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Szanowni Panstwo!

W imieniu Komitetu Organi-
zacyjnego i Komitetu Nauko-
wego witam bardzo serdecz-
nie wszystkich PaiAstwa na
Il edycji Miedzynarodowej Konferencji ,Witamina D
- minimum, maximum, optimum” Zzorganizowa-
nej pod patronatem European Vitamin D Associa-
tion (EVIDAS). Mamy wielki zaszczyt gosci¢ Panstwa
w niezwyklym miejscu obrad, ktére uswietni wy-
jatkowa grupa Ekspertéw z wielu krajow Swiata.
W pazdzierniku 2012 roku w Centrum Konferencyj-
nym Stadionu Narodowego w Warszawie goscilismy
550 delegatéw z Polski i panstw Europy Srodkowej,
a przeprowadzone woéwczas obrady i liczne debaty
staty sie podstawa do opracowania i opublikowania
w roku 2013 Srodkowoeuropejskich zalecen doty-
czacych profilaktyki niedoboréw witaminy D. Mimo
ze obecnie obserwujemy korzystne zmiany zaopa-
trzenia w witamine D na poziomie populacji ogdlnej,
w tym stopniowo rosnacy odsetek oséb z prawidto-
wymi stezeniami 25(0OH)D, to wcigz 90% mieszkan-
cow Polski i krajow regionu ujawnia wartosci wska-
zujace na niedobdr tej waznej witaminy, za$ skrajnie
niskie wartosci (< 10 ng/ml; < 25 nmol/l) notuje sie az
u 16% Polakéw. Niestety zasady suplementacji wita-
ming D, zaréwno w Polsce, jak i innych krajach Europy,
WCiaz sg rygorystycznie przestrzegane jedynie w pierw-
szych miesigcach zycia, p6zniej witamina D nie jest po-
dawana lub jest podawana sporadycznie. Jednoczesnie
niemalze codziennie publikowane sa kolejne wazne
prace dokumentujace role regularnej suplementacji

4 EVIDAS 2015

Miedzynarodowa konferencja:
- Minimum, Maximum, Optimum

witaming D w profilaktyce wielu schorzen. Obecnie nie-
dobér witaminy D przez jednych postrzegany jest jako
czynnik wspottowarzyszacy, przez innych jako istotny
czynnik ryzyka wielu choréb cywilizacyjnych takich jak
choroby nowotworowe, choroba sercowo-naczyniowa,
nadcis$nienie tetnicze, schorzenia autoimmunizacyjne,
choroby i zaburzenia metaboliczne, choroby infekcyjne
wynikajace z obnizonej odpornosci oraz wiele zaburzen
neurodegeneracyjnych. W obliczu obserwowanych ru-
chéw migracyjnych duzych grup ludnosci z Bliskiego
Wschodu i Afryki Pétnocnej warto réwniez wspomniec
o profilaktyce krzywicy zywieniowej. W trakcie Konfe-
rencji bedg mieli Panstwo mozliwo$¢ zapoznania sie
z najnowszymi globalnymi rekomendacjami profilakty-
ki i leczenia tego schorzenia, a takze z najnowszymi do-
niesieniami dokumentujgcymi dziatanie plejotropowe
witaminy D.

Szanowni Panstwo, uwazamy, ze niezbedne i celo-
we jest upowszechnienie wiedzy na temat znaczenia
tej waznej witaminy dla zdrowia dzieci, mtodziezy,
0s6b aktywnych zawodowo oraz senioréw. JesteSmy
przekonani, ze program naukowy Il edycji Konferengji
i uczestnictwo wybitnych wyktadowcow z wielu
panstw Europy oraz z Kanady i USA zapewnia Parstwu
dostep do najnowszych faktéw i obala mity zwigzane
z witaming D.

Zycze Panstwu owocnych obrad.

dr hab. n. med. Pawet Pludowski, prof. nadzw. IPCZD
Przewodniczacy Komitetu
Organizacyjnego i Naukowego

—
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Vitamin D Update 2015: What We Need to
Know about Its Health Benefits and Potential
for Toxicity?

Aktualizacja wiedzy o witaminie D (2015). Co powinnismy wiedzie¢
na temat korzysci zdrowotnych i potencjalnej toksycznosci?

Michael F. Holick

Boston University Medical Center, Boston

STRESZCZENIE

For more than 40 years the sun has been reviled for its cancer promoting properties and thus avoidance of any direct sun exposure has been widely pro-

moted by many healthcare organizations and government agencies. The lack of appreciation that sun exposure had been the major source of vitamin D

for children and adults worldwide has led to a vitamin D deficiency pandemic. This pandemic has been associated with a wide variety of chronic diseases

as well as increased risk for mortality. There continues to be paranoia about the potential for vitamin D toxicity which has resulted in the banning of vi-

tamin D fortification and tight government regulations on vitamin D supplementation in most countries in the world. To conquer this world wide health

issue there needs to be:

1. Arecognition that sensible sun exposure can provide children and adults with the sunshine vitamin D;

2. Vitamin D is not toxic in amounts that could be used in food fortification;

3. Until the first two recommendations are instituted there is a need to recognize that most children and adults need to receive adequate vitamin D
supplementation throughout the year.
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SEOWA KLUCZOWE: = VITAMIN D m DEFICIENCY m HEALTH BENEFITS

ABSTRACT

Przez ponad 40 lat promienie stoneczne postrzegano z perspektywy jego wtasciwosci promujacych raka, jednoczesnie wiele organizacji ochrony zdrowia

oraz agencji rzagdowych promowato unikanie jakiegokolwiek bezposredniego kontaktu skory ze stoncem. Brak uznania, ze ekspozycja na storice stanowi

gtéwne zrodto witaminy D dla dzieci i dorostych na catym Swiecie doprowadzito do pandemii deficytu witaminy D. Pandemia deficytu witaminy D jest

zwigzana z wieloma réznymi chorobami przewlektymi, jak réwniez ze zwiekszonym ryzykiem $miertelnosci. W dalszym ciggu mamy do czynienia ze

swoistym stanem paranoi dotyczacej potencjalnej toksycznosci witaminy D, co w wiekszosci krajéow doprowadzito do zakazu fortyfikacji zywnosci

witaming D i $cistych/restrykcyjnych przepiséw panstwowych dotyczacych suplementacji witaming D. Aby przezwyciezy¢ ten problem o zasiegu

ogolnoswiatowym, nalezy przyjac, ze:

1. rozsadna ekspozycja na storice moze zapewnic dzieciom i dorostym witamine D;

2. witamina D nie jest toksyczna w ilosciach, ktére moga by¢ stosowane do wzbogacania zywnosci;

3. dopdki pierwsze dwa zalecenia nie zostana zaakceptowane, istnieje potrzeba uznania, ze wiekszos¢ dzieci i dorostych musi otrzymywac odpowiednie
dawki witaminy D przez caty rok.
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KEY WORDS: m WITAMINA D ® DEFICIT m KORZYSCI ZDROWOTNE

Introduction

Vitamin D is now the most talked about nutrient
by both healthcare professionals and the lay press.
Although many naysayers have suggested that the
hype surrounding vitamin D would eventually fade
and go the way of the vitamin E and vitamin A cra-
ze vitamin D has sustained its visibility as being
one of the most important nutrients for overall he-

alth and well-being for more than a decade. More
than 30,000 publications having been published
many associated with a variety of health benefits
in the past 10 years. Vitamin D is one of the oldest
hormones on this earth with it being documen-
ted to have been produced more than 500 million
years ago in some of the earliest phytoplankton
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life forms'2. Vitamin D established itself as being
critically important for the evolution of vertebrates
since it was responsible for enhancing the efficien-
cy of dietary calcium thereby maintaining circu-
lating calcium concentrations within a physiolo-
gically acceptable range. Calcium combining with
phosphate also provided the major component of
the skeleton that provided strength to the bones
to sustain its structural integrity permitting them
to ambulate in their 1 G environment. Remarkably
this vital nutrient is naturally provided to vertebra-
tes including humans during sun exposure. Once
formed in the skin vitamin D begins its journey
into the bloodstream entering the liver to undergo
its first obligate hydroxylation on carbon 25 to ge-
nerate the major circulating form 25-hydroxyvita-
min D [25(OH)D]. This metabolite is bound to the
vitamin D binding protein (DBP) and is transported
to the kidneys where through a megalin facilita-
ted transport both the binding protein and 25-hy-
droxyvitamin D enter into the renal tubule where
it undergoes its final activation step and converted
to 1,25-dihydroxyvitamin D, [1,25(0OH),D,]*. Once
formed it enters the circulation and travels to the
small intestine where it interacts with its nucle-
ar vitamin D receptor (VDR) to influence a varie-
ty of genes that results in an increase in intesti-
nal calcium absorption. 1,25(0H),D, also travels
to the skeleton where it interacts with the VDR
in osteoblasts increasing the genomic expression
of RANKL. This ligand interacts with its receptor
RANK on monocytes inducing them to aggregate to-
gether forming a multi nucleated osteoclast which
in turn mobilizes calcium from the skeleton’2.

It is now recognized that most tissues and cel-
Is in the body have a VDR and that many cells
and tissues also expressed the 25-hydroxyvita-
min D-1 alpha-hydroxylase thus providing them
with the enzymatic machinery to locally produce
1,25(0H),D. It has been hypothesized that it is the
local production of 1,25(0OH),D which is thought
to regulate upwards of 2000 genes is responsible
for many of the noncalcemic health benefits ascri-
bed to improvement in vitamin D status?®. It is been
reported that 1,25(0OH),D modulates cellular gro-
wth and differentiation, enhances the production
of cathelicidin, modulates both T and the lympho-
cyte activity, stimulates insulin production among
other biologic activities. These observations help
explain the association with improvement in vita-
min D status with reduced risk for many deadly
cancers, autoimmune diseases including multiple
sclerosis and type 1 diabetes, cardiovascular dise-
ase and stroke, neurocognitive dysfunction inclu-
ding Alzheimer’s disease, infectious diseases inclu-
ding influenza and tuberculosis and type 2 diabe-

tes?. Because 1,25(0H),D is such a potent hormone
in regulating calcium metabolism, to prevent the
escape of 1,25(0H),D from these extra renal cells
into the circulation which could potentially cause
hypercalcemia and serious health consequences,
as 1,25(0H),D is regulating gene activity for a va-
riety of biologic functions it also at the same time
induces the 25-hydroxyvitamin D-24-hydroxyla-
se. This multi-functional enzyme?* is responsible
for hydroxylating and oxidizing the side arm of
1,25(0H),D to produce a biologically inactive water
soluble calcitroic acid.

There has been a lot of discussion about what de-
fines vitamin D deficiency and insufficiency. There
is concern about health cost associated with me-
asuring blood levels of 25(OH)D. Neither the Insti-
tute of Medicine nor the Endocrine Society as well
as many medical societies recommend the broad
screening for vitamin D status in otherwise healthy
children and adults®®. With all the hype about the
health benefits of vitamin D the use of vitamin D
supplements by children and adults worldwide has
markedly increased. This has raised concerns abo-
ut the potential for increased risk for kidney stones
and vitamin D toxicity. The goal of this review will
be to put these issues into perspective.

How Much Vitamin D to Children

and Adults Require for Health

Before 2010 it was generally accepted that the RDA
for vitamin D for all children and adults up to the
age of 50 was 200 IUs daily®”’. This was based on
the fact that it was thought that vitamin D deficien-
cy was not a health issue and was based on the
work of Jeans in the 1940s who demonstrated that
100 IUs of vitamin D was sufficient to prevent overt
skeletal consequences of rickets®. The Institute of
Medicine recognized that this was inadequate ba-
sed on more current literature and recommended
that to maintain a blood level of 25(OH)D of at least
20 ng/mL that infants required 400 IUs daily, chil-
dren 1 year and older and adults 600 IUs daily and
adults over the age of 70 800 IUs daily®. The Endo-
crine Society whose goal was to make recommen-
dations to treat and prevent vitamin D deficiency
and to achieve a blood level of 25(0OH)D>30 ng/mL
the preferred range of 40-60 ng/mL recommended
that infants up to 1 year needed 400-1000 IUs da-
ily, children over 1 year 600-1000 IUs daily and all
adults 1500-2000 IUs daily. For those with a BMI
>30 day required to-3 times more to satisfy that
requirement®.

How Much Vitamin D Causes Toxicity
and What Are the Consequences?
It is generally accepted that a blood level of 25(0OH)D
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of up to 100 ng/mlL is perfectly safe for most child-
ren and adults with the exception of those who have
a hypersensitivity to vitamin D including children
and adults with William’s syndrome, granulomato-
us disorders and some lymphomas?®. The Endocri-
ne Society concluded that vitamin D toxicity is not
only extremely rare but that a blood level of at least
150 ng/mL would be required before there would
be any evidence of vitamin D toxicity. The first ma-
nifestation of excess vitamin D activity is increased
excretion of urinary calcium due to a decrease in
the parathyroid hormone (PTH) production. When
the kidneys can no longer keep up with the amo-
unt of calcium entering into the circulation from
dietary calcium and bone calcium mobilization the
serum calcium begins to rise. The decrease in PTH
also causes a decrease in phosphate excretion by
the kidneys. The elevated levels of 25(OH)D directly
interacts with the VDR in the intestine increasing
intestinal calcium and phosphate absorption. This
results in an increase in both serum calcium and
serum phosphate resulting in a supra saturating
calcium phosphate product which is deposited in
the kidneys resulting in nephrocalcinosis and in
atherosclerotic plaques in blood vessels leading
to vascular calcification. The hypercalcemia also
results in vasoconstriction that can cause hyper-
tension. The hypercalcemia causes a variety of
nonspecific symptoms including constipation, con-
fusion, polyuria and polydipsia as well as cardiac
arrhythmias!?®.

Vitamin D toxicity remains as a major concern for
obstetricians, neonatologist, pediatricians, inter-
nist as well as public health government agencies.
This is the major reason why most countries in the
world do not permit fortification of foods such as
milk with vitamin D. Before the 1950s there was
widespread fortification of vitamin D since it was
considered to be one of the miracle nutrients that
was useful for treating many chronic illnesses from
tuberculosis to rheumatoid arthritis. Indeed besi-
des milk being fortified with vitamin D so too was
custard in England, beer in the United States, sha-
ving cream and soap in Germany fortified with this
fat-soluble vitamin. However in the early 1950s
several cases of infants with facial abnormalities,
supravalvular aortic stenosis, mental retardation
and hypercalcemia were reported in Great Britain.
This was followed by additional reports of hypercal-
cemia as high as 19 mg/dL in some infants also in
Great Britain®. The Royal College of Physicians and
the British Pediatric Association were charged with
finding the cause for these horrific events. After ca-
reful scrutiny of the literature and surveys of die-
tary intake they concluded that the likely causes
were due to the unregulated over fortification of

milk with vitamin D as well as excessive intakes
of vitamin D from various foods fortified with vi-
tamin D and natural foods containing vitamin D.
Although the Royal College of Physicians admitted
that it did not have any strong evidence for this
conclusion they based their conclusion on litera-
ture reporting that pregnant rodents that received
high doses of vitamin D delivered pups with altered
facial features, supravalvular aortic stenosis and
hypercalcemia. The British Pediatric Association
documented hypercalcemia but only in a relatively
few infants who had approximate intakes of 1500-
1725 IUs daily. At this time there was no reliable
assay for vitamin D so these intakes were at best
guesstimates. It is likely that some of these infants
had a William’s syndrome which is associated with
elfin facies, aortic stenosis, mental retardation
and hypercalcemia due to a hypersensitivity to vi-
tamin D!%!!. Since these infants had evidence for
mental retardation this cause great consternation
for both parents and politicians and without fur-
ther consideration passed laws forbidding not only
the fortification of milk and other foods with vita-
min D but any and every product potentially used
by a child or adult including skin creams. This hy-
steria spread throughout Europe and ultimately
around the Globe and most government agencies
also put in place laws forbidding the fortification of
foods with vitamin D. They also instituted policies
to strictly regulate vitamin D supplements availa-
ble to the general public. Many countries in Euro-
pe, Asia and South America forbid the availability
of vitamin D supplements to the general popula-
tion. The only way that children and adults in some
countries are able to receive any supplemental vi-
tamin D is through their doctor!®.

There are numerous studies demonstrating that vi-
tamin D is probably one of the least toxic fat-solu-
ble vitamins certainly much less toxic and vitamin
A. Dudenkov et al'?2. evaluated more than 20,000
25(0OH)D measurements performed at Mayo Cli-
nic from 2002 to 2011 and related blood levels of
25(0OH)D with potential vitamin D toxicity (determi-
ned by presence of hypercalcemia). Whereas they
observed a 20-fold increase in the number of indi-
viduals with a serum 25(OH)D>50 ng/mL these le-
vels were associated with a normal serum calcium.
They found only one person having hypercalcemia
and the blood level was 364 ng/ML. Pietras et al's.
reported that healthy adults in a clinic setting re-
ceiving 50,000 [Us of vitamin D, once every 2 weeks
(equivalent to approximately 3300 IUs daily) for
up to 6 years maintaining blood levels of 25(0OH)D
in the desired range of 40-60 ng/mL without any
evidence of toxicity. This was also consistent with
the observation by Ekwaru et al'*. who reported in
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some Canadian adults who ingested up to 20,000
IUs of vitamin D3 daily raise their blood levels of
25(0OH)D into the 60 ng/mL range without any toxi-
city. They also confirmed what was recommended
by the Endocrine Practice Guidelines that obese
adults require 2.5 times as much vitamin D supple-
mentation to maintain the blood level of 25(OH)D
in the same range as a normal weight person’.

The Ominous J-U Curve for Mortality

There have been a multitude of studies evaluating
serum 25(OH)D with risk of chronic illnesses as well
as mortality. Several of the studies that have plotted
serum 25(OH)D versus a chronic illness for morta-
lity observed that vitamin D deficiency was associa-
ted with an increased risk and that this risk gra-
dually decreased with increasing levels of 25(OH)D
that reached a nadir plateau that was usually be-
tween 30-40 ng/mL. However there appeared to
be a slight increase in risk for the chronic illness
or mortality when blood levels were approaching
50 ng/mL raising concerns that there was the po-
tential for negatively impacting health if these levels
were attained with vitamin D supplementation. The
Institute of Medicine suggested that there could be
an increase in risk for mortality when blood levels
of 25(0OH)D began to increase above 30 ng/mLS.
What is remarkable is that the conclusions were
made based on essentially no information for those
who had circulating blood levels of 25(OH)D abo-
ve 50 ng/mL. It has been documented that Ma-
asai Warriors outside every day reach blood levels
of approximately 50 ng/mL!. Diet is incapable of
providing an adequate amount of vitamin D, on
a daily basis. Thus without being exposed to sunli-
ght essentially every day it’s not possible to achieve
a blood level of 25(0OH)D of 50 ng/mL unless the
person has a 24-hydroxylase deficiency*'®. Thus
it’s more likely that subjects in studies relating
serum 25(OH)D levels with mortality or chronic
disease who have blood levels above 50 ng/mL are
being treated with vitamin D for their vitamin D de-
ficiency. Without any knowledge of the vitamin D
intake of subjects for most of the studies it was
next to impossible to determine this as a potential
explanation. However Kroll et al'”. mined the data-
base at Quest Diagnostics and retrospectively de-
termined population weekly-mean concentrations
of 25(0OH)D, and 25(0OH)D, and PTH in 3.8 million
laboratory results of adults. They observed for all
genders and latitudes 25(OH)D, peaks occurred
in September and troughs in March. The PTH le-
vels showed an inverse pattern of peaks and tro-
ughs relative to 25(0OH)D, with a delay of 4 weeks.
In the United States only vitamin D, is available as
a pharmaceutical to treat and prevent vitamin D

deficiency. There is essentially no vitamin D, from
dietary sources; the major source being sun-dried
mushrooms. Indeed 69.4% of the samples had no
detectable 25(0OH)D,. This is consistent with a mul-
titude of studies published throughout the world
using the Gold standard LC MS MS 25(OH)D assay
which reports that essentially none of the samples
contained detectable 25(0OH)D,. It was surmised
that those adults in the United States with detec-
table 25(0OH)D, were being treated for vitamin D
deficiency. In fact of patients with a total 25(OH)D
> 50 ng/mL 57% had detectable 25(OH)D,.
This suggested that they were being treated for
vitamin D deficiency. Thus it would not be at all
unexpected that they would still retain their higher
risk for chronic illness and mortality due to their
vitamin D deficiency. Recently Garlandet. al'®. con-
ducted a meta-analysis and found like other studies
that vitamin D deficiency was associated with a hi-
gher risk for mortality and that this mortality gradu-
ally declined to a nadir plateau at around 40 ng/mL
that was sustained up to at least 70 ng/mL
with no evidence of a U or J-shaped curve.

Conclusion

It is now recognized that vitamin D deficiency and

insufficiency is a Global health problem. On ave-

rage 40% of children and adults have blood levels
of 25(0H)D<20 ng/mL and 60%<30 ng/mL"*°. The
consequences of this Global vitamin D deficiency
pandemic is having catastrophic consequences
on the health and welfare of children and adults.

It has been estimated that there could be a 25%

reduction in most healthcare costs that it been re-

lated with diseases that have been associated with
vitamin D deficiency and insufficiency. The major
causes are

1. Lack of appreciation that sensible sun exposure
is a safe and inexpensive way of obtaining vita-
min D naturally;

2. Contrary to popular belief very few foods natu-
rally contain vitamin D and therefore a healthy
diet will not provide an adequate amount to sa-
tisfy the body’s requirement and

3. The concern by health authorities and healthca-
re professionals that vitamin D is an extremely
toxic fat-soluble vitamin and therefore needs to
be highly regulated.

The solution to conquer this health crisis is for the

health authorities and legislative bodies implement

supplementation of foods such as milk, bread and
pasta with vitamin D. Instead of demonizing the
sun which has occurred for the past 40 years the-
re needs to be recognition that sensible sun expo-
sure can be a major safe source of vitamin D for
most children and adults?. The use of the free app
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dminder.info, that I helped develop, provides infor-
mation as to when and where vitamin D production
will result from exposure to sunlight and warns the
user after sensible sun exposure to seek sun pro-
tection to prevent sun burning. Finally to guaran-
tee vitamin D sufficiency I recommend to all of my
friends, family and patients that children should
take 1000 IUs vitamin D daily, teenagers and adu-
Its 2000 IUs daily and for those who are obese with
a BMI >30 4000-5000 IUs daily. =

Michael F Holick PhD M.D.

B Boston University Medical Center

Boston, MA 02118

mfholick@bu.edu
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Blaski i cienie syntezy skornej witaminy D
Skin synthesis of vitamin D - pros and cons

Jacek Lukaszkiewicz

Wydziat Farmaceutyczny, Warszawski Uniwersytet Medyczny

Praca czesciowo finansowana z grantu Narodowego Centrum Nauki nr: NCN 2014/15/B/NZ5/03541

STRESZCZENIE

Niemal wszystkie komorki i organy ciata cztowieka przystosowane sg do wykorzystywania aktywnej formy witaminy D jako wspétregulatora wielu pro-
cesow fizjologicznych i czynnika wspomagajacego ich prawidtowe dziatanie. Udowodniono, ze niedobory witaminy D powoduja zaburzenia gospodarki
mineralnej skutkujace krzywica i osteomalacja. Istniejg rowniez powazne przestanki, aby uwazac je za czynnik zwiekszajacy prawdopodobienstwo wy-
stapienia réznego rodzaju nowotwordw oraz szeregu problemdw, takich jak choroby nerek, serca, cukrzyca, ztamania, nadcisnienie, otytos¢, problemy
dentystyczne, osteoporoza, infekcje drog oddechowych czy zaburzenia dziatania centralnego uktadu nerwowego.

Organizm cztowieka zostat ewolucyjnie przystosowany do wykorzystania syntezy skdrnej jako gtéwnego zrodta witaminy D. W efekcie tego synteza skérna
stafa sie trudnym do zastgpienia elementem systemu suplementacji witaming D w spoteczenstwach zyjacych w znacznym oddaleniu od réwnika. Uzasad-
nione obawy dotyczace ryzyka powstawania nowotwordw skéry w zwigzku z ekspozycjg na promieniowanie ultrafioletowe storica mozna w znacznym
stopniu zniwelowac stosujac,rozsadne” zasady wykorzystywania zdolnosci skory do syntezy witaminy D pod wptywem promieniowania ultrafioletowego.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 112-116

SLOWA KLUCZOWE: m SYNTEZA SKORNA = WITAMINA D

ABSTRACT

Nearly all cells and organs of human body are adapted to using the active form of vitamin D as a co-regulator of many important physiological pathways
and as an enhancer of their normal actions. Insufficient vitamin D status has been proven to be a source of perturbances in mineral metabolism resulting
in rickets and osteomalatia. There are also reasons to believe that vitamin D insufficiency and deficit, underlies such problems as certain kinds of cancer,
kidney and heart diseases, diabetes, high blood pressure, obesity, fractures, osteoporosis, dental problems, respiratory tract infections, and central nervous
system malfunctions.

Human body has been adopted during the evolution to use skin synthesis as the main source of vitamin D. As a result, this process has become a difficult
to replace component of the vitamin D supplementation system for the contemporary human body especially in societies living far from the equator. There
are well founded stipulations for using the solar ultraviolet rays as a stimulant of vitamin D synthesis as it is known that this can promote dangerous skin
cancers. It is also known that this can be avoided by applying reasonable” rudiments and avoiding the excessive exposition to sun rays.

Standardy Medyczne/Pediatria m 2015 m T. 12 m 112-116
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o _ ) , “ GLOWNE TEZY
Witamina D jest elementem niezbednym, ale nie- \
wystarczajacym do prawidlowego przebiegu kluczo-
wych procesé6w komoérkowych. Zgodnie z aktualny-
mi pogladami jest czynnikiem ,wspomagajacym” 2.
(ang. enabler) — musi by¢ obecna, aby procesy te
mogly zajs¢, ale sama nie stymuluje ich ani ich nie
powoduje. Zatem niski poziom zaopatrzenia w wita-
mine D sam z siebie nie jest przyczyna choroby czy 3.
dysfunkcji — zaburza jedynie odpowiedz komoérki na
sygnaly wewnetrzne i zewnetrzne. Obecnie uwaza
sie, ze zasadniczo kazda komorka i tkanka ciata

1. Synteza skérna jest waznym elementem w systemie za-
opatrywania organizmu cztowieka w witamine D.

Oprécz wspdtudziatu w regulacji gospodarki mineralnej
witamina D wspomaga osiggniecie optymalnych warun-
kéw dziatania przez wiekszos¢ komorek i uktadow ciata
ludzkiego.

Organizm ludzki jest ewolucyjnie przystosowany do wyko-
rzystywania efektdw aktywnie dziatajacej syntezy skorne;j.

ludzkiego wyposazona jest w receptory witaminy D.
Wiekszos¢ komoérek ma zdolnos¢ konwersji 25(OH)D
do jej formy aktywnej 1,25-dihydroksywitaminy D,
co stanowi glowna pozycje w dziennym bilansie
witaminy D. Komérkowa aktywacja witaminy D

umozliwia kazdej tkance wykorzystanie witaminy D
adekwatne do potrzeb. Zatem przy niedoborach wi-
taminy D zaden z ukladéw naszego ciala nie moze
pracowac z optymalng wydajnoscia. Z tego wzgledu
niedobo6r witaminy D, bedacy przewaznie efektem
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niskiego poziomu stymulacji syntezy skoérnej, nie-
uchronnie obserwowany jest w szerokim zakresie
choréb i dysfunkcji'.

Przodkowie wspoélczesnego czlowieka emigrujacy
przed okolo 2 milionami lat z okolic Afryki rowni-
kowej? byli dobrze przystosowani do warunkow ist-
niejacych w miejscu swojego pochodzenia. Jedna
z charakterystycznych cech tego srodowiska bylo
bardzo silne — w poréwnaniu z Europa Srodkowa
i Polnocna - nastonecznienie, ktérego potencjal-
nie niekorzystnemu dzialaniu zapobiegal barw-
nik silnie pochtaniajacy ultrafiolet — melanina3®.
Jej obecnosé, chroniaca zawarte w keratynocytach
kwasy nukleinowe przed mutagennym dziataniem
zawartego w promieniach slonecznych ultrafiole-
tu, zezwalala réwnoczesnie na efektywna fotosyn-
teze witaminy D, czego efektem bylo (oceniane na
podstawie aktualnych badan ludnosci zamieszkuja-
cej obecnie rejony réwnikowe Afryki) bardzo dobre
zaopatrzenie organizmu w witamine D, mimo sla-
bej suplementacji doustnej. Wyplywa stad wniosek,
ze w tych warunkach nastapil ewolucyjny awans
skornej syntezy jako gtownej drogi zaopatrzenia or-
ganizmu czlowieka w witamine D i w konsekwencji
jego genetyczne utrwalenie®. Chociaz geneza niedo-
borow witaminy D u wspélczesnych mieszkancow
Europy ma charakter wieloczynnikowy, to jej gtow-
nym elementem jest brak pelnego wykorzystania
potencjalnych mozliwosci fotosyntezy witaminy D,
mimo dewolucyjnej utraty konstytutywnego dzia-
lania szlaku syntezy melaniny przez keratynocyty*.
Sytuacje gwaltownie pogarsza zmiana trybu zycia
mlodych ludzi (,pokolenie komputerowe”) wiazaca
sie ze spedzaniem wigkszosci czasu przed kompu-
terem w pomieszczeniach zamknietych. W efekcie
obserwuje si¢ w Anglii wzrost czestosci hospitaliza-
cji z powodu krzywicy z ok. 1 przypadku na 100 000
w roku 1987 do ok. 6 w roku 2011. Przynaleznosc¢
do rasy kaukaskiej stanowi tylko czeSciowa ochro-
ne, gdyz pacjenci z tej populacji nadal stanowia
ok. 1/3 hospitalizowanych®®.

W zwigzku z coraz powszechniejszym uznawaniem
syntezy skoérnej za podstawowe zrodio witaminy D
dla organizmu czlowieka rosnie zainteresowanie
procesami zwigzanymi z fotosynteza i dzialaniem
witaminy D w komoérkach naskérka — keratynocy-
tach. Unikalnos¢ charakteru tych komorek wynika
miedzy innymi z faktu, ze oprécz bycia gléwnym
zrodltem witaminy D dla organizmu czlowieka po-
siadaja one réwniez aparat enzymatyczny przepro-
wadzajacy wszystkie etapy prowadzace do aktywacji
witaminy D. Zawieraja one takze receptor witaminy
D, co umozliwia im wykazywanie odpowiedzi auto-
krynnej na produkowana w tych samych komor-
kach aktywna forme witaminy D - 1,25-dihydrok-
sywitamine D (1,25(OH),D). Wiadomo juz, ze wie-

le waznych funkcji skéry regulowanych jest przez
aktywna forme witaminy D lub jej receptor. Nalezy
do nich hamowanie proliferacji, pobudzanie rézni-
cowania lacznie z budowa bariery nieprzepuszczal-
nej, indukcja odpornosci wrodzonej, supresji nowo-
tworzenia i regulacji cyklu mieszkéw wlosowych”.
Aktywna forma witaminy D wspoéldziata ze swo-
im receptorem (VDR) obecnym w keratynocytach,
wykazujac wybitnie plejotropowe dziatanie. Wspo6t-
pracuje ona rowniez z receptorem wapniowym
(CaSR). Stwierdzono, ze u myszy pozbawionych
VDR i CaSR ma miejsce spontaniczna kancerogene-
za w keratynocytach nawet przy nieobecnosci bodz-
cow takich jak promieniowanie UV czy karcynoge-
ny chemiczne”®. Aktywna forma witaminy D razem
z VDR przekierowuje czasteczki z wewnatrzkomor-
kowej puli B-kateniny do tworzenia kompleksow
z E-kadheryna, co przy wspoétdzialaniu jonow wap-
niowych obniza prawdopodobienstwo zajscia trans-
formacji nowotworowej”.

Teze te potwierdzaja wyniki badan wiazacych wyz-
sze stany zaopatrzenia w witamine D z nizsza za-
padalnoscia na réznego typu nowotwory®!2. Nowe
badanie, w ktérym przeanalizowano ponad 300 000
przypadkow raka trzustki, wykazalo, ze u pacjen-
tow ze 172 krajow potozonych na réznych szero-
kosciach geograficznych najnizsze zapadalnosci
(wynoszace okolo 1/100 000) stwierdzono w kra-
jach o najwyzszym nastonecznieniu (natezeniu UVB
po uwzglednieniu zachmurzenia), podczas gdy
w krajach o natezeniach najnizszych czestosc tego
schorzenia byla okolo dziesieciokrotnie wyzsza.
Charakterystyka miata zatem ksztalt litery ,U”
i dotyczyta zaréwno kobiet, jak i mezczyzn. Podobne
zaleznosci stwierdzono dla szpiczaka mnogiego!> 4.
Znane sa takze pozytywne skutki zwiekszonej eks-
pozycji na promieniowanie z zakresu UVB w od-
niesieniu do ryzyka réznego rodzaju nowotworow
narzadow wewnetrznych, ktére rosnie w miare od-
dalania sie miejsca zamieszkania badanych oséb
od rownika. Zaleznos$é te opisano dla nowotworow
jelita grubego, sutka, trzustki, jajnikéw, pecherza,
mozgu i nerek!*. W Stanach Zjednoczonych smier-
telnos¢ dla 15 nowotworéw badana u ludzi rasy
kaukaskiej jest odwrotnie proporcjonalna do inten-
sywnosci dostepnego promieniowania UVB. Podob-
ne zaleznosci stwierdzono w réznych krajach Azji
i Europy!.

Tego typu zaleznosc¢ nie dotyczy niestety najniebez-
pieczniejszego nowotworu skory — czerniaka. Opu-
blikowane w 2015 roku badania wskazuja, ze silne
naslonecznienie jest waznym czynnikiem ryzyka
zardwno pojawienia sie zmian nowotworowych, jak
i wzrostu Smiertelnosci w przypadku pacjentow ze
zmianami nowotworowymi dotyczacymi konczyn
dolnych?516,
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Coraz wiecej uwagi przyciaga zagadnienie zwigz-
ku niedoboréw witaminy D z réznymi patologiami
w obrebie centralnego ukladu nerwowego. Za takie
uwaza si¢ m.in. zespét Downa, moézgowe porazenie
dzieciece, uszkodzenie przez alkohol podczas cigzy,
zespol tamliwego chromosomu X, autyzm czy ob-
nizong sprawnos¢ intelektualnag nieznanego pocho-
dzenia. U os6b z tymi zaburzeniami stwierdza sie
powszechne wystepowanie niedoboréw witaminy D
oraz zwiekszonag czestos¢ pojawiania sie takich pro-
bleméw zdrowotnych jak nowotwory, choroby ne-
rek, serca, cukrzyca, ztamania, nadci$nienie, oty-
los¢, problemy dentystyczne, osteoporoza, infekcje
drég oddechowych. Ponadto uwaza sie, ze wystepu-
jace u os6b z zaburzeniami umystowymi (choroba
Alzheimera i pokrewne zaburzenia — ADRD) niedo-
bory witaminy D sa czynnikiem ryzyka wystepowa-
nia powyzszych schorzen'’.

Miedzynarodowy zespo6l ekspertow powolany do
oceny zwiazku niedoboréw witaminy D z zaburze-
niami umystowymi zgodnie uznal, ze stan hipowi-
taminozy D moze by¢ czynnikiem ryzyka ADRD,
a zroznicowanie stanu zaopatrzenia organizmu
w witamine D moze by¢ czeSciowo odpowiedzialne
za obserwowana zmienno§¢ charakterystyki kli-
nicznej u pacjentow z ADRD. Eksperci zgodzili sie
rowniez co do przydatnosci wlaczenia suplementa-
cji witaming D jako elementu z zakresu opieki nad
osobami starszymi z ADRD. Z drugiej strony odnie-
§li sie negatywnie do uznania przydatnosci wartosci
stezenia 25(0OH)D w surowicy krwi jako biomarkera
i czynnika prognostycznego ADRD!.

Z dotychczas opublikowanych badan wynika, ze
niedobér witaminy D zwieksza prawdopodobien-
stwo wystgpienia zaburzen procesé6w poznawczych,
choroby Alzheimera, schizofrenii, depresji, stward-
nienia rozsianego, depresji sezonowej, choroby
Parkinsona, autyzmu, wylewow, epilepsji. Osobom
z takimi schorzeniami zalecana jest suplementacja
witaming D lacznie z ,rozsadnym” korzystaniem
z dostepnego promieniowania stonecznego w zakre-
sie UVB!". Polega ono na naswietleniu promienia-
mi slonecznymi mozliwie duzej powierzchni ciala,
tak aby uzyskac¢ 50% dawki, po ktorej nastepne-
go dnia wystapitloby lekkie zaczerwienienie skory.
Nalezy podkresli¢, ze zasada ta dziata tylko wtedy,
gdy rzucany przez dana osobe cien jest krotszy niz
potowa wysokosci jej ciata!®20.

Istotne znaczenie suplementacji droga pobudza-
nia syntezy skornej potwierdzaja wyniki szeroko
zakrojonego badania obserwacyjnego dotyczacego
przekroju spoteczenstwa amerykanskiego. Wykaza-
lo ono sinusoidalny przebieg stezenia catkowitego
25(0H)D (25(0H)D, + 25(OH)D,), ktéremu odpo-
wiada odwrocony przebieg stezen parathormonu
w surowicy krwi uczestnikéw. Co wazniejsze,

stwierdzono réwniez liczne wystepowanie przypad-
kow ze stezeniami PTH powyzej gérnej granicy nor-
my (65 ng/ml), a przedstawione wyniki sugeruja,
ze ich czesto$¢ w ogodlnej puli zalezy od stezenia
25(0OH)D, i moze wynosic od 20 do nawet 34%, przy
czym wydaje sie, ze obecnos¢ 25(0H)D, nie ma na
to wptywu?!.

Na koniec warto zwroéci¢ uwage na opinie zespotu

ekspertow opublikowana w polowie 2015 r. (Sun-

light and vitamin D: necessary for public health)!.

Postuluja oni, aby ustalajac stezenie 25-hydroksy-

witaminy D (25(0OH)D) w ludzkim ukladzie kraze-

nia zapewniajace optymalne efekty zdrowotne kie-
rowac sie parametrami uzyskanymi przez czlowie-
ka podczas ewolucji na terenie Afryki rownikowej

i w efekcie przystosowania do silnego nastonecznie-

nia. Biora oni pod uwage 3 argumenty:

1. Stan zaopatrzenia w witamine D przestaje by¢
czynnikiem ograniczajacym absorpcje wapnia
dopiero przy stezeniu 25(OH)D w surowicy krwi
wynoszacym 48-52 ng/ml, co rownoczesnie wy-
znacza najnizsze stezenie parathormonu (PTH).

2. Aktualne badania przeprowadzone u 2 szczepow
afrykanskich wykazaly stezenia 25(OH)D okoto
46 ng/ml.

3. Istotna wlasciwoscia witaminy D jest jej przecho-
dzenie z pokarmem matki do organizmu karmio-
nego dziecka. Mozliwe jest to jednak dopiero wte-
dy, gdy stezenie witaminy D, w ukladzie krazenia
matki przekracza 10 ng/ml, co obserwuje sie
przy stezeniach 25(0OH)D w surowicy krwi matki
wynoszacych powyzej 48 ng/ml.

Zatem opierajac sie na koincydencji stezen 25(OH)D

w tych roznych, ale istotnych z fizjologicznego punk-

tu widzenia sytuacjach zespél ekspertéow wyraza

opinie, ze cho¢ zalecana dolna granica zakresu wy-
noszaca 20 ng/ml moze przeciwdziata¢ klinicznym
objawom krzywicy, to nie jest w stanie zapewnic
ewolucyjnie utrwalonego optymalnego zaopatrzenia

organizmu w witamine D!.

Podsumowujac, synteza skorna jest wartoSciowym

i trudnym do zastgpienia elementem systemu suple-

mentacji witaminag D w spoleczenstwach zyjacych

w znacznym oddaleniu od réwnika. Uzasadnione

obawy dotyczace ryzyka powstawania nowotworow

skory w zwiazku z ekspozycja na promieniowanie
ultrafioletowe storica mozna w znacznym stopniu zni-
welowac stosujac ,rozsadne” zasady uwzgledniajace
krotka ekspozycje mozliwie duzej powierzchni ciata
i nastepnie odciecie dostepu promieniowania UV. =
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B Wydziat Farmaceutyczny, Warszawski Uniwersytet Medyczny
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“ DO ZAPAMIETANIA \

1. Dbatos¢ o whasciwy poziom zaopatrzenia organizmu w wi-
tamine D zwieksza mozliwosci utrzymania dobrego stanu
zdrowia.

2. Zaopatrzenie organizmu w witamine D powinno by¢ osia-
gane z maksymalnym mozliwym wykorzystaniem syntezy
skérnej.

3. ,Rozsadne” wykorzystywanie dostepnego promieniowa-
nia stonecznego nie koliduje z ochrong przed nowotwora-
mi skory.
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Nutritional Rickets - global guidelines
for prevention and treatment

Krzywica zywieniowa- wytyczne globalne profilaktyki i leczenia
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ABSTRACT

Nutritional rickets has reemerged as an important childhood public health problem with potentially life-threatening consequences and disability.
The increasing burden of disease is disproportionately borne by immigrant populations, ethnic minorities, and by those in low income countries.
This situation is completely preventable with adequate vitamin D and calcium intakes. Global consensus guidelines for the treatment and prevention
of nutritional rickets have been recently published. Nutritional rickets is indicative of widespread vitamin D and calcium deficiencies. The two most
effective interventions for prevention of nutritional rickets are infant vitamin D supplementation and food fortification.
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STRESZCZENIE

Krzywica zywieniowa ponownie jawi sie jako istotny pediatryczny problem zdrowia publicznego z konsekwencjami potencjalnie zagrazajacymi zyciu
i duzym ryzykiem niepetnosprawnosci. Do subpopulacji, ktére w sposéb szczegdlny narazone sa na krzywice zywieniowa i jej konsekwencje, nale-
73 imigranci, mniejszosci etniczne oraz mieszkancy krajéow o niskim dochodzie narodowym. Krzywicy zywieniowej zaréwno w populacji ogélnej, jak
i w grupach zwiekszonego ryzyka mozna catkowicie unikna¢ poprzez zapewnienie odpowiedniej podazy wapnia i witaminy D. Ostatnio opublikowano
dokument o globalnym zawierajacy wytyczne profilaktyki i leczenia krzywicy zywieniowej, ktérej wystepowanie odzwierciedla réwniez powszechnie
wystepujacy deficyt witaminy D i zbyt niskg podaz wapnia. Dwie najbardziej skuteczne metody zapobiegania krzywicy zywieniowej to suplementacja
witaming D grupy niemowlat oraz fortyfikacja zywnosci.
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Despite being nearly eradicated during the 20™ cen- “ Ll

tury, nutritional rickets has been reemerging as 1. Nutritional rickets has reemerged as an important publih
a disease affecting child health in both high and health problem worldwide.

low income countries. Presented here is a summa- 2.
ry of recent guidelines that were developed by 33
experts at the Global Consensus Conference on the
Treatment and Prevention of Nutritional Rickets,
Birmingham, UK, May 2014 [ref ePub]. This gro-
up conducted a systematic review of the literature
and graded the quality of evidence for each guideli-

Treatment and prevention of nutritional rickets requires
adequate intakes of both vitamin D and calcium.

3. The most effective public health interventions for pre-
vention of nutritional rickets are infant vitamin D supple-
mentation and food fortification.

ne recommendation!. The guidelines were targeted
to clinicians caring for children at risk of nutritional
rickets and to health policy makers who can imple-
ment the public health recommendations.

Nutritional rickets can result in the deformity of
growing bones, bone pain, impaired growth, deve-
lopmental delay, chest wall deformity, hypocalcemic
seizures, and potentially fatal cardiomyopathy?*.
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Although children with rickets have an increased
risk of fracture>®, children with vitamin D deficien-
cy in the absence of rickets have no evidence of an
increased fracture risk’. The diagnosis of rickets
is based upon recognition of the clinical presenta-
tion. Biochemical features associated with nutritio-
nal rickets include an elevated alkaline phospha-
tase, low serum phosphorus and calcium, and
elevated PTH. Serum vitamin D levels are variable,
depending on the cause. Radiographs, typically of
the wrists and knees, are needed to confirm the dia-
gnosis of active rickets®.

Adequate bone mineralization depends upon both
sufficient vitamin D and calcium. Nutritional ric-
kets can result from inadequate vitamin D status,
as reflected by low serum 25(OH)D concentration,
or inadequate dietary calcium intake. The interac-
tion of vitamin D and calcium to maintain bone
mineralization is such that an adequate intake of
either one will generally compensate for suboptimal
intake of the other. However, when both calcium in-
take and vitamin D status are low, rickets can de-
velop®. Rickets resulting from vitamin D deficiency
is generally associated with serum 25(OH)D values
< 30 nmol/L, and serum 25(OH)D > 50 nmol/L is
targeted as sufficient for the purpose of preventing
nutritional rickets.

Ultraviolet B (UVB) radiation from sunlight leads to
the epidermal synthesis of vitamin D. Although re-
stricted sun exposure is a risk factor for vitamin D
deficiency and nutritional rickets, no safe threshold
of ultraviolet light exposure that will maintain ade-
quate 25(OH)D levels across the population can be
recommended without increasing skin cancer risk.
Several risk factors are associated with vitamin D
deficiency and nutritional rickets. A latitude > 35°,
which includes most of Europe and North Ameri-
ca, results in virtually no UVB radiation exposure
during winter months. People with dark skin pig-
mentation require longer UVB exposure to produce
the same amount of vitamin D than those with
white skin, and the vast majority of cases of rickets
occur in children with dark skin!'®!'. Limited UVB
exposure results from children kept indoors, cov-
ering by clothing,!? cloud cover, air pollution,'® or
sunscreen use. Maternal vitamin D deficiency re-
sults in neonates beginning life vitamin D deficient.
Because breast milk has very limited concentrations
of vitamin D, prolonged breast feeding can lead to
rickets, unless the infant has adequate supplemen-
tation or complementary foods with vitamin D and
calcium!%:14,

Nutritional rickets is common in tropical countries
of Africa and the Indian subcontinent, where sun-
light is abundant, but calcium intakes are low!s17.
Dietary calcium intakes < 300 mg/d increase the

risk of rickets, independent of vitamin D status.
In contrast to vitamin D-deficiency rickets, which
most commonly presents in the first year of life, cal-
cium-deficiency rickets presents after the first year
in settings where dairy product intake is limited.
The dietary calcium intakes that are adequate to
prevent nutritional rickets vary by age. During in-
fancy, the infant’s calcium requirements can be met
by exclusive breast feeding or formula, 200 mg/d
and 260 mg/d of calcium, for infants ages 0-6 and
6-12 months, respectively!®. Beyond age 12 months,
a calcium intake of 500 mg/d throughout childhood
is sufficient to prevent rickets!®, and complementary
foods rich in calcium should be introduced to meet
this target.

Vitamin D 400 IU/d in infancy and childhood is
sufficient to prevent nutritional rickets and vita-
min D deficiency in otherwise healthy infants with
an adequate calcium intake®2%2!. In the first year
of life, all infants should receive supplementation.
After 12 months of age, children should meet their
requirement of 600 IU/d through diet and/or sup-
plementation to prevent nutritional rickets. These
intakes are sufficient to raise 25(OH)D concentra-
tions above 50 nmol/L in healthy children, and rou-
tine screening of serum 25(OH)D is not recommend-
ed. Because few foods naturally contain vitamin D,
vitamin D supplementation should be provided in
the absence of food fortification, particularly to chil-
dren and pregnant women at increased risk of vita-
min D deficiency.

Vitamin D toxicity is defined as hypercalcemia with
serum 25(OH)D > 250 nmol/L, associated with hy-
percalciuria and low PTH levels. However, vitamin D
toxicity rarely occurs unless 25(0OH)D values are
above 500 nmol/L??. Mutations of the CYP24AI
gene encoding the 24-hydroxylase enzyme, which
degrades the active form of vitamin D, can result in
infantile hypercalcemia with vitamin D supplemen-
tation?.

The minimum recommended doses of vitamin D
and calcium given orally for treatment of nutrition-
al rickets are vitamin D 2000 IU/d and elemental
calcium 500 mg/d. With regard to vitamin D, daily
doses of vitamin D, or D, are equally effective but
vitamin D, may be preferred for single large doses,
because of its longer half-life?*. Vitamin D should
be given orally rather than by intramuscular injec-
tion?*2¢. Nutritional rickets should be treated for at
least 12 weeks and healing confirmed radiographi-
cally?”. Some children require a longer duration of
treatment.

Neonatal cord blood 25(OH)D levels are directly re-
lated to but lower than maternal levels at birth?®2°.
Women of childbearing age should have a minimum
vitamin D intake of 600 IU/d, including during
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pregnancy, in order to prevent congenital rickets
and provide adequate vitamin D stores in the neo-
nate. It is unclear if maternal supplementation with
vitamin D has an effect on birth anthropometry,
subsequent growth, or acquisition of bone mass?°-3!.
Lactating women should maintain a vitamin D in-
take of 600 IU/d, but breast milk does not contain
adequate vitamin D to meet the infant’s require-
ments, and infant supplementation is required. Al-
though some studies indicate that breast milk can
be enriched with high maternal doses of vitamin D,
the safety of this approach has not yet been estab-
lished?®?23. Maternal calcium intake during pregnan-
cy or lactation is not associated with breast milk cal-
cium concentrations or neonatal bone mass. Con-
sequently, calcium intakes in pregnant or lactating
women do not need to exceed those recommend for
non-pregnant women.

Public health strategies for prevention of nutritional
rickets at a population level first require an assess-
ment of the burden of disease and the magnitude of
the problem. The burden of nutritional rickets can
be measured by the severity of health consequenc-
es related to the disease and by its incidence and
prevalence. Population-based samples can be used
where the prevalence is expected to be high. Mak-
ing rickets a mandatory reportable disease permits
estimation of both prevalence and incidence in low
prevalence regions. Case reports from designated
sentinel centers can be used to estimate the inci-
dence of new cases in a population.

A uniform case definition of nutritional rickets is
needed for screening. Screening should be based
on clinical features, followed by radiographic con-
firmation of suspected cases, because radiographs
are the gold standard for diagnosis of active rickets.
However, population screening with serum 25-hy-
droxyvitamin D, alkaline phosphatase, or radio-
graphs is not indicated.

Public heath interventions should be tailored to
regional prevalence and incidence. The prevalence of
nutritional rickets is greatest in Asia, the Middle East
and Africa, ranging from 1 to 24% of children3*".
Nutritional rickets has reemerged in high-income
countries, with incidence figures ranging from 3 to
120 per 100,000 children®!°3%, In high-income coun-
tries, the incidence among Caucasian populations is
stable or decreasing, and the overall increase in the
incidence of rickets corresponds with an increase
in ethnic minority, immigrant, and refugee popula-
tions. Little is known about the prevalence of the
acutely life-threatening complications of nutritional
rickets, like hypocalcemia and cardiomyopathy?®.
Nutritional rickets and its consequences need to
be recognized as preventable global public health
problems. Nutritional rickets can be considered the

“the tip of the iceberg,” and its resurgence indicates
widespread vitamin D or calcium deficiencies®. The
impact of nutritional rickets needs to be addressed
as both a clinical and public health issue®’. This re-
quires educating clinicians, policy makers, and the
public about the clinical presentation of rickets, its
consequences, and the importance of adequate vita-
min D and calcium intakes.

Rickets prevention programs will have the great-
est impact in populations with a high prevalence
of vitamin D deficiency, limited calcium intakes,
or nutritional rickets. These programs can use
a targeted approach to reach high risk groups of the
population, or they can take a universal approach
to cover all members of the population. A combina-
tion of the two approaches is most effective.
Programs to universally supplement all infants
with vitamin D 400 IU/d from birth to 12 months of
age, independent of their mode of feeding, will pre-
vent nutritional rickets. Beyond 12 months, groups
at risk should continue vitamin D supplements.
Vitamin D supplementation should be incorpo-
rated into existing childhood primary health care
programs and antenatal care programs, which are
already designed to provide recommended micro-
nutrients and immunizations. Giving supplements
is the fastest way to improve the micronutrient sta-
tus of individuals or targeted populations*.

Daily oral vitamin D supplementation of infants
and mothers effectively improves their vitamin D
status*’*?, but adherence is the primary obsta-
cle with this approach. Vitamin D can be given in
single large doses (for example, 50,000 IU every
2 months) as part of an immunization program®.
This is similar to the use of high dose vitamin A
supplementation in developing countries to pre-
vent morbidity from measles. The effects of a single
dose of vitamin D can last for 3 months or more,
and this approach may be preferred when adher-
ence is problematic.

A universal strategy that impacts all members of
the population is food fortification with vitamin D.
Vitamin D is found in a limited number of foods,
and apart from fortified foods, dietary intakes have
little impact on vitamin D status. Fortifying com-
monly consumed staple foods with vitamin D and
calcium based on dietary patterns safely provides
adequate intake to prevent deficiency at minimal
cost. Food fortification can prevent rickets and im-
proves the vitamin D status of children***>. Follo-
wing vitamin D fortification of milk in North Ame-
rica and of milk, margarine and cereals in the UK,
the prevalence of rickets dramatically declined, so
much so that it was considered almost eradicated?®.
Inadequate dietary calcium intake is a risk factor
for nutritional rickets in children over the age of 12
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months with low dairy product intake, a common
situation in low income countries. In areas with
inadequate calcium intakes, indigenous food so-
urces of calcium or food fortification with calcium
should be promoted or subsidized®”*’. Calcium
carbonate for food fortification is available at very
low cost and can be used to fortify infant formulas,
complementary and staple foods.

Successful food fortification requires that appropria-
te staple foods are selected, which will vary depen-
ding on socioeconomic, cultural and geographic fac-
tors*®. Sufficient fortification needs to be provided to
ensure that at-risk groups approach dietary recom-
mendations*. Relevant legislation must support
food fortification, and monitoring of the fortification
process is required.

To determine the effectiveness of public health in-
terventions, adherence to recommended vitamin D
and calcium intakes needs to be monitored and
surveillance for cases of nutritional rickets should
be implemented. Successful vitamin D supplemen-
tation in Turkey resulted from training parents
how to give vitamin D, explaining the benefits, and
continuous monitoring and evaluation. As a result
the prevalence of rickets declined from 6% to 0.1%,
demonstrating the success of an infant vitamin D
supplementation program. The cost-effectiveness of
supplementation and food fortification programs ne-
eds further study in order to bolster the adoption of
public health interventions. =

Tom D. Thacher, MD

B Mayo Clinic,
Rochester, Minnesota, USA

thacher.thomas@mayo.edu
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The role of vitamin D supplementation

in treating health conditions and diseases
common among those with intellectual
and/or developmental disabilities

Znaczenie suplementacji witaming D u 0s6b przewlekle chorych
z niepetnosprawnoscia intelektualng lub zaburzeniami neurorozwojowymi

William B. Grant

Sunlight, Nutrition, and Health Research Center, San Francisco

ABSTRACT

People with intellectual and/or developmental disabilities often have low vitamin D concentrations from staying indoors. This situation can lead to several
adverse health outcomes. A recent paper reviewed the scientific evidence that low ultraviolet-B exposure and vitamin D concentrations is associated with
increased risk for several adverse health conditions and diseases common in this population. This paper reviews the evidence from clinical studies on the
effect of vitamin D in treating these conditions and diseases for general populations. Included are asthma, autism, cancer, depression, diabetes mellitus
type 2, falls and fractures, oral health, pain and sleep, and sarcopenia. Although beneficial effects have been reported for all these conditions or diseases,
the patients were not completely cured. Thus, though vitamin D treatment should be considered useful and can augment standard medical practice,
it generally does not replace medical treatment. It is recommended that vitamin D levels be raised to 75-125 nmol/L.
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U o0séb niepetnosprawnych intelektualnie i/lub z zaburzeniami neurorozwojowymi czesto wystepuje niskie stezenie witaminy D z powodu ciagtego
przebywania w pomieszczeniach. Sytuacja ta moze prowadzi¢ do wielu niepozadanych skutkéw zdrowotnych. Ostatnio opublikowany przeglad pismien-
nictwa wskazuje na zwigzek miedzy ograniczong ekspozycjg na promieniowanie ultrafioletowe typu B, stezeniem witaminy D i zwiekszonym ryzykiem
kilku niekorzystnych warunkéw zdrowotnych i typowych dla tej populacji schorzen. W artykule dokonano przegladu danych z badan klinicznych doty-
czacych znaczenia witaminy D w leczeniu tych typowych stanéw i choréb w populacji ogdinej. Oméwione zostang takie schorzenia jak astma, autyzm,
rak, depresja, cukrzyca typu 2, upadki i ztamania, zdrowie jamy ustnej, bél i zaburzenia snu oraz sarkopenia. Chociaz korzystne efekty suplementacji
witamina D opisywano dla wszystkich tych standw lub choréb, pacjenci oczywiscie nie zostali catkowicie wyleczeni. Nalezy uznag, ze leczenie witaming
D jest przydatne i moze poprawi¢ standardowa praktyke medyczng, ale kuracja taka nie powinna zastepowac leczenia choroby podstawowej. Zaleca sie
jednak, aby stezenie witaminy D u tych pacjentéw zostato zwiekszone do 75-125 nmol/I.
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Introduction
People with intellectual and/or developmental
disabilities often have any of several adverse health

To achieve these concentrations could take 1000-
5000 IU/d vitamin D,. This recommendation was in

conditions and diseases. Such ailments are due in
part to largely staying indoors, having poor diets,
and having limited physical activity. A recent pa-
per outlined vitamin D’s role in reducing the risk
of the risk of these conditions and diseases’. It was
recommended that those with such disabilities try
to raise 25-hydroxyvitamin D [25(OH)D]| concentra-
tions to the range of 30-50 ng/mL (75-125 nmol/L).

line with those from several other groups, including
the U.S. Endocrine Society? and a group of vitamin
D experts who met in Warsaw in October 20123,

The present paper reviews the role vitamin D might
play in treating the adverse health conditions or dis-
eases of people with disabilities. However, unless
the intended use of vitamin D treatment is for the
conditions or diseases considered directly related
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o _ _ . “ THESES
to disability, such as autism, the information sho-

uld in general also apply to those without disabi-
lities.

Method and materials

This work is a narrative review. Pubmed.gov was
searched for papers on seasonal exacerbations and
treatment with vitamin D of the conditions and di-
seases listed in the earlier review. The search terms
included vitamin D, treatment, trial, seasonal,
and exacerbation, as well as the names of the con-
ditions and diseases®. In general, this work inc-
ludes only papers reporting beneficial effects of vi-
tamin D supplementation.

Results

Asthma

Reasonable evidence exists that vitamin D re-
duces the severity of asthma among children but
not among adults.A study involving 85 asthmatic
children aged 2-14 years and 85 controls living in
Turkey found that the asthmatic children had vita-
min D concentrations (mean * standard deviation)
of 16.6£8.5 ng/mL, whereas the controls had con-
centrations of 28.2+19.5 ng/mL®. The asthmatic
children also had a greater frequency of respirato-
ry tract infections leading to emergency unit and
hospital admissions. The severity of asthma was
inversely correlated with 25(OH)D concentration.
A review of five trials involving children given
500-2000 IU/d vitamin D, found a significant
reduction (relative risk, 0.41, 95% confidence
interval, 0.27-0.63) in asthma exacerbations with
vitamin D therapy®. The mechanisms whereby vi-
tamin D reduces severity of asthma are thought
to include downregulation of allergen sensitivity,
enhancing steroid responsiveness, and minimizing
airway inflammation”?.

Autism

In 2008, John Cannell first proposed that vita-
min D deficiency might play an important role in
the etiology of autism®. He showed a strong over-
lap between the characteristics of autism with the
effects of vitamin D deficiency as well as the effects
of vitamin D sufficiency in those without autism.
Cannell also suggested that vitamin D could treat
the core symptoms of autism!®. He noted, “Vitamin
D has remarkable antioxidant, anti-inflammatory,
and anti-autoimmune properties. In vitro, in vivo,
and animal experiments provide compelling data
for vitamin D’s role brain proliferation, differentia-
tion, neurotrophism, neuroprotection, neurotrans-
mission, and neuroplasticity. It also upregulates
glutathione, upregulates a suite of genes involved

N

1. People with intellectual and/or developmental disa-
bilities often have low vitamin D concentrations from
staying indoors.

2. People with intellectual and/or developmental disabi-
lities are prone to developing several conditions and di-
seases linked to low vitamin D concentrations.

3. Clinical studies have found that vitamin D supplementa-
tion can reduce the severity of several such conditions
and diseases, including asthma, autism, cancer, depres-
sion, diabetes mellitus type 2, falls and fractures, oral he-
alth, pain, sarcopenia, and sleep.

in DNA repair and raises the seizure threshold.
Adequate, perhaps pharmacological, doses of
vitamin D may have a treatment effect in the core
symptoms of autism.”

An intervention study was conducted in Egypt involv-
ing 122 children (mean age, 5.1 years) with autism.
At the outset, 25(0OH)D concentration was inverse-
ly correlated with Childhood Autism Rating Scale
(CARS) scores (r =-0.50, p < 0.001)*!. In an open tri-
al of vitamin D, supplementation, they received vita-
min D, (300 IU/kg/day, not to exceed 5000 IU/day)
for 3 months. In the group of 16 patients that
achieved 25(OH)D concentrations > 40 ng/mlL,
CARS scores decreased by 3.5-6.5 points. For the
group of 49 patients that achieved 25(OH)D concen-
trations between 30 and 39 ng/mL, CARS scores
decreased by 1.5-4.5 points. Those that achieved
25(0OH)D concentrations < 30 ng/mL had no im-
provement.

A study in China involved a 32-month-old boy with
autism who received vitamin D, administered intra-
muscularly at a dosage of 150 000 IU every month
plus 400 IU/d. This regimen raised his 25(OH)D
concentration from 12.5 to 81 ng/mL'. His core
symptoms of autism improved significantly after
vitamin D, supplementation.

Cancer

Strong evidence from geographical ecological stu-
dies indicates that higher solar ultraviolet-B (UVB)
doses are inversely correlated with incidence and/or
mortality rates for many cancers in midlatitu-
de countries, including Australia, China, France,
Japan, Spain, and the United States!®. The amo-
unt of outdoor work by occupation is also inver-
sely correlated with incidence of many cancers in
Nordic countries!'*. These findings are considered to
demonstrate the role of vitamin D in reducing cancer
risk. These studies are supported by observational
studies of 25(0OH)D concentrations for breast and co-
lorectal cancer'®'%, as well as two randomized con-
trolled trials of vitamin D plus calcium!” . Cancer
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survival rates have been found directly correlated
with 25(0OH)D concentrations for several cancers. In
a study conducted in Norway, those with 25(OH)D
concentrations > 81 nmol/L at time of cancer
diagnosis had significantly longer 9-year survival
rates than those with concentrations < 46 nmol/L for
breast, lung cancer, and lymphoma, and insignifi-
cantly longer survival for colon cancer!®. Better can-
cer survival rates for white Americans than African
Americans has been attributed to the fact that Afri-
can Americans have mean 25(OH)D concentrations
about 40% lower than that of white Americans®. With
consideration ofsocioeconomic status, stage at diag-
nosis, and treatment,the difference in survival rates
for about a dozen cancers was on average about 25%
higher for African Americans. That finding is consis-
tent with the differences in mean 25(OH)D concen-
trations. In addition to reducing risk of cancer-spe-
cific death rates, increasing 25(0OH)D concentrations
after diagnosis reduces the all-cause mortality rate.

Depression

Older people with intellectual disability have a re-
latively high prevalence of depressive symptoms?!.
Several clinical trials have examined whether
vitamin D can reduce the symptoms of depression.
In a review published in 2014, studies were divided
into those with biological flaws and those without??.
The flaws were in the trial design, such as vitamin
D doses that were too low or baseline 25(OH)D con-
centrations so high that supplementation could not
further increase it. Heaney discussed such flaws?3.
Seven studies without biological flaws were identi-
fied and analyzed. For two of these studies, which
used the Beck Depression Inventory (BDI), the avera-
ge improvement was 0.78 (95% confidence interval,
0.24-1.27). In one of these studies?*, the mean BDI
for those with 25(0OH)D concentration > 40 nmol/L
was 4.5,whereas that for those with 25(OH)D con-
centration < 40 nmol/L was 6.0. For those given
40,000 IU/wk vitamin D,, BDI decreased from 4.5
to 3.0,whereas for those given 20,000 IU/wk vita-
min D,, the BDI decreased from 5.0 to 4.0. Thus,
although the decreases were significant, they did not
eliminate depression.

Diabetes mellitus type 2

Good evidence from a meta-analysis of observatio-
nal studies indicates that having 25(OH)D concen-
trations below 75 nmol/L increases the risk of dia-
betes mellitus type 22°. The evidence is less clear
that raising 25(0OH)D concentrations after develop-
ment of diabetes mellitus reduces the adverse ef-
fects of diabetes.

At least five trials have involved supplementing
diabetes mellitus patients with vitamin D. A U.S.

study involving obese adolescents with diabe-
tes mellitus who were given 4000 IU/d vitamin D,
or a placebo found that vitamin D supplementation
reduced fasting insulin and the Homeostasis Model
Assessment-insulin resistance (HOMA-IR)?¢. A stu-
dy involving diabetic African Americans found that
vitamin D supplementation raised 25(OH)D concen-
tration to 34 ng/mL and lowered hemoglobin Alc
levels(to 7.91%)%. A study in Iran in which diabetic
patients were given 4000 IU/d vitamin D, for 2 mon-
ths found a significant reduction in HbAlc (from
7.29 to 6.76%) and insulin concentration (from 8.24
to 6.55 ulU/mL), and a significant increase in hi-
gh-density lipoprotein C level, but a nonsignificant
decrease in HOMA-IR?®.

Falls and fractures

People with disabilities are at increased risk of fal-
Is and fractures for several reasons, including lar-
gely staying indoors, low level of physical activity,
poor diet, and taking pharmaceutical drugs that can
reduce vitamin D levels*. To reduce the risk of fal-
Is and fractures, vitamin D supplementation of 800
IU/d is advisable on the basis of a review of vitamin
D trials and fractures among older adults®*. One
reason for falls and fractures is impaired cognitive
function, which reduces the ability to plan or react
to prevent falls®. Higher vitamin D levels have been
found associated with reduced risk of cognitive im-
pairment®'. Another reason for falls and fractures
is weak muscles, or sarcopenia®?. Vitamin D helps
keep muscles strong, along with weight-bearing and
resistance exercises and a diet with adequate pro-
tein3%. People taking some pharmaceutical drugs,
such as glucocorticoids (e.g., bisphosphonate), are
at increased risk of fractures®!; taking vitamin D co-
unters this effect®.

Oral health

People with disabilities often have poor oral health,
including manydental caries, missing or filled teeth,
and periodontal disease. Three reasons for poor oral
healthinclude sugar intake, difficulty in cleaning
teeth and massaging gums, and low 25(OH)D con-
centrations. Solar UVB reduces risk of dental caries
and missing teeth®®, as does vitamin D supplemen-
tation®. Vitamin D also reduces risk of periodontal
disease®. Vitamin D maintains oral health prima-
rily through inducing production of cathelicidin, a
polypeptide with antimicrobial and antiendotoxin
properties. A review in 2010 concluded: “Poor oral
health in long-term care facilities has numerous
causes and tragic results. Several steps, including
calcium and vitamin D supplementation and careful
medication monitoring can help prevent tooth loss,
combat caries, and decrease periodontal disease.”38.
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Pain and sleep

Children with intellectual and developmental disa-
bilities have issues with pain and sleep that medi-
cation cannot fully address®.

A study involving older veterans with pain was con-
ducted in a physiatry (rehabilitation) pain clinic in
Atlanta, Georgia®. BeforevitaminDsupplementation,
the mean 25(OH)D concentration was 18.6 ng/mL;
after treatment with either 50,000 IU/wk vita-
min D, or 1200 IU/d vitamin D,, the concentration
was 26.0 ng/mL, depending on baseline 25(OH)D
concentration. After supplementation, the 10-point
pain score decreased from 7.1 to 5.7, sleep dura-
tion increased from 4.6 to 5.3 hours, general health
score increased by 21%, and vitality (the frequen-
cy of feeling energetic rather than feeling tired and
worn out) increased by 35%. Since the increase in
25(0OH)D concentration was not as high as might
be desired, raising 25(OH)D concentrations higher
would probably result in greater improvements.
Shipton and Shipton offer a good review of the role
of vitamin D in reducing pain*'. Vitamin D deficien-
cy is linked to several conditions and diseases, inc-
luding headache, cancer, musculoskeletal pain, fi-
bromyalgia, abdominal pain, ischaemia (sickle cell
disease and coronary artery disease), inflammatory
pain, and neuropathic pain. The review discusses
several mechanisms whereby vitamin D reduces
pain.

Respiratory infections

People with low 25(OH)D concentrations are at in-
creased risk of developing respiratory infections
such as influenza*. Two vitamin D randomized con-
trolled trials found that increasing 25(OH)D con-
centrations by taking vitamin D reduced the risk
of influenza and/or colds****. Although influenza
is not pleasant, the primary cause of death asso-
ciated with influenza is pneumonia. An ecological
study found that both summertime and wintertime
solar UVB doses were significantly inversely corre-
lated with case-fatality rates in the United States
associated with the 1918-1919 pandemic influen-
za*. Vitamin D protects against pneumonia after
development of influenza in two ways: by reducing
the cytokine storm, thereby protecting the linings
of the lung from damage that would permit bacteria
to invade, and inducing production of cathelicidin.
Recent studies have also reported that low 25(OH)D
concentrations are associated with increased risk
of pneumonia*®47.

Sarcopenia

Vitamin D supplementation increases muscle
strength. In a study conducted on women aged 50-65
years living in Brazil, increasing 25(0OH)D concentra-

u TAKE HOME MESSAGES

N

1. Raising vitamin D levels to 75-125 nmol/L can reduce the
severity of several health conditions and diseases often en-
countered by people with intellectual and/or developmen-
tal disabilities.

2. Raising vitamin D levels to 75-125 nmol/L can take 1000-
5000 IU/d vitamin D3.

3. Vitamin D supplements should augment, but not replace,
standard medical care.

tion from 15 to 28 ng/mL conferred a 25% increase
in muscle strength of the lower limbs. In contrast,
the control group - in which 25(0OH)D concentration
decreased from 17 to 14 ng/mL - experienced a 7%
loss in the lean mass*®.

Recommendations

As discussed in the previous review?, people with de-
velopmental and/or intellectual disabilities should
seek to obtain sufficient vitamin D from diet, supple-
ments, and solar UVB to keep 25(0OH)D concentra-
tions in the range of 75-125 nmol/L. Reaching this
range could take 1000-5000 1U/d vitamin D,. For
people being treated for any of the conditions or di-
seases discussed here, somewhat higher oral vitamin
D intake might be required at first since vitamin D
deficiency may have preceded the development of the
condition or disease. One clinical study gave loading
doses of 100,000, 200,000, and 300,000 IU of vita-
min D,. From the results of that study, researchers
developed a nomogram to guide the dose for any de-
sired increase in 25(OH)D concentration in terms
of international units per kilogram of body weight,
assuming the person had 25(OH)D concentration be-
low 50 nmol/L. The equation found was A25(OH)D
=0.025! (dose per kg body weight)*. After that one-
-time dose, a dose of 1000-5000 IU/d can be given.
Although not the subject of this review, other chan-
ges in lifestyle would improve quality of life for people
with intellectual and/or developmental disabilities.
Such changes include a healthy diet, keeping we-
ight down, and regular physical activity. A recent
paper outlines nutrition services guidelines for this
group®®. m

William B. Grant, Ph.D.
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PO. Box 641603
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Witamina D w codziennej praktyce
dermatologa

Vitamin D in dermatologists’ practice

Jarostaw Bogaczewicz

Katedra i Klinika Dermatologii i Wenerologii Uniwersytetu Medycznego w todzi

STRESZCZENIE

Zastosowanie witaminy D w codziennej praktyce dermatologa nie jest ograniczone do terapii miejscowej chordb skory, w szczegdlnosci tuszczycy.
Ryzyko niedoboru witaminy D u pacjentéw z nadwrazliwoscia na promieniowanie stoneczne, ktérzy wymagaja stosowania $rodkéw ochrony przeciw-
stonecznej z powodu fotodermatoz pierwotnych, m.in. pokrzywki stonecznej, wielopostaciowych osutek $wietlnych, swierzbigczki letniej, przewlektego
postonecznego zapalenia skdry, a takze w fotodermatozach wtoérnych, ktére stanowia kliniczng manifestacje choréb uktadowych, takich jak porfirie,
pecherzyce, zapalenie skdrno-miesniowe i toczen rumieniowaty uktadowy, uzasadnia stosowanie doustnej suplementacji witaming D. Kolejng grupe
pacjentéw, u ktérych uzasadniona jest taka suplementacja, stanowia chorzy leczeni przewlekle glikokortykosteroidami z powodu autoimmunizacyj-
nych pecherzowych choréb skéry oraz autoimmunizacyjnych chordb tkanki facznej, pierwotnych uktadowych zapalen naczyn i piodermii zgorzelinowej.
Zrozumienie mechanizméw dziatania witaminy D, a takze metabolicznych nastepstw jej niedoboru umozliwia szerokie stosowanie zaréwno witaminy D,
jak i jej syntetycznych analogéw w codziennej praktyce dermatologa. Standardy Medyczne/Pediatria m 2015 m T.12 m 112-116
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ABSTRACT

The use of vitamin D in a daily practice of dermatologist is not limited to the topical treatment of skin diseases, particularly psoriasis. The risk of vitamin D
deficiency in patients with photosensitivity, which require photoprotection because of primary photodermatoses, such as solar urticaria, polymorphous
light eruption, actinic prurigo, chronic actinic dermatitis, and also in secondary photodermatoses, which are manifestation of systemic diseases, including
porphyrias, pemphigus, dermatomyositis, and systemic lupus erythematosus justifies the usage of oral supplementation with vitamin D. The next group
of patients with the justified supplementation includes patients undergoing long-term glucocorticoid therapy because of autoimmune blistering
skin diseases and autoimmune connective tissue diseases, primary systemic vasculitis, and pyoderma gangrenosum. The knowledge of mechanisms
responsible for vitamin D action, and also metabolic consequences of its deficiency, makes possible the wide usage of both vitamin D and its analogues
in a daily practice of dermatologist. Standardy Medyczne/Pediatria m 2015 m T.12 m 112-116
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» _ o “ GLOWNE TEZY
Korzysci wynikajace ze stosowania witaminy D AN
ijej pochodnych w leczeniu chorych na tuszczyce sa
znane od wielu lat i obserwuje si¢ wzrost zastoso-
wan pochodnych witaminy D rowniez w innych jed-
nostkach chorobowych. Leki stosowane miejscowo 2.
wykazuja najszerszy zakres bezpieczenstwa, a wpro-
wadzenie w latach 90. ubieglego wieku kalcypotriolu
stanowito duzy krok naprzod zaréwno w monoterapii
miejscowej, jak i w terapii skojarzonej u chorych na 3.
tuszczyce!. Zastosowanie witaminy D w codziennej
praktyce dermatologa nie jest jednak ograniczone
do terapii miejscowej. Ryzyko niedoboru witaminy D
u pacjentéw z nadwrazliwoscia na promieniowanie
sloneczne, ktérzy wymagaja unikania ekspozycji

1. Zastosowanie witaminy D i jej pochodnych w dermato-
logii wynika z wptywu na wzrost i réznicowanie komoérek
naskoérka oraz modulowania reakcji odpornosciowych.
Pochodne witaminy D w miejscowym leczeniu tuszczycy
powoduja ograniczenie nacieku limfocytarnego i neutro-
filowego oraz hamowanie ekspresji interleukin i czastek
przylegania.

Stosowanie ochrony przeciwstonecznej stwarza ryzyko
niedoboru witaminy D, a dtugotrwata glikokortykostero-
idoterapia zwieksza ryzyko osteoporozy i przez to uzasad-
nia dodatkowa podaz witaminy D.

na swiatlo stoneczne i stosowania §rodkéw ochrony
przeciwstonecznej, tj. kremow z filtrem promienio-
wania ultrafioletowego (UV), kapeluszy z szerokim

rondem i ubran z gesto tkanych materiatow, uza-
sadnia doustng suplementacje witaming D w tej
grupie chorych?. Ochrona przeciwstoneczna jest
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podstawowym punktem zalecen dermatologicznych
w przypadku fotodermatoz pierwotnych, takich
jak pokrzywka sloneczna, wielopostaciowe osutki
Swietlne, Swierzbigczka letnia, przewlekle posto-
neczne zapalenie skory, a takze w fotodermatozach
wtoérnych, ktore stanowia kliniczna manifestacje
choréb uktadowych, takich jak porfirie, pecherzyce,
zapalenie skérno-miesniowe i toczen rumieniowa-
ty uktadowy®. Kolejna grupe pacjentéw, u ktérych
uzasadniona jest takze doustna suplementacja wi-
taming D w celu zapobiegania rozwojowi osteopo-
rozy, stanowia chorzy leczeni przewlekle glikokor-
tykosteroidami*. Dotyczy to autoimmunizacyjnych
choréb pecherzowych skory, takich jak pecherzyca
zwykla, pemfigoid pecherzowy i bliznowaciejacy,
linijna IgA choroba pecherzowa, oraz autoimmuni-
zacyjnych chorob tkanki lacznej, takich jak zapale-
nie skérno-miesniowe, toczen rumieniowaty ukla-
dowy, mieszana choroba tkanki lacznej, eozynofi-
lowe zapalenie powiezi, a takze pierwotnych ukla-
dowych zapalen naczyn, piodermii zgorzelinowej,
zespolu Sweeta i zespolu Behgeta®. Podstawowym
elementem postepowania zapobiegawczego jest
stosowanie suplementacji wapniem (po uwzgled-
nieniu podazy w diecie) w iloSci od 1000 do 1500
mg elementarnego wapnia na dobe oraz witaminag
D w dawce 800 j.m./dobe u wszystkich chorych,
u ktérych planuje sie lub kontynuuje leczenie
prednizonem (lub jego réwnowaznikiem) w dawce
>5 mg/dobe dluzej niz przez 3 miesiace®. Stad tez
w dermatologii witamina D znajduje zastosowa-
nie zaro6wno w postaci przyjmowanej doustnie, jak
i w lekach miejscowych, zawierajacych jej synte-
tyczne pochodne.

Miejscowo stosowane pochodne witaminy D,
ktore obecnie reprezentowane sa przez kalcypotriol
i takalcytol, zawieraja grupe hydroksylowa przy
pierwszym atomie wegla i w przypadku przedaw-
kowania moga powodowac hiperkalcemie, ktora
nalezy bra¢ pod uwage przy ocenie profilu bezpie-
czenstwa. Dlatego tez celem obecnie prowadzonych
badan rozwojowych i wdrozeniowych jest stworze-
nie takich pochodnych witaminy D, ktére z jednej
strony zachowalyby wlasciwosci normalizowania
wzrostu i réznicowania komorek oraz immunomo-
dulacji, z drugiej zas bylyby pozbawione wplywu na
metabolizm wapnia. Zastosowanie witaminy D i jej
pochodnych w dermatologii wynika przede wszyst-
kim z wplywu na wzrost i réznicowanie komorek
naskorka®’, modulujacego wplywu na reakcje od-
pornosciowe®, wlaczajac w to hamowanie ekspresji
interleukiny 2, 6 i 8°!! oraz pobudzania ekspresji
receptora dla interleukiny 10'2. Podczas stosowania
pochodnych witaminy D w leczeniu tuszczycy wyka-
zano, ze powoduja one ograniczenie nacieku limfo-
cytarnego i neutrofilowego!® oraz hamuja ekspresje

interleukiny 8 i czastek przylegania'*. W przypadku
leczenia tuszczycy, w zestawieniu z innymi miejsco-
wo stosowanymi preparatami, takimi jak ditranol
czy dziegcie, pochodne witaminy D sa przyjemniej-
sze w uzyciu. Z kolei w poréwnaniu ze stosowanymi
miejscowo glikokortykosteroidami ich zaleta jest to,
ze nie powoduja zaniku skoéry. W wyniku ich stoso-
wania moze sie jednak pojawi¢ miejscowe podraz-
nienie skory, ktorego intensywnos¢ jest uzalezniona
od uzytego stezenial®.

Kalcytriol (1,25-dihydroksycholekalcyferol) stano-
wi naturalnie wystepujaca aktywna postac¢ witami-
ny D. W leczeniu huszczycy byl stosowany zaréw-
no miejscowo, jak i systemowo!®'”. W przypadku
stosowania systemowego wymaga monitorowania
homeostazy wapniowej, jednak ryzyko wystapienia
skutkéw ubocznych nie przewaza nad potencjalny-
mi korzySciami. Podczas miejscowego stosowania
wyzszych stezen na duzych powierzchniach skory
stwierdzono zmiany stezenia wapnia w surowicy
krwi i moczu. W przypadku stezenia 3 ug/g uzy-
skano pozadana skutecznos¢ przy minimalnym ry-
zyku dziatan niepozadanych'®. Kalcytriol stosowany
w stezeniu 3 ug/g wykazuje jednak mniejsza sku-
tecznosé niz kalcypotriol w stezeniu 50 ug/g'.
Kalcypotriol (kalcypotrien) stanowi syntetyczna po-
chodna kalcytriolu, ktéra znajduje zastosowanie
w miejscowym leczeniu tuszczycy. Jest stosowany
dwa razy dziennie na miejsca zmienione chorobowo.
Charakteryzuje sie przyspieszonym metabolizmem
i w zwiazku z tym moze by¢ bezpieczniej stosowany
miejscowo w wyzszych stezeniach niz kalcytriol i ta-
kalcytol?. Najlepszy efekt terapeutyczny uzyskuje
sie przy stezeniu 50 pg/g?!?2. Niestety istnieje do-
niesienie o sprowokowaniu uogélnionej tluszczycy
krostkowej w wyniku zastosowania kalcypotriolu?.
Skutecznos¢ kalcypotriolu jest zblizona do sku-
tecznosci betametazonu?*. Wykazano, ze stosowa-
nie terapii skojarzonej kalcypotriolu z silnym lub
Srednio silnym glikokortykosteroidem poprawia
skutecznosc i wigze sie z mniejszym podraznieniem
w porownaniu do stosowania samego kalcypotrio-
lu?>2?%, Inne rodzaje terapii skojarzonej obejmowaty
dotaczenie do miejscowo stosowanego kalcypotriolu
fototerapii ultrafioletem B waskiego spektrum?’, fo-
toterapii PUVA?8, cyklosporyny?’, retinoidow® i es-
trow kwasu fumarowego?®!. Pozarejestracyjne zasto-
sowanie kalcypotriolu dotyczylo takich choréb jak:
bielactwo nabyte®?, liszaj twardzinowy>®, liszaj pta-
ski**, twardzina skoérna®®, §wierzbiaczka guzkowa®®,
zapalne linijne brodawkowate znamie naskorkowe?”
i rumien obraczkowaty odsrodkowy®®.

Takalcytol (1,24-dihydroksycholekalcyferol) jest
syntetyczna pochodng kalcytriolu, charakteryzu-
jaca sie nasilonym dziataniem leczniczym, z jed-
noczesnym zmniejszeniem wplywu na homeostaze
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" DO ZAPAMIETANIA \

1. Kalcypotriol i takalcytol to pochodne kalcytriolu stosowa-
ne w miejscowym leczeniu tuszczycy.

2. Pozarejestracyjne zastosowanie kalcypotriolu obejmo-
wato bielactwo nabyte, liszaj twardzinowy, liszaj ptaski,
twardzine skérna, $wierzbigczke guzkows, zapalne linijne
brodawkowate znamie naskérkowe i rumien obraczkowa-
ty odsrodkowy.

3. Pozarejestracyjne zastosowanie takalcytolu obejmowato
brodawkowatos¢ siatkowatg zlewna, chorobe Grovera,
chorobe Haileya-Haileya, powierzchowne rozsiane sto-
neczne rogowacenie kanalikowe i Swierzbigczke.

4. Suplementacja witaming D jest uzasadniona w grupach
ryzyka, m.in. w fotodermatozach pierwotnych i wtérnych
oraz w autoimmunizacyjnych pecherzowych chorobach
skéry, autoimmunizacyjnych chorobach tkanki tacznej,
w pierwotnych ukfadowych zapaleniach naczyn i pioder-
mii zgorzelinowe;j.

metabolizmu wapnia. Takalcytol jest stosowany

w miejscowym leczeniu tuszczycy, bez wzgledu na

lokalizacje zmian skoérnych, i jest dawkowany je-

den raz dziennie wieczorem, w stezeniu 4 ug/g*°.

Wykazano jednak, ze takalcytol stosowany jeden

raz dziennie jest mniej skuteczny niz kalcypotriol

w stezeniu 50 ug/g stosowany dwa razy dziennie*°. Oleofarm
Takalcytol byt rowniez taczony z fototerapia UVB Gardias
waskiego zakresu i PUVA*#2, Inne przypadki poza-

rejestracyjnego zastosowania takalcytolu obejmo-

waly brodawkowatos¢ siatkowatg zlewna®, chorobe

Grovera*®, chorobe Haileya-Haileya*®, powierzchow-

ne rozsiane stoneczne rogowacenie kanalikowe?®®

i Swierzbigczke*’.

Badania z ostatnich lat wyraznie wskazuja, ze zrozu-

mienie mechanizméw dziatania witaminy D, a takze

metabolicznych nastepstw jej niedoboru umozliwia

szerokie stosowanie zarowno witaminy D, jak i jej

syntetycznych pochodnych w codziennej praktyce

dermatologa. =
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The role of VDR gene polymorphisms
in basal cell carcinoma development

Rola polimorfizméw genu VDR w rozwoju rakéw
podstawnokomérkowych skory

Aleksandra Lesiak

Department of Dermatology, Medical University of Lodz

ABSTRACT

Basal cell carcinomas (BCC) are the most common cancers in Caucasian population. Their pathogenesis is not fully known, however genetic and
environmental factors are relevant. Among genetic disturbances, genes encoding intracellular signaling pathways and regulatory proteins are considered
as the most important. In recent years the associations between polymorphisms in VDR gene and different internal organs and skin neoplasms were found.
The aim of the study was to assess the frequency of four polymorphisms in the VDR gene (Fokl, Bsml, Tagl and Apal) in 142 patients of Polish origin with
BCC and the same number of controls. The expression of VDR protein in the skin and the vitamin D status in a subset of patients and controls were also
measured. The polymorphisms were assayed by PCR-RFLP, the VDR proteins by Western blot and 25(0H)D serum level by RIA.

Results: The presence of TT genotype in Fokl VDR polymorphism resulted in over 10-fold higher risk for BCC development. VDR expression was significantly
higher in BCC patients than in the control group (p < 0.01). Median serum level of 25(0OH)D was significantly higher in the control group when compared
to BCC patients (p=0.0026). VDR gene polymorphisms are involved in basal cell carcinoma development in the patiens of Polish orgin. Currently published
data on vitamin D status in BCC are ecquivocal and require further complex studies. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: = BASAL CELL CARCINOMA ® VDR GEN POLYMORPHISM m CANCEROGENESIS

STRESZCZENIE

Raki podstawnokomoérkowe (BCC) sg najczestszymi nowotworami skéry w populacji kaukaskiej. Patogeneza BCC nie zostata jeszcze w pehi wyja-
$niona, jednak wiadomo, ze czynniki genetyczne i srodowiskowe odgrywajg istotna role w ich powstawaniu. Sposréd przyczyn genetycznych za naj-
wazniejsze uznaje sie zaburzenia genéw kodujacych szlaki wewnatrzkomérkowego przekaznictwa sygnatu i biatka regulatorowe. W ostatnich latach
odkryto zwiazek pomiedzy polimorfizmami genu VDR a nowotworami narzagdéw wewnetrznych oraz skéry. Celem badania byto ustalenie czestosci
wystepowania czterech polimorfizméw w genie VDR (Fokl, Bsml, Tagl i Apal) u 142 pacjentdw z rozpoznanym BCC oraz w grupie kontrolnej. Oceniano
takze ekspresje biatka VDR w skdrze i stezenie witaminy D w obu grupach. Do oceny polimorfizméw, ekspresji biatka VDR i poziomu witaminy 25(0OH)D
zostaty wykorzystane odpowiednio metody PCR-RFLP, Western blot i RIA.

Wyniki: Obecno$¢ genotypu TT w polimorfizmie Fokl VDR wiazata sie z dziesieciokrotnym ryzykiem rozwoju BCC. Ekspresja VDR byta istotnie wyzsza
u pacjentéw z BCC w porédwnaniu do oséb z grupy kontrolnej (p < 0,01). Mediana stezenia witaminy 25(0H)D byta istotnie wyzsza u 0séb z grupy
kontrolnej w poréwnaniu do grupy badanej (p = 0,0026). Polimorfizmy w genie VDR sa zaangazowane w powstawanie raka podstawnokomdérkowego
u 0séb populacji polskiej. Aktualne dane na temat roli witaminy D w BCC s3 niejednoznaczne i wymagaja doktadniejszych badan.

Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: = RAKI PODSTAWNOKOMORKOWE ® POLIMORFIZM VDR m WITAMINA D

Introduction

Basal cell carcinomas (BCCs) are the most common
skin tumors in Caucasians. According to American
database, approximately 1000000 new cancers
develop per year and the number continuously
increases each year!. In Poland there is a lack of
statistical data concerning the prevalence of BCC
but regional data from the north of the country
indicate a recent increase in the incidence rate!'.
In most European countries, BCCs are not included
in national cancer registries so an accurate picture

of BCC prevalence and any change in incidence over
time is difficult to obtain. Although BCCs are rare-
ly life-threatening, they pose financial impact!?2.
The main risk factor for BCCs is extensive exposure
to ultraviolet radiation, especially UVB, which si-
multaneously cause DNA damage in keratinocytes
and vitamin D synthesis by the same cells. This
observation led to formation of hypothesis that
vitamin D formation in the epidermis may be an
innate protective mechanism against UV damage?.
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Genetic background of BCC includes multiple ge-
nes like sonic hedgehog pathway genes, mainly
PTCHI and GLI- 1 and-2, gene encoding vitamin D
receptor (VDR) and gene encoding methylenetetra-
hydrofolate reductase (MTHFR), which is critical in
folate metabolism and DNA repair*®. The VDR gene
is located on chromosome 12q12-ql4. The most
frequently occuring VDR polymorphisms which
were described to be associated with cancerogene-
sis are FokI (rs2228570), BsmlI (rs1544410), Apal
(rs7975232) and Tagl (rs731236). VDR is respon-
sible for cellular effects of vitamin D, regulation
of various intaracellural signaling pathways which
are involved in cancerogenesis”™®. Genetic poly-
morphisms in VDR influence the level of vitamin D
synthesis in the skin, liver and kidney, its metabo-
lism and degradation. VDR is expressed on kerati-
nocytes and is a natural ligand for calcitriol which
has the ability to inhibit proliferation, induces dif-
ferentiation of human keratinocytes and modulates
activity of over 60 genes!®!2. Increased VDR expres-
sion was found in various cancer cells, including
skin tumors like squamous cell carcinoma, basal
cell carcinoma and melanoma however the results
are equivocal and somewhat contradictory?s.

Material and Methods

The study group consisted of 142 BCC patients
who were diagnosed in Department of Dermatology
Medical University of Lodz, between 2005-2008.
They were all Caucasian (71 M, 71 F, mean age
56 years old, range 45-78 years) and none was
an organ transplant recipient, was being treated
with immunosuppressive drugs or suffered from
any other malignancy. BCC was diagnosed based
on histological findings. The patients were recruit-
ed at first attendance and skin biopsies for West-
ern blot analysis and blood samples were taken
at the second visit when diagnosis was confirmed
(approx. 2 weeks after the first visit). Only the
patiens with nodular BCC located on the area
of upper cheek were included into the study.
Additionaly 142 age and sex matched healthy sub-
jects were enrolled into the sudy and served as
a control group. Each subject gave written in-
formed consent before entering the study which
had been approved by the local Ethics Commit-
tee. Blood samples for DNA genotyping were tak-
en among all subjects. Moreover in 79 BCC (mean
age 60.2 years old, 41F, 38 M, phototype: I/II-20,
III-52, IV-7) patients and in 46 control subjects
(mean age 58.4 years old, 21F, 25 M, phototype:
I/11-10, III-28, IV-8) serum samples were taken for
analysis of 25(OH)D level. Additionally skin speci-
mens were taken from lesional skin in 44 BCC (mean
age 59.2 years old, 20F, 24 M, phototype: I/II-10,

THESES
(2 \

1. We selected candidate polymorphisms in VDR gene (Fokl,
Bsml, Tagl and Apal in the VDR gene) which have been
reported to be associated with altered function of the
encoded proteins or cancer risks in earlier epidemiologic
studies. We assessed them in relation to BCC risk in Polish
population.

2. We examined the expression of VDR protein in BCC in
comparison with their expression in normal healthy skin.

3. Despite some evidence that vitamin D and its receptor
are involved in cutaneous carcinogenesis there is lack
of data on vitamin D status among BCC patiens, thus we
also decided to dertermine serum level of 25(OH)D.

4. To our knowledge, there have been no similar studies
performed in Eastern European Caucasian population of
BCC patients by now and our study is the first one.

III-26, IV-8) patients and 30 healthy subjects
(mean age 55.3 years old, 16 F,14 M, phototype I/
II-7, 1I11-19, IV-4). All the skin biopsies were taken
from the BCC (patients) or normal skin (volunteers)
from upper cheek area.

SNPs selection and genotyping In this case-control
study, we tested four polymorphisms of VDR gene,
which maps to chromosome 12q13.11 All vari-
ants are candidate SNPs, which are known to have
a specified extent for BCC described in the ear-
lier researches among different populations:
rs10735810 (Fokl), rs7975232 (Apal), rs1544410
(BsmlI/HinP1I), rs731236 (Taql). Two synonymous
sites were primary selected, rs10735810 (a T/C
transition polymorphism in exon 4) and rs731236
(a single base change C to T in codon 352 of the
VDR gene). Further, the two other sites were
investigated in the non-coding regions of VDR gene,
including rs7975232 and rs1544410 both in intron
10. All markers were analyzed by a standard PCR-
RFLP method. (See in Table 1).

Western blot Skin biopsies were were analyzed by
a standard WB method. Protein expression was de-
tected by using a 1:200 dilution mouse anti-human
VDR antibody (Santa Cruz, Santa Cruz USA) and
a 1:20 000 dilution of horseradish peroxidase-con-
jugated donkey anti- goat IgG (Jackson ImmunoRe-
search Laboratory) or a 1:20 000 dilution of horse-
radish peroxidase-conjugated donkey anti-mouse
IgG (Jackson ImmunoResearch Laboratory, Suf-
folk, UK) used as secondary antibody, respectively.
Vitamin D testing After centrifugation all serum
samples were stored at -25°C until further analy-
sis. The detection of the total 25(OH)D serum le-
vels was performed using an RIA method (BioSour-
ce Europe S.A. Nivelles, Belgium) according to the
manufacturer’s instructions.
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Table 1. Different loci selected within the vitamin D receptor sequence and their corresponding primers
used during PCR-RFLP method

e S v P
s
intron 10 ’512;4,}09 G/A F: i;g?ﬁg?ggﬁéﬁfigg:égggg‘"3‘ 0,25 mg/mg HinP11 282/147
ot | P30 | o | prosmccesdiey

Statistical methods

The chi-squared tests were used to detect a signifi-
cant deviation in genotype frequency from Hardy-
Weinberg equilibrium. The associations between
different dychotomic variables and independent va-
riables were assessed by logistic regression analy-
sis. The allelic frequencies were estimated by gene
counting and genotypes were scored. The odds ra-
tio (OR) and 95% confidence intervals (CI) were cal-
culated with the use of the logistic regression mo-
del. STATISTICA 6.0 Software (Statsoft, Tulsa, OK,
USA) was employed to perform analyses. P values
lower than 0.05 were considered as statistically
significant.

Results

The genotype distributions of all the analysed poly-
morphisms were in Hardy-Weinberg equilibrium.
The genotype distribution for Apal, Fokl and Taql
polymorphisms in the VDR gene differed statistically
between BCC patients and the controls while no sta-
stistically significant difference was found for BsmlI
polymorphism. Analysis of genotypes distribution
for each of the examined polymorphisms is presen-
ted in Table 2. In multivariate regression analysis
we found that TT genotype in FokI polymorphism
significantly increased the risk for BCC develop-
ment (OR=10.14, p<0.001) and this association
was the strongest one. Other genotypes such as GT

Table 2. Distribution of Apal, Fokl, Tagl and Bsml genotypes in the VDR gene amongst patients with basal

cell carcinoma (BCC) and controls

CONTROLS BCC PATIENTS

“_-_

GG 40.1% 38 (%) 26.8%
Apal GT 49 34.5% 70 (*) 49.3%
T 36 25.4% 34 23.9%
cC 83 58.5% 28 (%) 19.7%
Fokl cT 42 29.6% 69 (*) 48.6%
T 17 12.0% 45 (%) 31.7%
T 69 48.6% 39 (%) 27.5%
Taql TC 49 34.5% 68 (*) 47.9%
cc 24 16.9% 35 24.6%
AA 34 23.9% 27 19.0%
Bsml AG 59 41.5% 55 38.7%
GG 49 34.5% 60 42.3%
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in Apal and TT and TC in Taql also significantly
increased the risk for BCC, although calculated
relative risk for these associations were lower (Ta-
ble 3). Additionally we found no correlation between
analysed polymorphisms in the VDR gene and con-
stitutional features such as eye and hair colour and
skin phototype (p>0.05 for all comparisons). Allele
T in Fokl, allele T in Apal and allele C in Tagql poly-
morphisms were noted more frequently among BCC
patients than in healthy subjects (p<0.001 for all
comparisons). All analysed biopsies revealed VDR
expression. VDR expression was significantly higher
in BCC patients than in the control group (median
1.4x106 IDV vs. median 0.4x106 IDV; p < 0.001).
Analysing level of expression of VDR together with
their polymorphisms we found that BCC patients
who have CC genotype in Taq I polymorphism have
significantly higher expression of VDR (median
1.7x106 IDV) when compared to TT carriers (medi-
an 1.3x106 IDV) p<0.05. Similar analysis was per-
formed for Fokl, Bsm I and Apal but no statistical
correlations were observed (p > 0.05 for all compar-
isons).

Median serum level of 25(OH)D was significantly
higher in the control group when compared to BCC
patients (29.5 ng/ml vs. 24. 2 ng/ml; p=0.0026).
28 (35.4%) subjects out of all 79 analysed BCC pa-
tients, had vitamin D serum level below 20 ng/ml
while other 30 (38%) patients had vitamin D level be-
tween 20-30 ng/ml, in other subjects (n=21; 26.6%)
25(OH)D serum level was above 30 ng/ml. Contrary,
only 5 (10.9%) subjects from control group has
vitamin D level below 20ng/ml, and 20 (43.5%)
- between 20-30 ng/ml and 21 subject (45.5%)
- over 30ng/ml.

Dissusion

Vitamin D receptor is expressed on various mali-
gnat cells including basal cell carcinoma and squ-
amosus cell carcinoama. Main functional targets
of this receptor are mineral metabolism, but also re-
gulation of many metabolic pathways, such as tho-
se involved in the immune response and cancer®. In
recent years, the relevance of VDR polymorphisms
for various types of cancer has been investigated by
a great number of studies. It has been hypothesized
that VDR polymorphisms may influence both the
risk of cancer occurrence and prognosis. To date,
the results of the studies investigating the associ-
ations between specific VDR polymorphisms and
cancer are not consistent. There are scarce data
on the assoctiation beetween VDR polymorphisms
and non-melanoma skin cancers (NMSC). Gandini
et al.'* performed metaanlysis with a total of 6805
skin cancer cases in regard to two polymorphisms
FokI and BsmlI and vitamin D intake. They showed

Table 3. Multivariate logistic regression analysis of VDR
gene distribution in patients with basal cell carcinoma

m -95% Cl | +95%Cl | p VALUES
5.11 2.79 9.35

Fokl CT vs CC <0.001
FokITT vs CC 10.14 4.70 21.87 <0.001
Taql TC vs CC 3.08 1.67 5.70 <0.001
Taql TT vs CC 3.38 1.60 7.14 0.001
Apal GT vs GG 1.94 1.04 3.60 0.036

Apal TT vs GG 1.49 0.73 3.03 0.265

correlation between melanoma and NMSC and two
of the analysed polymorphisms with the relative
risk being approximately. In our study the presence
of TT genotype in FokI polymorphism caused over
10-fold risk for BCC development. Other genotypes
such as GT in Apal and TT and TC in Tagl were also
statistically linked with cancer, however the calcu-
lated risk ratio was lower. These observations are in
line with the results obtained by Han et al.5. Similar-
ly to other authors we found no correlation between
BCC and Bsml polymorphism®>'. The risk ratio
for TT FokI polymorphism obtained in our statisti-
cal analysis was much higher than in the present-
ed meta-analysis by Gandini et al.'*. These results
should be proven by the study on the larger popula-
tion, however, currently we may point out to TT gen-
otype in FokI polymorphism as one of the risk fac-
tors for BCC in Polish population. Reichrath et al.!®
showed that VDR staining intensity and expression
for VDR mRNA is much stronger in biopsies taken
from BCCs than from adjacent tumor skin or nor-
mal human skin. The authors suggested that strong
expression of VDR may be involved in the growth
regulation of BCC. In our study the results are
similar as we found a significantly inrease in VDR
expression in the BCC biopsies. To date it is still un-
clear whether its increased expression in the cancer
tissue is linked with the BCC capacity to synthesize
calcitriol from vitamin D. We suggest that it may
be linked with the presence of VDR polymorphisms
in BCC patients which cause formation of at least
partially inactive protein with no ablility to bind with
its ligand. The enhanced VDR expression perhaps
is a protective mechanism of the human organism.
This mechanism of feedback loop is suggested by Re-
icharth et al.’s. Although in our study VDR expres-
sion was much higher in BCC than in normal skin,
the lowest intesity was found in the patiens with TT
Tagl polymorphism which gave over 3-fold risk for
BCC development. This phenomenon needs further
studies and currently is difficult to be explained.
Similar observations on enhanced expression
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“ TAKE HOME MESSAGES N
of VDR concern squamous cell carcinoma'®, howe-

ver VDR staining did not corralate with histological
type of SCC, grading or markers of proliferation'”8.
Recently published data by Asgari et al.’® showed
the association between increased risk for BCC
development and higher prediagnostic serum con-
centration of 25(OH)D. In the light of the fact there
are no available data comparing serum 25(OH)D
levels in a population-based sample of individuals
with BCC to controls, this observation seems to be
very interesting and the staus of vitamin D in BCC
patiens should be the subject for further studies.
In contrast, studies conducted in vitro revealed that
high level of vitamine D caused inhibition of BCC
growth?.

In our study we examined 25(OH)D serum level as
it reflects its internal status and is considered su-
perior to measures of vitamin D intake by dietary
questionaires alone or predictors of vitamin D sta-
tus. Moreover according to literature data, this me-
tabolite is a valid measure of vitamin D level within
even several months?!'. In published data no associ-
ation between dietary intake of vitamin D and BCC
risk has been found!'*?2.

We found that 25(OH)D serum level was significant-
ly lower in BCC patients than in matched control,
however in majority of the subjects from both groups
25(0OH) D level was below 30 ng/ml. Our observation
on the lower vitamin D level in both groups should
be carrefully interpreted as it is widely known that
in older adults there is an increased risk of develop-
ing vitamin D insufficiency?. m

dr hab. n. med. Aleksandra Lesiak

BN Department of Dermatology, Medical University of Lodz

90-647 t6dz, Plac J. Hallera 1, bud. 6

lesiak_ola@interia.pl
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Vitamin D and melanoma
Witamina D a czerniak

Anna A. Brozyna
Department of Tumor Pathology and Pathomorphology, Oncology Centre - Prof. Franciszek tukaszczyk Memorial Hospital,

the Ludwik Rydygier Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Torun

ABSTRACT

Cutaneous melanoma is one of the most rapidly increasing malignancy worldwide and represents a significant burden to society and public health,
especially in Caucasians. Since the most efficient treatment mode, surgical removal, is limited to the localized disease, there is a need for new treatment
modalities of metastatic disease. Vitamin D and its derivatives modulate multitude important physiological processes and functions, including the cellular
proliferation, differentiation, apoptosis and immunological processes and protects against oncogenesis. Recently several vitamin D derivatives, with
anti-melanoma activity in vitro, have been identified. The low serum level of vitamin D in melanoma patients is associated with more advanced tumor
and poorer prognosis. Vitamin D exerts its effects acting via specific nuclear receptor (vitamin D receptor, VDR), expressed in intestine, bone and other
tissues, including skin. The disturbances and/or reduction in VDR expression and CYP27B1, the enzyme required for activation of vitamin D, is observed
in melanoma cells and lack or low VDR and CYP27B1 immunoreactivity is related to stage of melanoma progression, the presence of markers of poor
prognosis and shorter overall and disease-free survival of melanoma patients. In addition, CYP24A1 expression decreases during melanoma progression
being the lowest in advanced melanoma stages and metastases. Furthermore, CYP24A1 expression negatively correlates to the presence of markers of
poor prognosis and positively correlates with overall and disease-free survival. Thus it is proposed the use of vitamin D as an adjuvant or main therapeutic
agent in melanoma treatment. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: m CUTANEOUS MELANOMA = VITAMIN D ® VITAMIN D DERIVATIVES m CYP27B1 m VDR m CYP24A1

STRESZCZENIE

Czerniak skoéry jest jednym z nowotwordw o najwiekszej dynamice wzrostu liczby zachorowan, zwtaszcza u 0séb rasy kaukaskiej. Najskuteczniejsza forma
terapii czerniaka jest chirurgiczne usuniecie zmiany nowotworowej. Jednak skutecznosc resekgji jest ograniczona do leczenia czerniaka majacego charak-
ter zmiany miejscowej. Dlatego konieczne jest opracowanie nowych form terapii rozsianego czerniaka skory. Witamina D i jej pochodne reguluja szereg
fizjologicznych proceséw i funkcji organizmu, w tym proliferacje komoérek, réznicowanie, apoptoze i funkcjonowanie uktadu immunologicznego, a po-
nadto hamujg onkogeneze. Ostatnio zidentyfikowano kilka pochodnych witaminy D, wykazujacych in vitro dziatanie przeciwczerniakowe. Niski poziom
witaminy D w surowicy krwi u pacjentéw z czerniakami jest zwigzany z bardziej zaawansowanym stadium choroby oraz gorszym rokowaniem. Witamina
D reguluje wyzej wspomniane procesy dziatajac poprzez jadrowy receptor zalezny od ligandu (ang. vitamin D receptor, VDR), ktérego ekspresje stwier-
dzono w komorkach jelita, kosci i innych tkanek, w tym w skérze. Zaburzenia lub obnizony poziom ekspresji VDR oraz CYP27B1, enzymu niezbednego
do aktywacji witaminy D, obserwowane sa w komodrkach czerniaka, a brak VDR i CYP2B1 lub ich niski poziom jest zwigzany z wiekszym zaawansowaniem
nowotworu, jego progresja, obecnoscig markeréw niekorzystnego rokowania oraz krétszym czasem przezycia catkowitego i wolnego od choroby pa-
cjentow z czerniakiem. Ponadto ekspresja CYP24A1 zmniejsza sie wraz z progresja czerniaka i najnizszy poziom tego enzymu stwierdza sie w najbardziej
zaawansowanych czerniakach i przerzutach. Ekspresja CYP24A1 réwniez jest skorelowana negatywnie z obecnoscig markerédw niekorzystnego rokowania
oraz pozytywnie z przezyciem catkowitym i wolnym od choroby. Zatem proponowane jest stosowanie witaminy D jako adiuwantu lub podstawowego
srodka w leczeniu czerniaka. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: = CZERNIAK SKORY m WITAMINA D ® POCHODNE WITAMINY D ® CYP27B1 m VDR m CYP24A1

Cutaneous melanoma, growing
problem in health

Cutaneous melanoma became a common malignan- especially in older population’2. In recent years

cy worldwide and represents a significant burden
to society and public health, especially in whites.
Melanoma incidence has been increasing during
the last few decades with annual increase of inci-
dence ranging from 3% to 7% in white population,

new therapeutic agents, related to immune respon-
se and targeted mutated molecular pathways, have
been approved for the treatment of metastatic me-
lanoma. Regardless of promising effects on disease
free and overall survival, the high costs of treat-
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ment and undesirable side effects make these the-
rapies limited, thus survival is slightly improved,
but still is unsatisfactory'.The most efficient treat-
ment mode is surgical excision, but it is limited to
the localized disease (stage I and II), and for me-
tastatic melanomas there is still no reliable thera-
py®°. Therefore there is a need to develop new stra-
tegies in treatment of advanced melanomas.

Vitamin D insufficiency and melanoma
Vitamin D comprises a group of fat-soluble seco-
steroids, which are represented by the two ma-
jor forms: vitamin D, and vitamin D,. Vitamin D,
is absorbed from the diet or made in the skin from
7-dehydrocholesterol after UVB-induced photoco-
nversion”®. Both vitamin D from the food and cuta-
neous synthesis are considered biologically inac-
tive until it undergoes two sequential enzymatic
hydroxylation, in the liver to 25-hydroxyvitamin D,
(25(0OH)D,) by CYP2R1 and/or CYP27A1, and in the
kidney to 1,25-dihydroxyvitamin D (1,25(0OH),D,)
by CYP27B1°!2. It has been also shown that skin
cells including keratinocytes, macrophages, mela-
nocytes and various other normal and cancerous
cell types express the enzymes essential to produce
1,25(0H),D,"*'"7. In addition to the classic role of
vitamin D related to maintaining the calcium and
phosphate homeostasis, its biologically active form
exerts pleiotropic effects on various organs and
tissues. For the last several years, serum 25-hy-
droxyvitamin D deficiency has been linked to incre-
ased risk of various cancers”®18. Similarly, vitamin
D is also crucial in cutaneous melanoma outcome.
Recent published data reveals that higher 25-hy-
droxyvitamin D, level is associated with lower
Breslow thickness at diagnosis!®. Furthermore,
lower vitamin D level is also related to melanoma
ulceration (marker of poor prognosis), shorter ove-
rall survival and increased risk for melanoma-spe-
cific death?*2!.

Vitamin D as melanoma cells growth
inhibitor

As has been shown in in vitro and in vivo in ani-
mal studies, apart from regulating calcium and
phosphate homeostasis, 1,25(0H),D, exerts an-
ti-proliferative and pro-differentiating effects on
a wide range of normal and cancerous cell types.
The first showing inhibitory effect of 1,25(0OH),D,
on melanoma cells was published more than 30
years ago??. Subsequent experiment confirmed an-
ti-cancer properties of 1,25(0OH),D,[reviewed in*?].
Unfortunately, the use of high doses of calcitriol for
cancer treatment is limited due to its hypercalcemic
effects. Thus new vitamin D derivatives have been
developed and identified to minimize the calcemic

“ THESES

N

1. Cutaneous melanoma incidence has been increasing
during the last few decades and melanoma is responsible
for most skin cancer deaths (account for 80% of deaths
from skin cancer). The prognosis for patients with meta-
static melanoma remains poor due to low efficiency of exi-
sting adjuvant therapies.

2. In addition to maintaining calcium homeostasis and to
promotion of the bone health, normal serum vitamin D le-
vels, proper vitamin D metabolism and vitamin D signaling
may play a role in prevention or therapy of cancer.

3. Skin cells activate vitamin D via classical and non-classical
pathways, producing vitamin D analogs with pro-differen-
tiation, anti-proliferative and anti-cancer properties.

side effects while preserving anticancer properties of
calcitriol. Furthermore, new pathway of vitamin D
metabolism has been discovered that use alternative
activating enzymes?*?’. These alternative pathways
operate in vivo?®3° and generate novel analogs as
20-hydroxyvitamin D,/,, 20,23(OH),D, 1,20(0H),D,,
20,24(0OH),D,and 20,25(0H),D,, with potent anti-pro-
liferative and pro-differentiation activities in normal
and malignant cells, including melanoma cells®!3*,
These analogs also use alternative nuclear receptors
to VDR?.

Disturbances of vitamin D signaling

in melanoma

1,25(0OH),D, exerts its biological effects via binding
to a specific nuclear receptor (vitamin D receptor,
VDR), that belongs to the superfamily of steroid
nuclear receptors. VDR is expressed in almost all
tissues and cells including skin”®. Thus the skin
cells are able to synthesize the biologically active
vitamin D and to response to growth and differen-
tiation regulatory action of calcitriol. Growing evi-
dence suggests that invalid vitamin D activation and
signaling disturb physiological effects of calcitriol
and its protection against cancer. The reduction in
VDR expression is observed in melanoma cells and
is related to melanoma progression and being ob-
served in more advanced tumors (higher: Breslow
thickness, higher Clark level and stage). The pre-
sence of markers of poor melanoma prognosis (hi-
gher mitotic index, nodular type, ulceration and
lack or non-brisk tumor infiltrating lymphocytes
(TILs)) and shorter overall and disease-free survival
are accompanied by lower VDR expression®®3’. Also
VDR gene polymorphisms can alter susceptibility
and prognosis of patients with melanoma [reviewed
in®]. Similarly, significantly reduced expression of
CYP2B1 is observed in melanomas showing more
malignant phenotype (vertical growth phase, higher
Clark levels and Breslow thickness, metastasizing).
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Lack or low CYP27B1 level is also related to poorer
prognosis, as assesses by shorter overall and dise-
ase-free survival of melanoma patients®. CYP24A1
levels decreased during melanoma progression be-
ing the lowest in advanced stages and metastases.
CYP24A1 expression negatively correlates to the pre-
sence of markers of worse prognosis and positively
correlates with overall and disease-free survival®.
The best known role of CYP24A1 is inactivating cal-
citriol. These unexpected pattern of CYP24A1 immu-
nostaining in human melanomas could in part be
explained by the recent discovery that CYP24A1 ge-
nerates also active vitamin D hydroxyderivatives,
showing anti-cancer properties®. Thus in addition
to systemic, local vitamin D endocrine system affects
melanoma behavior and appears to have an impor-
tant impact on the formation of melanocytic nevi and
melanomagenesis, or progression, at early stages of
tumor development. =
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Potencjalne zastosowanie pochodnych
witaminy D w leczeniu choréb skéry

Potential use of vitamin D analogs in the treatment of skin diseases

Michat A. Zmijewski

Katedra Histologii, Gdanski Uniwersytet Medyczny

STRESZCZENIE

Skorka ludzka jest nie tylko naturalnym Zrédtem witaminy D, ale réwniez miejscem jej metabolizmu oraz bezposrednim celem aktywnosci biolo-
gicznej. W warunkach fizjologicznych witamina D reguluje proces proliferacji i réznicowania keratynocytéw, a wiec uczestniczy w regulacji odnowy
bariery naskorkowej. Co wiecej, witamina D wptywa modulujaco na odpowiedz immunologiczna w skérze wptywajac na zmiane typu odpowiedzi
zhumoralnej na komérkowa. Biorac pod uwage wielokierunkowe dziatanie witaminy D w skérze nie powinno dziwi¢, ze obnizony poziom witaminy D
w organizmie spowodowany niewtasciwa suplementacja lub specyficznymi uwarunkowaniami genetycznymi sprzyja powstawaniu lub nasilaniu ob-
jawow wielu choréb skéry. Tak wiec witamina D i jej analogi znajduja coraz czesciej zastosowanie w terapii chordb skory, zwykle jako element terapii
faczonej. Nalezy podkresli¢, ze analogi witaminy D, takie jak powszechnie stosowany w tuszczycy kalcypotriol czy tez ostatnio testowany analog
20-hydroksywitamina D, w niewielkim stopniu wptywaja na gospodarke wapniowo-fosforanowa, a wiec moga by¢ bezpiecznie stosowane w terapii.
Oprécz leczenia tuszczycy analogi witaminy D mogg znalez¢ zastosowanie i s3 obecnie intensywnie testowane w leczeniu atopowego zapalenia
skory, bielactwa czy zmian skérnych zwiazanych z twardzing. Duze nadzieje wiaze sie réwniez z zastosowaniem witaminy D i jej analogéw w terapii
nowotwordw skory, w tym najgrozniejszego z nich - czerniaka. Szereg badan laboratoryjnych, zaréwno przedklinicznych, jak i klinicznych, wskazuje,
ze zwigzki te hamuja wzrost komérek nowotworowych. Za zastosowaniem witaminy D w terapii nowotwordw skéry przemawia réwniez to, ze moga
one by¢ z powodzeniem stosowane bezposrednio na skdre w postaci masci. Warto zwréci¢ uwage, ze utrzymywanie optymalnego poziomu wita-
miny D w organizmie (30-50 ng/mL w surowicy) obniza prawdopodobierstwo zachorowania na choroby skéry, w tym nowotwory, oraz polepsza
rokowanie w trakcie terapii. Najlepszym zrédtem witaminy D jest nasza skora poddana dziataniu $wiatta stonecznego, jednak niewtasciwa ekspozycja
na promieniowanie ultrafioletowe moze prowadzi¢ do nowotworéw skéry, dlatego nalezy rozwazy¢ suplementacje preparatami lub pokarmem boga-
tym w te witamine. Podsumowujac, witamina D petni kluczowa role w fizjologii skdry u cztowieka, a jej niedobér sprzyja wystepowaniu choréb skory.
W zwiazku z powyzszym witamina D powinna by¢ istotnym elementem w profilaktyce i terapii dermatoz, w tym nowotwordw.
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SLOWA KLUCZOWE: = WITAMINA D ® ANALOGI WITAMINY D ® KERATYNOCYTY m tUSZCZYCA m NOWOTWORY SKORY

ABSTRACT

Human skin is not only a natural source of vitamin D, but also place of its metabolism and immediate aim of its biological activities. Under physiological
conditions, vitamin D regulates proliferation and differentiation of keratinocytes, thus is involved in the regulation of the renewal of epidermal barrier.
Moreover, vitamin D modulates the immune response in the skin. Given the multidirectional activities of vitamin D in the skin, it should not be
surprising that reduced level of vitamin D in the body, caused by improper supplementation, or by specific genetics background affects development
or worsen the symptoms of many skin diseases. Thus, vitamin D and its analogs are increasingly used in the treatment of skin diseases; typically as
a part of a combination therapy. It should be emphasized that vitamin D analogs such as: commonly used in psoriasis calcipotriol or analog recently
tested 20-hydroxyvitamin D do not affect the calcium and phosphate levels and can therefore be safely used in the therapy. In addition to psoriasis,
the vitamin D analogs are currently extensively investigated in the treatment of atopic dermatitis, vitiligo, or skin lesions associated with scleroderma.
Furthermore, vitamin D analogs can be successfully used directly on the skin as an ointment. Great hope is also associated with the use of vitamin
D and its analogs in the treatment of skin cancers, including the most dangerous of them melanoma. A series of laboratory tests, preclinical and
clinical studies indicated that these compounds inhibit growth of cancer cells. It should be noted that, maintaining optimal level of vitamin D
(30-50 ng/mL in serum) reduces the probability of development of skin diseases, including cancer and improves treatment. It should be emphasized
that the best source of vitamin D is our skin exposed to the sunlight, but extensive exposure to ultraviolet radiation, may lead to skin cancer and
therefore supplementation should be considered. In conclusion, vitamin D plays a key role in the physiology of the skin in human, and its deficiency
is observed in multiple skin diseases. Thus, vitamin D should be an important element in the prevention and treatment of skin diseases, including
cancer.
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Witamina D powstaje w skorze i jest
niezbednym elementem zapewniajacym
odnowe bariery naskorkowej

Nie ma watpliwosci, ze witamina D jest nieodlgcz-
nie zwigzana ze skoéra. U czlowieka najbardziej ze-
wnetrzna warstwa skory — naskorek jest zrodltem
witaminy D, ktora powstaje tam pod wplywem za-
wartego w Swietle slonecznym promieniowania
ultrafioletowego typu B (UVB). Uwaza sie rowniez,
ze naskorek jest jednym z niewielu miejsc, w kto-
rych moze zachodzi¢ efektywnie aktywacja wita-
miny D poprzez hydroksylacje w pozycji 25 i 1 do
1,25(0H),D,. Witamina D wraz z wapniem stymulu-
je réznicowanie keratynocytoéw, co jest kluczowym
elementem w procesie odnowy bariery naskorkowe;j
i wytworzenia ochronnej warstwy rogowej naskor-
ka'. Oprocz zahamowania wzrostu oraz stymulacji
roznicowania keratynocytow aktywna forma wita-
miny D moduluje réwniez ekspresje okoto 3000 ge-
noéw?, w tym inwolukryny, transglutaminazy, lory-
kryny, filagryny, cytokeratyny 1 i 10. Geny te koduja
biatka niezbedne w procesie wytworzenia warstwy
rogowej naskorkad. Co wiecej, dzieki aktywnosci
cytochromu p450scc aktywowana jest alternatyw-
na $ciezka metabolizmu zaréwno dla prekursora
witaminy D - 7-dehydrocholesterolu, jaki i dla sa-
mej witaminy D. Niewiele wiadomo o fizjologiczne;j
roli tych metabolitow, chociaz nalezy podkreslic¢, ze
zwigzki takie jak 20-hydroksywitamina D czy 21-hy-
droksypregnakalcyferol moga znalez¢ zastosowanie
w leczeniu szeregu choréb skory*©.

Dwie strony promieniowania
ultrafioletowego

Promieniowanie ultrafioletowe typu B (UVB (280-
315 nm)), bedace czescia sktadowa $swiatta stonecz-
nego, warunkuje wiele proceséw fizjologicznych
u organizméw zywych. U czlowieka promieniowanie
UV oprocz istotnej roli w procesie syntezy witami-
ny D moduluje dzialanie ukladu odpornosciowego
oraz neuroendokrynnego’. Z drugiej strony, promie-
niowanie UV uwazane jest za glowny czynnik wy-
wotujacy fotostarzenie oraz nowotwory skory. Wiele
danych wskazuje, ze szkodliwe dziatanie promienio-
wania UV na skoére polega na bezposrednim uszko-
dzeniu DNA, wywolywaniu mutacji genowych oraz
stymulacji stresu oksydacyjnego i reakcji zapalnych.
Mutacje w genie supresorowym TP53 wywolywane
przez promieniowanie UV naleza do najlepiej pozna-
nych mechanizméw prowadzacych do powstawania
neoplazji skéry. Dodatkowo, promieniowanie UVB
powoduje uszkodzenia DNA, przez co inicjuje proces
nowotworzenia®. Wydaje sie wiec, ze w celu utrzy-
mania odpowiedniego zaopatrzenia w witamine D
i zmniejszenia ryzyka szkodliwego dziatania promie-
niowania UV nalezy ograniczy¢ ekspozycje na swia-

“ GLOWNE TEZY N

1. Skoéra jest zrodtem, a zarazem celem dziatania witaminy D.

2. Witamina D i jej analogi hamuja wzrost komérek nowo-
tworowych.

3. Witamina Dijej analogi reguluja skérng odpowiedz immu-
nologiczna.

tlo sloneczne do dawki zapewniajacej optymalna
produkcje skorna witaminy D. Uwaza sie, ze daw-
ka dzienna 0,25-0,5 MED (ang. minimal eryther-
mal dose) jest wystarczajaca do wytworzenia okoto
2000-4000 IU witaminy D. Trzeba jednak pamietac,
ze dla os6b z grupy ryzyka (bardzo jasna karnacja,
rude wlosy, zmiany pigmentowe na skorze, przypad-
ki nowotworow skory w rodzinie) wskazana jest su-
plementacja preparatami zawierajacymi odpowied-
nie dawki witaminy D°.

Witamina D i jej analogi w leczeniu

choroéb zwigzanych z nadmiernym
rozplemem komodrek

Nowotwory skory wywodzace sie od keratynocytow,
takie jak rak podstawnokomoérkowy (ang. Basal Cell
Carcinoma, BCC) oraz kolczystokomorkowy (ang.
Squamous Cell Carcinoma, SCC), sa najczesciej
wystepujacymi nowotworami u czlowieka, a liczba
diagnozowanych przypadkoéw rosnie z kazdymi ro-
kiem!°. O ile BCC i SCC charakteryzuja sie bardzo
niska zdolnoscig do przerzutéw oraz Smiertelnoscia,
to czerniak, nowotwor wywodzacy sie z melanocy-
tow, stanowiacy jedynie 2-5% wszystkich nowo-
tworéow skory, cechuje sie duza inwazyjnoscia i jest
przyczyna zdecydowanej wiekszosci zgonow wywo-
tanych przez nowotwory skory!!. Wszystkie te nowo-
twory zwiazane sg z zaburzeniem procesow: podziatu
i roznicowania komoérek naskorka, ktére to procesy
regulowane sg przez wapn i witamine D. Wiele prac
opartych na badaniach populacyjnych wskazuje, ze
obnizony poziom 25-hydroksywitaminy D, w suro-
wicy oraz obecnos$¢ specyficznych wariantéw poli-
morficznych w genach zwiazanych z metabolizmem
(np. CYP24A1) lub aktywnoscia (np. VDR) sprzyjaja
rozwojowi nowotworéw skory. Wydaje sie wiec lo-
giczne, ze witamina D i jej pochodne moga znalezc
zastosowanie w leczeniu nowotworéw skory. Ma to
szczegblne znaczenie w przypadku czerniaka, gdyz
mozliwe jest ich zastosowanie zaréwno miejscowe,
jak i ogélnoustrojowe, w przypadku stwierdzenia
przerzutow. Niestety aktywna forma witaminy D
- 1,25(0OH),D, nie moze bycC stosowana w dlugo-
trwalej terapii z uwagi na mozliwo$¢ wystgpienia
hiperkalcemii. Dlatego tez od kilku lat testuje sie
szereg analogow witaminy D o obnizonym wplywie
na gospodarke wapniowa. Wykazano, ze pochodne
takie jak 20-hydoksywitamina D, i D, czy zwiazki
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Analogi witaminy D

RYC. 1 Witamina D petni kluczowa role w utrzymaniu homeostazy skdrnej. Obnizenie poziomu witaminy D w surowicy moze sie
przyczyniaé do rozwoju wielu choréb skéry lub nasilacich objawy. Istotne wydaje si¢ wigc monitorowanie poziomu 25(0H)D,,
a w razie niedoboru zapewnienie odpowiedniej suplementacji preparatami zawierajacymi witamine D lub jej analogi. Na-
lezy podkresli¢, ze naturalnym zrédtem witaminy D jest skora poddana promieniowaniu UVB, jednak zaleca sie stosowanie
jedynie niewielkich dawek promieniowania (0,25-0,5 minimalnej dawki wywotujacej zaczerwienienie (ang. MED)), jesli nie
istnieja inne przeciwwskazania®. Analogi witaminy D moga znalez¢ i znajduja zastosowanie w leczeniu wielu choréb skory
ograniczajac proliferacje komérek, stymulujac ich réznicowanie, modulujac odpowiedz immunologiczna oraz ograniczajac

proces widknienia.

o skroconym tancuchu bocznym, takie jak hydrok-
sylowane pochodne pregnakalcyferolu (analogu
witaminy D o lancuchu bocznym pregnenolonu),
hamuja wzrost komoérek czerniaka w porownywal-
nym lub wiekszym stopniu niz kalcytriol>!'. Wiele
badan wskazuje, ze lekoopornos¢ czarniaka wzra-
sta wraz ze stopniem pigmentacji komoérek, co
powoduje obnizenie skuteczno§¢ terapii. Wydaje
sie, ze pigmentowane komorki czerniaka sa bar-
dziej wrazliwe na niektore analogi witaminy D!%13,
co wskazuje na ich potencjalne zastosowanie
w leczeniu lekoopornych czerniakéw. Co ciekawe,
ostatnie badania sugeruja, ze przynajmniej niektore
analogi witaminy D, takie jak 21-hydroksypregna-
kalcyferol, hamuja wzrost komorek czerniaka, nie
aktywujac translokacji receptora VDR do jadra ko-
morkowego!?. Nalezy przy tym dodac, ze wykazano
obnizona ekspresje VDR w najbardziej zaawansowa-
nych podtypach czerniaka'*.

Chociaz interwencja chirurgiczna jest najczesciej
stosowana procedura w przypadku nowotworow
skory wywodzacych sie od keratynocytow (BCC
i SCC), to zaréwno wtasciwy poziom 25-hydroksywi-
taminy D, jak i naskoérne zastosowanie pochodnych
witaminy D moze zapobiec rozwojowi tych nowotwo-
row lub go ograniczyé. Ostatnie badania wskazuja,
ze pochodne witaminy D, takie jak 20-hydroksywi-

tamina D (D, i D,) oraz jej hydroksylowane pochod-
ne efektywnie hamuja wzrost keratynocytow, a wiec
moga znalez¢ zastosowanie w terapii nieoperacyj-
nych nowotworéw skory.

Podsumowujac, nowe pochodne witaminy D stano-
wig bardzo dobra alternatywe dla kalcytriolu z uwa-
gi na niewielki wplyw na gospodarke wapniowa, po-
rownywalng aktywnosé biologiczna oraz potencjalne
wykorzystanie nowych szlakéw hamujacych wzrost
komoérek nowotworowych.

Zastosowanie witaminy D w leczeniu

choréb skory o podtozu immunologicznym
Dobrze zbadany jest wplyw witaminy D na uktad
immunologiczny oraz na zahamowanie procesow
zapalnych. Wykazano, bowiem obecnos¢ receptora
VDR na wielu komoérkach uktadu odpornosciowego.
Witamina D ma dziatanie hamujace na odpowiedzi
humoralnej ukladu odpornosciowego, poprzez za-
trzymanie produkcji immunoglobulin oraz prolifera-
cji limfocytow B, natomiast wzmacnia odpowiedz ko-
morkows i produkcje peptydow antybakteryjnych!®.
Stymulacja receptora TLR2 w keratynocytach na-
skorka przez zranienie®” powoduje zwiekszenie
ekspresji CYP27B1, a wiec aktywuje transformacje
25(0H)D, do 1,25(0H),D,, ktora to z kolei stymuluje
produkcje katelicydyny. Modulacyjny wptyw witami-
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ny D na aktywnos¢ komoérek uktadu immunologicz-
nego zwigzany jest z aktywnoscia gléwnego regula-
tora odpowiedzi zapalnej, czynnika transkrypcyjne-
go NF-kappaB'?. Wykazano na przyktad, ze wiele
analogow witaminy D, w tym 20-hydroksywitamina
D, oraz 20,23-hydroksywitamina D,, hamuje aktyw-
nos¢ NF-kappaB w keratynocytach!®1?. Co ciekawe,
aktywnos¢ NF-kappaB jest zaréwno waznym ele-
mentem w patogenezie tuszczycy'®, jak i potencjal-
nym celem terapeutycznym w czerniaku'®.

Nalezy podkresli¢, ze u podloza wielu choréb skory,
takich jak tuszczyca, atopowe zapalenie skory czy tez
nowotwory, lezy deregulacja odpowiedzi immunolo-
gicznej, ktorej istotnym elementem sa keratynocyty
i melanocyty. Komorki te sa zrédlem i celem dziata-
nia szeregu cytokin i neupropeptydéw i w zasadni-
czy sposob wplywaja na aktywacje lub dezaktywacje
odpowiedzi immunologicznej w zaleznosci od odbie-
ranych bodzcow ze srodowiska zewnetrznego’.

Nie powinno zatem dziwi¢, ze witamina D i jej po-
chodne, takie jak kalcypotriol, znajduja zastoso-
wanie w leczeniu tuszczycy. Fototerapia przy wy-
korzystaniu promieniowania ultrafioletowego row-
niez prowadzi do wytworzenia witaminy D, co moze
dodatkowo wplywaé¢ na efekt leczenia. Co wiecej,
obnizenie poziomu witaminy D jest jednym z czyn-
nikéow rokowniczych w huszczycy, a nasilenie obja-
wow luszczycy obserwuje sie w miesigcach zimo-
wych, a wiec w czasie, gdy produkcja skérna wita-
miny D jest zahamowana. Atopowe zapalenie skory
(AZS) jest innym przykladem dermatozy o podlozu
immunologicznym, w profilaktyce i leczeniu ktorej
moga znalezé zastosowanie pochodne witaminy D.
AZS jest powaznym problemem spotecznym, gdyz
dotyka okolo 25% dzieci i 2% dorostych. U podstaw
tego schorzenia leza zaburzenie bariery naskoérko-
wej oraz deregulacja odpowiedzi immunologicznej,
czemu bardzo czesto towarzyszy zwickszona podat-
nosc¢ na zakazenia bakteryjne. Jak juz wspomniano,
witamina D i jej pochodne z jednej strony stymulu-
ja synteze elementow bariery naskoérkowej, w tym
ekspresje transglutaminaz, lorykryny oraz filagryny,
a z drugiej — moduluja odpowiedz immunologiczna
oraz indukuja synteze peptydow antybakteryjnych.
Warto tez podkresli¢, ze witamina D i jej pochodne
moga w przysztosci znalezé zastosowanie w leczeniu
chor6b autoimmunologicznych skory takich jak pe-
cherzyce, gdyz powszechnie wiadomo, ze witamina
D hamuje produkcje przeciwcial oraz dojrzewanie
limfocytow B620-21,

Wydaje sie wiec, ze kalcypotriol i inne analogi wi-
taminy D o ograniczonym wplywie na gospodarke
wapniowa moga znalez¢ zastosowanie w leczeniu
huszczycy oraz innych choréb zwiazanych z zaburze-
niem odpowiedzi immunologicznej. ®

" DO ZAPAMIETANIA

N

® Witamina D jest niezbednym elementem fizjologii skory.

B Witamina Dijej pochodne znajduja zastosowanie w lecze-
niu i profilaktyce chordb skory.

m  Skéra ludzka jest naturalnym, a zarazem optymalnym zro-
dtem witaminy D, ktéra powstaje w trakcie ekspozycji na
Swiatto stoneczne, ale podczas opalania nalezy zachowa¢
ostroznosc¢ i zdrowy rozsadek.
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Biomarkers of Vitamin D Metabolism:
Current State of Knowledge

Markery metabolizmu witaminy D: aktualny stan wiedzy

Glenville Jones

Department of Biomedical & Molecular Sciences, Queen’s University, Kingston Ontario, Canada

ABSTRACT

Vitamin Dmetabolismiscomplexandfeatures multiple metabolites, manystillwithoutclearbiological functions.These vitamin D metabolitesare synthesized
by a set of specific cytochrome P450 enzymes, gene deletion of which have helped us to understand which vitamin D metabolites are the most important.
The central pathway involves the main circulating metabolite, 25(0H)D, made by CYP2R1 and the hormonal form, 1,25(0H),D, produced by CYP27B1.
Mutations of these two enzymesresultin rickets. 25(0OH)D, and 1,25(OH),D, remain the principal biomarkers of vitamin D; 25(0H)D, as anindicator of vitamin
D supply and 1,25(0H),D, as an indicator of biological action. Another emerging biomarker is 24,25(0H),D,, made by the catabolic CYP24A1, which is an
indicator of vitamin D degradation. Mutations of CYP24A1 result in hypercalcemia. All three of these biomarkers can be assayed in serum/plasma by either
a combination of antibody-based assays or simultaneously by LCMS/MS. A variety of other vitamin D metabolites can be measured but have limited
usefulness because of unknown function. These include: vitamin D3 itself, 3-epi-25(0OH)D,, 25,26(0H),D,, 25(0H)D,-26,23-lactone, 1,24,25(0H),D,.
Recently, there has been a resurgence of interest in assaying the levels of bioavailable or free 25(0H)D, and free 1,25(0H),D, as measures of the amount of
steroid unbound to the plasma proteins, DBP or albumin and available to enter cells and produce biological effects. The utility of each of these biomarkers
will be discussed. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: m 25(0H)D,, 1,25(0H),D,, 24,25(0H),D,

STRESZCZENIE

Metabolizm witaminy D to proces ztozony, w ktérym wystepuja liczne metabolity, a u wielu z nich wciaz nie odkryto wyraznych funkgji biologicznych.
Metabolity witaminy D sg syntetyzowane przez zestaw specyficznych enzyméw cytochromu P450. Gtéwny szlak witaminy D dotyczy enzymu 25(0H)D,,
syntetyzowanego przez CYP2R1, oraz postaci hormonalnej, 1,25(0H),D,, produkowanej przez CYP27B1. Mutacje tych dwdch enzyméw powoduja krzy-
wice. 25(0H)D; i 1,25(0H),D, pozostaja gtéwnymi biomarkerami witaminy D; 25(0H)D, to wskaznik zaopatrzenia w witaming D, natomiast 1,25(0H),D,
odzwierciedla jej dziatania biologiczne. Innym biomarkerem o rosnacym znaczeniu analitycznym jest 24,25(0H),D, - produkt katabolicznej aktywnosci
CYP24A1, ktory jest wskaznikiem rozktadu witaminy D. Mutacje CYP24A1 s przyczyng hiperkalcemii. Wszystkie powyzsze markery mozna oznaczy¢
W surowicy/osoczu metodami opartymi na przeciwciatach lub réwnoczesnie metodg LC-MS/MS. Mozliwe sa réwniez oznaczenia wielu innych metaboli-
tow, jednak ich przydatnos¢ jest obecnie ograniczona ze wzgledu na nieznane ich funkcje biologiczne. Naleza do nich: cholekalcyferol, 3-epi-25(OH)D,,
25,26(0H),D,, 25(0H)D,-26,23-lakton, 1,24,25(0H),D,. Ostatnio notuje sig wzrost zainteresowania oznaczaniem stezenia wolnej frakcji 25(0OH)D, i wolnej
frakcji 1,25(0H),D, jako miernikéw ilosci tych steroidow niezwigzanych z biatkami osocza, z DBP i z albuminami, ktére moga przedostac sig do komérek
i wywotywac skutki biologiczne. W pracy oméwione zostanie znaczenie tych metabolitéw. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
SEOWA KLUCZOWE: m 25(0H)D,, 1,25(0H),D,, 24,25(0H),D,

273

Introduction

Vitamin D3 is metabolized, firstly in the liver by
CYP2R1 [vitamin D3-25-hydroxylase] to 25(0H)D,;
then by CYP27B1 [25(0OH)D,-1a-hydroxylase], pri-
marily in the kidney, to the active form, 1,25(0H),D,
(Figure 1)!. The hormone modulates transcription of
a number of genes, particularly those involved in cal-
cium and phosphate homeostasis; as well as some
genes involved in non-calcemic functions, such as in
promotion of cell differentiation and inhibition of cell

proliferation®. Genetic mutations of either CYP2R1
or CYP27B1 result in low levels or the absence of
25(0OH)D, or 1,25(0H),D, respectively and causing
rickets!. Thus, it is easy to see why the serum levels
of the precursor, 25(0OH)D, or the serum levels of the
hormone, 1,25(0H),D, might be biomarkers for vita-
min D supply or biological action respectively.

Since the cloning of CYP27B1 and the demonstra-
tion that this enzyme is found in many extra-renal
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FIG. 1 Vitamin D Metabolism (adapted from ref. 5)

sites around the body, the viewpoint has prevailed
that the enzyme is there to synthesize 1,25(0H),D,
locally and augment the renal production®. Should
this hypothesis be correct then the serum 25(0OH)D,
assumes a much greater importance, as it dicta-
tes the extrarenal synthesis of 1,25(0OH),D, which
has been described as not subject to the same kind
of tight regulation as that found in the kidney. In-
deed, serum 25(0OH)D, has become a surrogate bio-
marker for tissue 1,25(0H),D, since there are many
studies which show that levels of 25(0OH),D, associa-
te with multiple clinical outcomes from cancer pre-
vention to cardiovascular health®.

Accordingly, serum 25(OH)D, is considered by some
researchers to be a biomarker of biological action,
particularly in non-calcemic functions of vitamin D*.
The identification of idiopathic infantile hypercal-
cemia (IIH) patients with mutations of the catabo-
lic cytochrome P450, CYP24A1l [25(OH)D,-24-hy-
droxylase]® has stimulated the search for suitable
biomarker for the disease. The obvious candidate,
serum 24,25(0H),D, should be low or undetecta-
ble in this disease but this is also the case in vi-
tamin D deficiency. Consequently, we have sugge-
sted that a more reliable biomarker for IIH due to
loss-of-function CYP24A1 mutations is the ratio of
25(0OH)D,:24,25(0H),D, which is in the range of 5-25
in normal individuals, rises slightly in vitamin D de-
ficiency and exceeds 80 in ITH patients®.

Dogma has prevailed for decades that, as with other
steroid hormones, 1,25(0H),D, works in target cells
by dissociating from DBP and other plasma prote-
ins; free ligand diffusing into the cell; and interac-
ting with the VDR to change rates of gene tran-
scription inside the nucleus?. This has generated

)
Biologic effects of
vitamin D,

a great deal of interest in measuring or calculating
the bioavailable or free 1,25(0H),D, concentrations
inside target cells either experimentally or indirectly
by measuring total 1,25(0H),D, and DBP levels and
by calculating the free ligand value from knowled-
ge of affinity of DBP for the ligand™®. Similarly free
25(0OH)D, can also be targeted using similar tech-
niques®. Recent well-publicized attempts to measure
free 25(0OH)D, concentrations in Afro-Americans as
compared to Caucasians have been discredited be-
cause of the use of a defective antibody that does not
detect all genetic forms of DBP equally!®!!. Consequ-
ently, most experts in the field believe that the value
of measuring free 25(0H)D, or free 1,25(0OH),D, as
biomarkers has yet to be proven.

Many other vitamin D metabolites have been iden-
tified in human serum over the past four decades,
but most, if not all, of these compounds are of unk-
nown function or are considered to be inactive be-
cause they do not bind with strong affinity to VDR or
have minimal biological activity in vivo. These inclu-
de vitamin D, itself, 3-epi-25(0OH)D,, 25,26(0OH),D,,
25(0H)D,-26,23-lactone and 1,24,25(0H),D,. As
aresult, these metabolites are unlikely to ever be clas-
sified as biomarkers of vitamin D. Perhaps the most
obvious candidate for biomarker of vitamin D action
should be the tissue concentration of 1,25(0H),D,".
LC-MS/MS techniques for studying the picomolar or
femtomolar concentrations of 1,25(0H),D, expect-
ed in target tissues are approaching the sensitivity
required for this difficult problem. But study of this
parameter is also hampered by the lack of availabil-
ity of biopsied target tissue. Thus, we are some way
away from having a direct biomarker of vitamin D
action inside target cells.
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Table 1. Biomarkers of vitamin D metabolism Currently in Widespread Use

METABOLITE

25(0H)D, Vitamin D Status

1,25(0H),D, Vitamin D Action

24,25(0H),D* Vitamin D Catabolism

FUNCTION

Serum or Plasma 50-125 nmol/L

Serum or Plasma 38-150 pmol/L

Serum or Plasma 5-20 nmol/L

* Expressed as a ratio of 25(0H)D,:24,25(0OH),D, with a normal range of 5-25

Assays used for Measurement
of Biomarkers

25(0OH)D

These methods are designed to measure the 25-hy-
droxylated metabolites of both vitamin D, and vita-
min D, and thus report either the two parameters
combined as total 25(OH)D which is the clinically re-
levant parameter or the two separate 25(0OH)D, and
25(0OH)D, values that must be summed together. Cu-
rrently, the most popular methods involve antibody-
-based immunoassays and liquid-chromatography-
-mass spectrometry (LC-MS/MS)-based assays!®.
Immunoassays are non-chromatographic, usually
automated and dependent upon the specificity of the
antibodies used for their ability to measure 25(OH)
D, & 25(0H)D, equally well and exclude interfe-
rences such as 24,25(0H),D,. LC-MS/MS requires
expensive instrumentation; uses chromatography
and assay several vitamin D metabolites simulta-
neously based upon their molecular mass. LC-MS/
MS methods are superior to immunoassays in terms
of assay performance in terms of accuracy, coeffi-
cient of variability, as judged by quality assurance
schemes such as DEQAS and the VDSP [discussed
in sections following;'*'%]. NIST provides reference
standards for 25(OH)D assay and also contributes to
the DEQAS program by supplying reference values
for circulated samples.

1,25(0H),D

Current assays involve antibody-based immunoas-
says which are non-chromatographic, automated
and use antibodies that detect both 1,25(0H),D, and
1,25(0OH),D,. Methods based upon liquid-chromato-
graphy-mass spectrometry (LC-MS/MS) approaches
are still in their infancy and usually employ prepa-
ratory steps involving immuno-purification to remo-
ve other dihydroxyvitamin D metabolites present in
serum at 100-1000 times the level of 1,25(0OH),D
and derivatization in order to achieve the detection
of pmol/L of steroid'®. DEQAS runs an external as-
sessment scheme for 1,25(0H),D with results based
upon the all-laboratory trimmed mean (ALTM).

24,25(0H),D,

The previous generation of methods for measuring
24,25(0H),D, used a competitive protein-binding
assay approach based upon binding to DBP, which
has an equal affinity for 25(0OH)D, and 24,25(0H),D,,
and thus the assay required a step of chromato-
graphy to separate the two metabolites!”. A more
modern approach is to use LC-MS/MS to assay
24,25(0OH),D, using a detection based upon its mo-
lecular mass. 24,25(0H),D, is the most abundant
of the dihydroxyvitamin D metabolites, its normal
level exceeding that of 1,25(0OH),D, by two orders of
magnitude. In reality, these two dihydroxyvitamin
D metabolites are resolved on the LC step. NIST is
currently developing a LC-MS/MS-based reference
method and reference standards for 24,25(0OH),D,
determination. It should be noted that LC-MS/
MS permits the simultaneous assay of 25(0H)D,,
25(0H)D, and 24,25(0H),D,. This allows for the de-
termination of the ratio of 25(0OH)D,:24,25(0H),D,
which some researchers believe is a more useful
parameter than the 24,25(0OH),D, alone®.

Application of Biomarkers of Vitamin
Metabolism

Serum 25(0OH)D

This biomarker of vitamin D status has found wide-
spread use as an indicator of vitamin D deficiency,
vitamin D sufficiency and vitamin D toxicity. The
Institute of Medicine (IOM) Report 2011 defined
these ranges of serum 25(OH)D as 0-50 nmol/L;
50-125 nmol/L; and above 125 nmol/L respective-
ly'®. Based upon published evidence, IOM stated
that clinical symptoms of vitamin D deficiency are
observed at levels below 30 nmol/L. The Endo-
crine Society has published guidelines that claim
that vitamin D insufficiency includes individuals
with < 75 nmol/LY. Acute vitamin D toxicity as
is observed in hypervitaminosis D requires doses
of vitamin D, >10,000 IU/day and possible even
higher depending upon the duration of the expo-
sure?. In clinical chemistry terms, this corresponds
to a serum 25(OH)D value of 400- 500 nmol/L.
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Some evidence from epidemiological studies sug-
gests that serum 25(OH)D levels between 125-400
nmol/L resulting from chronic high dosing with
vitamin D at > 4000 [U/day results in higher risk of
some forms of cancer and higher mortality!?.

In recent years serum 25(OH)D has also become
a surrogate biomarker for vitamin D action in its
putative non-calcemic or pleiotropic effects®*. Many
epidemiological studies have noted that low serum
25(0OH)D associates with a number of deleterious
health outcomes. It is hypothesized that these as-
sociations are the result of serum 25(OH)D being
correlated with target cell 25(OH)D, which acts as
substrate for the extra-renal CYP27B1, and in turn
correlates with target cell 1,25(0OH),D levels. In this
way, serum 25(OH)D is an easily-measurable sur-
rogate for intracellular 1,25(0OH),D concentrations
inside extra-renal target cells.

Serum 1,25(0H),D

This biomarker of vitamin D action is used only
sparingly by endocrinologists to differentiate be-
tween various hypocalcemic and hypercalcemic
conditions?!. It is most useful in diagnosing sar-
coidosis, that is caused by uncontrolled CYP27B1
activity in sarcoid tissue resulting in elevated
1,25(0H),D levels. Serum 1,25(0OH),D levels do not
correlate with vitamin D outcomes in part because
the hormone has a short t'2 in the bloodstream and
possibly because it is also produced extra-renally
for some of its putative effects.

Serum 24,25(0H)2D3 or Ratio

of 25(0H)D,:24,25(0H),D,

This biomarker of vitamin D degradation has only
recently come back into favour after three decades
of being ignored. Loss-of-function mutations of CY-
P24A1 result in very low 24,25(0OH),D, levels and el-
evated 25(0H)D,:24,25(0H),D, ratios>®*?. This has
become a useful screening tool for hypercalcemic
patients suspected of having IIH due to CYP24A1
mutations prior to expensive genetic testing??. The
25(0OH)D,:24,25(0H),D, ratio also allows the physi-
cian to distinguish between IIH due to mutations
of CYP24A1 and those due to mutations of SLC-34
(Na-Pi Ila co-transporter)?®. Patients with either
of these rare conditions often exhibit symptoms
of nephrolithiasis or nephrocalcinosis>!"232*  so
that there is interest currently in whether serum
24,25(0H),D, or the 25(0OH)D,:24,25(0H),D, ratio
might be useful biomarkers for renal stones. The
invention of a convenient, sensitive and accurate
assay of 24,25(0H),D, has allowed for the screening
of large populations of individuals for the relation-
ship between 25(0OH)D, and 24,25(0H),D,. At low
serum 25(OH)D, values, serum 24,25(0H),D, is vir-

tually undetectable suggesting that the production
of 24,25(0OH),D, by CYP24A1 is turned off>**. This
threshold seems to correspond with the threshold
for vitamin D deficiency of around 30 nmol/L.

Conclusions:

1. Serum 25(0OH)D, is a proven biomarker for vita-
min D supply and status. Some experts hypoth-
esize that serum 25(0OH)D, is also a biomarker
for vitamin D action inside target cells express-
ing extra-renal CYP27B1 and engaged in tran-
scriptional regulation of non-calcemic genes.
Consequently, serum 25(0OH)D, may serve as
a surrogate for intracellular 1,25(0H),D,

2. Serum 1,25(0OH),D, is a biomarker for vitamin D
action in calcium/phosphate homeostasis.

3. Serum 24,25(0H),D, or the 25(0H)D,: 24,25(0H),D,
ratio are biomarkers of vitamin D breakdown

4. Simultaneously monitoring all three biomarkers
using LC-MS/MS might prove to be optimal. =

Glenville Jones, Ph. D.

BN Department of Biomedical & Molecular Sciences,
Queen’s University
Kingston ON Canada K7L 3N6
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Standardization of Vitamin D Assays:
The past and present dilemma for vitamin D
research

Standaryzacja oznaczen witaminy D: przeszte i obecne dylematy
w badaniach witaminy D

Christopher T. Sempos

Coordinator, Vitamin D Standardization Program (VDSP)

ABSTRACT

The serum concentration of total 25-hydroxyvitamin D [25(0H)D] is considered to be the principal clinical marker for assessing vitamin D status and it is used
to define clinically meaningful states of vitamin D status, i.e. Deficient, Insufficient, Sufficient, and Toxic. However, the lack of standardized total 25(0H)D
research data is the fundamental limitation in defining them. To correct that problem the Vitamin D Standardization Program (VDSP) has developed
a reference measurement system, based on gold standard reference measurement procedures developed by the US National Institute of Standards
and Technology (NIST) and Ghent University in Belgium, that can be used to standardize all current and future measurements of serum total 25(0OH)D.
In addition, it has developed methodology for standardizing stored serum samples. While it is impossible to standardize all of the old research, if stored
serum samples from the small subset of key vitamin D research studies could be identified, it might be possible, using VDSP methodology, to standardize
them. Such an effort might then permit the definition of clinically meaningful states of vitamin D status based on standardized total 25(0OH)D values.
Moving forward it is important, as well, for researchers to collect not only standardized values of serum total 25(0H)D but to consider the standardization
or harmonization of the assays for new markers of vitamin D status as the field advances. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
KEY WORDS: m 25-HYDROXYVITAMIN D m CAP m DEQAS m NIST m PT/EQA m VDSP m VITAMIN D

STRESZCZENIE

Stezenie catkowite 25-hydroksywitaminy D (25(0OH)D) jest uwazane za gtéwny marker oceny stanu zaopatrzenia w witamine D, ktdry jest uzywany do okre-
$lenia statusu witaminy D w organizmie, czyli deficytu, niedoboru, wartoéci prawidtowych i stanéw toksycznych. Jednak brak znormalizowanych danych
dla stezen catkowitego 25(0OH)D znaczaco ogranicza wiarygodnos¢ powyzszych definicji. Aby rozwiazac ten problem, Amerykanski Narodowy Instytut
Standaryzacji i Technologii (NIST) oraz Uniwersytet w Ghent (Belgia) opracowaty system referencyjny standaryzacji oznaczen metabolitow witaminy D
(VDSP), oparty na surowicach referencyjnych (ztote standardy) i procedurach pomiardw, ktére moga by¢ wykorzystane do standaryzacji wszystkich obec-
nych i przysztych pomiaréw catkowitego 25(0H)D. Ponadto opracowano metodologie do normalizacji prébek przechowywanych. Obecnie mozliwe jest
ujednolicenie/standaryzacja wszystkich wynikéw kluczowych badan opublikowanych dotychczas przy uzyciu systemu VDSP. Taki wysitek mégtby umoz-
liwi¢ ponowne zdefiniowanie progéw stezenia 25(0H)D odpowiadajacych réznym statusom zaopatrzenia w witamine D. Idac dalej, istotne wydaje sie
wprowadzenie procedur standaryzacji i harmonizacji oznaczen réwniez innych metabolitow witaminy D.

Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: m 25-HYDROKSYWITAMINA D m CAP m DEQAS m NIST m PT/EQA m VDSP m WITAMINA D

Introduction

The serum concentration of total 25-hydroxyvita-
min D [25(OH)D] is considered to be the principal
clinical marker for assessing vitamin D status!?.
As a result, much of vitamin D research has fo-
cused on determining the serum concentrations
of total 25(0OH)D which can be used to define clin-
ically meaningful states of vitamin D status, i.e.
Deficient, Insufficient, Sufficient, and Toxic.

An important event in vitamin D research was the

development of the competitive protein binding as-
say (CPBA) for measuring total 25(OH)D in 1971%%
Since that time an ever increasing number of mea-
surement procedures have been developed. Most of
them are commercially available immunoassays.
However, there was no gold standard assay method
for measuring total 25(OH)D until 2011.

In 2010 and 2011 a series of events led to the devel-
opment of reference measurement procedures (RMP)
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Table 1. National Institute of Standards and Technology
(NIST) Vitamin D Standard Reference Materials (SRM)*

SRM 972a  Vitamin D Metabolites in Frozen Human Serum
SRM 2972a  25-Hydroxyvitamin D Calibration Solutions
SRM 2973 Vitamin D Metabolites in Human Serum

(High Level)

See NIST Website: http://www.nist.gov/ for details.

— gold standard assays - and a reference measure-
ment system for standardizing the measurement
of total 25(OH)D in both clinical and research labora-
tories. First, the US National Institute of Standards
and Technology (NIST) and Ghent University devel-
oped RMPs and, more importantly, was the release
by NIST of Standard Reference Materials (SRMs)
that could be used to standardize routine clinical
and research assays®’ (Table 1). Second, antici-
pating those events, the Vitamin D Standardization
Program (VDSP), founded in 2010, has developed
a reference measurement system with the NIST-
Ghent RMPs and the NIST SRMs as the cornerstone?®
and embarked on an international effort to standard-
ize the clinical and research laboratory measure-
ment of total 25(OH)D around the world (Figure 1).

THESES
(2 N

1. The lack of standardized total 25(0OH)D measurement in
Vitamin D research is the fundamental limitation thwar-
ting the defining of clinically meaningful states of vita-
min D status, i.e. Deficient, Insufficient, Sufficient, and
Toxic.

2. The Vitamin D Standardization Program (VDSP) was foun-
ded in 2010 to correct this problem.VDSP has developed
tools and methods for standardized measurement of se-
rum total 25(OH)D in all clinical and research laboratories
- both old research where stored serum samples exist
and in all future research.

3. What do we do with all the old unstandardized 25(0OH)D
research data? Only a small subset of the published re-
search tends to be key in guidelines development. Tho-
se key studies need to be identified and where possible
standardized. Where that is not possible old studies may
need to be repeated. In that way it may be possible to
develop standardized consensus guidelines within a few
years.

4. Finally, in all current and future vitamin D research the
measurement of total 25(0OH)D should be standardized
using VDSP tools and methods.

The Problem

Between the years 1971 and 2015 approximately
60,000 vitamin D research papers have been pub-
lished. The rate is now about 5,000 per year. Unfor-

True Value of 25(OH)D Established Using
Reference Measurement Procedure (RMP) &
Reference Materials (RM)

Calibration &
Trueness Conftrols

™

Calibration | Accuracy-Based PT/EQA
NIST SRMs
CDC Standardization 2972a,972a, 2973 CAP & DEQAS
Certification Program*
I v
> Assay Manufacturer
\4
Clinical/Research Laboratory <

*Based on the use single-donor patient samples with RMP assigned target values.

FIG. 1 VDSP Reference Measurement System and Traceability Scheme
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tunately over those years, without standardization,
there has been an enormous amount of variability
both between and within the different assays used
to measure total 25(OH)D°. This lack of standard-
ized research data has made it difficult to pool the
total 25(0OH)D values from different key research
studies in order to develop evidence-based clini-
cal and public health guidelines for vitamin D and
it may have helped to lead to differences between
and among different sets of guidelines!?. Stated un-
ambiguously, that lack of standardized total 25(OH)
D research data is the fundamental limitation
in defining clinically meaningful consensus states
of vitamin D status!'®.

The Ever-present Past

What do we do with all of the unstandardized total
25(OH)D research data? Do we continue to conduct
meta-analyses and to develop clinical and public
health guidelines using unstandardized and poten-
tially biased data or do we just discard all of the
old data and start anew? The practical solution
to that problem is to identify and standardize the
total 25(0OH)D data from those key studies where
stored frozen samples are available for re-analysis.
That is, it may be possible to identify a small subset
of all the prior research studies that are critical to
guidelines development. Once identified it may be
possible then to calibrate the 25(OH)D values from
them to the NIST and Ghent University reference
measurement procedures using VDSP methods
thereby permitting future guidelines to be based on
standardized results'"!?2. Where that is not possible
it is recommended that medical and nutrition soci-
eties consider drawing up lists of research needing
to be repeated.

For example, as part of the recently published Insti-
tute of Medicine Dietary Reference Intakes (DRI) for
Calcium and Vitamin D, the DRI Committee con-
cluded that a serum total 25(0OH)D concentration
> 50 nmol/L met the vitamin D requirements of
97.5% of the population needed to maintain bone
health!. Subsequently, a small set of ten clinical
trials of vitamin D supplementation on achieved
25(0OH)D under minimal sun exposure were used
to estimate the vitamin D intake such that 97.5%
of all Americans would have a total 25(OH)D con-
centration = 50 nmol/L. Just the data from ten
studies played an enormously prominent role
in the development of the DRI Committee’s guide-
lines. What if the total 25(OH)D data from those ten
studies could be standardized and those analyses
repeated: would the recommendations be any dif-
ferent? Without standardizing those data it is im-
possible to know the answer to that question.
However, that would only be the start. Standardized

25(0OH)D data is essential to determine if there is
a similarly small subset of total 25(OH)D data from
key studies that could be used to characterize the
relationship between total 25(OH)D concentration
on the risk of rickets? What about osteomalacia,
bone health indices, fracture risk, falls and muscle
strength? If clinical and nutrition committees would
define small subset of key studies in those different
areas which need to be standardized it just might
be possible in a few years to revisit the definition of
the states of vitamin D status using standardized
values of total 25(OH)D.

Breaking with the Past

The VDSP was designed to break with the past by

providing tools and a methodology for standardizing

the measurement of serum total 25(OH)D in both
the clinical and research laboratories®!°. The tools
include:

1. Reference measurement procedures from NIST
and Ghent University

2. NIST Standard Reference Materials (Table 1)

3. Performance Standards: CV < 10% and Mean

Bias < 5%

. CDC Standardization Certification Program

5. Accuracy-based Performance Testing/External
Quality Assessment (PT/EQA) through College
of American Pathologists (CAP) Accuracy-Based
Vitamin D (ABVD) Program and the Vitamin D
External Quality Assessment Scheme (DEQAS)

6. Methodology for calibrating stored serum sam-
ples to NIST and Ghent RMPs

Those tools were designed for use to standardize
the total 25(0OH)D measurements made with any
assay or measurement system. Accordingly, those
tools should be used by researchers to standardize
all current and future research measurements of
total 25(0OH)D.

With those tools the steps to standardization are to

(Figure 1):

1. Calibrate commercial assays to NIST SRMs and/
or NIST and Ghent University RMPs.

2. Calibrate individual clinical and research assays
to reference materials and RMPs.

3. Verify end-user performance through the CDC
Standardization Certification Program and/or
CAP and DEQAS PT/EQA.

Standardization is especially difficult for the re-

searcher as their assays are used intermittently.

Therefore we suggest that researchers use the VDSP

tools and repeat the steps to standardization prior

to each period when the assay is to be used. To help
in this process we recommend that researchers
consider purchasing NIST SRMs and one or more
sets of individual donor serum samples to assist in
calibrating their assays. Individual patient samples

N
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with RMP assigned target values are the backbone
of the CDC Vitamin D Standardization Certification
Program!® and are available from CDC!*. Limited
numbers of DEQAS samples with target values as-
signed by NIST using their RMP are also available
from DEQAS (www.deqas.org ).

For laboratories using a commercial measurement
system, researchers should work with their repre-
sentative to make sure that their assay is correct-
ly calibrated to NIST and Ghent University. Mixing
in blind samples of NIST SRMs or samples from
DEQAS along with study samples can be used
to assure calibration throughout the entire mea-
surement process.

For those researchers who contract with other
vitamin D researchers or with commercial laborato-
ries to measure serum total 25(OH)D in their study
samples, we recommend that you consider using
only laboratories that have been CDC certified.
The CDC website can be consulted for the current
list of certified measurement procedures and labo-
ratories!.

Will the Past be the Future?

Finally, vitamin D research is continuing to ex-
pand to include numerous other vitamin D metab-
olites. Currently, there is an enormous interest in
3-epi-25(0OH)D, 24R,25(0OH),D,, vitamin D binding
protein, bioavailable 25(0OH)D, free 25(0OH)D and
cholecalciferol. Research in those areas may lead to
those becoming important clinical markers. In ad-
dition, this new research opens the possibility that
the very definition of vitamin D status may change
in the future. As vitamin D research advances, the
field needs to avoid the problems of lack of assay
standardization that continue to plague research
related to total 25(OH)D.

In anticipation of those new areas of research,
the NIH Office of Dietary Supplements and NIST
have collaborated to develop a laboratory methods
research program. That program has led NIST
chemists to develop a new assay for 24R,25(0H),D,;
it is hoped that this assay will be designated as an
RMP. In the meantime, NIST is preparing certified
values for 24R,25(0H),D, in SRM 972a and 2973
(Table 1). There are also plans to develop an etha-
nol-based SRM for 24R,25(0OH),D, that can be used
as a calibrator.

For metabolites where a reference measurement
procedure does not exist, there may be a need to
consider developing harmonization efforts to ad-
just all of the currently existing assays to a com-
mon value even though it is not known if that value
is accurate'®. Harmonized results can be adjusted
over time as assay development takes places even
to including an eventual reference measurement

procedure. What is necessary is for the field to set
priorities for harmonizing vitamin D metabolites
and to work to secure the funding to make the real-
ization of those priorities possible.

In summary

The lack of standardized 25(0OH)D research data is
the fundamental limitation in establishing clinical
and public health vitamin D guidelines. With the
advent of the VDSP, vitamin D researchers have
been given the tools for standardizing the labora-
tory measurement of total 25(OH)D now and in the
future. Moreover, tools have been developed that
can be used to calibrate stored serum samples from
old studies to the NIST and Ghent RMPs. What is
needed is an effort to define those studies which are
key to defining clinically meaningful states of vita-
min D status, i.e. Deficient, Insufficient, Sufficient,
and Toxic.

As vitamin D research identifies promising new
ways of evaluating vitamin D status, work to de-
velop new reference measurement procedures, ref-
erence materials, and standardization or harmoni-
zation strategies needs to proceed simultaneously
with that research in order to avoid the problems of
assay variability in the future. =
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Assays for vitamin D metabolites;
performance in the real world

Metody oznaczen metabolitow witaminy D:
uzytecznos¢ w codziennej praktyce

Graham Carter, Julia Jones, Emma Walker

Clinical Biochemistry Department, Imperial College Healthcare NHS Trust, Charing Cross Hospital, London

ABSTRACT

DEQAS is an international external quality assessment scheme for 25-hydroxyvitamin D [25(0OH)D] and 1,25-dihydroxyvitamin D [1,25(OH),D]. The 25(0H)D
scheme has approximately 1100 participants in 53 countries using 26 methods or variants of methods (April 2015). In April 2013, DEQAS became
an accuracy - based scheme for 25(0H)D, with results being assigned to all samples by the Reference Measurement Procedure of the US National Institute of
Standards and Technology (NIST). DEQAS participants are now able to compare the accuracy (bias) of their results with those of an internationally recognized
reference method. Results given by many methods can be compromised by pre-analytical factors, by differences in the sample matrix and the presence
in serum of other metabolites of vitamin D. Performance in routine clinical laboratories may not always reflect the claims made by kit manufacturers whose
data is generally produced under the ideal conditions of their own laboratories. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: = 25(0H)D ® 24,25(0H),D m DEQAS m REFERENCE MEASUREMENT PROCEDURES

STRESZCZENIE

DEQAS to migdzynarodowy system oceny jakosci oznaczen 25-hydroksywitaminy D (25(0H)D) oraz 1,25-dihydroksywitaminy D (1,25(0H),D). Program
25(0OH)D ma okoto 1100 uczestnikéw w 53 krajach, z wykorzystaniem 26 metod lub ich wariantéw (kwiecien 2015). W kwietniu 2013 roku DEQAS stat sie
systemem kontroli doktadnosci oznaczen 25(0H)D, z udziatem prébek odniesienia do procedury pomiaru Narodowego Instytutu Standaryzacji i Technologii
(NIST; USA). Uczestnicy DEQAS sa teraz w stanie pordwnac doktadnos¢ swoich wynikéw z wynikami miedzynarodowo uznanej metody referencyjnej. Wyniki
uzyskane za pomoca wielu dostepnych metod moga by¢ obarczone btedami ze wzgledu na obecnos$¢ czynnikéw preanalitycznych, réznic w matrycy préobki
i wystepowanie w surowicy innych metabolitéw witaminy D. Praca wykonywana w laboratoriach klinicznych nie zawsze odzwierciedla sugestie i wytyczne
dostarczane przez producentéw zestawdw do oznaczen, ktérych opis ma charakter danych marketingowych na ogét opracowywanych na podstawie wyni-
kow uzyskiwanych w idealnych warunkach ich wtasnych laboratoriéw badawczych. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

StOWA KLUCZOWE: = 25(0OH)D = 24,25(0H),D m DEQAS m REFERENCYJNE PROCEDURY POMIAROW

Introduction
Vitamin D is the collective name for a group of sub-
stances having anti-rachitic activity. In humans the

THESES
(2 N
1

. The containers in which blood is collected can influence
25(0OH)D results.

most abundant of the vitamins D is the naturally 2. Assay standardization and sample matrix can influence
occurring vitamin D, (cholecalciferol) made from the accuracy and precision of 25(0H)D assays.
the precursor 7-dehydrocholesterol by the action 3. Cross reactivity of 24,25-dihydroxyvitamin D could falsely

of sunlight on the skin. A second form, vitamin D, elevate 25(0OH)D results in some assays.
(ergocalciferol) found in invertebrates and some fo-

odstuffs is sometimes used, particularly in the US,

to supplement vitamin D deficient subjects. Both
forms of the vitamin are thought to be biological-
ly inactive and undergo identical hydroxylations
in the liver and kidneys to produce 25(OH)D and
1,25(0H),D respectively. The active form of the
vitamin is 1,25(0OH),D and, whilst the kidney is the
major source of the hormone, it is also produced in
many other tissues where it has autocrine and pa-
racrine functions.

Although 25(OH)D is not itself considered to be
biologically active, its formation from vitamin D
is unregulated and its concentration in serum is an
accurate reflection of vitamin D intake!. Measure-
ment of total 25(0OH)D [25(0OH)D, plus 25(0OH)D,)]
is universally used as an index of vitamin D nutri-
tion and it is important that assays are co-specific
for both metabolites when used for assessing sub-
jects receiving a vitamin D, supplement?.
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DEQAS was established in 1989 after a national sur-
vey in the UK?® confirmed the wide inter-laboratory
variation of 25(OH)D results previously observed in
an international study®. With the support of the NIH
Office of Dietary Supplements, the 25(0OH)D scheme
is now accuracy based; values are assigned to all
DEQAS samples by the NIST Reference Measure-
ment Procedure (RMP)®. A similar method is used by
NIST to measure the metabolite 3-epi-25-hydroxyvi-
tamin D, [3-epi-25(0OH)D,]. With about 1100 partici-
pants in 53 countries, DEQAS is ideally placed to as-
sess the performance of different 25(OH)D methods
in a wide range of routine clinical laboratories. From
time to time, DEQAS conducts investigations into as-
pects of methodology that might affect the reliability
and interpretation of 25(OH)D results.

Scheme Design

In brief, liquid samples® prepared from pools of
unadulterated human serum are sent out quarter-
ly at ambient temperature. Participants are asked to
measure total 25(0OH)D and to return their results
within approximately 5 weeks. Results are trimmed
by removing the highest and lowest 5% to calcula-
te the All-Laboratory Trimmed Mean (ALTM)% the
same trimming procedure is applied to the results of
individual methods having 10 or more users. Since
April 2013 the performance of individual participants
is judged by the deviation (bias) of results from the
value assigned by the NIST RMP (the ‘target’ value).
Only the first 4 samples are used to assess perfor-
mance; the fifth sample is reserved for specific inve-
stigations that can sometimes involve altering the
serum matrix. A preliminary report, available on the
DEQAS website, can be viewed by those participants
who have returned results and the final report is pu-
blished within about 2 weeks of the results deadline.
A comprehensive summary of the recent performan-
ce of 25(0H)D and 1,25(0H),D methods is available
on the DEQAS website (www.degas.org <document
library>).

This review will concentrate on three specific topics
that have been addressed by DEQAS:

1. a pre-analytical problem,;

2. Accuracy and precision,;

3. 24,25-dihydroxyvitamin D [24,25(0OH),D].

1. A pre-Analytical Problem
Until recently the serum pools used by DEQAS
were prepared from blood obtained from patients
undergoing therapeutic venesection for polycytha-
emia or haemochromatosis. In 2013 the Haema-
tology Clinic moved from London’s Charing Cross
Hospital (where DEQAS is based) to the Hammer-
smith Hospital, a distance of 2 to 3 miles. Trans-
port delays meant the blood often remained over-

night in the collection bags before centrifugation
and harvesting of the serum.

In July 2013, NIST reported that all DEQAS sam-
ples from blood donated in the Hammersmith cli-
nic contained a substance that apparently co-e-
luted with 3-epi-25(0OH)D,” and produced an M/S
peak overlapping that of the 3-epimer. This had
not been seen in serum from Charing Cross do-
nations and the most likely explanation was that
something, possibly a plasticizer, was leaching
from the collection bags. Information from the ma-
nufacturers (Fenwal Europe sprl, Belgium)) reve-
aled that their collection bags contained the com-
monly used plasticizer Di (2-ethylhexyl) phthalate
(DEHP). The bags used in the Hammersmith clinic
were from the same manufacturer but were steri-
lized by gamma irradiation whereas the Charing
Cross bags were steam sterilized.

It was later confirmed that DEHP was present in
the DEQAS samples. However, DEHP has no struc-
tural similarities with 25(OH)D and further inve-
stigations by NIST effectively eliminated this as the
interfering peak. It is likely that DEHP is simply
a surrogate for other substances leached from the
bags, of which there are many. Nevertheless, there
was concern that the bias of some assays might be
explained by the presence of the leached materials
in DEQAS samples. This was investigated by si-
multaneously collecting some of the donated blood
into plain glass tubes and subjecting them to the
same transport and storage conditions as the bags.
Measurement of 25(OH)D in the paired samples
was performed with 5 commonly used automa-
ted ligand binding assays and a local LC-MS/MS
method.

A comparison of results from blood collected into
bags and glass tubes showed that only one me-
thod (the Siemens Advia Centaur) gave 25(OH)D
concentrations that were significantly different
(Table 1). Meanwhile DEQAS started to purchase
serum from a US company (Solomon Park, Kirk-
land, WA) which collects blood according to C37-A

Table 1. Mean 25(OH)D results on blood collected

from the same donor into plain glass tubes and plastic
bags (n = 12). Only one assay (Siemens Advia Centaur)
showed a significant difference

49.1

Abbott Architect 48.7 0.528
DiaSorin Liaison 38 37.7 0.59
IDSiSYS 63 65 0.268

Siemens Advia Centaur 46.4 534 0.0047
LC-MS/MS 47.7 47.1 0.71
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FIG. 1 The mean % bias from the NIST assigned value vs total 25(0H)D concentration in a series of DEQAS samples analysed by 5
fully automated ligand binding assays (A to E) and LC-MS/MS (F). Shaded area represents suggested bias limits for routine assays'®

guidelines designed to minimize the presence
of leached substances®. This has eliminated the
interferent and also brings DEQAS into line with
other accuracy-based schemes that use blood
collected according to the same guidelines.

2, Accuracy and Precision

Whilst DEQAS results have shown improved
agreement among participating laboratories over
the last few years, the variability of results given
by commercial methods can still be considera-
ble®1011, Different approaches to the standardiza-
tion of assays is clearly a potential factor in these
discrepancies and the Vitamin D Standardization

Program (VDSP)!? has been instrumental in per-
suading some manufacturers to harmonize stan-
dardization and to make their results traceable to
an RMP. Several manufacturers have re-calibrated
their assays and have obtained certification by the
CDC Standardization-Certification Program!®. Ne-
vertheless differences among assays persist and
there can also be considerable variability of bias
among samples analyzed by the same method.
This is illustrated in Figure 1 which gives the
mean bias in a series of DEQAS samples analyzed
by 5 fully automated ligand binding assays and
LC-MS/MS. Two of the immunoassays (the Lia-
ison and iSYS) show an overall negative and po-
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sitive bias respectively and the LC-MS/MS mean & VIFS B EH T R TR e ) 24R,25(0H),D,

is slightly positively biased against the NIST RMP,  EFESe s e B PR e T S T e T
probably due to the inability of many LC-MS/MS

methods to resolve 25(0OH)D, from 3-epi-25(0OH)D, 24,25(0H),D,
) 1 METHOD

which has the same mass!®.

One sample had an endogenous triglyceride con-

centration of 4.0 mmol/L, about twice the upper Abbott Architect 547.9

limit of the local reference range. This apparently

% CROSS- REACTIVITY

lowered the results of the immunoassays despite Diasorin Haison 3139
the level being below the interference threshold DS iSYS 3715
that most manufacturers state in their package
inserts. Roche Total 25(OH)D 99.3
The results in Figure 1 also confirm the findin-

Siemens Advia Centaur 186.8

gs of previous DEQAS investigations, that some
methods are not co-specific for 25(0H)D, and LC-MS/MS 14
25(0OH)D,'s. Whilst Abbott acknowledges low
cross-activity (82%) of 25(0H)D, in their Archi-

tect assay!®), IDS and DiaSorin claim 100% cross-
-reactivity for the iSYS and Liaison assays respec- The Abbott Architect, DiaSorin Liaison and Roche methods

tively!”18. show an increased positive (or less negative) bias in the
Bias of results may be concentration-dependent [l A AR ILERT LA HEUER T R R CL) [
and four of the ligand binding assays featured in SAMPLE NUMBER
Figure 1 have a positive association between bias (TOTAL 25(0H)D nmol/L)

Table 3. % bias in two unspiked DEQAS samples.

467 (44.4) | 470(118.4)

and 25(OH)D concentration. Significantly, sam- % Bias

ples with higher concentrations of 25(OH)D are .

also likely to contain high levels of 24,25(0H),D'?, Abbott Architect 83 21
a metabolite known to cross react in all 25(OH)D DiaSorin Liaison 14 24
immunoassays.

As with the leached materials from bags, the Sie- IDS iSYS 122 13.8
mens method is atypical. This method over-re-

covers 25(0H)D, and shows a marked decline in Roche Total 25(0H)D 149 229
bias with increasing 25(OH)D concentration. The Siemens Advia Centaur 3G 02
reason for this is unclear but may be related to

the specificity and affinity of the monoclonal anti- LC-MS/MS 2 27

body used in the Siemens assay.

3.24,25-dihydroxyvitamin D for 25(0OH)D has been attributed to the cross-re-
In vitamin D replete subjects, 25(OH)D is prefe- activity of 24,25(0OH),D**. However, an attempt at
rentially hydroxylated to 24,25(0H),D which can estimating cross reactivity by spiking a sample
be regarded as a physiological mechanism to pre- with 24,25(0H),D was unsuccessful, producing
vent hypercalcaemia . A genetic mutation in CY- unrealistically high results ranging from approxi-
P24A1 (24-hydroxylase) is now known to be the mately 99% to 548% in the fully automated as-
metabolic defect in idiopathic infantile hypercal- says (Table 2). This did not reflect the observed
caemia?!?? and It has been suggested that the ratio concentration dependent bias in unspiked sam-
25(0H)D,: 24,25(0H),D, is a useful screening tool ples (Figurel and Table 3) and was probably due
for CYP24A1 miutations in patients with hyper- to the anomalous behaviour of exogenously added
calcaemial®??. For these reasons there has been metabolite, as was observed with 25(0OH)D?*.
a revival of interest in measuring 24,25(0H),D, Because of the current interest in 24,25(0H),D,
although currently this is probably mainly confi- DEQAS is considering extending the scheme
ned to research institutions. toinclude performance assessment of 24,25(0H),D
Of more interest to most clinical laboratories methods. To assess the degree of interest, partici-
is the potential interference of 24,25(0H),D in pants were asked to measure 24,25(0H),D as well
assays for 25(0OH)D. Because of the positive cor- as 25(0OH)D on samples distributed in April 2015.
relation between 24,25(0H),D and 25(0OH)D con- Results were received from 7 laboratories and
centrations in human serum?, the concentration showed considerable variability (Table 4). Further
related bias seen in some ligand binding assays data will be collected in forthcoming distributions.
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Table 4. 24,25(0H)2D3 results returned by 7 laboratories on the 25(0H)D samples distributed in April 2015

SAMPLE

Total 25(0OH)D (nmol/L)

24,25(0H),D (nmol/L)
8.2 3.1
4.8 2.7
*<5 *<5
6.4 6.2
3.6 1.7
55 2.8

Mean (n=6) 54 3.1

sD 1.7 1.6

CV% 31.8 53.1

* omitted from the statistics.

11 11 10.8
7.3 7.1 74
*<5 *<5 *<5
9.4 7.7 8.2
55 59 52
7.9 83 85
7.9 7.8 54
20 18 20
259 23.1 36.8

Discussion

At first sight, the finding of an interferent leached
from plastic blood collection bags is of little con-
sequence to a routine clinical laboratory that would
generally receive blood samples in hard plastic tu-
bes. However, even hard plastic tubes are not im-
mune from problems and the leaching of so-called
slipping agents used in their manufacture has been
implicated in causing ion suppression in LC-MS/MS
assays?. In a wider sense, it is clearly important
that samples distributed by proficiency testing
schemes should closely mimic patient samples ie.
should be commutable?¢?’. Blood from transfusion
donor sessions is highly likely to contain materials
leached from the collection bags and schemes using
these donations should ensure that their samples
are commutable for all the analytes being monito-
red. DEQAS samples were found to be commutable
on the immunoaassay platforms studied in a recent
survey undertaken by NIST and NIH on behalf of
the VDSP28. DEQAS will participate in an expanded
survey due to be conducted in March 2016%.

The addition of exogenous 25(OH)D to enhance se-
rum levels or the ‘processing’ of serum by some qu-
ality assessment schemes compromises the results
given by many methods, so that performance can
only be judged within a cohort of participants using
an identical method?’. This approach is of limited
value as it gives no indication of the absolute ac-
curacy of the method or individual results, an im-
portant feature of accuracy-based schemes such as
DEQAS. Published guidelines for the interpretation

of 25(0OH)D results such as those of the Institute
of Medicine® are not method specific and assume
a degree of harmonization of results. The VDSP has
had some success in promoting the common stan-
dardization of 25(0OH)D methods among manufac-
turers but unfortunately this cannot address the
observed variability of bias within the same method
(Figure 1). This variability is probably due to so-cal-
led matrix effects to which non-extraction methods
are particularly prone, a specific example being the
falsely low 25(OH)D results in a sample containing
a modest increase in triglyceride (Figure 1). Diffe-
rences in vitamin D binding protein (DBP) have also
been implicated in sample-to-sample variability of
bias®'. In demonstrating the variability of bias, the
difference plots presented in Figure 1 are more ef-
fective than the regression plots generally used by
manufacturers.

Manufacturers usually give some information about
potential interference and cross reactivity of other
molecules but this can sometimes be vague and
lacking in experimental detail. Given the difficulties
encountered by DEQAS and others in spiking serum
with exogenous vitamin D metabolites?**? manufac-
turers must be encouraged to be more transparent
about how cross reactivity data is obtained and how
their standards and controls prepared. The prepara-
tion of standards and kit controls in a matrix other
than unadulterated human serum (such as horse
serum) also requires justification in view of the ap-
parent sensitivity of some methods to matrix diffe-
rences. m
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Comparison of two immunoassays
for vitamin D measurement
- is age a confounder?

Poréwnanie dwéch metod oznaczen witaminy D
- czy wiek pacjenta wptywa na wynik?

Grazyna Odrowaz-Sypniewska, Joanna Siédmiak, Aneta Mankowska-Cyl

Department of Laboratory Medicine, Nicolaus Copernicus University in Torun, Collegium Medicum in Bydgoszcz, Poland

ABSTRACT

The presence of different vitamin D metabolites in the circulation may contribute to the overestimation of 25(0H)D level, generally accepted to reflect
vitamin D status, measured by some immunoassays compared to chromatography-based methods. There is an increasing interest in measuring the
C3-epimer of 25(0OH)D, which has shown to contribute significantly to the 25(0H)D concentration, particularly in infant populations, and in measuring the
24(R),25(0H),D, a major catabolite of 25(OH)D metabolism. We aimed to present: a short description of analytical technologies quantifying 25(0H) vitamin
D and some of its metabolites, some recent data on the contribution of vitamin D metabolites (3-epimers and 24,25(0H),D) into total 25(0H)D results
and a comparison of two different commercial automated immunoassays for 25(0H)D measurements in pediatric, adolescents and adult serum samples.
Chromatography-based techniques that allow proper separation of 3-epimers and 24,25(0H)2D should be considered as the “gold standard"for 25(0H)D
measurement. The cross-reactivity with 24,25(0H),D in immunoassays may possibly contribute to some overestimation of 25(0OH)D assay in adults and
to the lesser extent in children, and both clinicians and laboratorians should be aware of this. Some immunoassays have no cross-reactivity with the
3-epimer and report only total 25(OH)D. Thus in samples that may have substantial amounts of 3-epi-25(0OH)D LC-MS/MS or immunoassays showing
no cross-reactivity with epimers should be recommended for assessment of vitamin D status to avoid overestimation of 25(0OH)D and misclassification.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
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STRESZCZENIE

Obecnos¢ réznych metabolitdw witaminy D we krwi moze powodowag, przy zastosowaniu niektorych metod immunochemicznych, przeszacowanie ste-
zenia 25(0H)D, bedacego wyznacznikiem statusu witaminy D w organizmie. Ostatnio wzrasta zainteresowanie pomiarem C3-epimeru 25(0H)D, ktéry moze
wystepowac w duzej ilosci we krwi, szczegélnie u niemowlat i dzieci, oraz pomiarem 24(R),25(0H),D gtéwnego produktu katabolizmu 25(0H)D. Celem
tej pracy byto przedstawienie: krétkiego opisu metod analitycznych do ilosciowego pomiaru 25(0H)D i jej niektérych metabolitdw, najnowszych danych
dotyczacych udziatu metabolitéw witaminy D (3-epimerdw i 24,25(0H),D) w zmierzonym stezeniu catkowitej 25(0H)D oraz poréwnanie dwu komercyjnie
dostepnych automatycznych metod immunochemicznych do pomiaru 25(0H)D w surowicy krwi dzieci, nastolatkéw i dorostych. Techniki chromatogra-
ficzne (LC-MS/MS) umozliwiajace rozdzielenie 3-epimerdw i 24,25(0H),D od 25(0H)D, i 25(OH)D, stanowia aktualnie ,ztoty standard” dla pomiaru steze-
nia 25(0H)D. W metodach immunochemicznych reakcja krzyzowa przeciwciat z 24,25(0H)2D moze potencjalnie zawyza¢ oznaczone stezenie 25(0H)D
u dorostych, natomiast w mniejszym stopniu u dzieci. Z kolei w niektérych metodach immunochemicznych nie obserwuje sie reakgji krzyzowych
z3-epimerem i wynik pomiaru 25(0OH)D jest wiarygodny. Zaleca sig, aby dla prébek, w ktérych mozna sie spodziewac obecnosci duzejilosci 3-epi-25(0H)D,
stosowac albo LC-MS/MS, albo metody immunochemiczne niewykazujace reakgji krzyzowej z 3-epimerem dla wtasciwej oceny statusu witaminy D.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SEOWA KLUCZOWE: = 25(0OH)D m METABOLITY WITAMINY D ® CHROMATOGRAFIA CIECZOWA/TANDEMOWA SPEKTROMETRIA MASOWA

= METODY IMMUNOCHEMICZNE

Introduction

Synthesis of vitamin D in the human skin and sub-
sequent liver and kidney metabolism generates
a wide range of metabolites in very different concen-
trations. There are over fifty vitamin D metabolites
of which 25(0H)D and 1,25(0H),D are well known
to provide clinical information. The presence of dif-

ferent metabolites in the circulation may contribute
to the overestimation of 25(OH)D level, generally ac-
cepted to reflect vitamin D status, by some immuno-
assays compared to chromatography-based meth-
ods. There is an increasing interest in measuring
the C3-epimer of 25(OH)D, which has shown to con-
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tribute significantly to the 25(OH)D concentration,
particularly in infant populations, and in measuring
the 24(R),25(0OH)2D, a major catabolite of 25(OH)D
metabolism. The epimerization process seems to be
a common mechanism for all major vitamin D me-
tabolites. Epimers have identical structure but dif-
fer in stereochemical configuration.

Epimerization of 25(OH)D leads to overestimation of
25(0OH)D concentration, independent of age, if the
assay does not allow a proper separation of this ste-
reoisomer. Similarly, the adjustment for concentra-
tion of 24,25(0OH),D seems to be an important issue,
not only due to significant contribution of this com-
pound to the serum total 25(OH)D.

This leads to the necessity of using selective and sen-
sitive methods to quantitatively measure the con-
centrations of vitamin D metabolites in the blood.
Ideally, vitamin D assessment would be performed
using a universal and standardized analytical meth-
od available to clinical laboratories that provides re-
liable and accurate quantitative results for all rele-
vant vitamin D metabolites with sufficiently high
throughput'. There exists a wide diversity of assays
for vitamin D from immunoassays to different chro-
matography assays combined with mass spectro-
metry. The accuracy of many commercially available
immunoassays has been questioned. On the other
hand, liquid chromatography combined with tandem
mass spectrometry (LC-MS/MS) has been shown to
facilitate not only accurate separation and quantifi-
cation of the major circulating metabolite 25(0OH)D,
and 25(OH)D2 but also other vitamin D compounds.
Currently LC-MS/MS assays are the most promising
techniques for the analysis of vitamin D metabolites.
However, even these techniques are not free of influ-
ences of the biological matrix, contributions of epi-
mers and isobars (such as exogenous 1a(OH)D, and
7-a-hydroxy-4-cholesten-3-one, an endogenous bile
acid precursor), derivatization reactions etc.
Theses: we aimed to present : a short description of
analytical technologies quantifying 25(OH) vitamin
D and some of its metabolites, some recent data on
the contribution of vitamin D metabolites (3-epimers
and 24,25(0H),D) into total 25(0OH)D results and
a comparison of two different commercial automated
immunoassays for 25(0OH)D measurements in pedia-
tric, adolescents and adult serum samples.

LC-MS/MS technologies for measurement
of different metabolites of vitamin D

in the human serum

Epimerization of vitamin D appears to be non-re-
versible. Since C3-epimer of calcitriol was shown to
have reduced calcemic effects measurement of 3-epi-
25(OH)D in addition to 25(0OH)D seems to be of clin-
ical importance.

The use of ultra-high-pressure liquid chromato-
graphy coupled to high-resolution mass spectro-
metry (LC/HRMS) showed that results for 25(0OH)D,
can be affected by the inclusion of 3-epi-25(0OH)D,
and it is important to separate this isomer from
25(0H)D,?. Other technique, a liquid chromato-
graphy-triple quadrupole mass spectrometry
-based method suitable for the quantification of
25(0OH)D, and 25(0OH)D, in human serum and plas-
ma samples was shown not suitable for pediatric
determinations due to the potential interference
of 3-epi25(OH)D.°. ESI-LC-MS/MS technique
with the use of pentafluorophenyl (PFP) analytical
column to resolve 25(0OH)D, from 25(OH)D2 and
3-epi-25(0H)D, was shown to be accurate and al-
lows the simultaneous measurement of 25(OH)D,,
3-epi-25(0OH)D,, and 25(0OH)D, in human serum®.
The authors noticed however, that due to increased
ionisation efficiency, the contribution of the 3-epi-
25(OH)D, metabolite to the total 25(0OH)D, concen-
tration is significantly overestimated in MS methods
that do not resolve 3-epi-25(0OH)D, from 25(0OH)D,
and may compromise its use in infant samples
known to have significant amounts of this isomer.
Few current LC-MS/MS assays allow the accurate
detection of C3 epimers>.

Contribution of C3-epimers into the total
25(OH)D results

The physiological importance of the C3 epimers of
vitamin D is not well known, as are the demographic,
behavioral, and physiologic factors that may be
associated with their presence. So far, there have
been limited studies determining the levels of these
epimers in human populations.

Studies in infants have shown that 3-epi-25(OH)D,
can contribute 9-61.1% of the serum total
25(0OH)D,°. High C3-epimer concentrations in in-
fancy are probably due to postnatal formation
of this isomer [7]. Bailey et al measured C3-epi-
25(OH)D, by LC-MS/MS technique in pregnant
women, fetuses and infants 3-28 weeks of age and
found that C3-epi-25(OH)D; accounted for up to
11% of maternal and 25% of infant total 25(0OH)D,.
C3-epimer was present in all pediatric subjects, but
was significantly elevated below 1 year of age and
dropped by 50% at 12 months ofage®. 3-Epi-25(0H)D,
is present in the majority of human serum speci-
mens across the age span, from neonates to over
80 yrs old, although its concentration is generally
low, particularly in adults’. Interestingly, in sera
with very similar 25(0OH)D, concentration, the ratio
of epimer to 25(0OH)D, may vary. In another study
it was reported that the percentage of the 3-epi me-
tabolite relative to 25(0OH)D; in infants ranges from
15% to 41%, and in adults from 2.5% to 17%?1@.

817

STANDARDY MEDYCZNE/PEDIATRIA ® 2015 M T. 12 M 587-592



Konferencja EVIDAS (European Vitamin D Association) — prace zjazdowe (invited articles)

The concentrations of C3-epimer reported in infants
were in average 18.2 nmol/L (7.28 ng/mL) ranging
from 0-230 nmol/L (0-92 ng/mL) and decreased af-
ter 1 year to the values typical in adults. C3-epimer
concentrations in adults were relatively constant
and remained from 0-22.5 nmol/L (9 ng/mlL), in
average 4.3 nmol/L (1.72 ng/mL)°. Accordingly, the
proportion of C-3-epimer in relation to 25(0OH)D,
was higher in infants 0-61% (mean 21.4%) than in
adults 0-47% (mean 5.9%)°.

Recent data show that also a high proportion of
adult subjects have detectable 3-epi-25(0OH)D,.
In general, adultindividuals withlower total 25(0OH)D,
tend to have a lower percent of 3-epi-25(OH)D, rela-
tive to the total but this is not always the case.
Baecher et al. simultaneously quantitated several
metabolites: 25(0OH)D,, 25(0H)D,, 24,25(0H),D, and
C3-25(0OH)D, in 50 adult samples with clinically rele-
vant concentrations of 25(0OH)D,'". They have used
HPLC-MS/MS technique with PFP column and found
significant amounts of C-3-epimer in 78% of sam-
ples. The relative concentrations of C-3-epimer were
4-20% (average 7%) and correlated with 25(OH)D,
concentration. Lower proportion of C3-epimer
was reported in Thai population, less than 10 %
of the total 25(OH)D levels'?. It was observed that
age, gender, and living in a rural area were associa-
ted with the relative amount of 3-epi-25(0OH)D, to
total 25(0OH)D, in this population.

The interesting findings from small epidemiologi-
cal study in white adults (21-74 yrs), assessing the
association between 3-epi-25(0H)D, and the pro-
portion of epimer to the total 25(0OH)D, in relation
to vitamin D intake, sun exposure, waist circumfer-
ence and some demographic and behavioral factors,
were recently reported!®. Higher alcohol intake and
lower waist circumference were shown to be associa-
ted with higher concentration of 3-epi-25(OH)D,.
Moreover, higher alcohol intake was associated with
higher percentage of epimer in relation to 25(0OH)D,.
The authors noted that the associations of 3-epimer
with summer season and vitamin D intake from sup-
plements, observed in this study, could be driven
partially by individuals with low 3-epi-25(OH)D
concentration. Increase of age was not related to
amount of 3-epimer or its percentage in relation to
25(0OH)D,.

3-epi-25(0OH)D was found in 90.2% of pregnant
women and in 94.5% of pregnant women with dia-
betes mellitus type 1 (T1DM)'*. Seasonal variation in
maternal 3-epi-25(OH)D levels was evident in both
groups. Maternal obesity had a significant negative
impact on 3-epi-25(OH)D.

Recently, significant differences between health and
disease with C3-epimers having the potential to re-
late to disease were reported!®. The concentrations

of 3-epi-25(0H)D, were found to be significantly
higher in patients with T1DM, rheumatoid arthritis
and Alzheimer disease. Receiver operating charac-
teristic curve analysis showed good sensitivity and
specificity for using the 3-epi-25-hydroxyvitamin D
concentration to predict disease status (AUC=
0.880, P < 0.001).

Table 1. Concentration and proportion of 3-epi-25(0H)D
in infants, children and adults.

SAMPLE 3-epi-25(0OH)D | 3-epi-25(0H)D
REFERENCE TYPE concentration to 25(0OH)D
Stepman Infants 15-41 %
etal™ Adults 2.5-17 %
Baecher Adults 4-20%
etal
Bailey Infants 0-92 ng/mL 0-61 %
etal’ Adults 0-9 ng/mL 0-47 %
Wiebe Child (7yrs) 9 ng/mL 25%
etal' Adults (55,66°yrs) 32-50 ng/mL 50-94 %
el Infants 9-61.1 %
etal®

In general, C3-epi-25(0OH)D, is considered a minor
metabolite in adults (Table 1). However, observed
between-individual variation in the concentration of
this epimer, coupled with variability of its detection
by the different assay methods, confounds current
efforts to accurately measure total 25(OH)D and im-
pairs the ability to define vitamin D status!'®. Wie-
be and Binkley reported on three different patients:
66 yrs old female with multiple sclerosis, 7 yrs old
boy with multiple medical comorbidities and 55
yrs old female with combined hyperlipidemia and
hypertension, all with increased concentrations of
3-epi-25(0OH)D and substantially increased propor-
tion of epimer in relation to total 25(OH)D. Vitamin
D metabolites were measured in the same clinical
laboratory with quality assurance programme over
the past 5 years. Interestingly, the proportion of
3-epimer to total 25(OH)D ranged from 25% in the
young patient to 94% in the oldest one. The authors
explain between-individual differences in epimeras-
es activity by possible genetic factors.

Although the ratio of 3-epimers to 25(OH)D differs
across the population age and health status, the
considerable prevalence of 3-epi-25(OH)D; in in-
fants and in adults, proves this metabolite should
not be neglected in interpretation of vitamin D
results. In addition, it would be interesting to elu-
cidate the possible associations of low, moderate
or high concentrations of 3-epimers with health
risk, independent of 25(0OH)D, or 1,25(0H),D, con-
centrations in different age groups®.
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Contribution of 24,25(0H),D into the total
25(OH)D results

The first downstream metabolite of 25(OH)D is
24,25(0H),D which has its own physiological role for
bone healing after fracture!” and essential bioactive
role in human bone development as recently report-
ed’®. Its concentration in the serum may account
for 2% up to 20% of total 25(0OH)D'. Earlier stud-
ies in children and adolescents have shown that se-
rum concentration of 24,25(0OH),D relative to total
25(0OH)D was up to 10% and equaled to 3,3+/-1.3
ng/mL?°. Recently reported levels of 24(R),25(0OH),D,
a metabolically active natural form of this metabo-
lite, seem to be slightly higher in healthy adults
than in children and adolescents (0.7-24 nmol/L or
0.28-9.6 ng/mlL) (Table 2)?'. Of note, concentrations
of 24,25(0OH),D were found to be significantly lower
in some disease states, such as multiple sclerosis,
compared to healthy individuals?!.

Table 2. Concentration and proportion of 24,25(0H),D
in children and adults

SAMPLE 24,25(0H),D 24,25(0H),D
RECSHENEE TYPE concentration | to 25(0OH)D
Cashman Adults 2-20%
etal®
Weisman Children,
etal® adolescents 3:3+/-1.3 ng/mL 10%
Mu”?,r Adults 0.28-9.6 ng/mL No data
etal
Calculated ratio of 24,25(0H),D to 25(OH)D,

so called vitamin D metabolic ratio, is considered
a novel index of vitamin D deficiency and possibly
inactivation and a novel predictor of 25(OH)D re-
sponse to vitamin D supplementation®!. Currently,
there are no automated immunoassays for determi-
nation of 24,25(0H),D thus measurement of vitamin
D metabolic ratio is available only in laboratories
with LC-MS capabilities.

Comparison of two different commercial
automated immunoassays for 25(OH)D

We compared the results of total 25(OH)D mea-
sured in serum samples of subjects aged of 2-70
years, with two different commercial immunoas-
says: Roche cobas e411 and ids iSYS. The first,
a 1l-step competitive binding against vitamin D
binding protein electrochemiluminescence assay
is standardized with NIST SRM 2972. The second,
a 1-step competitive binding against 25(OH)D chemi-
luminescence assay is standardized with UV verified
by LC-MS/MS. Both immunoassays have very sim-
ilar LOD (3.0 and 3.6 ng/mL respectively) but dif-
ferent linearity: 3.0-70 ng/mL and 6.0-126 ng/mlL,

respectively. The ids iSYS assay is known to have no
cross-reactivity with 3-epimers but presents 100%
cross-reactivity with 24,25(0H),D. The cross-reacti-
vity of the Roche assay with 3-epimers is 91% and
with 24,25(0OH),D is 149% according to the kit insert.

Interestingly, recently published data by van den
Ouweland et al on evaluation of 3-epi 25(0OH)D,
cross-reactivity in the Roche vitamin D total protein
binding assay showed that the cross-reactivity over
50% was found with exogenous 3-epimer 25(0H)D,
whereas this with natural endogenous metaboli-
te was minimal®?. The authors conclude that more
research is needed to help explain the discrepan-
cies in 3-epimer recognition by the method between
endogenous and exogenous presence of the 3-epi
25(0H)D,*.

Our preliminary results have shown that there are
differences in 25(0OH)D total concentrations measu-
red by both immunoassays in the serum samples
across the different age-groups.

How to optimally measure 25(0OH)D

in the laboratory

Over recent years a dramatic increase has been
observed in 25(0H)D requests. Automated immu-
noassays helped many laboratories to solve this
problem. In these methods with high throughput
the traditional solvent extraction of samples was
abandoned. Comparing with LC-MS/MS, immuno-
assays for 25(0OH)D measurement are more afford-
able due to economic and organizational issues and
require small sample volume, particularly conve-
nient for pediatric testing. However, poor antibody
specificity with cross-reactivity to other vitamin D
metabolites, incomplete extraction of the 25(OH)D
from the vitamin D-binding protein (DBP), and
confounding matrix substances such as lipids (in-
creased triglycerides) could be potential reasons
for the unsatisfying performance of some immuno-
assays and also the significant differences in the
25(0OH)D results between various assays?:. In spite
of these, immunoassays should be regarded as an
alternative for routine 25(OH)D assessment, pro-
vided that results are accurate and correlated with
a reference method?*. Recent multicenter compar-
ison of seven 25(0OH)D automated immunoassays
has shown the very good correlation with the refer-
ence HPLC method?®. However, the significant bias
among different methods shows that standardiza-
tion and harmonization of 25(OH)D measurements
are urgently needed.

Some currently available immunoassays allow de-
tection of C3 epimers along with 25(0OH)D (Roche
25(0OH)D total) whereas some do not recognize epi-
mers (ids i-Sys, idsEIA, Abbott Architect). In several
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immunoassays for measurement of total 25(OH)D,
antibodies have 100% cross-reactivity with anoth-
er important metabolite 24,25(0H),D,. Compari-
son of different immunoassays with LC-MS/MS
showed clearly that adjustment for concentration
of 24,25(0OH),D, diminished, for some of them, the
significant positive bias in measurement of serum
total 25(OH)D (this concerns mostly ids EIA/ids
iSYS, and Roche technology to a minor extent). =
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Pleiotropic action of vitamin D in light
of recent meta-analyzes

Efekty plejotropowe witaminy D w Swietle metaanaliz

Idris Guessous'2?

' Unit of Population Epidemiology, Department of Community Medicine and Primary Care and Emergency Medicine,
Geneva University Hospitals, Geneva

Institute of Social and Preventive Medicine (IUMSP), Lausanne University Hospital, Lausanne

®  Department of Epidemiology, Rollins School of Public Health, Emory University, Atlanta

ABSTRACT

The relationship of vitamin D with extraskeletal complications, such as cardiovascular disease, cancer, and autoimmune disease, is of major interest
considering its roles in key biological processes and the worldwide high prevalence of vitamin D deficiency. Several arguments suggest a major role of
vitamin D in a very broad type of extraskeletal complications, but results from recent meta-analyses of randomized controlled trials indicate a lack of
association of vitamin D with major extraskeletal complications. Different issues including causality, confounding, reverse causation, and misclassification
should be considered when interpreting these opposite conclusions. Randomized controlled trials assessing the efficacy of vitamin D supplementation
in reducing extraskeletal complications are ongoing. Trials are still recruiting participants, and the first results will not be available before the year 2017.
Unfortunately, because of potential major limitations, results from these trials might not be able to definitively determine the causal role of vitamin D on
extraskeletal complications. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: = VITAMIN D m CANCER m CARDIOVASCULAR DISEASE m EVIDENCE m CAUSALITY

STRESZCZENIE

Zwiazek witaminy D z powiktaniami pozaszkieletowymi, takimi jak choroby uktadu krazenia, rak i choroby autoimmunizacyjne, jest przedmiotem wielu
badan ze wzgledu na istotne znaczenie witaminy D w kluczowych procesach biologicznych oraz powszechnos

jej deficytéw na catym swiecie. Wiele argumentdw przemawia za znaczaca rola witaminy D w bardzo szerokim spektrum powiktan pozaszkieletowych,
jednak wyniki ostatnich metaanaliz badar z randomizacja wskazujg na brak zwigzku witaminy D z gléwnymi chorobami pozaszkieletowymi. Rdzne kwe-
stie, w tym zwigzek przyczynowo-skutkowy, czynniki dodatkowe wptywajace na analize, odwrécony zwiazek przyczynowy i btedna klasyfikacja powinny
by¢ uwzgledniane przy interpretacji wnioskéw wynikajacych z metaanaliz. Badania z randomizacja oceniajace skutecznoé¢ suplementacji witaming D
w zmniejszaniu powiktar pozaszkieletowych wciaz trwaja. Nadal prowadzona jest rekrutacja uczestnikéw, a pierwsze wyniki beda dostepne najwczesniej
w 2017 r. Niestety moze sie okazac, ze z powodu potencjalnych powaznych ograniczer tych badan ich wyniki nie dadza jednoznacznej odpowiedzi na
pytanie o przyczynowa role witaminy D w powikfaniach pozaszkieletowych. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: = WITAMINA D ® RAK m CHOROBA SERCOWO-NACZYNIOWA m PRZYCZYNOWOSC

In humans, most circulating vitamin D is synthe-
sized from cholesterol following exposure to ultra-
violet B (UVB) in sunlight, whereas a smaller amo-
unt is derived from diet and dietary supplements.
Diet contributes only between 10% and 20% to
25(0OH)D levels but becomes more important when
sunshine exposure is low'. The actions of vita-
min D are largely mediated by genomic functions.
Vitamin D interacts with a nuclear receptor that
regulates the expression of over 900 genes thro-
ughout the genome?.

Currently, a debate over the role of vitamin D on
extraskeletal complications is being conducted?.

The rational of a major role of vitamin D on extra-
skeletal complications is based on several observa-
tions including:

1. the worldwide high prevalence of vitamin D defi-
ciency is often presented as being clearly linked
with the high burden of extraskeletal complica-
tions,

2. vitamin D is often presented as the link expla-
ining most of the observed correlations between
latitude and season with extraskeletal complica-
tions,

3. the wide distribution of vitamin D receptor in
humans,
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4. the influence of vitamin D on more than 3% of
the human genome,
5. the extrarenal presence of 1-alpha-hydroxylase.

In addition, molecular and animal studies have
established associations of vitamin D with several
extraskeletal complications including cardiovascu-
lar disease such as high blood pressure, coronary
heart disease, and stroke, type II diabetes, cancer,
and chronic kidney disease.

Despite this evidence, there is a belief that vita-
min D is not causally associated with extraskele-
tal complications. This belief is mainly based
on the absence of robust evidence of this associa-
tion from randomized controlled trials (RCTs), on
the potentially unfavorable effects of vitamin D
supplementation, and on the precedents of other
vitamin and antioxidant trials. To date, most as-
sociations of vitamin D with extraskeletal compli-
cations reported by nonexperimental studies have
not been replicated in RCTs. To evaluate the pre-
sence of biases in the associations of vitamin D
with diverse extraskeletal outcomes, a review of
evidence obtained from systematic reviews and
observational meta-analyses and RCTs (i.e., an
umbrella review) has been performed?. More than
260 systematic reviews or meta-analyses that have
included over 130 outcomes have been examined.
The authors reported a lack of highly convincing
evidence of a clear link of vitamin D with any out-
come. The most recent (2011) meta-analysis has
concluded that because of the potential confoun-
ding data inherent in observational studies and the
limited data obtained from RCTs, evidence is cur-
rently insufficient to draw conclusions about the
efficacy of vitamin D supplementation for cancer
prevention®. A 2014 review of vitamin D status and
cardiovascular disease by the UK Nutrition Society
has concluded that data supporting a causal link
between vitamin D status and CVD are mixed and
ambiguous®. Similar conclusions were indepen-
dently published in 2011 by the North American
DRI committee’, by the Endocrine Task Force®, and
more recently, by others®!. In terms of endocri-
ne health and disease, available evidence does not
show that vitamin D supplementation consistently
decreases the risk of type II diabetes, Addison’s di-
sease, or autoimmune thyroid disease!*.

While a 2014 meta-analysis of observational studies
of vitamin D and mortality caused by extraskeletal
complications found evidence that 25(OH)D level is
inversely associated with risk of death due to extra-
skeletal complications, no evidence of such a rela-
tionship has been found in RCTs!®. Even Mendelian
randomization (MR) studies have been conducted
to infer causality for vitamin D and extraskeletal

complications, such as high blood pressure and
type II diabetes. For example, Kunutsor et al. have
used 4 variants (in the DHCR7, CYP2R1, GC, and
CYP24A1 genes) as instrumental variables in a small
sample, failing to show a causal role of 25(OH)D
in the etiology of high blood pressure!®. Using the
same 4 variants but considering allelic scores and
using a larger sample, Vimaleswaran et al. reported
that each 10% increase in genetically instrumented
25(OH)D concentration was associated with an 8%
decreased odds of hypertension!'”. However, using
the same variants as mentioned above but not con-
sidering allelic scores, Ye et al. have also estimated
the unconfounded causal associations of 25(OH)D
concentration with the risks of type II diabetes and
other glycemic traits using an MR approach!®, re-
porting insignificant MR-derived estimates for type
II diabetes and glycemic traits and suggesting that
the association between 25(OH)D and type 2 diabe-
tes is not causal.

Key points

There are several major issues to consider when
interpreting the real impact of vitamin D deficien-
cy on extraskeletal complications. These issues
include causality, confounding, reverse causa-
tion, measurement error and misclassification.
To overcome these issues, five RCTs are currently
underway in 9 countries to determine the impacts
of vitamin D supplementation on extraskeletal
complications. More than 42,000 participants
will be included with a potential of 208,116 per-
son-years. However, several experts have already
pointed out fatal limitations that might invalidate
the (negative or null) results of these trials. Also,
a 2014 trial sequential meta-analysis (i.e., analysis
that modeled the changing precision in estimates
of effects as trials are reported and the likely effects
of future trial results on the existing body of data)
has shown that the effects of vitamin D supplemen-
tation on extraskeletal complications are below the
futility boundary of 15%%'°. Thus, future trials are
unlikely to alter the conclusion of no causal asso-
ciation.

Observational studies are prone to reverse cau-
sation and confounding. Associations between vi-
tamin D status and extraskeletal complications
in observational studies could merely indicate that
vitamin D is a “simple” indicator of health status
and that compared with healthier subjects sicker
subjects could have a lower vitamin D level or sta-
tus. The diversity of biological systems with which
vitamin D deficiency has been associated (cardio-
vascular, diabetes, depression, neurodegenerative
diseases, cancer, etc.) could further suggest that
this vitamin is a marker of health status rather
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than a predictor of health outcomes. However,
both the wide distribution of VDRs in humans and
the influence of vitamin D on more than 3% of the
human genome could explain its broad effects on
health.

Unfortunately, results from the ongoing rando-
mized controlled trials might not be able to defi-
nitively determine the causal role of vitamin D on
extraskeletal complications®. u
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Vitamin D Requirements during Pregnancy

and Lactation

Zapotrzebowanie na witamine D w okresie ciagzy i laktacji

Bruce W. Hollis, Carol L. Wagner

Medical University of South Carolina, Charleston

ABSTRACT

During the past several decades, vitamin D requirements during pregnancy and lactation were unvarying, with the recommendation for a daily vitamin
D intake of 400 IU. During the past decade, however, mounting evidence suggests that maternal vitamin D requirements during these critical stages are
much greater. There are important differences in vitamin D metabolism during pregnancy and lactation that impact maternal, fetal and infant health.
A summary of relevant clinical trials that have been conducted to answer the question of what amount of vitamin D is necessary to optimize vitamin D
metabolism during pregnancy and lactation suggests maternal intake during pregnancy is optimized at 4000 |U vitamin D/day and during lactation at
6400 IU vitamin D/day. Further research is essential to establish the mechanisms of action of vitamin D in immune function and optimal health.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: = PREGNANCY ® LACTATION ® VITAMIN D

STRESZCZENIE

W ciggu ostatnich kilkudziesieciu lat wymagania dotyczace witaminy D dla kobiet w ciazy i karmiacych piersia byly niezmienne, z zaleceniem codzien-
nego spozywania witaminy D w dawce 400 IU. Jednak w ostatniej dekadzie pojawito sie wiele dowoddw na to, ze potrzeby matki w tych krytycznych
etapach sa znacznie wieksze. Istnieja duze réznice w metabolizmie witaminy D podczas cigzy i karmienia piersia, ktére maja wptyw na zdrowie ptodu,
matek i niemowlat. Wyniki przeprowadzonych i opublikowanych odpowiednich badan klinicznych, ktérych celem byta proba odpowiedzi na pytanie, jaka
ilos¢ witaminy D jest niezbedna do optymalizacji metabolizmu witaminy D w czasie ciazy i laktacji, sugeruja dla kobiet w ciazy dawke 4000 IU witaminy D
na dobe, a podczas laktacji 6400 U/dobe. Dalsze badania wydaja sie konieczne, aby okresli¢ mechanizmy dziatania witaminy D w zakresie funkcjonowania

ukfadu immunologicznego i optymalizacji stanu zdrowia.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
SLOWA KLUCZOWE: = CIAZA m LAKTACJA m WITAMINA D

Introduction

Vitamin D’s actions during pregnancy and lactation
reflect its role as a preprohormone, serving as the
substrate for one of the most potent hormones in
the body -1,25(0OH),D, whose nontraditional endo-
crine effects are just beginning to be understood.
Until the 1990s, the criterion for appropriate vita-
min D nutrition was simply the absence of overt
rickets or osteomalacial. An expert panel convened
by the Institute of Medicine in 1997 recommended
that infants and adults receive 400 and 200 IU/day
vitamin D, respectively, in the prevention of rick-
ets and osteoporosis?, reflecting the time-honored
observation that one teaspoon of cod liver oil (which
contains 400 IU vitamin D,) is effective in prevent-
ing rickets in children®*. The daily vitamin D dose
for adults of 200 IU in achieving vitamin D suffi-
ciency without adequate sunlight exposure was lat-

er shown to be inconsequential in all but the most
deficient adult individuals®>®, with even less known
about the needs of the pregnant and lactating wom-
an and that of the developing fetus and breastfed
infant?”.

With the newly found ability to measure vitamin D
and its metabolites in the 1980’s, it became evident
that certain groups of women, especially those of
darker pigmentation or with limited sunlight ex-
posure due to clothing worn for cultural reasons,
were vitamin D deficient®!. Trials involving doses
up to 1000 IU/day were shown to do little to re-
verse that deficiency®1%1¢1°. There was a resur-
gence of reports of vitamin D-associated rickets
among exclusively breastfed infants, particular-
ly those who had darker pigmentation®**? and led
some to question whether or not a prenatal vitamin
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containing between 200-400 IU
vitamin D taken during pregnancy
and lactation was adequate with
today’s lifestyles*?*. This was un-
derscored by a paper published
by the Center for Disease Control
(CDC) in 2002 on the prevalence
of vitamin D deficiency among
women in their child bearing
years: Utilizing the Third National
Health and Nutrition Examination
Survey, 1988-1994 (NHANES-III)
database, Nesby-O’Dell and her
team measured total circulating
25(0OH)D in 1546 African Ameri-
can women and 1426 white wom-
en aged 15-49 y who were not
pregnant®*. Hypovitaminosis D
was defined as a serum 25(0OH)D
concentration <15 ng/mL (37.5
nmol/L). More than 40% of the
African American women in this
large cohort met the criterion
for vitamin D deficiency having
a 25(0OH)D concentration of < 37.5
nmol/L compared to 4.2% of white
women?*. In addition, among the
243 African Americans who con-
sumed 200 IU/d, ~28% met the
definition of hypovitaminosis D.

Emerging literature from the
1980’s showed that with severe
vitamin D deficiency states, fetal
growth impairment was noted®'s.
Earlier literature suggested that
not only growth was impacted by
vitamin D deficiency: in the early
1900’s, Mellanby and others?>?7 in
their study of vitamin D deficiency
in children and in animal models
found an increased risk of respira-
tory infections, but even Mellanby
(and his colleagues) discounted
the effect of vitamin D on infection
risk?. It took another 60 years
before the (re)discovery of vita-
min D’s role in immune function
set the stage for an expansion of
scientific inquiry into vitamin D’s
role in immune function in an
unprecedented manner?*-35. Ela-

boration of inflammatory and immune markers as
a function of vitamin D status led some to consider
higher target concentrations of vitamin D were nec-
essary to maintain optimal health, but again, little
was known and remains unknown about the role of
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FIG. 1 Substrate-Product Relationships of Vitamin D Metabolites during Pregnancy
Figure 1 A demonstrates the relationship between circulating vitamin D, to control

the production of 25(0H)D during pregnancy*.

Figure 1 B demonstrates the relationship of circulating 25(0H)D to control

the production of 1,25(0H),D during pregnancy. All data points for all subjects

in all groups were included in this analysis®.

vitamin D during pregnancy and lactation on im-
mune function and what normal really was.

The evidence continued to mount that there were
far more deficient or marginally sufficient pregnant
women than there were vitamin D sufficient preg-
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nant women3®4! but there was concern that this
was not “true” deficiency and the increasing preva-
lence was occurring because of a different set point
in defining vitamin D deficiency. Controversy arose
surrounding what moiety of vitamin D defined defi-
ciency; eventually the scientific community agreed
that the concentration of total circulating 25(OH)D
was the indicator of vitamin D sufficiency (due to
its longer half-life of 2-3 weeks and its relative ease
of measurement. The next question then became
what should 25(0H)D concentrations really be***3?

Vitamin D Metabolism during Pregnancy
Vitamin D is the precursor to 25(OH)D that is then
metabolized further by the kidneys and the placen-
ta to the active form 1,25(0OH),D. It has been known
for some time that circulating 25(OH)D freely cross-
es from maternal circulation to fetal circulation via
the placenta, which possesses vitamin D receptors
and the enzyme CYP27B1, essential for the conver-
sion of 25(0OH)D to 1,25(0OH),D*. While the kidneys
are the main source of 1,25(0OH),D throughout the
lifespan, the placenta does contribute to the pool
of vitamin D metabolites that surge through both
maternal and fetal circulations.

In their recent review of vitamin D, Hollis and Wag-
ner point out, however, that the parent compound
vitamin D plays a significant role in providing
substrate to cells for internalization*®: Vitamin D
is vastly more accessible than 25(OH)D for inter-
nalization throughout the body with the exception
of cells in the kidney and parathyroid gland, for
example, that utilize the megalin-cubilin system?®,
and which maintain the vitamin D endocrine sys-
tem. Cells that process vitamin D through para-
crine/autocrine actions are dependent on deliv-
ery of vitamin D substrate and how tightly bound
it is to the carrier protein vitamin D binding pro-
tein**. For example, circulating 25(OH)D’s avail-
ability to cells is reduced because it is tightly
bound to the vitamin D binding protein (VDBP).
In contrast, vitamin D is far more bioavailable as it
is less tightly bound to VDBP, allowing entrance of
vitamin D into the cell more easily than 25(OH)D.
Once in the cell, vitamin D is then converted to
25(0OH)D and then to its active form 1,25(0OH),D.
There is no evidence to suggest that this is altered
during pregnancy, although the concentration
of VDBP during pregnancy is increased*’. With
respect to the conversion of vitamin D to 25(OH)D,
this metabolic conversion appears to be similar in
pregnant and nonpregnant states and follows first-
and zero-order enzyme kinetics (Figure 1)*S.

In any discussion about vitamin D deficiency,
parathyroid hormone (PTH) is mentioned because
PTH upregulates 1-a-hydroxylase, the enzyme re-

sponsible for 1-a-hydroxylation of 25(OH)D, con-
verting 25(0OH)D to 1,25(0H),D. In individuals who
have vitamin D deficiency, the body increases pro-
duction of PTH to maintain 1,25(0OH),D and cal-
cium homeostasis. If vitamin D deficiency is sus-
tained, secondary hyperparathyroidism will result.
Yet, during pregnancy, this association is dimin-
ished due to the uncoupling of vitamin D metab-
olism from calcium®*. Pregnant women attain “su-
praphysiologic” concentrations of 1,25(0OH),D in
the first weeks of gestation*’, sometimes exceeding
700 pmol/L in our NICHD study®®, and yet never
exhibit hypercalciuria or hypercalcemia. It is not
surprising, then that during pregnancy PTH as
a marker of vitamin D status is a less reliable pre-
dictor than in nonpregnant adults®® and typically
will decrease as 25(0OH)D increases at the lower end
of values*®051,

What was most interesting from our recent NICHD
vitamin D pregnancy trial was the discovery that to
optimize 1,25(0OH),D production (which as was just
discussed, soars early-on in pregnancy), total cir-
culating 25(OH)D should be at least 100 nmol/L*.
This relationship exhibits first and zero-order
enzyme Kkinetics. It is also of great interest that
production of circulating 1,25(0H),D in the fetus
is linked directly to circulating 25(OH)D®2. This in-
crease in circulating 1,25(0OH),D concentration has
been attributed to an increase in the serum vita-
min D-binding protein (DBP) that would regulate
the amount of “free” 1,25(0OH),D available in the
circulation®®. While this rise in DBP during preg-
nancy has been shown to be 46-103 %, depend-
ing on the assay employed®*, it cannot account for
the 2-3 fold increase in circulating 1,25(0H),D*.
In an earlier study by Bikle et al.*’, free 1,25(0OH),D
levels were found to be increased during pregnan-
cy despite the significant increase in DBP levels,
and our recent data agree with this premise?®s.
Why this association exists solely during pregnan-
cy remains unclear and is the focus of active re-
search endeavors.

As a corollary to the extraordinary change in vita-
min D metabolism during pregnancy, it has been
known for some time that unique during pregnan-
cy, maternal and neonatal 25(0OH)D and 1,25(0OH),D
are strongly associated®. From early in gestation,
serum 1,25(0OH),D concentrations rise much high-
er and are driven by substrate-25(OH)D-availabili-
ty. It is important to again note that this substrate
dependence of 1,25(0OH),D production is never ob-
served in normal human physiology driven by clas-
sic calcium homeostasis nor is it seen in any other
time in the lifecycle except pregnancy and in the
newborn infant.
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Achieving Sufficiency during Pregnancy:
Results of Clinical Trials through

the Decades

When considering what is the “norm” for vitamin D
status, Luxwolda et al.>® studied native tribal Afri-
cans who have an average of 5-9 hours of sunlight
exposure per day. This group achieved a mean cir-
culating 25(0OH)D level of 46 ng/mL (115 nmol/L).
In another study by this group that included 139 East
African pregnant women, the mean 25(OH)D was
55.4 ng/mL (138.5+ 31.8 nmol/L) during pregnancy;
and 54.4 ng/mL (135.9 + 31.8 nmol/L) at delivery®°.
The cord blood 25(0OH)D concentration was 31.6 ng/
mL (79.0 + 26.4 nmol/L), well above the mean of
cord blood values found in Western countries*®57:58,
On the third day postpartum, mothers-the vast ma-
jority who were breastfeeding, had a mean 25(OH)D
of 91.5 + 26.8 nmol/L that remained stable at
3 months postpartum. In our recent randomized
clinical trial, pregnant women receiving 4,000 IU/day
vitamin D, attained an average circulating 25(0OH)D
level of 111 nmol/L*, similar to what is achieved
through sunlight alone with a certain level of sun
exposure. If one wants to recapitulate what occurs
in individuals living in a sun-rich environment with
hours of exposure, the goal should be to achieve
a circulating 25(0OH)D concentration of at least
100 nmol/L however it is achieved, be it solar expo-
sure and/or diet/supplementation.

Following receipt of an Investigational New Drug (IND)
number from the FDA (#66,346), Hollis and his team
began to assess the vitamin D requirements of wom-
en during their first trimester of pregnancy. In their
two published randomized controlled trials, Hollis
et al and Wagner et al found that higher total circu-
lating 25(0OH)D was associated with improved vita-
min D status throughout pregnancy*®°. In the first
trial sponsored by NICHD, women were randomized
to receive 400, 2000 or 4000 IU vitamin D, /day start-
ing at 12 weeks of gestation*®. Women were followed
monthly to assess health status and vitamin D-re-
lated metabolic parameters. It was found that 4000
IU/day vitamin D was superior to 2000- or 400 IU/
day, and 2000 IU/day was superior to 400 IU/day in
achieving vitamin D sufficiency throughout pregnan-
cy. Women taking 400 IU/day vitamin D had mini-
mal change in their 25(OH)D concentrations; those
in the 2000 IU group were often deficient through
20-24 weeks compared to the 4000 IU group. The
number of neonates who were deficient at birth de-
fined as a total circulating concentration of 25(OH)D
<20 ng/mL was greater in the lower dose groups.
There was no toxicity associated with the higher vita-
min D dosing: women in the three treatment groups
did not differ in terms of serum calcium, phosphorus,
creatinine, and urinary calcium-to-creatinine ratios.

In another trial funded by the Thrasher Research
Fund and conducted by Wagner et al.>®, women who
received their health care in two community health
centers were randomized to receive either 2000 or
4000 IU vitamin D,/day starting at 16 weeks of ges-
tation following a one-month run-in dose of 2000
IU/day. A total of 257 pregnant women 12-16 weeks’
gestation were enrolled and randomization to 2000
vs 4000 IU/day following a 1-month run-in dose of
2000 IU/day. As in the NICHD trial described above,
participants were monitored for hypercalciuria, hy-
percalcemia, and 25(OH)D status. Maternal 25(OH)D
(n = 161) increased from ~23 ng/mL (57.5 nmol/L)
at baseline to 36 ng/mL (90 nmol/L) and 38 ng/
mL (95 nmol/L) in the 2000 and 4000 IU groups,
respectively. While the change in maternal 25(OH)D
from baseline did not differ between the groups, the
increase in monthly 25(OH)D differed between the
groups with the greater change in the 4000 IU group
(p < 0.01). No supplementation-related adverse
events occurred. Mean cord blood 25(OH)D was
22 ng/mL (55 nmol/L) in 2000 IU and 27 ng/mL
(67.5 nmol/L) in 4000 IU groups (p = 0.024).

Both the NICHD and the Thrasher Research Fund
pregnancy vitamin D supplementation trials utilized
common questionnaires and vitamin D tablets from
the same manufacturing lot, allowing the two data-
sets to be combined using a common data dictio-
nary, increasing the sample size and power to detect
differences between the groups®. It was again found
that 4000 IU/day vitamin D was superior to either
400 or 2000 IU/day in achieving vitamin D suffi-
ciency throughout pregnancy.

Other trials conducted throughout the world sup-
port the effectiveness of higher vitamin D dosing
regimens in improving maternal vitamin D status.
In a study conducted in the United Arab of Emir-
ates by Dawodu et al®®, Arab women were random-
ized at 12-16 weeks of gestation to 400, 2000, and
4000 IU/day vitamin D, through pregnancy. Of 192
enrolled, 162 (84%) continued to delivery. Mean se-
rum 25(OH)D of 8.2 ng/mL (20.5 nmol/L) at enroll-
ment was consistent with severe deficiency. Mean
serum 25(OH)D concentrations at delivery and in
cord blood were significantly higher in the 2000 and
4000 IU than the 400 IU/d group (p < 0.001) and
was highest in the 4000 IU/d group. When using
the threshold 25(0OH)D concentrations of 32 ng/mL
(80 nmol/L) and 20 ng/mL (50 nmol/L), the per-
cent of mothers who achieved these thresholds was
greatest in the 4000 IU/d group. Safety measure-
ments were similar by group and no adverse event
occurred that was related to vitamin D supplemen-
tation. The investigators concluded that vitamin D
supplementation at doses of 2000 and 4000 IU/day
appeared safe, and similar to the Hollis et al study,
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4000 IU/d was most effective in optimizing serum
25(0OH)D concentrations in mothers and their in-
fants.

Roth et al reported the results of a clinical trial
conducted in Dhaka where 160 women were ran-
domized to receive 35,000 IU/week (=5000 IU/day)
or placebo until delivery. Maternal mean 25(OH)D
was significantly higher at delivery after vitamin D
vs. placebo (134 vs. 39 nmol/L, P<0.001; N=133);
and as expected, cord 25(0OH)D was significantly
higher following vitamin D versus placebo (103 vs.
39 nmol/L; P<0.001; N=132). In this study, there
was no evidence of maternal hypercalcemia or vi-
tamin D-related serious adverse events; and, major
adverse birth and neonatal outcomes were non-sig-
nificantly less common in the vitamin D-treated
group.

Health Effects of Vitamin D during
Pregnancy

As was mentioned earlier, what is unique during
pregnancy is that total circulating concentra-
tions of 1,25(0OH),D are more than double to triple
by 10-12 weeks of gestation what they are in the
nonpregnant state*®. Despite this dramatic increase
in the active hormone, serum calcium concentra-
tions remain stable and within normal range. How
could this be and more importantly, why does this
occur? It is postulated that the sustained high con-
centration of 1,25(0H),D during pregnancy serves
an important role in stabilizing immune function
in the mother to prevent rejection of the fetus®!:62,
Yet, this remains conjecture at this point because
the discovery of vitamin D’s role in both innate and
adaptive immune function is a relatively recent dis-
covery>>®. There is, however, mounting evidence
that supports this premise: women who are vita-
min D deficient are more likely to have preeclamp-
sia®* %8 infection®%*7° preterm labor and preterm
birth®®5%71 all of which have been associated with
states of vitamin D deficiency.

When randomized clinical trials or comparative
effectiveness trials involving vitamin D supplemen-
tation during pregnancy have been analyzed for
vitamin D’s putative effect on maternal and fetal
health, certain trends have emerged. The first hint
that vitamin D deficiency during pregnancy impact-
ed fetal development came from studies conduct-
ed in the early 1980s. Brooke et al®!®, who studied
British mothers of Asian descent, found a greater
incidence of small-for-gestational-age infants born
to mothers who received placebo compared with
mothers who had received 1000 IU vitamin D,/day
during the final trimester of pregnancy. Neonates
in the placebo group also had a greater fontanelle
area than did the supplemented group. It must be

noted that the placebo group in this study showed
profound hypovitaminosis D.

Follow-up studies by Brooke et al® again were con-
ducted in Asian mothers who were provided with
either placebo or 1000 IU vitaminD,/day during
the last trimester of pregnancy. The follow-up data
provided evidence that, during the first year of life,
the infants of the maternal placebo group gained
less weight and had a lower rate of linear growth
than did the infants of the maternal supplemented
group. Cockburn et al”? undertook a large vitamin D
supplementation study of 1000 pregnant subjects
in the United Kingdom who were supplemented with
400 IU vitamin D,/d or received a placebo from week
12 of gestation onward. Based on pharmacokinetics
of vitamin D, it is not surprising that serum concen-
trations of 25(OH)D in the supplemented group were
only slightly higher than those in the placebo group.
A defect in dental enamel formation was observed in
a higher proportion of the children at 3 y of age in
the maternal placebo group.

Maxwell et al®** conducted a clinical trial involv-
ing Asian women living in London who received
1000 IU/day of vitamin D during the last trimester
of pregnancy. Supplemented mothers had greater
weight gain and, at term, had significantly high-
er plasma concentrations of retinol-binding pro-
tein and thyroid-binding prealbumin, indicators
of protein-calorie nutritional status. Almost twice as
many infants of the unsupplemented group weighed
< 2500 g at birth and had significantly lower reti-
nol-binding protein concentrations than did infants
of the supplemented mothers.

Brunvard et al®¢ followed 30 pregnant Pakistani
women who were free of chronic diseases and had
uncomplicated pregnancies. Nearly all of the wom-
en had low (< 15 ng/ml) circulating 25(OH)D con-
centrations, and nearly 50% exhibited secondary
hyperparathyroidism. The maternal circulating
parathyroid hormone concentration was inversely
related to the neonatal crown-heel length. These au-
thors concluded that maternal vitamin D deficiency
affected fetal growth through an effect on maternal
calcium homeostasis.

Similar effects of vitamin D status on fetal gro-
wth were found in a more recent study by Hashe-
mipour et al” in their randomized controlled trial
of 160 healthy pregnant women, of whom 81% were
vitamin D deficient at baseline. This team of inves-
tigators based in Iran studied the effect of vitamin
D administration on maternal and neonatal serum
calcium and vitamin D concentrations. Women were
randomized to receive a daily multivitamin contain-
ing 400 IU plus 200 mg elemental calcium (control
group) vs. 50,000 IU oral vitamin D, every 2 weeks
for a total of 8 weeks starting at 26-28 weeks of ges-
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tation as well as the daily intervention given to the
control group (average daily total of 3971 IU/day).
At delivery, maternal 25(0OH)D was significantly
higher in the intervention group. Maternal weight
gain during pregnancy was greater in the inven-
tion group and significantly correlated with serum
25(0OH)D and inversely correlated with BMI at the
time of enrollment. Growth parameters in the ne-
onates of mothers in the intervention group were
significantly greater than neonates in the control
group, effects that persisted even after controlling
for other maternal factors such as age, BMI, gravidi-
ty and gestational age at delivery. These findings are
supported by earlier as well as more recent stud-
ies: Marya et al'* in 1988 and Kalra, et al™ in 2012
showed improved growth effects of vitamin D inter-
ventions as a function of timing during gestation as
either a single large bolus of vitamin D given in the
second trimester or two boluses during the second
and third trimesters. In contrast, Mallet et al, who
randomized women to receive 0, 200 or 1000 IU
vitamin D/day showed no effect on neonatal weight.
Based on the aforementioned studies, it would ap-
pear that the baseline starting 25(OH)D and the re-
sulting 25(OH)D concentration that is achieved are
the two predictors of fetal growth effect. There may
be a threshold 25(OH)D concentration above which
no further effect is seen in neonatal growth. In both
the NICHD and Thrasher Research Fund trials,
there were no differences in neonatal anthropomet-
ric measures, as a function of maternal vitamin D
treatment, but those studies where profound defi-
ciency was found and then corrected appeared to
have the greatest effect on neonatal growth indices.
In a recent systematic review and meta-analysis by
Thorne-Lyman and Fawzi!” that assessed the asso-
ciation between vitamin D status during pregnancy
and maternal, neonatal and infant health outcomes,
there was suggestion that vitamin D has a protec-
tive effect on low birth weight (three trials, risk ratio
(RR) =0.40 [95% confidence interval [CI] 0.23, 0.71]).
There was a trend where daily supplementation led
to fewer small-for-gestational age (SGA) infants, but
this did not reach significance. There were only two
trials that met criteria for inclusion in the analysis
for preterm delivery, and there was no effect not-
ed as a function of vitamin D supplementation. The
conclusion was that there remains little evidence
from trials to evaluate the effect of vitamin D supple-
mentation during pregnancy on maternal, perinatal
and infant health outcomes'”. This was the conclu-
sion of a recent meta-analysis by the World Health
Organization as well”>. Both meta-analyses suggest
that more clinical data is necessary to ascertain the
true effect of vitamin D on the mother and her de-
veloping fetus.

In an attempt to uncover potential effects of vita-
min D during pregnancy with a greater sample size
and thus power to detect differences, the NICHD*®
and Thrasher Research Fund® vitamin D pregnan-
cy trials’ data were combined and then analyzed
on an intent-to-treat basis®. The studies had used
a common data dictionary, questionnaires, and
vitamin D dispensed from the same lot number.
In the combined cohort, there were 110 in the 400
IU group, 201 in the 2000 IU group, and 193 in the
4000 IU group. No differences between groups in
baseline 25(0OH)D were found; however, delivery and
cord blood values were greater in the 4000 IU group
(p < 0.0001), an effect that persisted even after con-
trolling for race and study. While maternal supple-
mentation with vitamin D at 2000 and 4000 IU/d
during pregnancy improved maternal/neonatal vi-
tamin D status, a greater percent were vitamin D
replete throughout pregnancy in the 4000 IU group
(p < 0.0001)%8. There was a trend where the 4000
IU group had decreased rates of comorbidities of
pregnancy. Evidence of risk reduction in infection,
preterm labor, and preterm birth was suggestive,
requiring additional studies powered for these end-
points.

It is important to note that more than a third of the
women in both the NICHD and the Thrasher Re-
search Fund vitamin D pregnancy trials did not take
their vitamin D supplement, which impacted the in-
tent-to-treat analysis. When the combined datasets
were analyzed on the basis of 25(0OH)D at various
timepoints during pregnancy, there emerged stron-
ger health associations with vitamin D%: After con-
trolling for race and study site, preterm birth and
labor were inversely associated with predelivery and
mean 25(OH)D, but not baseline 25(OH)D. There
was a strong association between comorbidities of
pregnancy and final maternal 25(0OH)D; an effect
that persisted even after controlling for race and
study (p = 0.006). Furthermore, for every 10 ng/mL
increase in maternal 25(OH)D at delivery resulted in
reduced odds of infection and preterm birth with-
out preeclampsia, but these did not reach statisti-
cal significance. When the four main comorbidities
of pregnancy were combined, for every 10 ng/mL
increase in maternal 25(OH)D at delivery, the odds
ratio was reduced to 0.84 (p = 0.006). Maternal de-
livery 25(0OH)D was inversely associated with any
comorbidity of pregnancy, with fewer events as
25(0OH)D increased.

Soheilykhah et al.”®, studied varying doses of vita-
min D during pregnancy and their effect on insu-
lin resistance. In their initial case-control study,
54 Iranian women with diagnosed gestational dia-
betes mellitus (GDM) and 39 women with 1 abnor-
mal oral glucose tolerance test (Impaired Glucose
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Tolerance; IGT) were compared with 111 non-GDM
control women in whom GDM was excluded by glu-
cose challenge test. Controls were matched for ges-
tational age, age, and body mass index with both
the IGT and GDM groups. Maternal serum 25(OH)D
in GDM and IGT groups at 24-28 weeks of gesta-
tion were significantly lower than non-GDM con-
trols (p = 0.001); 83% of GDM compared with 71%
of controls met the definition of vitamin D deficiency
(<20 ng/mL; p = 0.03), and in fact, women with
GDM had a 2.7-fold increased risk of significant de-
ficiency defined as 25(0OH)D <15 ng/mL) compared
with the control group. In comparison, in an obser-
vational, cross-sectional study by Whitelaw et al in
the UK involving 1467 women, of whom 137 devel-
oped gestational diabetes, there was only a weak
association between 25(OH)D and fasting plasma
glucose but not with fasting insulin, post-challenge
glucose. The issue is that 81% of the cohort met the
definition of vitamin D deficiency (25(0OH)D < 20 ng/
mL) making it difficult to discern those with gesta-
tional diabetes with and without vitamin D deficien-
cy. In addition, of the 137 women, 114 women had
raised post-challenge glucose only, 6 with raised
fasting only and 17 with both being abnormal. It
is only with a prospective, interventional trial that
the issue of vitamin D’s effect on insulin resistance
and the development of gestational diabetes can be
properly addressed.

Going beyond the observational trials, Soheilykhah
et al.”’, again studied the effects of different doses of
vitamin D on insulin resistance during pregnancy.
Women (n = 120) less than 12 weeks of gestation
were randomized into three treatment groups: Group
A: 200 IU vitamin D daily (control group); Group B:
50,000 IU vitamin D monthly; and Group C: 50,000
IU vitamin D every 2 weeks until delivery. The se-
rum levels of fasting blood sugar (FBS), insulin, cal-
cium and 25(OH)D were measured before and after
intervention, and the homeostatic model assess-
ment of insulin resistance (HOMA-IR) as a surro-
gate measure of insulin resistance. Serum 25(OH)D
increased most dramatically in group C from 7.3
to 34.1 ng/ml; to a slightly less extent in group B
from 7.3 to 27.2 ng/ml; group A, however, had only
a slight increase from 8.3 to 17.7 ng/ml (p < 0.001).
The mean differences of insulin and HOMA-IR be-
fore and after intervention in groups A and C were
significant (p = 0.01, p = 0.02, respectively). The
results of this study suggest that supplementation
of pregnant women with 50,000 IU vitamin D every
2 weeks improved insulin resistance significantly.
This is one of the first reports of how vitamin D ad-
ministered during pregnancy impacts outcome.
What is set into motion during pregnancy continues
during lactation. If a mother is vitamin D deficient

during pregnancy then her developing fetus will be
deficient, and so, too will her newborn infant?378-81,
Neonatal total circulating 25(OH)D at delivery is
0.7-0.8 that of maternal 25(OH)D*8. The problems
of deficiency that manifest during pregnancy be-
come compounded during lactation: as the mother
who is providing breast milk to her newborn infant,
remains deficient, her breast milk is deficient, and
her infant can only receive a certain amount of vita-
min D that is far below what is necessary to achieve
sufficiency. The stage is set for profound vitamin D
deficiency in the infant. In the next section, we dis-
cuss these and other issues surrounding vitamin D
sufficiency during lactation for both the mother and
her breastfeeding infant.

Vitamin D Requirements during Lactation
For the past three decades, it has been maintained
that human milk is “marginally sufficient” in vita-
min D necessitating supplementation of breastfed
infants?42:%2-84 Initial work on the vitamin D content
of human milk first measured only the 25(OH)D moi-
ety, and thus, showed it to be woefully inadequate in
vitamin D®. At that time the parent vitamin D could
not be measured due to inadequate methodolo-
gy®®#7. The main moiety transferred into breast milk
is not 25(OH)D, however, but rather vitamin D itself.
The basic problem, though, has been that when
studying breast milk, typically there has been little
circulating vitamin D in the mothers because they
had poor oral intake and limited UV exposure??, im-
pacting on what was measured in the breast milk:
when mother herself is vitamin D deficient, there
is little vitamin D for transfer into the mother’s
milk?3787988  This led to an incorrect premise about
human milk as being “marginally sufficient”®, which
was corrected only when experiments demonstrat-
ing that both UV exposure and increased maternal
vitamin D supplementation could produce profound
increases in both circulating and milk concentra-
tions of vitamin D but minimal changes in concen-
trations of 25(OH)D8%%°.

Additional insight into the transfer of vitamin D into
breast milk came from the work of Greer and Hollis
(1984). They studied a hypoparathyroid patient tak-
ing 100,000 IU/d vitamin D, who went through two
normal pregnancies and deliveries, and breastfed
her infants. Her milk contained nearly 8,000 IU/L
of antirachitic activity, mostly as vitamin D, with
relatively little 25(OH)D, content®. This mother’s
milk contained vitamin D, at 28% of the circulat-
ing concentration as compared to 25(0H)D,, which
was found at only 1.3% of the circulating concentra-
tion?°, an observation confirmed in lactating women
with “normal” vitamin D status®!. Thus, it was clear
that the parent compound is transferred from ma-
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ternal circulation into her breast milk much more
efficiently than 25(OH)D. The following relationship
has been observed: for every 1,000 IU/d vitamin D,
provided to a lactating woman, about 80 IU/liter
will appear in her breast milk*. Thus, to provide
400-500 IU/day for their infants, nursing moth-
ers appear to require 6,000 IU/day of vitamin D,.
It was only recently that this premise was test-
ed™892 Prior to this NICHD vitamin D lactation
trial, recommended intakes for nursing mothers
were 400 IU/d and intakes above 2,000 IU/d were
considered harmful?. For this reason, for more than
a decade, vitamin D supplementation of the breast-
feeding infant has been recommended®>°3.

Infant supplementation with 400 IU vitamin D,/day
will achieve sufficiency in the vast majority of in-
fants if mother is adherent to supplementation.
Maternal supplementation varies by country and
by community. In a large US study of infant feeding
practices by Perrine et al, adherence to the American
Academy of Pediatrics’ recommendation (that all in-
fants receiving less than one liter of formula per day
should receive 400 IU/day vitamin D) fell far below
even 20%%. In comparison, adherence among moth-
ers in British Columbia, Canada showed that of the
90% of infants who were receiving breast milk at 2
months of age, 80% were also receiving vitamin D
supplementation®. This approach addresses the
needs of the breastfeeding infant without taking into
account the needs of the lactating mother, nor does
it address why maternal milk is “marginally suffi-
cient” or even deficient in vitamin D.

To address the issue of vitamin D sufficiency in both
mother and her breastfeeding infant, two vitamin D
trials involving lactating women and their infants
overseen by Hollis and Wagner”" provided pilot data
and paved the way for a larger two-site NICHD vita-
min D supplementation during lactation trial®*°2. The
first pilot study was designed to establish vitamin D
transfer from the mother to her milk and then to her
recipient fully breastfeeding infant. Women were ran-
domized to receive either 1600 or 3600 IU vitamin D,
plus continue to take their prenatal vitamin contain-
ing 400 IU vitamin D, for a total of either 2000 or
4000 IU vitamin D per day. Both mother and infant
were followed for three months. It was found that
women taking the 4000 IU/day regimen had better
vitamin D status, higher milk antirachitic activity,
and that their recipient infants had higher 25(0OH)D,
concentrations than those in the 2000 IU group. The
study confirmed that the vitamin D moiety that pass-
es most freely into breast milk is not 25(OH)D but
rather, vitamin D itself. In addition, it was learned
that 4000 IU/day vitamin D was not sufficient to
achieve adequate vitamin D concentrations in the
milk. This led to the second pilot study by our group.

In the second pilot study by Hollis and Wagner
et al”, women (n = 19) were randomized to either
400 TU or 6400 IU/day vitamin D,/day. Infants
whose mothers were in the 400 IU group received
300 IU vitamin D/day while the infants whose
mothers were in the 6400 IU group received place-
bo. The findings were as predicted: women in the
6400 IU group achieved higher total circulating
25(0H)D concentrations than those in the 400 IU
group. Specifically, 6,400 [U/day vitamin D, safely
and significantly increased maternal circulating
25(0H)D and vitamin D from baseline compared to
controls (p < 0.0028 and 0.0043, respectively). Mean
milk antirachitic activity of mothers receiving 400 IU
vitamin D/day decreased to a nadir of 46 IU/L
at visit 4 and varied little during the study period
(46-79 1IU/L) while the mean activity in the 6,400
IU/day group increased from 82 to 873 IU/L
(p < 0.0003). Another important finding was that
during the fall and winter months with limited
sun exposure, an intake of 400 IU/day vitamin D,
did not sustain circulating maternal 25(OH)D, and
thus, supplied only extremely limited amounts of
vitamin D to the nursing infant via breast milk.
The infants did not differ in their vitamin D status:
both the vitamin D supplemented infants and those
whose sole source of vitamin D was their mothers’
breast milk (the maternal 6400 IU group) achieved
similar 25(0OH)D concentrations at 4 and 7 months
of age. There was no toxicity associated with the
higher vitamin D dosing; however, the sample size
was small. To ascertain both safety and effective-
ness, a two-site comparative effectiveness trial
sponsored by NICHD was conducted in 2006-2012.
Some studies challenge the concept that maternal
vitamin D supplementation should be daily rather
than sporadic as a bolus. The main issue with ma-
ternal daily dosing is adherence. In some areas of
the world, maternal adherence to daily supplements
is less than 40%°% and in other areas-greater than
90%"°°. Bolus dosing has the advantage of being giv-
en in a clinic where one can assure 100% adher-
ence. Saadi et al”’, first evaluated the effectiveness
of daily vitamin D (2000 IU/day) vs. monthly (60,000
IU) in a group of healthy breastfeeding mothers
(n = 90) and a group of nulliparous women (n = 88).
The mothers and nulliparous women who received
daily vs. monthly vitamin D had comparable 25(OH)D
by the end of 3-month study period; however, on
both dosing schedules, there was persistent, signif-
icant vitamin D deficiency noted®”. In a follow-up
study by the same group®®, healthy breastfeeding
mothers (n = 90) again were randomized to receive
either 2000 1U/day vitamin D, or monthly boluses
of 60,000 IU vitamin D,. All of their infants (n = 92)
received 400 IU daily of vitamin D, for the 3-month
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study period. Most infants had baseline 25(OH)D
< 15 ng/mL (< 37.5 nmol/L); however, at the end
of the 3-month study period, serum 25(OH)D con-
centrations had increased significantly from baseli-
ne in both groups. Milk antirachitic activity incre-
ased from undetectable (< 20 IU/L) to a median of
50.9 IU/L. The authors concluded that combined
maternal (either the daily or monthly dosing schedu-
les) and infant daily supplementation was associated
with a threefold increase in infant serum 25(OH)D
concentrations and a 64% reduction in the prevalen-
ce of vitamin D deficiency without causing hypervi-
taminosis D in either group.

A recent study by Oberhelman et al®®, compared
a single monthly supplement to a daily maternal
supplement in increasing breast milk vitamin D
to achieve the endpoint of vitamin D sufficiency in
their infants. Exclusively breastfeeding mothers
(n = 40) were randomized to receive 5000 IU/d
of vitamin D, for 28 days or 150,000 IU once and
were followed prospectively for 28 days. In mothers
given daily cholecalciferol, concentrations of serum
and breast milk cholecalciferol attained steady con-
centrations of 18 and 8 ng/mlL, respectively, from
day 3 through 28. In mothers given the single dose,
serum and breast milk cholecalciferol (vitamin D)
peaked at 160 and 40 ng/mL, respectively, at day
1 before rapidly declining. Maternal milk and se-
rum cholecalciferol concentrations were related
(r=0.87). Infant mean serum 25(OH)D concentration
increased from 16.9 to 39.2 ng/mL in the single-dose
group and from 16.3 to 38.7 ng/mL in the daily-dose
group (p = 0.88). All infants achieved serum 25(OH)D
concentrations of >20 ng/mL. The conclusion of
this team of investigators was that either single-do-
se or daily-dose cholecalciferol supplementation of
mothers provided breast milk concentrations that
resulted in vitamin D sufficiency in breastfed infants.
While the sample size was small and the follow-up
was through 28 days, the findings are provocative.
Preliminary results from the NICHD two-site vita-
min D supplementation during lactation trial sug-
gest that maternal vitamin D supplementation with
6400 IU/day is safe and effective in achieving vita-
min D sufficiency in the exclusively breastfed infant
and comparable to what is achieved when an exclusi-
vely breastfed infant is receiving 400 IU vitamin D,/
day as a supplement®°2. In this study, 476 mother/
infant dyads were enrolled and randomized into
three treatment groups: 206 in the 400 IU group, 71
in 2400 IU group, and 199 in 6400 IU group. 2400
IU group was stopped in 2009 as that treatment fa-
iled to increase infant 25(OH)D concentrations resul-
ting in a higher number of infants in that treatment
arm with vitamin D deficiency (<20 ng/mL): 31% in
the 2400 IU group vs. 6% in 400 IU group and 5%

in 6000 IU group. In the two remaining groups
(400 IU vs. 6400 IU), maternal vitamin D status at
baseline differed by race/ethnicity, education, SES
and by latitude, but not by treatment; baseline
maternal 25(OH)D concentrations were 29 ng/mL
in the 400 IU group vs. 30 ng/mL in the 6400 IU
group (p = 0.1). Of the 177 mothers who continued
to fully breastfeed through 7 months (n = 83, 400
IU group; n = 94, 6400 IU group), as early as two
months into treatment, maternal 25(OH)D diffe-
red between the two groups that was sustained to
7-months postpartum (p < 0.0001). As predicted, ho-
wever, there were no differences in infant 25(0OH)D
concentration by treatment: 45 ng/mL in the 400
IU groups vs. 43 ng/mL in the 6400 IU group
(p = 0.4). No differences in any of the safety measures
by treatment (serum calcium, phosphorus, and uri-
nary calcium/creatinine) were noted in the mothers
and infants, except in 25(0OH)D concentration. Thus,
preliminary analyses from this study support the
premise that maternal vitamin D supplementation
with 6400 IU/day alone safely improved maternal
vitamin D status during 6-months of full breastfe-
eding and was equivalent to maternal/infant vitamin
D supplementation of 400 IU/d in achieving infant
vitamin D sufficiency. Such findings have implica-
tions for vitamin D recommendations for both the
mother and her infant during lactation.

Of interest are the factors that predict maternal and
infant vitamin D status during lactation. Utilizing
the NICHD vitamin D lactation study data descri-
bed earlier, a series of preliminary separate analy-
ses were undertaken to determine which factors in-
dependently predicted maternal and infant vitamin
D status in women living at two diverse latitudes:
Charleston, SC (320N) and Rochester, NY (43.20N)%°.
In multiple regression models predicting 25(OH)D
after controlling for race, insurance status, vita-
min D dose at baseline, education, and acute ma-
ternal illness during the past month, the factors
that were independently positively associated with
baseline maternal 25(0OH)D were being Caucasian
(p < 0.0001), privately insured (p < 0.0001) and su-
mmer season (p = 0.0008). When predicting baseline
infant 25(0OH)D, only season (p < 0.0001) and lati-
tude (p = 0.024) were independently positively asso-
ciated. At 7 months of lactation, maternal 25(OH)D
was positively associated with being Caucasian
(p = 0.0051), privately insured (p = 0.037), and
with the higher dose of 6400 IU/day (p < 0.0001).
At 7 months, infant 25(OH)D was independently as-
sociated with race (p = 0.02), but not maternal edu-
cation, treatment, race, latitude or insurance status.
The strongest predictor in both mother and her bre-
astfeeding infant during sustained lactation was ma-
ternal supplementation with 6400 IU/day.
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There is compelling evidence that suggests if mother
isvitamin D replete and has total circulating 25(OH)D
concentrations that are in the range of women who
have ample sunlight exposure that her milk antira-
chitic activity will be sufficient to provide adequate
concentrations of vitamin D to her recipient infant,
foregoing the need for infant vitamin D supplemen-
tation. The work of Hollis and Wagner et al, Saadi
et al, and Oberhelman independently support this
premise. It is essential that women who choose to
breastfeed are aware of their options in achieving
vitamin D sufficiency not only for their breastfeed-
ing infants but also for themselves.

Summary

The vitamin D requirements during pregnancy must
take into account the needs not only of the moth-
er but also that of her developing fetus. This rela-
tionship continues during lactation such that the
mother becomes the sole source of vitamin D for
her unsupplemented breastfeeding infant. Whereas
in pregnancy, there is a direct relationship between
total circulating 25(0OH)D and 1,25(0OH),D, such
a relationship is not seen during lactation or any
other time during the lifecycle. To optimize the con-
version of 25(0OH)D to 1,25(0OH),D, a woman should
attain a 25(0OH)D concentration of at least 40 ng/mL
(100 nmol/L) during pregnancy.

The impact of vitamin D deficiency on the health
of the pregnant woman and her developing fetus is
just beginning to be understood. At the very least,
a woman should attain a 25(OH)D concentra-
tion that will allow her to have optimal conversion
of 1,25(0OH),D, the active hormone that is more than
twice the concentration during pregnancy than it is
during the nonpregnant state.

It is clear from work conducted during the past three
decades that human milk can and is often deficient
in vitamin D. This is not because there is something
inherently wrong or bad with human milk; rather,
it is a reflection of maternal vitamin D status. Moth-
er is the reservoir of vitamin D for her breastfeeding
infant; if she is deficient, so too will her infant be
deficient. Therefore, during lactation, for a mother
to have adequate transfer of vitamin D in her breast
milk and thus to her recipient breastfeeding infant,
mother should attain a 25(OH)D concentration of at
least 45 ng/mL, a concentration consistently and
safely achieved on a daily vitamin D supplement of
6000 IU.

While much remains to be learned about vita-
min D’s health effects during pregnancy on mother
and developing fetus in the short term as well as the
long-term, it is reasonable to recommend that no
pregnant woman should be vitamin D deficient nor
she should have suboptimal 25(OH)D substrate, the

essential precursor to 1,25(0H),D. Similarly, lactat-
ing woman should receive adequate vitamin D to
ensure that her milk has ample vitamin D for her
breastfeeding infant. As more intensive research is
conducted to understand vitamin D’s effect on im-
mune function and health, our recommendations
will be expanded and refined. =

Bruce W. Hollis, Ph.D.

B Medical University of South Carolina
165 Ashley Avenue MSC 917

Charleston, SC 29425

hollisb@musc.edu
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25-hydroxyvitamin D insufficiency in
extraskeletal diseases

Niedobor 25-hydroksywitaminy D w schorzeniach pozaszkieletowych

Grazyna Odrowaz-Sypniewska, Katarzyna Bergmann, Joanna Siédmiak, Aneta Mankowska-Cyl

Department of Laboratory Medicine, Nicolaus Copernicus University in Torun, Collegium Medicum in Bydgoszcz, Poland

ABSTRACT

There have been up to now numerous studies showing an association between decreased 25-hydroxyvitamin D levels in the blood and the risks of several

extraskeletal complications such as cardiovascular and autoimmune diseases, and cancer.

Aims: The relationship of vitamin D with extraskeletal diseasess is of major interest considering its roles in key biological processes and the high prevalence of

vitamin D deficiency worldwide. Most of studies investigating associations between vitamin D and diseases use measurement of a single metabolite 25(0OH)D.

This short review presents some recent data on vitamin D insufficiency/deficiency in cancer, cardiovascular diseases, obesity, lung diseases and diabetes

relating them to our own findings based on the studies performed in patients with ovarian cancer, nontreated hypertension, atopic asthma, subjects with

metabolic syndrome and hyperglycemia.

Conclusions:

1. Understanding of the functions for vitamin D in extraskeletal complications is growing quickly. However, the causal relationships between vitamin D
and most extraskeletal diseases are weak. This may be due to the fact that measuring only 25(0OH)D will give an incomplete picture that may or may not
correlate with function in disease. Therefore continuing further research quantifying the levels of different vitamin D metabolites is necessary to learn
more about the real contribution of vitamin D compounds to the pathogenesis of extraskeletal diseases.

2. The recent systematic reviews and meta-analysis on vitamin D supplementation have shown that there is not enough evidence yet, confirming or ruling
out beneficial effects of supplementation.

3. Until no consensus on vitamin D supplementation is reached it seems reasonable to consider 25(0H)D monitoring to ensure sufficiency.
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STRESZCZENIE

W licznych badaniach wykazano zwigzek miedzy obnizonym stezeniem 25-hydroksywitaminy D we krwi a ryzykiem wystapienia powikfan pozaszkieleto-

wych, takich jak choroby sercowo-naczyniowe, choroby o podtozu autoimmunizacyjnym i choroby nowotworowe.

Cel pracy: Ocena zwigzku miedzy stezeniem witaminy D a chorobami pozaszkieletowymi jest istotna ze wzgledu na jej kluczowg role w procesach biolo-

gicznych i powszechne wystepowanie niedoboru witaminy D w populacji. Wiekszos¢ badan, w ktérych analizowano zaleznosci miedzy stezeniem witaminy

D a réznymi chorobami, opiera sie na oznaczaniu pojedynczego metabolitu - 25(0H)D. Ponizsza praca przegladowa prezentuje najnowsze dane dotyczace

zwigzkédw miedzy niedoborem witaminy D a chorobami nowotworowymi, sercowo-naczyniowymi, chorobami ptuc i cukrzyca w odniesieniu do wynikéw

badan wiasnych przeprowadzonych u pacjentek z rakiem jajnika, pacjentéw z nieleczonym nadcisnieniem tetniczym, astma atopowa, zespotem metabo-
licznym i hiperglikemia.

Whioski:

1. Wiedza na temat funkcji witaminy D w chorobach pozaszkieletowych jest coraz petniejsza, jednak poznane dotychczas zaleznosci przyczynowo-skutko-
we nie 53 silne, choc istotne statystycznie. Przyczyng moze by¢ fakt pomiaru tylko jednego metabolitu (25(0H)D) dla oceny statusu witaminy D, co nie
w petni odzwierciedla okreslona patologie. Sugeruje sie, ze w celu lepszego poznania roli witaminy D w patogenezie chordb pozaszkieletowych koniecz-
ne jest oznaczanie stezenia réznych metabolitéw witaminy D.

2. Najnowsze prace przegladowe oraz metaanalizy dotyczace efektéw suplementacji witaming D nie potwierdzity w sposéb przekonujacy ani nie wykluczy-
ty korzystnego wptywu suplementacji. Dopdki nie zostanie osiggniety konsensus w tej kwestii, zaleca sie monitorowanie stezenia 25(0H)D we krwi, aby
wykluczy¢ jej niedobér. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SEOWA KLUCZOWE: m CHOROBY POZASZKIELETOWE m METABOLITY WITAMINY D ® SUPLEMENTACJA WITAMINA D

Introduction

Vitamin D plays a key role in calcium homeostasis and in different cells like activated T cells, cardiomy-
however, may also have several extraskeletal effects. ocytes, cardiac fibroblasts, vascular smooth muscle
The presence of vitamin D receptor (VDR) in differ- cells, vascular endothelial cells and cancer cells led to
ent organs such as skin, placenta, pancreas, muscles several efforts aiming elucidation of the role and me-
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chanisms of action of vitamin D in different tissues.
The major form of circulating vitamin D in humans
is 25(0OH)D, which is hydroxylated to active metaboli-
te 1,25(0OH),D, in the kidney or other tissues. 25-hy-
droxyvitamin D insufficiency is highly prevalent in
general population and presents a serious public
health problem'. There are various vitamin D insu-
ficiency manifestations including osteoporosis and
propensity to fall, cancer, cardiovascular diseases
and hypertension. In addition vitamin D is related to
obesity and metabolic syndrome and its concentra-
tion is associated with lung function in patients with
asthma and chronic obstructive pulmonary disease.

Vitamin D insufficiency and cancer

People exposed to the sunlight seem less likely to
develop cancer thus the possible association of cir-
culating 25(0OH)D levels with cancer was evaluated
in many studies?. Recent reports from the animal mo-
dels have indicated that active vitamin D metabolite
may inhibit cancer progression. It has been suggested
that 1,25(0H),D, may act to inhibit growth of human
breast cancer cells®. These findings indicate for the
possibilities of new therapies in humans*.

Most of earlier studies concerned the association
of vitamin D level with breast, colon and prostate
cancer, only a few concerned the association with
ovarian cancer. In patients with epithelial ovarian
cancer, aged 37-79, who undergone optimal cytore-
ductive surgery the pre-surgery concentration of se-
rum 25(0OH)D, was measured. Mean level of 25(0H)D,
in women with cancer was in the range of deficiency
(12.5£7.75 ng/mL) and significantly lower than in the
age-matched women without cancer®. There was no
correlation of serum 25(0H)D, with clinical features
such as histological subtype, grading, FIGO stage and
menopausal status. In the subgroup of patients with
25(OH)D, level over 10 ng/mL overall 5-year survi-
val rate was significantly higher compared to women
with severe vitamin D deficiency (concentration below
10 ng/mL). It was concluded that very low 25(0OH)D,
concentration associated with lower overall survival
rate might suggest for the important role of severe de-
ficiency in more aggressive course of ovarian cancer.
Moreover, it was indicated that testing for 25(OH)D
in the standard procedure could help to find ovarian
cancer patients with worse prognosis, who would be-
nefit of special attention and supplementation?®.

In general, no association was reported on the effect of
treatment of vitamin D deficiency on the risk for can-
cer. However, recent recommendations of the US Pre-
ventive Services Task Force on the use of vitamin D
supplementation for the prevention in populations
at high risk of cardiovascular diseases and cancer
address supplementation without first determining
a vitamin D status®.

Vitamin D insufficiency and cardiovascular
diseases

Vitamin D may play a significant role in the car-
diovascular system. Vitamin D receptor was found
in cardiomyocytes and cardiac fibroblasts, vascular
smooth muscle cells and vascular endothelial cel-
lIs. Several cardiovascular disorders were associa-
ted with insuficient/deficient serum 25(OH)D levels.
Interestingly, the mouse model with complete de-
letion of VDR gene showed hypertension with incre-
ased renin concentration and cardiac hypertrophy”.
Data from observational, cross-sectional and, most
but not all, prospective studies show that low se-
rum 25-hydroxyvitamin D concentration is associa-
ted with higher risk of hypertension®°. The mecha-
nism underlying the inverse association of 25(OH)D
concentrations with blood pressure is not well un-
derstood and seems to involve not only regulation
of renin-angiotensin-aldosterone system but also
stimulation of systemic and vascular inflammation,
increase of insulin resistance and the expression
of the natriuretic peptide receptor!®. Epidemiologic
and experimental data have suggested that low level
of 25(0OH)D may lead to vascular smooth muscle cell
proliferation, endothelial cell dysfunction, vascular
and myocardial cell calcification''. Gardner et al cre-
ated a mouse with selective deletion of the VDR gene
in vascular endothelial cells. They demonstrated that
this mouse displayed many features normally asso-
ciated with endothelial dysfunction'?.

Sypniewska et al evaluated the associations of
25(0H)D level with biomarkers of endothelial dys-
function (CRP, ICAM), subclinical organ damage
(PWV, IMT) and insulin resistance in adults with ne-
wly diagnosed non-treated hypertension'®. The study
was performed in adults with normal blood pressure
and subjects with diagnosed hypertension. Patients
were classified based on ambulatory blood pressu-
re (BP) monitoring. In all subjects laboratory assays,
echocardiography, pulse wave velocity (PWV), intima-
media thickness (IMT), left-ventricular mass (LVM)
measurements were performed. Serum 25(OH)D,
was significantly lower in patients with hyperten-
sion than in the reference group. In the study gro-
up 63.6% had 25(0OH)D, in the range of deficiency
(<20 ng/mlL), 58.1% had increased PWV, 41.8% in-
sulin resistance. 25-hydroxyvitamin D, concentra-
tion in the study group correlated weakly but signifi-
cantly with systolic BP (r=-0.39), PWV, IMT (r=-0.33)
and diastolic BP (r=-0.26). Multiple linear regression
analysis in the hypertensive group has shown that
25(0OH)D, and intercellular adhesion molecule (ICAM)
explained 25% of systolic BP variation. 25(0H)D, and
either PWV or IMT explained 21% and 23% of SBP
variation. It was concluded that theimpact of 25(0OH)D,
on systolic blood pressure variation, mediated by its
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effect on endothelial dysfunction and subclinical or-
gan damage, is modest but significant.

Vitamin D insufficiency and metabolic
syndrome

Very interesting is the role of active vitamin D me-
tabolite 1,25(0OH),D, in adipose tissue metabolism®.
Vitamin D insufficiency has been found in young
women, aged 25-40, with excessive body mass and
metabolic syndrome, in addition 25(0OH)D, corre-
lated inversely with insulin resistance and blood
pressure [Mankowska-Cyl unpublished study]. It
was suggested that vitamin D insufficiency (<30 ng/
mL) can be a predictor of the occurrence of metabo-
lic disturbances in young women with overweight
and obesity.

With the use of mouse model the mechanism of vi-
tamin D action on adipocytes was partly elucidated.
It was shown that 1,25(0OH),D, induced intracellu-
lar calcium ions signal which initiated apoptosis
in adipocytes!*. These observations, if confirmed
in humans, may indicate on the new approach for
the treatment of obesity. However the adequate and
safe doses of vitamin D and calcium have to be esta-
blished for obese individuals.

Vitamin D insufficiency and pulmonary
diseases

Vitamin D insufficiency may be associated with re-
spiratory infections and possibly airway remodeling.
In epidemiological studies 25-hydroxyvitamin D defi-
ciency was suggested to be related to the development
of asthma and the frequency of asthma symptoms'®.
Vitamin D deficiency may weaken pulmonary defens-
es against respiratory infections, and this would con-
tribute to the triggering of asthma exacerbations. The
evaluation of the relationship between asthma and vi-
tamin D deficiency must take into consideration sev-
eral aspects, such as the association with increased
airway responsiveness, higher eosinophil counts and
serum IgE levels, and the potential role of 25(0OH)D in
airway remodeling. This process occurs early in asth-
ma, as a consequence of the production of media-
tors and growth factors by inflammatory and resident
bronchial cells. The association of airway remodeling
with low vitamin D concentrations was observed in
severe and therapy-resistant pediatric asthma'®!’. As
25(OH)D insufficiency/ deficiency is highly prevalent
in pediatric population!®!, we aimed to elucidate the
association of serum 25-hydroxyvitamin D level with
markers of eosinophilic inflammation and airway re-
modeling?. The association of serum 25(OH)D with
peripheral blood eosinophil counts, serum IgE and
periostin (a potential surrogate marker of airway re-
modeling) was assessed in 110 children, aged 2-12
yrs, with newly diagnosed untreated asthma.

In children with atopic asthma significantly lower
25(0H)D, elevated IgE concentrations, and eosino-
phil counts were found compared to the age-matched
reference group (p<0.0001). Decreased levels of vita-
min D (<30 ng/mL) had no effect on eosinophilia in
asthmatic children. IgE significantly increased eo-
sinophilia but the effect of periostin was very small
though significant. Serum periostin and CRP were
higher in 25(OH)D-deficient children with atopic
asthma (<20 ng/mlL) (p=0.018; p=0.032) compared
to the sufficient ones. Multivariate models, including
25(OH)D, CRP, BMI (body mass index), age, and sex,
were statistically significant and accounted for 7% of
periostin variation in asthmatics. Only 25(OH)D con-
tributed significantly to the models. It was concluded
that in children with newly diagnosed atopic asthma
25(0OH)D has a small though significant influence on
periostin but no direct effect on eosinophilia. Thus
vitamin D may be considered to play a role in early
airway remodeling in childhood asthma?.

The association between vitamin D and lung func-
tion was also assessed in patients with chronic ob-
structive pulmonary disease (COPD). The prevalence
of 25(0OH)D, deficiency (<20 ng/mL) was found to be
very high (58%) in COPD patients?'. Mean vitamin D
concentration and vitamin D level in deficient COPD
patients correlated with lung function parameters.
Multivariate analysis revealed that vitamin D was in-
dependently associated only with two, out of three
assessed parameters, forced expiratory volume in 1
sec and diffusing capacity of the lung®. On the basis
of these results it was suggested that vitamin D plays
a role in the lung pathology of COPD patients.

Vitamin D insufficiency and type 2 diabetes
In humans vitamin D insufficiency may be related to
the risk of type 2 diabetes as the vitamin D receptor
was found in pancreatic beta-cells. The inverse rela-
tionship between vitamin D level and hyperglycemia
was found in several studies??. The evidence, how-
ever is lacking, from intervention studies, whether
vitamin D directly contributes to the pathogenesis of
diabetes and thus may be essential in the prevention
and treatment of the disease®*.

The predictive value of glycated hemoglobin (HbA1lc)
as a risk factor for diabetes and cardiovascular dis-
ease was evaluated in young normoglycemic subjects
in the 3-years follow-up study. The study included
122 non-smoking, non-obese (BMI <30 kg/m?) in-
dividuals, aged 25-40 years, with normal fasting
glucose (60-99 mg/dl)?%. At baseline, mean 25-hy-
droxyvitamin D level in the study subjects was in the
range of deficiency (12,7-25,4 ng/ml) and was simi-
lar after 3 years follow-up period (13,1-25,6 ng/ml).
25-hydroxyvitamin D insufficiency (<30 ng/ml) was
very common at baseline and at the end of the study
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(77,9% and 82,8%). After 3-years follow-up a nega-
tive correlation between HbAlc and 25(OH)D was
observed (R= -0,28; p=0,002) and this relationship
seemed to be stronger in women. When the stu-
dy group was divided according to HbAlc tertiles,
decreased levels of 25(OH)D were observed in sub-
sequent tertiles, the lower 25(OH)D level the higher
HbAlc tertile (p=0,04). HbAlc levels 25,3% were si-
gnificantly associated with increased risk of 25(OH)D
deficiency (<20 ng/ml) after 3-years follow-up
(OR=2,29; p=0,035). These results indicate the rela-
tionship between 25(OH)D concentration and levels
of glycemic control, defined by HbAlc concentration,
which suggest that 25(0OH)D might be a useful para-
meter in evaluation of cardiometabolic risk in appar-
ently healthy subjects?.

Conclusions

There have been up to now numerous studies show-
ing an association between decreased 25-hydroxyvi-
tamin D levels in the blood and the risks of several ex-
traskeletal diseases such as cardiovascular diseases,
stroke and cancer. We have presented some recent
data on vitamin D insufficiency/deficiency in cancer,
cardiovascular diseases, obesity, lung diseases and
diabetes relating them to our own findings based on
the studies performed in patients with ovarian can-
cer, nontreated hypertension, atopic asthma, sub-
jects with metabolic syndrome and hyperglycemia. =
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Vitamin D and Cardiovascular disorders
Witamina D i choroby sercowo-naczyniowe

Sekib Sokolovic

Cardiology Clinic, University Clinical Center Sarajevo & Medical Faculty Sarajevo, Bosnia and Herzegovina

ABSTRACT

Introduction: The association between Vitamin D and Cardiovascular diseases has been validated in a Randomized Clinical Trials (RCT). The goal of our
study was to evaluate the relationship between vitamin D, osteoporosis and cardiovascular disorders.

Material and Methods: The retrospective/prospective study was designed and cross sectional evaluation of 146 osteoporotic patients was performed.
The transthoracic echocardiography was the major diagnostic tool for identification of calcification in a heart and aorta. Vitamin D concentration was
detected by the Elecsys and cobs immunoassay analyzers in a sera of patients with referral values from 30,0-50,0 ng/mL.

Results: All 146 osteoporotic patients had atherosclerosis and calcification in a heart and aorta. Total 82% patients had decreased vitamin 25(0H)D
concentrations with median 16.9 ng/mL, with an interquartile range 9.6-26.2 ng/mL. Cardiovascular risk factors were present in a majority of patients.
Conclusion: Vitamin D definitely play significant role in cardiovascular disorders, particularly in atherosclerosis, calcification of blood vessels
and in osteoporosis as well. Vitamin D should be measured in all patients suffering from numerous disorders, particularly with heart and bone involment.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
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STRESZCZENIE

Wstep: Zwigzek miedzy witaming D i chorobami uktadu krazenia zostat potwierdzony w badaniach klinicznych z randomizacja (RCT). Celem naszej pracy
byta ocena relacji miedzy witaming D, osteoporoza i chorobami uktadu sercowo-naczyniowego.

Materiat i metody: Zaprojektowano badanie retrospektywno-prospektywne, w trakcie ktérego wykonano analize przekrojowa u 146 pacjentéw z oste-
oporoza. Podstawowym narzedziem diagnostycznym do identyfikacji zwapnien w sercu i aorcie byto badanie echokardiograficzne. Stezenie witaminy D
oceniano z uzyciem aparatoéw Elecsys i Cobas (Roche Diagn). Za wartosci referencyjne przyjeto stezenie 25(0H)D od 30,0 do 50,0 ng/ml.

Wyniki: U wszystkich 146 pacjentéw z osteoporoza ujawniono zmiany miazdzycowe oraz zwapnienia w sercu i aorcie. U 82% pacjentéw stwierdzono
niskie wartosci stezenia 25(0OH)D z mediang wynoszacg 16,9 ng/ml, zakres miedzykwartylowy (9,6-26,2 ng/ml). Czynniki ryzyka sercowo-naczyniowego
wystepowaty u wiekszosci badanych pacjentdw.

Whioski: Witamina D odgrywa istotna role w zaburzeniach ukfadu sercowo-naczyniowego, zwtaszcza w miazdzycy tetnic, zwapnieniach naczyn krwio-
nosnych, jak rbwniez w osteoporozie. Poziom witaminy D powinien by¢ oznaczany u wszystkich pacjentdw cierpigcych na wiele réznorakich schorzen,
a szczegolnie u 0s6b z chorobami serca i kosci.

Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: = WITAMINA D m OSTEOPOROZA m ARTERIOSKLEROZA m CZYNNIKI RYZYKA CHOROB SERCOWO-NACZYNIOWYCH

Introduction @ e N
The association between Vitamin D and Cardio- This topic is important since vitamin D is not oftenly recogni-
vascular diseases has been studied in a numerous zed and monitored in a routine daily clinical practice. particu-
RCTs. The evidence based medicine have shown larly its association with a pathophysiology in a development
pathophysiological pathways in development of of atherosclerosis and cardiovascular events, from arterial hy-
CVDs related to deficient or insufficient vitamin D. pertension to coronary and valvular disorders. Since immu-
This hormone has a great impact on the anticipation nity plays extensive role in a numerous diseases, vitamin D
of cardiovascular incidents and in the same time on as a hormone has significant role in its pathogenesis, but it is
degenerative bone disorders. These patients share still not well accepted by examiners.

the common risk factors. For both disorders, the

prevalence of cardiovascular events and osteoporo-

sis increase with age. The objective of this paper was Material and method

to study the vitamin D and cardiovascular manifes- This study is follow-up of previous retrospective

tations in osteoporotic patients. study with new prospective included patients. To-
tal of 146 osteoporotic patients were examined for
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FIG. 1 Severe aortic calcification

FIG. 2 Severe Osteoporosis

risk factors and concomitant diseases. Patients
with osteoporosis were divided in two groups: The
retrospective /prospective clinical study was desi-
gned. There were 132 females (90,4%) and 14 males
(9,6%). The average age in total was 64,96 years. In
the female group the average age was 64,65 years
(range 39-90y), while in the male group it was 65,47
years (range 46-78y). The most frequent cause of
osteoporosis was Postmenopasal Osteoporosis ob-
served in 75 pts (51,37%) and Glucocorticoid Indu-
ced Osteoporosis was observed in 71 pts (48,63%).

The transthoracic echocardiography was performed
as the main diagnostic tool for the calcium deposition
in the heart and aorta. The cardiovascular risk fac-
tor stratification was done in all examined individu-
als. Data were analysed using MS Office Excel 2010
and SPSS Statistics 21.0, by descriptive and infe-
rential statistical methods. Elecsys Vitamin D total
is used for calibrating the quantitative Elecsys Vita-
min D total assay reagents on the Elecsys and cobas
e immunoassay analyzers. Serum 25(OH) vitamin D
in human serum matrix were measured using Ro-
sche Elecsys system on Cobas e 601 analyzers at
Clinic for nuclear medicine. Referral values for using
this method D vitamin ranges are 30,0-50,0 ng/mlL.

Results

All patients with osteoporosis had atherosclerosis
manifested in a deposition of calcium in aorta. Ma-
jority of patients were females, approximately 65
years old. The arterial hypertension was present in
96 pts, lipids increased in 89 patients, smoking in
82 patients, and 71 pts received glucocorticosteroids.
The Vitamin D deficiency was detected in 82%. Me-
dian of vitamin D level was 16.9 ng/mL, with an
interquartile range 9.6-26.2 ng/mL. (Distribution
of vitamin D concentrations in patients is curved
(Kolmogorov-Smirnov test), p = 0,000).)

Severe calcification in aortic valve and moderate to
severe aortic stenosis in severe osteoporotic in a 74
female patient.

Discussion

Antihypertensive effects of vitamin D are on the sup-
pression of renin and parathyroid hormone levels,
and also has the renoprotective, anti-inflammatory
and vasculoprotective properties. It is known that
deficient 25(0OH)D Vitamin D is an independent risk
factor for incident of arterial hypertension'. Physiolo-
gic effects of vitamin D is inhibition intimal and me-
dial artery calcification, and mediate the pro-inflam-
matory cytokine release, adhesion molecule release
and proliferation and migration of vascular smooth
muscle cells?. The risk factors for the vitamin D de-
ficiency is age 50 or older, darker skin, a northern
home, overweight, obese, gastric bypass surgery,
milk allergy or lactose intolerance, liver or digestive
diseases, Crohn’s disease or celiac disorder. Vitamin
D supplementation reduces systolic blood pressure
by 2-6 mmHg. For each 10 ng/ml increase in vitamin
D levels, 12% lower risk of developing hypertension.
People with the highest vitamin D levels had a 30%
lower risk of developing HTA compared to the people
with the lowest levels® Another recent study investi-
gated 108173 individuals and examined 35 studies
to look at the associations between the allele score
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25(OH)D synthesis score based on variants of genes " TAKE HOME MESSAGES AN
that affect 25(0OH)D synthesis and blood pressure 1. Think always on vitimin D when treating patients for any
measurement. It was concluded that increased pla- disorder
sma concentrations of 25(0OH)D might reduce the risk 2. Testing vitamin D deficiency in patients with arterial hyper-
of hypertension®. A small group of people with hy- tension and other cardiovascular disorder should be consi-
pertension was given 25,000 IU/w of vit D for 8/w. dered and implemented as a standard procedure.
Vitamin D levels increased throughout study. The ar- 3. Testing of parathormone also should be performed and
terial blood pressure was greatly reduced®. Our study then therapy should be initiated if indicated.
proved hypothesis that vitamin D is associated with
cardiovascular disorder.
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Endothelial function and pulse wave velocity
in patients with chronic heart failure
and D-deficiency

Funkcja srodbtonka i szybkos¢ propagaciji fali tetna u pacjentéw
z przewlektg niewydolnoscia serca i niedoborem witaminy D

Andrei Marhol, Liudmila Yankovskaya

Educational institution ,Grodno State Medical University”, Grodno, Belarus

ABSTRACT

Background: Studies suggest that endothelial dysfunction and vitamin D deficiency play significant role in pathogenesis of chronic heart failure. Association
between 25(0H)D in blood plasma and indicators of endothelial function and the elasticity of blood vessels in patients with CHF is not fully disclosed.
Methods: We examined 47 outpatients with CHF of Il functional class (FC) by NYNA. Participants were divided into two groups: with optimum level of
25(0OH)D in blood plasma and with its deficiency/insufficiency. We assessed vasomotor function (VF) of endothelium, pulse wave velocity (PWV) and level
of nitrates/nitrites in blood plasma.

Results: Both groups were comparable in age, anthropometric data, results of the six-minute walk test and blood pressure. The level of 25(0H)D in group
I was 39,1 [37,6; 40.3] ng/ml in group I1-11,9 [8,6; 14.3] ng/ml (p = 0,00004). The level of nitrite/nitrate in plasma in group Il was 13.9 [12.6; 21.7] mol/L, in
group 1 19.6 [12.6; 21.7] mol/L (p = 0.013). PWV in group | was 9.3 [8.5; 14.1] m/s, the pulse transit time (PTT) - 114.5 [70; 130] ms. In group Il PWV was 13.35
[10.1;16.2] m/s, the average value of PTT - 69.4 [40; 100] ms. Differences between groups were statistically significant (p <0.05). Both groups had positive
correlation relationship between the level of 25(0H)D in the blood plasma and PTT value (R = 0,56; p = 0,00067), and negative correlation relationship
between the level of 25(0H)D in the blood plasma and PWV value (R =-0,58; p = 0,00032).

Conclusions: Compared to patients with CHF without D deficiency there is a reduction of NO production by the blood vessel’s endothelium and an
increasing in PWV in patients with CHF in association with deficiency/insufficiency of 25(0H)D in the blood plasma.
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STRESZCZENIE

Badania sugeruja, ze niedobdr witaminy D i dysfunkcja srodbtonka odgrywaja istotng role w patogenezie przewlektej niewydolnosci serca. Zwigzek miedzy
stezeniem 25(0H)D a wskaznikami funkgji srédbtonka i elastycznosci naczyn krwionosnych u pacjentéw z CHF nie jest w petni zbadany.

Metody: Zbadano 47 pacjentéw ambulatoryjnych z CHF w Il klasie czynnosciowej (FC) wedtug NYNA. Uczestnikéw podzielono na dwie grupy: pierwsza
-z optymalnym poziomem 25(0H)D oraz druga - z jej niedoborem/deficytem. Ocenie poddano funkcje naczynioruchowa (VF) srédbtonka, predkosc fali
tetna (PWV) oraz poziom azotanéw/azotynéw w osoczu krwi.

Wyniki: Obie grupy byty poréwnywalne pod wzgledem wieku, danych antropometrycznych, wynikdw testu marszu (szes¢ minut) i ci$nienia krwi. Stezenie
25(0H)D w grupie | wyniosto 39,1 [37,6; 40,3] ng/ml, w grupie Il - 11,9 [8,6; 14,3] ng/ml (p = 0,00004). Stezenia azotyndw/azotandw w osoczu w grupie |l
wyniosty 13,9 [12,6; 21,7] mol/L, w grupie | - 19,6 [12,6; 21,7] mol/L (p = 0,013). PWV w grupie | wynosita 9,3 [8,5; 14,1] m/s, czas przejscia impulsu (PTT)
-114,5 [70; 130] ms. W grupie Il PWV wyniosta 13,35[10,1; 16,2] m/s, $rednia wartos$¢ PTT - 69,4 [40; 100] ms. Rdznice miedzy grupami byty statystycznie
znaczace (p < 0,05). W obydwu grupach ujawniono korelacje pomiedzy wartosciami 25(OH)D i PTT (R = 0,56; p = 0,00067) oraz ujemne korelacje pomiedzy
25(0H)D i wartosciami predkosci fali tetna (R =-0,58; p = 0,00032).

Whioski: Pacjenci z CHF ze wspottowarzyszacym niedoborem witaminy D prezentowali zmniejszenie wytwarzania NO przez srédbtonek naczyn krwiono-
snych i zwiekszanie predkosci fali tetna w poréwnaniu z pacjentami, u ktérych wystepowaty prawidtowe wartosci 25(0OH)D.

Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: m PRZEWLEKEA NIEWYDOLNOSC SERCA ® WITAMINA D m FUNKCJA SRODBLONKA m PREDKOSC FALITETNA m AZOTANY m AZOTYNY

Introduction

Chronic heart failure (CHF) is the most common com- stay alive in one year after the development of heart
plication of cardiovascular diseases with the poorest failure and according to the Framingham study the
prognosis and the number of patients with CHF in- five-year mortality reached 62% among men and 42%
creases from year to year. Only 50-70% of patients among women after establishing of this diagnosis!.
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“ THESES
It is known that endothelial dysfunction is part and

parcel of the pathogenic mechanism of heart failu-
re. The most widely known substance produced by
endothelium is nitric oxide (NO), which metabolic di-
sorders play a major role in endothelial dysfunction.
The main initiating factors which cause the reaction
of arterial endothelium are the change in velocity of
blood flow in relation to endothelial cells and circu-
lating or ,intramural” neurohormones. The primary
indicator designating the properties of the vascular
wall is its flexibility, which reduction in its turn leads
to an increasing of systolic blood pressure (SBP) and
increasing of pulse pressure. According to epidemio-
logical studies, 60-70% of the elderly persons (over
60 years) have increased rigidity of the vascular wall
and increasing of SBP in association with the reduc-
tion of diastolic blood pressure (DBP)2.

According to modern concepts, an additional factor
contributing to the development of vascular patho-
logy is the deficiency of vitamin D, which receptors
are present on the smooth muscle cells and vascular
endothelial cells. Available data indicate that most
patients with CHF have 25(OH)D levels in the range
of insufficiency. One study showed that patients with
CHF had 25(OH)D level 34% lower than in a control
group of healthy individuals comparable by age and
sex. At the same time level of 25(0OH)D in the blood
plasma of patients with heart failure under the age
of 50 years was lower than in those of control group
over 50 years?.

However, there is very limited information about the
association between 25(OH)D in blood plasma and
indicators of endothelial function and the elasticity of
blood vessels in patients with CHF.

Aim. Assess the endothelial function and pul-
se wave velocity (PWV) in patients with CHF with
deficiency / insufficiency of vitamin D and without it.

Materials and methods

We examined a total of 47 outpatients with CHF of
functional class (FC) II by NYNA that has developed in
association with ischemic heart disease and / or arte-
rial hypertension. FC of CHF was determined on the
basis of general clinical examination and six-minute
walk test. All of the subjects were in a stage of stable
CHF without episodes of decompensation during last
3 months. Exclusion criteria were: chronic obstructi-
ve pulmonary disease, bronchial asthma, respiratory
insufficiency, persistent cardiac arrhythmias, intake
of hormonal medicines, insulin-dependent diabetes
mellitus, polyneuropathy, cancer.

All patients were divided into two groups depending
on the level of vitamin D in the blood plasma. Group
I consisted of 25 persons (14 (56%) women, 11 (44%)
men) with a level of 25(OH)D in the blood plasma
30 ng/ml or higher, which corresponds to an

N

1. Vitamin D has an effect on the cardiovascular system via
an effect on specific receptors located in the myocar-
dium, endothelium, and through effects on the renin-an-
giotensin system.

2. Acertain link between vitamin D level and cardiovascular
continuum may be suggested.

3. Itisimportant to study the effect of deficiency and insuf-
ficiency of vitamin D on endothelial function and vascu-
lar wall elasticity as disorder of these parameters are pa-
thogenic mechanisms of chronic heart failure.

optimum level. Group II consisted of 22 persons
(7 (31.8%) women, 15 (68.2%) men) with the level of
25(OH)D in the blood plasma of less than 30 ng/ml,
which corresponds to its deficiency/insufficiency.
Patients underwent standard anthropometric survey
with definition of height, weight and body mass index
(BMI).

Assessment of endothelial function was conducted
by determining of vasomotor function (VF) of endo-
thelium and the level of nitrates/nitrites in blood
plasma. Method of computerised impedancemetry by
hardware-software complex ,Impekard” on the bra-
chial artery (BA) during the test with reactive hypere-
mia was used to assess VF of endothelium. Endothe-
lial VF of BA was estimated as the maximum speed of
blood filling (dz/dt max) in a percentage ratio to the
initial. dz/dt <12% was evaluated as a disorder of the
VF of endothelium. By means of the same apparatus
we evaluated PWV of the mixed type vessels (carotid-
-radial artery), which is a criterion of elastic proper-
ties of the vascular wall. PWV match the normal rate
at a value below 10.2 m/s*.

NO production by the endothelium was evaluated by
the total content of nitrate/nitrite in blood plasma by
spectrophotometry method using the Griess reagent.
Content of 25(0OH)D total [25(0H)D, + 25(0OH)D,] in
plasma was determined by ELISA using reagents
«DRG» (Marburg, Germany).

Statistical analysis of the research results was car-
ried out by means of the application package «STA-
TISTICA 7.0». Data is presented as the mean values
and standard deviation (M+SD), and in the distribu-
tion that is different from normal - as median (Me)
and interquartile range [LQ-UQ]. To assess the as-
sociation between variables correlation analysis by
Spearman criterion (R) was applied.

Results

Average age in group I was 62,712,9 years, avera-
ge weight was 87,0£9,0 kg, height - 167+8,6 cm,
BMI - 30,9+4,3 kg/m?. Average age in group II was
61,3+6,8 years, average weight was 91,1+14,4 kg,
height-171£11cm,BMI-30,8+3,5kg/m?. The average
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» A

six-minute walk test distance in group I was
386,2+32,7 m, in group II - 368,6+40,1 m. Mean SBP
in group I and II were 146,1+21,5 and 139, 9+13,4
mm Hg and DBP - 89,4+14,3 and 82,8+8,6 mm Hg,
respectively. Thus, both groups were comparable in
age, anthropometric data, results of the six-minute
walk test and blood pressure. The level of 25(0OH)D in
group I was 39,1 [37,6; 40.3] ng/ml in group I1 -11,9
[8,6; 14.3] ng/ml (p = 0,00004).

Mean values of (dz/dt) max were 3.10 [-14; 28] and
-5.90% [-24; 9]% in group I and II, respectively. Dis-
order of endothelial VF was observed in 76% of pa-
tients in group I and 81.8% in group II.

The level of nitrite/nitrate in plasma in group II was
13.9 [12.6; 21.7] mol/L and was lower (p = 0.013)
than in group I, where it was 19.6 [12.6; 21.7] mol/L.
PWYV in group I was 9.3 [8.5; 14.1] m/s, the pulse
transit time (PTT) - 114.5 [70; 130] ms. In group II
PWV was 13.35[10.1; 16.2] m/s, the average value of
PTT - 69.4 [40; 100] ms. Differences between groups
were statistically significant (p < 0.05). Disorder of
PWV (> 10.2 m/s) was observed in 48% of patients in
group I and 68.2% in group II.

We have established a positive correlation rela-
tionship between the level of 25(OH)D in the blood
plasma and PTT value (R = 0,56; p = 0,00067), and
negative correlation relationship between the level
of 25(0OH)D in the blood plasma and PWV value
(R =-0,58; p = 0,00032) in both groups.

Discussion

The literature reflects the studies that reveal the
mechanism of vitamin D effect on the cardiovascu-
lar system through interaction with the immune sys-
tem, effects on the myocardium and endothelium, on
calcium metabolism and on the renin-angiotensin
system. In some cases, vitamin D supplementation
resulted in a reduction of plasma renin activity, in-
creasing of NO production, lowering of blood pres-
sure®.

We identified statistically significant differences in
the level of nitrates/nitrites in blood plasma, which
are probably associated with low 25(OH)D levels in
blood plasma that have adverse effects on NO pro-
duction by vascular endothelium.

Restoration of the vitamin D level has a positive ef-
fect on endothelial function, reducing the level of se-
rum endothelin-1 and improving the flow-mediated
dilation indicators®. Treatment with vitamin D (with
a total dose of 600,000 IU of cholecalciferol intramus-
cularly) was associated with improved endothelial
function in patients with coronary artery disease and
deficiency/insufficiency of vitamin D7.

Correlations identified in this research emphasize the
negative value of the reduced level of vitamin 25(OH)D
in blood plasma for the PWV.

u TAKE HOME MESSAGES

N

1. Patients with CHF and deficiency/insufficiency of 25(0OH)D
in blood plasma have worse parameters of NO production
and elasticity of blood vessels than those with normal le-
vels of 25(0OH)D in the blood plasma.

2. Inboth groups of patients with CHF, either with deficiency/
insufficiency of 25(OH)D in blood plasma, or with its nor-
mal level, there is a relationship between parameters of
elasticity of blood vessels and the level of 25(OH)D in blood
plasma.

3. Assessment of vitamin D supplementation effect on endo-
thelial function and elasticity of blood vessels need to be
conducted.

Conclusion

Our findings suggest that there is a reduction of NO
production by the endothelium of blood vessels and
an increasing in PWV in patients with CHF in the
presence of deficiency/insufficiency of 25(OH)D in
the blood plasma compared to patients with CHF
without D deficiency. =

dr Liudmila Yankovskaya

WX Educational institution ,Grodno State Medlical University’,
Grodno, Belarus

yankovliuda@yandex.by
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Vitamin D Insufficiency in Young Children
in Russia: the Results of the Multicentre
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ABSTRACT

Vitamin D insufficiency is a widespread phenomenon, which has an adverse effect on human health. Some studies shown by now that 30% to 50% of
the general population, both in Europe and in the United States, have a vitamin D insufficiency. This problem is also pressing in Russia, which has most
of its territory located to the north of the 42nd parallel north and is thus at risk for vitamin D insufficiency. The Russian territory has some areas with
decreased insolation and is naturally among the world’s regions with a rather high risk of vitamin D insufficiency and deficiency. A pressing problem
is to ensure adequate vitamin D levels in children in their 2nd or 3rd year of life whose diet may not contain a sufficient vitamin D amount, whereas
insolation-dependent endogenous synthesis of this vitamin is insufficient as well.

Study objective: To evaluate the vitamin D sufficiency in young children and the adequacy of pharmacological treatment / prevention provided for
vitamin D insufficiency in various regions of the Russian Federation.

Methods: Infants and children in their first 3 years of life, who had been admitted for in-patient treatment to Russian health care centres, were
examined. Blood samples were obtained at study enrollment to determine their plasma 25(0H)D concentrations. The study lasted from November
2013 to October 2014.

Results: 1,230 infants and children aged from 1 month to 3 years were examined. Vitamin D insufficiency (plasma 25(0H)D concentrations in the range
of 21 to 29 ng/mL) was detected in 300 subjects (24.4%), and vitamin D deficiency (25(0OH)D < 20 ng/mL) in 513 children (41.7%). The prevalence of
vitamin D insufficiency and deficiency was independent of the region’s geographic location or insolation level.

Conclusion: Over two-thirds of infants and young children in the study sample were found to have a vitamin D insufficiency or deficiency.
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It is therefore expedient to revise the current guidelines taking into account the state-of-the-art approaches to the prevention and treatment of
vitamin D insufficiency, to make appropriate changes and to implement them in clinical practice.
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STRESZCZENIE

Niedobor witaminy D jest zjawiskiem powszechnym, co ma negatywny wptyw na zdrowie ludzi. Ten problem dotyczy réwniez Rosji, ktérej wiekszos¢
terytorium znajduje sie powyzej 42°N.

Cel badania: Ocena zasobdw ustrojowych witaminy D u matych dzieci i efektywnosci profilaktyki i leczenia deficytéw witaminy D w réznych regio-
nach Federacji Rosyjskiej.

Metody: Grupe badana stanowity niemowleta i dzieci w pierwszych 3 latach zycia, ktére podlegaty opiece szpitalnej rosyjskich zaktadow opieki zdro-
wotnej. Probki krwi pobrano w celu okreslenia stezenia 25(0H)D. Badanie trwato od listopada 2013 r. do pazdziernika 2014 r.

Wyniki: Zbadano 1230 niemowlat i dzieci w wieku od 1 miesigca do 3 lat. U 24,4% pacjentoéw (n = 300) ujawniono niedobor witaminy D definiowany
jako stezenie 25(0OH)D w zakresie od 21 do 29 ng/ml. U 41,7% dzieci (n = 513) stwierdzono deficyt witaminy D, a wiec wartosci 25(0H)D < 20 ng/
ml. Czestos¢ wystepowania deficytéw lub niedoboréw witaminy D nie miata zwiazku z potozeniem geograficznym lub nastonecznieniem obszaru
zamieszkania badanych dzieci.

Whioski: 2/3 badanych niemowlat i matych dzieci miato niewtasciwe stezenia 25(0OH)D (deficyt lub niedobér). Dlatego tez celowe wydaje sie do-
konanie istotnych zmian w obecnych wytycznych zapobiegania niedoborom witaminy D i ich leczenia oraz realizacja tych wytycznych w praktyce
klinicznej. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

SLOWA KLUCZOWE: = MALE DZIECI ® WITAMINA D ® NIEDOBOR m DEFICYT m KRZYWICA ® BADANIE RODNICHOK

THESES
(2 N

1. Vitamin D insufficiency has an adverse effect on human
health.
The Russian territory has some areas with decreased isola-

Background

There has been increasing interest in vitamin D
displayed in scientific literature lately. Over 60,000
articles on the subject have been published in the 2.
last 50 years. Current research studies are largely
focused on the extraskeletal effects of vitamin D2,
It has been revealed, for instance, that vitamin D de- 3.
ficiency is associated with increased risk of cancer
(of the small and large intestines, pancreas, prostate,
and breasts)?, diabetes mellitus?, arterial hyperten-
sion®, heart failure®®, peripheral artery disease’, -
myocardial infarction!®, autoimmune and inflamma- - chronic diseases or frequent hospitalizations;
tory diseases, and immune system dysfunctions!!!2, - low consumption of foods rich in vitamin D.
Some studies demonstrated a link between vitamin = Impaired digestion and absorption of nutrients
D consumption and decreasing mortality'®. It has and decreased vitamin D consumption:

been acknowledged that all extraskeletal effects - coeliac disease;

of vitamin D in the human body can be ensured by - pancreatic insufficiency (such as in cystic
maintaining the concentration of its principal me- fibrosis);

tabolite, 25(OH)D, at levels exceeding 30 ng/mL '8, - biliary obstruction (such as in biliary atresia).
It has been shown by now that 30% to 50% of the =m Decreased synthesis or increased degradation of
general population, both in Europe and in the Unit- 25(OH)D or 1,25(OH)D:

ed States, have a vitamin D insufficiency!. This - chronic liver or kidney disease;

condition is very common in children, because mul- - use of some drugs (rifampicin, isoniazid, anti-

tion with a rather high risk of vitamin D insufficiency and
deficiency.

Proper vitamin D status is essential for toddlers due to
rapid growth.

decreased insolation;

tiple risk factors for its development exist today.
Major factors promoting the development of vitamin
D insufficiency in children and adolescents include
the following!.
m Decreased vitamin D consumption or synthesis:

- being born to a vitamin D deficient mother;

- premature birth;

- prolonged exclusive breastfeeding;

- dark skin;

convulsants, etc.).
An important task for Russian paediatricians is to
evaluate the prevalence of vitamin D insufficiency
in children in order to develop modern recommen-
dations for physicians with regard to the prevention
and treatment of this condition based on the Rus-
sian specifics. The Russian territory has some areas
with decreased insolation and is naturally among the
world’s regions with a rather high risk of vitamin D
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insufficiency and deficiency. There are significant
differences between the country’s northern and
southern regions in the amount of daylight hours
and cold times of year when walking outside may be
limited, and sometimes unfeasible, for young chil-
dren.

Another essential factor that has implications for
adequate vitamin D levels in breastfed infants is
their nutrition. It is well known that breast milk
contains small quantities of vitamin D and that vita-
min D fortification is one of the key principles in the
adaptation of breast milk substitutes. Apparently,
the type of feeding (breast- or bottle-feeding) deter-
mines the vitamin D level in the body within the first
year of life?°, and our efforts to increase the propor-
tion of breastfed infants in the absence of vitamin
D supplementation may increase the risk of insuffi-
ciency or deficiency.

A pressing problem is to ensure adequate vitamin
D levels in children in their 2nd or 3rd year of life
whose diet may not contain a sufficient vitamin D
amount, whereas insolation-dependent endoge-
nous synthesis of this vitamin is insufficient as well.
In Russia, unfortunately, in contrast to European
countries and the United States, practically no tech-
nology exists to fortify children’s and adult foods
with vitamin D'6. Switching to the “common diet”
decreases the child’s vitamin D levels in most cases.
The Guidelines “Prevention and treatment of rick-
ets in young children” were issued by the Minis-
try of Health of the USSR back in 1991. According
to these Guidelines, the optimal way to prevent
a low vitamin D status in young term infants is daily
administration of 400 — 500 IU/day of this vitamin.
For Russia’s moderate climate regions, this dose
was recommended for autumn, winter, and spring,
beginning from the age of 3 to 4 weeks. Specific rick-
ets prevention was not recommended for the period
from June to September in view of the “sufficient”
insolation during this period. A sunless summer,
particularly in the country’s northern regions, could
be viewed as an indication for specific prevention
in the summer as well. In the presence of risk fac-
tors (being born to mothers suffering from obstetric
and chronic extragenital diseases, malabsorption
syndrome, congenital hepatobiliary disorders, fre-
quent diseases, being born as a twin or shortly after
the preceding delivery, early switch to unbalanced
bottle-feeding, receiving anticonvulsant therapy),
it was recommended to increase the daily dose of vi-
tamin D to 1000-1500 IU for the same time periods
and seasons (autumn, winter, and spring, beginning
from the age of 3 to 4 weeks). Therapeutic doses of
vitamin D were proposed to treat rickets; they ex-
ceeded the prophylactic doses 4 to 10 times: 2000
to 5000 IU/day for 30 to 45 days. After a therapeu-

tic effect was achieved, the therapeutic dose was re-
placed with a prophylactic one, which the child had
to receive daily until the age of 2 years and during
the winter of the 3™ year of life. At present, how-
ever, a sunless summer, living in an ecologically
unfavourable region or in the north of Russia, and
insufficient exposure to sunlight may be a reason to
forgo the summer break and administer the prophy-
lactic dose of vitamin D (500 IU/day) for the sum-
mer months as well.

It is impossible to obtain accurate estimates of the
prophylactic use of vitamin D in Russian children.
No studies have been conducted to assess the vita-
min D status in Russian children depending on the
region and time of year, age and type of feeding in the
first year of life. A need is generally felt to formulate
new national recommendations that would reflect
the state-of-the-art approaches to the prevention
and treatment of vitamin D insufficiency in children.
In 2013, the Chair of Paediatrics of the Russian Med-
ical Academy of Postgraduate Education (Moscow)
organized and conducted a pharmaco-epidemiologi-
cal study titled RODNICHOK (a study to evaluate the
vitamin D sufficiency in young children in the Rus-
sian Federation and to analyze the pharmacothera-
py of vitamin D insufficiency used in general clinical
practice), which aimed to assess the vitamin D suf-
ficiency in young children in the Russian Federation
and to determine whether the pharmacotherapy/
prevention of vitamin D insufficiency was adequate
in different regions of the Russian Federation.

Materials and methods

Study plan (design)
A multicentre, prospective, cohort study.

Inclusion criteria

Children were selected for this study as they were

admitted to the participating health centres based

on the following inclusion criteria:

®m age from 1 month to 3 years;

® no organic disorders or genetic syndromes;

= permanent residents of the regions participating
in the project.

The study did not enroll children with an established

diagnosis of rickets, hepatic or renal impairment

(jaundice, diarrhoea), or mental retardation.

Study setting

To obtain a representative sample, this study en-
rolled 7 leading regional research centres located
in the North-West, Centre, South, Volga Region,
Ural, Siberia, and Far East of the Russian Feder-
ation. The cities are situated at different latitudes
and, accordingly, differ in the amount of sunny days
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Table 1. Vitamin D sufficiency in young children living in different regions of the Russian Federation

CITY (FEDERAL DISTRICT, FD)

Moscow (Central FD), n = 205 55 (26.8) 63 (30.7) 87 (42.4)
Yekaterinburg (Uralian FD), n = 130 37 (28.5) 31(23.8) 62 (47.7)
Arkhangelsk (North-Western FD), n = 155 47 (30.3) 38(24.5) 70 (45.2)
Naryan-Mar (North-Western FD), n = 59 20 (33.9) 16 (27.1) 23 (39.0)
Saint Petersburg (North-Western FD), n = 101 35 (34.7) 28 (27.7) 38(37.6)
Blagoveshchensk (Far Eastern FD), n = 129 55 (42.6) 26 (20.2) 48 (37.2)
Khabarovsk (Far Eastern FD), n = 56 24 (42.9) 17 (30.4) 15 (26.8)
Stavropol (North Caucasian FD), n = 131 60 (45.8) 40 (30.5) 31(23.7)
Novosibirsk (Siberian FD), n = 60 39 (65.0) 9(15.0) 12 (20.0)
Kazan (Volga Region FD), n = 138 93 (67.4) 22 (15.9) 23(16.7)
Vladivostok (Far Eastern FD), n = 66 48 (72.7) 10(15.2) 8(12.1)
Total (n=1,230) 513 (41.7) 300 (24.4) 417 (33.9)
Note. * Here and in Figure 1: Vitamin D sufficiency was assessed by the plasma 25(0H)D concentration. The metabolite’s concentrations < 20 ng/mL were
regarded as a vitamin D deficiency, levels in the range of 21 to 29 ng/mL - a vitamin D insufficiency, and concentrations above 30 ng/mL - normal.

VITAMIN D SUFFICIENCY*, ABS. (%)
DEFICIENCY INSUFFICIENCY m

per year. Participating cities included: Naryan-Mar,
Arkhangelsk (the city with the lowest annual insola-
tion level in the country), Saint Petersburg, Moscow,
Kazan, Stavropol, Yekaterinburg, Vladivostok, Bla-
goveshchensk, Khabarovsk, and Novosibirsk.

Outcome registration methods

In order to evaluate the vitamin D sufficiency
in study subjects, we determined the concentrations
of 25-hydroxyvitamin D (25-OH vitamin D) and other
hydroxylated metabolites of vitamin D in serum and
EDTA- and lithium heparin-treated plasma samples
by means of chemiluminescent immunoassay (CLIA)
with a LIAISON analyzer. A vitamin D deficiency
was diagnosed at plasma 25(OH)D concentrations
< 20 ng/mL, and a vitamin D insufficiency at plas-
ma 25(OH)D concentrations in the range of 21 to
29 ng/mL. Serum 25(OH)D levels above 30 ng/mL
were considered normal.

Study duration
The laboratory tests were conducted in this study
in the period from November 2013 to October 2014.

Statistical analyses

The sample size calculation was based on the num-
ber of infants and children aged from 1 month to
3 years who live in the Russian Federation (5.3
million, as of 17 January 2013) and the expected
prevalence of vitamin D deficiency and insufficiency

(which can be as high as 40% to 50% according to
our estimates). This calculation was performed us-
ing the online calculator available at www.openepi.
com/v37/Menu/OE_Menu.htm (Open Source Epi-
demiologic Statistics for Public Health, v. 3.01, up-
dated 2013/04/06). It was determined on the basis
of the obtained rate that this epidemiological study
had to enroll between 664 and 1,083 subjects).

Results

Study participants

The study included 1,230 infants and children aged
from 1 month to 3 years; from 56 to 205 subjects in
each city participating in this project.

Principal study results

Only one out of three subjects in the analyzed
study sample had a normal 25(OH)D concentra-
tion (above 30 ng/mlL). Obtained 25(OH)D levels
were indicative of a vitamin D insufficiency in 300
children (24.4%) and a deficiency in 513 subjects
(41.7%). The prevalence of vitamin D insufficiency
and deficiency was independent of the geograph-
ic location or insolation level of the respective re-
gion (see the Table 1). The highest occurrence
of vitamin D deficiency (25(OH)D concentrations
< 20 ng/mlL) was in Vladivostok (almost in 75% of
the children), Kazan (67%), Novosibirsk (65%), and
Stavropol (over 45% of the subjects). The lowest
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FIG. 1 Vitamin D sufficiency in young children by age

prevalence rates of vitamin D deficiency were reg-
istered in Moscow (27%), Yekaterinburg (29%), and
Arkhangelsk (30%). Vitamin D insufficiency was
found in almost one-third of the children residing
in Moscow, Stavropol, Khabarovsk, and Saint Pe-
tersburg. Vitamin D insufficiency was somewhat
less frequent (approximately 1 out of 5 subjects) in
Yekaterinburg and Arkhangelsk.

Additional study results

Our analysis of the vitamin D sufficiency in in-
fants and children of different ages demonstrated
that 60% of infants aged from 6 to 12 months, less

than 30 % of children aged between 1 and 2 years,
and only 13 % of children from 2 to 3 years of age
had a normal 25(OH)D concentration (= 30 ng/mL)
(Figure 1).

Figure 2 presents the distribution pattern of study
subjects with normal vitamin D content depending
on the month during which the blood sample was
collected for the laboratory test. The greatest num-
ber of children with sufficient 25(OH)D concentra-
tions (44%) was registered in subjects enrolled in
July, and the lowest (28% to 29%) in subjects in-
cluded in October, December, and April.

44 4%

29,2% 29.4% 28,9%

T T T ] T T T T ] T T T
January February March April May June July August September October NovemberDecember
(n=241) (n=223) (n=259) (n=89) (n=74) (n=27) (n=18)| (n=18) (n=21) (n=17) (n=94) (n=149)

FIG. 2 Numbers of children with normal (> 30 ng/mL) 25(OH)D content by month
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Discussion

This study revealed vitamin D deficiency or insuffi-
ciency in more than two-thirds of the enrolled study
subjects in all participating regions of the Russian
Federation. The highest prevalence of vitamin D de-
ficiency was documented in Vladivostok, Kazan, and
Novosibirsk children, and the lowest in subjects re-
siding in Moscow, Yekaterinburg, and Arkhangelsk.
Despite the measures to prevent vitamin D insuffi-
ciency and rickets in infants under one year of age
being popular in Russia, a low vitamin D status was
found in 61% of infants aged 1 to 6 months and
in 40% of infants 6 to 12 months of age. These data
may be indicative of a poor efficacy of the current-
ly used prophylactic measures. A similar Canadian
study demonstrated that the prevalence of vitamin
D deficiency was the highest in children in their 274
year of life?!. These findings thus imply that par-
ents pay more attention to the prevention of rickets
in breastfed infants while the recommendations for
children aged over one year are not always followed.
In addition to the above, the AAP recommends that
the prevention of hypovitaminosis D should be
initiated from the very first days rather than from
the second month of life irrespective of the type of
feeding??. This, however, may prove insufficient.
Zeghoud et al. demonstrated that only 1,000 IU/
day (rather than 500 IU/day) of ergocalciferol given
for one month can normalize PTH concentrations in
children with subclinical vitamin D deficiency®®.

A study of seasonal serum 25(OH)D variability re-
vealed a high prevalence of low vitamin D status at
all times of year. Even in the summer months, nor-
mal vitamin D concentrations were determined only
in 33% to 44% of examined children.

Limitations of the study

This study was conducted in subjects admitted for
in-patient treatment, and therefore, children not re-
quiring treatment for any disease were not includ-
ed. It is therefore impossible to assess the impact
of acute disease or exacerbation of a chronic disease
on vitamin D levels in patients.

Conclusion

As a low vitamin D status is a widespread condition
in young children today, vitamin D supplementa-
tion is necessary. In accordance with the current-
ly active Guidelines (1991), the vitamin D recom-
mended dietary allowance in Russia is 400 IU?%.
In view of the results we obtained in this study,
the outdated dose recommendations should be re-
vised and National recommendations for the pre-
vention of vitamin D insufficiency in children in
Russia formulated based on scientific evidence.
Prophylactic use of vitamin D during the summer

" TAKE HOME MESSAGES

N

1. Vitamin D deficiency is associated with increased risk of
cancer (of the small and large intestines, pancreas, prostate,
and breasts), diabetes mellitus, arterial hypertension, heart
failure, peripheral artery disease, myocardial infarction,
autoimmune and inflammatory diseases, and immune sys-
tem dysfunctions.

2. The prevalence of vitamin D insufficiency and deficiency
was independent of the geographic location or isolation
level of the respective region.

3. The prevalence of vitamin D deficiency was the highest
in children in their 2" year of life.

4. Serum 25(0OH)D variability revealed a high prevalence
of low vitamin D status at all times of year.

should be recommended for young children resid-
ing in different regions of the Russian Federation,
while the vitamin D doses administered during
autumn, winter, and spring should be increased
depending on regional specifics. The inadequacy
of the currently adopted measures to prevent vita-
min D insufficiency in young children shows the
need to revise the current guidelines taking into
account the state-of-the-art approaches to the pre-
vention and treatment of vitamin D insufficiency,
to make appropriate changes and to implement
them in clinical practice. =
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Vitamin D status in residents of Belarus:
analysis of the three-year data

Status zaopatrzenia w witamine D na Biatorusi: analiza danych
z trzech kolejnych lat
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2 Belarusian Medical Academy of Postgraduate Education, Chair of Cardiology and Rheumatology, Minsk, Belarus
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ABSTRACT

Background: Hypovitaminosis D is a common condition in many regions that has a significant impact on health in individuals of any age but particularly
in the elderly.

Methods: The results of the 5185 laboratory measurements of the serum content of total vitamin D, performed in adult persons living in Belarus for the
period from January 2013 till the middle of 2015, were analyzed according to gender, age group, year and season.

Results: There was noted annual increase in the number of laboratory studies concerning vitamin D testing: from 1525 in 2013 till 1465 for only the first
half of 2015. There were no statistically significant differences in the content of total vitamin D between groups for the surveyed period. The prevalence of
vitamin D deficiency in adult residents of Belarus is very high and in the autumn-winter period is more than 50% for all age groups.

Conclusion: The annual prevalence of vitamin D deficiency in adult residents of Belarus for the surveyed period is extremely high irrespective of age,
gender and season. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592

KEY WORDS: = VITAMIN D m DEFICIENCY m RISK FACTORS ® REGION OF RESIDENCE

STRESZCZENIE

Hipowitaminoza D jest czestym schorzeniem, ktére ma istotny wptyw na zdrowie oséb w kazdym wieku, ale szczegdlnie ludzi starszych. Badaniami
objeto wyniki 5185 oznaczer\ 25-hydroksywitaminy D (total) dorostych os6b mieszkajacych na Biatorusi w okresie od stycznia 2013 roku do potowy
2015 roku, w zaleznosci od ptci, wieku, roku i sezonu. Odnotowano roczny wzrost liczby badan laboratoryjnych witaminy D:z 1525 w catym roku 2013
do 1465 oznaczen tylko w pierwszej potowie roku 2015. Nie stwierdzono statystycznie istotnych réznic stezenia witaminy D pomiedzy grupami w ba-
danym okresie. Czesto$¢ wystepowania niedoboru witaminy D u dorostych mieszkarncdw Biatorusi jest bardzo wysoka, a w okresie jesienno-zimowym

wynosi ponad 50% dla wszystkich grup wiekowych. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
SLOWA KLUCZOWE: = WITAMINA D m DEFICYT m CZYNNIKI RYZYKA ® MIEJSCE ZAMIESZKANIA

Introduction

Currently, deficiency of vitamin D is considered to
be one of the worldwide recognized health prob-
lems, which is quite common among all categories
of the population, especially in elderly people and
has serious impact on health!™7°15. Among main
causes of high incidence of vitamin D deficiency
are adverse environmental, geographic and climatic
conditions, global demographic changes, individual
factors (national style of dress, use of sunscreens,
lifestyle, presence of some diseases etc.) as well as
underestimation of the fact that the main source of
vitamin D for humans is its synthesis in skin under
the influence of effective sunlight as its content in
foods is extremely low, so an important risk factor

for vitamin D deficiency is a region of residence®®.
Residents of Belarus are at high risk of vitamin D
deficiency due to geographical and climatic condi-
tions!®.

The aim of our study was to determine the prev-
alence of vitamin D deficiency among Belarusian
adult population and its dynamics for the period
2013-2015.

Materials and methods

We analyzed data of the laboratory results of the
serum content of total vitamin D (25(OH)D) which
were performed in our republic in persons aged over
20 years from January 2013 to July 2015. In gener-
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al 5185 results, obtained from 4 laboratories situat-
ed in different regions of the country, were analyzed.
Serum content of total vitamin D was determined
by electrochemiluminescence protein binding assay
technology using Cobas e411 immunoassay ana-
lyzer (Roche Diagnostic, Germany) and original re-
actants Roche Diagnostics GmbH. Morning fasting
blood sampling was carried out from the cubital vein
in Vacutainer serum tubes, without the addition of
preservatives and anticoagulants. After separation
of the clot from tube walls by clean dry glass rod
the tubes was subjected to centrifugation at a ro-
tation speed of 3000 rev/min for 10 minutes, then
the serum was separated and placed in disposable
plastic 1,5 ml Eppendorf tubes. Tubes were frozen
at temperature -22° C and stored for not more than
one month, with a gradual thawing at room tem-
perature prior to performing the analysis. Before
setting up the samples the work of the analyzer was
tested using appropriate to the party and reagent
lot calibrators. Internal quality control was carried
out with the appropriate serum (Elecsys PreciCon-
trol Bone 1, 2 and 3). According to international
recommendations vitamin D levels considered to be
normal when values of 25(0OH)D exceeded the mean-
ing 30 ng/ml, showings from 20 to 29 ng/ml were
determined as insufficiency, less than 20 ng/ml
- as deficiency of vitamin D. Statistical analysis
was performed using the software package Statisti-
ca 6.0. Results of the study are presented as mean
values with corresponding parameters of standard
deviation (SD). Statistical significance of differences
between samples was evaluated by parametric sta-
tistics using analysis of variance in the module of

THESES
(2 \

1. Identifying individuals with the presence of hypovitami-
nosis D is essential for early and comprehensive preven-
tion of many diseases, including such socially significant
as osteoporosis, myopathy of various origins, cognitive
impairment in the elderly.

2. Residents of Belarus are at high risk of vitamin D deficien-
cy primarily due to climatic and geographical features: lo-
cated on the 53 00’ latitude, the country has moderately
continental climate with low duration of daylight during
autumn and winter, and high cloudiness, which reaches
85% of the daytime in the autumn-winter period, and 40
- 60% in spring and summer, snow can be expected from
December to March, and occasionally to April. All this fac-
tors significantly reduce the access of UV radiation to the
skin.

3. Elderly people living in Belarus include particular risk gro-
up for vitamin D deficiency, because above mentioned
factors they have additional ones such as the lack of sun
exposure, wearing clothing that covers most of the body
surface, low intake of vitamin D reach foods, the presence
of concomitant diseases, age-related decline of the skin
ability to synthesize vitamin D precursors.

factorial ANOVA. The level of probability of faultless
prognosis was set at 95% (the difference between
samples were considered statistically significant at
p < 0.05). Figure 1 demonstrates the annual fre-
quency of general measurements of 25(OH)D in men
and women during the observed period.

All the obtained results were divided into groups
according to gender and age group as presented in
Table 1.

number of cases

203 2014

B WOmen

Bmen

12015

FIG. 1 Annual number of 25(0H)D measurements in men and women performed for the observed period
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Table 1. Distribution of annual number of vitamin D measurements by age group according to gender

AGE GROUP
<40 72 282 138 391 100 378
41-60 63 730 134 1032 71 637
>60 29 349 36 454 21 258

Table 2. Results of 25(0OH)D testing in men according to age group and season by years

YEAR
SEASON AUTUMN SPRING AUTUMN SPRING AUTUMN SPRING
-WINTER -SUMMER -WINTER -SUMMER -WINTER -SUMMER

Age group 25(0H)D, ng/ml (mean; SD)

<40 29,3;13,4 31,497 24,6;11,8 32,6;12,7 22,1;10,3 25,1,9,3

(n39) (n33) (n61) n77) (n 36) (n 64)

41-60 27,9;10,3 33,9, 14,4 25,2;12,5 30,1;13,1 22,3;8,1 31;14,8

(n 36) (n27) (n 68) (n 66) (n31) (n 40)
60 35,1;12,8 32,9;8.2 22,1;8,9 27,591 27,7,8,2 28,4,10,1

(n9) (n 20) (n17) (n19) (n7) (n14)

*n - number of cases

Table 3. Results of 25(0H)D testing in women according to age group and season by years

YEAR
SEASON AUTUMN SPRING AUTUMN SPRING AUTUMN SPRING
-WINTER -SUMMER -WINTER -SUMMER -WINTER -SUMMER
Age group 25(0OH)D, ng/ml (mean; SD)
<40 26,2;10,9 27,8113 25,3;11,2 26,6;11,9 24,2;10,2 25,9;10,4
(n162) (n 120) (n218) (n173) (n179) (n199)
41-60 24,4;10,2 27,5;11,2 24,1;10,5 25,6;10,9 22,994 24,9,9,0
(n 390) (n 340) (n561) (n471) (n 276) (n361)
60 21,7;10,2 22,9;10,7 20,1;10,6 21,7;9,8 23,187 23,584
(n197) (n152) (n239) (n215) (n119) (n139)
*n — number of cases

Results

In order to perform further analysis the obtained re-
sults were graded by groups according to year, sea-
son, age group and gender (Tables 2 and 3).

The evaluation of differences between samples per-
formed using analysis of variance in the module of
factorial ANOVA revealed statistically significant
changes in the annual dynamics of 25(OH)D levels
within age groups (Figures 2-5).

The next step of the analysis was evaluating the
proportion of persons with normal levels of total

vitamin D and those with vitamin D deficiency
(i.e. levels of 25(0OH)D < 30 ng/ml) in each age group
according to gender and season (Table 4).

Discussion

According to the analyzed data there was noted ten-
dency in annual decreasing of mean levels of 25(OH)D
for the observed period in all seasons in women of
age groups less than 40 and 41 - 60 years and in
men of all age groups in winter and age group < 40
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FIG. 2 Annual dynamics of 25(0H)D levels in autumn
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FIG. 5 Annual dynamics of 25(0H)D levels in spring
and summer in men in accordance with the age group

Table 4. Annual prevalence of vitamin D deficiency in studied sample

<40 67,9 32,1 61,6 384 73,4 26,6 68,2 31,8 79,3 20,7 72,8 27,2
41-60 73,6 26,4 64,4 35,6 72,5 27,6 68,6 314 789 21,1 74,2 25,8
>61 79,7 20,3 744 25,6 82,8 17,2 79,1 20,9 77,3 22,7 76,9 23,1

<40 48,7 51,2 42,4 57,6 72,2 27,8 54,2 45,8 86,2 13,8 79,6 20,4
41-60 58,4 41,6 48,1 51,9 69,1 30,9 51,8 48,2 83,8 16,2 49,3 51,7
>61 37 63 40,2 59,8 82,3 17,7 791 20,9 71,5 28,5 57,2 42,8

*D - 25(0H)D levels less than 30 ng/ml, N — normal values of 25(OH)D
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in summer, though these data were not statistical-
ly significant different. Women older 61 years has
slightly increased showings of 25(OH)D levels from
2014 to 2015 in both seasons. Unfortunately we
couldn’t analyze causes of the presence of risk fac-
tors for vitamin D deficiency in studied sample such
as the duration of sun exposure, vitamin D supple-
mentation, presence of concomitant pathology, life-
style etc, but the most likely explanation for posi-
tive dynamics of 25(0OH)D in women older 61 years
is more frequent intake of vitamin D supplements,
which are often assigned for prevention or treatment
of osteoporosis in women of this age group, either in
combination with calcium or not. =

prof. Alena Rudenka

B Belarusian Medical Academy of Postgraduate Education,
Chair of Cardiology and Rheumatology,
Minsk, Belarus
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1. Itwas noted the annual increase in the number of laborato-
ry studies performed in Belarus for the observed period in
all age groups, which indicates a growing awareness of the
problem in the country.

2. The prevalence of vitamin D deficiency in residents of Be-
larus is still extremely high irrespective of age, gender and
season.

3. Given the high prevalence of vitamin D deficiency in Bela-
rusian population in combination with adverse geographic
and climatic conditions it is necessary to attract attention
to this issue both from society and the medical community
including government prevention programs.
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Vitamin D deficiency correction
in elderly people

Korekcja deficytu witaminy D u 0s6b starszych

V. Povoroznyuk’, V. Muts?, N. Balatska’, N. Dzerovych’, O. Synenky?
' D.F.Chebotarev Institute of Gerontology NAMS of Ukraine
2 Ventiv Health Ukraine, LLC

®  Lviv Regional Clinical Hospital

ABSTRACT
Introduction: Vitamin D deficiency and insufficiency are widespread conditions, especially in elderly population with concomitant musculoskeletal
disorders. Correction of vitamin D status is crucial to reduce pain, increase mobility and gait stability, and improve overall quality of life in such patients.
Objectives: to assess the efficacy and safety of individual targeted vitamin D therapy in postmenopausal women with skeletal diseases (systemic
osteoporosis and osteoarthritis).
Methods: Due to high prevalence of vitamin D deficiency in Ukraine it was developed the individual targeted therapy of vitamin D deficiency.
The individual targeted therapy consists of two periods - saturation period and maintenance therapy period, during which patients take it constantly.
Duration of saturation therapy is calculated by the formula:
Saturation therapy duration (days) = (100 - VDL) x BW/100,

where: VDL is blood 25(0H)D level (ng/mL), BW is body weight (kg).
The therapy for saturation includes combined calcium (1000 mg of calcium and 800 IU of vitamin D) and 3000 IU of vitamin D per day. Maintenance
therapy includes 2 000 IU of vitamin D per day.
The study involved 70 postmenopausal women aged 46-87 years with skeletal diseases (systemic osteoporosis and osteoarthritis). All subjects were
subdivided into two groups: main - 50 women who took individual targeted vitamin D therapy (50 subjects, 65.1+8.8 years old, BMI 27.22+4.51 kg/m?)
and control (20 subjects, 64.5£11.1 years old, BMI 26.68+4.95 kg/m?). The duration of the treatment consists of 3 months starting on the 1st Oct 2013.
25(0OH)D total and iPTH levels were assessed by electrochemiluminescent method using Elecsys 2010 analytical system (Roche Diagnostics, Germany) and
test-systems cobas. The serum levels of calcium, phosphor, alkaline phosphatase levels were evaluated for safety reasons.
Results: In 3 months after the start of the treatment there was a significant (p < 0.001) increase in 25(0H)D levels in the treatment group:
35.60+8.21 nmol/L as compared to baseline levels of 25.20+9.76 nmol/I. Remarkably, the treatment was most effective in the oldest subgroup (> 70 yrs.),
as well as in subjects with the BMI 25-28,99 kg/m?. After the treatment, there were no changes in calcium levels.
Conclusions: The suggested individual targeted vitamin D therapy was proven to be effective in postmenopausal women. As the treatment turned out to
be effective, relatively quick, and had a reasonable safety profile it may be beneficial for all vitamin D deficient postmenopausal women.
Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
KEY WORDS: = VITAMIN D DEFICIENCY m INSUFFICIENCY m CORRECTION m SCHEME m EQUATION

STRESZCZENIE
Wprowadzenie: Deficyt i niedobor witaminy D sg szeroko rozpowszechnione, zwiaszcza u oséb w podesztym wieku ze wspotistniejagcymi zaburzeniami
uktadu miesniowo-szkieletowego. Korekcja niedoboréw witaminy D jest niezbedna w celu zmniejszenia bélu, zwiekszenia mobilnosci i stabilnosci chodu
oraz poprawy ogélnej jakosci zycia tych pacjentow.
Cele: Ocena skutecznosci i bezpieczenstwa stosowania indywidualnej ukierunkowanej terapii witaming D u kobiet po menopauzie z chorobami kosci
(osteoporoza lub zapaleniem kosci i stawow).
Metody: Ze wzgledu na czeste wystepowanie niedoboréw witaminy D u 0séb mieszkajacych na Ukrainie opracowano indywidualny, spersonalizowany
system leczenia niedoboru witaminy D. Indywidualna terapia celowana przebiega w dwéch etapach - pierwszy to okres nasycania, drugi - okres leczenia
podtrzymujacego. Czas trwania etapu nasycania oblicza sie wedtug wzoru:
Terapia Nasycania (dni) = (100 - VDL) x BW/100;

gdzie: VDL to stezenie 25(0H)D (ng/ml), BW to masa ciata (kg).
Terapia nasycania obejmuje preparat kombinowany wapnia i witaminy D (1000 mg wapnia i 800 IU witaminy D) oraz dodatkowo 3000 IU witaminy D
dziennie. W leczeniu podtrzymujacym stosuje sie 2000 IU witaminy D na dobe. W badaniu wzieto udziat 70 kobiet po menopauzie, w wieku 46-87 lat,
z chorobami uktadu kostnego (osteoporoza systemowa oraz zapalenie kosci i stawéw). Pacjentki podzielono na dwie grupy: grupa gtéwna - 50 kobiet,
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ktére miaty indywidualnie ukierunkowane leczenie witamina D (65,1 + 8,8 lat, BMI 27,22 + 4,51 kg/m?) i grupa kontrolna (20 kobiet, 64,5 + 11,1 lat,
BMI 26,68 + 4,95 kg/m?). Czas trwania terapii nasycania wynosit 3 miesiace, liczac od dnia 1 pazdziernika 2013 r. 25(0H)D oraz iPTH oceniano metodg
elektrochemiluminescencyjna przy uzyciu Elecsys 2010 i Cobas (Roche Diagnostics, Niemcy). Stezenia wapnia, fosforu, aktywnosci fosfatazy zasadowe;j
oceniano ze wzgledu na bezpieczerstwo nasycania.

Wyniki: Po 3 miesigcach etapu nasycania stwierdzono znaczacy (p < 0,001) wzrost stezenia 25(0OH)D: 35,60 + 8,21 ng/ml w stosunku do poziomu podsta-
wowego 25,20 + 9,76 ng/ml. Co ciekawe, leczenie byto najskuteczniejsze w podgrupie kobiet najstarszych (> 70 lat), a takze u 0s6b z BMI 25-28,99 kg/m?.
Nie ujawniono zadnych zmian w poziomie wapnia.

Whioski: Proponowany schemat indywidualnej terapii celowanej witaming D byt skuteczny w badanej grupie kobiet po menopauzie. Leczenie okazato
sie skuteczne, stosunkowo szybkie i z rozsagdnym profilem bezpieczenstwa, zatem moze by¢ uwazane za korzystne dla wszystkich kobiet po menopauzie

z niedoborem witaminy D. Standardy Medyczne/Pediatria m 2015 m T. 12 m 587-592
StOWA KLUCZOWE: = DEFICYT WITAMINY D ® SCHEMAT LECZENIA WITAMINA D ® ROWNANIE DO WYZNACZENIA DAWKI WITAMINY D

Introduction

Vitamin D administration is widely used in clini-
cal practice as it can be arranged in several formu-
lations and multiple doses — up to 50,000 IU per
capsule. However the question remains what would
be the correct dose in a given setting to avoid hyper-
vitaminosis!? but at the same time maintain appro-
priate treatment effect for extended periods of time3.
Previous studies*® have shown that it is crucial
to maintain long-term and stable serum vitamin D
levels in patients with skeletal diseases. It has been
suggested that daily administration of 1000 IU of
calciferol throughout 3-4 months secures the mean
increase in serum 25(OH)D level for about 25 nmol/1.
However the pharmacokinetic profile in this case is
non-linear and the more pronounced baseline de-
ficiency is the more challenging will be its correc-
tion”’.

It is also known that the daily vitamin D dose in
elderly patients with osteoporosis and osteoarthri-
tis should amount to at least 600-800 IU since
the ranges of 400 IU and less exert no therapeu-
tic effect®>®1°. Other sources suggest the need to
calculate weekly rather than daily vitamin D dose
in this patient population!!!2. Either way, there is
a consensus regarding the vitamin D dose elderly
patients should be receiving in a week — 50,000 IU
on average tillthe mean serum 25(OH)D levelreaches
at least 30 ng/ml so that the patients may switch
to maintenance dose - typically 1,500-2,000 IU da-
ily. It has also been suggested that in such cases
patients are to receive booster doses of 50,000 IU
every two weeks thereafter despite ongoing mainte-
nance therapy.

When calculating an individual vitamin D dose
several factors should be considered. Of special in-
terest is baseline serum 25(OH)D level!?, as well as
BMI'*!* Indeed, obese patients should be receiving
2-3 times higher calciferol doses to achieve com-
parable serum 25(OH)D doses to the subjects with
normal BMI'0:13:14,

THESES
(2 N

1. During vitamin D deficiency correction in elderly patients
it is important to consider several factors such as patient’s
body mass and pre-existing serum 25(0H)D level.

2. The individual targeted therapy consists of two periods
- saturation period and maintenance period: during the
latter, patients are getting a steady dose of vitamin D.

3. The individual targeted vitamin D therapy has been pro-
ven to be effective and safe in postmenopausal women.

It has been proven that among elderly subjects, vita-
min D deficiency and insufficiency is more prevalent
and more pronounced in patients with osteoarthri-
tis and osteoporosis!'®!'® while these diseases tend to
have less favorable prognosis in vitamin D deficien-
cy setting!”. At the same time until recently we have
seen no well-defined approach to calculating vitamin
D dose in such patients.

Methods and materials

To develop the most suitable vitamin D deficien-
cy correction scheme in this patient population we
have enrolled 70 postmenopausal women aged 50-89
years (mean age 65.6+8.4 yrs; mean BMI 26.93+4.57
kg/m?) into the study. All these women had muscu-
loskeletal disorders.

Patients were assigned into either of the 2 treatment
arms: main group with 50 women (mean age 65.1+8.8
yrs; mean BMI 27.22+4.51 kg/m?) receiving targeted
vitamin D therapy, and control group with 20 women
(mean age 64.5+11.1 yrs, BMI 26.68+4.95 kg/m?) re-
ceiving placebo.

The study commenced on 1st Oct 2013 and ended on
1st Apr 2014. Main exclusion criteria were as follows:
disorders potentially impacting calcium metabolism,
intake of steroids, antiepileptic drugs, vitamin D for-
mulations within 6 months prior to study start.
Saturation therapy duration was calculated
according to the following equation: n=(100 -VDL)
x BM/100, where n - duration of saturation therapy
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in days, VDL - baseline serum 25(OH)D level (ng/ml),
BM - body mass, kg.

Study results

Three months after the start of correction therapy,
patients had significant serum 25(OH)D level in-
crease (p < 0,001) up to a target level 30-50 ng/ml
(according to the existing recommendations for the
Central European countries). Subjects enrolled into
the control group had no significant changes.

Table 1. Mean serum 25(0OH)D level changes after
3 months of treatment in patients from the main
and control groups, M+SD

MEAN SERUM 25(0OH)D LEVEL, ng/ml

BASELINE 3 MONTHS LATER
Main 50 25.20£9.76 35.60+8.21 <0.001
Control 20 23.01£7.28 22.60+8.20 0.34

We have analyzed the impact of different factors on
the efficacy of treatment. For that purpose, we have
assessed the study results across the following age
groups: 50-59, 60-69, and over 70 years old.

Table 2. Serum 25(0H)D level change 3 months after the
start of treatment in the main and control groups, M+SD

SERUM 25(0OH)D LEVEL, ng/ml

AGE,
YEARS BASELINE | 3 MONTHS LATER
5059 | 14 | 24.99+9.64 3522+10.84 001
6069 | 18 & 2861+9.86 38.80+6.89 0.001
70and g 50014836 32.78+6.86 0.001
over
Total | 50 | 2520976 3562821 <0.001

We have registered significant post-treatment serum
25(OH)D level increase in all age groups. Moreover,
the correction turned out to be more effective in old-
er patients group where mean serum 25(OH)D level
increased almost 50% compared to baseline.

Apart from subject’s age, another factor influencing
baseline vitamin D status and treatment efficacy can
be body mass index. We have studied mean serum
25(0OH)D level changes after the treatment. The re-
sults are noted in Table3

It must be noted that the therapy turned out to
be effective in all IMT groups. Compared to baseline,
mean serum 25(OH)D level increased by 49% in pa-
tients with BMI 25.0-28.9 kg/m?, by 42.1% in those
with BMI >29.0 kg/m? and by 34.8% in subjects
with normal BMI. The duration of treatment was the
longest in obese patients.

We have also analyzed the efficacy of suggested
therapy depending on the baseline serum 25(OH)D
level. In subjects with pre-existing vitamin D defi-
ciency baseline levels were registered at 13.42+3.91
ng/ml, while following the therapy administration
these rose more than two-fold to 30.68+6.43 ng/
ml. Patients with vitamin D insufficiency (baseline
serum 25(OH)D level 24.52+3.26 ng/ml) experienced
post-treatment increase up to 36.29+6.11 ng/ml
(p < 0.0001).

Discussion

While the proposed vitamin D deficiency and insuf-
ficiency correction scheme was in general effective,
we have noticed several important considerations
which may help general practitioners to approach
individual patients more accurately. In particular,
the correction was more effective in older group. This
can be explained by worse baseline vitamin D status
in people over 70 years old (in this age group, mean
serum 25(OH)D level was 20.91+8.36 ng/ml com-
pared to 50-59 years old group (24.99£9.64 ng/ml)
as well as 60-69 years old group (28.61+9.86 ng/ml).
Then, BMI also had a significant impact on the cor-
rection efficacy and the overall duration of therapy.
This was expected as it takes longer to saturate in-
ternal depots in obese patients.

In general, we have noted that the quickest and most
effective correction is expected in subjects with the
most pronounced vitamin D deficiency at baseline.
Nevertheless the proposed therapy was effective in
all patient groups.

Table 3. Mean serum 25(0H)D level changes after treatment depending on BMI in subjects belonging to the main

group, M+SD
MEAN SERUM 25(0OH)D LEVEL, ng/ml
BMI, kg/m?
BASELINE 3 MONTHS LATER
Below 25.0 16 27.54+8.73 37.13+8.07 0.01
25.0-28.9 17 26.41+9.37 38.91+6.23 <0.001
Over 29.0 17 21.81+10.66 30.99+8.40 0.01
Total 50 25.20+9.76 35.60+8.21 <0.001
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FIG. 1 Mean serum 25(0OH)D changes in postmenopausal women undergoing targeted vitamin D correction depending
on their baseline status (chart A - those with pre-existing vitamin D deficiency, chart B - those with insufficiency)

Conclusions

To develop an effective scheme of vitamin D defi-
ciency correction in elderly patients, it is important
to consider baseline serum 25(OH)D levels, as well
as patient’s age and BMI. The suggested equation
(n=(100 -VDL) x BM/100, where n - duration of
saturation therapy in days, VDL - baseline serum
25(0OH)D level (ng/ml), BM - body mass, kg) can be
used in clinical practice as it turned out to be effec-
tive in various settings. m
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Stezenie 25(0OH)D u noworodkow, niemowlat,
dzieci i nastolatkow - przeglad danych
konsultacyjnej poradni pediatrycznej

z trzech dekad

25(0OH)D levels in newborns, infants, toddlers, children and adolescents
—a 30 years experience
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STRESZCZENIE

Wstep: Odkrycia ostatnich 10 lat dotyczace dziatania plejotropowego poszerzyty wiedze o roli witaminy D dla zdrowia cztowieka, co zaowocowato no-
welizacja wytycznych suplementacji ta witamina i w nastepstwie dyskusja na temat ryzyka hiperkalcemii w efekcie rozpowszechnienia tych wytycznych.
Celem niniejszej pracy byta analiza zakresu i kierunku zmian stezenia 25-hydroksywitaminy D na przestrzeni ostatnich 30 lat dziatalnosci konsultacyjnej
poradni pediatryczne;j.

Materiaty i metody: Retrospektywnej ocenie poddano wyniki badan laboratoryjnych parametréow gospodarki wapniowo-fosforanowej oraz stezenia
25(0OH)D. Populacje badana stanowito 3657 dzieci w wieku 0-18 lat, ktére podzielono na 2 grupy wiekowe. Grupa | obejmowata noworodki i niemow-
leta w wieku 0-18 mies. (n = 2990; srednia wieku 8,0 miesiecy + 3,00). W sktad grupy Il weszty dzieci w wieku 1,5-18,3 lat (n = 667; $rednia wieku 8,3 lat;
99,1 miesiecy + 63,89).

Wyniki: W grupie noworodkéw i niemowlat stezenie 25(0OH)D < 20 ng/ml stwierdzono u 20,2% (n = 605), stezenie 20-30 ng/ml u 707 (23,6%), a ste-
zenie 30-50 ng/ml u 1067 (35,7%). W grupie Il (1,5-18,3 lat) stezenie 25(0OH)D < 20 ng/ml stwierdzono u 270 pacjentdw (40,2%), wartosci 20-30 ng/ml
u 202 (30,1%), a stezenia 30-50 ng/ml u 142 pacjentéw (21,1%). W grupie | $rednia wartos¢ 25(0H)D wyniosta 37,0 ng/ml. W grupie Il najwyzsze wartosci
stezenia 25(0H)D ujawniono w przedziale 1,5-3 lata (35,9 ng/ml). W kolejnych przedziatach wiekowych grupy Il wykazano spadek stezenia 25(0H)D
zminimum przypadajacym na wiek 14-15 lat (16,59 ng/ml). W grupie Il odnotowano wyzsze wartosci 25(0H)D u pacjentéw badanych w Il kwartale roku.
Gteboki deficyt 25(0H)D < 10 ng/ml ujawniono u 161 noworodkéw i niemowlat (5,4%) oraz u 66 pacjentow (9,9%) z grupy Il. W obydwu grupach z 25(0H)D
< 10 ng/ml stwierdzono prawidtowa kalcemie (2,25-2,65 mmol/l) u 82,8% noworodkdw i niemowlat (n = 134) oraz u 56 pacjentéw (84,8%) w grupie II.
W grupie | u 78 badanych ujawniono podwyzszone stezenia 25(0H)D (powyzej 100 ng/ml), ktérym towarzyszyta kalcemia od 2,6 mmol/l do 4,38 mmol/I
(Srednio Ca 2,70 mmol/l). W grupie I 9 pacjentéw ujawnito 25(0H)D powyzej 100 ng/ml, czemu towarzyszyta kalcemia od 2,06 mmol/l do 2,54 mmol/I ($red-
nio Ca 2,35 mmol/l). Odnotowano wyzszy odsetek pacjentéw z hipokalcemig (Ca < 2,25 mmol/l) w grupie Il (10,1%; n = 68) wzgledem grupy 1 (0,5%; n = 14).
W grupie | znalazto sie 425 pacjentéw z kalcemia > 2,65 mmol/I (14,6%). W grupie Il odsetek ten wyniést 3,7% (n = 25). W ujeciu ogdlnym wartosci srednie
parametréw gospodarki wapniowo-fosforanowej miescity sie w zakresie wartosci referencyjnych.

Whioski: 40,2% starszych dzieci i mtodziezy oraz 20,2% noworodkéw i niemowlat ujawnito deficyt witaminy D (25(OH)D < 20 ng/ml). Potwierdzono
efektywna suplementacje cholekalcyferolem u dzieci do 3 roku zycia. Udowodniono réwniez wydajng synteze skorng witaminy D u starszych dzieci i mfo-
dziezy. Nie potwierdzono bezposredniego zwigzku pomiedzy niskim stezeniem 25(0OH)D a hipokalcemia. Hiperkalcemie wspoéttowarzyszacg wysokim
stezeniom 25(0OH)D (> 100 ng/ml) notowano czesciej u noworodkéw i niemowlat.
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ABSTRACT

Introduction: The numerous evidence showing spectrum of vitamin D effects on human health resulted in the amendment of vitamin D supplementation
guidelines, and raised discussion on the risk of hypercalcaemia as a result of the dissemination of novel recommendations. The aim of this study was to
analyze the scope of serum 25-hydroxyvitamin D levels change over the last 30 years of activity of a single pediatric clinic.

Materials and methods: Calcium-phosphate metabolism markers and 25(OH)D levels were investigated in a group of 3657 children aged 0-18 years,
divided into 2 age groups. Group | consisted of newborns and infants aged 0-18 months (n = 2990; mean age 8.0 + 3.0 months). The second group
consisted of children aged 1.5-18.3 years (n = 667; mean age 8.3 years; 99.1 months + 63.9).
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Results: In neonates and infants (group 1) 25(0H)D < 20 ng/ml were noted in 20.2% (n = 605), 20-30 ng/ml in 707 (23.6%) and 30-50 ng/mlin 1067 (35.7%).
In group Il (1.5-18.3 years) 25(0H)D < 20 ng/ml were found in 270 patients (40.2%), 20-30 ng/ml in 202 (30.1%) and 30-50 ng/ml in 142 patients (21.1%).
In group | the mean 25(0H)D was 37,0 ng/ml. In group I, the highest 25(0H)D levels were noted in a subgroup aged 1.5-3 years (35.9 ng/ml). In the
following age groups within group Il an age-related 25(0OH)D level decrease was noted, with a minimum observed at the age 14-15 years (16.59 ng/ml).
Severe vitamin D deficiency (25(0OH)D < 10 ng/ml) was found in 161 neonates and infants (5.4%) and in 66 patients (9.9%) from group Il. In both groups
revealing 25(0H)D < 10 ng/ml a normal calcaemia (2.25-2.65 mmol/l) was noted in 82.8% of neonates and infants (n = 134) and in 56 patients (84.8%) in
group Il. In group | 78 subjects had 25(0OH)D above 100 ng/ml, with co-existing calcaemia range: 2.6 mmol/Il up to 4.38 mmol/I (mean Ca = 2.70 mmol/l).
In group Il 9 subjects revealed 25(0H)D above 100 ng/ml, accompanied by calcaemia range: 2.06 mmol/l up to 2.54 mmol/l (mean Ca = 2.35 mmol/I).
The prevalence of hypocalcaemia (Ca < 2.25 mmol/l) was a higher in group 11 (10.1%, n = 68) compared to group | (0.5%, n = 14). In group | 425 patients
had Ca levels > 2.65 mmol/l (14.6%). In group Il Ca > 2.65 mmol/l were noted in 3.7% (n = 25). In general, the average values calcium-phosphate markers
were within the range of reference values for age.

Conclusions: 40.2% of cases from group I, and 20.2% of neonates and infants (group I) revealed a vitamin D deficiency (25(0H)D < 20 ng/ml). Vitamin
D supplementation appeared effective in children aged 3 years and younger. A direct relation between low 25(0H)D levels and hypocalcaemia was not

observed. Hypercalcaemia concomitant to high 25(0H)D levels (> 100 ng/ml) was reported more frequently in neonates and infants (group ).
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Wstep

Dzialanie witaminy D w organizmie czlowieka sta-
lo sie w ostatnich latach tematem wielu publikacji
i ozywionej dyskusji. Odkrycia dotyczace dziatania
plejotropowego i wielonarzadowego rozszerzyly wie-
dze o klasycznej roli witaminy D, tj. regulacji home-
ostazy wapniowo-fosforanowej. Wykazano, ze deficyt
25(0OH)D towarzyszy wielu chorobom, takim jak no-
wotwory!?, choroby autoimmunizacyjne®*, cukrzyca
typow 1 i 25°, choroby ukltadu sercowo-naczyniowe-
g0”® czy nadcisnienie tetnicze®!°. W zwiazku z tym
wzrosto zainteresowanie problemem niedoboru wi-
taminy D oraz zasadami jej suplementacji. W kon-
tekscie wydluzenia Zycia spoleczenstwa, wzrastaja-
cej czestosci przewleklych choréb cywilizacyjnych
oraz niekorzystnych zmian dotyczacych odzywiania
i stylu zycia uzyskanie i utrzymanie optymalnego
stezenia 25(OH)D urosto do rangi problemu zdrowia
publicznego i stanowi istotny aspekt polityki proz-
drowotne;.

Od dawna witamine D stosuje sie w profilaktyce
przeciwkrzywiczej u niemowlat, jednak badania epi-
demiologiczne przeprowadzone we wszystkich gru-
pach wiekowych wykazujg jej znaczny niedobor!!12,
Dlatego tak wazne bylo opracowanie zalecen doty-
czacych suplementacji cholekalcyferolem dla calego
spoteczenstwa. W 2013 r. zespo6t ekspertéow opubli-
kowatl ,Wytyczne suplementacji witaming D dla Eu-
ropy Srodkowej — rekomendowane dawki witaminy
D dla populacji zdrowej oraz dla grup ryzyka defi-
cytu witaminy D”*®. W opracowaniu tym okreslono
wytyczne suplementacyjne dla wszystkich grup wie-
kowych, kryteria diagnostyczne stanu zaopatrzenia

“ GLOWNE TEZY N

1. W latach 80. i 90. XX wieku ilo$ciowe oznaczanie 25(0OH)D
byto mato dostepne i wykonywaty je tylko jednostki specja-
listyczne u pacjentéw, u ktérych podejrzewano lub stwier-
dzono zaburzenia gospodarki wapniowo-fosforanowej.

2. Opisane zostaty na Swiecie dwa epizody endemii hiperkal-
cemii samoistnej niemowlat zwigzanej z nadwrazliwoscia
na witamine D. Hiperkalcemia ujawniata sie w trakcie profi-
laktyki lub leczenia krzywicy cholekalcyferolem w codzien-
nych lub okresowych (tzw. uderzeniowych) dawkach.

3. Przeglad danych historycznych i nowe odkrycia zwigzane
z jednej strony z plejotropowym i wielonarzagdowym dzia-
taniem witaminy D, a z drugiej strony z wyjasnieniem pod-
toza genetycznego hiperkalcemii samoistnej niemowlat
uzasadniaja konieczno$¢ przeprowadzenia analizy zagro-
Zenia dzieci i mtodziezy w Polsce zaréwno niedoborem
witaminy D, jak i jej nadmiernym dawkowaniem w ramach
profilaktyki przeciwkrzywiczej.

w witamine D oraz zalecenia dotyczace maksymal-
nych bezpiecznych dawek dla os6b zdrowych.

Za kryterium ciezkiego niedoboru witaminy D do nie-
dawnauwazano stezenie 25(OH)D ponizej 10 ng/ml**.
W swietle najnowszych badan normy populacyjne
zostaly zmienione i za minimalne stezenie zapew-
niajace korzysci zdrowotne uznano 20 ng/ml lub
nawet 30 ng/ml w zaleznosci od osrodka referen-
cyjnego!®1516. Przy powyzszych kryteriach deficyt
witaminy D w Polsce i w calej Europie Srodkowej
nalezy uznaé¢ za powszechny!'’!”, przynajmniej
w grupach wiekowych nieobjetych profilaktyka
przeciwkrzywicza.
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Uswiadomienie w spoteczenstwie oraz w $rodowi-
skach medycznych znaczenia witaminy D oraz za-
grozenia jej deficytem nie zamknelo jednak dysku-
sji na temat potencjalnego negatywnego dziatania
na organizm zbyt wysokiego stezenia 25(OH)D.
Sugeruje sie, ze w niektorych przypadkach nadmier-
ne dawki cholekalcyferolu moga zwiekszac ryzyko
hiperkalcemii, hiperkalciurii oraz kamicy uktadu
moczowego'®. Znane sa doniesienia z lat 50. XX w.
z Wielkiej Brytanii o przypadkach hiperkalcemii nie-
mowlat ujawniajacej sie pod wplywem stosowania da-
wek witaminy D powyzej 4000 IU na dobe!®?°. Czesé
tych pacjentéw posiadata fenotyp nazwany poézniej
zespotem Williamsa?!, innych zaklasyfikowano do
nowej jednostki chorobowej o podtozu genetycznym
— idiopatycznej hiperkalcemii niemowlecej??. Po-
dobne przypadki obserwowano réwniez u polskich
dzieci w latach 70. XX wieku. Hiperkalcemia ujaw-
niala sie po stosowaniu cholekalcyferolu w dawkach
2,5-4 tys. jednostek dziennie, a takze w dawkach
uderzeniowych wynoszacych jednorazowo nawet
do 300 000 1U%2%, Z powyzszych powodow réowniez
wspolczesnie konieczna jest ostroznosS¢ w suple-
mentacji, co moze mie¢ szczegolne znaczenie u os6b
obciazonych ryzykiem nadwrazliwosci na powszech-
nie tolerowane dawki cholekalcyferolu. Ryzyko to
jest uwarunkowane genetycznie!®?®26. Do chwili
obecnej nie ma badan epidemiologicznych dotycza-
cych czestosci wystepowania w populacji hetero-
zygot patogennych wariantow w genach CYP24A1
i SLC34A1, u ktorych suplementacja witaming D
moze by¢ szkodliwa.

Biorgc pod uwage aspekt historyczny stosowania
witaminy D w profilaktyce pediatrycznej, nalezy
uwzgledni¢ brak oficjalnych zalecen dawkowania
cholekalcyferolu u starszych dzieci i mlodziezy w Pol-
sce przed rokiem 2009. Istniejace wowczas zalecenia
nie posiadaly statusu ogo6lnokrajowych wytycznych
i dotyczyly profilaktyki przeciwkrzywiczej niemowlat
i malych dzieci. Moglo to skutkowac¢ pominieciem
korzysci dzialania ogélnoustrojowego we wszystkich
grupach wiekowych. Z drugiej strony zmniejszone
bylo ryzyko potencjalnych powiklan dotyczacych
populacji z nadwrazliwoscia na witamine D. Braku-
je réwniez szerokich badan z lat 80. i 90. XX wieku
oceniajacych zaopatrzenie w witamine D w populacji
starszych dzieci i mtodziezy w Polsce. Istniejace nie-
liczne opracowania z tego okresu opisywaly zasoby
witaminy D u noworodkéw i niemowlat urodzonych
w stolecznych szpitalach?”?%. Wigzalo sie to z malg
dostepnoscig ilosciowego oznaczania 25(0OH)D, kto6-
re bylo wykonywane jedynie przez kilka wiodacych
osrodkow w kraju. W tamtym okresie oznaczanie ste-
zenia 25(OH)D u dzieci i mtodziezy w Polsce dotyczyto
tylko pacjentéw podejrzewanych o zaburzenia gospo-
darki wapniowo-fosforanowej i mineralizacji kosci.

Niniejsze opracowanie moze by¢ uzupelnieniem pu-
blikowanych ostatnio prac opisujacych zaopatrze-
nie w witamine D we wspodlczesnej populacji dzie-
ci i mtodziezy. Badania te dotyczyly gléwnie grup
ograniczonych matym terytorium zasiegu, krotkim
okresem czasowym lub innymi kryteriami, np. tylko
dzieci zdrowe.
Opisana ponizej populacja pacjentéw pediatrycz-
nych z terenu Polski obejmuje szeroki okres histo-
ryczny lat 80. i 90. XX wieku oraz I dekade XXI wie-
ku. Jest to grupa unikalna pod wzgledem rozpatry-
wanego okresu czasowego, duzej liczebnosci oraz
roznorodnosci klinicznej i biochemicznej ocenianych
pacjentow. Uzyskane obserwacje moga by¢ pomoc-
ne w wyjasnieniu réznych aspektéow dotyczacych
suplementacji i zaopatrzenia w witamine D popula-
cji dzieci i mlodziezy w mato dotychczas opisanych
okresach czasowych. Celem niniejszej pracy byla
proba odpowiedzi na nastepujace pytania:

m Jak zmienialo sie zaopatrzenie w witamine D
W ocenianej grupie na przestrzeni calego omawia-
nego okresu?

m U ktorych pacjentow i w jakim stopniu widoczny
jest wplyw suplementacji cholekalcyferolem lub
skornej syntezy witaminy D?

m Czy na podstawie parametréow biochemicznych
mozna wyodrebnié¢ grupe pacjentéw z podejrze-
niem danego fenotypu chorobowego, np. gene-
tycznie uwarunkowanej nadwrazliwosci na wita-
mine D?

Materiaty i metody

Grupa badana

Przedmiotem oceny byla dokumentacja medyczna
pacjentow pediatrycznych z podejrzeniem zabu-
rzen gospodarki wapniowo-fosforanowej kierowa-
nych do konsultacyjnej poradni Instytutu ,Pomnik
— Centrum Zdrowia Dziecka” w latach 1979-2011.
Pacjenci pochodzili z calego kraju. Analizie podda-
no informacje zawarte w bazie danych, ktéra pro-
wadzona byla na biezaco dla potrzeb naukowo-ba-
dawczych. Dane wprowadzane byly do bazy przez
lekarza lub pielegniarke poradni po kazdej odbytej
wizycie, niezaleznie od obowigzujacej dokumentacji
medycznej.

Jedynym kryterium wlaczenia do obecnej analizy
byla dostepnos¢ wartosci 25(0OH)D w jednorazowym
badaniu danego pacjenta. Analizowano wartosc
25(0OH)D w odniesieniu do innych (oznaczonych
w tym samym czasie) parametrow gospodarki wap-
niowo-fosforanowej, w tym poziomu wapnia (Ca),
fosforanow (PO,) i kreatyniny w surowicy i moczu,
w dobowej zbiorce lub jednorazowej porcji, aktyw-
nosci fosfatazy alkalicznej (FA), a takze poziomu pa-
rathormonu (PTH) i 1,25(0H),D, o ile byly dostepne.
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Kazdego pacjenta uwzgledniano w analizie tylko
raz, przy pierwszym oznaczeniu poziomu 25(OH)D,
niezaleznie od ostatecznego rozpoznania ustalonego
w trakcie wizyt konsultacyjnych. W grupie badanej
znalazly sie dzieci z réznymi zaburzeniami gospo-
darki wapniowo-fosforanowej, wrodzonymi i nabyty-
mi, a takze dzieci uznane w wyniku konsultacji za
zdrowe. Razem ocenie poddano wyniki badan 3657
pacjentow w wieku od O do 18,3 lat.

Wszystkich badanych podzielono na 2 grupy wg wie-
ku okreslonego w momencie daty wizyty; grupa I: od
0 do 18 miesiaca zycia (n = 2990, srednia wieku 8,0
miesiecy), grupa II: od 18 miesiaca zycia (1,5 roku)
do 18,3 lat (n = 667, Srednia wieku 8,3 lat). W obu
grupach oceniono wyniki najwazniejszych parame-
trow biochemicznych, co umozliwilo wyznaczenie
grup z fizjologicznym oraz patologicznym stezeniem
danego parametru. Nastepnie obydwie grupy zostaty
zbadane statystycznie pod wzgledem wystepowania
zaleznosci pomiedzy wiekiem pacjenta oraz okresem
czasowym wizyty a stezeniem 25(OH)D oraz pomie-

Tabela 1. Charakterystyka biochemiczna badanych grup

dzy poszczegélnymi parametrami biochemicznymi
wzgledem siebie.

Sprawdzono zaleznos¢ stezenia 25(OH)D od roku wi-
zyty w poradni IP-CZD. W tym celu grupa I zostala
podzielona na 9 przedzialéw czasowych o poréowny-
walnej liczebnosci, obejmujacych lata: (1981-1999,
2000-2001, 2002-2003, 2004-2005, 2006, 2007,
2008, 2009, 2010-2011), a grupa II na 8 przedzia-
low czasowych o poréwnywalnej liczebnosci, obej-
mujacych lata: (1979-1999, 2000-2003, 2004-2005,
2006,2007,2008,2009,2010-2011). W kazdym prze-
dziale zostaly wyliczone Srednie wartosci 25(OH)D
oraz pozostalych parametréw biochemicznych.
Na podstawie wartosci Srednich zostala oszacowa-
na zaleznos¢ pomiedzy stezeniem 25(OH)D a danym
przedzialem czasowym, w ktorym miata miejsce wi-
zyta w poradni.

Sprawdzono tez powiazanie stezenia 25(0OH)D z wie-
kiem pacjentow. W tym celu grupa I zostata podzie-
lona na 6, a grupa II na 20 przedziatéw wiekowych
o porownywalnej liczebnosci. W kazdym przedziale

Punkty odniesienia dla PO, (na podstawie pozycji z piSmiennictwa)*?

GRUPAI

Ca mmol/I 2990

PO, mmol/I 2990

FA U/I 2989

25(0OH)D ng/ml 2990

TRP% 2983

PTH pg/ml 303
1,25(0H),D pg/ml 33

Sredni wiek (miesigce) 2990

Ca mmol/l 667

PO, mmol/I 667

FA U/I 664
25(0OH)D ng/ml 667
TRP% 662

PTH pg/ml 270
1,25(0H),D pg/ml 42
sredni wiek (miesigce) 667

2,55(0,13) 2,25-2,65 mmol/I
< 1roku: 1,55-2,39 mmol/I
192(0,21) 1-3 lata: 1,45-1,87 mmol/I
<6 m.z.:120-575 U/I
SR 6 m.z.-15 lat: 100-550 U/I
37,50(24,7) 20-50 ng/ml
94,09 (6,29) 85-95%
23,59 (18,67) 11-62 pg/ml
69,18 (36,87) 0-2 lata: 25,1-154,0 pg/ml
8,0(3,0)

2,40 (0,19) 2,25-2,65 mmol/I
1-3 lata: 1,45-1,87 mmol/I
1,56 (0,37) 4-12 lat: 1,13-1,78 mmol/I

> 13 lat: 0,81-1,45 mmol/I

<6m.z:120-575 U/I

292,82 (208,06) 6 m.z.- 15 lat: 100-550 U/I

27,25 (20,36) 20-50 ng/ml
89,03 (7,89) 85-95%
32,11 (45,67) 11-62 pg/ml

0-2 lata: 25,1-154,0 pg/ml
49,21 (23,64) 2-4 lata: 21,8-156,0 pg/ml
99,1 (63,80)
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Tabela 2. Szczegdotowa charakterystyka parametrow biochemicznych w grupie noworodkow i niemowlat
(grupa I) oraz dzieci starszych i nastolatkow (grupa Il)

GRUPAI

Ca w surowicy: min. 1,67 mmol/l, max. 4,38 mmol/I

GRUPAIII

Ca w surowicy: min. 1,67 mmol/l, max. 4,38 mmol/l

Ca mmol/l Ca mmol/l
<225 0,47 14 <225 10,12 68
2,25-2,65 85,31 2551 2,25-2,65 86,16 579
2,65-2,75 10,9 326 2,65-2,75 2,40 9
>2,75 3,32 99 >2,75 1,32 11

Fosfataza alkaliczna w surowicy: min. 36 U/I, max. 5010 U/I

25(0OH)D ng/ml 25(0OH)D ng/ml
<10 54 161 <10 9,90 66
10-20 14,8 444 10-20 30,3 199
20-30 23,6 707 20-30 30,1 202
30-50 357 1067 30-50 211 142
50-100 17,8 533 50-100 74 50
> 100 2,67 78 > 100 1,2 8

TRP w moczu: min. 21,3%, max. 100%

<120 0,43 13 <120 7.2 48
120-575 97,0 2900 120-575 85,8 574
> 575 2,57 76 > 575 7,0 47

< 85% 73 218 < 85% 18,0 120
85-95% 37,6 1123 85-95% 68,7 458
> 95% 55,1 1642 > 95% 133 89

zostaly wyliczone Srednie wartosci 25(OH)D oraz
pozostalych parametrow. Na podstawie wartosci
Srednich oszacowano zaleznos¢ pomiedzy stezeniem
25(0OH)D a wiekiem pacjentow.

W celu obserwacji potencjalnego wplywu syntezy
skornej na zaopatrzenie w witamine D obie grupy
zostaly podzielone na cztery przedzialy czasowe ze
wzgledu na miesiac wizyty w okreslonym kwartale
roku (I kwartal: styczen, luty, marzec, II kwartal:
kwiecien, maj, czerwiec, III kwartat: lipiec, sierpien,
wrzesien, IV kwartal: pazdziernik, listopad, gru-
dzien). W kazdym przedziale zostaly wyliczone sred-
nie wartosci 25(0OH)D oraz pozostalych parametrow
biochemicznych. Na podstawie wartosci srednich
oszacowano zaleznos§¢ pomiedzy stezeniem 25(OH)D
a terminem wizyty w danym kwartale.

Metody

W wyselekcjonowanej grupie oznaczono lub wyliczo-
no parametry biochemiczne z zastosowaniem naste-
pujacych metod: wapi catkowity (Ca) — metoda ko-
lorymetryczna, system Dimension (Dade Behring),
od 2008 r. metoda fotometryczna, system Cobas
(Roche); fosforany (PO,) — metoda kolorymetryczna,
system Dimension (Dade Behring), od 2008 r. me-
toda fotometryczna, system Cobas (Roche); fosfata-
za alkaliczna (FA) — metoda enzymatyczna, system
Dimension (Dade Behring), od 2008 r. metoda ko-
lorymetryczna, system Cobas (Roche); 25-hydrok-
sywitamina D (25(OH)D) - metoda manualna ra-
diokompetycyjna, od 2005 r. metoda chemilumine-
scencyjna, system Liaison (DiaSorin); parathormon
(PTH) — metoda radioimmunologiczna, od 2006 r.
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metoda immunoradiometryczna (Cisbio Bioassays);
1,25-dihydroksywitamina D (1,25(OH),D) — meto-
da radioimmunologiczna (DiaSource); kreatynina
—metoda kolorymetryczna, system Dimension (Dade
Behring), od 2008 r. metoda enzymatyczno-kolory-
metryczna, system Cobas (Roche); wchlanianie
zwrotne fosforan6éw (TRP) — wskaznik wyliczony.

Zastosowane w opracowaniu przedzialy referencyj-
ne parametrow biochemicznych pochodza z labo-
ratorium diagnostycznego IP-CZD lub wartosci re-
ferencyjnych przyjetych w poradni konsultacyjnej
na podstawie literatury (PO, w zaleznosci od wieku,
TRP%, kalciuria). Dla dokladniejszej analizy pozio-
mu Ca w surowicy przyjeto dodatkowy przedzial re-
ferencyjny wskazujacy na wyrazna hiperkalcemie.

Wyniki

Charakterystyka ogélna

Ogodlna charakterystyke badanych grup przedsta-
wiono w Tabeli 1. Liczebno$¢é grupy pacjentow
w wieku 0-18 mies. (grupa I) wynosita 2990 (Sred-
nia wieku 8,0 miesiecy + 3,0), natomiast grupy
II w wieku 1,5-18,3 lat — 667 oso6b (Srednia wieku
8,3 lat; 99,1 miesiecy + 63,9). W obydwu grupach
wyliczono $rednie wartosci nastepujacych parame-
trow biochemicznych: Ca, PO,, FA, 25(0OH)D, PTH,
1,25(0H),D w surowicy oraz Ca, kreatyniny, TRP
w moczu. Stwierdzono, ze wszystkie Srednie wartosci
mieszcza sie w granicach zakresow referencyjnych.

Ocena grup badanych pod wzgledem
parametrow biochemicznych

W Tabeli 2 zamieszczono rozklad procentowy ste-
zen wybranych parametréow biochemicznych. W gru-
pie noworodkow i niemowlat stezenie 25(OH)D < 20
ng/ml stwierdzono u 20,2% (n = 605), stezenie 20-30
ng/mlu 707 (23,6%), a stezenie 25(0OH)D 30-50 ng/ml
u 1067 (35,7%). W grupie II stezenie 25(0OH)D < 20
ng/ml stwierdzono u 270 pacjentow (40,2%), war-
tosci 20-30 ng/ml u 202 (30,1%), a stezenia 30-50
ng/ml u 142 pacjentéow (21,1%). Maksymalne odno-
towane stezenie 25(OH)D
w grupie I wynioslo 315 ng/
ml, przy czym towarzyszy-

Wyodrebniono grupe z glebokim deficytem wita-
miny D, definiowanym jako 25(OH)D < 10 ng/ml.
Skrajnie niskie stezenia 25(OH)D odnotowano
u 161 pacjentow (5,4%) w grupie I oraz u 66 pa-
cjentow (9,9%) w grupie II. Oceniajac kalcemie
u badanych z glebokim deficytem witaminy D
stwierdzono, ze stezenia Ca miescily sie w grani-
cach normy (2,25-2,65 mmol/]l) u 134 pacjentow
(82,8%) z grupy I oraz u 56 pacjentow (84,85%)
z grupy II. W grupach z glebokim deficytem wi-
taminy D znalazlo sie 2 pacjentéw z hipokalce-
mig (Ca < 2,25 mmol/l) w grupie I oraz 8 w gru-
pie II. Jednoczes$nie stezenia Ca sugerujace hi-
perkalcemie (powyzej 2,65 mmol/l) stwierdzono
u 25 pacjentow w grupie I (15,9%) oraz u 2 pacjen-
tow (3,0%) w grupie II.

Wyodrebnione zostaly réwniez grupy pacjentow
z 25(OH)D powyzej 100 ng/ml. W grupie I stezenia
Ca u tych pacjentow wahaly sie od 2,6 mmol/l do
4,38 mmol/l (Srednio Ca 2,70 mmol/l; n = 78).
U o0s6b z grupy II z wysokim poziomem witami-
ny D stezenia Ca wynosity od 2,06 mmol/1 do 2,54
mmol/1 (Srednio Ca 2,35 mmol/l; n = 9).
Porownujac stezenia Ca w surowicy stwierdzono
wyzszy odsetek pacjentéw z hipokalcemia (Ca < 2,25
mmol/]) w grupie II (10,12%; n = 68) w stosunku
do grupy I (0,47%; n = 14). Podwyzszone stezenia
Ca (> 2,65 mmol/]l) w grupie I odnotowano u 425
pacjentow (14,63%) oraz u 25 pacjentow z grupy II
(3,72%). Skrajne stezenia Ca wynosily dla I grupy
minimum 1,67 mmol/1 (przy 25(OH)D = 29,0 ng/ml),
maksimum 4,38 mmol/1 (przy 25(OH)D = 106,7 ng/
ml), dla II grupy odpowiednio 1,3 mmol/l (przy
25(OH)D = 25,7 ng/ml) i 3,17 mmol/1 (przy 25(OH)D
=72,2 ng/ml).

W celu doktadniejszej oceny zwiazku miedzy
wartosciami 25(0OH)D a stezeniem Ca wyznaczo-
no przedzial z wyrazna hiperkalcemig: Ca > 2,75
mmol/l. W grupie I zaobserwowano 99 pacjentéow
(3,32%), natomiast w II grupie 11 (1,32%). Roz-
ktad stezenia 25(0OH)D w subpopulacji z wyrazna
hiperkalcemia przedstawiono w Tabeli 3.

Tabela 3. Stezenia 25(0H)D u pacjentow z wyrazna hiperkalcemia (Ca > 2,75 mmol/l)

la mu kalcemia Ca = 3,96

:;;‘;llge ‘sﬁeil:fi’ée 21; (ggl; 25(0H)Dng/ml | Grupal(n=105) | $r.Cammoll | Grupall(n=11) | $r.Cammol/l
wyniosto 193 ng/ml,

przy  wspoltowarzyszacej 10-20 16 287 5 293
kalcemii Ca = 2,38 mmol/l.

Na podstawie uzyskanych 2030 19 2,84 2 288
danych zaobserwowano 30-50 23 2,86 3 3,11
wyzsze Srednie stczem.a 50100 . 286 5 300
25(0OH)D oraz Ca w surowi-

cy w grupie I niz w grupie II. > 100 15 3,26 0
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Tabela 4. Srednie stezenie 25(0H)D w poszczegéinych
przedziatach wiekowych

GRUPAI
WIEK (MIESIACE) - 25(OH)D ng/ml (SD)

0-3 259 32,26 (25,13)

46 948 39,32 (26,76)

7-9 976 37,72 (23,69)
10-12 513 36,27 (21,91)
13-15 202 37,98 (26,24)
16-18 92 36,94 (21,90)

facznie 2990 37,50(24,72)
WIEK 25(0OH)D |
e
19-24 1,5-2 94 39,18(19,14)
25-30 2-2,5 44 35,50 (20,94)
31-36 2,5-3 36 32,97 (17,46)
37-42 3-3,5 23 26,90 (14,46)
43-48 3,54 23 27,72 (20,47)
49-60 4-5 36 22,72 (11,30)
61-72 5-6 26 27,23(20,33)
73-84 6-7 31 30,79 (37,33)
85-96 7-8 37 27,66 (21,23)
97-108 89 27 26,79 (16,10)
109-120 9-10 25 18,34 (10,38)
121-132 10-11 32 31,70 (36,22)
133-144 11-12 32 21,59 (13,38)
145-156 12-13 38 19,52 (10,02)
157-168 13-14 44 18,59 (8,82)
169-180 14-15 26 16,59 (9,08)
181-192 15-16 36 25,48 (26,04)
193-204 16-17 26 20,29 (9,57)
205-216 17-18 26 23,12(10,32)
217-220 18-18,3 11 18,73 (11,57)
facznie 667 27,25 (20,36)

Stwierdzono, ze liczebnos§¢ pacjentow z wyrazna hi-
perkalcemia nie zmienia si¢ znaczaco w zaleznos$ci
od stezenia 25(OH)D. Srednie stezenie Ca w gru-
pie I wyniosto 2,90 mmol/l, natomiast w grupie II
2,99 mmol/1.

Analiza stezenia 25(OH)D wedtug wieku
W Tabeli 4 zamieszczono Srednie stezenia 25(OH)D
w wyznaczonych przedziatach wiekowych. Najwyz-
sze $rednie stezenie 25(OH)D w grupie I odnotowa-
no u niemowlat w przedziale wiekowym 4-6 mie-
siecy (n = 948): 39,32 ng/ml * 26,76, natomiast
najnizsze w przedziale wiekowym O0-3 miesiace
(n = 259): 32,26 ng/ml + 25,13. W grupie II naj-
wyzsze Srednie stezenie 25(OH)D ujawniono
w przedziale wiekowym 1,5-2,0 lata (n = 94):
39,19 ng/ml + 19,14, a najnizsze w przedziale
wiekowym 14-15 lat (n = 26): 16,59 ng/ml + 9,08.
W uyjeciu ogdélnym stezenie 25(0OH)D w grupie I nie
roznito sie we wszystkich analizowanych przedzia-
lach wiekowych. W grupie I nie stwierdzono kore-
lacji pomiedzy wiekiem pacjenta a wartosciami ste-
zenia 25(OH)D (r = 0,0018; p = 0,921) (Rycina 1).
W grupie II zaobserwowano dwie zaleznosci. Pierw-
sza dotyczy trzech najnizszych przedzialow wie-
kowych: 19-24 mies., 25-30 mies., 31-36 mies.
W tych przedziatach stezenie 25(0OH)D bylo wyz-
sze niz w pozostalych analizowanych przedziatach
wiekowych grupy II i bylo poréwnywalne z warto-
$Sciami obserwowanymi w grupie I. Po 3 roku zycia
odnotowano spadek stezenia 25(OH)D, z minimum
przypadajacym dla wieku 14-15 lat wynoszacym
16,59 ng/ml (£ 9,08). Stwierdzono istotna staty-
stycznie, cho¢ slaba korelacje ujemng pomiedzy
wiekiem pacjenta a wartosciami stezenia 25(OH)D
(r=-0,2768; p < 0,0001) (Rycina 2).

Analiza stezenia 25(OH)D

w poszczegolnych przedziatach
czasowych (wedlug terminu wizyty

w poradni)

Tabela 5 przedstawia Srednie stezenia 25(OH)D
w wyznaczonych przedzialach czasowych odpo-
wiadajacych terminowi wizyty pacjenta w porad-
ni IP-CZD. Najwieksze Srednie stezenie 25(OH)D
w grupie I odnotowano w przedziale lat 1981-1999
(n = 314); wyniosto ono 51,79 ng/ml + 39,88. Naj-
nizsze Srednie stezenie 25(OH)D w grupie I stwier-
dzono w przedziale lat 2010-2011 (28,82 ng/ml
* 13,64; n = 403). W grupie II najwyzsze Sred-
nie stezenie 25(OH)D ujawniono w latach 1979-
1999 (44,21 ng/ml * 36,78; n = 97), zas najniz-
sze stezenie tego metabolitu stwierdzono w latach
2010-2011 (20,58 ng/ml + 10,27; n = 83).

868

STANDARDY MEDYCZNE/PEDIATRIA M 2015 M T. 12 M 112-116



Konferencja EVIDAS (European Vitamin D Association) — prace zjazdowe (invited articles)

Wykres rozrzutu: wiek (m-ce) vs. 25 D (BD usuwano przypadk.) 25 D = 37,413 +,01285 * wiek (m-ce)
Korelacja: r=,00179
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RYC. 1 Korelacja pomiedzy wiekiem a stezeniem 25(0OH)D (ng/ml) w grupie noworodkéw i niemowlat (grupa I)

Wykres rozrzutu: wiek (m-ce) vs. 25 D (BD usuwano przypadk.) 25 D = 35,759 - ,0875 * wiek (m-ce)
Korelacja: r =-,2768
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RYC. 2 Korelacja pomiedzy wiekiem a stezeniem 25(OH)D (ng/ml) w grupie dzieci i mlodziezy (grupa Il)

wiek (m-ce)
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Tabela 5. Srednie stezenia 25(0H)D w analizowanych
przedziatach czasowych

PRZEDZIAL ¢
CZASOwWY SFNEIIZI;I:I‘\I?EE)K 25(0OH)D ng/ml (SD)
(LATA)
1981-1999 282 7 51,79 (39,83)
2000-2001 206 7 43,47 (27,54)
2002-2003 141 7 49,80 (32,20)
2004-2005 297 8 34,44 (18,55)
2006 309 8 36,38 (20,25)
2007 455 8 37,35(23,47)
2008 431 8 33,13 (20,27)
2009 466 8 36,89 (21,86)
2010-2011 403 8 28,82 (13,64)
@]
1979-1999 97 6,9 44,21 (36,78)
2000-2003 62 7,8 21,90 (14,62)
2004-2005 96 838 23,92(17,84)
2006 67 78 29,05 (14,79)
2007 77 6,8 26,97 (16,06)
2008 89 8,6 24,14 (11,45)
2009 102 9,7 24,55(12,17)
2010-2011 83 9,2 20,58 (10,27)

Analiza wplywu syntezy skdrnej

na stezenie 25(0OH)D

Obserwacje potencjalnego wplywu syntezy skornej
na stezenie 25(0OH)D przedstawia Tabela 6.

W grupie I, a wiec u noworodkéw i niemowlat przy-
jetych w poradni IP-CZD, stwierdzono, ze stezenia
Srednie 25(0OH)D byly wyzsze niz 30 ng/ml nieza-
leznie od kwartatu roku. W grupie dzieci i mtodzie-
zy (grupa II) najwyzsza wartoS¢ Srednia stezenia
25(0OH)D odnotowano u pacjentéw, ktérych wizyta
odbyta sie w III kwartale (lipiec-wrzesien). W pozo-
stalych kwartalach roku wartosci stezen 25(OH)D
byly nizsze niz 30 ng/ml i osiagaly wartos¢ mini-
malna w I kwartale (zima).

Dyskusja

W ostatnim czasie opublikowano wiele doniesien
odnoszacych sie do stanu zaopatrzenia organizmu
w witamine D. Przeprowadzone badania populacyj-

Tabela 6. Srednie stezenia 25(0H)D w poszczegéinych
kwartatach roku.

GRUPA |

| s

| 780 8 38,92 (28,63)

1l 738 8 37,93 (24,96)

1] 709 8 37,49 (20,55)

\" 763 7 35,66 (23,64)
L ewar

| 173 85 23,65 (20,69)

I 162 83 25,54 (16,42)

1] 172 8,4 33,03(23,18)

\% 166 7,8 26,59 (19,24)

ne obejmowaly wyselekcjonowane grupy spoleczen-
stwa, np. zdrowych doroslych, osoby potencjalnie
zagrozone niedoborem witaminy D — ludzi starszych
lub otylych, badz tez wykonywane byly przekrojowo
dla szerokich populacji z danego regionu, a nawet
calego kraju. Wzrost zainteresowania witamina D
wigzal sie z dyskusja dotyczaca jej dawkowania,
przedzialéow referencyjnych oraz potencjalnego
dziatania toksycznego. Wigkszos¢ tych doniesien
potwierdzita, ze deficyt witaminy D jest problemem
spolecznym.

Z réznych przyczyn nie jest mozliwe przeprowa-
dzenie obiektywnego poréwnania zaopatrzenia
w witamine D wspoélczesnych populacji dzieci lub
dorostych z populacjami historycznymi obejmuja-
cymi okres lat 80. lub 90. XX wieku. Powszechnie
dostepne metody oznaczania witaminy D sa stoso-
wane w praktyce laboratoryjnej od poczatku XXI w.
Postep metodyki zbiegl sie czasowo z odkryciami
na temat ogélnoustrojowego dziatania witaminy D
oraz jej metabolitow. Zapoczatkowalo to dynamicz-
ny rozwoj badan oceniajacych zaopatrzenie w wita-
mine D w réznych grupach spoleczenstwa oraz po-
twierdzajacych jej szerokie dziatanie prozdrowotne.
Sytuacja ta wygladata inaczej w ostatnich dekadach
XX w. Stosowane wowczas manualne metody ozna-
czania witaminy D dostepne byly w Polsce tylko
w kilku jednostkach referencyjnych i wykorzy-
stywano je do badan niewielkich grup pacjentéw.
Niniejsze opracowanie dotyczy reprezentatywne;j
grupy 3657 pacjentow przyjetych w konsultacyjne;j
poradni zaburzen gospodarki wapniowo-fosforano-
wej Instytutu ,Pomnik — Centrum Zdrowia Dziecka”
w okresie ponad 30 lat. Pierwsza specyficzna cecha
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tej populacji bylo wczesniejsze podejrzenie zabu-
rzen gospodarki wapniowo-fosforanowej wysuniete
przez lekarza kierujacego do poradni, a druga — sze-
rokie spektrum czasowe (+ 30 lat), w ktorym prze-
prowadzono analize stezenia 25(OH)D.

Pacjentow na wstepie podzielono na dwie grupy wie-
kowe ze wzgledu na réznice w podawaniu witaminy
D. Zalozono, ze zar6wno w przesztosci, jak i obec-
nie noworodkom i niemowletom do ok. 18 miesia-
ca zycia rutynowo zalecano i zaleca sie podawanie
profilaktyczne (przeciwkrzywicze) cholekalcyferolu,
co warunkowalo wyzsze stezenia 25(OH)D w dniu
pierwszej wizyty w poradni konsultacyjnej. Auto-
rzy opracowania uznali, ze oddzielne rozpatrywanie
obydwu grup umozliwi doktadniejsza ocene zaopa-
trzenia w witamine D oraz znalezienie ewentualnych
zaleznosci pomiedzy poszczegdélnymi parametrami
gospodarki wapniowo-fosforanowe;j.

Poréwnanie §redniego stezenia witaminy D u nowo-
rodkéw i niemowlat (grupal; 37,50 ng/ml) oraz dzie-
ci starszych i nastolatkow (grupa II; 27,25 ng/ml)
potwierdzilo powyzsze zalozenia. Co ciekawe, warto-
§ci 25(0OH)D > 30 ng/ml ujawniono réwniez w gru-
pie II, w przedziatach wiekowych: 1,5-2 lata (39,18
ng/ml), 2-2,5 roku (35,50 ng/ml) oraz 2,5-3 lata
(32,97 ng/ml), co posrednio potwierdza powszechne
stosowanie profilaktyki przeciwkrzywiczej do 3 roku
zycia przez lekarzy pediatrow. Niestety badania
wskazuja, ze to przestrzeganie zalecen ograniczalo
sie wylacznie do niemowlat i matych dzieci. Po prze-
kroczeniu 3 roku zycia ujawnit sie bowiem wyrazny
trend spadkowy stezenia 25(OH)D, najczeSciej do
wartosci nizszych od 30 ng/ml. Obserwacja zmian
stezenia 25(0OH)D w badanych okresach czasowych
wykazala najwyzsze wartosci 25(OH)D w ostatnich
dwoch dekadach XX wieku. W obydwu grupach
analizowanych w podobnych przedziatach czaso-
wych, a wiec w latach 1981-1999 (grupa I) oraz w
latach 1979-1999 (grupa II), ujawniono wartosci
Srednie stezenia 25(OH)D, ktére wyniosly odpo-
wiednio 51,8 ng/mli 44,2 ng/ml. W tym okresie za
optymalne i bezpieczne dawkowanie zapobiegawcze
witaminy D uznawano dawke dzienna 2,5 tys. jed-
nostek, a lecznicza 4 tys. jednostek i wzglednie cze-
sto rozpoznawano krzywice niedoborowa u niemow-
lat prawidlowo suplementowanych witaming D,
ale otrzymujacych nadmierne ilosci fosforanow
w diecie?. W zwigzku z tym w latach 2002-2003 u 141
noworodkéw i niemowlat (grupa I) poziom 25(OH)D
byl wzglednie wyzszy i osiagal wartosci Srednie
49,8 ng/ml. W kolejnych latach obnizano stopniowo
zalecang dawke profilaktyczna witaminy D do 1000
jednostek dziennie (a u niemowlat karmionych pier-
sia nawet do 400 jednostek), co wyraza sie trendem
obnizania wartosci $§rednich 25(OH)D w ostatnich
analizowanych latach, zwlaszcza w grupie L.

Nalezy pamietac, ze niniejsza praca ma pewne ogra-
niczenia metodyczne spowodowane np. mogaca bu-
dzi¢ kontrowersje, a zastosowana w tym badaniu
metodyka poréwnywania 20-letnich okresow czaso-
wych z okresami l-rocznymi lub 2-letnimi, a tak-
ze specyfikg analizowanej grupy i relatywnie niska
liczebnoscia grup wiekowych przed 1999 rokiem.
Mimo to analiza zachowania sie stezen 25(OH)D
u dzieci w réznym wieku na przestrzeni ponad 30 lat
pozwolila na ujawnienie ciekawych zaleznosci, co
moze zosta¢ wykorzystane w dalszej modyfikacji
wytycznych w celu wyboru optymalnej suplementa-
cji witaminag D w ré6znych grupach wiekowych.
Waznym zrédlem witaminy D jest synteza skorna,
w Polsce ograniczona do okresu letniego. Biorac
pod uwage okres poéttrwania 25(OH)D (3 tygodnie)
zalozono, ze wplyw syntezy skornej jest najbardziej
widoczny w III kwartale (lipiec-wrzesien), a w mniej-
szym stopniu w kwartale II (kwiecien-czerwiec).
Obserwacja wartosci Srednich 25(OH)D grupy I nie
ujawnila zwiazku miedzy stezeniem tego metabolitu
a kwartalem roku, w ktérym noworodki i niemow-
leta odbyly wizyte w poradni IPCZD, co prawdopo-
dobnie wynika ze stosowania zalecen ograniczonej
ekspozycji tej grupy wiekowej na stonce. Mimo to
stezenia 25(0OH)D w calej grupie badanej wyzsze od
30 ng/ml odnotowano we wszystkich kwartatach
roku, co sugeruje utrzymywanie tej samej suple-
mentacji cholekalcyferolem przez caty rok. Wyrazny
efekt skornej syntezy witaminy D ujawniono w gru-
pie II (dzieci i nastolatki). Odnotowano tu stezenia
25(0OH)D > 30 ng/ml u pacjentow skierowanych do
poradni w III kwartale (lipiec-wrzesien), co wskazuje
na efektywne dzialanie syntezy skornej u kilkulet-
nich i starszych dzieci oraz mlodziezy. Obserwacje
te potwierdzaja doniesienia opisujace maksymalne
stezenia 25(0OH)D notowane w okresie okolo 2 mie-
siecy po najwiekszej ekspozycji na promieniowanie
sloneczne’®*. Jednoczesnie charakterystyczne dla
tej grupy stezenia 25(OH)D < 30 ng/ml, stwierdzone
w pozostalej czesci roku, posrednio dokumentuja
zaniedbanie profilaktycznej suplementacji witami-
na D u dzieci starszych i mlodziezy.

Duzy rozrzut wartosci indywidualnych i wzglednie
wysokie wartosci odchylenia standardowego w ana-
lizowanej grupie nalezy tlumaczy¢ heterogennoscia
grupy, tzn. wystepowaniem w niej pewnej liczby pa-
cjentéw z odchyleniami w parametrach gospodarki
wapniowo-fosforanowej. Material obejmuje bowiem
zarowno pacjentéow, u ktérych na podstawie wizyty
konsultacyjnej w poradni IP-CZD wykluczono za-
burzenia gospodarki wapniowo-fosforanowej, jak
itych, u ktérych ostatecznie rozpoznano nabyte lub
wrodzone zaburzenia, w tym rézne typy nadczyn-
nosci i niedoczynnosci przytarczyc, idiopatyczna hi-
perkalcemie niemowlat, krzywice hipofosfatemiczna
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i inne. Zaleznos¢ uzyskanych wynikéw od rodzaju
choroby nie byla tematem tej publikacji i zostanie
omowiona odrebnie.

Dokonana w tym badaniu analiza zaleznosci miedzy
kalcemia a stezeniem 25(OH)D ujawnila, ze u ponad
80% pacjentéow obydwu grup ze stezeniem 25(OH)D
< 10 ng/ml, wskazujacym na gleboki deficyt wi-
taminy D, stezenia Ca byly prawidlowe (2,25-
2,65 mmol/l). Z drugiej strony u noworodkoéw i nie-
mowlat (grupa I) z hipokalcemia (Ca < 2,25 mmol/])
nie odnotowano deficytu witaminy D. Tylko 14,3%
hipokalcemicznych pacjentéw z tej grupy miato ste-
zenia 25(OH)D ponizej 20 ng/ml, natomiast 30%
tych pacjentow wykazalo stezenie 25(OH)D ponizej
30 ng/ml. Natomiast w grupie II az u 67,2% pa-
cjentow z hipokalcemia notowano stezenia 25(OH)D
nizsze niz 30 ng/ml. W analizowanych podgrupach
z wyrazng hiperkalcemia (Ca > 2,75 mmol/l) wy-
kazano czestsze wystepowanie tego stanu w gru-
pie I niz w grupie II, jednak, co ciekawe, w obydwu
grupach nie stwierdzono relacji miedzy ciezkoscia
hiperkalcemii a stezeniem 25(OH)D. W obydwu gru-
pach odnotowano przypadki hiperkalcemii, ktorej
towarzyszyly stezenia 25(OH)D zaréwno nizsze od
10 ng/ml, jak i wyzsze od 50 ng/ml. Postugujac
sie odpowiednim zestawieniem parametréw bioche-
micznych i klinicznych mozna wyodrebni¢ grupy
pacjentéw z innymi charakterystycznymi fenoty-
pami zaburzen gospodarki wapniowo-fosforanowej,
np. cechy nadczynnosci przytarczyc.

Waznym ograniczeniem tego badania sa zmiany me-
todologiczne w oznaczaniu 25(OH)D na przestrze-
ni analizowanego okresu 3 dekad. W warunkach
IP-CZD do 2005 roku oznaczanie 25(0OH)D wykony-
wane bylo metoda manualna — radiokompetycyjna,
pozniej metoda chemiluminescencyjna w systemie
automatycznym Liaison. Warto jednak wspomniec,
ze obydwie metody byly poréwnane i walidowane
zgodnie z zasadami GLP, a wysoka precyzja ozna-
czen 25(OH)D potwierdzona zostala miedzynarodo-
wym certyfikatem jakosci DEQAS.

Z uwagi na powszechny deficyt witaminy D w po-
pulacji swiatowej wciaz istnieje potrzeba dalszych
badan nad 25(OH)D i jej metabolitami. O ile mozna
przewidzie¢ dynamiczny wzrost badan prospektyw-
nych u dzieci i doroslych, to mozliwo$¢ oceny retro-
spektywnej, szczegdlnie danych sprzed roku 2000,
jest bardzo ograniczona. Powyzsza sytuacja uzasad-
niala zbadanie i opisanie dostepnych danych z tego
okresu i przyczynita sie do powstania niniejszego
opracowania, ktére réwniez wpisuje sie w nurt do-
niesien i publikacji potwierdzajacych zagrozenie
niedoborem witaminy D. Az 40,2% ocenianych pa-
cjentow z grupy I1i 20,2% z grupy I ujawnito deficyt
witaminy D (ponizej 20 ng/ml). Wykazano, ze defi-
cyt ten jest widoczny na przestrzeni catego rozpa-

u DO ZAPAMIETANIA N

1. Grupa noworodkéw, niemowlat i matych dzieci wykazu-
je wyzsze $rednie stezenie 25(0OH)D i wapnia w surowicy
w stosunku do grupy starszych dzieci i nastolatkdw.

2. Potwierdzona zostata efektywna synteza skdrna witaminy
D w grupie starszych dzieci i nastolatkow.

3. Wéréd pacjentéw pediatrycznych mozna wyodrebnic¢
subpopulacje podejrzang o genetycznie uwarunkowang
nadwrazliwo$¢ na witaming D (znaczna hiperkalcemia
+ niskie/suboptymalne stezenie 25(0OH)D).

4. Nie stwierdzono bezposredniej zaleznosci miedzy pozio-
mem wapnia a stezeniem 25(0H)D.

trywanego przedzialu czasowego, szczeg6lnie u na-
stolatkéw oraz w okresie jesienno-zimowym. Oce-
na szerokiej populacji pacjentéow pediatrycznych
z okresu 3 dekad moze by¢ uzupelnieniem wiedzy
o stanie i trendach zaopatrzenia dzieci i mtodziezy
w Polsce w witamine D. =

prof. dr hab. n. med. Ewa Pronicka

B Klinika Pediatrii, Zywienia i Choréb Metabolicznych,
Instytut,,Pomnik — Centrum Zdrowia Dziecka’; Warszawa

dr hab. n. med. Pawet Ptudowski, prof. nadzw.

== Zaktad Biochemii, Radioimmunologii i Medycyny Doswiadczalnej,
Instytut,,Pomnik — Centrum Zdrowia Dziecka”
04-730 Warszawa, Al. Dzieci Polskich 20

p-pludowski@czd.pl
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1. Vitamin D status in north-west
russian region

Karonova TL'?, Nikitina IL", Popova PV', Zazerskaya IE',

Safonva AA®, Kuznezova LV, Novikova TV, Galkina OV?,

Vasilieva EYu', Grineva EN'

' North-West Federal Cinical Research Centre, St. Petersburg,
Russia

2 Pavlov First Saint Petersburg State Medical University,
St. Petersburg, Russia

> North-West State Medical University of name
1.I. Mechnikova, St. Petersburg, Russia

Osoba prezentujaca: Tatiana Karonova

(karonova@mail.ru)

Introduction: Russia is a country with geo-
graphic and economic preconditions for the
development of vitamin D deficiency.
Purpose of work: We analyzed serum 25(0H)D
level in residents from North-West region of
Russia to study the prevalence of vitamin D
deficiency.

Methods: The study population included
2265 (2145 adults 18-75 y.o,, including 275
pregnant women and 120 children/adole-
scents of 3-17 y.o.). Serum 25(0OH)D was de-
termined by chemiluminiscentic method on
AbbottArchitect 8000, USA. Endocrine Socie-
ty criteria (2011) were applied. Maternal pla-
sma 25(0OH)D concentrations were measured
at 8-14 weeks of gestation.

Results: Serum 25(0OH)D level was 9,8
- 147,5 nMol/L. Serum 25(OH)D level in wo-
men was lower than in men (53,9+0,8 and
67,2+2,2 nMol/L).

Conclusion: This study showed high preva-
lence of vitamin D deficiency in the popula-
tion from North-West region of Russia, and
the association of low 25(OH)D level with
female gender, obesity and muscle mass. B

2. The ways of vitamin d deficiency
correction in ukraine

Vladyslav Povoroznyuk', Nataliya Balatska', Victor Muts?,

Omelyan Synenky?

' D.F. Chebotarev Institute of Gerontology NAMS of Ukraine

2 Ventiv Health Ukraine, LLC

* Lviv Regional Clinical Hospital

Osoba prezentujaca: Vladyslav Povoroznyuk

(okfpodac@ukr.net)

Introduction: Vitamin D deficiency (VDD)
and insufficiency are widespread conditions.
Only 4.6% of the Ukrainian citizens were fo-
und to have normal 25(0OH)D values, whereas
81.8% were diagnosed with VDD. High in-
cidence of vitamin D hypovitaminosis makes

doctors to search for the ways of its effective
treatment and prevention.

Materials and methods: In cooperation
with Ukrainian National University of Food
Technologies high-fiber baked bread with
a cholecalciferol concentration of 25 pg per
277 g was developed. To study its safety and
efficacy in VDD correction, 30 postmenopau-
sal women aged 45-80 years were examined.
The study lasted for 21 days.

Likewise, individual targeted therapy of
vitamin D deficiency (ITTVD) was developed
for correction of VDD. ITTVD consists of two
phases - saturation period and maintenance
period. The saturation therapy includes com-
bined medication: calcium (1000 mg) and
800 IU of vitamin D and an additional 3000
IU of vitamin D per day. Maintenance therapy
includes 2 000 IU of vitamin D per day. To stu-
dy the efficacy and safety of ITTVD, 70 post-
menopausal women aged 46-87 years with
skeletal diseases were enrolled.

Serum 25(OH)D level was assessed by elec-
trochemiluminescent method (Elecsys 2010).
Results: Intake of fortified bread has facilita-
ted a significant increase in serum 25(0OH)D
levels. The mean level of serum 25(0OH)D in-
creased from 14.20+2.60 to 20.05+2.74 ng/
ml (p 3 months of ITTVD leads to a significant.
Conclusion: Based upon our results, ITTVD
and fortified bread administration can be re-
commended for vitamin D correction in older
age groups. Our ITTVD equation has proven
to be effective. ®

3. A possible implication of
vitamin D, deficiency in placental
oxidative stress phenomena and
progesterone synthesis leading to
preeclampsia
Narcyz Knap, Michal Wozniak, Andrzej T. Slominski,
Magdalena Gorska, Jan Wieruszewski, Michal A. Zmijewski,
Ewa Zabul, Robert Tuckey, Kuban-Jankowska Alicja,
Wieslawa Mickiewicz, Piotr Zabul
Osoba prezentujaca: Narcyz Knap

(narcyz@gumed.edu.pl)

Introduction: Placental cytochrome P450scc
(side-chain cleavage cytochrome P450; CY-
P11A1) is a heme-containing enzyme asso-
ciated with the inner mitochondrial membra-
ne, and is involved in multiple hydroxylations
of vitamin D,. Cytochrome P450scc is also
responsible for the synthesis of progestero-
ne which is implicated in the molecular pa-
thomechanism of preeclampsia if produced

in excess. Interestingly, arachidonic acid hy-
droperoxide can be enzymatically converted
by cytochrome P450scc contributing to in-
creased oxidative stress which is a metabolic
hallmark of preeclampsia.

Purpose of work: The goal of the study was
to investigate a role of cytochrome P450scc
in oxidative stress generation, and potential
consequences for progesteron synthesis in
the human placenta. It was also tempting to
construct a molecular hypothesis linking vita-
min D, as a natural substrate for the enzyme
to the pathomechanism of preeclampsia.
Material and methods: The study was per-
formed on the human placental mitochon-
dria as well as JAR trophoblast cells expo-
sed to arachidonic acid hydroperoxide, and
thus inducing oxidative stress phenomena
in a manner typically observed in the course
of preeclampsia. The level of oxidative stress
was controlled with a nitroxide derivative
TEMPOL.

Results and conclusions: Suicidal self-oxida-
tion of cytochrome P450scc led to structural
disintegration of heme contributing to en-
hancement of oxidative stress phenomena in
the mitochondrial and cellular preeclampsia
model which was prevented by TEMPOL as
a carbon-centered radical scavenger. We po-
stulate that high-dose vitamin D, treatment
might stabilize cytochrome P450scc compe-
titively inhibiting free radical generation and
excess progesterone synthesis, both of which
may contribute to the progression of preec-
lampsia. B

4. High-dose vitamin D,
supplementation as a novel
strategy in clinical management
of wintertime preeclampsia

Piotr Zabul, Michal Wozniak, Andrzej T. Slominski,

Krzysztof Preis, Michal A. Zmijewski, Ewa Zabul, Robert Tuckey,

Narcyz Knap

Osoba prezentujaca: Piotr Zabul

(piotrzabul@wp.pl)

Introduction: Preeclampsia is a complex pa-
thology affecting 2-8% pregnancies worldwi-
de. Clinical symptoms involve arterial hyper-
tension, edema and sometimes proteinuria.
Treatment is mostly symptomatic, and in se-
vere cases C-section is necessary to safely ter-
minate pregnancy. A wintertime increase in
preeclampsia incidence has been observed in
the population of Caucasian women of Nor-
thern Europe for years. A molecular mecha-
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nism of the disorder has not yet been eluci-
dated, however there is growing evidence
of oxidative stress implication.

Purpose of work: A predominant occurrence
of preeclampsia in the wintertime brings up
a question about a possible vitamin D, defi-
ciency as a plausible causative factor in the
pathomechanism of the disease. Therefore,
it seemed of interest to investigate a potential
correlation between the total body oxidative
stress and plasma levels of 25-hydroxyvitamin
D, [25(0H)D,] as observed in preeclamptic
patients.

Material and methods: A prospective cli-
nical study was launched focusing on wo-
men presenting with severe preeclampsia
in order to measure urinary levels of 15-F2t-
-isoprostanes as markers of oxidative stress
and vasoconstriction mediators, and plasma
levels of 25(OH)D,. In addition to that, a case
study was designed to investigate a potential
clinical efficacy of high-dose vitamin D, sup-
plementation in prevention and treatment
of preeclampsia in the wintertime.

Results and conclusions: There was no cor-
relation observed between urinary isoprosta-
nes and plasma level of vitamin D,. However,
both the control and preeclamptic cohort
presented with severe vitamin D, deficiency.
Preliminary results suggest that high-dose
supplementation with vitamin D, be a ratio-
nal, safe and effective clinical approach in the
management of preeclampsia. B

5. Monitorowana suplementacja
witaming D u noworodkéw
urodzonych przedwczesnie
- badanie obserwacyjne

Alicja Kotodziejczyk, Maria Katarzyna Borszewska-Kornacka

Klinika Neonatologii i Intensywnej Terapii Noworodka

Warszawskiego Uniwersytetu Medycznego

Osoba prezentujaca: Alicja Kotodziejczyk

(zuzialiGa@gmail.com)

Cel pracy: Ocena bezpieczenstwa oraz efek-
tywnosci  monitorowanej  suplementacji
witaminy D u noworodkéw urodzonych
przedwczesdnie.

Material i metody: Badanie obserwacyjne
przeprowadzono na 80 noworodkach urodzo-
nych przed 33 tygodniem wieku cigzowego
hospitalizowanych w Klinice Neonatologii
i Intensywnej Terapii Noworodka Warszaw-
skiego Uniwersytetu Medycznego od lipca
2013 roku do lipca 2014. Witamine D suple-

mentowano doustnie od 1-3 tygodnia zycia

w dawce 500-1000 IU/dobe. Dawkowanie
modyfikowano w zaleznosci od stezenia
25-hydroksywitaminy D we krwi. Stezenie
25(0H)D i gospodarke wapniowo-fosforano-
wa oznaczano w 4 tygodniu zycia, w 34-37
tygodniu wieku postkoncepcyjnego oraz
w 39-41 tygodniu wieku postkoncepcyjnego.
Wyniki: Srednie stezenie 25(0OH)D w pomiarze
w 4 tygodniu zycia wynosito 40 ng/ml, 61 ng/
ml w 34-37 tygodniu wieku postkoncepcyj-
nego oraz 53 ng/ml w 39-34 tygodniu wieku
postkoncepcyjnego. Wyzsze stezenia obser-
wowano w grupie noworodkéw z ekstremal-
nie mafa masa ciata. Niedobor zaobserwowa-
no najczesciej podczas pierwszego pomiaru.
52,5% noworodkow otrzymywato przed wypi-
sem suplementacje 500 1U, 19% noworodkéw
wymagato zaprzestania suplementacji w wy-
niku przedawkowania. Suplementacje witami-
ny D wysokimi dawkami prowadzono u 34%
pacjentéw. W wyniku niedoboru witaminy D
zaburzenia gospodarki wapniowo-fosforano-
wej wystapity u jednego noworodka. Hiperwi-
taminoza witaminy D wigzata sie z podwyzsze-
niem wskaznika wapniowo-kreatyninowego.
Obserwowano duza réznorodnos¢ osobnicza
w zmianie stezenia 25(0H)D.

Podsumowanie: Suplementacja witaming D
wymaga monitorowania. Bezpiecznym prze-
dziatem czasowym monitorowania terapii
u noworodkéw urodzonych przedwczesnie
jest miesigc. Schemat terapii wymaga prze-
prowadzenia dalszych badan. B

6. Association of Bsml polymorphism
of VDR gene with vitamin D status
in children with vitamin D
- deficient rickets

Nadia Tokarchuk, Maryna Pugach

0Osoba prezentujaca: Nadia Tokarchuk

(doctor_tokarchuk@mail.ru)

Introduction: At present the role of the gene
encoding the vitamin D receptor (VDR) isacti-
vely studied.

Objective: To analyze the impact of Bsml
polymorphism of VDR gene on vitamin D
status in children with vitamin D-deficient
rickets.

Materials and methods: The study involved
120 children aged from 3 to 12 months who
had vitamin D - deficient rickets. Polymorphic
variants of VDR gene were determined by
PCR-RLFP. The contents of 25(0OH)D in blood
serum was determined using electrohemi-flu-
orescent method.

Results: Genotype characteristics of poly-
morphic marker Bsml of VDR gene in children
with vitamin D - deficient rickets showed that
in the structure of the disease heterozygotes
Bb prevailed - 53 people (44,16+4,53)%. While
homozygotes of mutant allele B were the lo-
west proportion - 22 children (18,33£3,53)%
with respect to the frequency of heterozygo-
tes (p However, with BB genotype the frequ-
ency of vitamin D deficiency was the highest
(68,18+10,16)% in children with rickets with
accurate relative percent difference between
individuals with the same status with bb ge-
notype (35,56+7,13%, p The value of serum
25(0OH)D were the lowest in homozygotes of
mutant allele B (21,3+3,11 ng/ml) and signi-
ficantly differed from those in heterozygotes
(29,82+2,17 ng/ml).

Conclusion: The dependence between poly-
morphic marker Bsml of VDR gene and the
vitamin D status in infants with rickets was
determined. B

7. Vitamin D levels may influence
microarchitecture of bone tissue
inmen

Mario Rui Mascarenhas', Ana Paula Barbosa', Didier Hans?,

Manuel Bicho®

" Endocrinology, Diabetes & Metaholism, Lisbon’s Faculty
of Medicine, Santa Maria University Hospital - CHLN, EPE,
Lisboa, Portugal

2 Lausanne University Hospital, Lausanne, Switzerland

*  Genetic Laboratory, Lishon’s Medical School, Lishoa,
Portugal

Osoba prezentujaca: Mario Rui Mascarenhas

(mascarenhasmr@gmail.com)

The vitamin D levels and BMD decline with
age. Inadequate vitamin D levels may be as-
sociated to the high prevalence of osteopo-
rosis and low vitamin D concentration may
be related to an increased falls number and
subsequent fragility fractures among older
persons. Despite the use of DXA and other
fracture clinical risk factors, many older pe-
ople are at risk for fractures, as the BMID does
not provide total info on bone strength; The
TBS (trabecular bone score), a recent diagno-
stic tool used to supplement DXA, may allow
to estimate bone microarchitectural texture
or bone quality; together, TBS and DXA may
evidence the strength of bone, determined
by material composition and configuration.
The role of microarchitecture of bone tissue
in relation to vitamin D and PTH is relatively
unknown.
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Objectives: To evaluate the influence of the
blood vitamin D concentrations on the BMD
at L1-L4 and the TBS at the spine in men.
Material and Methods: The BMD (g/cm?)
and the BMC (g) at the L1-L4 in a group of
54 ambulatory men, mean age 56.4 (£12.1)
years, were evaluated by DXA and the spine
TBS was derived from each spine DXA scan.
The blood 25(0H)D, (ng/ml), osteocalcin
(ng/ml) and iPTH (pg/ml) levels were measu-
red. BMI was also calculated (kg/m?).
Adequate statistical tests were used.
Resultes: The means (+SD) obtained in men
were: L1-L4 TBS = 1.323 (+0.1), BMC = 68.0
(+12.3) and BMD = 1.041 (£0.1), 25(OH)D,
= 20.4 (+9.6), iPTH = 54,3 (+34.3) and oste-
ocalcin = 18.0 (+6.0).

In this group of men, significant correlation
coefficients were detected between the blo-
od 25(0H)D, levels with the BMI, the spine
TBS and the osteocalcin concentrations, but
not with the BMC and the BMD at the L1-L4.
Conclusions: The vitamin D, may play an im-
portant role on the bone quality, as normal
men and post-menopausal women with low
25(0H)D, may have worse bone quality and it
is possible that PTH may also act negatively in
the bone quality.

Further studies are needed on a larger cohort
and it might be worth to investigate also men
with osteomalacia. B

8. Ameliorative effect of vitamin D,
against liver disorders and
impaired bone remodeling
associated with experimental
type 1 diabetes

Ihor Shymanskyy, Dmytro Labudzynskyi, Anna Mazanova,

Mykola Veliky

0.V. Palladin Institute of Biochmistry, National Academy

of Science of Ukraine, Kyiv

Osoba prezentujaca: lhor Shymanskyy

(ishymansk@inbox.ru)

Introduction: Growing evidence suggests
that vitamin D, (D,) deficiency, systemic in-
flammation and oxidative stress can activate
bone resorption and reduce bone mineral
density in diabetes. Liver is thought to play
akey role both in D, metabolism and in initia-
ting and propagating the systemic inflamma-
tory response.

Purpose of work: The study was performed
to evaluate the association between the pro-
oxidant and proinflammatory state of the
liver, 25-hydroxyvitamin D, [25(OH)D,] for-

mation and bone resorption in STZ-induced
diabetes in C56BI/J6 mice and to assess the
effects of D, treatment (15 IU/mouse per os,
for 8 weeks).

Material and Methods: ROS/NO produc-
tion was determined by flow cytometry with
DCF-DA and DAF-DA respectively. Levels of
cytochromes, 3-nitrotyrosine and inflamma-
tion markers were measured by Western-blot
analysis. 25(OH)D, content in serum was as-
sayed by ELISA. Results. Diabetes was shown
to be associated with a decrease in the
content of serum 25(0H)D, (by 40%) and
changes in the expression of the major iso-
forms of D, hydroxylating enzymes in liver
tissue (CYP27A1, CYP2R1, and CYP27B1).
Oxidative/nitrosative stress markers and
pro-inflammatory factors (phosphorylated
p65 subunit of NF-kB, iNOS, VEGF) were fo-
und to be elevated in liver. Diabetes reduced
osteoprotegerin and increased RANKL levels
in serum, indicating the prevalence of bone
resorption over osteosynthesis. D, caused
partial normalization of markers of liver oxida-
tive/nitrosative stress and inflammation that
correlated with better 25(0OH)D, synthesis and
improved bone formation/resorption.
Conclusions: Our findings can be considered
as an experimental substantiation for the effi-
cacy of D, in the prevention/correction of me-
tabolic changes and impairments of bone re-
modeling associated with type 1 diabetes. B

9. Vitamin D status and inflammation
in COPD patients: preliminary
findings from a seasonal
observation study

Emma Carson, Kirsty Pourshahidi, Francina Baldrick, JJ Strain,

Martin Kelly, Sharon Madigan, Eamon Laird, Maria S. Mulhern

Osoba prezentujaca: Emma Carson

(carson-e1@email.ulster.ac.uk)

Introduction: Chronic Obstructive Pulmona-
ry Disease (COPD) is a disease characterised
by chronic airway inflammation and airflow
limitation. Vitamin D has been reported to
modulate immune function from a T-helper
(Th)-1 cell (pro-inflammatory) to a Th-2 (anti-
-inflammatory) cell profile.

Purpose of work: To investigate seasonal
changes in vitamin D status and associated
changes in circulating inflammatory markers
in COPD patients.

Materials and Methods: COPD patients (n
39) were sampled at the end of winter and
the end of summer; the nadir and peak of

vitamin D status, respectively. Serum 25-hy-
droxyvitamin D [25(0H)D], as a measure of vi-
tamin D status, was quantified using LC-MS/
MS (AP1 4000, AB SCIEX). A panel of pro- and
anti-inflammatory markers were measured
in plasma samples using an antibody-based
multi-spot assay system (Meso Scale Disco-
very, MD, USA).

Results: Vitamin D status and plasma con-
centrations of the pro-inflammatory cytoki-
nes, interleukin (IL)-2, IL-8 and tumour ne-
crosis factor-alpha (TNF-a), were significantly
higher at the end of summer compared to
the end of winter.

Conclusions: Despite a higher vitamin D
status at the end of summer, concentrations
of some circulating pro-inflammatory cytoki-
nes were also higher at the end of summer,
contrary to expectation. Nonetheless, these
cytokines were not correlated with vitamin
D status, which suggests that other confoun-
ding factors play a role in immune modula-
tion in COPD patients. This preliminary analy-
sis remains to be confirmed in a sufficiently
powered sample size. B

10. Effect of a primary prevention
program incorporating vitamin
and mineral supplementation on
glycemic status: an observational
study

Samantha M. Kimball, JC Herbert Emery, Daniel J. Dutton,

Jennifer D. Zwicker, Richard Z. Lewanczuk

Osoba prezentujaca: Richard Z. Lewanczuk

(samantha.kimball@purenorth.ca)

Vitamin D may play a preventive role in type
2 diabetes. Biologically, the active metaboli-
te of vitamin D positively influences insulin
secretion and studies report an inverse asso-
ciation between vitamin D status and risk of
diabetes, suggesting that vitamin D influen-
ces glycemic control. Other micronutrients
have been similarly implicated in diabetes
prevention. We characterized the effect of
a vitamin D, - centric nutritional supple-
mentation program on glycemic status in a
convenience sample.

To determine if optimizing Vitamin D, sta-
tus in combination with a multivitamin and
Omega-3’s effected glycemic status.
Participants (n = 1,018) in a prevention pro-
gram received vitamin D, alone (Vital 1) or
with other supplements (Vital 2). Changes in
25-hydroxyvitmain D [25(0OH)D], hs-CRP, he-
moglobin Alc (HbA1c) and glycemic status
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were characterized over one and two years.
HbA1c and hs-CRP were significantly reduced
in Vital 2. Having higher 25(0OH)D after one
year in the program was associated with lar-
ger decreases in HbA1c and hs-CRP in Vital 2.
There was no change in Vital 1 participants.
Normoglycemic participants who progres-
sed to prediabetes/diabetes were 8% in Vital
2 and 16% in Vital 1 at one year. Prediabetic/
diabetic participants at baseline who regres-
sed to normoglycemia were 44% in Vital 2
and 8% in Vital 1 at one year. Comparison
across the cohorts suggests that half of the
improvement in biomarkers and glycemic
status is attributable to vitamin D,.

Dietary supplements reduced the risk of pro-
gression to type 2 diabetes and increased
the rate of reversion to normoglycemia in
high risk participants. A vitamin and mineral
supplementation strategy offers a safe, sim-
ple and effective management method for
improving glycemic status in patients with
prediabetes. B

11. Vitamin D supplementation
- positive effects on lipid profile
in patients with hypertension
Liudmila Yankouskaya
Grodno State Medical University
Osoba prezentujaca: Liudmila Yankouskaya

(yankovliuda@yandex.ru)

The aim of study was to assess the effects of
vitamin D supplementation on lipid profile
in patients with arterial hypertension (AH).
Randomized, prospective, cohort, single-
center study of 104 individuals with stage Il
AH (50.9+7.3years) was performed. Duration
of the follow-up was 15.96+1.7 months. 38
individuals didn't receive cholecalciferol,
66 received it at the daily dose of 2000 IU
for 4.4+2.2 months. Serum level of 25(0H)D
total (ng/ml) was determined by the immu-
noenzymatic assay. Spectrophotometric
method assessed total cholesterol (TC), tri-
glycerides (TG), lipoproteins of high (HDL)
and low (LDL) density. Atherogenic index (Al)
was calculated. Apoliprotein A1 (Apo A1),
apoliprotein B (Apo B) were estimated by
immunoturbidimetric assay. Apo B/Apo A1l
ratio was calculated. Statistical analysis was
done using «STATISTICA 10.0».

Results: Baseline level of 25(0H)D total was
25,85[16,8;34,79]ng/m|, at the end of follow-
-up - 42,11[33,78;54,9Ing/ml. In cholecalcife-
rol group 25(0OH)D level was 53,5 [41,3; 68,4]

ng/ml and positively correlated with HDL
(R=0.42;p=0.01), ApoAT (R=0.45; p=0.006)
and negatively correlated with LDL (R =-0.36;
p = 0.03), Apo B/Apo A1 ratio (R = -0.36;
p= 0.03), Al (R =-0.43; p = 0.008). Dynamics
of 25(0OH)D positively correlated with HDL
(R=0.36;p=0.03), ApoA1 (R=0.48; p=0.003)
and negatively correlated with Al (R =-0.34;
p = 0.04). By means of regression analysis we
determined that intake of cholecalciferol and
stably high level of serum 25(0OH)D positively
correlated (p Thus, intake of cholecalciferol
and stably high level of serum 25(0OH)D have
a positive effect on lipid profile in patients
with AH. B

12. The Effects of a Preventive Health
Program and Vitamin D Status
on Metabolic Syndrome

John Paul Ekwaru, Paul J. Veugelers

Osoba prezentujaca: Paul J. Veugelers

(paulus@ualberta.ca)

We investigated the effect of temporal chan-
ges in serum 25-hydroxyvitamin D [25(0OH)D]
on metabolic syndrome among Canadians
enrolled into a preventive health program
that promotes vitamin D supplementation.
To analyze the effect of increased vitamin D
status on the prevalence of metabolic syn-
drome.

We analyzed longitudinal observations of
6,682 participants with 2 or more study vi-
sits between 2007 and 2014. Serum 25(0OH)D
concentrations were measured at baseline
and at subsequent follow-up visits and cate-
gorized into 5 categories: “=125" nanomoles
per liter (nmol/L). Metabolic syndrome was
identified according to recent harmonized
criteria. Logistic regression models were ap-
plied to quantify the association of serum
25(0OH)D with metabolic syndrome, and the
relationship between temporal increases
in serum 25(0OH)D and metabolic syndrome.
At 1 year of follow up participants, on ave-
rage, had increased their 25(OH)D serum
concentrations by 38 nmol/L. We observed
a gradient whereby higher 25(0OH)D con-
centrations were associated with a lower
prevalence of metabolic syndrome with
odds ratios (OR) of 0.21 (95% Cl: 0.15-0.28)
for women and 0.33 (0.26-0.42) for men with
“>=125 nmol/L" relative to those with“
Improved vitamin D status may help reduce
the public health burden for metabolic syn-
drome, and possible subsequent conditions

including type 2 diabetes and cardiovascular
disease.

13. Serum Vitamin D Status, a Threat
neither for Hypercalcemia nor for
Inflammation

Naghmeh Mirhosseini, Ken Fyie, Samantha Kimball

Osoba prezentujaca: Naghmeh Mirhosseini

(Naghmeh.Mirhosseini@purenorth.ca)

Background: Clinical research suggests that
for vitamin D to provide benefit by preven-
ting chronic disease one requires supplemen-
tation at doses higher than previously consi-
dered. However, the looming risk of toxicity
prohibits the use of higher levels of vitamin D
supplementation.

Purpose of work: The objective of this stu-
dy was to characterize the effect of a broad
range of serum 25-hydroxyvitamin D concen-
trations on hypercalcemia and inflammation.
Method: A retrospective, population-based
study was conducted on 4,044 Pure North
participants with 6-18 months of follow-
-up in 2012 to 2015. Participants received
a wide range of vitamin D supplements
(1,000 - 15,000 IU/d). Serum 25(0OH)D, cal-
cium, hs-CRP, liver and kidney function tests
were measured at the baseline and follow-up
visits. Serum calcium was corrected by serum
albumin.

Results: Of 4,044 total participants, 13.5%,
3.8% and more than 1% had 25(0OH)D va-
lues in the ranges of 150-200, 200-250 and
> 250 nmol/L, respectively. Hypercalce-
mia, as defined by albumin-corrected se-
rum calcium > 2.55 mmol/L, was seen in
1.3% of population. Hypercalcemia was
not affected by increased serum 25(OH)D.
Serum 25(OH)D levels > 300 nmol/L did
not affect serum calcium significantly. We
also did not find any significant associa-
tion between serum hs-CRP and 25(OH)D.
Moreover, liver and kidney functions were
not affected by increased 25(0OH)D.
Conclusion: Vitamin D supplementation over
a large range of intakes (1,000 - 15,000 1U/d)
were found to be safe. Vitamin D intoxication
with D, supplement is a rare condition and
hypercalcemia mediated by serum 25(0OH)D
remains a scarce presentation. Serum 25(0OH)
D might not be a threat for inflammatory
cascade, however obesity was found to be
a positive predictor for hypercalcemia and
inflammation. B
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14. Synthesis of novel vitamin D synergistic. Hence carrying on the research ~ References:

analogs and their biological
evaluation

Sharmin Nadkarni

Pharmaceutical Research Institute, Warsaw

Osoba prezentujaca: Sharmin Nadkarni

(s.nadkami@ifarm.eu)

The application of vitamin D analogs as an
anticancer drugs have been gaining im-
portance over the last few years. Numerous
analogs of 1,25(0H),D, have been synthesi-
zed over the years by several laboratories all
over the world. The main purpose of these
analogs is to find a potential therapeutic for
cancer whilst minimizing or neutralizing the
side effects. A large number of double point
vitamin D analogs have been synthesized
at Pharmaceutical Research Institute (PRI),
Warsaw, Poland over the last years. Their
biological activities have been studied and
a novel strategy had been established for
the synthesis of new analogs. Double point
modified analogs with elongated side cha-
in which have been synthesized at PRI have
shown selective activity. Moreover, this modi-
fication in side chain, when coupled with the
19-nor A-ring modification, has been found
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in the same direction we have synthesized
new analogs with elongated side chain, 19-
nor modification and an additional C-2 sub-
stitution. It was recently noted that the C-2
modification in the A-ring is very beneficial
along with the 19-nor modification. Therefo-
re we decided to combine this modification
with the elongated side chain which we have
developed over the years at PRI aiming for a
synergistic effect on the biological profile of
the new analogs. For this purpose a synthetic
route has been established and the synthe-
sis of new important fragments such as the
A-ring, CD-ring and the side chain has been
achieved. The coupling of these fragments
into the next series of analogs is underway
in this laboratory. Apart from this studies we
observed that over the years the application
of active metabolites of 1,25(0H),D, has been
underexploited as compared to analogs of
1,25(0H),D,. There have been no reports by
now on the direct comparison of biological
activities of 1,25(0H),D, and 1,25(0H),D..
Hence, we synthesized 1,25(0H),D, by a novel
procedure as well as analogs of thereof [ PRI-
1730, 1731, 1732, 1733 and 1734] for further
biological evaluation.

' Sharmin Nadkarni, Michat Chodynski,

Aoife Corcoran i wsp. Double point modi-
fied analogs of vitamin D as potent acti-
vators of vitamin D receptor. Current Phar-
maceutical Design 2015;21:1741-1763.

Sharmin Nadkarni, Michat Chodynski,
Krzysztof Krajewski i wsp. Convergent
synthesis of double point modified ana-
logs of 1,25-dihydroxyvitamin D, for bio-

logical evaluation. J Steroid Biochem Mol
Biol, DOI: www.dx.doi.org/doi:10.1016/j.
jsbmb.2015.08.022. B
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1. Tissue in children with
ergocalciferol deficiency in
anamnesis

Tatiana Frolova, Olga Okhapkina, Irina Siniaieva

Osoba prezentujaca: Tatiana Frolova

(frolovatv67@mail.ru)

At the modern stage of the society develop-
ment of osteopoenia (OP) is one of signifi-
cant problems of paediatrics. Insufficient in-
solation, non-systemic exposure to fresh air,
sedentary lifestyle, and insufficient vitamin
D intake from food lead to the formation of
vitamin D deficit in children.

Purpose: To establish the character and de-
gree of disorders in the structural and func-
tional state of bone tissue in pupils, who
had a history of vitamin D deficiency.
Material and methods: 286 children aged
9-16 years were examined.

Evaluation of structural and functional state
of bone tissue (SFS BT) was performed on an
ultrasound densitometer. Group | consisted
of children with diagnosed rickets (49.65 %).
Group Il included children without rickets
in anamnesis (50.35 %). Statistical analysis
of the results was conducted on the basis of
the method of stepwise discriminant analy-
sis.

Results and conclusions: The findings de-
monstrated that (62.1 £ 2.3) % of the chil-
dren from group | had a reduction in the
strength index of their bone tissue, it be-
ing significantly higher versus the children
from group Il (30.4 = 1.4) % (p < 0.05). The
incidence of OP depended on the severity
of rickets manifestations (r = 0.67). Data
analysis of actual food showed a strong
correlation between the level of vitamin D
consumption and the bone strength index
in pupils (r = 0.75) and a direct correlation
of the average strength in adolescents
(r = 0.62). Hypovitaminosis D in anamnesis
lead to the formation of osteopoenic di-
sorders at school-aged children. This fact
should be taken into account during the
dynamic observations in this group of pa-
tients. @

2. Correlation between Vitamin D
level and Behcet’s disease activity
in patients in West region
of Ukraine

Khrystyna Lishchuk-Yakymovych, Omelian Synenkyi,

Danylo Halytskyi

Lviv National Medical University

Osoba prezentujaca: Khrystyna Lishchuk-Yakymovych

(k_yakymovych@ukr.net)

Introduction: Behcet's disease is a chronic
inflammatory disease characterized by re-
current orogenital ulcerations, ocular mani-
festations, arthritis, vasculitis with neurolo-
gical and large vessel involvement.
Purpose of work: To investigate the corre-
lation between Vitamin D level and Behcet'’s
disease activity in patients in West region
of Ukraine.

Matherial and methods: Ten patients
with Behcet’s disease and 12 matched he-
althy controls were enrolled in this study.
The erythrocyte sedimentation rate (ESR)
and the levels of C-reactiveprotein (CRP),
serum 25-hydroxyvitamin D, calcium (Ca),
phosphate (P), serum parathyroid hormo-
ne (PTH) and TNFa levels were measured
in both groups.

Results: There were no significant differen-
ces between the two groups regarding de-
mographic data. The serum 25-hydroxyvita-
min D levels of patients and controls were
11.76 and 38.12 ng/ml, respectively. In pa-
tients with Behcet’s disease, 25-hydroxyvi-
tamin D values were significantly lower than
those of the healthy controls.

Conclusion: Multivariate regression analy-
sis parameters showed that smoking,
frequency of physical activity, use of col-
chicine and corticosteroids were the main
predictors of 25-hydroxyvitamin D levels.
Future studies are needed to determine the
necessary of vitamin D use in patients with
Behcet'’s disease. B

3. Dynamics of the vitamin D
and of the bone’s metabolism
other indicators in the pregnant
women with perinatal infection

Manasova G.S.", Povoroznyuk V.V Zelinsky A.A.",

Manasov M.M.2, Kazarenko O.N.*

T Odessa State National Medical University

2 Institute of Gerontology, AMS Ukraine, Ukrainian
Scientific-Medical Center of Osteoporosis, Kiev

3 Health Resort of State Border Service of Ukraine

* Maternity home Ne5, Odessa City

Osoba prezentujaca: Vladyslav Povoroznyuk

(okfpodac@ukv.net)

Introduction: In the infection biochemical
and immunological changes in the pregnant
independent become, including synthesis
and regulation of the bone’s metabolism sys-
temic and local factors.

Objective: To study of vitamin's D (VD), some
calcium-regulatinghormones (CRH), the bone
remodeling markers (BRM) levelin the blood
of the pregnant women with verified perina-
tal infection (VPI) and in healthy pregnant wo-
men in the gestation’sdynamicswas.
Materials and methods: The 3 groups of pre-
gnant women was examined: |I-A - the 192
women with osteopenic syndrome and VP,
I-B — 43 women with VPI without osteopenia
and Il group - 128 healthy women. By the che-
miluminescence immunoassay methods the
VD level, parathyroid hormone (PTH), calcito-
nin (CT), osteocalcin (OC) and 3-CrossLapsin Il
and lll-trimester determined.

Results: In all groups, there was the gradual
decline in VD, at the infection these changes
were more pronounced (p < 0.001). PTH ac-
tivity at infection increased, whereas in he-
althy women this increasein the Ill-trimester
wassignificant (p < 0.001). The content CT has
increased in the Ill trimester in both groups,
but thesechanges were more pronouncedat
infected. In the women with VPI all changes
lower was (p < 0.001).The bothconcentration
of OK (p < 0.05) and B-CrossLaps (p < 0.001)
levels at infected increased. In healthy women
concentration of OK (p < 0.001) decreased,
while of B-CrossLapslevel (p < 0.01) increased.
Conclusion: In pregnancies complicated by
VPI, the VD level in the blood was significantly
reduced. The dynamics of the CRH and BRM
indicating the activation of the bothbones
remodeling phases, which as the mechanism
aimed to preserving of bone’s mineral density
inpregnant womencan be considered. B
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4. Zaleznos¢ poziomu witaminy D
i stopnia zaawansowania
miazdzycy tetnic wierncowych

Ewelina Anna Dziedzic', Marek Dabrowski?

' Klinika Kardiologii Oddziatu Fizjoterapii Il Wydziatu
Lekarskiego, Warszawski Uniwersytet Medyczny

? 0ddziat Kardiologii, Szpital Bielariski, Warszawa

Osoba prezentujaca: Ewelina Dziedzic

(keveleré@wp.pl)

Wstep: Choroba niedokrwienna serca jest
gtéwna przyczyng zgonéw w krajach rozwi-
nietych. Niedobér witaminy D jest szeroko
rozpowszechniony na swiecie i moze wywie-
ra¢ wieloraki wptyw na uktad krazenia.

Cel pracy: Ocena czy niedobdr witaminy D
wplywa na stopien zaawansowania miaz-
dzycy tetnic wiencowych okreslony na pod-
stawie koronarografii.

Materiat i metody: Badaniem objeto pro-
spektywnie 393 kolejnych pacjentéw podda-
nych koronarografii w terminie od 07.2013 r.
do 12.2014 r. Stopier zaawansowania miaz-
dzycy tetnic wiencowych oceniono w skali
CASSS (Coronary Artery Surgery Study Sco-
re). Stezenie 25(0H)D w osoczu oznaczono
metoda elektrochemiluminescencji.
Wyniki: Sredni poziom 25(0OH)D wynidst
16,6£6,98 ng/ml. U 5% stwierdzono poziom
optymalny, u 23,9% niewielki niedobor,
u 55,4 % umiarkowany niedobér, u 15,7%
ciezkg hipowitaminoze. Wyzszy sredni po-
ziom 25(0OH)D odnotowano latem w poréw-
naniu z zima (18,04 vs 13,89; p = 0,00046).
Nie wykazano korelacji poziomu 25(0OH)D
i stopnia zaawansowania miazdzycy tetnic
wiencowych w badanej grupie chorych.
Istotnie wyzszy poziom 25(0OH)D odnotowa-
no u mezczyzn (17,24+6,65 vs 15,32+7,48;
p = 0,0006). U kobiet wykazano odwrotnie
proporcjonalng zaleznos¢ poziomu 25(0H)D
i stopnia zaawansowania choroby wien-
cowej. Sredni poziom 25(0H)D dla kobiet
bez istotnych zmian w tetnicach wienco-
wych wyniést 17,4+8,8 natomiast w grupie
z choroba wiericowa dwu i tréjnaczyniowa
14,38+5,4 (p=0,04). Nizsze poziomy 25(0H)D
wykazano u chorych z wywiadem przebyte-
go zawatu serca (p = 0,028).

Whioski: Poziom 25(0OH)D w istotnym stop-
niu zalezy od pfci. U kobiet oraz mezczyzn
po 60 r.z. istnieje odwrotna zaleznos¢ pozio-
mu 25(0OH)D i stopnia zaawansowania miaz-
dzycy tetnic wiencowych. B

5. Vitamin d intakes among pregnant
women in an urban and rural
population of Western Ukraine

Alla Boychuk, Tetiana Budnik, Oksana Boyarchuk

I. Horbachevsky Ternopil State Medical University,

Ternopil, Ukraine

Osoba prezentujaca: Alla Boychuk

(boychuk-alla@rambler.ru)

Introduction: Vitamin D is important for
both mother and child. It prevents pregnan-
cy complications and induce fetal develop-
ment. Mothers require both sufficient inta-
kes and skin production of this vitamin.
The purpose of work was to estimate the in-
take and sources of vitamin D in pregnant
women from different places of residence
(rural and urban) of Ukraine for determining
the need of further correction.

Material and methods: The survey of 120
women (60 - rural and 60 — urban) was
done. The survey included a questionnaire
containing the social block of questions,
a block of questions related to the supplian-
ce of vitamin D, as well as questions about
the awareness of women recently confined
about the role of the vitamin D. A standard
questionnaire was used to define the daily
intake of vitamin D and calcium from food.
Results: 60 % of the urban women and
30 % of rural women had higher education
(x2 = 4.18, p = 0.0408). Majority of urban
pregnant women (60 %) and half of rural
evaluated their social status as satisfactory,
the rest of them - good.

It was found that the average daily intake
of vitamin D from food during pregnancy
was 301.1£59.3 IU in urban and 417.3+72.3
IU in rural women (p 58.3% of the urban
and 76.7% of the rural women reported use
of vitamin D supplements. 61.7% of urban
pregnant and all pregnant from rural areas
were outdoor more than 2 hours (x2 = 4.09,
p =0.0431).

Conclusions: Vitamin D intakes from food
among pregnant women in an urban po-
pulation of Western Ukraine is lower than
among the rural population. Vitamin D sup-
plementation among pregnant women is
necessary for both groups in the period of
increased demands. &

6. The Curious Situation of
Europeans and Vitamin D
- an Environmental Mismatch?
Horst Goring
Osoba prezentujaca: Horst Goring

(horst-goering@online.de)

Review: The cradle of Homo sapiens has
been in the equatorial high plains of East
Africa. There he found necessary and suffi-
cient conditions for his life: readily available
food resources, a suitable interval of tem-
perature and high intensity of sun radiation
including UV-B radiation. When he migrated
to different continents he preferred fertile
regions within the range of 20° to 40° of lati-
tude, N and S. There is one exception: Euro-
pe. Here people are living in relatively high
density at a latitude of 60°N. They were lured
here by the moderate climate provided by
the warm water of the Gulf Stream. Howe-
ver, at this high latitude only a very low part
of UV-B radiation is reaching the earth
surface. As a consequence much less cho-
lecalciferol (known as Vitamin D,) can be
synthesized in the skin of men. Deficiency
in this hormone became an even bigger
problem when men changed from being
a hunter to becoming a farmer and with
all the pressures in his dress code and be-
havior that civilization imposed at him.
Although vitamin D can be acquired to
a certain extent through food, it covers only
10-20% of his entire need'. This could not
be without consequences for his health. He
as a species survived more or less well, but
how could the situation be improved for
an optimal life of the individual? Are there
other regions of environmental mismatch?
Vitamin D-deficiency is not only caused by
natural conditions, but more and more by
social constrains. B

References:

1. Goring H, Koshuchowa S. Vitamin D - the sun
hormone. Life in environmental mismatch.
Biochemistry (Moscow) 2015;80:8-20.
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7. Wplyw podazy witaminy D
na kalcemig, kalciurie i dynamike
tworzenia zlogow u pacjentow
z hiperkalciuria idiopatyczna
- doniesienie wstepne
Joanna Milart, Katarzyna Jobs, Anna Jung
Klinika Pediatrii, Nefrologii i Alergologii Dzieciecej,
Wojskowy Instytut Medyczny, Warszawa
Osoba prezentujaca: Joanna Milart

(jfurgal@wim.mil.pl)

Wstep: U pacjentéow wydalajacych nadmier-
ne ilosci wapnia z moczem stwierdza sie
czesto obnizong gestos¢ kosci. Pacjenci z hi-
perkalciuria idiopatyczng pozostaja na diecie
normokalcemicznej. Powstaje problem czy
podawanie pacjentom witaminy D nie nasili
kamicy oraz jaki wptyw ma podawanie wita-
miny D na gestos¢ kosci.

Cel pracy: Proba wstepnej oceny wptywu wi-
taminy D u pacjentéw z hiperkalciurig idiopa-
tyczna i niskimi stezeniami 25(0OH)D na kalce-
mig, kalciurie i aktywno$¢ tworzenia ztogéw
w drogach moczowych.

Materiat: 15 dzieci (9 chtopcow, 6 dziewczyn-
ki) w wieku 11-14 (sr.11) lat z hiperkalciuria,
kamica uktadu moczowego oraz obnizonymi
stezeniami 25(0OH)D.

Metoda: Prospektywna ocena wydalania
wapnia (Ca) (straty dobowe i wspdtczynnik
Ca/kreatynina w porcji moczu po nocy), ste-
Zenia wapnia i 25(0OH)D w surowicy i ocena
USG po 3 i 6 miesigcach podazy witaminy D
(dawka poczatkowa 800 j).

Wyniki: Stezenie Ca w surowicy przed lecze-
niem 9,9 (9,1-10,4): po 3 m-cach 9,97 (9,6-
10,4); po 6 m-cach 9,9 (9,4-10,4) mg/dl. Wy-
dalanie Ca z moczem przed leczeniem - 3,58
(0,42-7,15) mg/kg/d; po 3 miesigcach- 3,79
(0,79-10,2) mg/kg/d; po 6 miesigcach- 4,81
(0,73-7,06) mg/kg/d. Wspotczynnik Ca/kreaty-
nina przed leczeniem - 0,175 (0,034- 0,364);
po 3 m-cach 0,15 (0,016-0,43); po 6 m-cach
0,14 (0,071-0,42). Stezenie 25(0OH)D przed le-
czeniem 17,32 (9,3-31,8) ng/ml; po 3 m-cach
21,27 (11- 31) ng/ml; po 6 m-cach 23,4 (16,1-
34,9) ng/ml. Drobne ztogi w USG przed le-
czeniem u 6 pacjentéw, po 3 m-cach ztogi
u 6 0s6b, z czego jedno wytworzyto nowe,
a jedno wydalito po 6 m-cach ztogi u 7 pa-
cjentéw, u 0s6b - zalecono podawanie hydro-
chlorothiazydu, wszyscy kontynuuja leczenie
witaming D.

Whioski: Podaz witaminy D u pacjentow z hi-
perkalciuria moze mie¢ niekorzystny wptyw
na ilos¢ wydalanego wapnia. Stwierdzane

zmiany by¢ moze nie s3 powodem do od-
stawienia suplementacji, wymagaja jednak
indywidualnego ustalania metody terapii
oraz czestych kontroli badanych parametréw.
Ocena wptywu leczenia na gestos¢ kosci be-
dzie dokonana po roku terapii. B

8. Vitamin D status among healthy
infants in Poland - assessment
based on randomly selected
sample from the population

Anna Stolarczyk, Katarzyna Szott, Pawet Ptudowski,

Aldona Wierzbicka, Matgorzata Syczewska, Piotr Socha

Children’s Memorial Health Institiute, Warsaw, Poland

Osoba prezentujaca: Anna Stolarczyk

(a.stolarczyk@ipczd.pl)

Objective: To assess prevalence of vit. D defi-
ciency among healthy infants in Poland.
Methods: Study participants (158 infants
aged 6 months and 159 infants aged 12 mon-
ths) were randomly selected in each of the
states of Poland, proportionally to the num-
ber of residents and degree of urbanisation.
Sampling frame consisted of all citizens of
specified age registered by the MSWiA. The
study was carried out in March 2011. Data
concerning vit. D intake were collected using
questionnaire and 1-day food records. 25(0H)
D level was assessed in 111 babies aged 6 mo.
(70%) and 124 babies aged 12 mo. (78%).
Results: Vitamin D intake from diet and sup-
plements was 814 + 511 IU at 6 mo. and 609
+ 341 IU at 12 mo. of age. The mean vit. D
intake expressed per kg of body weight was
103 £ 701U at 6 mo. and 59 + 33 IU at 12 mo.
(pand 32.4; p=0.034).

Conclusions: The prevalence of vitamin D
deficiency seems to be high among infantsin
Poland andincreasesfrom withage.25(0OH)D
correlates significantly with vitamin D inta-
ke. ®

The study was supported by NUTRICIA Foundation.

9. The protective effect of vitamin
D, against prednisolone-induced
liver injury in rats

Olga Lisakovska, Ihor Shymanskyy, Anna Khomenko,

Mykola Veliky

Osoba prezentujaca: Ihor Shymanskyy

(ishymansk@inbox.ru)

Introduction: Hepatotoxicity has recently
been recognized as one of the complications
of chronic glucocorticoid (GC) administration.

The development of GC-induced abnorma-
lities can be largely linked to alterations of
oxidative metabolism in liver including exces-
sive levels of nitric oxide (NO). Vitamin D, was
shown to be involved in the regulation of im-
paired oxidative metabolism and detoxifying
function of liver.

Purpose of work: The aim of this study was
to evaluate the efficacy of vitamin D, in cor-
recting prednisolone-induced damage to
hepatic cells through changes in iNOS/NO
system.

Material and methods: Female Wistar rats
received prednisolone (5 mg per kg of b.w.)
with and without 100 IU of D, (for 30 days).
NO production and cell viability were deter-
mined by flow cytometry with DAF-DA and
propidium iodide respectively. Levels of in-
ducible NO synthase (iNOS), poly-ADP-ribo-
sylated and nitrated proteins were measured
by Western-blot analysis. 25(OH)D, content in
serum was assayed by ELISA.

Results: Prednisolone administration enhan-
ced NO synthesis in isolated hepatocytes,
iNOS expression and tyrosine nitration in liver
tissue. A marked increase in the level of poly-
-ADP-ribosylated proteins was observed and
accompanied by 1.7-fold rise in the percen-
tage of necrotic cells among isolated hepato-
cytes and a 66% decrease in 25(0H)D, serum
content. Restoration of D, bioavailability by
cholecalciferol treatment counteracted pred-
nisolone effects in liver indicating that D, de-
ficiency can trigger an oxidative-nitrosative
stress-mediated cell death.

Conclusions: Prednisolone-evoked impair-
ment of hepatic function was associated with
D,-deficiency and impairment of iNOS/NO re-
sponses. Vitamin D, co-treatment has shown
efficacy in diminishing deleterious effects of
GCin liver. ®

10. Effect of cholecalciferol
on plasma rennin activity
in women with arterial
hypertension in premenopausal
and early postmenopausal
periods

Liudmila Kezhun, Liudmila Yankouskaya

EE, Grodno State Medical University’, Grodno, Belarus

Osoba prezentujaca: Liudmila Kezhun

(Kezhun.liudmila@yandex.by)

Aim: To assess the effect of cholecalciferol on
plasma renin activity (PRA) in women with
arterial hypertension in premenopausal and
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early postmenopausal periods who received
25(0H)D supplementation.

Materials and methods: We investigated
102 women with AH stage Il risk 3 aged
50[48;53] years: 50 females in premenopau-
sal period - group | and 52 females in early
postmenopausal period — group Il. PRA and
serum level of 25(0H)D were determined by
the immunoenzymatic assay. In groups | and
Il we identified subgroups with the level of
25(0H)D.

Results: By baseline PRA subgroups IA and
IB, 1A and IIB did not differ (p > 0.05). The le-
vel of 25(OH)D was lower (p 0.05). Significant
contribution of cholecalciferol to PRA dyna-
mics was established: F = 6.59, p = 0.01.
Conclusion: Correction of 25(OH)D level by
intake of cholecalciferol 2000 1U/day for 3
months leads to reduction of PRA in women
with AH. B

11. Wplyw stezenia witaminy
D na wybrane parametry
immunologiczne u dzieci
z atopowym zapaleniem skory
Agnieszka Lipinska-Opatka', Agata Wawrzyniak',
Robert Zdanowski?, Stawomir Lewicki?, Bolestaw Kalicki"
' Klinika Pediatrii, Nefrologii i Alergologii Dziecigcej,
Wojskowy Instytut Medyczny w Warszawie
2 Wojskowy Instytut Higieny i Epidemiologii w Warszawie
Osoba prezentujaca: Agnieszka Lipiniska-Opatka

(lipinska.ag@gmail.com)

Wstep: Wptyw witaminy D na przebieg cho-
rob alergicznych wynika z obecnosci jadro-
wego receptora dla witaminy D na wielu ko-
mérkach immunokompetentnych. Wykaza-
no, ze witamina D prowadzi do réznicowania
limfocytéow CD4 w limfocyty T regulatorowe,
ktore odgrywaja znaczaca role w wygaszaniu
proceséw alergicznych.

Cel pracy: Ocena wptywu witaminy D na
limfocyty T regulatorowe FoxP3 oraz fenotyp
limfocytéw: CD3, CD4, CD8, CD4/CD8, CD19,
CD16/56 CD3 anty HLA -DR3 u dzieci cho-
rych na atopowe zapalenie skory.

Materiat i metody: Do badania zakwalifiko-
wano 19 dzieci z atopowym zapaleniem skoé-
ry. Grupe kontrolna stanowito 18 dzieci zdro-
wych. Materiatem badanym byta krew zylna.
Ocene immunofenotypu limfocytéw wyko-
nano przy uzyciu cytometrii przeptywowej.
Wyniki: Srednie stezenie witaminy D byto
obnizone w obu grupach.

Whnioski: Wyniki badania nie potwierdzajg
jednoznacznie wptywu stezenia witaminy

D na limfocyty T regulatorowe w atopowym
zapaleniu skéry. Zauwazylismy jednak istot-
ny wplyw wyzszego stezenia witaminy D
na stosunek limfocytéw CD4/CD8, co moze
przemawia¢ przeciw protekcyjnemu dziata-
niu witaminy D w chorobach alergicznych.
Z uwagi jednak na mata liczebnos¢ popula-
¢ji, konieczne wydaja sie by¢ dalsze badania
wyjasniajace te zaleznos¢.

12. Multiple mechanisms by which
both vitamin D deficiency and
toxicity affect cardiovascular
health

Naghmeh Mirhosseini, Steven Knaus, Hassan Vatanparast,

Lynn P. Weber

Osoba prezentujaca: Naghmeh Mirhosseini

(Naghmeh.Mirhosseini@purenorth.ca)

Introduction: Vitamin D supplementation is
increasingly being advocated because defi-
ciency is now linked to variety of conditions
including systolic hypertension. However, the
mechanism(s) by which vitamin D status influ-
ences blood pressure are unclear, particularly
in toxicity.

Purpose of work: This study aimed to ex-
plore the renin-angiotensin system (RAS),
inflammation, kidney structure/function and
endothelial dysfunction as possible links to
hypertension in both vitamin D deficiency
and toxicity.
Methods:
diets with different levels of vitamin D

Normal, male rats were fed
[n=14/group; diets with zero, equivalent to
human Recommended Dietary Allowance
(RDA = 600 IU/d) or toxic vitamin D levels
(150,000 1U/d)].

Results: After 4 weeks feeding, systolic blood
pressure was increased in deficiency and tox-
icity compared to RDA (10-15 mmHg). Both
vitamin D deficiency and toxicity increased
RAS activity compared to the RDA group. De-
ficiency and toxicity showed kidney histopa-
thology. While vitamin D deficiency showed
a tendency for inflammation with increased
blood neutrophils, toxicity surprisingly caused
more severe inflammation. Finally, vitamin D
toxicity, but not deficiency, caused endothe-
lial dysfunction.

Conclusions: Taken together, our findings
provide strong evidence that both vitamin D
deficiency and toxicity increase RAS activity
and inflammation with links to systolic hyper-
tension. However, vitamin D toxicity, previous-
ly thought to stem only from hypercalcemia

and calcification of soft tissue, activated mul-
tiple mechanisms with the potential to cause
greater increases in blood pressure. So, look-
ing at probable vitamin D toxicity, inflamma-
tion and kidney function should be accounted
besides hypercalcemia.

13. The undifferentiated connective
tissue dysplasia provide the
vitamin D, for adolescent children

Pochinok T.V., Tyazhka 0.V., Zhuravel 0.V.

Osoba prezentujaca: Olena Zhuravel

(ElenaSlipachuk@i.ua)

Introduction: Nowadays some problems
continue to be extremely actual which related
to D-hypovitaminosis and disturbance in me-
tabolism in the child’s body especially tricalei-
um phosphate.

Purpose of work: To investigate the level of
vitamin D, in the children with undifferentiat-
ed connective tissue dysplasia (UCTD) of juve-
nile age, by determining the level of 25(0H)D,
venous blood serum.

Patients and Methods: 43 children (21 girls
and 22 boys) aged 10 - 16 years: 27 - with
NDCTD (13 girls and 15 boys) and 15 children
(8 girls and 7 boys) without UCTD determined
25(0H)D, in the serum of venous blood and
hydroxyproline glycosoaminoglycanes in dai-
ly urine. A mathematical analysis of the defini-
tion of the correlation coefficients was done.
Results: It was found out, that the levels of
25(0OH)D, in the serum of venous blood were
significantly reduced in the children with and
without UCTD. However, the level of 25(0H)D,
in the children with UCTD was significantly
lower (in 81.4% of children with UCTD the
level of 25(OH)D, was below 25 nmol /L) com-
pared with the children without UCTD. Cor-
relation analysis revealed significant inverse
relationship between the level of hydroxy-
proline and 25(0OH)D,, which confirms the
hypothesis of impaired synthesis of calcium
- binding protein and 25-hydroxycholecalcif-
erol in children with UCTD.

Conclusion: The level of 25(0H)D, in venous
blood serum in the children of juvenile age
was significantly reduced. More profound de-
ficiency of vitamin D, was found in children
with UCTD compared with children without
UCTD. In order to prevent the development of
various physical processes of children of juve-
nile age, especially with UCTD it is necessary
to prescribe vitamin D, in the autumn-winter
period, in conjunction with a balanced diet.
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14. Prevalence of 25-Hydroxyvitamin
D Deficiency in Children
on Dialysis and After Kidney
Transplantation

Baiko S.V., Sukalo A.V., Rudenko E.V.

Belarusian State Medical University, Minsk, Belarus

Osoba prezentujaca: Sergey Baiko

(baiko@yandex.ru)

Introduction: Vitamin D deficiency is more
and more prevalent worldwide where-
as current data show that optimal levels
should be >30 ng/mL.

Purpose of work: Assess levels of vitamin D,
seasonal variations and changes with time
in children on dialysis (peritoneal (PD) and
hemodialysis (HD), and after kidney trans-
plantation (Tx).

Material and methods: 25-hydroxy-
-vitamin D total [25(0OH)D] was measured in
107 children (68 boys / 39 girls, age 12.5+4.8
y), all patents were divided in groups: Tx-53,
PD-18, HD-24 and control group 12 children
with chronic kidney disease 4-5 stage (CKD).
In 53 Tx patients assessed independent and
in 15 dependent seasonal variations, in 11
Tx - changes with time (winter, 2012/13 and
2014/15 y) without any vitamin D supple-
mentation. A 25(0H)D deficiency was de-
fined by a 25(0OH)D level below 20 ng/mL
and an insufficiency by a level 20-29 ng/mL.
Results: The levels of 25(0OH)D among
groups (Me (P25;P75) were: Tx 16,8 (13.5;
24.8), PD 13.8 (8; 15,8), HD 17.4 (12.7; 22.3),
CKD 24.4 (17.5; 30.1) ng/mL.

Conclusion: Vitamin D deficiency and insuf-
ficiency is common in children on renal re-
placement therapy (PD, HD, Tx), more severe
on PD. 25(0OH)D levels have seasonal varia-
tions and decreased with time in patients
after kidney transplantation.

15. Validation of a food frequency
questionnaire for the assessment
of vitamin D intake using the
method of triads

SuviT Itkonen, Maijaliisa Erkkola, Essi Skaffari, Pilvi Saaristo,

Elisa M Saarnio, Christel JE Lamberg-Allardt

Calcium Research Unit, Division of Nutrition, Department

of Food and Environmental Sciences, University of Helsinki,

Helsinki, Finland

0Osoba prezentujaca: Suvi Itkonen

(suvi.itkonen@helsinki.fi)

Introduction: The supply of vitamin D-forti-
fied dairy products has increased in Finland.

Thus, there is a need to update a tool to
assess dietary and supplemental vitamin D
intake. The method of triads can be applied
to assess the validity of the food frequency
questionnaire (FFQ) against food records
(FRs) or recalls and biomarker. The method
has been less used due to lack of reliable
biomarkers on many nutrients.

Purpose of work: We aimed to develop
a reliable and valid FFQ with a question on
supplementation to assess vitamin D intake
in Finland during winter season.

Material and methods: A 98-item FFQ
with a separated question about vitamin D
supplement use was developed. An inter-
view-administered FFQ, 3-day FR and blood
sample for S-25(0OH)D analysis were col-
lected from 50 healthy females aged 20-37
years. Validity of the FFQ was assessed as
follows: Spearman correlations between the
three methods (S-25(0H)D, FR, FFQ) were
used to calculate validity coefficients be-
tween the hypothetical true intake and the
three assessment methods.

Results: FFQ and S-25(0H)D as well FFQ and
FR correlated well (r = 0.372, p=0.008 and
r=0.751).

Conclusion: The results are comparable
with earlier studies, and the FFQ provides
a reasonable estimation of vitamin D intake.
The perceived variation in the triads esti-
mates could have been avoided with longer
FR period and larger number of subjects.

16. Vitamin D status in children with
bronchial asthma

0.V.Tyazhka, Z.V. Selska

Osoba prezentujaca: Zoryana Selska

(zoryana_888@ukr.net)

Introduction: It is know nowadays, that vi-
tamin D deficiency may stimulate the pro-
gression allergic diseases in human body.
Purpose: Determining the level of 25(0H)D
in serum of children with asthma, depend-
ing on the severity of the disease.

Materials and methods: We examined 47
children with asthma. In the control group
was 60 healthy children. Detecting the
25(0OH)D was carried out with the help of
ECL methods.

Results: Children with severe persistent
asthma severity average 25(0OH)D was 16.09
ng/ml (Me = 16.09; Q1 = 12.81; Q3 = 17.57),
in children with persistent asthma me-
dium severity - 22.77 ng/ml (Me = 22.77;

Q1=17.92; Q3 = 26.79) and in children with
a diagnosis of mild persistent asthma severi-
ty average 25(0OH)D was equal to 32.92 ng/ml
(Me=32.92;Q1=29.41;Q3 =37.31).The chil-
drenin the control group average of 25(0H)D
in serum was 27.79 ng/ml (Me = 27.79;
Q1=20.94; Q3 =39.86). A comparison group
of children with persistent asthma moderate
severity and control group children together
was set significantly lower rate of 25(OH)D in
the first group.

Conclusions: Thus, there is a correlation
between the severity of asthma and the
level of 25(0OH)D in serum, the heavier the
disease occurs the lower the 25(0OH)D in se-
rum. Probably Vitamin D is included in the
processes of the immune system, aimed at
reducing allergic inflammation, because
children with asthma need to use vitamin D,
particularly challenging children with severe
disease.

17. Prevalence of vitamin D
deficiency in adult outpatients
with schizophrenia or bipolar
disorder

R. Boerman, D. Cohen, P.J.F Schulte, A. Nugter

Osoba prezentujaca: Remco Boerman

(rboerman@ggz-nhn.nl)

Introduction: In adults, insufficient vitamin
D levels increase the risk of osteopenia, os-
teoporosis, and osteomalacia and appear
to be associated with psychiatric disorders,
such as psychosis, depression, and Alzhei-
mer's disease. Studies in small groups of
psychiatric inpatients suggest vitamin D
insufficiency to be present, but no properly
sized studies have been undertaken. Howev-
er, we decided to investigate the prevalence
of vitamin D insufficiency and deficiency in
a large sample of outpatients. Little is known
about the prevalence of vitamin D insuffi-
ciency in individuals with bipolar disorder.
Purpose: To investigate the number of pa-
tients with deficiencies.

Methods: All outpatients of three Function-
al Assertive Community Treatment teams
and outpatients of the Centre for Bipolar
Disorders were asked to participate in this
cross-sectional study.

Results: Vitamin D levels were insufficient
in 33% of the patients. 30% of the patients
were even deficient (34.9% of those with
schizophrenia spectrum disorder and 22.9%
of those with bipolar disorder). The type of
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psychiatric disorder was not a predictor of
vitamin D deficiency. The absolute differ-
ence in risk of deficiency between the study
population and the Dutch Caucasian popu-
lation was 23.8% (95% Cl 18.3-29.3%).

Conclusions: There is an increased preva-
lence of reduced vitamin D levels in outpa-
tients with schizophrenia and bipolar disor-
der, with a greater, but non-significant, prev-
alence in schizophrenia. Considering the
size of the studied population and the size
of the group with the most severe form, 30%
of the study population, with vitamin D, we
believe that outpatients with schizophrenia,
schizoaffective disorder and bipolar disorder
can be considered as a new risk group.

18. Wyniki terapii lekowej
u pacjentéw z D-zalezng
krzywica typu 1
Stepan Martsyniak, Tamara Kinchaya-Polishchuk
Instytut Ortopedii i Traumatologii, Narodowa Akademia
Medycznych Nauk w Kijowie, Ukraina
Osoba prezentujaca: Stepan Martsyniak

(stiv25@bigmir.net)

W pracy badano metabolizm tkanki kostnej
u chorych z D-zalezna krzywicg typu 1 przed
i po terapii lekowej.

Metody pracy: Konserwatywnie leczonych
byto 48 pacjentéw z D-zalezng krzywicg
typu 1. Wiekszos¢ pacjentdw (70,83%), zwro-
cito sie na konsultacje w wieku 1-2 lat (54,17%
chtopcéw), co zbiegto sie z progresjg obja-
wow ortopedycznych.

Surowica do (n = 48) i po leczeniu (n = 21),
przebadano: zjonizowany wapn, fosfor, wapn
catkowity, 25(0H)D, 1,25(0H),D, stezenie nie-
naruszonego parathormonu (PTH), osteokal-
cyne, wapn moczu (dobowy), fosfor moczu
(dobowy), marker tworzenia kosci (PTNP),
marker osteorezorbcji (B-CTx). Czas trwania
leczenia: 6 miesiecy. Pacjenci otrzymywali
miesiecznie witaming D (2500 jednostek/
dobe), alfakalcydol (0,25 mg/co druga dobe)
i glicerofosforan wapnia (600 mg/dobe).
Wyniki: Przed leczeniem wyznaczono obni-
zenie poziomu fosforu, 25(0H)D, 1,25(0H),D,
jak réwniez podwyzszony poziom tworzenia
kosci i resorpcje kosci. Po leczeniu, poziom
25(0OH)D wzrdst o0 2,15 razy. Badania wykazaty
brak korelacji miedzy parametrami bioche-
micznymi, ktére odzwierciedlaja.

U wszystkich leczonych dzieci obserwowano
statg pozytywna dynamike w leczeniu orto-
pedycznym przejawow procesu krzywicy.

Whioski:
przedstawia pozytywne wyniki w leczeniu za-

Proponowana  farmakoterapia
burzenia metabolicznego krzywicy D typu 1,
obniza poziom osteomalacji, normalizuje
wskazniki metabolizmu kostnego i procesy
tworzenia i niszczenia kosci, zmniejszajac
podstawy organicznej tkanki kostnej. Popra-
wa aktywnych form witaminy D w krwi pro-
wadzi do zmniejszenia ortopedycznych prze-
jawow procesu krzywicy.

19. Analogii witaminy D
selektywnie modeluja ekspresje
neuropeptydéw w skorze ludzkiej
Wierzbicka JM', Piotrowska A", Tuckey RC?, Slominski AT?,
Zieliriski J*, Zmijewski MA!
' Department of Histology, Faculty of Medicine, Medical
University of Gdarisk, Poland

2 School of Chemistry and Biochemistry, The University of
Western Australia, Crawley WA, Australia

3 Department of Dermatology, University of Alabama
Birmingham, VA Medical Center, Birmingham, USA

* Department of Surgical Oncology, Medical University of
Gdarisk, Poland

Osoba prezentujaca: Justyna Wierzbicka

(jwierzbicka@gumed.edu.pl)

Skoéra jest pierwsza linig obrony organizmu,
dlatego tez oprécz funkeji bariery mecha-
nicznej, komorki skéry produkujg szereg
neuropeptydéw, hormondéw, oraz innych
aktywnych czastek. W komérkach skéry wy-
kazano miedzy innymi ekspresje analogu osi
przysadkowo-podwzgérzowo-nadnerczowej
(ang. HPA) - gtéwnego systemu odpowiedzi
na stres w organizmie. Elementy osi HPA nie
tylko reguluja skérng odpowiedz na stres, ale
rowniez wptywajg na proces odnowy bariery
naskorkowej. Co wiecej, zaburzenie w skor-
nym analogu osi HPA obserwuje sie w szeregu
schorzen skory.

Celem prezentowanej pracy byto okreslenie
wplywu analogéw witaminy D na ekspresje
elementow osi HPA w biopsjach skornych.
Badania zostaty przeprowadzone na hodow-
lach ex vivo ludzkich biopsji skdrny. Proby byty
traktowane 0,1 uM 1,25(0OH) D, oraz analoga-
mi witaminy D o niewielkim wptywie na go-
spodarke wapniowg (kalcypotriol, 20(OH)D,,
21(0OH)pD). Poziom mRNA wybranych genéw
(CRF, CRFR1, POMC, UCN, MC1-4R, NR3C1)
zostat okreslony z wykorzystaniem techniki
Real-Time PCR. Dodatkowo na tych samych
préba przeprowadzono barwienie immuno-
fluorescencyjne dla wybranych neuropepty-
dow i ich receptorow.

Otrzymane dotychczas wyniki $wiadcza
o zblizonym dziataniu analogéw do wita-
miny D na elementy osi HPA. Stwierdzono
znaczny spadek ekspresji CRF na poziomie
mRNA po traktowaniu biopsji zaréwno kal-
cypotriolem, 20(OH)D, jak i 21(OH)pD. Nie
zaobserwowano natomiast zmian w ekspre-
sji POMCi NR3C1. Co ciekawe analog 21(OH)
pD jako jedyny znaczaco podwyzszat po-
ziom urokortyn oraz receptoréw MC.
Uzyskane wyniki dowodza, ze podobnie
jak w przypadku witaminy D traktowanie
jej analogami prowadzi do dynamicznych
zmian w ekspresji elementéw osi HPA, co
moze miec istotny wpltyw na funkcje sko-
ry oraz w leczeniu zaburzen zwigzanych ze
skérnym analogiem osi HPA.

20. Ocena zaleznosci pomiedzy
stezeniem 25(OH)D
w surowicy krwi a dobowym
wydalaniem wapnia z moczem
u dzieci z somatotropinowa
niedoczynnoscia przysadki
(SNP) przed i w trakcie leczenia
hormonem wzrostu (rhGH)
z jednoczesna suplementacja
witaming D

Ewelina Witkowska-Sedek, Anna Kucharska,

Katarzyna Kadziela, Matgorzata Rumiriska, Beata Pyrzak

Klinika Pediatrii i Endokrynologii,

Warszawski Uniwersytet Medyczny

Osoba prezentujaca: Ewelina Witkowska-Sedek

(ewelina.wsm@op.pl)

Wstep: Po rozpoczeciu leczenia hormonem
wzrostu (rhGH) dochodzi do przyspieszenia
tempa wzrastania i nasilenia obrotu kostne-
go, co zwieksza zapotrzebowanie na wita-
mine D i wigze sie z koniecznoscia jej statej
suplementacji.

Cel pracy: Ocena zaleznosci pomiedzy steze-
niem 25(0OH)D w surowicy krwi a dobowym
wydalaniem wapnia z moczem u dzieci z so-
matotropinowg niedoczynnoscig przysadki
(SNP) przed i po rozpoczeciu leczenia rhGH
z jedoczesna suplementacja witaminy D.
Materiat i metody: Badano 36 dzieci z SNP.
Oznaczano stezenie 25(0H)D w surowicy krwi
oraz dobowe wydalanie wapnia z moczem
przed oraz po 6 i 12 miesigcach leczenia.
W trakcie leczenia dzieci otrzymywaty pre-
parat witaminy D (Srednio 1000 j.m./dobeg).
Analizowano dwie podgrupy w zaleznosci od
stezenia 25(0OH)D przed rozpoczeciem lecze-
nia (> lub < 20 ng/ml).
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Wyniki: W obu podgrupach w trakcie lecze-
nia rhGH i suplementacji witaminy D wy-
dalanie wapnia z moczem nie zmienito sie
istotnie. Przed rozpoczeciem leczenia rhGH
nie stwierdzono istotnej korelacji pomiedzy
stezeniem 25(0OH)D w surowicy krwi a wyda-
laniem wapnia z moczem. Po 6 miesigcach
leczenia rhGH w podgrupie z wyjsciowym
stezeniem 25(0OH)D > 20 ng/ml stwierdzono
istotna statystycznie dodatnig korelacje po-
miedzy stezeniem 25(0OH)D w surowicy krwi
a wskaznikiem wapniowo-kreatyninowym
(r=0,426). W kolejnych miesigcach korelacja
pomiedzy stezeniem 25(0OH)D a wskazni-
kiem wapniowo - kreatyninowym nie byfa
juz tak wyraznie zaznaczona (r = 0,3).

Whioski: W trakcie suplementacji witaming
D, w obu badanych podgrupach dzieci le-
czonych rhGH, wydalanie wapnia z moczem
pozostaje w granicach normy. Po 6 miesia-
cach leczenia rhGH zaznacza sie dodatnia
korelacja pomiedzy stezeniem 25(0OH)D
w surowicy krwi a wydalaniem wapnia z mo-
czem (wskaznik wapniowo - kreatyninowy).

21. Rickets in Premature Infants with
Very Low Birth Weight: Clinical
Features and Course
of the Disease

Svitlana Tkachenko, Yurij Kuzminov, Olha Sheremeta,

Olena Liebiedieva

Osoba prezentujaca: Svitlana Tkachenko

(tkachenko.lvov@gmail.com)

Disorders of phosphorus-calcium metabo-
lism and related damage of musculoskeletal
apparatus are often observed in premature
infants, especially in very and extremely pre-
mature ones.

The objective of the research was to deter-
mine the features of rickets in very prema-
ture infants.

A retrospective clinical examination of 34
premature infants at the age of 1 to 12
months was conducted. The infants were
born before 30 weeks’ gestation with weight
less than 1500 g. Clinical, biochemical, statis-
tical methods were used. Examined children
did not get vitamin D, or got it for a short
time.

We have found that 58.8% of children had
signs of rickets. It was mainly Il degree rick-
ets having acute and sub-acute course. The
incidence of rickets depended on gestation-
al age and birth weight. Thus, the incidence
of rickets in infants born at 32-33 weeks

(weight 1250-1500 g) constituted 54.5%;
in infants delivered at 30-32 weeks (1000-
1249 g) - 67.3%; in infants born before 30
weeks’ gestation (less 1000 g) - 97.8%. The
features of rickets in premature infants with
very low birth weight were an early onset
(2nd, 3rd week of life), prevalence of bone
changes, mild neurological symptoms; neu-
rovegetative symptoms were mild at the
onset of the disease, but they intensified at
the end of 2-3 months of life. Bone chang-
es manifested in local osteomalacia of tem-
poral regions, napex flattening in sagittal
plane, increase in the size of the anterior
fontanel. Osteoid tissue enlargement led to
formation of the frontal and occipital hills,
rachitic “beads” and “bracelets”. Muscular hy-
potonia was severe.

Thus, rickets in preterm infants has some
peculiarities and requires further study of
vitamin D, balance, mechanisms of rachitic
process on the background of significant
morphofunctional immaturity.

22. The undifferentiated connective
tissue dysplasia provide the
vitamin D, for adolescent
children

Pochinok T.V., Tyazhka 0.V., Zhuravel 0.V., Barzylovych V.D.

0Osoba prezentujaca: Zhuravel 0.V.

(elenaslipachuk@i.ua)

Introduction: Nowadays, the topic of
D-hypovitaminosis and disturbance in
metabolism in children still requires
further investigation.

Purpose of work: To investigate the level
of vitamin D, in the children with undiffer-
entiated connective tissue dysplasia (UCTD)
of juvenile age, by determining the level of
25(0H)D, venous blood serum.

Patients and Methods: 43 children (21 girls
and 22 boys) aged 10 - 16 years: 27 - with
NDCTD (13 girls and 15 boys) and 15 chil-
dren (8 girls and 7 boys) without UCTD de-
termined 25(OH)D, in the serum of venous
blood and hydroxyproline glycosoaminogly-
canes in daily urine. A mathematical analysis
of the definition of the correlation coeffi-
cients was done.

Results: It was found out, that the levels
of 25(OH)D, in the serum of venous blood
were significantly reduced in the children
with and without UCTD. However, the level
of 25(0H)D, in the children with UCTD was
significantly lower (in 81.4% of children

with UCTD the level of 25(0H)D, was below
25 nmol/L) compared with the children
without UCTD. Correlation analysis revealed
significant inverse relationship between the
level of hydroxyproline and 25(0H)D,, which
confirms the hypothesis of impaired synthe-
sis of calcium - binding protein and 25-hy-
droxycholecalciferol in children with UCTD.
Conclusion: The level of 25(OH)D, in venous
blood serum in the children of juvenile age
was significantly reduced. More profound
deficiency of vitamin D, was found in chil-
dren with UCTD compared with children
without UCTD. In order to prevent the devel-
opment of various physical processes of chil-
dren of juvenile age, especially with UCTD it
is necessary to prescribe vitamin D, in the
autumn-winter period, in conjunction with
a balanced diet.

23. Stezenie 25-hydroksywitaminy D,
a poziom leptyny, adiponektyny,
rezystyny oraz wisfatyny
u pacjentow z cukrzyca typu 2
oraz nadmierng masa ciata
Joanna Kocot', Matgorzata Kietczykowska', Irena Musik',
Piotr Dziemidok?, Grzegorz Szczesniak?, Jacek Kurzepa'
' Katedra i Zaktad Chemii Medycznej, Uniwersytet
Medyczny w Lublinie

2 0ddziat Diabetologii, Instytut Medycyny Wsi im. Witolda
Chodzki w Lublinie

Osoba prezentujaca: Joanna Kocot

(joanna.kocot@umlub.pl)

Naukowcy sugeruja, ze towarzyszacy otyto-
$ci niedobor witaminy D, moze zwiekszac
ryzyko wystapienia cukrzycy typu 2. Jednak
mechanizmy lezace u podstaw powyzszej
zaleznosci nie sa w petni poznane.

Celem pracy byfa ocena zaleznosci miedzy
stezeniem 25-hydroksywitaminy D, a profi-
lem wybranych adipokin (leptyny, adiponek-
tyny, rezystyny oraz wisfatyny) u pacjentéw
z cukrzyca typu 2 oraz nadmierna masa ciata.
Do badania wtaczono 92 pacjentéw (18-
60 lat) oraz 20 zdrowych ochotnikéw z pra-
widtowg masg ciata, dobranych odpowied-
nio pod wzgledem wieku. Chorzy zostali po-
dzieleni na 3 grupy ze wzgledu na wartosc
wspotczynnika BMI: | - grupa z prawidtowa
masa ciata, Il - grupa z nadwaga, Ill - grupa
z otytoscia.

Stezenie 25-hydroksywitaminy D, oznacza-
no metoda wysokosprawnej chromatografii
cieczowej (HPLC), natomiast stezenia adipo-
kin metodg immunoenzymatyczng (ELISA).
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U chorych na cukrzyce typu 2 ze wspdtist-
niejaca otytoscia (grupa Ill) zaobserwowano
znamiennie podwyzszone stezenie leptyny.
Uzyskane wyniki wskazujg, ze adipokiny
moga stanowi¢ ogniwo taczace otytos¢ oraz
cukrzyce typu 2. W swietle dostepnych da-
nych literaturowych wydaje sig, ze witamina
D moze korzystnie wptywac na przebieg cu-
krzycy typu 2. Natomiast wyniki badan wta-
snych sugeruja, ze powyzszy efekt moze by¢
przynamniej czesciowo zalezny do leptyny.

24. Polimorfizmy genu receptora
witaminy D, a ryzyko raka
gruczotu krokowego
Ryszard Braczkowski', Robert Kwiatkowski?,
Aleksander Danikiewicz’, Bogumita Braczkowska,
Wradystaw Grzeszczak’, Aleksander Owczarek®
! Zaktad Zdrowia Publicznego, Wydziat Zdrowia Publicznego
w Bytomiu, SUM w Katowicach

2 (Oddziat Radioterapii, Szpital Miejski im. St. Leszczyniskiego
w Katowicach

3 Zakfad Profilaktyki Choréb Zywieniowozaleznych, Wydziat
Zdrowia Publicznego w Bytomiu, SUM w Katowicach

“ Katedra Epidemiologii, Wydziat Lekarski w Katowicach,
SUM w Katowicach

* Klinika Chordb Wewnetrznych, Nefrologii i Diabetologii,
Wydziat Lekarski w Zabrzu, SUM w Katowicach

¢ Zakfad Statystyki Katedry Analizy Instrumentalnej
Wydziatu Farmaceutycznego z 0ddziatem Medycyny
Laboratoryjnej w Sosnowcu, SUM w Katowicach

Osoba prezentujaca: Ryszard Braczkowski

(rbracz@sum.edu.pl)

W 1941 roku Apperly jako pierwszy wskazat
na korelacje miedzy niska ekspozycja na
promieniowanie stoneczne, a umieralnosciag
na nowotwory. Od tego czasu ukazato sie
wiele badan wskazujacych, ze witamina D
moze chroni¢ przed rozwojem choréb no-
wotworowych. W przypadku raka gruczotu
krokowego ta ochronna rola ciggle budzi
watpliwosci. By¢ moze bardziej istotny od
stezenia witaminy D w surowicy jest poli-
morfizm genu jej receptora.

Materiat i metody: Do analizy wtaczono
72 niespokrewnionych mezczyzn rasy kau-
kaskiej w wieku 38 - 72 lata z rozpoznanym
(potwierdzonym histopatologicznie) rakiem
gruczotu krokowego (T1/T2) ktére przyjete
zostaty do leczenia w Oddziale Radioterapii
Szpitala im. St. Leszczynskiego w Katowi-
cach i 72 osoby w tym samym przedziale
wieku bez rozpoznanego raka gruczotu
krokowego, ktére stanowity grupe kontrol-
na. Polimorfizmy Fokl, Bsml, Tagl oznaczano

metoda RT-PCR (TagMan® SNP Genotyping
Assay. Dystrybucje polimorfizméw u cho-
rych z rakiem i mezczyzn z grupy kontrol-
nej poréwnano z zastosowaniem testu chi
kwadrat.

Wyniki: Badane polimorfizmy spetniaty za-
tozenia (equilibrium) Hardy-Weinberga.

Nie udato sie wykazac réznic w czestosci
wystepowania badanych polimorfizmoéw
w grupie chorych i w grupie kontrolnej

25. Influence of 1,25(0H),D,
and its derivatives - PRI-2191
and PRI-2205 - on acute-phase
protein production in mouse
breast cancer model
Artur Anisiewicz, Pawet Gretkierewicz, Joanna Wietrzyk
Laboratory of Experimental Anticancer Therapy, Institute
of Immunology and Experimental Therapy, Wroctaw
Osoba prezentujaca: Artur Anisiewicz

(artur.anisiewicz@iitd.pan.wroc.pl)

Breast cancer is the most common mali-
gnancy among the women - every year
over 1.5 million new cases and over 0.5
million deceases are recorded. Pathoge-
nesis of the breast carcinoma is associated
with development of severe inflammation
via increased production of inflammato-
ry cytokines including IL-1, IL-6 and TNF-a
what is correlated with the poor prognosis
for cancer patients’. On the other hand,
expression level of the genes encoding
acute-phase protein such as ceruloplasmin,
coagulation factor Il, fibrinogen alpha cha-
in, serum amyloid A and group-specific
component in the liver tissue is mainly un-
der transcriptional control of IL-62. Many
studies have shown that deficiency of vita-
min D is an important risk factor of breast
cancer and is associated with poor progno-
sis®. Therefore, we aim to investigate the hy-
pothesis, that vitamin D can modulate the
progression and metastasis of breast cancer
through indirect effect on immune system
in mouse mammary gland cancer model.
We examined expression level of genes en-
coding acute-phase proteins in liver tissue
collected from BALB/c female mice bearing
4T1tumors, treated with 1,25(0H),D, and its
derivatives - PRI-2191 and PRI-2205. Moreo-
ver, we have used cytokine array to determi-
ne the level of inflammatory cytokines that
can modulate production of acute-phase
protein.

References:

' Jiang X, Shapiro DJ. The immune system and
inflammation in cancer. Molecular and Cellular
Endocrinology 2014;382:673-682.

2 Alokail MS, Al-Daghri NM, Mohammed AK i wsp.
Increased TNF-q, IL-6 and ErbB2 mRNA expres-
sion in peripheral blood leukocytes from breast
cancer patients. Medical Oncology 2014;8:31-38.

3 Feldman D, Krishnan AV, Swami S i wsp. The role
of vitamin D in reducing cancer risk and pro-
gression. Nature Reviews Cancer 2014;14:342-
357.

26. Control of the inflammatory
process associated with
the mammary gland cancer
progression by vitamin D and its
analoges - PRI-2191, PRI-2205

Agata Pawlik, Joanna Wietrzyk

Laboratory of Experimental Anticancer Therapy,

Institute of Immunology and Experimental Therapy, Wroctaw

Osoba prezentujaca: Agata Pawlik

(agata.pawlik@iitd.pan.wroc.pl)

It is known that inflammatory cells can
promote cancer development'. The aim
of this research is to investigate the hypo-
thesis, that vitamin D can modulate the
progression and metastasis of mammary
gland cancer via indirect effect on immune
response of the host. Therefore, we per-
formed the studies using the 4T1 mouse
mammary gland cancer cells, orthotopical-
ly transplanted to the immune-competent
BALB/c female mice. 4T1 cancer model
was chosen, because development of this
tumor is followed by great inflammatory
response?. On the other hand, these cells,
due to low expression of vitamin D recep-
tor (VDR), are invulnerable to active form of
vitamin D - calcitriol (1,25(0H),D,) in vitro.
During tumor development mouse were
treated with calcitriol (1,25(0H),D,) and its
two analogs - PRI-2191 (natural metaboli-
te of 1,24(0OH),D,, tacalcitol) and PRI-2205
(5, 6-trans isomer of calcipotriol). Both ana-
logs are characterized by significantly redu-
ced toxicity as compared to the calcitriol®.
Tumor growth and metastases as well as im-
mune response of the host were monitored
at different stages of cancer progression, by
collecting samples from established time
points of the experiment. Multicolor flow
cytometry and cytokine arrays were perfor-
med on splenocytes and supernatants from
their cultures, respectively. Calcitriol and its
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analogs slightly inhibited primary tumor
growth, however the metastasis of 4T1 cel-
Is to the lungs were increased. Moreover,
a tendency to increase the number of re-
gulatory T cells and decrease the level of
chemokines from CC family (like CCL11 and
CCL17) was observed during treatment.

References:

' DeNardo DG, Coussens LM. Inflammation and
breast cancer. Balancing immune response:
crosstalk between adaptive and innate immune
cells during breast cancer progression. Breast
Cancer Research 2007;9:212.

2 TaoK, Fang M, Alroy J i wsp. Imagable 4T1 mod-
el for the study of late stage breast cancer. BMC
Cancer 2008;8:228.

3 Milczarek M, Psurski M, Kutner A i wsp. Vitamin
D analogs enhance the anticancer activity of
5-fluorouracil in an in vivo mouse colon cancer

model. BMC Cancer 2013;13:294.
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1. Vitamin d deficiency in patients
with subclinical and overt
hypothyroidism

Ivan Pankiv

Bukovinian State Medical Univetsity, Chernivtsi, Ukraine

0Osoba prezentujaca: lvan Pankiv

(vipankiv@mail.ru)

Introduction: There is increasing interest in
the role of vitamin D deficiency in a number
of chronic health problems including autoim-
mune diseases. It was reported that patients
with Hashimoto's thyroiditis had lower vitamin
D levels.

Purpose of work: To investigate the total vi-
tamin 25(0OH)D in 70 autoimmune thyroiditis
patients with subclinical (n = 21) and overt
(n = 49) hypothyroidism.

Material and methods: 70 patients (54
females and 16 males) and 20 apparently
healthy individuals with matched age and sex
were underwent a detailed clinical examina-
tion, thyroid function tests (TSH, fT4, fT3, thy-
roid peroxidase antibodies) and serum total
vitamin 25(0OH)D.

Results: The patient group with autoimmune
thyroiditis was classified according to the level
of TSH into subclinical and overt hypothyroid
groups. Levels of serum TSH were significantly
increased in subclinical (6.80+1.84 ulU/ml) and
hypothyroid (10.24+2.09 plU/ml) groups as
compared to control group (2.16+0.39 plU/ml).
Conclusions: Vitamin 25(0H)D deficiency
is associated with autoimmune thyroiditis
and further studies are needed to determine
whether its deficiency is the causal factor or
the consequence of the disease.

2. Wplyw 25(0OH)D, na ekspresjg genu
COX-2 u pacjentéw z rakiem jelita
grubego w zaleznosci od stopnia
zaawansowania choroby

Joanna Berska', Jolanta Bugajska', Diana Hodorowicz-
Zaniewska?, Agnieszka Grabowska’, Krystyna Sztefko'

' Zaktad Biochemii Klinicznej, Collegium Medicum
Uniwersytetu Jagielloriskiego w Krakowie

2 Katedra Chirurgii 0géInej, Collegium Medicum
Uniwersytetu Jagielloriskiego w Krakowie

3 Iaktad Genetyki Medycznej Katedry Pediatrii, Collegium
Medicum Uniwersytetu Jagielloriskiego w Krakowie

Osoba prezentujaca: Joanna Berska

(joanna.berska@uj.edu.pl)

Wprowadzenie: Rozwdj nowotworu moze
by¢ zwiagzany z postepujacym procesem

zapalnym. Prozapalne prostaglandyny syn-
tetyzowane sa gtéwnie z kwasu arachido-
nowego (AA) przy udziale cyklooksygenazy
typu 2 (COX-2). Ekspresja COX-2 moze by¢
hamowana przez aktywny metabolit wita-
miny D.

Cel pracy: Ocena wptywu 25-hydroksycho-
lekalcyferolu (25(0H)D,) na ekspresje genu
COX-2 u pacjentdéw z rakiem jelita grubego.
Materiat kliniczny: Grupe badang stanowi-
to 39 chorych na raka jelita grubego (23/16
M/K; $rednia wieku 65,5+6,8 lat; stopien
zaawansowania: | lub Il — grupa | (n = 20);
stopien zaawansowania Il lub IV - grupa
Il (n =19)), a grupe kontrolna 25 oséb, bez
zmian chorobowych w obrebie jelita grube-
go i innych stanéw nowotworowych (8/17
M/K; $rednia wieku 51,0+6,9 lat).

Metody: W surowicy krwi oznaczono ste-
zenie 25(0H)D, metoda HPLC/UV oraz ste-
zenie kwasu arachidonowego frakgji fos-
folipidéw metoda GC-FID. Ekspresje genu
VDR i COX-2 oceniono u kazdego pacjenta,
w tkance zmienionej nowotworowo oraz
w tkance wolnej od procesu chorobowego,
metoda real-time PCR.

Wyniki: Srednie stezenie 25(0H)D, w su-
rowicy krwi byto nizsze u chorych na raka
jelita grubego niz w grupie kontrolnej, ro6z-
nica ta byta istotna statystycznie jedynie dla
chorych zgrupy | (p < 0,02). Wzrost ekspresji
genu VDR byt istotnie statystycznie wyzszy
w grupie | (4,45+0,63) w poréwnaniu do gru-
py Il (2,10+0,70) (p < 0,03). Srednie stezenie
kwasu AA byto istotnie statystycznie wyzsze
u chorych z grupy | w poréwnaniu do grupy
kontrolnej (p < 0,02). Ekspresja genu COX-2
w grupie | byfa istotnie statystycznie nizsza
w poréwnaniu do grupy Il (p < 0,02).
Whniosek: Witamina D hamuje ekspresje
genu COX-2 w tkance zmienionej nowo-
tworowo u pacjentéw w nizszych stadiach
zaawansowania raka jelita grubego, u kté-
rych ekspresja genu VDR jest podwyzszona.

3. Stezenie witaminy D u dzieci
w wieku 10-12 lat uczniéw szkét
podstawowych w Katowicach

Ryszard Braczkowski', Bogumita Braczkowska?, Piotr
Stryjewski’, Agnieszka Kuczaj*

' Zaktad Zdrowia Publicznego, Wydziat Zdrowia Publicznego
w Bytomiu, SUM w Katowicach

2 Katedra Epidemiologii, Wydziat Lekarski w Katowicach,
SUM w Katowicach

3 0ddziat Kardiologii, Szpital Miejski, Chrzanow

* Il Katedra i Oddziat Kliniczny Kardiologii, Wydziat Lekarski
Zabrze, SUM w Katowicach

Osoba prezentujaca: Ryszard Braczkowski

(rbracz@sum.edu.pl)

Wyniki badar prowadzonych na catym s$wiecie
wskazuja na niedobdr witaminy D, najsilniej
zaznaczony w populacjach dzieci i oséb w wie-
ku podesztym. W tym drugim przypadku bada-
nia dotyczg raczej dzieci mtodszych. W Polsce
luke te wypetniajg cze$ciowo badania Chlebnej-
Sokot i wsp. przeprowadzone u dzieci w wieku
9-13 lat. W grupie noworodkéw, niemowlat
i matych dzieci pediatrzy, jak i znaczny odsetek
rodzicow zwraca uwage na suplementacje tej
witaminy, szczegdlnie w sytuacji pojawienia sie
objawoéw krzywicy. U dzieci starszych przestaje
sie zwykle mysle¢ o tym zagadnieniu. Dzieci
w tym wieku wiecej czasu poswiecajg nauce
i zajeciom przy komputerze, a mniej zabawom
i zajeciom na $wiezym powietrzu. Réwniez ich
dieta na 0gét nie zawiera wielu produktéw bo-
gatych w witamine D [Rusinska i wsp]. Uwzgled-
niajac powyzsze doniesienia, uznano za zasadne
zbadanie stezenia witaminy D u dzieci w wieku
10-12 lat, uczniéw 4-6 klas szkot podstawowych.
Materiat i metody: Badaniu poddanych zo-
stato 42 dzieci w wieku 10-12 lat 24 dziewczat
i 18 chtopcow), z klas 4-6 szkdt podstawowych,
pacjentéw poradni dla dzieci w Katowicach-Li-
gocie. Na przeprowadzenie badania uzyskano
zgode Komisji Etycznej Slaskiego Uniwersytetu
Medycznego. Pobrania krwi dokonano w mie-
sigcu marcu i pierwszej potowie kwietnia. Ozna-
czano stezenie 25(0OHD)D. Oznaczenia przepro-
wadzono metoda ELISA.

Wyniki: Mediana catej grupy 14,87 ng/ml (14,02
- dziewczynki, 16,54 - chtopcy).

Najwiecej 0séb (n = 18; 42,8%) miato steze-
nie pomiedzy 10 a 20 ng/ml, u 7 0séb (16,7%)
stwierdzono deficyt (stezenie < 10 ng/ml. Tyko
2 osoby miato stezenie w granicach okreslanych
jako optymalne.

Whiosek: Badanie potwierdza koniecznos¢
zwrdcenia szczegdlnej uwagi na stezenie wita-
miny D u dzieci w badanej grupie wiekowe;j.
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4. Witamina D moduluje poziom IL-16
w keratynocytach oraz w naskérku

Anna Piotrowska', Justyna Wierzbicka’,

Dorota Purzycka-Bohdan?, Aneta Szczerkowska-Dobosz’,

Michat Sobjanek?, Bogustaw Nedoszytko?, Michat A. Zmijewski'

' Katedra Histologii, Gdariski Uniwersytet Medyczny

? Katedra i Klinika Dermatologii, Wenerologii i Alergologii,
Gdanski Uniwersytet Medyczny

Osoba prezentujaca: Anna Piotrowska

(annapiotrowska@gumed.edu.pl)

Interleukina 16 jest prozapalng cytoking,
ktora dziata miedzy innymi jako chemoatrak-
tant, a takze jako regulator podziatéw komér-
kowych oraz aktywnosci komoérek uktadu im-
munologicznego. Co ciekawe, interleukina ta
produkowana jest réwniez przez keratyno-
cyty i fibroblasty skory. Ze wzgledu na plejo-
tropowe wiasciwosci biologiczne wydaje sie,
ze IL-16 moze uczestniczy¢ w patogenezie
szeregu dermatoz, w tym atopowego zapa-
lenia skory (AZS), tocznia rumieniowatego
ukfadowego, czy tuszczycy.

Powstajac w skérze, witamina D hamuje
wzrost komorek oraz wykazuje wiasnosci
immunomodulacyjne, a wiec niezmiernie
ciekawe wydaje sie zbadanie potencjalnych
interakcji miedzy witaming D a IL-16.
Wykazano, ze inkubacja pierwotnych kera-
tynocytow (linii HPEKp) oraz fragmentéw
zdrowej skory z 1,25(0H),D, oraz analogami
witaminy D o zmniejszonym wptywie na go-
spodarke wapniowa (20(0H)D,, 21(OH)pD,
IL-16.
Stwierdzono nieznaczny wzrost poziomu
mRNA IL-16 w komorkach linii HPEKp pod
wptywem inkubacji z 1,25(0H),D

273

padku skoéry pod wptywem 20(0OH)D, i kal-

kalcipotriol) moduluje ekspresje

aw przy-

cipotriolu. Obserwacja mikroskopowa, po-
zwalajgca na poréwnanie wzglednej immu-
noreaktywnosci charakterystycznej dla IL-16,
wykazata niewielki spadek jej ekspresji pod
wptywem 1,25(0H),D,, 20(OH)D, i kalcipo-
triolu, oraz zwiekszenie lokalizacji jadrowej
tej cytokiny.

W podsumowaniu, wydaje sie, ze zwiekszo-
na ekspresja IL-16 pod wptywem witaminy D
i jej pochodnych, w potaczeniu ze zwigkszo-
na jej lokalizacja jadrowa, moze prowadzic
do zahamowania wzrostu keratynocytéw, co
moze miec szczegdlne znaczenie w leczeniu
choréb zwiazanych z nadmierng proliferacja
keratynocytéw, np. w tuszczycy. Nalezy jed-
nak doda¢, ze potwierdzenie interakcji mie-
dzy szlakami aktywowanymi przez witamine
D a IL-16 wymaga dalszych badan.

5. Vitamin D, supplementation using
an oral spray solution resolves
deficiency but has no significant
effect on VO, max in Gaelic athletes:
results from a randomised, double-
blind, placebo-controlled trial

Joshua J Todd', Emeir M McSorley’, L Kirsty Pourshahidi',

Sharon M Madigan?, Eamon Laird®, Martin Healy*,

Pamela J Magee'

' Northern Ireland Centre for Food and Health,

University of Ulster, Coleraine, Northern Ireland

2 Irish Institute of Sport, Sports Campus Ireland,
Abbotstown, Dublin 15, Ireland

*  Institute of Molecular Medicine, Trinity College,

Dublin, Ireland

* Department of Medicine, Trinity Centre for Health Science,
St. James’s Hospital, Dublin, Ireland

Osoba prezentujaca: Joshua J Todd

(todd-j10@email.ulster.ac.uk)

Abstract: Vitamin D inadequacy is highly
prevalent in athletes and whilst the role of
vitamin D in skeletal health is well-defined,
there remains uncertainty over whether sup-
plementation has an added benefit beyond
bone health.This study aimed to determine if
vitamin D, supplementation effects VO, max.
Athletes completed a 12-week interven-
tion between November-April 2014/15 and
self-administered a single oral spray daily
containing 3000IU vitamin D, (n = 22) or pla-
cebo (n = 20). Fasted bloods were analysed
for 25-hydroxyvitamin D (25[OH]D), and D3'
parathyroid hormone, adjusted calcium and
creatinine concentrations at baseline and
week 12. Athletes also completed VO, max,
vertical jump, handgrip strength and lung
function tests as well as dietary and physical
activity questionnaires. 71% of athletes pre-
sented with total 25(OH)D concentrations
< 50 nmol/L. Supplementation increased to-
tal 25(0OH)D concentrations to 81.96 nmol/L,
a significant increase compared to athletes
on placebo (median change [IQR], 32.69
(46.63) vs 4.64 (11.47) nmol/L respectively;
p = 0.006). Compliance to the intervention
was 95%. Nevertheless ANCOVA analysis re-
vealed that this had no impact on VO,max
(p=0.375), jump height (p = 0.797), left/right
handgrip strength (p = 0.146 and p = 0.266),
forced vital capacity (p = 0.573), or forced
expiratory volume at 1 second (p = 0.665)
when compared to placebo and adjusted for
covariates. The high prevalence of vitamin D
inadequacy observed in this cohort of col-
legiate athletes during wintertime supports

the need for vitamin D supplementation
to avoid being at risk of poor bone health.
Twelve weeks daily supplementation with
3000 IU vitamin D, successfully resolved defi-
ciency but did not have any significant effect
on VO,max, skeletal muscle or lung function
in healthy athletes.

6. Wplyw witaminy D na stopien
zaawansowania miazdzycy tetnic
wiencowych oraz profil lipidowy
chorych kardiologicznych

Ewelina Dziedzic', Marek Dabrowski?

' Klinika Kardiologii Il Wydziatu Lekarskiego, Warszawski
Uniwersytet Medyczny

2 Oddziat Kardiologii, Szpital Bielariski, Warszawa

Osoba prezentujaca: Ewelina Dziedzic

(ewelinadziedzic82@gmail.com)

Wstep: Choroba niedokrwienna serca jest
gtébwna przyczyna zgonéw w krajach roz-
winietych. Niedobér 25(0OH)D szeroko roz-
powszechniony na $wiecie moze wywierac
wieloraki wptyw na uktad krazenia.

Cel pracy: Ocena wplywu 25(0OH)D na
stopien zaawansowania miazdzycy tetnic
wiencowych oraz na profil lipidowy pacjen-
tow.

Materiat i metody: Badaniem objeto pro-
spektywnie 637 pacjentéw poddanych ko-
ronarografii. Stopienn zaawansowania miaz-
dzycy tetnic wiencowych oceniono w skali
CASSS. Stezenie 25(0OH)D w osoczu ozna-
czono metoda elektrochemiluminescencji.
Wyniki: Sredni poziom 25(0H)D wyni6st
15,85 ng/ml. U 4,9% stwierdzono poziom
optymalny, u 20% niewielki niedobér, u 54 %
umiarkowany niedobér,u21%ciezkahipowi-
taminoze. Istotnie wyzszy poziom 25(0OH)D
odnotowano u mezczyzn. W catej badanej
grupie chorych nie wykazano istotnej zalez-
nosci poziomu 25(0OH)D i stopnia zaawan-
sowania miazdzycy tetnic wiencowych,
natomiast zaobserwowano, ze ze wzrostem
poziomu 25(0OH)D wzrasta odsetek chorych
bez istotnych zmian w tetnicach wienco-
wych. U kobiet wykazano odwrotnie pro-
porcjonalng zalezno$¢ poziomu 25(0OH)D
i stopnia zaawansowania choroby wien-
cowej. Te zaleznos¢ wykazano réwniez
u mezczyzn w przedziale wiekowym
70-80 lat. W catej badanej grupie wykazano
istotng statystycznie odwrotna zaleznos¢
poziomu 25(0OH)D orazTC (p=0,0057),LDL-C
(p = 0,00037), TG (p = 0,00017) bez wptywu
na poziom HDL-C.
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Whioski: Poziom 25(0OH)D w istotnym stop-
niu zalezy od ptci. U kobiet oraz mezczyzn po
70 rz. istnieje odwrotna zalezno$¢ poziomu
25(0OH)D i stopnia zaawansowania miazdzy-
cy tetnic wiencowych. Niedobér 25(0OH)D
w istotnym stopniu wptywa na poziom TC,
LDL-CiTG.

7. Maternal obesity and associated
vitamin D status in pregnancy:
data from the FASSTT study

R. M. Alhomaid, M.S. Mulhern, E. Laird, J.. Strain,

M.B.E. Livingstone, H. McNulty, K. Pentieva, M.T. McCann

0Osoba prezentujaca: Raghad Alhomaid

(alhomaid-r@email.ulster.ac.uk)

Introduction: Maternal obesity and vita-
min D deficiency in pregnancy are both
recognised as major public health issues.
It has been reported that there is a twofold
increase in vitamin D deficiency in pregnant
women as maternal BMl increases from 22 to
34 kg/m>.

Aim: To assess maternal vitamin D sta-
tus (25-hydroxyvitamin D concentrations)
among normal weight, overweight, obese.
Methods: Data and samples from a previous
study (FASSTT Study) were used for anal-
ysis. Pregnant women without pregnancy
complications, aged 18 to 35 years and hav-
ing a singleton pregnancy were included.
Participants were not taking any vitamin D
containing supplements during pregnancy.
Non-fasting blood samples were collected
(at 14 and 36 weeks gestation) and were an-
alysed for total serum 25(0OH)D using liquid
chromatography tandem mass spectrome-
try.

Results: A total of 216 pregnant women (135
normal weight, 57 overweight, 24 obese)
were included in the current analysis. Obese
pregnant women had significantly lower
median vitamin D status when compared to
normal weight women at 14 weeks gestation
(32.15 v5.46.10 nmol/L; p = 0.038) but not at
36 weeks (34.65 vs. 42.10 nmol/L; p = 0.370).
There was a significant negative correlation
between maternal BMI and vitamin D status
at 36 weeks gestation (r =-0.201; p = 0.026).
At 14 weeks gestation, 60% of participants
were either deficient 25(0OH)D.

Conclusion: Obese pregnant women are at
high risk of vitamin D deficiency. These find-
ings are important for public health agencies
when setting recommendations for vitamin
D supplementation during pregnancy.

8. Powszechny niedobor witaminy
D u dorostych z wojewédztwa
pomorskiego po miesigcach
niskiego i wysokiego
promieniowania UVB

Piotr Kmie¢, Krzysztof Sworczak

Katedra i Klinika Endokrynologii i Choréb Wewnetrznych,

Gdaniski Uniwersytet Medyczny

Osoba prezentujaca: Piotr Kmie¢

(piotrkmiec@gmail.com)

Dane dotyczace stanu zaopatrzenia w wita-
mine D wsréd dorostych Polakéw sg niewy-
starczajace.

Celem pracy byto okreslenie u dorostych
z wojewodztwa pomorskiego stanu zaopa-
trzenia w witamine D i czynniki nan wptywa-
jace - ekspozycje na promieniowanie UVB,
suplementacje i diete po miesigcach niskie-
go i wysokiego promieniowania UVB.
Dorostych probantéw zrekrutowano w przy-
chodni. Wszystkich przebadano dwukrotnie:
zima (od lutego do potowy kwietnia) i jesie-
nig (od 25. wrzesnia do 8. listopada). Prze-
prowadzono badania ankietowe; okreslono
stezenia surowicze 25-hydroksywitaminy D
(25(0OH)D), wapnia, fosforu, parathormonu
(PTH) i fosfatazy alkalicznej (ALP).

W badaniu wzieto udziat 40 mezczyzn i 69
kobiet (wiek 48,4 /- 15 lat, indeks masy ciata
(BMI) 25,9 /-4,3 kg/m?, érednia /-odchylenie
standardowe). Srednie stezenie 25(OH)D
w zimie wyniosto 13,3 /-6,6 ng/ml, 81,1%
badanych miato niedobdr witaminy D.
Srednie stezenie 25(0H)D jesienia wyniosto
22,8 /-7,9 ng/ml (42,2% badanych miato hi-
powitaminoze D). Uzyskano istotne réznice
median stezen 25(0OH)D i PTH miedzy okresa-
mi badan (odpowiednio 11,9 wobec 22,1 ng/
ml oraz 46,3 wobec 32,2 pg/ml).

Z danych uzyskanych jesienia otrzymano
ujemne korelacje miedzy stezeniami 25(0OH)D
i PTH oraz 25(0OH)D i wartosciami BMI. Wyz-
sza mediane stezen 25(0H)D odnotowano
u 0séb deklarujacych suplementacje (wobec
tych negujacych) oraz korzystanie z solarium
(poréwnujac z niekorzystajgcymi).
Ekspozycja na promienie UV w lecie byta
niewystarczajaca by zapewni¢ odpowied-
ni poziom witaminy D juz wczesng jesienig
u niemal potowy badanych. Wyniki wskazuja
na konieczno$¢ wprowadzenia powszechnej
catorocznej suplementacji witamina D u do-
rostych.

9. Vitamin D and level of
immunoglobulin G in children with
recurrent respiratory infections

Nel Dabrowska-Leonik', Katarzyna Bernat-Sitarz',

Barbara Pietrucha', Edyta Heropolitariska-Pliszka',

Beata Wolska-Kusnierz', Matgorzata Pac', Wiktor Filipiuk?,

Ewa Bernatowska'

' Klinika Immunologii, Instytut,,Pomnik - Centrum Zdrowia
Dziecka’, Warszawa

2 Wydziat Elektroniki i Technologii Informatycznych
Politechniki Warszawskiej

Osoba prezentujaca: Nel Dabrowska-Leonik

(nel.dabrowska@wp.pl)

Background: Respiratory infections in chil-
dren are often connected with attending
a nursery school, kindergarten and many
siblings. In vitro data show the impact of vi-
tamin D on immune cells. In epidemiological
studies vitamin D deficiency is associated
with increased incidence of respiratory infec-
tion and worse vaccine response. We aimed
to assess the correlation between vitamin D,
immunoglobulin G (IgG) concentration and
level of hepatitis B antibodies in children
with recurrent respiratory infections.
Methods: Seven hundred thirty children
with recurrent respiratory infections were in-
cluded to the study. Concentration of serum
25-hydroxyvitamin D (25(OH)D), IgG and an-
ti-HBs antibody were measured.

Results: 85% children had the correct lev-
els 1gG for age (normal 19G), 11% had IgG
above normal (high 1gG), only 4% children
had low IgG (below reference value for age).
85.9% children had insufficient or deficient
25(0OH)D serum concentration. 13.7% had
optimal 25(0OH)D level. The results were de-
pendent on season and age. Higher 25(0H)D
level were on the summer (mean 26.1 ng/
mL) than on the winter (mean 19.26 ng/mL)
and higher in younger children 0-2 year of
life (mean 27.98 ng/mL) than older, 15-18
years of life (mean 16.17 ng/mL). 25(0OH)D
level were lower in children with low IgG
than with normal IgG: mean 25(0OH)D serum
concentration 18.04 ng/ml vs 22.51 ng/mL
(p = 0.00003). The correlation between
25(0H)D and anti-HBs antibody checked
with Pearson test does not indicate existence
of any relation (0.1604248).

Conclusions: Optimal level of 25(0OH)D pre-
sented less than 15% of children with respi-
ratory infection and less than 5% of children
with low IgG. Diminished level of IgG is rare
cause of recurrent respiratory infections.
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10. Stezenie 25(0OH)D u dzieci
w wieku szkolnym a polimorfizmy
pojedynczych nukleotydow
wybranych genow
Beata Kulik-Rechberger', Elzbieta Szponar', Artur Kosciesza',
Monika Lejman?, Borys Styka’
' Zaktad Propedeutyki Pediatrii Uniwersytetu Medycznego
w Lublinie
% Pracownia Cytogenetyki Kliniki Hematologii, Onkologii
i Transplantologii Dziecigcej Uniwersytetu Medycznego
w Lublinie
Osoba prezentujaca: Beata Kulik-Rechberger
(brechberger@interia.pl)

Wyniki badan w ramach wieloosrodkowego
projektu wskazuja, ze dzieci z wojewddztwa
lubelskiego maja niedobdr witaminy D.

Cel pracy: Zbadanie zaleznosci miedzy po-
limorfizmami pojedynczych nukleotydéw
(SNPs) genéw: CYP2R1 (synteza 25-hydroxy-
lazy), DHCR? (synteza reduktazy 7-dehydro-
cholesterolowej) oraz VDBP (synteza biatka
nosnikowego dla witaminy D) a stezeniem
25(0CH)D.

Materiat i metodyka: U 132. dzieci ozna-
czono stezenie 25(0H)D i VDBP w surowicy
(w marcu i wrze$niu). U 119. analizowano
SNPs gendéw: CYP2R1 w allelach rs1562902,
rs10766197, VDBP w allelach rs2282679,
rs7041, rs4588 oraz DHCR7 w allelu
rs12785878. Zestawy starteréw i sond wy-
znakowano barwnikami fluorescencyjnymi:
FAMiVIC.

Wyniki: Stezenie 25(0H)D we wrzesniu
byto wyzsze niz w marcu (14,11+4,78 vs
24,05+5,63 ng/ml; p = 0,000). Stezenie
VDBP we wrzesniu byto nizsze niz w mar-
cu (28,04+19,34 vs 30,83+20,24 ng/ml;
p = 0,004). Nie wykazano zaleznosci miedzy
stezeniami 25(0OH)D a VDBP, jak tez miedzy
stezeniem 25(0OH)D a SNPs genu VDBP. Ste-
zenie 25(0OH)D zalezato natomiast od SNPs w
allelach genu CYP2R1 i DHCR7. We wrzesniu,
dzieci z allelem VIC rs1562902 genu CYP2R1
mialy wyzsze stezenie 25(0OH)D niz dzieci
z allelem FAM (26,37+5,42 vs 22,29+5,17
ng/ml; p = 0,002) a dzieci z allelem FAM
rs12785878 genu DHCR7 wyzsze niz dzieci
z allelem VIC (25,6945,77 vs 21,4343,74 ng/
ml; p = 0,02). U dzieci z allelami FAM lub
FAM/VIC rs10766197 genu CYP2R1 steze-
nia 25(0H)D zwiekszyly sie znaczniej niz
zallelemVIC(10,72+4,99 vs 7,52+5,63 ng/ml;
p = 0,006).

Whioski: Wyniki badania sugeruja, ze ste-
zenie 25(0OH)D u lubelskich dzieci w wieku

szkolnym zalezy od polimorfizméw w alle-
lach rs1562902 i rs10766197 genu CYP2R1,
a takze od polimorfizmu w allelu rs12785878
genu DHCR7, co moze mie¢ znaczenie w do-
borze indywidualnej suplementacji.

11. Vitamin d and cancer diseases
Radka Fuchsova, Ondrej Topolcan, Marie Karlikova,
Vladislav Treska, Andrea Narsanska

Osoba prezentujaca: Radka Fucchsova

(fuchsovar@fnplzen.cz)

Introduction: Vitamin D is a fat-soluble ste-
roid prohormone which plays a major role
in the calcium and phosphorus homeosta-
sis. Vitamin D levels have been associated
with many disorders, diseases and related
outcomes: osteoporosis, cancer, cardiac risk,
autoimmune and rheumatoid diseases, etc.
Purpose: To determine the summer and
winter levels of vitamin D in patients with
different malignant cancer diseases in the
Czech Republic. Available data are also pre-
sented.

Material and methods: Serum levels of 25-
OH vitamin D were measured using CLIA im-
munoassay developed by Abbott in groups
of healthy individuals and in patients with
prostate and breast cancer. Serum levels of
230 cancer patients were compared to 250
healthy individuals and the results are evalu-
ated in three groups as deficient, insufficient
and sufficient.

Results: Vitamin D levels are more frequent-
ly deficient and insufficient in malignant
groups than healthy controls.

Conclusion: Authors found a high incidence
rate of severe deficiency and insufficiency of
vitamin D levels in cancer patients among
Czech population. Assessment of vitamin D
levels and its supplementation play an im-
portant role in the management of patients
with different cancer diseases.

This study was supported by the Ministry of
Health of the Czech Republic — conceptual de-
velopment of the University Hospital in Pilsen
— FNPI research organization, 00669806 and
grants NT-14332-3/2013 and NT-13655-4.

12. Poziom witaminy D we krwi
u dzieci z chorobami
przewlektymi
Tatiana Rowbu¢, Andrzej Mojsejonok, Oksana Harczanka
Grodzieriski Uniwersytet Medyczny,
Biatorus, Naukowo-Praktyczne Centrum Zywienia
Akademii Nauk Biatorusi
Osoba prezentujaca: Tatiana Rowbu¢

(tatianarovbuts@gmail.com)

Wstep: Witamina D odgrywa wazna role w or-
ganizmie cztowieka. Udowodniono zaleznos¢
choroéb ukfadu krazenia, choréb endokrynolo-
gicznych, autoimmunologicznych i nowotwo-
rowych z zaopatrzeniem w witamine D.

Cel pracy: Okreslenie zaopatrzenia w witami-
ne D u dzieci z chorobami przewlektymi.
Material i metody: Okreslenie poziomu
25(0OH)D we krwi metoda radioimmunolo-
giczna i badania kliniczne przeprowadzono
u 74 dzieci w wieku od 10 do 15 lat (Srednia
wieku 12,37+0,07 lat). Wsréd nich 25 dzieci
miaty objawy dysplazji facznotkankowej, 11
- objawy choroby alergicznej, 23 - znaki ende-
micznego wola i 10 - zaburzenia czynnoscio-
we ukfadu sercowo-naczyniowego. Do grupy
kontrolnej wigczono 29 zdrowych dzieci.
Wyniki: Badania wykazaly ze $rednie ste-
zenie 25(0H)D we krwi u dzieci wyniosto
52,7445,62. U 51,1% badanych poziom wita-
miny D byt ponizej 50 nmol/l, a u 2,8% dzieci
- byt ponizej 25 nmol/I. Nie stwierdzono istot-
nej zaleznosci zaopatrzenia w witamine D od
wieku ani pfci. Zawarto$¢ witaminy D u dzieci
z dysplazjg tacznotkankowa okazata sie wyz-
sza niz u dzieci z grupy kontrolnej (55,54+2,89
i44,67+7,18 nmol/l odpowiednio.

Whioski: Nie stwierdzono istotnej zalezno-
Sci zaopatrzenia w witamine D od patologii
alergicznej, dysplazji facznotkankowej i en-
demicznego wola. Wykazano niedostateczne
zaopatrzenie w witaming D u dzieci z zaburze-
niami funkcjonalnymi uktadu sercowo-naczy-
niowego.

13. Terapia protonowa z witaming D.
Wyniki wstepne.

Ewa Podgérska, Martyna Sniegocka, Krystyna Urbariska

Wydziat Biochemii, Biofizyki i Biotechnologii,

Uniwersytet Jagielloriski, Krakow

Osoba prezentujaca: Ewa Podgdrska

(ewa.podgorska@uj.edu.pl)

Wstep: Witamina D, znana jest z regulacji go-
spodarki wapniowo-fosforanowej naszego
organizmu oraz utrzymania struktury tkanki
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kostnej. Badania nad witaming D, przepro-
wadzone przez ostatnie lata spowodowaty
rozszerzenie wiedzy na temat jej wiasciwo-
4ci. Biologicznie aktywna forma witaminy
D (1,25(0H),D, - kalcytriol) wptywa réwniez
na proliferacje jak i cykl komoérkowy in vitro.
Antyproliferacyjne i proapoptotyczne wta-
$ciwodci witaminy D, s wykorzystywane
w badaniach antynowotworowych. Istnieja
badania sprawdzajace wptyw witaminy D, na
radioczutos¢ nowotwordw in vivo.

Cel: Badania nad wptywem kalcytriolu na
wzrost komérek chomiczego czerniaka(Bo-
mirski Hamster Melanoma)przeprowadzono
in vitro oraz in vivo facznie z terapia wiazka
protonow.

Metody in vitro: Kalctytriol dodawano do
medium hodowlanego komérek BHM Ma
i BHM AB tak, aby jego stezenie w medium
wynosito: 0, 10, 100 i 1000 nM. W kolejnych
dniach zmieniano medium z odpowiednim
stezeniem wit. D i codziennie zliczano ko-
morki w celu wyznaczenia krzywych wzrostu
w obecnosci wit. D i w kontroli.

Invivo: Do przedniej komory (PK) oka 10 cho-
mikéw zaimplantowano skrawek guza BHM
Ma. Gdy guzy osiagnety wielko$¢ 1-2 mm
sredniej srednicy, podano im dootrzewnowo
50 nM kalcytriolu Po 72 h napromieniono
guzy wiagzka protonéw jednorazowo w daw-
ce 10 Gy. Stan zwierzat i odpowiedz guza na
terapie monitorowano codziennie. Gdy guz
zajmowat cata przednig komore oka doko-
nywano enukleacji gatki ocznej. Badanie post
mortem umozliwito ocene lokalizacji i wiel-
kosci przerzutéw.

Wyniki: Kalcytriol hamuje wzrost komoérek
BHM juz 24 godziny po podaniu kalcytriolu.
Komorki BHM Ma sg bardziej wrazliwe na
witamine D. Badania in vivo pokazaty, ze kal-
cytriol 2-krotnie wydtuza wzrost guza pier-
wotnego.

14. Correction of hypovitaminosis D
with vitamin D supplements in
patients with psoriasis

Volha Samakhavets, Ema Rudenka, Alena Rudenka

Osoba prezentujaca: Alena Rudenka

(alenka.v.ru@gmail.com)

The aim of the study was to determine the
prevalence of hypovitaminosis D in patients
with psoriatic arthritis (PsA) and cutaneous
psoriasis (CP) and evaluate therapeutic ef-
fects of vitamin D supplements on dynamics
of serum levels of 25(0OH)D.

Materials and methods: 88 patients with
psoriasis were enrolled in the study: 66 with
PsA (34 women and 32 men, mean age 47.1;
10.6 years), 22 (14 women and 8 men, mean
age 44.2; 11.9 years) with CP. Control group
consisted of 59 healthy volunteers (31 wom-
en, 28 men, mean age 46.9; 6.7 years). Clinical
examination included assessment of weight,
height, severity of skin damage using Psoria-
sis Area and Severity Index (PASI). Laboratory
investigation included evaluation of serum
25(0OH)D by electrochemiluminescence tech-
nology (Cobas e411) and showings of ESR
and CRP. Oil solution of cholecalciferol was
used at doses of 2000 IU/day for persons
with vitamin D deficiency and 800 IU/day for
those with vitamin D insufficiency. Statistical
analysis was performed using the software
package Statistica 8.0.

15. Ocena stanu zaopatrzenia
w witamine D mlodziezy szkolnej
z cukrzyca typu 1 oraz
bez cukrzycy
Elzbieta Wierzhicka', Mieczystaw Szalecki**,
Anna Brzozowska', Anna Swiercz?
! Katedra Zywienia Cztowieka, Wydziat Nauk o Zywieniu
Cztowieka i Konsumpdji, SGGW, Warszawa
2 Klinika Endokrynologii i Diabetologii, Instytut, Pomnik
— Centrum Zdrowia Dziecka’, Warszawa
* Wydziat Nauk o Zdrowiu, Uniwersytet Jana
Kochanowskiego, Kielce
Osoba prezentujaca: Elzbieta Wierzbicka

(elzbieta_wierzbicka@sggw.pl)

Wprowadzenie: Mtodziez szkolna jest jedng
z grup ryzyka niedoboru witaminy D, co
zwigzane jest z niewystarczajaca synteza
skérng oraz matym spozyciem.

Cel pracy: Ocena stezenia 25-hydroksywita-
miny D [25(0OH)D] w surowicy krwi mtodziezy
z cukrzyca typu 1 (T1DM) oraz bez cukrzycy.
Materiat i metody. Badaniami objeto mto-
dziez w wieku 12-18 lat (Srednio 15,3+1,9 lat),
w tym 60 pacjentéw zT1DM oraz 40 0s6b bez
cukrzycy w okresie jesienno-zimowym. Sred-
nie wyréwnanie metaboliczne TIDM oce-
nione stezeniem HbA1c wynosito 7,9+1,4%,
wiek zachorowania 9,9+3,9 lat, czas choroby
5,1+3,9 lat. Stezenie 25(0OH)D oraz iPTH ozna-
czono metoda chemiluminescencyjna (Ro-
che Diagnostics).

Wyniki: Nie stwierdzono réznic istotnych
statystycznie w stezeniu 25(0OH)D w gru-
pie z TIDM ($rednia 15,3+7,0 ng/ml, zakres
4,2-37,7 (Srednia

ng/ml) i kontrolnej

17,949,3 ng/ml, zakres 6,3-40,4 ng/ml).
U chtopcéw bez cukrzycy (n = 20) stezenie
byto najwieksze (18,6+10,2 ng/ml), a u dziew-
czat z TIDM (n = 32) najmniejsze (13,9+7,1
ng/ml), p = 0,041. Stezenie 25(0H)D < 20
ng/ml wykazano u 82% mtodziezy z TIDM
i 67% bez cukrzycy, a deficyt (< 10 ng/ml)
u25%o0s6bzgrupyT1DMi 12,5% zkontrolnej.
W obu grupach wykazano ujemna istotng
korelacje miedzy stezeniem 25(0OH)D, a iPTH
oraz w grupie TIDM ze stezeniem HbA1c
(r = -0,298, p = 0,021). Stezenie 25(0OH)D
u stosujacych suplementy byto istotnie wigk-
sze niz u niesuplementujacych, odpowiednio
wynosito w grupie TIDM 22,6+7,6 (n = 15) vs.
12,8+4,8 ng/ml oraz w kontrolnej 26,9+11,5
(n=9) vs. 15,3+6,8 ng/ml.

Whioski: Ze wzgledu na duza czestos¢ wy-
stepowania niedoboru witaminy D, w obu
grupach miodziezy istnieje potrzeba zwiek-
szenia jej podazy z dieta, w tym poprzez od-
powiednig suplementacje. Miodziez szkolna
wymaga monitorowania stanu zaopatrzenia
w witamine D.

Grant nr NN312433140.

16. Kwas kalcytroinowy
- gléwny metabolit witaminy D
- jako wskaznik pozanerkowej
aktywacji cholekalcyferolu oraz
przebudowy $ciany naczyniowej
Agata Franczyk', Katarzyna Stolarz-Skrzypek?, Agnieszka
Olszanecka?, Wiktoria Wojciechowska?, Anna Wesotowska',
Danuta Czamecka’
' Zaktad Farmadji Klinicznej, Wydziat Farmaceutyczny UJCM,
Krakéw
2 IKlinika Kardiologii i Elektrokardiologii Interwencyjnej
oraz Nadcisnienia Tetniczego UJCM, Krakéw
Osoba prezentujaca: Agata Franczyk

(agatada@poczta.fm)

Cel: Ocena zaleznosci pomiedzy ilorazem
dobowej ilosci wydalanego metabolitu wita-
miny D - kwasu kalcytroinowego (CA) wzgle-
dem stezenia cholekalcyferolu (CA/vit. D)
a przebudowa $ciany naczyniowej. Wskaznik
CA/vit. D moze odzwierciedla¢ nasilenie po-
zanerkowej aktywacji witaminy D w procesie
zapalnym, jaki towarzyszy zmianom miaz-
dzycowym.
Metoda:

z populacji ogélnej. Wykonano catodobo-

Badaniem objeto 303 osoby

we monitorowanie cisnienia (Spacelabs
90207). Kompleks intima-media (IMT) oce-
niono za pomoca badania ultrasonogra-
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ficznego tetnic szyjnych. Wykonano pomiar
wskaznika kostka-ramie (ABI) jako stosunku
miedzy skurczowymi cisnieniami na konczy-
nie goérnej i dolnej. Spozycie sodu oceniano
na podstawie dobowego wydalania z mo-
czem. Stezenie witaminy D zostato oznaczone
w surowicy. Kwas kalcytroinowy zostat zmie-
rzony w dobowej zbidrce moczu, metoda
wysokosprawnosciowej chromatografii cie-
czowej (HPLC) z uzyciem spektrometru maso-
wego (MS).

Wyniki: W analizie statystycznej z uwzgled-
nieniem wieku, pfci, BMI, 24-godzinnego
skurczowego cisnienia tetniczego i palenia
tytoniu, wskaznik CA/witamina D wykazywat
dodatnig korelacje z wartosciami cisnienia
tetniczego (CTK) skurczowego catodobo-
wego (beta = 7,1£3,5, p = 0,04). Dla modelu
z dodatkowym uwzglednieniem dobowe-
go wydalania sodu, zalezno$¢ ta réwniez
byta réwniez istotna dla CTK rozkurczowe-
go (4,7£2,7, p = 0,07). Podobnie stwierdzo-
no istotne statystycznie zaleznosci mie-
dzy wydalaniem kwasu kalcytroinowego
w moczu dobowym a IMT (0,0000002+0,0,
p = < 0,0001) oraz miedzy wydalaniem
CA a wskaznikiem ABI (0,0000002+0.0,
p =<0,0001).

Whioski: Metabolit witaminy D - kwas kal-
cytroinowy, koreluje z gruboscia kompleksu
intima-media oraz wskaznikiem kostka-ramie.
Natomiast wskaznik CA/witamina D wykazuje
dodatni zwiazek z wartosciami cisnienia tetni-
czego. Wskazuje to na udziat witaminy D oraz
jej metabolitu w regulacji cisnienia tetniczego
oraz proceséw zapalnych w Scianie naczynio-
wej.

17. Rola Systemu Hepatobiliarnego
w metabolizmie witaminy D

Maria Kinash, Lubomyr Dzyuban, Natalia Haliyash,

Katarzyna Glushko

Tarnopolski Paristwowy Uniwersytet Medyczny

im. |. Gorbachevskogo

Osoba prezentujaca: Maria Kinash

(kinash.18@mail.ru)

Choroby hepatobiliarnego systemu prowa-
dza do zaburzenia wszystkich rodzajéw me-
tabolizmu, w szczegdlnosci: a) zmniejszenie
absorbcji witaminy D, w jelicie cienkim, ktore
powoduje niedostateczny przydziat kwa-
s6w zétciowych; b) niedostateczny transport
wit. D, do hepatocytéw i retikulocytéw; c)nie-
korzystne zmiany w metabolizmie lipidow,
nizsza synteza cholesterolu naruszaja po-

wstawanie kwasow zotciowych i ich metabo-
lizacje w hormonach steroidowych i wit. D,.
Wit. D, w organizmie dziecka nadchodzi
z jedzeniem lub syntetyzuje sie w skérze
przez promienie ultrafioletowe od swojego
poprzednika - 7-dehidroholesterolu. We
krwi po potaczeniu z witaming-D-wigzanym
biatkiem wit. D, jest transportowana do wa-
troby, gdzie jest rozdzielona po komoérkach
ciata watroby - retikulocytéw i hepatocytow.
W mikrosomach i mitochondriach hepato-
cytéw wit. D, hydrolizuje 25-hydroksylaza
do 25-hydroksycholekalcyferotu (25(OH)D,).
Zwiazek ten jest forma transportu wit. D,
i waznym bioaktywatorem. Niskie stezenie
25(0H)D, jest mechanizmem wyzwalajacym
w celu utrzymania fiziologicznego metabo-
lizmu wit. D, w organizmie. Retykulocyty sa
sktadem dla wit. D, skad idzie w hepatocyty.
To bardzo wazne poniewaz z dostatecznym
wprowadzeniem wit. D, do ciata dziecka
w terminie do 30 dni, to gromadza sie w reti-
kulocytach i poziom fizjologiczny utrzymuje
sie przez 2-3 miesiecy.

Whiosek: Przy patologii Systemu Hepatobi-
liarnego, ktéra towarzyszy naruszeniom funk-
¢ji hepatocytéw i retikulocytéw hamowa-
niem witamin D,-25- systemu hidroksylazne-
go watroby i redukcja aktywnej transportnej
formy wit. D - blokuja sie nastepujace proce-
sy tworzenia aktywnych jego metabolitéw w
nerkach. Dlatego problem choréb systemu
hepatobiliarnego na wymiane wit. D u dzie-
ci jest bardzo wazny i wymaga pogtebionej
analizy i badania.

18. Analiza zaopatrzenia organizmu
kobiet ciezarnych chorych na
cukrzyce ciagzowa w witaming D
pod wplywem dietoterapii

Julia Wranicz, Magdalena Wierciriska,

Danuta Rosotowska-Huszcz, Danuta Gajewska

Katedra Dietetyki, Wydziat Nauk o Zywieniu Czlowieka

i Konsumpji, Szkota Gtowna Gospodarstwa Wiejskiego

w Warszawie

Osoba prezentujaca: Julia Wranicz

(julia.wranicz@gmail.com)

Niedobdr witaminy D jest obecnie po-
wszechnym zjawiskiem - dotyczy tez kobiet
ciezarnych. Grupa szczegdlnie narazong sa
kobiety ciezarne z cukrzyca cigzowa (ang.
gestational diabetes mellitus, GDM). Cukrzyca
cigzowa dotyczy zaburzen tolerancji glukozy,
ktore zwykle ustepuja po porodzie. Wskazni-
kiem zaopatrzenia organizmu w witamine D

jest 25-hydroksywitamina D, (25(OH)D,). Nie-
dobdr witaminy D wiaze sie z insulinoopor-
noscig tkanek oraz uszkodzeniem komérek
3 wysp trzustkowych. Okresem szczegdlnego
ryzyka niedoboréw witaminy D sg miesiace,
kiedy nie zachodzi jej skdérna synteza - od
pazdziernika do marca. Istotne jest, aby grupy
narazone na ryzyko niedoboréw witaminy D
zostaty objete regularnym monitorowaniem
jej poziomow.

Celem pracy byto zbadanie zmian zaopatrze-
nia organizmu w witamine D po interwendji,
poprzez oznaczenie 25(0H)D, we krwi w okre-
sie letnim i zimowym u kobiet ciezarnych z
GDM.

Badaniem, ktére prowadzono od VII.2014 do
1112015 r., objeto 43 kobiety z GDM w wieku
od 24 do 43 lat, ktére stanowity dwie grupy
- letnig i zimowa. Grupe kontrolng stanowito
40 zdrowych kobiet ciezarnych. U pacjentek
z GDM wprowadzono interwencje zywienio-
wa, trwajaca 1 miesiac, oraz ujednolicono su-
plementacje witaminowa. Pobranie krwi u pa-
cjentek z GDM nastgpito dwukrotnie - przed
i po interwencji zywieniowej. U wszystkich
pacjentek oznaczono stezenie 25(0H)D,.
Przed interwencja $rednie stezenie 25(0OH)D,
w grupie letniej wynosito 32,3 ng/ml, w grupie
zimowej 22,2 ng/ml. Po interwencji $rednie
stezenie wzrosto istotnie statystycznie tylko
w grupie zimowej. Réznice is. zaobserwowa-
no pomiedzy grupa letnig i zimowa, takze
w grupach kontrolnych.

Istnieje potrzeba edukowania pacjentek
w zakresie odpowiedniego zywienia w cukrzy-
Ccy oraz monitorowania poziomu 25(OH)D3,
w celu zapobiegania wystapienia jej niedobo-
ru u kobiet ciezarnych.

19. Association Between Vitamin D
and Lipid Accumulation Product
in Community Dwelling Elderly
Persons

Asta Mastaviciute', Justina Kilaite?, Marija Tamulaitiene’,

Vidmantas Alekna?

" Faculty of Medicine, Vilnius University, National

Osteoporosis Center, Vilnius, Lithuania
2 Faculty of Medicine, Vilnius University, Vilnius, Lithuania
Osoba prezentujaca: Justina Kilaité

(justina.kilaite@gmail.com)

Introduction: In recent years papers have
suggested the link between vitamin D
(25(0CH)D) and visceral adiposity. The lipid
accumulation product (LAP) is proposed as
a marker of dysfunctional adiposity.
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Purpose of work: To investigate associations
between vitamin D and lipid accumulation
product in community dwelling elderly men
and women.

Materials and methods: A cross-sectional
study was performed on community dwell-
ing elderly persons. Total cholesterol, low
density cholesterol, high density cholesterol
and triglyceride (TG) concentrations were
measured with ADVIA 1800. The level of vi-
tamin D (25(0OH)D) was measured with Co-
bas E411. Lipid accumulation product (LAP)
was calculated as follows: (WC (cm) - 65)
x TG (mmol/l)) for men; (WC (cm) - 58 x TG
(mmol/I)) for women. Subjects were divided
by gender and age every 5 years.

Results: The study was performed on 151
(42.7 %) men and 203 (57.3 %) women. Mean
vitamin D was 16.74 + 10.14 ng/ml and lipid
accumulation product - 52.78 + 36.14 in men
group. Mean vitamin D was 16.34 + 8.14 ng/
ml and mean lipid accumulation product -
48.91 £ 31.0 in women. Moderate statistically
significantly positive correlation between
vitamin D 25(0H)D and LAP was found in
women of 65-69 year (r = 0.406, p = 0.032)
and 75-79 year (r = 0.67, p = 0.002). Vitamin
D statistically significantly negatively cor-
related with LAP in 80-84 year women group
(r=-0.455, p = 0.013). In all men age groups
no statistically significant correlations be-
tween vitamin D and LAP were found.
Conclusions: There were statistically signif-
icant positive correlations between vitamin
D and lipid accumulation product in women
65-69 and 75-79 age groups. Vitamin D and
LAP statistically significantly negatively cor-
relates in women 80-84 age group.

20. Vitamin D supplementary intake
throughout 3d trimester of
pregnancy
Lazurenko Victoria', Muryzina Irina, Hudenko Nataliia®
' Department of Obstetrics and Gynaecology N1,
Kharkov National Medical University, Ukraine

? Qutpatient Gynaecologic Clinic of Kharkov Maternity
House N3

Osoba prezentujaca: Victoria Lazurenko

(lazur13@mail.ru)

Pregnancy is the time when deficiency of
any important substance in food intake by
mother may result in long-term compromise
for foetus future. Vitamin D plays crucial role
in Calcium digestion and related to that
healthy mineralisation of bones and teeth,

immune protection, state of cardiovascu-
lar system, etc. Also it is involved in mech-
anisms preventing from diabetes mellitus,
multiple sclerosis, also it appears to restrain
events leading to malignant transformation.
Itis builtin skin in full day measure by expos-
ing to sun for 10 minutes per day. But its pro-
duction may become insufficient through-
out winter especially if 3d trimester happens
to take place during this time even in spite
of proper food habits. Furthermore food rich
of provitamin D is available without restric-
tion not for every Ukrainian women. That
is why vitamin D supplement is recommend-
ed. The aim of our study was to find out
whether the day dose of vitamin D 400 U
is sufficient to provide foetus with proper
Calcium supply and its accumulation in tis-
sues but at the same time won't result in kid-
ney impairment. 60 pregnant women were
comprised, in a random way 30 (I) of them
were prescribed such dose, other 30 (ll) just
kept recommendation regarding healthy
habits. After delivery Calcium was checked
in newborn’s hair. Kidney function was under
tight control. | group appears to show sig-
nificantly higher content of Calcium in hair
without any signs of maternal and neona-
tal kidney compromise. First year follow-up
showed that no child of | group has devel-
oped delay in cutting teeth contrariwise to
Il group (8 cases of delay or other different
problems in teething). So we may suggest
such approach to implement as widespread
and safe for general female population in
their 3d trimester of pregnancy.

21. Evaluation of the current vitamin
D content of NI milk and its
efficacy to increase vitamin D
intake of the population through
fortification

R.R. Weir', A.M. Fearon?, J.A.M. Beattie?, S. Stewart?,

M. Johnston?, C. Lowis®, J.J. Strain', L.K. Pourshahidi’

' Northern Ireland Centre for Food and Health (NICHE),

University of Ulster, Coleraine, UK
2 Agri-Food and Biosciences Institute (AFBI), Belfast, UK
* Dairy Council for Northern Ireland Shaftesbury House,
Edgewater Office Park, Belfast, UK
Osoba prezentujaca: Ruth Weir

(weir-ri@email.ulster.ac.uk)

Introduction: Recent population based
surveys indicate that a large proportion of
the UK population is vitamin D insufficient,
and due to latitude the population is solely

reliant on dietary sources for half the year,
however, vitamin D is found in few food
sources. One possible strategy to increase
vitamin D is through food fortification.
In addition the reported concentration of
vitamin D within milk maybe out-dated due
to changes in husbandry and analysis.
Purpose of work: To investigate the current
vitamin D content of whole and raw milk
produced in NI. Population dietary survey
data were manipulated to simulate how vi-
tamin D fortification of milk could improve
the dietary intake of vitamin D among the
UK population.

Material and methods: Sample of raw and
whole milk were collected for a year and
analysed by HPLC for vitamin D content.
Results were then added to a dietary mod-
el along with three potential fortification
levels (1 pg, 1.5 ug and 2 pg per 100 ml) to
whole, semi-skimmed, skimmed and one
percent milk.

Results: Mean vitamin D, content for raw
milk was 0.08 pg/100 g (SD 0.034) and
0.05 pg/100 g (SD 0.021) for whole milk. The
fortification scenario at the highest level
(2 png/100 g) saw a hypothetical increase
of vitamin D intake from a median of
2.3 pg/day to 6.1 pg/day for semi-skimmed
milk consumersand 1.8 pg/day to 7.4 pg/day
for those who reported consuming whole
milk.

Conclusions: Results from this study found
the vitamin D content in milk to be higher
than in some published literature and com-
monly used food composition tables. It was
also found that a milk fortification strategy
has the potential to significantly increase
the vitamin D intake of the consumer at
a population level, which would have a posi-
tive knock-on effect on vitamin D status.
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22. Can Vitamin D influence BMD
in hyperthyroid patients with
and without silent vertebral
fractures?
Ana Paula Barbosa™, Mario Rui Mascarenhas'™, J. Janeiro®,
Isabel Tavora®, Nuno Duarte*, Manuel Bicho?,
Jacinto Monteiro®, Francisco Sampaio*
' University Clinic of Endocrinology, Santa Maria Hospital,
CHLN-EPE, Lishoa, Portugal
2 Environmental Health Institute-Faculty of Medicine
of Lisbon
3 (EDML - Clinic of Endocrinology, Diabetes and Metabolism
of Lishon Lda.
“ Fracturary Osteoporosis Outpatient Clinic- Endocrinology,
Diabetes and Metabolism Department
5 Imagiology Department, Santa Maria Hospital, CHLN-EPE,
Lishoa, Portugal
Osoba prezentujaca: Ana Paula Barbosa

(mascarenhasmr@gmail.com)

Hyperthyroidism is associated to BMD reduc-
tion, osteoporosis and fragility fractures due
to the increase in bone resorption induced
by the thyroid hormones. Moreover, changes
in vitamin D metabolism can coexist due to
nutrients malabsorption and hypercalciuria
and can contribute to the increase in the risk
of falls.

Objectives: To evaluate the relations be-
tween vitamin D, thyroid hormones and BMD
in patients with hyperthyroidism, with and
without silent vertebral fractures.

Materials and methods: We evaluated 44
patients with hyperthyroidism, 21 men and
23 premenopausal women. Fast blood collec-
tion was performed to measure T3, fT4, TSH,
iPTH, calcium, phosphorus and 25(0OH)D. BMD
(g/cm?) in L -L,, proximal femur, distal radius
and whole body and both lean and fat body
masses (Kg) were evaluated by DXA. Verte-
bral fractures were evaluated by “vertebral
fracture assessment” (VFA). No patient was
previously treated for hyperthyroidism nor
osteoporosis/low bone mass. According the
“Institute of Medicine” (IOM), 25(0OH)D levels
(ng/mL) were divided in deficient (< 20), in-
sufficient (21-29) and normal (> 30). Adequate
statistical tests were used. p < 0.05 was con-
sidered significant.

Results: The means of the 25(OH)D levels
were similar between the groups of patients
with (4 men, 5 women) and without fractures,
in both sexes. Levels of 25(OH)D in men: defi-
cient - 43%, insufficiency - 33% normal - 24%;
women deficient - 35%, insufficiency - 39%
normal - 26%.

Significant correlations in men: 25(OH)D and
BMD L1-L4 (CC = 0.690; p = 0.0022), femoral
neck (CC = 0.503; p = 0.0398) and total femur
(CC =0.554; p = 0.0210); in women 25(0OH)D
and BMD distal radius (CC = 0,04927;
p =0,0378).

Conclusions: This study suggests that in
hyperthyroidism in both sexes there are ina-
dequate levels of vitamin D (around 75%). Mo-
reover, the vitamin D levels seem to influence
the cortical bone in both sexes and the trabe-
cular bone in men. These factors can increase
bone remodeling and subsequent bone mass
loss, which can conjugate in the occurrence of
asymptomatic vertebral fractures.

23. Rozpowszechnienie wystepowania
niedoboru 25(0H)D, w wybranej
grupie oso6b starszych

Justyna Nowak, Karolina Kulik-Kupka, Aneta Koszowska,

Anna Broriczyk-Puzon, Barbara Zubelewicz-Szkodziriska

Zaktad Profilaktyki Chordb Zywieniowozaleznych,

Wydziat Zdrowia Publicznego, Slaski Uniwersytet Medyczny

w Katowicach

Osoba prezentujaca: Justyna Nowak

(j_nowak@onet.pl)

Wstep: Obecnie obserwowany jest intensywny
wzrost odsetka oséb starszych w ogdle popula-
cji krajoéw catego swiata w tym réwniez Polski.
Dane pochodzace z licznych doniesier nauko-
wych wskazuja, Ze osoby starsze tj. te po 60 r.z.
sg grupa szczegdlnie narazong na wystepowa-
nie niedoboréw witaminy D w organizmie na co
wptywa szereg czynnikdw.

Materiat: Badaniem objeto pacjentéw hospi-
talizowanych w latach 2013-2015 na Oddziale
Geriatrii Szpitala Miejskiego w Piekarach Slg-
skich. Sposrdéd 293 zbadanych pacjentdw, osta-
tecznie do analizy zakwalifikowano 123 osoby
powyzej 60 r.z., spetniajace kryteria wtaczenia
do badania ( m.in: wiek powyzej 60 r.z.; zgoda
pacjenta na udziat w badaniu; umiejetnosc¢ po-
ruszania sie o wiasnych sitach; brak suplemen-
tacji witaming D w okresie ostatnich 3 miesie-
cy; brak choroby nerek badz watroby, itd.).
Metody: Badanie obejmowato pomiary pa-
rametréw antropometrycznych, biochemicz-
nych oraz wywiad z pacjentem. Pomiaréw
antropometrycznych, na podstawie ktérych
obliczono wybrane wskazniki antropometrycz-
ne, dokonano zgodnie z przyjeta metodologig
badan. Oznaczenie 25(0OH)D, oraz pozostatych
parametrow biochemicznych odbywato sie
w ramach badan rutynowych. Zebrane dane
poddano analizie statystycznej, przyjeto o = 0,05.

Wyniki: Kobiety stanowity 66% badanej grupy
(N = 81). Srednia wieku badanych wyniosta
75,66+7,47 lat. Srednie stezenie 25(0H)D, ba-
danej grupy oséb wyniosto 15,35+6,65 ng/ml.
Zgodnie z zaleceniami grupy ekspertéw doty-
czacych zasad suplementacji witaming D dla
populacji Europy Srodkowej, niedobér wita-
miny D, definiowany jako stezenie 25(OH)D
w surowicy krwi <20 ng/ml, rozpoznano
u 78,2% badanych (N = 75). Suboptymalne
stezenie witaminy D, rozpoznawane przy ste-
zeniach kalcydiolu w surowicy krwi pomiedzy
20,0-30,0 ng/ml, stwierdzono u 20,8% ba-
danych (N = 20). Tylko u jednej osoby — 1,0%
stwierdzono wtasciwe zaopatrzenie organizmu
w witamine D, co przektada sie na stezenie kal-
cydiolu we krwi > 30,0-50,0 ng/ml. Wykazano
istotng statystycznie ujemna korelacje pomie-
dzy wiekiem badanych a stgzeniem 25(0OH)D,
w surowicy krwi (R = -0,24; p = 0,0190). Sred-
nie stgzenie 25(0H)D, w okresie wiosennym
(N = 22) wyniosto 13,22+4,89 ng/ml, letnim
(N = 34) 17,62+8,30 ng/ml, jesiennym (N = 22)
14,12+4,53 ng/ml, a w okresie zimowym (N =
18) 15,1816,34 ng/ml. Nie wykazano istotnej
réznicy w zakresie sredniej wartosci stezenia
25(0H)D, pomiedzy poszczegdlnymi porami
roku (p =0,1279).

Whioski: Niedobory 25(0H)D, w analizowanej
grupie s znaczace. Nalezy podja¢ dziatania
majgce na celu wdrozenie suplementacji wita-
ming D u oséb starszych zgodnie z opracowany-
mi zaleceniami przez caty rok.

24, Stezenie witaminy D
a polimorfizmy genu receptora
witaminy D u pacjentow
pediatrycznych chorujacych
na nieswoiste zapalenia jelit
Karolina Sledziriska’, Anna Liberek> Anna Kloska®,
Joanna Jakdbkiewicz-Banecka®, Piotr Landowski‘,
Agnieszka Jankowska*, Barbara Kamiriska*
' Kliniczny Oddziat Pediatrii, Gastroenterologii, Hepatologii
i Zywienia Dzieci, COPERNICUS Sp. z. 0.0., Gdarisk
?  Zakfad Pielegniarstwa Ogdlnego, Wydziat Nauk o Zdrowiu
z0ddziatem Pielegniarstwa i Instytutem Medycyny
Morskiej i Tropikalnej GUMed
3 Pracownia Genomiki i Genetyki Cztowieka, Katedra Biologii
Molekularnej, Wydziat Biologii UG
“ Klinika Pediatrii, Gastroenterologii, Hepatologii i Zywienia
Dzieci GUMed
0soba prezentujaca: Karolina Sledziriska

(sledzinskak@gmail.com)

Wstep: Udziat witaminy D w regulacji gospo-
darki wapniowo-fosforanowej jest dobrze
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poznany, aktualnie jednak coraz wieksze
zainteresowanie budzi jej udziat w patoge-
nezie schorzen takich jak choroby: autoim-
munnizacyjne, ukfadu krazenia, metabolicz-
ne, neuropsychiatryczne, przewodu pokar-
mowego czy howotwory.

Uwzgledniajgc istotny udziat czynnikéw
immunologicznych i genetycznych w etio-
jelit
(NZJ), zrozumiate zainteresowanie budza
geny podatnosci na NZJ zaangazowane

patogenezie nieswoistych zapalen

w procesy immunologiczne. Jednym z ge-
néw - kandydatéw wymienianych w bada-
niach nad patogeneza NZJ, jest gen VDR ko-
dujacy receptor dla witaminy D (12q12-14).

Cel badan:

B ocena stopnia niedoboru witaminy D
w populacji dzieci chorych na NZJ
w poréwnaniu do dzieci z grupy kontro-
Inej.

B poszukiwanie ewentualnego zwiazku
polimorfizméw Cdx2, Fokl, Apal, Bsml
i Tagl genu receptora witaminy D (VDR,
vitamin D receptor) z wystepowaniem NZJ.

B ocena czgstosci wystepowania powyz-
szych polimorfizméw w grupie kontrol-
nej.

B okredlenie zwiazku niedoboru witami-
ny D u badanych dzieci z ewentualnym
nosicielstwem poszczegélnych polimor-
fizméw genu receptora witaminy D.

Materiat i metody: Do badania wtaczono

62 pacjentéw pediatrycznych chorujacych

na nieswoiste zapalenia jelit hospitalizo-

wanych na Oddziale Klinicznym Pediatrii,

Gastroenterologii, Hepatologii i Zywienia

Dzieci COPERNICUS Sp. z 0.0. oraz 47 dzieci

stanowigcych grupe kontrolna. Sredni wiek

pacjentéw z NZJ wynosit 14 lat 3 miesigce,

w grupie kontrolnej - 13 lat 9 miesiecy. Roz-

poznanie NZJ (choroba Le$niowskiego-Cro-

hna, wrzodziejgce zapalenie jelita grubego)
ustalano na podstawie badania przedmioto-
wego, podmiotowego oraz wynikow badan
laboratoryjnych, endoskopowych i histopa-
tologicznych. Genotypowanie w zakresie
czestych polimorfizméw Cdx2, Fokl, Apal,

Bsml i Tagl w genie VDR przeprowadzono

metodg PCR oraz multikompleksowego

minisekwencjonowania (zestaw SNaPshot)

z wykorzystaniem analizatora DNA ABI310

(applied Biosystems). Stezenie 25(0OH)D

we krwi oznaczono przy uzyciu metody

immunochemiluminescencji. Niedob6r wi-
taminy D okreslono jako stezenie 25(0OH)D
<20 ng/ml.

Wyniki: Wiréd pacjentéw z NZJ stwierdzo-
no wieksza czesto$¢ wystepowania hete-
rozygoty GA polimorfizmu Cdx2 (29% vs
14,89%, OR 2,34; 95% C1 0,95-1,84; p = 0,04),
heterozygoty GA polimorfizmu Bsml (38,7%
vs 23,4%; OR 2,06; 95% C1 0,95-1,82; p = 0,04)
oraz heterozygoty TC polimorfizmu Taql
(37,1% vs 21,28%; OR 2,18; 95% Cl 0,97-1,84;
p = 0,05); dla polimorfizmu Cdx2 oraz Bsml
réznice sa istotne statystycznie, natomiast
dla polimorfizmu Taqgl na granicy znamien-
nosci statystycznej.
Srednie stezenie witaminy 25(0OH)D w grupie
dzieci chorych wynosito 19,71 ng/ml (war-
tosci od 1-59,1 ng/ml, LC 20,74 ng/ml, WZ)J
19,66 ng/ml, mediana 17,85 ng/ml), nato-
miast w grupie dzieci zdrowych byto jeszcze
nizsze i wynosito 16,18 ng/ml (wartosci od
5-35,6 ng/ml, mediana 15, 65 ng/ml). Niedo-
bor witaminy D stwierdzono u 61,9% dzieci
chorych (55% LC, 70% UC) i az u 77% dzieci
z grupy kontrolnej.
Wykazano niewielki zwigzek miedzy niedo-
borem witaminy D a wystepowaniem poli-
morfizmu Fokl genotypu TT oraz polimor-
fizmu Bsml genotypu AA, jednak wyniki nie
s istotne statystycznie.
Whnioski:
B wyniki wskazujg na powszechny niedo-
bér witaminy D u miodziezy zaréwno
w grupie dzieci chorych na NZJ jak
i u zdrowych. Spostrzezenia powyzsze
sugerujg konieczno$¢ substytucji wita-
miny D w grupie dzieci szkolnych.
®  wykazano zwigzek polimorfizméw Cdx2
(heterozygota GA), Bsml (heterozygota
GA), Taql (heterozygota TC) genu recep-
tora witaminy D z wystepowaniem NZJ.
® wykazano niewielki zwigzek (nieistotny
statystycznie) wystepowania niedoboru
witaminy D z obecnoscia polimorfizmoéw
Fokl (TT) oraz Bsml (AA) genu receptora
witaminy D.
B przedstawione badania maja charakter
pilotazowy i wymagaja weryfikacji na
wiekszej grupie chorych z NZJ.

25. Ocena poziomu witaminy D
w populacji oséb dorostych
pracownikéw Medycznych
Laboratoriéw Diagnostycznych
(MLD) w wojewédztwie
pomorskim
Alicja yzwiniska', Dariusz tyzwinski?, Krzysztof tangowski,
Radostaw Laskowski*
' Maria Kowalczyk NZOZ Lancet
2 Studium Wychowania Fizycznego i Sportu, Gdariski
Uniwersytet Medyczny
3 Laboratoria Medyczne Bruss Grupa ALAB Sp. z 0.0.
* Zaktad Fizjologii, Akademia Wychowania Fizycznego
iSportu w Gdarisku
Osoba prezentujaca: Dariusz Lyzwiriski

(Iyzwinski@gumed.edu.pl)

Wstep: Postep technologiczny w znaczacy
sposob wptywa na nasze zycie. Sedenteryj-
ny tryb zycia, tj. wielogodzinne siedzenie
w pracy, samochodzie, relaks przed telewi-
zorem lub komputerem ogranicza w zna-
czacy sposéb ekspozycje naszego ciata na
promienie stoneczne. Ponadto blokujemy
synteze witaminy D poprzez ,ochrone” ské-
ry filtrami przeciwstonecznymi. Istnieje pro-
blem wystepowania niedoboru witaminy
D we wspdtczesnych spoteczenstwach. Jak
wskazuja ostatnie badania, problem ten,
jest powszechny i dotyczy wszystkich grup
zawodowych. Niski poziom witaminy D we-
dtug wielu naukowcéw moze by¢ przyczyna
wystepowania chordb cywilizacyjnych, m.in.
nowotworéw, choréb uktadu sercowo naczy-
niowego, cukrzycy. W zwiazku z dowodami
na niedostateczng ilos¢ witaminy D w or-
ganizmie cztowieka wydaje sie by¢ zasadna
suplementacja. Zgodnie z zaleceniami Mie-
dzynarodowego Zespotu Ekspertow z USA,
Ukrainy, Biatorusi Izraela, Czech, Wegier i Pol-
ski, dotyczacymi profilaktyki niedoboru wita-
miny D w populacji zdrowych oséb - osoby
doroste przy niedostatecznej ekspozycji na
promienie stoneczne od wrzesnia do kwiet-
nia powinny przyjmowac witamine D od 800
do 2000 j.m. na dobe. Ta sama ilos¢ cholekal-
cyferolu zalecana jest osobom dorostym jesli
nie mozna zagwarantowac w okresie letnim
wystarczajacej syntezy witaminy D przez sko-
re, oraz osobom po 65 r.z. przez caty rok.

Cel badania: Okreslenie stanu zaopatrzenia
w witamine D w grupie pracownikéw Me-
dycznych Laboratoriéw Diagnostycznych
(MLD) z wojewddztwa pomorskiego, w opar-
ciu o ocene stezenia 25-hydroksywitaminy D
[25(OH)D] w surowicy.
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Materiat i metody: Badaniom poddano pra-
cownikéw Medycznych Laboratoriéw Dia-
gnostycznych zatrudnionych w firmie Labo-
ratoria Medyczne Bruss grupa ALAB sp.z 0.0.
Badania przeprowadzono na ochotnikach,
pracownikach laboratoriéw rozlokowanych
na terenie wojewddztwa pomorskiego. Che¢
poddania sie badaniom wyrazity 93 osoby
w wieku od 21 do 65 lat. Ze wzgledu na cha-
rakterystyke zatrudnienia jaka wystepuje
w MLD w badanej grupie istotng przewage
stanowity kobiety n = 86 (rozpietos¢ wieko-
wa 25-65 ), mezczyzni byli reprezentowani
przez n = 7 0séb (rozpietos¢ wiekowa 21-55
lat). Oznaczenie 25(0OH)D w surowicy wy-
konano przy uzyciu systemu Liaison firmy
DiaSorin (metoda CLIA). Dokonano podsta-
wowych pomiaréw antropometrycznych
z wyliczeniem wskaznika masy ciata (Body
Mass Index - BMI).

Wyniki: Pomiar stezenia 25(0OH)D zo-
stat przeprowadzony 26 i 27 lutego 2014.
Srednie stezenie 25(0H)D w badanej po-
pulacji wyniosto 11,7£5,4 ng/ml. Stezenie
< 20 ng/ml wystepowato u 90% badanych,
a stezenie suboptymalne (20-30 ng/ml) miato
jedynie 10%. U 100% badanych zaobserwo-
wano gteboki deficyt lub niedostateczne za-
opatrzenie ustroju w witamine D, tj. 25(0OH)D
ponizej 30 ng/ml. Ponadto stwierdzono sta-
ba, ale istotna statystycznie ujemna korelacje
miedzy poziomem 25(0OH)D a BMI (r = -0,22;
p < 0,05). Zaobserwowano, iz nizszym pozio-
mom 25(0OH)D towarzyszyty wyzsze wartosci
BMI.

Whioski: Wyniki naszego badania potwier-
dzaja problem hipokalcyferolemii. Ciekawe
jest, ze pracownicy laboratoriéw diagno-
stycznych o wiekszej swiadomosci zdrowia

mieli w 100% niedobor i deficyt witaminy D.

Stan zaopatrzenia tej grupy zawodowej jest
niezadowalajacy i wymaga monitoringu oraz
dziatan prewencyjnych lub interwencyjnych.



