving >10 pg/ day (data not shown).
The significant sex difference can be explained by the higher prevalence of osteoporosis in

women compared to men as reported in previous findings (8.3% vs. 0.8% in adults) [15].
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Considering that intake and synthesis is low it is reasonable to observe serum
25(0OH)D concentration being low. Based on the oM cut-offs [24], 28.8% is characterized
deficient, 35.9% has insufficient concentration, 35.1% sufficient concentration and 0.1%
high concentration. These are comparable with studies from Greece [7, 8], Europe [11] and
the rest of the world [3, 38]. There were no significant differences in serum 25(OH)D

concentration observed between males and females as in other reports [39].

In our study, factors associated with lower odds of serum 25(OH)D concentration
<20 ng/ml were being very active, supplement intake, increased sun exposure and darker
skin colour. Spring season of blood sample collection was associated with higher odds of
deficiency. Although, darker skin is associated with lower odds, which is contradictory to
other findings, this cannot be explained by longer sun exposure as it is the same across all
skin colour categories (Pearson’s chi-square test P=0.064). This controversy might be
because almost all subjects are of Caucasian origin in contrast with other countries where a
higher proportion is of non-Caucasian origin who differ physiologically and culturally [14].
Only 7% of the sample has dark or very dark skin compared to 60% that has light or medium

light and therefore associations could be influenced by sample size.

Other studies reported a positive effect of physical activity on 25(OH)D
concentration adequacy which is hypothesized to be due to increased sun exposure [14]
however there seems to be an effect irrespective of sun exposure as the same has been
observed for indoor activity [40]. The main factors that influenced the odds of having
25(0OH)D levels <20ng/ml were sun exposure and season of blood collection. With

increasing sun exposure, the odds of vitamin D deficiency were lower. Spring season of
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blood sample collection was associated with higher odds of vitamin D (25(OH)D)
deficiency/insufficiency, probably because of the low levels of sun exposure during
preceding months. As previously suggested [41], this seasonal difference in 25(OH)D
concentrations could possibly be improved with the consumption of fortified products.
Supplement use might not have been significantly associated with lower odds of deficiency
due to the small sample size of males that were receiving supplements with content >10
pg/day (n=2). This can be explained by the lower prevalence of osteoporosis in males and/or
lower degree of actively checking for osteoporosis in comparison to females, and hence
reduced supplemental intake. Smoking as per other reports was associated with higher odds
of serum 25(OH)D concentration <20 ng/ml and it is hypothesized that smoking impairs

conversion of 25(OH)D to 1,25(0OH)D [42].

In females, obesity was associated with higher odds of 25(OH)D concentration <20
ng/ml. The lipophilic nature of adipose tissue is hypothesized to act as sequester of vitamin
D, rather than storage, and studies have reported increases in 25(OH)D concentration with
weight reduction in obese individuals [14]. The exact mechanisms remain unclear [24].
Supplement use and sun exposure were associated with lower odds as was darker skin. In
accordance with other studies, our biochemical data also show a negative correlation
between serum PTH concentration and 25(OH)D concentration [43-45] but it was not
significant in the model. Supplement use was also significant, in contrast with males, which
could be explained by higher supplemental intake in females. Season of blood sample
collection was not significantly correlated with 25(OH)D concentration however a seasonal

difference in supplement intake was observed. Women taking >10 pg/day via supplements
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were more likely to be taking it during Spring (43.2%) and Winter (25%) than during the
Summer (18.2%) and Fall (13.6%) (data not shown). This could be the result of their

perception that during Summer sunlight exposure is adequate for synthesis.

In both sexes dietary intake was not significantly associated with the odds of having
25(0OH)D concentration <20 ng/ml probably because 94.6% had very low intakes. In another
recent study, it was showed that in European participants with higher intakes of vitamin D

from food had higher 25(OH)D concentrations [46].

Due to the nature of the study, some limitations should be considered. Firstly, no
causal relationships can be drawn, since it is a cross-sectional study. Most participants lived
in urban areas and therefore we were unable to explore differences between urban vs. semi-
urban regions (0.37% from non-urban regions). However, in Greece, the vast majority of the
population reside in metropolitan areas. In addition, we did not explore ethnic differences as

<1% of the sample were of non-Caucasian race.

In conclusion, serum 25(0OH)D deficiency is high in Greek adults of both sexes.
Given vitamin D’s possible link to several diseases, relevant actions and policies to correct
deficiency and reduce prevalence, need to be taken. Food fortification and vitamin D
supplements are two options towards that goal. Longer but safe sun exposure could offer an

additional effective and low-cost strategy for 25(OH)D deficiency prevention.
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Table 1: Descriptive characteristics of study participants (Median values and interquartile

ranges (25%, 75%), numbers and percentages)

Total Males Females
P value?
n=1084 n=410 n=674
median Range median Range median Range
Age (years) 36 27, 52 35 28, 48 36.5 26, 54 0.972
Dietary vitamin D intake 1.23 0.60, 2.44 1.45 0.66, 3.07 1.16 0.56, 2.05 | <0.001***
(ng/d)
Serum 25(0OH)D levels 16.72 9.8, 23.6 16.67 | 11.1,23.46 | 16.74 9.72,23.6 0.923
(ng/ml)
Serum PTH levels (pg/ml) 38.04 28.7,49.8 38.06 28.9,51.3 38.04 28.0, 49.7 0.987
n % n % n %
BMI category <0.001***
Normal weight® 627 57.8 188 45.7 439 65.1
Overweight 310 28.6 156 38.0 154 22.8
Obese 147 13.6 66 16.1 81 12.0
Education level 0.068
Primary school 50 4.6 12 29 38 5.6
Secondary school 374 345 157 38.3 217 32.2
Professional/Private higher 98 9.0 31 7.6 67 9.9
education
University degree 402 37.1 153 37.3 249 36.9
MSc or PhD 160 14.8 57 13.9 103 15.3
Activity level 0.048*
Sedentary 120 11.1 36 8.8 84 12.6
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Little active 197 18.3 80 19.5 117 17.5
Moderately active 436 40.4 155 37.8 281 42.0
Very active 326 30.2 139 33.9 187 27.9
Smoking status (last 30 0471
days)
Not smoking 700 64.7 260 63.4 440 65.6
Smoking 381 35.2 150 36.6 231 34.4
25(OH)D status® 0.886
<12 ng/ml (Deficient) 312 28.8 118 28.8 194 28.8
12-19.9 ng/ml (Insufficient) 390 36.0 149 36.3 241 35.8
20-49.9 ng/ml (Sufficient) 381 35.1 143 34.9 238 35.3
>50 ng/ml (High) 1 0.1 0 0.0 1 0.1
Vitamin D supplement <0.001***
use
No supplement use 985 90.9 386 94.1 599 88.9
Supplement use 99 9.1 24 5.9 75 11.1
Sun exposure (last 30 0.020*
days)
0-1h/d 520 49.2 179 45.2 341 51.7
1-3 h/d 388 36.7 146 36.9 242 36.7
>3 h/d 148 13.0 71 17.9 77 11.7
Skin colour <0.001***
Very light 72 6.8 11 2.8 61 9.2
Light colour/Medium light 638 60.2 224 56.4 414 62.5
Fairly dark 271 25.6 124 31.2 147 22.2
Dark or very dark 78 7.4 38 9.6 40 6.0
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Season of blood sample 0.442

collection
Summer 309 28.6 116 28.4 193 28.7
Fall 125 11.6 51 12,5 74 11.0
Winter 318 29.4 128 31.3 190 28.3
Spring 329 30.4 114 27.9 215 32.0

ug/d, micrograms/day. 25(OH)D, 25-hydroxyvitamin D. ng/ml, nanograms per milliliter. PTH,
Parathyroid hormone. pg/ml, picogram per milliliter. BMI, Body Mass Index. kg/m?, kilograms per

meters squared. €, euros. h/d, hours/day.

Categorical variables depicted as frequencies and percentages, continuous variables depicted as
medians and 95% confidence intervals (because they are not normally distributed). Normality was
tested using the Shapiro-Wilk test. P values indicate sex differences. Kruskal-Wallis test was used in
the case of continuous variables and Peason’s chi square in the case of categorical variables.
bExcluding 24-hour recalls with extreme energy intake (<600 or >6000 kcal/ day.
‘Due to the small sample size of underweight individuals (n=53) they were merged with normal

weight individuals.

9Based on Institute’s of Medicine cut-off points. Values are rounded to the first decimal (except for p

values).

*P<0.5, **P<0.01, ***P<0.001.
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Table 2: Regression analyses examining the associations of 25(OH)D <20 ng/ml (deficiency & insufficiency based on IoM cut-off points) in the

total sample and by sex.

Variables Total Males Females
25(0OH)D levels <20 ng/ml 25(0OH)D levels <20 ng/ml 25(0OH)D levels <20 ng/ml
Crude Model? Crude ModelP Crude Model°
OR 95% CI P value OR 95% ClI P value OR 95% CI P value OR | 95%ClI P value OR | 95%CIl | Pvalue | OR | 95% CIl | P value
Age (years) 0.99 | 0.98,1.00 0.213 0.98 | 0.97,0.99 0.010* 0.97 | 0.96,0.99 | 0.004** | 0.96 | 0.95, <0.001*** | 1.00 0.99, 0.593 | 0.99 0.98, 0.632
0.98 1.01 1.00
BMI category
Normal weight Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
Overweight | 1.07 | 0.80,1.42 0.617 1.21 | 0.88,1.66 0.235 0.96 | 0.61,1.49 0.863 121 | 0.71, 0.468 1.14 0.78, 0.480 | 1.22 0.78, 0.369
2.04 1.68 1.89
Obese | 1.84 | 1.22,2.78 0.003** 1.95 | 1.24,3.08 0.044* 1.36 | 0.74,2.52 0.313 1.66 0.79, 0.173 2.33 1.32, 0.003** || 2.22 1.19, 0.012*
3.46 4.12 4.16
Activity level
Sedentary | Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
Little active | 0.81 | 0.48,1.35 0.431 | 0.85 | 0.49,1.47 0.566 1.01 | 042,244 0975 | 1.03| 0.38, 0.951 072 | 0.38, 0.308 [ 074 | 0.38, 0.403
2.76 1.35 1.47
Moderately active | 0.60 | 0.38,0.95 0.031* 0.66 | 0.40,1.08 0.100 0.74 | 0.33,1.64 0.462 0.74 | 0.30, 0.529 0.55 0.31, 0.033* | 0.59 0.32, 0.094
1.85 0.95 1.09
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Very active | 0.51 | 0.32,0.82 0.006** 0.59 | 0.35,0.98 0.044* 0.53 | 0.24,5.39 0.129 0.55 0.21, 0.209 0.52 0.29, 0.026* | 0.57 0.30, 0.089
1.39 0.92 1.08
Education level
Primary school | Ref. - - - - - Ref. - - - - - Ref. - - - - -
Secondary school | 0.95 | 0.51,1.78 0.886 - - - 2.99 | 0.90,9.90 0.072 - - - 0.59 0.27, 0.195 - - -
1.29
Professional/Private | 0.84 | 0.41,1.73 0.654 - - - 1.93 | 0.50,7.48 0.337 - - - 0.63 0.26, 0.319 - - -
higher education 1.53
University degree | 0.98 | 0.52,1.83 0.963 - - - 2.88 | 0.87,9.54 0.083 - - - 0.65 0.30, 0.277 - - -
1.40
MSc or PhD | 0.88 | 0.45,1.71 0.712 - - - 2.06 | 0.58,7.32 0.259 - - - 0.66 0.29, 0.334 - - -
1.52
Vitamin D intake | 0.97 | 0.93,1.00 0.053 - - - 0.96 | 0.92,1.01 0.101 - - - 0.97 0.92, 0.274 - - -
from food (pg/day) 1.02
Vitamin D
supplement use
No supplement use | Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
Supplement use 0.54 | 0.35,0.82 0.004** 0.54 | 0.34,0.86 0.010* 0.61 | 0.26,1.40 0.250 0.56 0.22, 0.233 0.52 0.32, 0.008** || 0.49 0.29, 0.012*
1.44 0.84 0.85
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Sun exposure

(last 30 days)
0-1 h/d | Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
1-3h/d | 0.58 | 0.44,0.77 | <0.001*** | 0.59 | 0.44,0.80 | 0.001** | 0.52 | 0.32,0.84 | 0.008** | 0.56 | 0.32, 0.033* | 0.60 | 043, |0.005** | 0.61 | 0.42, 0.012*
0.95 0.86 0.89
>3 h/d | 0.37 | 0.26,0.55 | <0.001*** | 0.36 | 0.24,0.55 | <0.001*** | 0.25 | 0.14,0.46 | <0.001*** | 0.21 | 0.11, | <0.001*** | 0.49 | 0.30, | 0.007** | 0.50 | 0.29, 0.019*
0.42 0.82 0.89
Skin colour
Very light Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
Light | 048 | 026,088 | 0.019* | 047 | 0.24,091 | 0025* | 0.84 | 0.21,3.27 0.804 0.55 | 0.10, 0.506 041 | 0.1, 0.012* | 044 | 0.1, 0.023*
colour/Medium 3.09 082 089
light
Fairly dark | 0.33 | 0.17,062 | 0.001** | 0.34 | 0.17,0.67 | 0.002** | 0.53 | 0.13,2.12 0.375 032 | 0.05, 0.199 029 | 0.4, |0.001** | 033 | 0.15, 0.004**
1.81 0.60 0.70
Dark or very dark | 0.36 | 0.17,7.66 | 0.008** | 0.34 | 0.15,0.75 | 0.007** | 0.57 | 0.13,2.52 0.463 0.33 | 0.05, 0.240 033 | 0.3, 0.017* | 0.28 | 0.1, 0.011*
2.07 0.81 0.75
PTH (pg/ml) 1.00 | 1.00,1.01 | 0.046* | 1.00 | 0.99,1.01 0.098 1.00 | 0.99,1.01 0.813 1.00 | 0.99, 0.416 1.01 1.00, 0.015* | 1.00 | 0.99, 0.068
1.01 1.01 1.01

Season of blood

sample collection
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Summer | Ref. - - Ref. - - Ref. - - Ref. - - Ref. - - Ref. - -
Fall | 1.34 | 0.87,2.07 0.176 1.18 | 0.74,1.88 0.479 1.02 | 0.52,1.98 0.944 0.68 0.32, 0.321 1.71 0.95, 0.072 | 1.69 0.90, 0.101
1.44 3.09 3.18
Winter | 1.19 | 0.86, 1.65 0.269 1.04 | 0.73,1.49 0.801 1.85 | 1.09,3.12 0.021* 1.63 0.89, 0.109 0.91 0.60, 0.661 0.83 0.53, 0.452
3.00 1.37 1.32
Spring 1.84 | 132,257 | <0.001*** | 1.75 | 1.22,2.50 0.002** 2.71 | 1.53,4.77 0.001** | 2.91 1.52, 0.001** 1.49 0.99, 0.054 | 1.45 0.93, 0.097
5.53 2.62 2.27
Smoking status
Not smoking Ref. - - - - - Ref. - - Ref. - - Ref. - - - - -
Smoking | 119 | 0.91,1.55 0.186 - - - 163 | 1.05252 | 0027 | 1.74| 1.04, 0.034* | 098 | 0.70, 0.944 - - -
2.90 1.37

LR test for the model: 88.85, p<0.001***

LR test for the model: 68.09, p<0.001***

LR test for the model: 55.23, p<0.001***

25(0OH)D. 25-hydroxyvitamin D. ng/ml, nanograms per milliliter. OR, Odds Ratio. Cl, Confidence Interval. BMI, Body Mass Index. h/d, hours/
day. png/day, micrograms per day. PTH, Parathyroid hormone. Pg/ml, picogram per milliliter. LR test, Likelihood Ratio test. *P<0.05, **P<0.01,

***p<0.001.

4Model 1: was adjusted for covariates having p values <0.05 in crude analyses for the total sample which were age, BMI, activity level, vitamin D

supplement use, sun exposure, skin colour, PTH and season of blood sample collection.

®Model 2: model 1 plus adjustment for smoking status which had a p value <0.05 only in crude analyses for males.

‘Model 3: model 1.
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Figure 1 Prevalence of serum 25(OH)D levels <20ng/ml and per
month? of blood sample collection (a) total (P<0.01%), (b) for

males (P=0.003") and females (P=0.007").
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Abstract
Background

Globally, vitamin D intake from food and supplements is low, consistent with the
high prevalence of low serum 25(OH)D concentration. The aim of the study was to assess
vitamin D intake and major relevant food contributors, among Greek adults, as well as to

propose subsequent policies.

Methods

Vitamin D from diet and supplements was estimated. Two 24-hour recalls (>19 years
old), using the Automated Multiple Pass Method, and a drug and supplement questionnaire.
Over- and under- reporters were identified using the Goldberg cut-off. A total of 2218
individuals were included in the final analysis. The National Research Council method was
used to account for within- and between-person variation. Vitamin D food intake adequacy
was estimated based on the Estimated Average Requirement (EAR) of 10 mcg/day, set by
the Institute of Medicine. Major foods contributing to intake were identified and the effect

on meeting EAR, of a potential food fortification example was examined.

Results

Median vitamin D intake from food ranged from 1.16-1.72 mcg/day and 1.01-1.26
in different age group in males and females, respectively. Major food sources of vitamin D
were fish (46%), meat (15%) and cereals (12%), however, over 90% of the population in all
age groups did not meet the EAR, even when supplemental use was accounted for. Vitamin

D overall intake is below the average requirements.
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Conclusion

Public health policies to increase the consumption of foods high in vitamin D and/or
food fortification may significantly reduce the percentage of individuals that do not meet the

recommendations.

Key words: Vitamin D, Greece, adults, diet, fortification.

Abbreviations (in alphabetical order): 25(OH)D: 25-hydroxyvitamin D, AMPM: Automated
Multiple-Pass Method, BMR: Basal Metabolic Rate, CAPI: Computer Assisted Personal Interview,
DRI: Dietary Reference Intake, EAR: Estimated Average Requirement, EFSA: European Food
Safety Authority, Elrep: Energy Intake reported, FG: Food Group, HDPA: Hellenic Data Protection
Authority, lIoM: Institute of Medicine, iPAQ: International Physical Activity Questionnaire, NCI:
National Cancer Institute, NDSR: Nutrition Data System for Research, NRC: National Research
Council, RDA: Recommended Dietary Intake, UL: Upper Level, USDA: United States Department

of Agriculture.
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Introduction

Vitamin D plays an important role in the regulation of serum calcium and phosphate
which in turn is crucial for bone mineralization [1]. It is well known that such a deficiency
can lead to the development of rickets in children and osteoporosis in adults, and recent
studies have shown that it may be associated with chronic diseases, such as obesity, diabetes,
autoimmune and cardiovascular disease and cancer [1, 2] as well as all-cause mortality [3].
More than one billion people worldwide have low concentration of serum 25-
hydroxyvitamin D (25(OH)D), suggesting a potential deficiency [4, 5]; this comprises a
health problem worldwide [6-9], including Greece [7, 10, 11] across all age groups [6, 7,

12].

Vitamin D is synthesized in the skin but can also be obtained from foods and
supplements. Apart from health issues related to a systematic sun exposure for individuals,
including the associated higher risk of melanoma [13], a single general population guideline
is difficult to be set since vitamin D skin synthesis is influenced by skin colour, geographical

location, season and other factors [14].

Overall, the intake of vitamin D from foods is also very low worldwide and well
below the Estimated Average Requirement (EAR) of 10 mcg/day [6, 15-20]. This is
reasonable as very few foods naturally contain vitamin D, such as fish and eggs [1].
Supplementation can be an option, especially in cases of extreme deficiency, however it
might not be a viable strategy for long-term use across all age groups of the population. In

contrast, increasing consumption of foods that naturally contain vitamin D, as well as food
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fortification of commonly consumed foods, might offer a plausible strategy to curb this

pandemic.

Therefore, knowledge of vitamin D intake from food and supplements is required to
potentially tackle vitamin D deficiency pandemic at the population level, through public

health policies.

The aim of this study was, therefore, to primarily assess vitamin D intake in a
representative sample of the adult Greek population across both genders and different age
groups, and to determine the foods that primarily contribute to vitamin D food intake. A
secondary aim of this study was to identify possible public health policies to correct low

serum 25(OH)D concentration at population level.

Materials & Methods

Study design

Data from the Hellenic National Nutrition and Health Survey (HNNHS), were used in
this study [21]. Data collection took place from September 2013 to May 2015, throughout
the area of Greece and was stratified by prefecture according to the National 2011 Census.
All adults from HNNHS were included (N=3773, >19 years; 40.8% males), from 4,574
HNNHS participants. Pregnant and breastfeeding women, as well as institutionalized (e.g.
military service, hospital, other institution) individuals, were excluded, due to their different

requirements.
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More information on the design and study sampling have been already published [21].
The Ethics Committee of the Department of Food Science and Human Nutrition of the
Agricultural University of Athens, and the Hellenic Data Protection Authority, approved the
HNNHS study. All participants were asked to provide a written informed consent prior to

inclusion.

Data collection

Sociodemographic and anthropometric data were collected by trained health
professionals using Computer Assisted Personal Interview (CAPI) software. Dietary intake
was assessed from two 24-hour recalls. The first interview was administered using the
Automated Multiple-Pass Method [22], which is a USDA validated tool for estimating
energy and nutrient intake and can be applied during a face-to-face interview. The second

interview was conducted via telephone, 8-20 days after the first in a different day.

The FoodEXx2 food classification and description system developed by the European
Food Safety Authority (EFSA) was used and recommendations for the harmonization of data
across European Union countries were followed [23]. Food quantification was performed
primarily with the use of age-specific validated food atlases as the primary option, along
with standardized household measures as the secondary tool. The Nutrition Data System for
Research (NDSR) developed by the University of Minnesota was used for nutrient analysis.
This is a database containing more than 18000 foods, including 7000 branded products. For

traditional Greek recipes, Greek food composition tables were used [24].
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Total energy intake was calculated from both recalls for all individuals, using these
validated databases. Individuals reporting extreme energy intakes (<600 kcal/day & >6000
kcal/day) were excluded (n=326, 4.8%) from the analysis. Furthermore, under- and over-
reporters were identified using the Goldberg equation [25, 26]. In summary the Energy
Intake (Elrep) to Basal Metabolic Rate (BMR) ratio, multiplied with the Physical Activity
(estimated using the International Physical Activity Questionnaire) [27], was compared to
specific cut-offs established according to EFSA methodology [26]. A total of 1,297
individuals were identified as under-reporters (36.1%; 37.1% males and 35.5% of females)
and 72 as over-reporters (2%; 1.5% of males and 2.3% of females). A total of 2218
individuals (907; 40.9% males) were, therefore, included in the main analysis, to account for
potential recall error. A secondary analysis, including under- and over-reporters (3587 in
total; 1478, 41.2% males) was also conducted, to examine the effect of misreporting on

vitamin D intake [Results shown in Table A2].

Estimation of usual vitamin D intake

To remove the effects of within- and between- subject variation in dietary intake and to
estimate the usual intake distribution of vitamin D for each age and gender group the
National Research Council method was used [28]. This methodology involves several steps.
First, data were checked for normality. As vitamin D intake was not normally distributed
(Shapiro-Wilk test P<0.001) data were log transformed to approach normality. Then, the
within- and between- person variance was estimated for each age and gender group and
individual adjusted intakes of vitamin D were estimated. Last, the adjusted data was back

transformed.
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The above method was applied to estimate the percentages below and above selected
Dietary Reference Intakes (DRIs) such as the EAR, Recommended Dietary Allowance
(RDA) and the Tolerable Upper Intake Level (UL). The DRIs used in this study are
suggested by the Institute of Medicine (IoM) to assess the adequacy of dietary intake [1].
EAR is defined as the average daily level of intake estimated to meet the requirements of
50% of healthy individuals, RDA as the average daily level of intake estimated to meet the
requirements of nearly all (97-98%) of healthy individuals, and UL is the maximum daily
intake unlikely to cause adverse health effects.

Percentage food group contribution

To estimate the contribution of each food group (FG) to the vitamin D food intake, foods
reported in 24hR were categorized into 42 FG (Appendix, Table 1). Foods included in
recipes/ mixed dishes were assigned to multiple food groups according to the different foods
that they consisted of. The dishes in FG42 were not disaggregated due to their high energy
and low micronutrient intake. The assumption was made that the ingredients of recipes/
mixed dishes equally contributed to the total nutrient content.

The percentage of the contribution of each FG to the vitamin D intake was derived by
the following formula: % contribution of FG to vitamin D = (sum of vitamin D intake for
that FG / sum of total vitamin D intake)*100. This was calculated separately for each age
and gender group.

A drug and supplement questionnaire was developed using validated questionnaires

from other studies, mainly from the United States, and more details of this have been
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published previously by our group [29]. From these data, vitamin D supplement intake was
categorized as follows: “None”, “>10 mcg/day” and “<10 mcg/day”.

Forecasted vitamin D intake levels following fortification of milk as an example

To estimate the new vitamin D intake data per 24hR following fortification intake of
milk from two different FGs was used. First, “FG10 Milk”, as well as part of “FG32 Coffee”.
The latter was used because a significant amount of milk consumed during the day was with
coffee (cappuccino in particular). As cappuccino was under the FG32 group only as a recipe
(rather than shared between FG10 and 32), although it contained milk, FG32 had also to be
used in order to complete the fortification estimation.

With regards to “FG10 Milk” the new data after fortification was derived by adding the
prespecified amount for food fortification (1, 2, 5, 7, 10, 12, 15 and 20 mcg) per 100g of
milk to the initially reported amount. With regards to the FG32 Coffee category and
specifically cappuccino, the amount added to the initially reported amount was estimated
using the assumption that 58% of the total amount of cappuccino in grams comes from milk,
as it is usually prepared in Greece.

Then, the NCI method for usual vitamin D intake estimation was applied, as previously
described, for each fortification scenario. Based on these levels, the percentages below the
EAR and RDAs were estimated.

Statistical analyses

Normality of the distribution of continuous variables was evaluated using the
Shapiro-Wilk test. Age and vitamin D food intake were not normally distributed and were

expressed as median and interquartile range. Levels of vitamin D intake following
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fortification were an estimation, rather than actual data, and, therefore, were expressed as
means and standard deviations. Categorical variables were presented as frequencies.
Kruskal-Wallis test was used to assess gender differences in vitamin D food intake. The
Wilcoxon Sign test was used to assess differences in median vitamin D intake between
vitamin D intake estimates with and without misreporters. Two sample Kolmogorov-
Smirnoff test was used to check distribution equality between normal and misreporters. The
level of statistical significance was set at P<0.05. All analyses were performed in STATA
statistical software (STATA 13.1, Stata Corp LP, Texas, USA) and Microsoft Excel software

(Excel 2016, Microsoft Corp).

Ethical approval

The study was approved by the Ethics Committee of the Department of Food Science
and Human Nutrition of the Agricultural University of Athens. It was also approved by
Hellenic Data Protection Authority (HDPA). All members of the staff signed confidentiality

agreements. All volunteers were asked to sign a detailed informed consent form.

Results

Vitamin D food intake

Data from 24hR was available for Group 1 (n=2218) individuals (40.9% males).
Baseline median vitamin D food intake data ranged from 1.01 mcg/ day in females >71 years
old to 1.72 mcg/ day for males 19-30 years old (Table 2). Ninety nine percent of the

population (99.6% for males and 99.9% for females) had levels below the EAR and 100%
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percent below the RDA (Recommended Dietary Allowance), with no individual exceeding

the UL (Tolerable Upper Intake Level) across all age groups and genders.

Vitamin D intake including all individuals, other than those reporting extreme intakes
(<600kcal/day & >6000kcal/day; N=3587) in the analysis, was also assessed. Overall,
median vitamin D intake from food was lower in all gender and age groups in this group
(noted in table as Group 2, see Appendix) compared to the sample calculated according to

Goldberg criteria (Group 1)

Vitamin D supplement intake

Vitamin D containing supplement use was also low (Table 2) for most age and gender
groups. Ninety four percent of males and 92% of females did not take any supplements
containing vitamin D. Supplement use with >10 mcg/ day of vitamin D was at its highest in
females in the 51-70 years old group (11.6%), as well as in females >71 years old age group
(5.9%). Supplement use with >10 mcg/ day of vitamin D ranged from 0.0-1.0% in males
among the different age groups. Individuals consuming multivitamin supplements were

categorized at the <10 mcg/ day level, as these contain minimal vitamin D amounts.

Percent contribution of different foods to vitamin D intake

Overall, major sources of vitamin D food intake in our population were fish (46%);
43% of vitamin D food intake was contributed from fresh fish whereas 3% from processed
fish. Meat contributed 15% of vitamin D from food intake (11% red meat, 1% white meat,
and 3% processed red meat). Cereals also contributed 12% of vitamin D from food intake

(Table 3). Most of the vitamin D food intake from cereals was from processed cereals (9%
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of total contribution) compared to all bran cereals (3% of total contribution). The major
vitamin D food contributors are shown in Table 3 for the total population and by gender. As
per the contribution of FG subcategories similar to the total sample, results were found in

males and females.

Fish contribution to vitamin D food intake was at its lowest for the 19-30 years old
category in both males (36%) and females (34%) (Table 3). It reached a peak at the 51-70
years old category for both genders (60% male, 58% female) and was maintained in the >71
years old category. A similar trend was observed for the sub-category of fresh fish, but not
processed fish from which vitamin D food intake contribution peaked at the 31-50 years old

category for both genders (6% male and 5% female).

Meat contribution to vitamin D food intake was higher in the 31-50 years old (17%)
and same in the 19-30- and 51-70- years old categories (16%) in males. It was lower in the
males >71 years old category (11%). In females, meat contribution to vitamin D food intake
was 18% in the 31-50 years old category, 14% in the 19-30 years old category, 11% in the

51-70 years old category and 6% in the >71 years old category.

The contribution of cereals to vitamin D food intake was higher in the younger age
group of 19-30 years old (19% in males and 20% in females), but was reduced with
increasing age reaching a lowest of 5% and 8% in the 51-70 years old category for males

and females, respectively.

In all other FGs contribution to vitamin D food intake was generally low and similar

between the genders as well as between age groups of the same gender (Table 3).
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Effect of vitamin D fortification of milk to vitamin D intake

Progressive fortification of milk with vitamin D from low to extreme levels reduced
the percentage of participants below the EAR and the RDA (Figures 1 & 2). The higher the
amount of fortification of milk, the higher the percentage below the EAR and RDA. The
purpose of progressive simulation of milk fortification was to identify the levels at which
vitamin D fortification would provide improvements in vitamin D intake at group level but
would still be safe for all age groups. However, in our example even at extreme levels of
fortification (e.g., 20 mcg/ 100g of milk) no participant exceeded the UL of 100 mcg/ day
for vitamin D (maximum reached 76.6 mcg/ day; these amounts refer to adjusted vitamin D

intakes following the application of the NCI method for each level of fortification).

Discussion

The main finding of this study was that less than 1% of the Greek population enrolled
in the study met the EAR for vitamin D intake across all ages and gender groups, whereas
none met the RDA, highlighting the need for prevention programs. This was demonstrated
with an example of milk fortification, a food consumed regularly by most individuals in all
age and gender groups, where a moderate fortification (about 7 mcg/ 100g of milk) would
cover EAR recommendations for over half of the population, in respect to their current

estimated vitamin D intakes.
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Similar finding have been reported from other studies in Greece and in other
countries where intakes were well below the EAR of 10 mcg/ day [6, 15-20]. It is noteworthy
that in an EFSA report, including intakes from 14 European countries, a mean dietary intake

ranging from 1.1 to 8.2 mcg/day was observed [30].

The low vitamin D intake can be explained as very few foods naturally contain
vitamin D [1], and include fish, especially fatty fish; other sources are milk, meat, eggs and
fortified products, such as cereals [6]. Requirements, however, were developed to cover
population’s needs for health, hence other means to cover these requirements, through food
and or supplements are potentially needed. Major contributors to dietary vitamin D intake in
our study were fish, meat and cereals, with these varying between gender. Compared to
other European countries fish contributes 70% of vitamin D from food intake in Spain (18-
64 years old) [31], 38% in France [32], 25% in the UK (19-64 years old) [33], 12-16% (12%
for those 18-64 years, 16% for those >65 years) in Ireland [6] and only 8-11% in the
Netherlands (8% in 7-69 years old and 11% in >70 years old) [34, 35], compared to 46% in
HNNHS. In our study, the dietary contribution of meat was 15% whereas in the UK meat
contributes to 22% of vitamin D from food intake (19-64 years old) [33], in Ireland 22-30%
(30% for 18-64 years old, 22% for >65 years old) [6], in Spain 2% [31] and in the
Netherlands 12-20% (20% in those 7-69 years old and 12% in those aged >70 years old) [34,
35]. Finally, cereals contributed 12% to the vitamin D intake in our study, as in the UK (12%
in males and 13% in females) [6], compared to 4% in Spain 4% [31] and to 2-5% in Irish

adults [6].
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Vitamin D can also be obtained via exposure to sunlight, many avoid sun exposure
or use sunscreens due to reduce the risk of melanoma. Supplements are also an option,
especially during the winter months or for people with minimal sunlight exposure [36]. The
latter were accounted for in the study, and intake remained extremely low, demonstrating
again the need for preventive programs. Specifically, and noteworthy, 92% of females and
94.6% of males in our study did not receive any supplement vitamin D containing,
approximately 4% were adding minimally to their intake through multivitamin supplements
(<10 mcg/day), and 3.9% of females and 0.4% of males solely consumed a high amount
(>10 mcg/ day) of vitamin D, to cover requirements. Regarding other European countries a
gradient between countries in the south and those in the north has been reported with regards
to use of dietary supplements [37]. In more detail, the highest consumption was observed in

Norway (61.7% in females) and the lowest in Greece (6.7% in females and 0.5% in males).

Milk was chosen as the most appropriate and practical example for Greece, as it can be
consumed daily by all age groups and is also a very good source of calcium, and phosphorus,
nutrients with a vital role in bone health. Fish and meat cannot be fortified. Cereals could be
fortified, however, as most of the cereal products consumed in Greece are imported, this
would complicate the implementation of such a policy. In addition, cereals, in general,
contain high amounts of sugar and any public health policy to increase their intake could
provoke controversial results. Another potential food for fortification, which does not
contribute vitamin D, could be flour. Nevertheless, most consumers in Greece buy bread from
many different local bakeries and producers rather than from a few companies as is the case

in other countries and implementation would be much more difficult and impractical.
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According to our estimations, even a low (7-10 mcg/ day, which is approximately
100ml) milk fortification could improve vitamin D intake of the population without
increasing the risk of toxicity (UL of vitamin D is 100 mcg/day). A higher level of
fortification (e.g. 20 mcg/ 100g of milk) could increase the risk of toxicity in some age and
gender groups, especially in female individuals >71 years old, who regularly consume
vitamin D supplements for osteoporosis at a level of 25-75 mcg/day. Our study examined
other fortification scenarios for the adult (>19 years) population where the UL is set at 100
mcg/ day (for those >9 years). However, milk is a food product that is consumed regularly
by children as well, where the UL is 63 mcg/ day for children 1-3 years old and 75 mcg/ day
for children 4-8 years old. Therefore, when considering the implementation of fortification
scenarios, safe consumption data also referring to children must be taken into consideration
not to exceed the UL in any population group. Likewise, one should take into account the
presence of subjects with lactose intolerance and milk protein allergies, in whom food

vitamin D should be taken via other foods or as a supplement.

The results of this study, although cross-sectional in nature, are strengthened by its
design. It included a representative sample of the Greek population, in all age groups, and
dietary intake was assessed using the most advanced research tools and standardized
procedures following European and International guidelines (e.g. AMPM, food atlases). In
addition, assessment of intake included all days of the week, as well as all twelve months
and, therefore, effects due to seasonal variation in consumption of foods is minimized, and
the NRC method was used in determining final intake to account for within and between

individual variation. Moreover, fortification scenarios were performed based on actual
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consumption data, to provide specific results that public health officials can use as primary
information. Also, sunlight exposure and complete vitamin D status need to be accounted
for before implementation. The geographical latitude of Greece, despite the amount of
sunlight, require those residing in Greece to have a larger amount of sunlight exposure for

synthesis, an area of contradiction with skin health.

However, there are also limitations in our study. Results must be interpreted with
caution, as this is a cross-sectional survey. Although extreme intakes and misreporters were
excluded this could have created a biased sample as some misreporters could have been
reporting true intake. Additionally, blood status was not reported, although the aim of this

study was to report food adequacy and not vitamin D status.

Conclusion

Vitamin D deficiency is a widespread population problem observed in many
countries, including Greece. Dietary intake among the Greek population, is extremely low,
below the EAR levels, placing the population at multiple risks. Food fortification policies
have not yet been formulated, potentially because of insufficient data. This study increases
public health awareness on the need for preventive public health strategies, even in areas

where sunlight is found in abundance.
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1

Age (years)

Ethnicity
Greek
Other
Marital status
Married
Unmarried
Divorced/ Separated
Widowed
Educational level
Primary
Secondary
Diploma
Bachelor’s degree

Postgraduate degree

SD: Standard Deviation.

Males
907
Mean £ SD
40.8416.8

N (%)

883 (97.4)

24.(2.6)

394 (43.4)
481 (53)
19 (2.1)

13 (1.4)

75 (8.3)
371 (41.0)
69 (7.6)
308 (34.1)

81(9.0)
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Table 3 Basic demographic characteristics of study participants.

Females
1311
Mean £ SD
40.9+17.2

N (%)

1276 (97.3)

35(2.7)

537 (41)
608 (46.4)
73 (5.6)

91(7)

110 (8.4)
447 (34.1)
125 (9.5)
486 (37.1)

141 (10.8)

All
2218
Mean £ SD
40.8+17.0

N (%)

2159 (97.3)

59 (2.7)

931 (42)
1089 (49.1)
92 (4.2)

104 (4.7)

185 (8.4)
818 (37)
194 (8.8)
794 (35.9)

222 (10)



4

30
31
32
33
34
35
36

37

38

Table 4 Vitamin D food intake levels in the Hellenic National Nutrition and Health Survey (2013-2015).

g
Vitamin D from food?® o/ \Vitami 6
1 % Vitamin D from

Age N (mcg/day) ? % below selected?
group | Group supplements )
1 Group 1: excluding recalls with extreme ( /d ) DRIs 9

(vears) energy intakes & misreporters mcg/day 10
Median (25, 75) None | 210 | <10® | EAR | RDA l%%
Males | 907 - 946 | 04 | 50 | 99.6 | 100.0 10@
19-30 315 1.72 (1.26, 2.48) 949 | 0.0 5.1 99.0 | 100.0 101)3)
17
31-50 340 1.53 (1.22, 1.99) 92.1 | 0.6 7.4 | 100.0 | 100.0 | 1009
15
51-70 191 1.59 (1.25, 2.01) 97.4 | 1.0 1.6 | 100.0 | 100.0 | 102M
21
>71 61 1.16 (0.81, 1.89) 984 | 0.0 | 1.6 | 100.0 | 100.0 10%%)

3
Females | 1311 . 924 | 39 | 37 | 99.9 |100.0 | 106
19-30 491 1.26 (1.03, 1.56) 95.1 0.4 4.5 100.0 | 100.0 10%.50
26
31-50 433 1.17 (0.86, 1.52) 94.2 2.1 3.7 100.0 | 100.0 | 100.0
27
51-70 302 1.24 (0.92, 1.61) 85.4 | 11.6 3.0 100.0 | 100.0 | 100.0
71
>71 85 1.01 (0.65, 1.66) 92.9 5.9 1.2 98.8 | 100.0 109(.40

Total number of participants used for the Group 1 analysis is n=2218.

2Group 1: Median and interquartile range estimated by excluding recalls with extreme energy intakes (<600kcal/day and >6000kcal/day) and misreporters (based on the
Goldberg cut-off) as well as by using adjusted vitamin D intake levels based on the NRC methodology [28] for usual intake estimation. P value for age differences in

Vitamin D intake from food according to the Kruskal — Wallis test is <0.001 for both genders (n=2218).

3Includes those that reported taking <10 mcg/ day as well as those that reported unknown quantity of vitamin D from supplements.
mcg: micrograms, %: percentage, Median (25, 75): Median and interquartile range, DRI: Dietary Reference Intakes, EAR: Estimated Average Requirement, RDA:
Recommended Dietary Allowance, UL: Tolerable Upper Intake Level.
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39

40

Table 5 Percentage contribution of food groups to average total intake of vitamin D from food by age and gender of respondent.

All  Males aged (years) All males Females aged (years) All females
19-30 31-50 51-70 =271 19-30 31-50 51-70 =271

% % % % % % % % % % %
Fish, total 46 36 53 60 60 49 34 38 58 58 43
Freshfish ' 43 34 46 58 | 60 46 32 33 58 58 41

Processed fish 3 3 6 2 0 4 3 5 1 0 3
Meat, total 15 16 17 16 11 16 14 18 11 6 14
Red meat | 17 12 12 13 8 12 10 13 8 4 10

White meat 1 1 2 1 1
Processed red meat 3 3 2 2 3 3 3 2 1

Cereals, total 12 19 8 5 6 11 20 12 8 9 14
All bran cereals 3 2 3 1 0 2 5 3 2 4 4
Processed cereals 9 17 5 3 6 9 15 8 6 5 10
Desserts 7 8 5 5 4 6 9 8 7 8 8
Cheese 6 5 6 5 7 6 6 8 5 5 6
Egg 4 4 3 4 3 4 5 4 4 6 5
Baked Products 3 4 3 2 0 3 4 4 2 3 3
Milk 2 3 2 1 3 2 2 2 1 2 2
Animal fat 2 2 2 1 1 2 3 2 1 1 2
Other! 2 2 2 1 3 2 2 2 1 2 2
Yoghurt 1 1 1 1 1 1 1 2 2 2 1

lincludes vegetables, sauces, olive oil and olives, other vegetable fat that contribute <0.5% each to vitamin D intake.
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41 Table 6 Level of vitamin D intake from food after fortification of milk.

1mcg 2 mcg 5 mcg 7 mcg 10 mcg
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Males
19-30 years
3.25+1.72 4.18+2.12 6.59 +3.44 8.03 +4.37 10.07 £5.76
31-50 years
2.75+2.22 3.55+3.08 5.55+5.00 6.77 £6.19 8.52+7.97
51-70 years
2.50+1.57 3.06+2.12 4.45 +3.43 5.28 +4.25 6.44 +5.47
271 years
2.69+1.65 3.83+2.74 6.74 £ 5.5 8.56+7.34 11.20£10.12
Females
19-30 years
249+1.41 3.37+2.01 5.71+3.74 7.16 £4.89 9.24+6.6
31-50 years
2.10+1.12 2.75+1.56 442 +2.87 5.43+3.75 6.88 + 5.06
51-70 years
2.29+1.71 2.92+2.17 4.53 +3.45 5.50+4.31 6.88 +5.61
>71 years
2.51+2.55 3.35+3.23 5.62 +5.16 7.04 +6.49 9.11 £ 8.56
42 Mean and SD estimated using adjusted vitamin D intake levels based on the NRC methodology [28] for usual intake estimation.
43 g: grams, SD: Standard Deviation, mcg: micrograms.
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Fortification level per 100g of milk

12 mcg

Mean = SD

11.37 £6.67
9.66 £9.16
7.19£6.28

12.93+11.98

10.59+7.73
7.80 £5.92
7.77 £6.48

10.46 +9.97

15 mcg

Mean + SD

13.26 +£8.04
11.32£10.94
8.28 +7.51

15.49 +14.75

12.57 £9.42
9.15+7.20
9.06 £7.77

12.46 +12.09

20 mcg

Mean £ SD

16.27 £10.26
14.01 +£13.89
10.03 £9.55

19.68 £19.34

15.78 £12.18
11.33+£9.28
11.14 £9.89

15.73 £15.65



Figure 1 Percentage of the population above the EAR for vitamin D by gender and
age group for different levels of milk fortification (per 100g. of milk).

Males: Percentage above the EAR for vitamin D
per age group and level of milk fortification per 100g
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EAR: Estimated Average Requirement, g: grams, mcg: micrograms. EAR for vitamin D: 10
mcg/ day.
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Figure 2 Percentage of the population above the RDA for vitamin D per gender

Males: Percentage above the RDA for vitamin D
per age group and level of milk fortification per 100g
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RDA: Recommended Dietary Intake, g: grams, mcg: micrograms.
RDA for vitamin D: 15 mcg/ day for individuals 19-70 years, 20 mcg/ day for individuals >70
years.
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Appendix

Table Al List of food groups used for the estimation of % food contribution to vitamin D intake.

FGO1 Fruits (fresh, dried, canned)

FGO02 Natural fruit juices

FGO3 Non-starchy vegetables

FGO04 Starchy vegetables (except potato)

FGO5 Potato

FGO6 All bran cereals

FGO7 Processed cereals

FGO8 Lentils, beans, meat substitute

FGO9 Nuts, peanut butter, almond milk

FG10 Milk

FG11 Yoghurt

FG12 Cheese

FG13 Egg

FG14 Fish (fresh)

FG15 Seafood, snails

FG16 Red meat (including offal)

FG17 White meat

FG18 Processed red meat

FG19 Processed white meat (e.g. chicken nuggets)
FG20 Processed fish

FG21 Olive oil, olives

FG22 Other vegetable oils (e.g. coconut oil, margarine/ butter mix)
FG23 Animal fat (e.g. mayonnaise, white sauce)
FG24 Alcoholic beverages

FG25 Beverages with sugar, soft drinks, fruit juices with added sugar
FG26 Beverages with sugar substitutes except fruit juices
FG27 Salty snacks (e.g. potato crisps, cracker)

FG28 Desserts

FG29 Herbs and spices

FG30 Salt

FG31 Water

FG32 Coffee

FG33 Tea

FG34 Artificial sweeteners

FG35 Sugar, honey, syrup

FG36 Baked products (e.g. cakes, biscuits, croissant)
FG37 Fruit juices with sweetener

FG38 Cooking cube, sauce

FG39 Salad dressing

FG40 Baby food
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FG41 Dairy substitutes

FG42 Fast food (e.g. souvlaki, burger, fries)

Table A2: Median dietary intakes of vitamin D in sample excluding recalls with extreme energy

intakes & misreporters (Group 1) and sample excluding recalls with extreme energy intakes only

(Group 2).
Vitamin D from Vitamin D from
. food? , food*
Age group N (mcg/day) N (mcg/day) P value® P value®
(vears) Group 1 Group 1: excluding recalls Group 2 Group 2: excluding recalls
with extreme energy intakes with extreme energy
& misreporters intakes only.
Median (25, 75) Median (25, 75)
Males 907 - 1478 ;
19-30 315 1.72 (1.26, 2.48) 480 1.44 (1.02, 2.07) <0.001 <0.001
31-50 340 1.53 (1.22, 1.99) 524 1.30 (1.03, 1.67) <0.001 <0.001
51-70 191 1.59 (1.25, 2.01) 335 1.13 (0.80, 1.48) <0.001 <0.001
>71 61 1.16 (0.81, 1.89) 139 0.91 (0.64, 1.51) 0.0128 0.0128
Females 1311 - 2109 -
19-30 491 1.26 (1.03, 1.56) 713 1.15 (0.91, 1.45) <0.001 <0.001
31-50 433 1.17 (0.86, 1.52) 641 1.00 (0.74, 1.34) <0.001 <0.001
51-70 302 1.24(0.92, 1.61) 555 1.01 (0.74, 1.30) <0.001 <0.001
>71 85 1.01 (0.65, 1.66) 200 1.00 (0.63, 1.49) 0.0128 0.001

Total number of participants used for the Group 1 analysis is n=2218.

2Group 1: Median and interquartile range estimated by excluding recalls with extreme energy intakes (<600kcal/day and >6000kcal/day) and misreporters

(based on the Goldberg cut-off) as well as by using adjusted vitamin D intake levels based on the NRC methodology [28] for usual intake estimation. P
value for age differences in Vitamin D intake from food according to the Kruskal — Wallis test is <0.001 for both genders (n=2218).
3Group 2: Excluding recalls with extreme energy intakes (<600kcal/day and >6000kcal/day) but not misreporters. Total number of participants used for

analysis is n=3587.

4Group 2: Estimated as in 2 but without excluding misreporters of energy intake according to the Goldberg cut-off (n=3587).

5P values estimated using the Wilcoxon Sign test for measures with and without misreporters.

6p: Based on Kolmogorov-Smirnoff two sample test significant mean differences (by reporting status) were found in total adjusted intakes (p<0.001).
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Abstract

Background: The aim of the Hellenic National Nutrition and Health Survey was to assess nutritional intake, health
status and various behaviors in a representative sample of the Greek population.

Methods: Data collection took place from 01.09.2013 to 31.05.2015. Random stratified sampling was performed by
(a) geographical density criteria of Greece (7 regions), (b) age group of the reference population (< 19, 20-64 and

> 65 years) and (¢) gender distribution. The final population enrolled included (throughout Greece), 4574 individuals
(42.5% men; 57.5% women of who 47.2% were from Athens metropolitan area, 18.5% from Central Macedonia, and
the remaining 34% almost equally scattered throughout the country (p for the comparisons with official statistics by
region, age group and sex > (1.7). Questionnaires developed were based on extensive review of the literature,
following a validation procedure when necessary.

Results: Preliminary analyses revealed that 32% of the adult population were overweight and 15.5% were obese, with
significant gender differences in total and per age group (p < 0.001, for all). The majority of the adult population reported
being active smokers (50.4%) or regular alcohol consumers (72.4%); with significant gender differences (p < 0.001, for all).
Prevalence of hyperlipidemia was 16.7%, cardiovascular disease 13.9%, hypertension 13.3%, thyroid disease 13.8%, and
Diabetes Mellitus 3.6%. Significant gender and age group differences were found in various diseases.

Conclusions: Study’s preliminary results provide valuable information about the Hellenic population’s health. Findings
from this survey could be used to detect disease risk factors for public health prevention policies and programs.

Keywords: Diet, Public health, Nutrition survey/ methods, Cross-sectional study, Greece

Background

The evaluation of current population’s mental and physi-
cal health and the identification of the most important
modifiable risk factors for disease prevention and treat-
ment is mandatory in assuring a healthy and productive
population [1-5].
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During the last few decades, a pharmacological ap-
proach for public health promotion was widely used,
hence focusing mostly on disease treatment rather than
prevention. This approach allowed increased prevalence
of various health risk factors, and led to an increase in
health care costs, and a decrease in gross production.
World data have shown that 8 out of the 20 main causes
of morbidity and mortality are due to unhealthy nutri-
tion [1, 4, 5]. Recent findings showed that the three lead-
ing factors of global disease burden were high blood
pressure, smoking, and high alcohol consumption [4, 5],
however when globally assessed their geographical varia-
tions on the magnitude of their effect of these risks
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varied with alcohol being the leading risk factor in East-
ern Europe and high blood pressure in central Europe,
for example. Additionally, overweight and obesity, phys-
ical inactivity and other modifiable risk factors (dietary
fats) represent substantial risk factors too, with their risk
burden varying on diseases by gender, and dietary fats by
age (children, adults, elderly) [4, 5]. More specifically,
older ages had a higher consumption of fish oils, while
younger individuals had a higher trans-fat intake [5].

Therefore, well-designed country specific studies are
necessary for the assessment and evaluation of major
modifiable risk factors in different geographic regions,
which will enable a focused (per region’s needs) promo-
tion of public health. Additionally, data should also focus
in gender and age specific differences.

Efficiently performed well-designed nationally represen-
tative cross-sectional studies have adequately evaluated the
population’s health and nutrition habits. Examples from
such programs include the National Health and Nutrition
Examination Survey (NHANES) and the National Diet and
Nutrition Survey (NDNS). During the last several decades,
findings from NHANES have been used in the United
States of America (USA) for status and the development of
health policies to safeguard public health, including policies
for prevention of lead poisoning and folic acid deficiency
through compulsory food fortification [6, 7].

The present Hellenic National Nutrition and Health
Survey (HNNHS) is the first national cross-sectional
study that takes place in Greece, which encompasses a
representative sample of all ages, and following stan-
dards established by NHANES (USA) and NDNS
(United Kingdom).

The aim of the HNNHS was to assess nutritional in-
take, health status and various behaviors in the Greek
population, which could be used to help promote public
health through the design and implementation of related
policies and intervention programs. In the present paper,
the aims, the design and some preliminary findings of
the HNNHS are explained below in detail.

Methods

Study design

This is a cross-sectional observational survey. Re-
sponders’ selection was performed with a random strati-
fied design based on the 2011 census data. Stratification
was made according to (a) geographical density criteria
by Greek region (7 regions), as provided by the Hellenic
Statistical Authority, (b) age group of the reference
population (<19, 20-65 and > 65 years) and (¢) gender
distribution. A random selection of more than one indi-
vidual per household was possible but no more than one
individual from the same age group could be enrolled in
the study. If households had children <6 years of age,
one (if more were present) was randomly selected to be
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included in the study, upon consent. The sample re-
quired to accurately evaluate measures of effect for com-
mon risk factors and prevalence of chronic diseases (a
priori estimated to equal to 1.2), at 0.05 level (alpha) was
3634 individuals, to achieve a statistical power equal to
85%. To maintain 85% power in the estimation of preva-
lence rates of chronic diseases or morbidities equal to
15%, with 1 standard deviation (SD) of the referent
population (N =11,000,000), at 0.05 significance, a sam-
ple size of 4658 was needed.

Sample

Invitations were sent to approximately 6000 individuals
(anticipating a 70-75% response rate) in to achieve the
required sample size, based on a feasibility and volunteer
basis in all Greek regions, by the study’s investigators
from 01.09.2013 to 31.05.2015. A total 4574 (42,5% men
and 57.5% women) finally agreed to participate. The
sample was distributed throughout Greece, with 47.2%
of it residing in the Athens Metropolitan area, 18.5% in
the region of Central Macedonia, whereas the rest was
almost equally scattered throughout the country (Table I;
p for the comparisons with Official statistics by region,
age group and sex > 0.7). Post-hoc assessment, account-
ing for large population (N > 10,000) resulted in a 92%
study power, for an effect size of 1.2 (OR=1.2). When
the 15% probability of chronic disease was accounted
for, the power was reduced to 84%.

Age standardization was performed using the 2011
Census as the reference populations data to check
a-posteriori that the sampled population was representa-
tive of the Greek population, as per the aim of the study
(calculations are provided in the excel file provided in
the Additional files 1 and 2). The population was strati-
fied by 10 years and statistical analyses were performed.

Table 1 Distribution of the sample wilhin Greece

Prefecture N %
Attica 2160 472
Central Maceconia 844 185
Foirus 59 13
Eastern Macedonia, Thrace 193 42
Pelonon~ese 144 3:
Western Macedonia 39 22
Inessay 238 52
Central Greece 104 23
Western Greece 219 48
Crele 262 57
lorian isancs 51 1i
North Aegean islancs 2 2
South Aegean islancs 87 19
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The sampled population was representative for the age
groups 0-19, 20—65 and 65+, and, hence were used in
the analysis. Furthermore, the prevalence of chronic dis-
eases (surveyed) of the actual Greek population (as per
census), through direct standardization, was compared
to the prevalence found in the study population. The
crude and adjusted odds ratios (OR) calculated by age
group in total and by gender did not significantly differ,
hence allowing increasing generalizability of the results.

Inclusion - Exclusion criteria

Total HNNHS sample population included volunteers
>6months old that reside in Greece. Exclusion criteria
included individuals (i), that did not speak Greek, (ii)
women who were at that time breastfeeding or preg-
nant, (iii) members of the armed forces (including
those that are currently undergoing their compulsory
military service), (iv) individuals that reside in insti-
tutions (e.g. nursing homes, rehabilitation centers,
hospice centers, psychiatric institutions, prisons, monas-
teries), (v) those that were unable to provide informed
consent due to any cause (e.g., mental impairment, psychi-
atric condition, drug abuse, vision or hearing loss) unless
a first degree relative was able to assist in the process.

Data collection

Information was collected via a series of previously vali-
dated questionnaires, from the entire population sam-
pled (details given in “Questionnaires in brief” section).
All of the questionnaire types used in HNNHS are pro-
vided in supplementary tables, along with their valid-
ation references in Additional file 1: Tables S$1-S3.
Additional references are listed for those questionnaires
that are not relevant in this study’s results.

Clinical examinations were performed on a subsample.
More specifically, an initial interview took place at the
volunteer’s house, with the use of a specially designed
computer software (i.e. Computer Assisted Personal
Interview (CAPI)), to minimize response biases and mis-
classification (minimize volunteer burden and maximize
reliability of collected data). The list of questionnaires ap-
plied can be seen in the Additional file 1: Tables S1 and S2.
In summary, the interviewing process included data on (i)
demographics, (ii) quality of life (QoL), (iii) medical history
(ie. chronic & autoimmune diseases, depression, anxiety),
(iv) breastfeeding, (v) vitamin and subscribed drug intake,
(vi) memory impairment, (vii) eating habits, (viii) alcohol
intake, (ix) smoking habits, (x) physical activity, (xi) sleep-
ing habits, (xii) overall patient health, and (xiii) effects of
economic crisis. The questionnaires were chosen according
to the volunteer’s age, as designated by the study’s protocol
(Additional file 1: Tables S1-S3).

A detailed 24-h dietary recall was obtained during this
process. The volunteers were also interviewed for a
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second 24-h dietary recall via telephone 8-20 days after
the first interview, selecting a different day, and non-con-
secutive, as specified by HNNHS study-protocol. Specific
questionnaire structure and validated food atlases for food
quantification were used depending on volunteer’s age
(2154 years old, >4- < 10years old, =10- < 12years old
and > 12 years old) in order to maximize response accur-
acy. More specifically, dietary intake data were collected
using two automated multiple-pass 24-h dietary recalls
and a Food Propensity Questionnaire (FPQ). To
harmonize data collection, we based our food classifica-
tion and description system on FOOdEx2 developed by
EFSA [8], based on volunteers age (< 2 years old and =2
years old). Main differences between the two versions was
the food list, (was shorter for the < 2 year old’s), as well as
the frequency response section. The latter referred to the
frequency of food intake over the last 30 days for volun-
teers <2 years old, or to the past year for those >2 years
old. Both FPQs were developed based on the Hellenic,
European and International guidelines. Overall, the
methods of dietary assessment were chosen as per EFSA
recommendations for the harmonization of data across
countries member states of the European Union [8]. Data
on eating patterns and behaviors were also collected (tim-
ing of food intake, number of meals, activities performed
during food consumption, place of consumption, and
others) to account for their effects on individuals weight
status as studies support [9-11]. The Nutrition Data Sys-
tem for Research (NDSR) (developed by the University of
Minnesota) was used for nutrient analysis.

At the end of the interview, volunteers were provided
with a list of questionnaires (hard copy) with specific in-
structions, to self-complete, based on the volunteer’s age
and their primary response to disease state during the
interviewing process (Additional file 1: Table $2).
These were to be fulfilled within a specific time period,
to further reduce volunteer burden (time related) and
to decrease interviewer and response bias because of
the nature of the nature of the questionnaires (sensi-
tive personal information). These questionnaires in-
cluded (i) qualitative FPQ (asked to be completed by
all volunteers, as explained above), (ii) perceived stress
scale, (iii) perception of health control, (iii) eating be-
havior (iv) chronic disease specific information (onset,
treatment, medical follow ups, and others), (v) preg-
nancy and infantile information (i.e., smoking during
pregnancy, number of children, weight gain per preg-
nancy, infant’s birth weight/length, breastfeeding (type
& duration), and others), (vi) environmental exposure,
(vii) social readjustment factors due to the economic
crisis, (viii) asthma related information, and (vi)
gastrointestinal disorders (the Greek version of Rome
III FGID questionnaires for both children and adults
was completed).
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Interview based questionnaires and those to be
self-completed were addressed to volunteers =12 years
old. Questionnaires related to volunteers, less than 12
years old, were addressed to his/her parent or primary
guardian.

In the case of volunteers being unable to self-respond
(i.e, with inhibiting health complications, adolescents
with lack of knowledge in specific questions) a parent/
guardian was asked to assist in the interview. The eco-
nomic crisis questionnaire was answered only by one
adult member per household. Information on primary
respondent, or on potential help received during the
process was recorded (“interviewee assistant”). A small
list of questionnaires where exempt from this procedure
(where the main respondent has to be the volunteer
himself), due to the nature of the related questions.
These included questions on (i) memory impairment, (ii)
screen time and alcohol use, (212 years - < 18 years), (iv)
smoking habits (212 years - < 18 years) and (v) patient
health questionnaire.

Completed questionnaires were handed to the partici-
pants nearest mobile unit or were given to the experi-
enced field investigator (who performed their initial
interview), when completed. To achieve a maximum re-
sponse rate, the studys trained personnel performed
kind reminders via phone calls. A total of 3180 volun-
teers (2682 adults and 498 children and adolescents)
completed all questionnaires (67% in total; 71% for
adults and 62.6% for children & adolescents). Field in-
vestigators completed a quality control check-list upon
checking the completed questionnaires.

Blood samples were taken from a sub-sample of the
population. More specifically, all participants were
invited to provide blood samples for biochemical —
hematological evaluation. Of them, 1197 (26.2% of
total population; 28.7% of adult population) agreed;
no age distribution differences were found between
the total population and those who provided blood
sample (p =0.677). Each of these individuals visited
one of the 5 mobile units where medical and an-
thropometrics were completed (please see Additional
file 1: Table S3). All samples were collected in the
morning, between 8:00 and 10:00am, upon having
fasted for at least 10 h. To assure compliance all indi-
viduals were asked if they had fasted and when their
last meal was.

Experienced field investigators were from various sci-
entific fields (dietitians, physicians, sociologists as well
as dietetic and medical students), and received special-
ized training on the HNNHS fieldwork protocol. These
specialists were involved in the development, method-
ology and application of study questionnaires and proto-
col procedure attainment was assessed with quality
control testing, during field-investigation.
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Ethical approval and consent form

The study was approved by the Ethics Committee of the
Department of Food Science and Human Nutrition of
the Agricultural University of Athens. It was also ap-
proved by Hellenic Data Protection Authority (HDPA).
All members of the staff signed confidentiality agree-
ments. Adult volunteers were asked to sign the consent
form. For minors < 13 years of age the parent or primary
guardian signed the form and for volunteers between 13
and 18 years of age the consent form was asked to be
signed by both (parent/ guardian and volunteer).

Questionnaires in brief

All questionnaires used in HNNHS, were derived
based on a priori knowledge and from components of
previously validated questionnaires. For this process.
The outcome of interest and previous work per-
formed in the Greek population were also considered.

For demographic characteristics (marital status, educa-
tion, health insurance, employment, income and changes
in employment and/or income during the economic
crisis) components from NHANES [12], Behavioral
Risk Factor Surveillance System (BRFSS) study [13]
and NDNS [14], questionnaires were used.

The Quality of Life (QoL) questionnaire included com-
ponents of (i) QoL and chronic pain components of the
Healthy Days Module developed by the Center for Dis-
ease Control (CDC) [15], (ii) questions with regards to
self-reported height, weight and oral health, from the
Health Survey for England and the Activity Limitations
Module (also CDC developed) [16].

Two questionnaires were developed for alcohol con-
sumption; one for minors and the second for adults. For
minors (212 years old and < 18 years old) the question-
naire was developed based on questions from the Youth
Risk Behavior Survey [17], the European School Survey
Project and other Drugs [18] and the Global School-
based Student Health Survey (GSHS) [19]. For the adult
questionnaire data from NHANES study [12], BRESS
[13], Arkansas Cardiovascular Health Examination Sur-
vey (ARCHES) [20] and Recommended Alcohol Ques-
tions by the National Institute on Alcohol Abuse and
Alcoholism (NIAAA) [21] were used. Volunteers were
classified as alcohol or non-alcohol consumers, based on
their intake over the past 30 days. Frequency of alcohol
intake among “consumers” was categorized as daily,
weekly or monthly, based on their response on (i) total
drinks per month consumed, (ii) drinks per week and/or
(iii) drinks per month. For minors, the total number of
individuals that reported having consumed an alcoholic
drink at some point in life (and not just few sips) was
reported.

As in the case of alcohol consumption, smoking habits
questionnaire(s) were also based on volunteer’s age. In
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particular, for adults questionnaires used were from the
NHANES [12] and BRFSS [13] studies; for minors from
the Youth Behavior Survey [17], NHANES [12] and the
European School Survey Project on Alcohol and other
Drugs [18]. Volunteers were grouped into (i) current
smokers, if they responded that they had smoked the
past month, (ii) ever smokers, if they had smoked at any
point in their life, and (iii) non-smokers, if they had
never smoked. Frequency of smoking, among current
smokers, was also recorded as “daily” or “sometimes”.
Among minors, the question referred as to whether they
had ever tried to smoke (aged up to 19 years).

Weight status was evaluated according to BMI. Body
mass Index (BMI) is defined as the weight (in kg) over
height (in meters squared). Cut-offs used (all in kg/m:')
for assessment are widely used and are the following
(adults): < 18.5, underweight; 18.5-24.9, normal weight;
25-29.9, overweight; > 30, obese.

Physical activity has a well-known role as a health deter-
minant hence the aim was to assess physical activity levels
in all ages. Questionnaires on physical activity were modi-
fied based on age groups as per a priori knowledge, in-
cluding (i) >2-<12years old of the questionnaire was
based on questions from the NHANES survey [22] and
Preschool-aged Children Physical Activity Questionnaire
(Pre-PAQ Home Version) [23] (i) =12- < 18 years old, the
International Physical Questionnaire — Adolescents
(IPAQ-A) [24], (iii) =18 years- <65years old the IPAQ
short form was used [25] and (iv) for =65 years of age a
modified version of the IPAQ has been suggested [26].
Preliminary results reported in this study include level of
physical activity as perceived by the adult volunteers
(sedentary, low, moderate and active) or by the primary
care giver if the volunteer was < 12 years old.

Information about medical history for disease preva-
lence among the Greek population, related medical
treatment and insurance coverage were collected. The
synthesis of this questionnaire was based on the
National Health Survey, NHANES [12], ARCHES
[20], and the Million Women Study [27]. The defin-
ition of clinical investigated outcomes was based on
the International Classification of Diseases (ICD)-10th
version, recorded by experienced study investigators.
Diabetes was defined as fasting blood glucose> 125 mg/dl
or if on diabetic medication; dyslipidemia if total triglycer-
ides> 150 mg/dl and/or total cholesterol> 200 mg/dl or on
lipid-lowering medication; hypertension as average blood
pressure greater or equal to 140/90 mmHg, or on antihy-
pertensive treatment.

Further details on specific disease states (hypertension,
dyslipidemia, diabetes) with specific questionnaires [20],
were collected once the volunteer declared as having
such a condition. In particular, data on prevalence of
Chronic Obstructive Pulmonary Disease (COPD) was
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obtained using the COPD Population Screener [28] and
Asthma using the questionnaire from the Hellenic Thor-
acic Society (for adults), and the Greek version of the
questionnaire International Study of Asthma and Aller-
gies in Childhood (ISAAC) [29] (minors 6-18 years old).
Following a literature review the Rose Questionnaire for
Angina [30] and the Edinburgh Claudication Question-
naire were used in HNNHS [31].

Additional the types of questionnaires used in the
study can be viewed in the Additional files 1 and 2 and
they included information on breastfeeding, drug and
supplement use, memory impairment (>45years old),
eating habits and behavior (as previously reiterated),
sleeping habits, data on depression, stress (acute and
chronic) & health locus of control, gestational & child-
birth related questions, environmental exposure, func-
tional gastrointestinal disorders, vitamin D intake status
& sun exposure, and economic crisis, to acquire ad-
equate and substantial information on the population’s
exposures and risks, Details for each of these question-
naires will be provided upon analysis.

Clinical/ physical evaluation and biochemical variables
HNNHS also included physical examination (temperature,
spirometry, blood pressure, etc.), anthropometry (weight,
height, waist and hip circumference, body composition,
and grip strength), and several blood tests (glucose,
HbAlc (diabetics), insulin, total lipid profile, thyroid hor-
mones, thyroglobulin, PTH, complete blood count, folic
acid, iron, ferritin, B;,, 250H-vitamin D, creatine, urea,
albumin, total protein, ALT, AST, bilirubin, uric acid, cal-
cium, magnesium, manganese, selenium, hs-CRP, cortisol,
and heavy metals, namely As, Cd, Co, Hg, Mo, Pb, Pt, Sb,
W, Zn, Ce, La, Th, U) in a subsample of the population, to
examine correlations with various health indices in later
analyses (Additional file 1: Table S3).

Statistics

Prior to analysis, data were cross checked for missing
values and outliers. Missing information was corrected if
the information was derived from other questionnaires
and/or measurements (non-reported values of weight
and height were completed if the individual was mea-
sured at the CAPI). Also, individuals responding as
non-diseased but reported taking a disease related medi-
cation, were classified as with disease outcome. Baseline
socio-demographic are presented as frequencies and
percentage (N, %) per gender. Variables of interest are
presented in total and per gender and age-group (ie.,
population’s weight status, smoking, alcohol, physical
activity, prevalence of chronic disease), while physical
activity is presented by specific age groups (as per ques-
tionnaires). Chi-square test was used to assess gender
differences by age group for weight status, smoking and
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alcohol intake, and for total prevalence of chronic dis-
ease by gender. Tukey’s paired means test was used to
detect differences between age groups (for each
chronic diseases). All reported p-values were based on
two-sided hypothesis tests, with significance level at
5%. The statistical models were computed using STATA
12.0 (STATA corp. Texas).

Results

Demographic data

The sample was distributed in all different regions of
Greece (Table 1). 47.2% was in the region of Attica,
18.5% Central Macedonia, and the rest of the sample be-
ing scattered through various regions of Greece (1.3%
Epirus, 4.2% Eastern Macedonia and Thrace, 3.1% Pelo-
ponnese, 2.2% Western Macedonia, 5.2% Thessaly, 2.3%
Central Greece, 4.8% Western Greece, 5.7% Crete,
1.1% Ionian islands, 2% North Aegean and 1.9%
South Aegean).

The total number of participants is 4574 volunteers of
which 1943 were males and 2629 females. Table 2 shows
distribution per gender, age and socioeconomic parame-
ters. Age distribution was representative of the 2011
Census, with 19% (N =869) of the sampled population
being 0-19 years old, 67% (N =3064), 20-64 years old,
and 14% (N =639) were =65 years old. Marital status
was as follows: 40.6% of the population was unmarried
(43.3% males and 38.5% females), 48.4% married (51.4%
males and 46.4% females) and 0.1% having a cohabit-
ation agreement 6.2% were widowers (2.2% males and
9.2% females), 3.8% divorced and 0.7% separated.

Educational level greatly varied with approximately
32% having a University degree or greater, 7.1% had
completed secondary education. Approximately 17% of
the population had limited to low education, 27.1% com-
pleted lyceum (12years of schooling), 5% technical sec-
ondary school and 8.3% private post-lyceum college. A
large percentage of the population (78.3%; 77.8% males
and 78.8% females) reported having public health insur-
ance whereas only 4.3% had private insurance and 8.9%
both types. A total of 8% males and 6.2% females were
not insured (Table 2).

In terms of net monthly income (Table 2), 13,5% had
low income (<€300-850), 11.4% had €851-1050, ap-
proximately 18% had moderate high income (€1051-
1500), 10.6% had €1501-1900, 9.1% had €1901-2400,
and 10.7% had high income (€2401-3800 and > €3801).

Weight status and behavioral data

Sample’s self-reported weight status in total by age group
(>20years old) and gender based on Body Mass Index
(BMI) can be found in Table 3. A total prevalence of
47.5% of the adult population was overweight (32%) and
obese (15.5%), with the prevalence increasing with age in
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both genders. A significant body weight status difference
was found in each age group, with males having a higher
prevalence of overweight compared to females (p < 0.001)
in all age groups.

Frequency of alcohol consumption among adults was
72.4% (Table 4), with approximately 7% reporting daily
consumption, 33% weekly and 60% on a monthly basis.
A significant greater percentage of males reported of be-
ing alcohol consumers than females (81.1% compared to
67%, respectively; p <0.001) and being more frequent al-
cohol consumers as well (p <0.001). Among minors (12
to 19 years of age, inclusive), 111 out of 340 individuals
(32.6%) reported as having consumed an alcoholic drink
at some point before, and not only a few sips (Table 4).
No significant differences were found between genders
among minors in alcohol consumption (p = 0.121).

Smoking frequency in the total population among
adults and minors, per gender, is being shown in Table 5.
Approximately 34% of the population were current
smokers, whereas 50.9% reported on having smoked at
some point in their life. Significant gender differences
were found in both cases with a higher proportion of
males reporting to have smoked (59% compared to 44%)
or of being current smokers (38.3% compared to 30.8;
p <0.001 for all. Among current smokers 87.3% re-
ported to smoke daily with a borderline difference found
between genders (p =0.046). A total of 22% of minors
(up to 19 years of age, inclusive) reported of having tried
to smoke at some point. No significant gender differ-
ences were found (p = 0.229).

Preliminary results of physical activity level were
self-reported as sedentary, low activity, moderately and
very active (Table 6). The highest proportion of the popu-
lation being very active was in young children (2-12 years
old, 68.6%) and among adolescents (48.5%). Twenty — 5 %
(25%) of adults aged 18-65 and > 65 years old reported be-
ing very active whereas 20% of the elderly (> 65) reported
of having a completely sedentary lifestyle.

Prevalence of chronic disease

In Table 7, the prevalence of various chronic diseases is
presented in total and per age group (20-39, 40-64, and
65+) in adults. In each category, gender specific rates
can also be viewed. The highest prevalence (16.7%) was
reported for hyperlipidemia (increased cholesterol or tri-
glycerides), with prevalence increasing in both genders
with age (Tukey’s test p <0.001 between groups). The
same pattern was found for hypertension with the preva-
lence mounting to 56% (51.2% in males, 61% in females;
p <0.05) in the elderly compared to 1.7% in adults aged
20-39 and 17.3% in the 40-65 age group (Tukey's test
not significant). Accordingly, age patterns were seen in
all CVD (CHD, angina, MI, heart failure, arrhythmia and
stroke), with significant age group differences found only
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Table 2 Volunteer baseline socio cemographic characteristics
by gencer {Continued)

Males Females Males Femaes
N % N % N % N %
1943 425 2629 575 1943 425 2629 575
Age Healt~ insurance
0-19 426 219 443 169 Uninsured 156 8 162 62
20 64° 1259 648 805 68.7 nsured, private 9 47 105 4
20-39 797 410 1040 396 nsured, public 1511 778 2071 788
40-65 462 238 765 29.7 nsured, both private and public 157 8.1 252 96
65+ 258 133 381 145 Don't know 10 05 20 08
Marital statuJs Refused 4 02 3 0.
Unmarried 841 433 1012 385 “The sampled population (N%) in the age group 20-64, was further categorized
Married 908 i 17 %3 :t;é(:::b)js:[r:;;:e:l)ﬁS to cross-reference with further analysis performed in
Cehabitaticn agreement 2 0.1 2 0.1
Widower 43 22 241 92 in heart failure (Tukey’s test p =0.014 for 65+ compared
Divorces 47 24 127 43 to 20-39 years). Diabetes prevalence and osteoporosis
Separatec 10 05 23 0o  Wwas also considerably higher in the older age group
B - - . " (16,8%) compared to 3.8% in total population and 16.2%
compared to 5.4%, respectively. Only osteoporosis was
Refused 4 02

Sducatiora level

No or I'tle educaticn 25 16 90 4
Primary schoo 128 82 224 99
Gymnasium 81 52 9 44
Lyceum 418 267 621 273
Techn'cal school 133 85 57 25
Private college (Past Lyceumn} e 73 204 9
University degree {AE[} 336 215 517 227
University degree (TE) 142 92 219 96
Master's degree 109 7 88 83
PhD 31 2 22 1
Refused 4 03 3 0.1

Nel monthy nceme (€)

<300 76 39 06 4
301-650 148 786 285 108
651-850 71 88 264 10
851-1050 237 122 283 108
1051-1250 172 89 236 9
1251-1500 178 92 237 9
1507-1900 222 114 264 10
1907-2400 183 94 231 88
2401-3800 177 9.1 202 77
> 3801 51 26 59 22
Do~'t know 122 63 214 81
Refused 204 105 246 94

significantly different between age groups (p <0.001 for
65+ and 20-39 and 40—64). The prevalence of thyroid
disease was high in all age groups, especially in females
and significantly different between the 65+ and 20-
39-year-old age groups (Tukey’s test p =0.026). A sig-
nificant difference was also found in cancer prevalence
between the older and younger adult age groups
(Tukey’s test, p = 0.033).

Gender differences and chronic disease

Significant gender differences were found in hyperlipid-
emia, arrhythmia, cancer, thyroid disease, osteoporosis,
arthritis/rheumatoid arthritis, irritable bowel syndrome,
depression, and chronic stress, with females having a sig-
nificantly higher proportion in each one of them. Preva-
lence of asthma and cancer was also higher in females,
more specifically in the 40-64 age group (4.8% vs. 1.7%;
p <0.05 and 3.7% vs. 0.6%; p <0.01, respectively). Gen-
der difference was also found in CHD with males having
a higher prevalence in the total adult sample and in the
older group (p <0.001, for all). The prevalence of MI did
not differ in the total sample but was significantly higher
in males over 65 years old than females in the same age
group (9.1% vs. 1.9%; p <0.001). Diabetes mellitus was
significantly higher in males aged 40-64 years old than
females of the same age group (5.9% vs. 2.7%; p <0.01).

Discussion

The HNNHS was set up in 2013 with the aim to provide
comprehensive, nutrition and health information, on a
representative sample of the Greek population. Prelimin-
ary results of the HNNHS study showed an elevated
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Table 3 Pcpulation’s weight status in total by age group and gender based on Body Mass Index (BMI) categorizaticn
Weight status lotal By age groun® and gender
categotization Total acult 2039 2064° 65+

population® N %) N 95) N (%)

N % M F M F M F
Jndeweight 175 47 12{1.5) 88 (85) 5.1 25(3.3) 8(31 37 (98
Normal weight 1772 479 20 {527 722 (695} 139(302) 335 (£38) 60 (233) 94 (24.8)
Ovenweignt 1183 320 285 {(35.8} 160(154) 212 (460} 244 (31.9) 127 (492 154 (406}
Ovese total 572 155 80 {10.0; 69 {656) 105 (22.8) 161 271.1) 63 (244) 94 (248}

N (%) Frequency (percentage), M males, F Females

By gender: % of males or females in question compared to total number of males or females, respectively

Chi square test for difference in weight status between genders in 20-39-year-old group (p <0.001)

YChi square test for difference in weight status between genders in 40-65-year-old group (p < 0.001)

“Chi square test for difference in weight status between genders in 65+ year-old group (p < 0.006)

“Based on BMI (kg/m’) categorization: < 18.5 = underweight; 20-25 = normal weight; > 25-30 = overweight; > 30= obese

“Study population = 20 years of age; Chi square test for difference in weight status between age groups in total (p < .001) and per gender (p <.001)

prevalence of overweight and obesity in adults as well as
dyslipidemia and hypertension. Among the adult popula-
tion prevalence of overweight & obesity was almost 47%,
significantly varying by gender, 17% of the total popula-
tion had dyslipidemia, 13% hypertension and about 4%
had diabetes and 14% were affected by a form of thyr-
oidism. All outcomes significantly increased with age
with prevalence of dyslipidemia and hypertension reaching
45 and 57% in the elderly, respectively. Furthermore, the
prevalence of osteoporosis in Greek women over 65 year
of age was 25.8%, a disease that is highly preventable.

In more detail, prevalence of overweight and obesity
as well as chronic diseases increased with age with males
having overall a higher weight status than females. This

is in accordance with data from NHANES showing in-
creased levels of obesity in adults, by sex, age and ethni-
city. Hyperlipidemia prevalence in 2011 in Greece was
15% [32], and results from the ATTICA study reported
that 1 in 2 adults (45 + 15) years old was dyslipidemic
[33].This is in accordance with current results from
HNNHS (44,8% in total; 39.9% in males and 48.3% in fe-
males). High levels of hypertension and hyperlipidemia
were also found in other studies [34, 35]and policies tar-
geting the reduction of these public health outcomes are
warranted as were developed by other countries upon
findings [34, 35]. Participation rate was higher in females
than males, as has been reported in most European
countries [36].

Table 4 Frequency of alcohol consumption habits in minars and adults in total and by gender

Aculls (204 years) Alcohol consumplion®

Total Males Females Level of significance *
N % N % N %
The past 30 days*®
No 398 269 285 ‘88 713 328 p <0001
Yes 2685 24 1229 81.1 1454 670
Frequency
Everycay 183 68 128 104 55 38 p <0001
Weecy 874 326 456 371 418 288
Monthly 1628 60.6 645 525 981 67.5
Minors (12-19 years) **
Fver consumed
No 229 674 142 893 153 845 p=0121
Yes 1M 326 17 07 28 155
Don't know 1 05
Refused = =

*For adults (20 + years of age: N = 3705 in total, 7 missing): any alcohol consumption the past 30 days and frequency of consumption
**For minors (12-20 years of age, N' = 340, 159 males and 181 females): whole alcoholic drink consumed at some point in life (and not just few sips). 66 minors

were < 18 years and 45 18 &19 years old

"Tested via chi square test for gender differences in adult population (20 years +) and in minors (up to 19 years); *p < 0.05; **p <0.01; **p <0001;
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Table 5 Frequency of smcking habits in total populaticn among adults and minors by gender

Acults (204 years) Smoxing™*
Total Maes Females evel of sign'ficance”
N % N % N %
Zver smoked
No 1935 524 620 410 1215 56.0 < 0.001
Yes 1878 509 893 590 955 440
The past 30 days®
No 2433 65.7 93< 615 1497 685 £ <0.001
Yes 1252 338 580 382 672 308
Frequency
Tvery day® 1093 873 519 895 574 854 P =006
Some cays” 158 126 60 103 98 46
Dot know 1 0.1
Refused
Minors (10-19 years}
Ever smoked
No 100 763 33 702 67 798 p=0229
Yes 29 221 12 255 17 202
Don't know 1 08
Refused 1 08

*For adults (> 19 years of age: 3705 in total): ever smoking; for minors specified if they even tried it (then response yes)
“For adults smoking the past 30 days (frequency (%) of smoking for smokers N = 1252)
Tested via chi square test for gender differences in adult population (20 years +) and in minors (up to 19 years); *p < 0.05; **p <0.01; ***p <0.001;

The proportion of alcohol consumption and current
smoking status was high, although the latter, prevalence
of smoking, was lower compared to previous findings in
the Hellenic population [37]. An alarming proportion of
minors had tried alcohol or had smoked at some point.
Smoking is a known risk factor for many chronic dis-
eases, including cardiovascular disease, many forms of
cancer, asthma and COPD. Alcohol, although has been
found to have protective effects on CVD, when con-
sumed in moderation [38], it is forbidden in minors.

Regarding arterial hypertension, the present study’s
preliminary results are comparable with other studies
where hypertension was self-reported (13.1% vs. 13.3%, re-
spectively, #=5003) [39]. As hypertension is a common

risk factor of cardiovascular disease, data on level of aware-
ness is warranted. Efstratopoulos et al., found an awareness
level of 60.2% among Greek hypertensive individuals [40],
therefore, further investigation is warranted. The prevalence
of hypertension in the NHANES study, for those >20 years
old was also close to the EPIC and HYPERTENSHELL
studies (33.5%) [41]. A 4% prevalence of diabetes mellitus
was found in this study, reaching 6.3% for adults over 30
years of age, compared to 7-11% prevalence reported in
Greece among adults [33, 42, 43]. HNNHS included infor-
mation on thyroid and renal function, for which there are
no data available in the Greek population. Respective preva-
lence levels of 13.7 and 0.6% of those >20 years old were re-
ported. The increased prevalence in all types of thyroid

Table 6 Physical aclivity levels among different age groups based cn self reported dala

Physical activity* 22 - < 12years

212 - < '8years

218 - < 65 years 265 years olc

N % N
Secentary way of life - - -
Low activity 15 .2 24
Mocderale aclive, average 126 26.7 74
Very active 324 68.6 100

Don't know - - 1

Refuse to respond - = =

% N % N %

= = = 28 20
12 584 183 17 183
359 1357 424 205 2%
£85 812 254 60 25
a5 2 01 1 02
= 2 0.1 = =

*Individuals were asked to report their perceived physical activity status or to state their child’s if they responded on their behalf
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Table 7 Prevalence of chronic disease in adult population sampled, in total, by gender and by gencer anc age group

“resence of disease/condition lota By gender and age group®

Tola sample By Gender® 20-39 40-64 65+

N (%) N (%) N (%} N {%}

N % M E M F M r M F
ncreasec m;o\eﬁrero or 765 167 297152y 468 (178) 627%{78) 48 (46) 127 (276) 226 (795) 103* (33.9) 183 {483}
rglycerides’
Don't knew 175 38
Hypertension 608 133 241 (124 367 (1400 21% (26) 11 (1.1) 88 (19.1} 124 (162) 132* (51.2) 237 {610}

47 10
Coronary Heart Disease 69 8 53%#* (34) 1607 00} (0.1} 17 37) T{0.1}  36** (140} 14{37)
Don't know 32 08
Argira 36 08 9{1.2) 17 (08} 608} 4 (04} 6(1.3) 203 77 10 {2.6)
Don't know 31 08
Myocard'a Infarction 49 13 3724 1205 0 0 16%* {(3.3) 507 21**@1) 719
{ leart altack)
Don’t know 13 03
leart failure 42 1.1 6 (1.0 2611y 0 3(03) 2{04) 8(1L1} 1450} 15 {4.0)
Don't knew 27 07
Arhythmia 2% 77 91** {58) 204 (90) 21 (26) 48 (46) 25 (54 71033 45(174) 78 (206}
Don't knew 42 1.1
Stroke 41 1 8.1 230100 101} 2(02) 3{(07) 405 1464 17 {4.5)
Don't know 1N 03
Cancer 53 12 4% {07) 39(15 304 1) 3% {06) 28337y 8@ 10(26)
Don't know 8 02
Diabetes (Type | & ¥ 162 36 73(38) 89 (34 3(04) 4 (04 79 2127 42(163) 64 {169}
Don't knew 24 05
Thyrole {any type of condition)® 629 738 93%* {48) 536 (20£) 36%**{45) 60 {154} 26%* (56; 248 (324) 24¥* (937  113{298}
Don't know 102 22
Astoma 184 40 69 (3.6) 115 (44} 40 (50 48 (46) 8 (1.7) 3748 6023 2053
Don't know 16 04
Chronic Oostructive Pulmonary 63 6 25{1.6) 38017y 506} 8 (08) 920 1500y 17 43) 15 {4.0)
Discase (COPD}
Don't know 77 06
Chronic kidney ciscase 27 06 13(0.7) 14 (05) 3 (04 @1 2{04) 4@5 830 9(24)
Don't know 3 0.1
Ostecporosis’ 206 54 13T 08) 19383  1(01} 303} 4% {0.9) 95(123) 8¢ {3.1) 95 (258}
Don't know 79 2.1
A-thrit's/ Rheumatold cisease 4 71 6533 25999y 9 (1.1} 2322 28 (617 106 (13.9) 28¥* (108 128(338}
Don't know 83 8
Crohn's disease or Ulcerative 16 04 6 (0.3} 10004 202 3(03) 1402 608 3012} 1{0.3)
colitis
Don’t know 6 0.1
rritable Bowel Syndrome (BS) 317 69 53%* (27) 264 (10.1)  25%**{(3.1) 705{107) 18" (39 121(158) 3*(35) 3502
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Table 7 Prevalence of chronic disease in adult population sampled, in total, by gender and by gencer anc age group (Continued)

Jresence of disease/condition lota By gender and age group®

Tola sampole By Gender” 20-39 a5+

N (%) N (%) N {9}

N % M F M F M F M F
Don't know 46 0
Depression 180 42 42%%%{23) 138 (56} 5(.9 3332 12%% 26y 6281}  15(58) 42111}
Jon’t knaw 63 1.5
Chronic Stress 495 16 28 (700 367 (149) 567X {7.0) 43{138) 427 (90} 134 (175} 25** (9.7} 78 {206}
Don't knaw 39 09

By gender: % of males or females who reported as having the outcome in question compared to total number of males or females, respectively

By age-group: Number of outcomes reported per gender in cach age-group (%)
"Tested via chi square test for gender differences by age group

btested via chi square test for gender differences in total sample; *p < 0.05; **p <0.01; ***p <0.001

©3.5% of the sample replied that they do not know for cholesterol; < 1% for hypertension, coronary heart discase, angina, myocardial infarction (0.3), stroke (03), heart
failure,; arvhythmia (1.1%), diabetes (0.53), 22% for any thyroid disease, asthma (0.35%), chronic obstructive pulmonary disorder (0.63%). Kidney failure (0.1%), 2.1% for
osteoporosis, 1.8% for aithritis, 0.1% for Crohn’s disease, 1.0% for irritable bowel syndiome, 1.5% for depression, 0.91% for chronic stress

IPrevalence for type | diabetes: 3/4754

“0-19 age group: for thyroid disease: Males (1.6%) and females (3.4%); For asthma: Males (3.5%), Females (2.3%); For chionic stress: Males 1.55%, females 4.3%

fOut of which 13 osteopenia

conditions (hypothyroidism, hyperthyroidism, Hashimoto
thyroiditis), especially among women, underlies the value of
HNNHS and stresses the need to further investigate risk
factors linked to this outcome, such as iodine and vitamin
D status, as well as nutritional intake and search for defi-
ciencies. The prevalence of cardiovascular disease, the lead-
ing cause of mortality worldwide, found in the study
population was 13.9%, in total. This included 7.7% of the
total sample that reported having arrhythmia, 1.8% coron-
ary heart disease, 1.3% myocardial infarction, 0.9% angina,
1.1 heart failure, and 1.1% had suffered a stroke.
Furthermore, an increased level of stress-associated disor-
ders including chronic perceived stress (11.6%), depression
(4.2%), Crohn’s disease (0.4%) or ulcerative colitis (0,4%),
and irritable bowel syndrome (6.9%) were found. These out-
comes may be associated with the economic crisis seen in
Greece over the past years but can also be linked to various
nutritional and behavioral factors, that need to be exam-
ined. Interestingly, data with regards to perceived change in
household budget show that most volunteers perceived
change being more severe in 2012 (23.2%) than 2011
(18.3%) and 2013 (12.6%). Details that may have affected
these stress-associated disorders, remain to be investigated.

Limitations

Due to the cross-sectional nature of the study, no causal re-
lationships can be formulated. Also, the data presented and
analyzed in this first report are from reported data. How-
ever, experienced field investigators checked the data and
recorded clinical outcomes based on ICD-10th version
codes. Furthermore, sensitive personal questions, were
self-completed to decrease reporting bias. All clinical out-
come data were further cross-checked with other related
questions, ie, medications, in order to accurately code the
participants and decrease misclassification. Reporting of

data in more depth and comparison with other past small,
non-nationally representative surveys in Greece are beyond
the scope of this first methodological publication and will
be described elsewhere.

Strengths

Health surveys as HNNHS can reveal target groups in need
for prevention strategies according to educational level, em-
ployment and marital status, area of residence in a subna-
tional level, and health behavior [40, 44]. HNNHS, is the
first national representative study performed in Greece to
assess nutrition and health status of the population includ-
ing all age groups. Questionnaires used were constructed
after performing an extensive literature review and based
on other validated questionnaires that have been used in
other large national studies and in the Greek population.
Another strength is the synergistic action of multiple health
care specialists in study design, filed work and data analysis.
Furthermore, the use of the especially designed computer
software, CAPI, increases reliability of collected data, since
it reduces response bias, misclassification and volunteer
burden. Measurements, clinical assessment and blood tests
performed in a subsample of the population will be used to
further validate the preliminary results presented here.

Conclusions

The HNNHS study aims to evaluate the health of the
Greek population. The data presented provide a prelimin-
ary overview of demographic and lifestyle data of the
population. We envision that this study will provide valu-
able information regarding the health of the Greek popu-
lation and that it will become a rolling program that will
facilitate the development and evaluation of public health
policies addressing key risk factors that impact on the
health of the Greek population.
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4. General discussion

To our knowledge this is the first study that aims to examine and identify the factors
associated with 25(OH)D concentration <20 ng/ml in Greek adults. Based on a literature
review, performed at the time when the research protocol was developed, probable factors
that could influence serum 25(OH)D levels were identified. Consequently, questionnaires
were developed in order to assess those factors and later used the acquired data to identify

which and to what extent can influence serum 25(OH)D levels.

Based on the IoM cut-offs (IOM 2011), 28.8% is characterized deficient, 36% has
insufficient concentration, 35.1% sufficient concentration and 0.1% high concentration.
These are comparable with studies from Greece (Katrinaki et al. 2016, Papadakis et al.
2015), Europe (Cashman et al. 2016) and the rest of the world (Palacios and Gonzalez
2014, Schleicher et al. 2016). There were no significant differences in serum 25(OH)D
concentration observed between males and females as in other reports (Verdoia et al.
2015).

An additional finding of this study was that less than 1% of the Greek population enrolled
in the study met the EAR for vitamin D intake across all ages and gender groups, whereas
none met the RDA, highlighting the need for prevention policies. In this section of the PhD
thesis the prevalence of low serum 25(OH)D concentration as well as the factors that can
have an impact on that prevalence in comparison with other studies will be discussed in
detail. Vitamin D food intake and major food contributors will also be discussed as well as

an example of a food fortification and its effect on increased intake at population level.

Vitamin D deficiency and insufficiency have been of concern recently with a worldwide
review reporting that 37.3% of studies found mean values of 25(OH)D concentration <20
ng/ml with the subtotal for males being 22.3 ng/ml and for females 21.3 ng/ml (Hilger et al.
2014). In accordance to our results, high prevalence of deficiency has been reported in
previous studies (Cashman et al. 2016, Grigoriou et al. 2018, Hilger et al. 2014, Katrinaki
et al. 2016, Livingstone et al. 2017, Papadakis et al. 2015, Spiro and Buttriss 2014) with a
review reporting 35-75% of adults from Mediterranean countries having serum 25(OH)D

concentration <20ng/ml (54% of Greek adults) (Manios et al. 2017).
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These studies have taken place in more than 40 countries worldwide many of which in
Europe (Hilger et al. 2014, Spiro and Buttriss 2014). Included studies were cross-sectional
or cohort where vitamin D status was measured, whereas studies where status was
estimated, rather than measured, were excluded. Most studies included a random sample.
Therefore, the prevalence of low serum 25(OH)D reported in other studies is very similar to
the one reported from our study.

With regards to which factors could potentially influence prevalence of low serum
25(0OH)D, in our study and considering the total sample (both males and females),
associated with lower odds of serum 25(OH)D concentration <20 ng/ml were being very
active, supplement intake, increased sun exposure and darker skin colour. Spring season

of blood sample collection was associated with higher odds of deficiency.

Concerning season of blood sample collection, reports from Greece (Katrinaki et al.
2016, Papadakis et al. 2015), Europe (Manios et al. 2017) as well as non-European
counties (Bolland et al. 2008, Grigoriou et al. 2018, Kasahara et al. 2013, Levis et al. 2005)
showed that the highest prevalence of serum 25(OH)D concentration <20 ng/ml was during
March. In our study no blood samples were collected during August and September
compared to others (Manios et al. 2017) which reported lowest prevalence during July-
September. Lowest prevalence was observed in October after which it increases and peaks
in March. This is explained by higher sun exposure during summer and spring where 24%

& 13% have sun exposure >3 h/d compared to 7% during fall and winter.

Another important factor that can influence serum 25(OH)D levels exposure to sun/
ultraviolet radiation. In our study, sun exposure was associated with lower odds of low
serum 25(OH)D concentration. However, even though 0-1 or 1-3 hours/day might seem
adequate for vitamin D skin synthesis and Greece has adequate UVB availability all year
round (O'Neill et al. 2016), we have to consider that data is self-reported, that the majority
of the skin might be covered by clothing, especially during the winter months, and that little
might be exposed to the sun rays. Also, participants might have included time exposed in
the sun when behind a glass (e.g. inside a building or a car) that acts as a barrier of UVB
rays’ submission (Duarte et al. 2009). These factors probably explain why, although
significantly associated with serum 25(OH)D levels, the hours of sun exposure reported in

our sample were not enough to prevent levels below 20 ng/ml. Furthermore, for cultural or
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health reasons people might be avoiding sun exposure. Similar trends have been reported
in sunny countries in the past (Gannage-Yared et al. 2000, Lips 2010, Mishal 2001).

Furthermore, in our study, darker skin was associated with lower odds, which is
contradictory to other findings; this cannot be explained by longer sun exposure as it is the
same across all skin colour categories (Pearson’s chi-square test P=0.064). This
controversy might be because almost all subjects are of Caucasian origin in contrast with
other countries where a higher proportion is of non-Caucasian origin who differ
physiologically and culturally (SACN 2016). Only 7% of the sample has dark or very dark
skin compared to 60% that has light or medium light and therefore associations could be

influenced by sample size.

With regards to supplements, in the total sample intake was associated with lower odds
of low serum 25(OH)D concentration. Approximately 6% of males and 8% of females
reported consuming supplements, and <1% of males & 3.9% of females receiving 210 mcg/
day and 3.7% receiving <10 mcg/day. The significant sex difference can be explained by
the higher prevalence of osteoporosis in women compared to men as reported in previous
findings (8.3% vs. 0.8% in adults) (Magriplis et al. 2019). Regarding other European
countries a gradient between countries in the south and those in the north has been
reported with regards to use of dietary supplements (Skeie et al. 2009). In more detail, the
highest consumption was observed in Norway (61.7% in females) and the lowest in Greece

(6.7% in females and 0.5% in males).

Other studies reported a positive effect of physical activity on 25(OH)D concentration
adequacy which is hypothesized to be due to increased sun exposure (SACN 2016)
however there seems to be an effect irrespective of sun exposure as the same has been
observed for indoor activity (Wanner et al. 2015). The main factors that influenced the odds

of having 25(OH)D levels <20ng/ml were sun exposure and season of blood collection.

In males, with increasing sun exposure, the odds of low serum 25(OH)D were lower.
Spring season of blood sample collection was associated with higher odds of serum
25(0OH)D deficiencyl/insufficiency, probably because of the low levels of sun exposure
during preceding months. As previously suggested (Manios et al. 2011), this seasonal
difference in 25(OH)D concentrations could possibly be improved with the consumption of

fortified products. Supplement use might not have been significantly associated with lower
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odds of deficiency, in males, due to the small sample size of male individuals that were

receiving vitamin D containing supplements.

The latter, as previously mentioned, could probably be explained by the lower prevalence
of osteoporosis in males and/or lower degree of actively checking for osteoporosis in
comparison to females, and hence reduced supplemental intake. Smoking, as per other
reports, was associated with higher odds of serum 25(OH)D concentration <20 ng/ml, in
males, and it is hypothesized that smoking impairs conversion of 25(OH)D to 1,25(0OH)D
(Mulligan et al. 2014).

In females, obesity was associated with higher odds of low serum 25(OH)D
concentration. The lipophilic nature of adipose tissue is hypothesized to act as sequester of
vitamin D, rather than storage, and studies have reported increases in 25(OH)D
concentration with weight reduction in obese individuals (SACN 2016). The exact

mechanisms remain unclear (IOM 2011).

Supplement use and sun exposure were associated with lower odds as was darker skin.
The association of supplement use, in females, with lower odds of serum 25(OH)D <20
ng/ml, in contrast with males, could probably be explained by higher supplemental intake in
females. Season of blood sample collection was not significantly correlated with 25(OH)D
concentration however a seasonal difference in supplement intake was observed. Women
taking 210 pg/day via supplements were more likely to be taking it during Spring (43.2%)
and Winter (25%) than during the Summer (18.2%) and Fall (13.6%). This could be the
result of their perception that during Summer sunlight exposure is adequate for synthesis.
In accordance with other studies, our biochemical data also show a negative correlation
between serum PTH concentration and 25(OH)D concentration (Chapuy et al. 1997, Looker
et al. 2008, Sai et al. 2011) but it was not significant in the model.

Concerning both genders and with regards to vitamin D food intake our results our
similar to those that have been reported from other studies in Greece as well as
internationally where intakes were well below the EAR of 10 mcg/ day (Au et al. 2013, Bailey
et al. 2010, Freisling et al. 2010, Manios et al. 2014, Moore et al. 2004, Ross et al. 2011,
Spiro and Buttriss 2014). It is noteworthy that in an EFSA report, including intakes from 14
European countries, a mean dietary intake ranging from 1.1 to 8.2 mcg/day was observed
(EFSA 2012).
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In the United States, were milk and cereals are fortified, intakes are higher (3.9-7.0
pg/day) (Moore et al. 2004). Higher intakes are also observed in European countries except
Spain where there is also no fortification law and intake is 1.6-1.7 pyg/day (Hilger et al. 2014).
Although, dietary assessment methodologies vary between European countries, a notable

discrepancy between intakes and recommendations exists (Hilger et al. 2014).

In our study and in both genders, probably due to the very low intakes observed, vitamin
D intake from food did not significantly influence the odds of low serum 25(OH)D
concentration probably because most individuals had extremely low intakes. In another
recent study, it was showed that European participants with higher intakes of vitamin D from
food had higher 25(OH)D concentrations (Livingstone et al. 2017).

The low vitamin D intake can be explained as very few foods naturally contain vitamin D
(IOM 2011), and include fish, especially fatty fish; other sources are milk, meat, eggs and
fortified products, such as cereals (Spiro and Buttriss 2014). Requirements, however, were
developed to cover population’s needs for health, hence other means to cover these

requirements, through food and or supplements are potentially needed.

As many factors associated with vitamin D status are modifiable, including dietary intake,
sunlight exposure and supplement use this study aimed at identifying strategies in order to
reduce deficiency levels. This was demonstrated with an example of milk fortification, a food
consumed regularly by most individuals in all age and gender groups, where a moderate
fortification (about 7 mcg/ 100g of milk) would cover EAR recommendations for over half of

the population, in respect to their current estimated vitamin D intakes.

Major contributors to dietary vitamin D intake in our study were fish, meat and cereals,
with these varying between gender. Compared to other European countries fish contributes
70% of vitamin D from food intake in Spain (18-64 years old) (AESAN 2011), 38% in France
(ANSES 2013), 25% in the UK (19-64 years old) (Bates et al. 2015), 12-16% (12% for those
18-64 years, 16% for those =65 years) in Ireland (Spiro and Buttriss 2014) and only 8-11%
in the Netherlands (8% in 7-69 years old and 11% in 270 years old) (DNFCS 2011, Ocke et
al. 2013), compared to 46% in HNNHS.

In our study, the dietary contribution of meat was 15% whereas in the UK meat

contributes to 22% of vitamin D from food intake (19-64 years old) (Bates et al. 2015), in
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Ireland 22-30% (30% for 18-64 years old, 22% for 265 years old) (Spiro and Buttriss 2014),
in Spain 2% (AESAN 2011) and in the Netherlands 12-20% (20% in those 7-69 years old
and 12% in those aged =70 years old) (DNFCS 2011, Ocke et al. 2013).

Finally, cereals contributed 12% to the vitamin D intake in our study, as in the UK (12%
in males and 13% in females) (Spiro and Buttriss 2014), compared to 4% in Spain 4%
(AESAN 2011) and to 2-5% in Irish adults (Spiro and Buttriss 2014).

Vitamin D can also be obtained via exposure to sunlight; however, many avoid sun
exposure or use sunscreens to reduce the risk of melanoma. Supplements are also an
option, especially during the winter months or for people with minimal sunlight exposure
(Cashman and Kiely 2014). The latter were accounted for in the study, and intake remained

extremely low, demonstrating again the need for preventive programs.

Milk was chosen as the most appropriate and practical example for Greece, as it can be
consumed daily by all age groups and is also a very good source of calcium, and
phosphorus, nutrients with a vital role in bone health. Fish and meat cannot be fortified.
Cereals could be fortified, however, as most of the cereal products consumed in Greece are
imported, this would complicate the implementation of such a policy.

In addition, cereals, in general, contain high amounts of sugar and any public health policy
to increase their intake could provoke controversial results. Another potential food for
fortification, which does not contribute vitamin D, could be flour. Nevertheless, most
consumers in Greece buy bread from many different local bakeries and producers rather
than from a few companies as is the case in other countries and implementation would be
much more difficult and impractical.

According to our estimations, even a low level (7-10 mcg per 100g of milk, which is
approximately 100ml) of milk fortification could improve vitamin D intake of the population
without increasing the risk of toxicity (UL of vitamin D is 100 mcg/day). A higher level of
fortification (e.g. 20 mcg/ 100g of milk) could increase the risk of toxicity in some age and
gender groups, especially in female individuals =71 years old, who regularly consume

vitamin D supplements for osteoporosis at a level of 25-75 mcg/day.

Our study examined other fortification scenarios for the adult (219 years) population
where the UL is set at 100 mcg/ day (for those =9 years). However, milk is a food product

that is consumed regularly by children as well, where the UL is 63 mcg/ day for children 1-
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3 years old and 75 mcg/ day for children 4-8 years old. Therefore, when considering the
implementation of fortification scenarios, safe consumption data also referring to children
must be taken into consideration not to exceed the UL in any population group. Likewise,
one should consider the presence of subjects with lactose intolerance and milk protein

allergies, in whom food vitamin D should be taken via other foods or as a supplement.

Due to the nature of the study, some limitations should be considered. Firstly, no causal
relationships can be drawn, since it is a cross-sectional study. Most participants lived in
urban areas and therefore we were unable to explore differences between urban vs. semi-
urban regions (0.37% from non-urban regions). However, in Greece, most of the population
reside in metropolitan areas. In addition, we did not explore ethnic differences as <1% of
the sample were of non-Caucasian race.

Although this study is cross-sectional in nature, the results are strengthened by its
design. It included a representative sample of the Greek population, in all age groups, and
dietary intake was assessed using the most advanced research tools and standardized
procedures following European and International guidelines (e.g. AMPM, food atlases).

In addition, assessment of intake included all days of the week, as well as all twelve
months and, therefore, effects due to seasonal variation in consumption of foods is
minimized, and the NRC method was used in determining final intake to account for within
and between individual variation. Moreover, fortification scenarios were performed based
on actual consumption data, to provide specific results that public health officials can use
as primary information.

Also, sunlight exposure and complete vitamin D status need to be accounted for before
implementation. The geographical latitude of Greece, despite the amount of sunlight,
require those residing in Greece to have a larger amount of sunlight exposure for synthesis,
an area of contradiction with skin health. In addition, although extreme intakes and
misreporters were excluded this could have created a biased sample as some misreporters

could have been reporting true intake.
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5. Conclusions

Vitamin D deficiency is the most common nutritional deficiency in the world. Its link with
skeletal health and probably with other health outcomes increases the importance of
reducing the prevalence of low serum 25(OH)D concentration at population level. Although
it is influenced by many factors there are factors, like for example food and supplement

intake, a change in which can bring a significant improvement.

In our study, prevalence of low serum 25(OH)D deficiency is high in Greek adults of both
genders. More than two thirds of our study population have insufficient levels. Dietary intake
among the Greek population, is also extremely low, below the EAR levels, placing the

population at multiple risks.

In our study, the odds of having serum 25(OH)D concentration <20 ng/ml significantly
decreased with being very active, having increased duration of sun exposure and having

lighter skin colour, but increased with obesity and spring season of blood sample collection.

According to the oM cut-off levels for vitamin D deficiency, one third of the adult Greek
population is deficient, 36.0% has insufficient levels and just 35.1% sufficient. There were
no significant differences in serum 25(OH)D levels between males and females nor between
different age groups. The highest prevalence of 25(OH)D levels <20 ng/ml during March
(end of Winter, beginning of Spring season).

In addition, there were significant differences in serum 25(OH)D concentration for the
total sample (P=0.03) as well as for males (P=0.002) and females (P=0.03) per season of
blood sample collection with higher prevalence of 25(OH)D concentration <20 ng/ml during

Spring, as per total sample.

The results from the present thesis can offer a valuable tool towards the development of
relevant policies that could probably revert this epidemic. Given vitamin D’s possible link to
several diseases, relevant actions and policies to correct deficiency and reduce prevalence,

need to be taken.

Food fortification and vitamin D supplements are two options towards that goal. Longer

but safe sun exposure could offer an additional effective and low-cost strategy for 25(OH)D
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deficiency prevention. Food fortification policies have not yet been formulated, potentially
because of insufficient data. This study increases public health awareness on the need for
preventive public health strategies, even in areas where sunlight is found in abundance. In
addition, it can be used by health care professionals in order to better assess and treat low

serum 25(OH)D levels.
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6. Future work

This PhD thesis adds to the growing literature regarding low serum 25(OH)D levels.
Further research that could deepen our understanding on how to improve vitamin D intake

and status includes the following:

i) Actual measurement of how much of an impact can food fortification
have on serum 25(OH)D concentration and therefore status in the Greek
population.

1)) Identify other, presently unknown, factors that could possibly
influence serum vitamin D levels.

i) Estimate the prevalence of low serum vitamin D and level of food
intake in individuals <18 years old in the Greek population.

iv) Explore associations that serum vitamin D levels might have with
health outcomes in the Greek population.

V) Develop an optimal algorithm at individual level, if there can possibly
be one, in order to estimate an ideal combination of sun exposure and vitamin
D intake (from food and supplements) that could reduce the percentage of the
population with low serum 25(OH)D concentration without increasing the risk of

melanoma.
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8. Appendix (Questionnaires used for this study)

‘Evtumo ZuyKatdBeong ZUMHETEXOVTQ

MaveAhadikr) MeAétn Awatpodrig kat Yyeiag

Mo nAkieg 218 eTwv

NAI OXI
(EInpewote  (Znpewwote
ue V') ue V')

» Befawwvw OTL £Xw SLafAOEL KOl KATOVONOEL TO EVNHEPWTLKO HUAAGSLO
OXETIKA HE TNV QVWTEPW MEAETN Kot OTL pou 866nke n Suvardtnta va D D
KAVW SLEUKPLVLOTIKEG EPWTHOELS, OL OTOLEG KoL amavtrOnkav mAnpwe.

» Katavow OTL n cuppetoxri Hou otn peAétn eivar eBeloviikn kat Ot
HUIopw va TNV avoKaAéow omoteSAMOoTe, KaBwe Kot OTL T TPOCWILKA D D
Hou Sedopéva eival avwvupa Kat andppnta kat otL 0a xpnoipomnonBouvv
OUTOKAELOTLKA YL TOUG OKOTIOUG TNG HEAETNG.

» Iuvawvw otn  CUMMARPWON OAWV TWV EPWINUATOAOYIWV TOU
neplhapBdavovral otn PeAETn.

» Juvoww OtV TIPAYHOTONOINCN TwV EEETACEWY KAl TWV HETPrOEWV
OXETIKWV e Slatpodn kat vyeia touv mepthapBavovtat otn peAET.

» Zuvaww otnv anoBrkeuon Twv Blodoykwv Selypdtwy mou cUAEXBnkav
yla LEAAOVTLKY) TOUG XPrion yLa MepALTEPW aVOAUOELG/ EEETAOELS OXETIKEG
pe Siatpodn kat vyeia.

» Zuvaww otnv anobrkeuon Twv BloAoykwv Selypdtwy mou cuMEXBnkav
yla LEAAOVTLKI) TOUG XPrioN yLal YEVETIKEG aVaAUOELG/ EEETATEL.

» EmBupw v enavampoogyyonp pou €wg 31 Aesképfpn 2020 yia va
€€ETAOTEL TO EVOEXOUEVO CUUUETOXNAG HOU O€ MEANOVTIKY HEAETN Slatpodrig
KaL vyeiag.

O O o o 0O
0O O o o 0

' Tov GUMHETEXOVTA/ TH CUHHETEXOUOQ

/ /
‘Ovopa, Enibeto (kepaiaia) Matpwvupo Yroypaodr Huepopnvia (HH/MM/EEEE)

Mot To/ T VOULHO EKPOCWITO TOU CUHHETEXOVTA/ TG CUMHETEXOUTOG

/ /
Ovoua, EniBeto (kepadaia) Matpwvupo Yroypadn Huepounvia (HH/MM/EEEE)

o tov epeuvnThy/ TNV EpeUVATPLA TNG HEAETNG

/ /
‘Ovopa, Enibeto (kepaiaia) Matpwvupo Yroypaodn Huepounvia (HH/MM/EEEE)

EAdxiotn npoiin6Beon yia tn cuppetoxn otnv MA.ME.A.Y. gival n cupmAfpwon Twv EpwTnpatoloyiwv nov neptAapBavet.

To évruno anoteAei Tou It O N iou ABnvwv. KaBe @hAn xprion, népa tng mpoPAendpevng yia to épyo NA.ME.A.Y., 0 Xwplg TN yparth
neARXAG.
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«Anpoypadikd/ Kowwviko-OlKOVOULKE XapaKTNPLOTIKA» KQAIKOZ 3

Huepopnvia: __/_ /___ _
HAwia EZ: __ ®UAo EX: EOEAONTH

26 pnvav

TMHMA 1. OIKOTENEIAKH KATAZTAZH

AKX 1. Mowa givat n olkoyevelakn oag Katdotaon; {ETnv MepINTwon MoU 0 CUPUETEXOVTAG Elval KATW TwV 18 ETWV n
£pwtnon adopd otV OLKOYEVELOKT KATAOTAON TOU YOVEQ f) TOU Kndepdva.}

1. Ayapog/n 2. Eyyapog/n 3. Me cUpdwvo cuppiwong 4. Xnpog/a 5. AaZevypévoce/n

6. 3¢ Suaotacn  777. A= 999. AA

Mou einate 6Tt 0T0 OTtiTL OaG KATOKOoUV, pali pe godg, X aropa. {EmBePaiwon andvinong and tnv epwnon EE1
TOU EpwTnuatoAoyiov ene§iudTnTag. }

AKX 2. Néoa dropa cuvoAlkd, pali HE £0GC, CUVINPOUVTAL QNG TOV TPOUNOAOYLONO TOU VOLKOKUPLOU, EiTe
ouvelodépouv o autdv eite dxL, Kat ave§dpTnta ano to av Stapévouv ) 6L oTo oTitL oag;
1. ] (aptBuédc atépwy 0-20) 777. A 999. AA

ITMHMA 2. EKMAIAEYZH

218 TV

AKX 3. MNoto eivat To avwtepo eninedo onoudwv nou éxete oAokAnpwoet; {Kataypadetal n eknatdeutikr) Babuida
TIOU O CUMMETEXOVTOG EXEL OAOKANPWOEL KATA TNV NUEPQ SLEVEPYELOG TNG OUVEVTELENG. MNa dooug tapakoAouBolv
Kamota BaBpida ekmaibevong, Ba kataxwpnBei to eninedo eknaideuong to onoio €xeL 16n oAokAnpwOel m.x. av o
CUMHETEXOVTAG TTOPOKOAOUBEL pabrpota O KAMO0 avwTato eKMaLSeuTiKO iSpupa, Ba amavtrioel OTL Exel
oAokAnpwoel to AUKeLo.} AEIZTE KAPTA 1

Avwtaro eninedo onovdwv

1. Aev napakohovBOnoa noté kapio Babuida eknaibevong/ Meplkég TAEELG TOU ANHOTIKOU

AmoAUTHPLO AnpoTIKOU ZXOAEioU

ArnoAuTtriplo Mupvaciou

AnoAutriplo Aukeiou rj E§atdlou MNupvaociouv

AnoAuTtriplo Texvikol Aukeiou, IxoArig Mabnteiag OAEA

Mruxio IEK, I5wwtikoy KoAAeyiou, Kévtpou eAeuBépwy Inouvdwv

Mruxio AEI

Mruxio TEI, ATEI

©|o|Nlo|n|s|w|N

. Katoxog Metarmtuytakou TitAou Inoudwv

10. Kd&toxog ASaKTopLkou

11. AN\o, npocblopiote:

777. A=

999. AA

TMHMA 3. AZOAAEIA YTEIAZ KAl XPHZH YMHPEZIQN YTEIAZ

2 6 pnvwv
AKX 4. AwaBétete aoddAeia vysiag;
1. Now 1. IStk
2. Anpoola
3. 15wtk kat Anpoota
777. A=
999. AA
0.0xt 777. A= 999. AA
KdBe GAAn Xprion Tou eviimnou, népa e npoPAENSLEVAG yia To £pyo NAME.A.Y,, anayopeyetal xwpis T ypanth ouykardBeon tng ApXic. lané 4
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AKX 5. ZUVOALKG TOV TEAEUTAO XPOVO QVTIHETWITICOTE KAOLO BEpHa UYELOG WOTE VO XPELAOTNKE Vo ansuBuvBeite
o Kanowa and ti§ unnpeoieg vysiag {Nat f§ Oxt} {Av vau} AEIZTE KAPTA 2 lNa mowo Adyo; EniAé§te évav i

TMEPLOOOTEPOUG AGYyOUSG.
1. MPOANTTIKEG EEETAOELG

2. JupITTWHaTa f TPoowpLvr) acBEvela OMwG KPUWHA ) TPAUUATIOHOG
3. AVTLHETWIILON XPOvLag aoBEVeLag 1) XpOVIou TtPoBARHATOG UYELDS

1.Nat 4. suvtayoypadnon
5. Odovtiatpog

6.ANAN attia, mpooSilopiote

77782
999. AA
777. A=

0.0xt 999. AA

|TMHMA 4. ANAIXOAHZH

]

22 etV

{Na cuppetéxovreg 212 etwv} AKX 6a. Me Tt aoxoleioBe ofpepa; EmAEETe pia ) epLoooTepe anaviioes. MNa

napadsypa, av eiote porrntig ka epydleote emhé€te 1 kan 7.

{Nra cuppetéyovreg 22- <5 etwv} AKX 6B. Mnyaivet to moawdi oog natdikd otabuo fj vamaywyeio;
{ra cuppetéyovreg 25- <12 etwv} AKX 6y. Mnyaivel to naudi oag oxoAeio; {Av vai: Z& rowa taén;}

AEIZTE KAPTA 3

Anaocyx6Anon

Av4nQs

1. Epyalopevog/n (NepapBdavovtatr kat apioBot BonBol otnv owkoyevelakn
eneipnon, ot pabntevdpevol pe apolPr), Kabwg Kal OCOL TPOCWPLVA
QanouoLdlouv and tnv £pyacia Toug AOyw ASELag UNTPOTNTAS, YOVLKAG ASELaG,
aoBévelag ) eival oe SLAKOTES)

2. e kaBeotwg Slabeopotnrag

3. Avepyog/n

4. Mabntrg

5. NMapakolouBeil kat' oikov StéaokaAia

6. Aev nyaivel oxoAeio

7. ®ottnNTAG, METEKMALEEVOUEVOG, HABNTEVOUEVOG XWPIG apolBn yla amdkTnon
EUMELplag

8. ZTuvtaglouxog, oe Kavovikr 1 mpdwpn ocuvtaglodotnon f éxete SlakoPel Tig
£PYOOLEC TNG ETUXELPNONG oag

9. Movwun avannpia (MeplapBdvovrat kat OCOL €XOUV  HAKPOXPOVLA
nipoPAruata vyeiag rj acBévela) Zuvraglovxot A\oyw avamnpiag

10. ZTpatwtng {OXL OTPATIWTLKOG oL Eivat to 1.}

11. Owlakd

12. AN\, npooSiopiote:

777. A=

999. AA

1. Noubikdg oTadpog
2. Nnrmuaywyeio
3. ANMOTIKO. Z€ TroLa TaEn
1. A' Anpotikol
2. B' Anpotikou
3. " Anpotikol
4. A' Anpotikol
5. E' Anpotikol
6. IT' Anpotikov
4. T'upvadoto. Ie mola Taén;
1. A' Tupvaciou
2. B' Tupvaciou
3. " Tupvaoiov
5. AUkelo0. Z€ mola Taén;
A' Aukeiou
B' Aukeiou
" Aukeiou

! {Av n antdvtnon otnv epwinon AKX 6 eivat:

1. Epyalouevog ouveyiote otnv 7

2. 3& kaBeotwe StabeoéTnTag cuvexiote otnv 8a
3. Avepyoc ouveyiote otnv 88

8. Juvraflovyog ouveyiote otnv 8y

Z& kGBe &M\ nepintwon npoxwpnote otnv 14}

! Av otnv epwtnon 6 €youv em\eyel TEPIOCOTEPEG QIO Uiot QIIAVIACELS, TOTE LOYUOUV OL OUVBINKEG YLt OAEC TIG

€MUAOVEC.

KdBe &M xprion Tou eviiou, népa e MPOBAENGHEVAC via 10 £pyo NA.ME.A.Y., anayopevetal xwpi T ypanth ouykatdBean tg ApXAC,
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3
2 16 eTwv

AKX 7. Q¢ turukn eBdopdda Bswpeitar pia ocuvnBiopévn eBSopdda Katd tn SLAPKELX TNG XPOVIAG Kot OXL
anapaitnta n teAevtaia eBdopdda. I pia tunikh eBSondda, cupunepllapBavopévou tou cappatokvpLlakou,
TOOEG NUEPEG KAl TOOEG WPEG EPYAleoTE, OUVOALKA yia OAeg Tig SoUAEléG Ot mepintwon mou epydlecte oe
TEPLOOOTEPEG ANO Micy;

1.[] (apiBuog nuepv) /i Evpog (-]

Ko [ ][] (apibuéc wpav) r Evpoc []]C]- (] y 7 i 1 v 999. AA

Nooeg and Tig WPEG AUTEC Eival and UNMEPWPLAKE anacxoAnon;

OO0 (apepog wpv) 777. A2 999. AA

{Npoxwprote otnv epwnon AKX 9a.}

{MONO ZE KAGEITQZ AIAGEZIMOTHTAZ} AKX 8a. Moo kaipo eiote oe StaBeoipdtnra;
1. ELody€ete XpovikO Sldotnua DI:] Kot KUKAWOTE povada xpovou: Huépeg, ERSopadeg, Mrveg Xpovia
777. A= 999. AA
{Npoxwpnote otnv epwtnon AKX 9B.}

{MONO ZE ANEPIOYZ} AKX 8B. N6co kaipo eiote Avepyog;
1. Elodyete Xpoviko Siaotnua [II:] Kat KUKAWOTE povada xpovou: Huépeg, EBSopadeg, Mrveg Xpovia
777. A= 999. AA
{Npoxwprote otnv epwtnon AKX 96.}

{MONO ZE IYNTAZIOYXOYZ rj AIAKOMH EPFAZIAZ} AKX 8y. Moo kaipd eiote cuvtaglouyog fi Exete SlakOPeL TV
epyaocia oag;
1. Ewodyete xpovikd Sidotnua [ [ kat kukAwote povada xpovou: Huépec, ERSopddes, Mrvec Xpovia f
Erog ouvtagodotnong [ L] 777. A= 999. AA
{Npoxwpriote otnv epwtnon AKX 98.}

AKX 9a. Mowa eivat n kUpla anacxoAnon oag; {r.x. utdAAnAog AEH- ypappatéag, urtdAnAog AEH- StevBuvrrg,
UTtAAANAoG AEH- texvikdg} {ETnv mepintwon mou 0 CUMMETEXOVTAG £XEL Tapadvw amd pia epyacieg, wg kUpla
epyaocia Bewpeital autr ou o cuppETEXOVTaG Ba UTOSEIEEL 1) OE TEpTTWon OV 0 CUMPETEXOVTAG aduvatel, autr
oTNV ornoia epyATETaL TIG IEPLOOOTEPES WPEG.}

1 (mepypadrny/ tithog epyaciag)

777. A= 999. AA

{Av artavtiBnke n 9a npoxwprjote otn 10.}

AKX 9B. Mowa fitav n kUpLa anacxoAnor oag {rpwv peivete dvepyog, piv teBeite oe StaBeopdtnTa, npwv and
ouvta§lodotnon oag f mpwv and t Siakonn tng epyaciag oag;} {r.x. untdAAnAog AEH- ypappatéag, untdAAnAog
AEH- 6teuBuvtrg, unmdAAnAog AEH- Texvikog). {ETnv mepimtwon TMOU O CUMMETEXOVTAG EXEL OPAMAVW Ao pic
epyaoieg, w¢ kupla epyacia Bewpeital aut mouv o cuppetéxovtag Ba umodeifel | oe mepimTwon mou o
OCUUHETEXOVTOG SUVATEL, QUTH OTNV Onoia EPYATETAL TLG TIEPLOCOTEPES WPEG.}

1. (mepypadn/ tithog epyaociag)

2. Aev €xw epyaoTel toté 777. A= 999. AA

{Av otnv AKX 9B 566nke n andvinon 2 "Aev £xw epyactel mote", mpoxwprjote otnv AKX 11.}

AKX 10. Na néoo Siaotnpa {KAVETE/ KAVATE} T CUYKEKPLPEVN Epyaoia;
1. Ewodyete xpovikod Sidotnpa [J[] kat kukAdote povasda xpovou: Huépec, EBSouddes, Mrves Xpovia
777. A= 999. AA

! Av otnv epwtnon 8y n andvrnon eivat £tog mpwv and to 2008 f Sidotnua 26 ETWV MPOXWPOTE OTNV EPWTINCN
AKX 13.

K&Be &M xprion Tou eviiou, népa TG MPOBAENGHEVAG yia 10 épyo NAMEALY., bevau xwpic T ypared aBeon TG ApXAG, 3ané 4
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AKX 11.Exet oAAGEEL N emayyeApOTIKR 0ag Katdotaon e§attiag TN OLKOVOUIKNG Kpiong; {Av val: Me notov tpomno;}
AEIZTE KAPTA 4

1. Nat-----> Mg moLov tporno; 1. ArtéAvon and tnv epyacia
2. Npowpn cuvtaglodotnon Adyw OLKOVOULKNAG Kpiong
3. MetdBaon oe kaBeotwg Stabeotpdtnrag
4. Metdpaon oe KaBEOTWG HEPLKNG AMaoXOAnong
5. AN\ayr] emayyEALATOog
6. AntaoxoAnon oe emunpdobetn Béon epyaoiag
7. AN\o, poodlopiote
777. A=
L, 999.AA
0. OxL 77702 999. AA
{Av n antdvtnon otnv epwtnon AKX 11 eivat «Oxw», «AZ», «AA» poXWPHOTE otV epwtnon AKX 13.}

2R EIEE

AKX 12. Mowa xpovid ouvéPn aut n allayr otnv emayyeAHATIKA Oag Katdotaon e€altiag Tng OLKOVOMUIKNAG
kpiong;

1. [JOJOC] (eeeE) 777.0= 999.0A
AKX 13. Qg kaBapég anodoxég Bswpolvtal ot anodoxég mou Aappavete adol adaipebolv and autég o popog
TIOU IapakpatiONKe Kat ot £LodopEC yLa TNV KOWwviKR acpdAion. Exouv aAAdgeL oL KaBapég unviaieg anodoxég
and OAeg TG ny£g, e§attiag TG OLKOVOUIKAG Kpiong;

1. Nat-----> Me moLdv tpono; 1. MewBnkav 1. Alyo
2. ApKeTa
3. MoAv
2. Au€ndnkav 1. Alyo
777. A= 2. ApKeTd
999. AA 3. MoAU
177:4=
999. AA
0. OxL, mapépewvav iSLeg 777. A= 999. AA

26 unvawv
AKX 14. Mowa xpovid avtiAndBnkate onuavtikr aAlayr otov poUnoAoyLopHo TOU VOLKOKUPLOU oag, écoda and
OAeg TIg mny£g ka £§08a, e§atiog TNG OLKOVOUIKKG Kpiong;
1. (OO0 (eeeg) 2. NevexeLaldgel  777.A 999. AA
[TMHMA 5. EIZOAHMA |
26 pnvwv
(©a Bea edw va oag urevBupiow OtTL OAa ta Sedopéva tou cUAAEyovTat eivatl EPLOTEVUTIKA. Kaveig aAog dev Ba
AGBeL yvwon twv otolxeiwv autwv. Ta otoeia autd Ba xpnotponotnBolv avwvupa yla TV avaAuon SeKTWY Kat
™ €§aywyr) CUUTMEPAOUATWY CNUAVTIKWY YLa TNV UYEia Tou EAAnVIkol mAnBuopou.)

AKX 15. Moo givat To ouvoAko kaBapd pnviaio eL068npa Tov volkokuplov cag and {6Aa ta péAn} kat OAEC Tig
nnyég; Itnv kapta autr, AEIZETE KAPTA 5, undpxouv kdmola mapadsiypata nnywv i008fnpatog. Itnv Kapta
autry, AEIZTE KAPTA 6 BAénete pia oelpd and ewcodnpata nov cuvodevovtat and évav aplBpud. Oa nbela va
eTUAEEETE TNV andvtnon mov Tauplalel KaAUTEPA 0To KABapd Unviaio EL0OSNHA TOU VOLKOKUPLOU GO KOl VOL HOU
TElTE TOV AplOPO IOV TG AVTLOTOLKEL.

EIZOAHMA NOIKOKYPIOY {AptBudg andvtnong i 777. A=, 999. AA}

e 600 Xpovo oag Tripe N cuprAipwon tou epwtnuatoloyiou;[ |[ ] Aemrd
e [10L0G AIAVTNOE TO EPWTNHATOAOYLO;

E]O i8log/ H idla DH unNtépa |:|O atépag D'AMoq, npoodlopiote
e BonBog ouvévteuéng
e AOYOG SLOKOTIG OUVEVTEUENG:

IXOAL
I CUYKEKPLUEVEG EPWTHOELS TOU EpWTNHATOAOYIOU:

la To 6UVOAO TOU EpWTNUATOAOYIOU:

K&Be GAn xprion Tou evriou, népa tng MPOBAENGHEVAG yia 10 épyo NAMEALY., bevau xwpic T ypare aBeon TG ApXAG, 4anss
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«EpwtnuatoAdyto MpoéoAnyng Brtapivng D»
Kwd. EX:

Huepopnvia: _ _/_ /__ __

HAwio EZ: _ _

2 6 UnVav

TMHMA 1. EKOEZH ZTON HAIO

VitD1. Toug tedsutaioug 12 prveg, Katd péco Opo, MOOEG wpPeg avd nuépa ekTeOnKate otov RALO TIg

kaBnuepweg Ikedteite T¢ wpeg mou nepdoate otov HAO otV Epyaciag oog, ot
SpaotnpLdtnteg Tou eEAeUBEPOU XPOVOU COG OTWG ABARHATA, KNTOUPLKH, KABWE KL OTLG SLOUKOTES
oag.
KaAokaipt DOBwonwpo Avolén Xewpwvag
1. 30 Aenta fy 1. 30 Aentd i 1. 30 Aermta fy 1. 30 Aentd iy
Kot Alyotepo KaL ALyOTEPO KaL Ayotepo KoL Ayotepo
2. 31 Aentd-1 wpa | 2. 31 Aemta-1 wpa 2. 31 Aemtd-1 wpa 2. 31 Aemtd-1 wpa
3. 1-2 wpseg 3. 1-2 wpeg 3. 1-2 wpeg 3.1-2 wpeg
4. 2-3 wpeg 4, 2-3 wpeg 4. 2-3 wpeg 4. 2-3 wpeg
Qpeg/nuépa | 5.3-4 Gpeg 5. 3-4 GPEC 5. 3-4 GpEC 5. 3-4 GPEC
6. 4-5 wpeg 6. 4-5 Wpeg 6. 4-5 wpeg 6. 4-5 WPEC
7.5-6 wpeg 7. 5-6 WPES 7.5-6 wpeg 7.5-6 wpeg
8. 6 wpeg 8. 6 Wpeg 8. 6 wpeg 8. 6 wpeg
777. A= 777. A= 777. A= 777. A=
999. AA 999. AA 999. AA 999. AA
VitD2. Toug teAeutaioug 12 pAve, Katd péco Opo, MOCEC WPeG avd nuépa ekteBrkate otov AAlo to
oapBatokUpiako; Zkedteite TG WPEG MoOu mepdoate otov HAO otV epyaciag oag, oTig
SpaotnpLotres Tou eAeVBepoU XpOVoU cag Onwe aBAfpata, KNroupLkn, KaBws Kot oTLg Slakonég
oag.
Kahokaipt ©OBwoénwpo Avolén Xewpwvag
1. 30 Aenta fy 1. 30 Aenta i 1. 30 Aertd iy 1. 30 Aemtd iy
Kot Alyotepo KoL ALYOTEPO KaL Alyotepo KoL Ayotepo
2. 31 Aentd-1 wpa 2. 31 Aenta-1 wpa 2. 31 Aenta-1 wpa 2. 31 Aentd-1 wpa
3. 1-2 wpeg 3. 1-2 wpeg 3. 1-2 wpeg 3. 1-2 wpeg
4. 2-3 wpeg 4. 2-3 wpeg 4. 2-3 wpeg 4. 2-3 wpeg
Qpeg/nuépa | 5. 3-4 wpeg 5. 3-4 wpeg 5. 3-4 wpeg 5. 3-4 wpecg
6. 4-5 wpeg 6. 4-5 wpeg 6. 4-5 wpeg 6. 4-5 WpEG
7. 5-6 wpeg 7. 5-6 WPeg 7.5-6 wpeg 7.5-6 wpeg
8. 6 Wwpeg 8. 6 Wpeg 8. 6 WpEg 8. 6 wpeg
777. A= 77 777. A= 777. A=
999. AA 999. AA 999. AA 999. AA
VitD3.  Tig tedevtaieg 30 npépeg, Katd péco 6po, mOoeg WPEG avd nuépa ekteBikate otov Ao petady 10
T0 Mpwi KaL 5 To andysupa;
1. 30 Aemtd fj KoL ALyOTEPO 2. 31 Aemta-1 wpa 3.1-2 wpeg 4. 2-3 wpeg 5. 3-4 wpeg
6. 4-5 Wpeg 7.5-6 wpseg 8. 6 wpeg 7705 999. AA
VitD4. Xpnowponoleite kdamowa péBoSo texvnTol paupioparog mou va mepllapBdvel €kBson oe

aktwvofBolia 6nwg .. solarium;

1.Now 0.0yt 777.A=

999.AA
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«EpwtnuatoAdyto MpoéoAnyng Brtapivng D»

VitD5. Mg Ba neplypddate To Xpwua Tou SEpUATOC oag;

1. MOAU avoLXTOXPWHO 2. AVOLXTOXPWHO 3. METpLa avoLXTOXpwHo
4. EAadpwIg aKOUPOXPWHO 5. ZkoupoXpwWHO 6. MoAU okovpo  777.A= 999. AA

VitD6. XpnoLponoleite avinALaKoS 0To GWHA oG, OXL OTO IPOCWIO ) To AaLd, OTav EICTE O€ EWTEPLKO
XWpo otov fALo petay 10 To npwi Kal 5 To andysupa

To KaAokaipt; 1. Naw 1. Now 1. Now 1. Nau

To MBwoOnRWpo; 0. OxL 0. 0xL 0. 0xL 0. OxL

Tnv Avoién; 777. A= 777. A= 777. A= 777. A=

To Xelpwva; 999. AA 999. AA 999. AA 999. AA

VitD7. To avinAlakd MOU XPNOLUOMOLETE OTO0 CWHA Oag, OXL OT0 MPOCWMO N TO
npootaciog xeL;
3.10 4.15

1.4

5.20 6.30 7.40 8.50+

777. A=

Aawpo, ti Seiktn

999. AA

Nd60o Xpovo Gag IrPE N GUURANPWGN TOU EPpWTNUOTOAOYIOU; D |:| Aenta
Moo andvinoe T0 EPWTNUATOAOYLO; |:|H pntépa DO natépag D‘AMOQ,
AOYO¢ SLOKOTG CUVEVTELENG:

IXOAL

I 10 GUVOAO TOU EPWTNHATOAOYIOU:

la GUYKEKPLUEVEG EPWTACELG TOU EPWTNHATOAOYIOU:
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«Ddappaka kat ZupmAnpwpata Atatpodrig» KQAIKOZ 8

Huepounvie: __/__/____
HAwia ES: _ _ ®UAo ES: EQEAONTH

26 pNVwv

DA 1. Tig tedeutaieg 30 nuépeg, nipate pappaka f CUHTANpWHAta Statpodng;
(Avadepdpacte os 6Aa ta pappaka, SnAadn: xama, KaPouleg, olpdmi, UNOBETA, EVECELS, OTAYOVEG, OTIPEL,
oKkovn, aloidég Kat autokOAANTa, Kat ota cuprAnpwpata Statpodn. Ta ZupnAnpwpata Atatpodrg anoteAolv
CUMMUKVWHEVEG TINYEG BPEMTIKWY CUCTATIKWY 1} GAAWV OUGLWYV KaL XPNOLHOTIOLOUVTAL HE OKOTO T CUHNARpWOoN
¢ ouviiBoug Siattag. AwatiBsvrar oe KAPOUAES, MAOTIALEG, SloKia, OTayOVEG Kot OL KUPLEG KOTNYOPIEG TOUG
neplAappdavouy, Brrtapiveg, pétaAda/ avépyava cuotatikd, Botava, GuTka rpoidvta, uSatavlpaKes, MPWTEIVES
Kot apwvogéa.)

1. Nat 0. Oxt 777. A= 999. AA
{Av «Oxw», mpoxwpnote otnv epwtnon MA 3- av éxeL Kataypadel 0TO LATPLKO LOTOPKO N AN GAPHAKWY VLo KATIOL0
poPAnua vyeiag (epwtnon XPN.3)- kat otnv DA.4-av dev €xeL kataypadei n Anwn dappdkwy otnv XPN.3. Av «AZ»,
pwtriote: YRdpxeL kamnolog tov Ba propouoe va pag BonBAoeL;. Av UTTAPXEL KATTOLOG SLaBEOLUOG, pwTdTe EKElvOv.
AMwG, akoAouBeite Tnv napandvw odnyia. Av "AA", téte poxwpriote otnv epwtnon ®A.5}

DA 2. T pappaka/ cupmAnpwpata nHpAte; Oa UopPoUoate va Hou GEPETE TIG CUOKEVUAOIEG TOUG YL VOl TOL

Kataypadpw;
{Eav &ev eivar SwaBéoiueg oL ouokeuaoieg, ouveyilete: Oa umopoloate va pou Teite moiwa ¢dappaka/
oupnAnpwpata nRpate;}

1. Kataypadr tpnpatwy A,B- mivakag 1 777. A= 999. AA

{Av «AZ», pwtriote: Yrdpxel kamolog nou Ba pnopouvoe va pag BonBnoet;. Av undpyet kamolog Stabéotpog, pwrdte
ekelvov. AN, mpoxwpriote otnv MA3 —av éxeL kataypadel Adn dappdakwv otnv XPN.3- kat otnv QA4 —av dev
€xeL kataypadel AYn dapudkwv otnv XPN.3. Av «AA», mpoxwprote otnv gpwtnon ®A 5. MPOIOXH!!: Av dev
avadépel OAeG TIg TAnpodopieg Tou TuRpatog A, Sev tov Siakdmntete. Tov adpAVeTE va oag meL OtL Bupdral kat adol
oAokAnpwaoete Kat Ty avadopd twv Bondntikwv epwtioewv MA.3 kat DA.4, TOTE TOV pWTATE YL OTL AelneL otnv
Kataypadn Tou TuipatogA.}

{Pwtriote Tnv MA3 poévo av xpelactel. Av €xeL Ndn meL ta Gappaka o maipvel yia ta poBARHata LyEiag Tou, Unv
pwWTHoETE.}
®A.3 Nwpitepa, pou einate Ot EXETE {avadépete Ta mpoPArjpata vyeiag, yla ta onoia naipvel pappaka,
oUpdwva pe tnv epwtnon XPN.3 ot0 ATPIKO LOTOPLKO}). MAMWG MApATE KAow (GAPHAKO 1| CUMTARpWHA
Sratpodg ya TNV avripetwnion autol/ autwv Twv NPoPANHATWY UyEeiag (EKTOG Ao aUTAE MOV HOoU EXETE TEL
HEXPL TPQ);

1. Nat --> Kataypadn tunpatwy A,B- tivakag 1 0. 0xt 771..A 999. AA
{Av andvtnon «1», petd tnv Kataypadr 6owv oag MEL, poxwpenote otnv epwtnon OA 4}

ODA.4a MAnwe nipate Kanolo Gpappako yia kpuwpa, aAAepyia, ainvia, movokédalio i avuBiwon;
{Ze yuvaikeg nAkiag 216 kat <50 eTwy, MTPOoHECTE: Tat AVILOUAANTITIKA. }
1. Nat —-> Kataypadn tunudatwy A,B- rivakag 1 0.0xL JLLAS 999. AA

ODA.4B MAnwg mrpate Kamowo cupmAipwpa Siatpodrg, onwg yia napadeiypa moAuvBirapivn, oidnpo, w-3

xOuéhara, Brrapivn C, Brtapivn D, acBéotio, omupouliva, Kapvitivn, KTA.;
1. Nat --> Kataypadrn tunpatwy A,B- tivakag 1 0.0y TTL.AE 999. AA

KdBe @A xprion Tou eviimou, népa tng npoBAERGHEVAG yia T0 épyo NAMEALY., eval ywplg T ypantd aBeon e Apxic. 1ans 13
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MINAKAZ 1: KATATPAOH ®APMAKQN/ SYMNAHPQOMATQON
A B. L A. E 2Ta. Z
{Eldarte Moo pappaxo/ Néoo ouyvd to naipvete | Méoo xpovikd Ta oo Adyo to naipvete; | To ayopdoate pe Mrjnwg o
™m OCupTApWHA; Kau 1600 T popd; Sidotnpa to {Karaypadete dooug vii/ oupBoulrp | mrpate to
OUOKEU- | {ZupmAnpwvete To eumopkéd | {ZuvoAikr moooTnTa ot naipvete; Adyoug oag avadépel- Aev | atpol; TeAeutaio
aola;} Gvopa, T popdn Tou kot | povasda xpovou.} {Av {Ap1B6G kat pWIdTE, av oag 1o £XeL SN | (Zuvtayn eivain 244po;
1. Nat OUYKEVTPWON TOU HE T dépet «To naipvw étav | povada xpovou.} | mer} yparttr} eVIoAd yia th
0.0yt povéda pérpnong tng (m.x. XPELQOTED pWTAOTE ToV «Tig xopriynon dapudkou)
Lipitor tab 20 mg). Omnou tehevtaieg 30 nuépeg nooEeg {Av Oy, Tote pwrdre
dyvwoto-> AZ, érou ev dopég to miipare;» kat otn T0 ZTR.}
anavra-> AA} ouvéxela «MNéoo naipvete
™ dopd;»}
1. s 1. OOO0)| . 1.Na 1. Nat
1 1. Naw Xpovia, 0. Oxt (->ep. ZTB) 0. 0xt
0. Oxt Mrveg, 777. A= 999. AA 777. A= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Hupépeg.
IX6A0:
777. A= 999. AA
1 1 1. JO4ggd)| 1.Nat 1. Nat
2 1. Naw Xpovia, 0.0x (->&p. ITB) 0. 0xt
0. Oxt Mrveg, 777. 0= 777. A=
IxOA0: 777. 0= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. 0= 999. AA
IxoAo:
777. 0= 999. AA
1. 1. 1. JOOand) . 1.Nau 1. Nt
3 1. Naw Xpovia, 0.0xL (->&p. ITR) 0. 0xt
0. Oxt Mriveg, 777. A2 777. 0
IX6AL0: 777. A= 999. AA EBSopasEC, 999. AA 999. AA
Huépeg. 777. A= 999. DA
IXOA0:
777. A= 999. AA

KaBe G\ xprion tou evivnou, népa TG nPoBRenspEvnE yia to Epyo NAME.A.Y., anayopeverat Xwpi  vpanth ouyxatdfeon me Apic.
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8
NINAKAZ 1: KATATPAOH OAPMAKQN/ SYMNOAHPOMATON
A B. L A. E Ta. Z
{Eiate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo to naipvete; | To ayopd M ™
™ ouprmAipwua; Ko néoo T dopd; Sudotnua o {Karaypadete dooug v/ cupBoudr | mripate To
OUOKEU- | {SupmAnpwvete To euntopkd | {Zuvolwkr moodTnTa ot Taipvete; Aodyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} dvoua, T popdr Tou kattn | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 €XeLdn | (Zuvtayn eivain 24u)po;
1. Nat OUYKEVIPWON TOU UE TN dépet «To naipvw 6tav | povada xpovou.} | mer} ypartt EVTOAR yia tn
0.0xu povédda pérpnong tng (rx. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 Npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ $opd;»}
1. 1. 1. 0000 . 1.Nau 1. Nat
4 1. Naw Xpowvia, 0.0x (-> €p. ITB) 0.0xt
0. Oxt Mrjveg, 777. 0= 777. A=
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. 0= 999. AA
1. 1. OJOO0o
5 1 Xpovia, 1 1.Nat 1. Na
1. Naw Mrjveg, 0.0x (->ep. ITR) 0.0xt
0. Oxt 777. 0= 999. AA EBSopadeg, 777. 6= 777. A=
IxOA0: Huépeg. 999. AA 999. AA
Ix6Aw0: 777. A= 999. AA
777. 0z 999. AA
1. 1. 1. JOOd| . 1.Naw 1. Nat
6 1. Naw Xpovia, 0.0x (->€p. ZTB) 0.0xt
0. Oxt Mrjveg, 777. A= 777. 82
IxOAw0: 777. A= 999. AA EBSopadec, 999. AA 999. AA
Huépeg. 777. b= 999. AA
IXOA0:
777. 0= 999. AA

Kébe &M xprion Tou evionov, riépa TG RPoBAEnGREVNE yia 1o Epyo NA.ME.A.Y., anayopeberat xwpis 1 ypanth ovykataBeon me APKAG.
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8
NINAKAZ 1: KATATPAOH QAPMAKQN/ SYMNAHPOMATON
A B. L A. E Ta. Z
{Eidate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo 1o naipvete; | To ayopd M 0
™ ouprmAipwua; e négo T dopd; Sudotnua to {Karaypadete ooug v/ cupBoudr | mipate To
OUOKEU- | {SupmAnpwvete To eunopkd | {Zuvolwkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvoua, T popdr Tou kat T | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 £xeLdn | (Zuvtayn sivain 24upo;
1. Nat CUYKEVTPWON TOU UE TN dépetL «To maipvw 6tav | povada xpovou.} | mer} ypartt EVTOAr yia tn
0.0xt povéda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ dopd;»}
1. 1. 1. 000040 . 1.Nau 1. Nat
7 1. Naw Xpowvia, 0.0xL (-> €p. ITB) 0.0xt
0. Oxt Mrjveg, 777. 0= 777. A=
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. 0% 999. AA
1. 1; 1. OJO4Ogj . 1.Na 1. Nat
8 1. Naw Xpovia, 0.0x (-> &p. ITB) 0.0xt
0. Oxt Mrjveg, 777. 0= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
i 1. 1. OO0O04)| s 1.Nau 1. Naw
9 1. Naw Xpovia, 0. 0x (-> &p. ZTB) 0. Oxt
0. Oxt Mrjveg, 777. A= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Huépec. 777. A% 999. AA
IXOA0:
777. A= 999. AA

Kée &M xprion Tou vinov, riépa TG rPoBAENGREVNE yia 1o Epyo NA.ME.A.Y., anayopeverat xwpis 1 ypant ovykatadeon e APKAG.
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8
NINAKAZ 1: KATATPAOH QAPMAKQN/ SYMNOAHPOMATON
A B. L A. E Ta. Z
{Eidate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo 1o naipvete; | To ayopd M 0
™ ouprmAipwpa; Ko néoo T dopd; Sudotnua to {Karaypadete ooug v/ cupBoudr | mipate To
OUOKEU- | {SupmAnpwvete To eunopkd | {Zuvolwkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvopa, T popdr Tou kat T | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 £xeLdn | (Zuvtayn sivain 24upo;
1. Nat OUYKEVTPWON TOU UE TN dépeL «To naipvw 6tav | povada xpovou.} | mer} ypartt EVTOAR yia tn
0.0xt povéda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 npépeg nooEg {Av Oyt To1e pwrdre
dyvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNooo naipvete
™ dopd;»}
1 OO0
1. 1. Xpovia, 1. 1.Nat 1. Nat
10 1. Naw Mrjveg, 0.0x(-> €p. ITB) 0.0xt
0. Oxt EBSopadec, 777. 0= 777. A=
IxOA0: 777. A= 999. AA Huépeg. 999. AA 999. AA
777. 8= 999. AA
IXOA0: 777. A= 999. AA
1. 1. 1. OO0O04)| . 1.Nat 1. Nat
11 | 1. Nat Xpovia, 0. 0xt (->ep. ZTB) 0.0xt
0. Oxt Mrjveg, 777. 0= 777. A=
2xOAo: 777. 0= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. 0= 999. AA
IXOA0:
777. 0z 999. AA
1. 1. 1. JOOod| . 1.Naw 1. Nat
12 | 1. Nat Xpovia, 0.0x (->€p. ZTB) 0.0xt
0. Oxt MHveg, 777. A 777. 82
IxOA0: 777. A= 999. AA EBSopadec, 999. AA 999. AA
Huépeg. 777. b= 999. AA
IXOA0:
777. 0= 999. AA

Kébe &M xprion Tou evinov, riépa TG rPoBAENGREVNE yia 1o £pyo NA.ME.A.Y., anayopeverat xwpis 1 ypant ovykataBeon e APKAG.
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8
NINAKAZ 1: KATATPAOH OAPMAKQN/ SYMNOAHPQMATON
A B. L A. E Ta. Z
{Eibate Moto ¢pappako/ Néoo ouyva to naipvete | Méoo xpovikd TNa noto Adyo to naipvete; | To ayopd Mrnwg to
™ ouprmAipwua; Ko néoo T dopd; Sudotnua o {Karaypadete dooug v/ oupBoudr | mriparte To
OUOKEU- | {SupmAnpwvete To eunopkd | {Euvolkr moodTnTa oTn Taipvete; Aodyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvoua, T popdr Tou kattn | povasda xpovou.} {Av {Ap1Bp6G kat pwIdte, av 0ag 10 €XeLdn | (Zuvtayn eivain 24u)po;
1. Nat CUYKEVIPWON TOU UE TN dépet «To naipvw 6tav | povada xpovou.} | mer} ypartt EVTOAR yia tn
0.0xu povdda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 Npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ $opd;»}
1. 1. 1. 0000 . 1.Nau 1. Nat
13 | 1. Nat Xpowvia, 0.0x (-> €p. ITB) 0.0xt
0. Oxt Mrjveg, 777. 0= 777. A=
IxOAo: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. Az 999. AA
1. 1; 1. OJOOgj . 1.Na 1. Nat
14 | 1. Nau Xpovia, 0.0x (->&p. ITR) 0.0xt
0. Oxt Mrjveg, 777. A= 777. 0=
IxOA0: 777. 0% 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
1. OOoo
15 b 1. Xpowvia, 1. 1.Naw 1. Naw
1. Nat e Mrjveg, s 0. Oxt (->&p. ZTB) 0. 0xt
0. Oxt EBSopadec, 777. A= 777. A=
IxOA0: 777. 0= 999. AA Huépeg. 999. AA 999. AA
777. 0= 999. AA
Ix6Aw: 777. 0% 999. AA

Kébe &M xprion Tou vidnov, répa TG RPoBAENGREVNE Mia 1o Epyo NA.ME.A.Y., anayopeberat xwpis 1 ypant ovykatdBeon me APKAG.
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NINAKAZ 1: KATATPAOH QAPMAKQN/ SYMNAHPOMATON
A B. L A. E Ta. Z
{Eidate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo 1o naipvete; | To ayopd M 0
™ ouprmAipwua; e négo T dopd; Sudotnua to {Karaypadete ooug v/ cupBoudr | mipate To
OUOKEU- | {SupmAnpwvete To eunopkd | {Zuvolwkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvopa, T popdr Tou kattn | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 £xeLdn | (Zuvtayn sivain 24upo;
1. Nat CUYKEVTPWON TOU UE TN dépetL «To maipvw 6tav | povada xpovou.} | mer} ypartt EVTOAr yia tn
0.0xt povéda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ dopd;»}
1. 1. 1. 000040 . 1.Nau 1. Nat
1. Naw Xpowvia, 0.0xL (-> €p. ITB) 0.0xt
16 | 0. Oxt Mrjveg, 777. 0= 777. A=
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. 0% 999. AA
1. 1; 1. OJO4Ogj . 1.Na 1. Nat
1. Naw Xpovia, 0.0x (-> &p. ITB) 0.0xt
17 0. Oxt Mrjveg, 777. A= 777. 0=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
i 1. 1. OO0O04)| s 1.Nau 1. Naw
1. Naw Xpovia, 0. 0x (-> &p. ZTB) 0. Oxt
18 0. Oxt Mrjveg, 777. A= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Huépec. 777. A% 999. AA
IXOA0:
777. A= 999. AA

Kébe &M xprion Tou evnov, riépa TG rPoBAENGREVNE Via 1o Epyo NA.ME.A.Y., anayopeverat xwpis 1 ypant ovykataBeon e APXAG.
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8
NINAKAZ 1: KATATPAOH QAPMAKQN/ SYMNAHPOMATON
A B. L A. E Ta. Z
{Eidate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo 1o naipvete; | To ayopd M 0
™ ouprmAipwua; e négo T dopd; Sudotnua to {Karaypadete ooug v/ cupBoudr | mipate To
OUOKEU- | {SupmAnpwvete To eunopkd | {Zuvolwkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvopa, T popdr Tou kattn | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 £xeLdn | (Zuvtayn sivain 24upo;
1. Nat CUYKEVTPWON TOU UE TN dépetL «To maipvw 6tav | povada xpovou.} | mer} ypartt EVTOAr yia tn
0.0xt povéda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ dopd;»}
1. 1. 1. 000040 . 1.Nau 1. Nat
1. Naw Xpowvia, 0.0xL (-> €p. ITB) 0.0xt
19 0. Oxt Mrjveg, 777. 0= 777. A=
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. 0% 999. AA
1. 1; 1. OJO4Ogj . 1.Na 1. Nat
1. Naw Xpovia, 0.0x (-> &p. ITB) 0.0xt
2 0. Oxt Mrjveg, 777. A= 777. 0=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
i 1. 1. OO0O04)| s 1.Nau 1. Naw
1. Naw Xpovia, 0. 0x (-> &p. ZTB) 0. Oxt
2 0. Oxt Mrjveg, 777. A= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Huépec. 777. A% 999. AA
IXOA0:
777. A= 999. AA

Kébe &M xprion Tou evnov, riépa TG rPoBAENGREVNE Via 1o Epyo NA.ME.A.Y., anayopeverat xwpis 1 ypant ovykataBeon e APXAG.
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8
NINAKAZ 1: KATATPAOH QAPMAKQN/ SYMNAHPOMATON
A B. L A. E Ta. Z
{Eidate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikd TNa noto Adyo 1o naipvete; | To ayopd M 0
™ ouprmAipwua; e négo T dopd; Sudotnua to {Karaypadete ooug v/ cupBoudr | mipate To
OUOKEU- | {SupmAnpwvete To eunopkd | {Zuvolwkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | LaTpol; teAeutaio
aola;} Gvopa, T popdr Tou kattn | povasda xpovou.} {Av {Ap1Bp6G kat pwrdte, av 0ag 10 £xeLdn | (Zuvtayn sivain 24upo;
1. Nat CUYKEVTPWON TOU UE TN dépetL «To maipvw 6tav | povada xpovou.} | mer} ypartt EVTOAr yia tn
0.0xt povéda pérpnong tng (r.x. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 npépeg nooEg {Av Oyt To1e pwrdre
ayvwato-> AZ, érou Sev dopég To mipate;» kat otn T0 5TR.}
anavrd-> AA} ouvéxewa «MNboo naipvete
™ dopd;»}
1. Naw
0.0x |1. 1. 1. JOO0O| . 1.Naw 1. Nat
Xpowvia, 0.0xL (-> €p. ITB) 0.0xt
55 Mrveg, 777. A 777.52
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. 0% 999. AA
1. Naw
0.0x |1 1; 1. OJO4Ogj . 1.Na 1. Nat
Xpovia, 0.0x (-> &p. ITB) 0.0xt
- Mrvec, 777. 62 777. 62
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
1. Naw
0. Oxt 1. 1. b l_H_H_ID 1 1.Nat 1. Nau
Xpovia, 0. 0xt (->&p. ZTB) 0. Oxt
" Mdvec, 777. A= 777. A=
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
Huépec. 777. A= 999. AA
IXOA0:
777. A= 999. AA

Kébe &M xprion Tou vinov, riépa TG rPoBAENGREVNE yia 1o Epyo NA.ME.A.Y., anayopeverat xwpis 1 ypant ovykataBeon e APXAG.
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8
NINAKAZ 1: KATATPAOH OAPMAKQN/ SYMNOAHPOMATON
A B. L A. E Ta. Z
{Eibate Moto ¢pappako/ Néoo ouyva to naipvete | Méoo xpovikd TNa noto Adyo to naipvete; | To ayopd Mrnwg to
™m CUMTARPWHG; Kot T6oo ™ dopd; Sidotnpa to {Kataypadete 6ooug yii/ cupBoulAn ApaTtE TO
OouoKeU- | {ZuprAnpvete To epnopkd | {Zuvolwkn moooTnTa oTn Taipvete; Adyoug oag avadépet- Aev | tatpou; TeAevtaio
aoio;} dvopa, T popdr Tou Kattn | povada xpovou.} {Av {Ap1Bp6G kat pwrdte, av oag 1o éxeLAdn | (Zuvtayn eivain 24wpo;
1. Nat OUYKEVTPWON TOU HE TN bépel «To maipvw 6tav | povada xpévou.} | mer} yparttr EVToAn yia tn
0.0xt povéada pérpnong tng (r.x. XPELOOTED pWTAOTE TOV «TIg) Xopriynon dappdkou)
Lipitor tab 20 mg). Omnou teAevtaieg 30 npépeg NOoEG {Av Oy, tote pwrdre
dyvwoto-> AZ, érou Sev dopég o mripate;» Kat otn 10 5TR.}
anavtd-> AA} ouvéxela «Moéoo naipvete
™ $opd;»}
1. Naw
0.ox |1. 1. 1. JOO0O| . 1.Nat 1. Nat
Xpowvia, 0.0x (-> €p. ITB) 0.0xt
5% Mrveg, 777. A2 777.A2
IxOAo: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXO0A0:
777. 0% 999. AA
1. Naw
0.0x |1 1; 1. OJO4Og) . 1.Na 1. Nat
Xpovia, 0.0x (->&p. ITR) 0.0xt
- Mrvec, 777.62 777. 62
IxOA0: 777. 0% 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0z 999. AA
1. Naw
0. Oxt 1. 1. B i l_H_H_ID 1 1.Nat 1. Nat
Xpovia, 0. 0xt (->&p. ZTR) 0. Oxt
27 Mdvec, 777. A= 777.A
IxOA0: 777. 0= 999. AA EBSopadec, 999. AA 999. AA
IXOA0: Hpépeg. 777. 8= 999. AA
777. 0= 999. AA

Kébe &M xprion tou evinov, répa TG rPoBAEnREVnE yia 1o Epyo NA.ME.A.Y., anayopeberat xwpis 1 ypant ovykatadeon me APKAG.

154

10ans 13



MINAKAZ 1: KATATPAOH ®APMAKQN/ SYMNOAHPQMATON

8
A B. L A. E Ta. Z
{Eibate Moto ¢pappako/ Néoo ouyva to naipvete Néoo xpovikod TNa noto Adyo to naipvete; | To ayopd M 0
™ oupmAipwua; Ko néoo T dopd; Sidotnua to {Karaypadete ooug v/ oupBoudr | mipate To
OUOKEU- | {SupmAnpwveTe To eunopkd | {Zuvolkr moodTnTa oTn Taipvete; Adyoug oag avadépel- Aev | aTpol; teAevtaio
aola;} Gvopa, T popdr Tou katTn | povasda xpovou.} {Av {Ap1Bp6G kat pwtdte, av oag 10 £xeLdn | (Zuvtayn eivain 24upo;
1. Nat OUYKEVIPWON TOU UE TN dépet «To maipvw 6tav | povada xpovou.} | met} ypart eVToAr yia tn
0.0xt povéda pérpnong tng (rx. XPELAOTED pWTHOTE TOV «Tig Xopriynon dappdkou)
Lipitor tab 20 mg). Onou teheutaieg 30 Npépeg nooEg {Av Oyt To1e pwrdre
dyvwaoto-> AZ, érou Sev dopég To mipate;» kat otn T0 5TB.}
anavrd-> AA} ouvéyewa «MNooo naipvete
™ $opd;»}
1. Naw
0.oxt |1 1. 1. JOO0O| . 1.Nat 1. Nat
Xpovia, 0.0x (->€p. ITB) 0.0xt
28 Mrjveg, 777. 0= 777. A=
IxOA0: 777. A= 999. AA EBSopadeg, 999. AA 999. AA
Huépeg. 777. A= 999. AA
IXOA0:
777. A= 999. AA
1. Naw
0.0x |1 1 1. OJO4Og) . 1.Na 1. Nat
Xpovia, 0.0x (->&p. ITR) 0.0xt
29 Mrjveg, 777. 6= 777. 0=
Ix6A0: 777. 0% 999. AA EBSopadec, 999. AA 999. AA
Hupépeg. 777. 8= 999. AA
IXOA0:
777. 0= 999. AA

KdBe GMn xpron tou evivnou, népa e rpoBRenspevnE yia 1o Epyo NA.ME.A.Y., anayopeverat Xwpis 1 ypant) ovykatddeon me ApKic.
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8
ITB. NoLog oo MPOTELVE VAl XPNOLLOTOLOETE TO CUYKEKPLUEVO PAppaKo 1 cupnAfpwpa Statpodng;

AEIZE KAPTA 16 {rtoMartAr emtthoyi}

1. AattoAoyog 2. DapuaKomoLog 3. Tupvaotig 4. QuotkoBeparmeutig
5. Katdotnpa pe uyleweg tpodég/ Botava 6. OkoyEvela 7. ®idoy/ N'vwotol
8.lvtepvet 9. TnAedpaon 10. Neprobikd/ Ednuepideg 11. Anté mponyoUpEvn Xprion Tou
12. AN\o, (npoobiopiote) 777. A= 999. AA
Andvtnon avd aptBud ¢appdkou/ GUNITANPWHATOG.
{rpadete tov aplBuod anod kapta r kataypadni dAhou rj 777.AZ, 999.AA}

1 2

3 4.

5 6.

7 8.

9 10.

11 12.

13. 14.

15. 16.

17: 18.

19. 20.

21; 22,

23; 24,

25. 26.

21; 28.

29,

DA 5. ‘Exete mapelr KaOnpepva yAUKOKOPTIKOELSH, SnAadn xdma mou mepiéxouv koptildvn, onwg prezolon,
medrol yia xpoviko Stdotnpa HeyaAUTEPO 1) (00 TWV TPLWV HNVWV;

1. Naw 0. 0Oxt TT1.4= 999. AA
®A6. Toug tedeutaioug 12 prAveg, oag eixe ouvotabei and wtpd n ARYn kdamowou dappdkou/ Kamolwv
dappdakwv, mou Sev pnopéoarte va Bpeite 1 va ayopAaceTs;

1. Nat 0. OxL 777. A= 999. AA
{E&v n antdvtnon eivat «Oxw 1 «AZ» fj «AA», TEAOG EpwTnuatoloyiov.}

Ké&Be @hhn xprion Tou evrinou, népa tng npoPAenopevnc yia 1o épyo NA.ME.A.Y., anayopevetal xwplg T ypantd ouykatdBean tng Apxds. 12ané 13
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®A 7. lNa noto Adyo Sev unopéoarte va Bpeite rj va ayopaoete auto to pappako/ avtd ta Gappaka;

‘Hrav eneién..

Nat

Oxt

A=

AA

A. DAev gixate XpOvo va o/ Ta ayopAoETE;

B. Agev £iX0TE APKETA XPHpaTa yLa va To/ Ta ayopAoETE;

I. Asv BéAate va T0/ T AYOPAOETE;

A. Agv propoUoate va 10/ T OYOPAOETE Kot SEV UTIPXE KAMOLO ATOHO Vo
oag BonBrosy;

(6nAadn, O6ev umopovcatre va mdate oto ¢appakeio eneldny Sev
alcBavooaotav KA ) E(XOTE KAMOLO KIVNTIKO TPOBANKa ou SUOKOAEVE
™ peTakivnon oag fj n andéotacn frav peydAn kai Sev sixate peradopikd
uéco)

E. Aev KoAUTTTETOL N ayopd Tou/ Toug and to acpaAloTikd oag TApEio;

IT. Aev urtipxe/ untipxav StaBéopo/Stabéoipa otnv ayopd;

e [1600 XpOVO 0ag THPE N CUMTARPWON TOU EPWTNHATOAOYIOU;
OO Aema

e [l0LOG QIAVTINOE TO EPWTNHATOAGYLO;
[Jo iswo¢/ H i1 [JHuntépa  [JO matépag
[CJaMog, mpoc6iopiate

e BonBd¢ cuvévteuénc

e AOyog SLaKoTrg CUVEVTELENG:

IxOAa
0l CUYKEKPUEVEG EPWTIOELG TOU EPWTNHATOAOYIOU:

la to 6UVOAO TOU EpWTNHATOAOYIOU:

Ka@Be aAn xprion tou evtinov, népa e npoPAendpevng yia o épyo NAMEA.Y., Xwplg T ypantrh . e Apxie.

13 ané 13
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«Zwpatikn Spactnpiotnra EvnAikwv 218 etwv - <65 etwv» | KQAIKOZ 14r

Huepopnvie: __/_ _/____
HAwia ES: _ _ ®UAo ES: E@EAONTH

2 18 - <65 £TWV

TMHMA 1. ZOMATIKH APAZTHPIOTHTA TEAEYTAIQN 7 HMEPQN

EZAE 1. Néoo owpatikd Spactriplog/a Ba Aéyarte 6t eiote{auBopuntn andavinon};

0. KaBoAou {akoAouBw kabiotikd tpdmo Lwnc}
Alyo

2 Métpla

3. MoAu

777. A= 999. AA

EZAE 2. Ti tedevutaieg 7 nuépeg dAAage n owpatikh oag Spactnpiotnta; {Av vau Auv§RBnke 1| pewwBnke n
owpatiki oag Spactnplétnra;}
1. Nat 1. Au€rBnke
2. MewBnke
3. Aev aokiOnka kaBohou
777. A=
999. AA
0.0xt 777. A= 999. AA

{Av n andvtnon eival «Oxw, «AZ», «AA» TpoXWPRHOTE oTnV epwtnon EZAE 4}

EZAE 3. lNa rnoto Adyo {KAPTA 20};
1. AcBévela  2.TagidL 3. Kapkég ouvOnkeg
4. Alakomég 5. AUENUEVEG UTTOXPEWOELG 0Tn SOUAELd
6.Zekivnoe kamola cwpatiki Spactnplotnta  7.Au§nuévog eAeUBePOG XpOVog
8.AN\o¢ Aoyog, tpoodiopiote
777..8= 999. AA

{Av otnv epwtnon EZAE 2 n andvinon givat «Asv aokBnka kaBOAou» poxwpriote otnv epwtnon EZAE 11}

OL MapaKATW EPWTAOEL; ahOPOUV OTO XPOVO TOU EXETE APLEPWOEL YLO KATOLX CWHATIKY SpaoctnpiétnTa Katd
TG teAevtaieg 7 nuépeg. Ikedreite OAEC TIG SpACTNPLOTNTEG MOV KAVATE OTNV EPYOOIA OOG, OTO OTTL I} OTOV
KATIO 00C, TLG HETAKLVIOELG 0OC, TIG SpaotnpLotnTeg Tou EAeUBEPOU XpOVou oag yia Yuxaywyia KaL tTnv aoknon
1 ™ ouppETOX o aBAfpata.
Apxikd Ba R0eAa va OKEPTEITE OAEC TIG EVIOVEG CWHATIKEG SPACTNPLOTNTEG OV KAVOTE KATA TI§ TeEAEUTaisg 7
NUEPeG kat eiyav Siapkela peyadvtepn and 10 Asntd kdBs dopd. Mia éviovn ocwpatikh Spactnplotnta
avadépetal 0 SpaoTNPLOTNTEG MOV ANMALTOUV EVIOVN CWHATIKN MPOOTAOEla KAl 0ag KAVOUV VO QVATIVEETE
onpavtikd SuokoAdtepa art' 4t cuviiBws.
EZAE 4. Tig teAevutaieg 7 nHéPEC, MOOCEG NUEPEG KAVATE KATIOLA £VTOVN CWHATIKY Spactnplotnta, onwg okayipo,
évtovn doknon pe Bapn, Tpé§Lpo o SLadpopo He KAion, ypriyopo TpéLo, aspopnik, ypriyopn nodniaocia,
ypriyopn KoAUuBnon, Tévig povo, aywva os yRnedo onwg noddodatpo, pndoket, BOAsl; Napakadw va pun
oupnepAGBETE TO NEpRATNHA.

1. [] (1-7) nuépec avd eBSopdda 0. Aev ékava viovn OWHATIKA Spactnplotnta 777. A 999. AA

{Av n antdvtnon eivat «Aev ékava évtovn owpatikh Spactnplotntay, «A=», «AA», TPoXwWPRHOoTE otnV Epwnon 6.}

KdBe & xprion Tou eviimou, népa tng MpoBAERGHEVAG yia T0 épyo NAMEA.Y., bevau ywpls T ypantd 4Beon g Apxic. lanés
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14r
EZAE 5. Ti¢ NUEPEG TIOU KAVATE KATOLX £VTOVN CWUATIKA §paotnplotnta, moco Xpovo adlepwvate avd nuépa;
{Av n &idpketa 500&i o€ akEPaLo aplBUd WPWV CNUELWVETE 0TV andvinon 1 kat otnv andvinon 2 onuewwvete 00.
LY. 2 Wwpeg kat 00 Aemtd, av n andvinon 500¢&i otn popdn 1 wpa kat 10 Aemtd, oNUELWVETE otnv artdvtnon 1. 01
WPEC Kat otnv aravrnon 2. 10 Aentd}
1.[] [:| (0-24) wpeg ava nuépa kat 2. D [] (0-59) Aenté avé nuépa 777.0=  999. AA

{Znteital pio péon Sdpkela yla pia amno Tig NUEPEG TTOU O EPWTWHEVOG EKAVE EvTovn owiatikh Spactnplotnta. Av o
EPWTWUEVOG SeV UMOpPEL va amavtrioet eNeLSH n SLdpkela SladEPEL APKETA Ao HEPQ OE LEPA PWTNOTE: «ZUVOAIKA,
1600 XPOVO MEPACATE KATA TN SLAPKELX TWV TEAEUTAIWY 7 NUEPWV KAVOVTAG EVIOVN CWHATIKA Spaoctnpiotnta;»
KOt GURITANPWOTE TO akOAoubo:}

1. ][] (0-168) wpeg avd efdopdda ka2, [ ][] (0-59)Aemtd avé eBdopdda  777. A= 999. AA

Twpa oKeTEiTE OAEG TIG UETPLAG EVIAONEC CWHATIKEG SpAOTNPLOTNTEG OV KAVATE TIG TeEAEUTAies 7 NUEPEC KO
eiyav Siapkela peyadltepn and 10 Aentd kdBe dopd. Mia péTplag éviacng cwpatiki Spaoctnplotnta
avadépetal o SpacTnPLOTNTEG MOU ANMALTOUV HETPLO CWHATLKF TPOOTIABELX KOl GO KAVOUV VO OVONVEETE
Kanwg SuokoAdtepa an' 6Tt cuviiBwe.
EZAE 6. Tig teAevutaieg 7 NUEPES, MOOEG NUEPEG KAVATE KATIOLA PETPLAG EVTAONG CWHATIKE Spaotnpiétnta, onwg
TO VO ONKWOETE Kal va petadépete eAadpid Bapn, cuvoAikn KaBapldTnTa Tou oTLTLoU, ATILEG PUBUIKEG AOKAOELS
owpatog, mtodnAaocia avapuxng pe xapnAn taxvtnta, xaAapr koAUpBnon; NapakaAw va un cupunepltAdBete To
nepndrnua.

1. [J(1-7)nuépec ava eBdopdda 0. Aev ékava HETPLAG EVTAONG CWHATIKA Spactnplotnta

777 A= 999. AA

{Av n amavinon eival «Aev ékava HPETPLOG EVIAONG OCWHATIKA Spactnplotntar, «AZ», «AA», TPOXWPNHOTE OTNV
egpwtnon 8.}

EZAE 7. Ti¢ NUEPEG TIOU KAVATE KATOLA HETPLA CWHATIKY Spaotnplotnta, oo XpOvo apLlepwVATE avd NHEPQ;
1. [ [] (0-24) wpeg avé nuépa kaw 2. [ ][] (0-59) Aemtd avé nuépa 777.05  999. AA

{ZnteitaL pio péon Sidpkela ylo pict amd TIC NUEPEG TIOU O EPWTWHEVOG EKAVE HETPLAG EVINONG OWHATIKA
Spaotnplotnta. Av 0 EpWIWHEVOG SeV UIopEL va amavtrost eneldn n Sldpkeila StadEPeL APKETA amd pépPa o€ HEPQ
pwtriote: «ZUVOAIKG, TO0O XpOVO TEPACATE KATA T SLAPKELX TWV TEAEUTAIWY 7 NUEPWV O METPLAG EvTaong
OWHATIKA SpactnpLoTNTa;» KoL CUUMANPWOTE To akoAouBo:}

1. ][] (0-168) tpeg avd eBdopdda kat 2. [ [ ] (0-59) Aentd ava eBSopdda 777. A= 999. AA

Itn ouvéxela Ba Beda va okedreite To Xpovo MoOu nEPMATACATE Katd TG teAevtaieq 7 nuépeg. Na
CUUNEPIAGPETE TO MEPMATN A OTO XWPO TNG EPYAOIAG OAG, OTO OTITL, OTIG HETAKLVIOELG 0O KoL oTov eEAsUBEpO
Xpovo oag yia Ypuxaywyia, @oknon ) d6Anon.

EZAE 8. Katd i teAevutaieg 7 nUéEPEG, MOOEG NUEPEG MEPTIATH OATE yLa MEPLOOOTEPO and 10 ouvexOpueva Aened;
1. [] (1-7) nuépeg ava eBSopdda 0. Aev mepridtnoa Katd TG TEAevTaieg 7 NUEPES
777. A= 999. AA

{Av n andvtnon eivat «Aev nepndtnoa TLg TeEAeUTaieg 7 NUEPESH, «AZ», «AA», TPOXWPNOTE otnV epwtnon EZAE 10.}

KdBe & xprion Tou eviimou, népa tng npoBAERGHEVAG yia T0 £pyo NAMEA.Y., bevau ywpis T ypantd e Apxfic. 2an6s
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EZAE 9.Ti¢ NUEPEG TIOU TEPMATHOATE, ylo MEPLOCOTEPO amd 10 cuvexOpeva Aemtd, MGoo XpOvo MepAoATe
TEPTATWVTAG VA NUEPQ;
1. [ [] (0-24) tpeg avé nuépa ka 2. [ ] [] (0-59) Aentd avé nuépa. 777. A= 999. AA

{Znteital pio péon Stapketa yLa pia oo TG NHEPES MOV TIEPTIATNOE O EPWTWHEVOG. AV O EPWTWHEVOG SEV UITOPEL va
anavtroeL eneldn n Stapkela SLtadEpeL APKETAE ad péPA OE HEPA PWTHOTE: «ZUVOAIKE, TTOCO XPOVO MEPACATE KATA
™ SLdpKEeLa TWV TEAEUTAIWY 7 NUEPWV MIEPTIATWVTAG;» KAL CUUTANPWOTE TO akOAouBo:}

1. [J ] (0-168) wpec ava epdopdda kat 2. [ ][] (0-59) Aerntd avd eBSoudda 777. A= 999. AA

EZAE 10. Katd tig tedeutaieg 7 nuépeg, néoo Xpovo nepdoate kabiopévog/n o pia nuépa tng Bdopddag; O
Xpovog autdg umopei va meplhapfdvel to Xpdvo mou mepvdte kabiopévog/n oto omit, oto ypadeio, oto
autokivnto, étav Siafdalete, otav siote pe piloug, {ekoupdleote o MoAuBpova i BAénete tnAedpaon, aAAd Sev
nepapBdvet tov Unvo.

1. [ [J (0-24) tpeg avé nuépa 2. [] [] (0-59)Aemtd avd nuépa 777.0=  999.AA
{Znteital pia péon SLdpkela yla TO XpOVO TOU TIEPOCE O EPWTWHEVOS KABLONEVOG OE pia amd TG NUEPES. Av o
EPWTWHEVOG SeV Uopel va anavtioel eneldn n Stdpkela SLtadEpeL APKETA atd HEPQ O PEPA PWTHOTE: «ZUVOALKGE,
1600 Xpovo adiepwoate KaBLOpEVOG TNV tponyoUpevn {TETAPTN};» KAl CURITANPWOTE TO akoAouBo: }

1. ][] (0-24)epec tnv {Tetdptn} 2. ][] (0-59)Aertd avé nuépa 777. A= 999. AA

KdBe & xprion Tou Eviiou, népa tng MpOBAERGHEVAG yia T0 épyo NAMEALY., betal xwpis T ypantd 4Beon g ApxAc. 3anés
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Huepopnvie: _ _/_ _/____
HAwia EZ: __ @OMo EX:

14r

TMHMA 3. TEITONIA

EZAE 14. YRdpXouv ot YELTOVIA oag Ta akoAouBa;

2. Napko

OO &

3. Mwiva

4. Tupvaotiplo

I

5. Mnedo/ otddlo

Nou ox
1. Avotytoi xwpot (.. mapahia, dAcog, &cog, ahdava) O O
O U

6. AUVOTOTNTO CUHHETOXG OE OPYAVWHEV CWHATIKA
Spaotnplotnrag (r.x. opdda xopou, mtodoodaipou)

O

EZAE 15. Néoo cuxva aioBaveote aodpalii otn yeLTovid oag;
0. Moté 1. Indvia 2. Mepikég hopEg 3. Tig MePLOCOTEPEC POPES
777. A= 999. AA

e 600 Xpovo oag Trpe n cuprAfpwon tou epwtnpatoloyiou;[ ] [] Aentd
e [lOLOG AMAVTNOE TO EPWTNHATOAOYLO;
. |:|O {810¢/H b DH untépa [:IO natépag

E]'/-\Moc, npoodlopiote

4. Navta

e BonBdg ouvévteuéng
®  AOyog Slakomrg CUVEVTELENG:

IXOALa
Q. CUYKEKPLUEVEG EPWTAOELG TOU EpWTNHAToloyiou:

la to oUVOAO TOU EpWTNHATOAOYiOU:

Kd&Be ahhn xprion Tou evrinov, népa g npoBAen6pevng yua 1o épyo NAMEALY., v Xwpig T ypamn Q ™me ApxAc.
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*H avakAnon 24wpou, ebpoplOoTNKE Ue TN XpHon AoylopikoU CAPI (tou avamtuxdnke el61Ka yLa
tnv NAMEAY) kat &gv ivat Suvatr n emKOAANGCN TOU epwTnuatoloyiou oto Moapdptnua auThg
™¢ S16aKTOPLKAG SLaTpLBrg.
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