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Polish Recommendations for Vitamin D Supplementation

INTRODUCTION

Introduction: Vitamin D deficiency is an important public health problem worldwide.
Vitamin D deficiency confers a significant risk for both skeletal and non-skeletal disorders
and a number of lifelong negative health outcomes. The objectives of this evidence-based
guidelines document are to provide health care professionals in Poland, an updated
recommendation for the prevention, diagnosis and treatment of vitamin D deficiency.

Methods: A systematic literature search examining the prevention and treatment
strategies for vitamin D deficiency was conducted. Updated recommendations were
developed using the Grading of Recommendations, Assessment, Development and
Evaluation system describing the strength of the recommendation and the quality of
supporting evidence. Twenty-seven contributors representing different areas of exper-
tise and medical specialties, including pediatricians, geriatricians, endocrinologists,
epidemiologists, nephrologists, gynecologists and obstetricians evaluated the available
published evidence related to vitamin D, formulated the goals of this document and
developed a common consolidated position. The consensus group, representing six
national specialist consultants and eight Polish and international scientific organizations/
societies, participated in the process of grading evidence and drawing up the general
and specific recommendations.

Results: The updated recommendations define the diagnostic criteria for the evaluation
of vitamin D status and describe the prevention and treatment strategies of vitamin D
deficiency in the general population and in groups at increased risk of the deficiency.
Age- and weight-specific recommendations for prevention, supplementation and treat-
ment of vitamin D deficiency are presented, and detailed practice guidance is discussed
regarding the management in primary and specialized health care.

Conclusion: Vitamin D deficiency remains still highly prevalent in Poland, in all age
groups. Currently, there is a great necessity to implement a regular supplementation
with recommended doses and to develop an effective strategy to alleviate vitamin D
deficiency in the population. These updated recommendations are addressed to health
professionals and the authorities pursuing comprehensive health policies and should
also be included in public health programs aimed at preventing a broad spectrum of
chronic diseases.

Keywords: vitamin D, vitamin D deficiency, recommendations of the experts, supplementation, treatment, vitamin
D in Poland

mineralocorticosteroids and progesterone), the synthesis of
calcitriol is limited by availability of the substrate, 25-hydroxyvi-

Calcitriol [1,25-dihydroxycholecalciferol (1,25(0H),D)], an
active (hormonal) form of vitamin D, due to its action belongs
to a broad group of hormones, being transcription factors of
genes for target proteins. In contrast to other hormones of
this group (e.g., androgens, estrogens, glucocorticosteroids,

Abbreviations: 1,25(0OH),D, 1,25-dihydroxycholecalciferol; UVB, ultraviolet radi-
ation B; DBP, vitamin D-binding protein; MED, minimal erythemal dose; 7-DHC,
7-dehydrocholesterol; D3, vitamin D3, cholecalciferol; D2, vitamin D2, ergocal-
ciferol; DXA, dual-energy X-ray absorptiometry; 25(OH)D, 25-hydroxyvitamin
D, calcidiol, calcifediol; FGF-23, fibroblast growth factor 23, phosphatonin-23;
RANK, receptor activator of nuclear factor NF-kB; RANKL, RANK ligand; RCT,
randomized controlled trials; PTH, parathormone; VDR, vitamin D receptor;
ALPL, alkaline phosphatase activity; PO, phosphate; Ca, calcium.

tamin D (25(OH)D). 25(0OH)D is the most abundant metabolite
of vitamin D and its serum concentration defines the status of
vitamin D supply. Thus, vitamin D is a prohormone, and the term
“vitamin D” should be referred both to ergocalciferol (vitamin
D,) and cholecalciferol (vitamin D;), as products of conversion
of ergosterol and 7-dehydrocholesterol (7-DHC). Biological
action of calcitriol is mediated by the intracellular, highly specific
vitamin D receptor (VDR)—a transcription factor modulated
by a ligand that belongs to the family of genomic receptors for
steroids, thyroid hormones and retinoids.

Available data indicate that vitamin D deficiency is a problem
affecting general population and patients that is prevalent irre-
spective of latitude of residence, age, sex and race (1-3). In Poland,
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vitamin D deficiency of varying severity has been found in 90%
of adults, children and adolescents (4-7). Vitamin D deficiency
may be associated with its well-known calcemic effect as well as a
broad spectrum of pleiotropic effects, the latter having been stud-
ied intensely in recent decades. Hence, the problem of vitamin D
deficiency and its adequate supply represent an important issue in
public health and clinical practice. Guidelines for vitamin D sup-
plementation undergo modifications every few years, in view of
new findings resulting in changing the paradigms. The global con-
sensus on prevention and management of nutritional rickets was
published in 2016 (8), which due to discrepancies with recommen-
dations for the Central Europe (9) and previous Polish guidelines
(10), evoked polemical discussion and dilemmas among doctors
of many specialties, particularly among pediatric endocrine and
diabetes specialists. Therefore, in 2017 The Board of the Polish
Society of Pediatric Endocrinology and Diabetes came up with
an initiative on verifying and updating ruling recommendations
on prevention and management of vitamin D deficiency, both
in the general population and in the risk groups. In cooperation
with the European Vitamin D Association (EVIDAS) and other
scientific societies and National Consultants, the Expert Panel was
constituted to elaborate current guidelines for supplementation
and treatment with vitamin D, based on recent literature reviews,
personal clinical experience and critical discussion.

METHODS

The Expert Panel with the participation of National Consultants
and Representatives of Scientific Societies, basing on the litera-
ture review and evaluation of strength and quality of evidence,
developed current recommendations for prevention and treat-
ment of vitamin D deficiency in the general population and in
the risk groups.

For each point listed below, recommendations and a level
of evidence are described, with following modification in the
grading evidence: 1 = strong recommendation (application in
the general population and in all patients in most circumstances,
benefits clearly overweigh the risk) and 2-weak recommenda-
tion (consensus opinion of working group or to be considered;
the best action may depend on circumstances, benefits and risk
closely balanced or uncertain). Quality of evidence was assigned
asfollows: @@ high quality [prospective cohort or randomized
controlled trials (RCT) studies, at low risk of bias]; @@ moder-
ate quality (observational or clinical trials with methodological
flaws, inconsistent or indirect evidence) and @ low quality (case
reports, case series or non-systematic clinical observations). The
Expert Panel has confidence that vitamin D supplementation or
vitamin D deficiency treatment are, on average, safe and benefi-
cial when used according to the strong recommendations. Weak
recommendations necessitate more personalized consideration,
and, on average, are safe and beneficial as well.

RECOMMENDATIONS —2018 UPDATE

General Recommendations
(1) Prophylactic dosing of vitamin D in the general population
should be individualized depending on age, body weight,

insolation (season, time of year), sun exposure of an indi-
vidual, dietary habits and lifestyle (1©@®);

(2) Prophylactic dosing of vitamin D in the risk groups of vita-
min D deficiency (Table 1) should be implemented accord-
ing to arrangements for the general population; if no specific
practice guidelines are established, the maximal admissible
doses for a given age group in the general population are rec-
ommended for use in the risk groups of vitamin D deficiency

Cod);

(3) In the general population, in case of vitamin D deficiency
ascertained by laboratory assays, the administration of
vitamin D should be based on doses dependent on serum
25(OH)D concentration and chronological (calendar) age, in
relation to body weight 2®®);

TABLE 1 | Indications for assessment of 25(OH)D concentration in serum—
groups at risk of vitamin D deficiency.

Disorders

Examples of diagnoses

Disorders of the locomotor
system

Rickets, osteomalacia, osteoporosis, bone pains,
bone deformations, postural defects, recurrent low
energy fractures and aseptic osteonecrosis

Disorders of calcium-
phosphorus metabolism

Disorders of calcemia, calciuria, phosphatemia,
phosphaturia, hypophosphatasia and
hiperphosphatasia

Chronic treatment with
some medications

Chronic corticosteridotherapy, treatment with
ketoconazole, antiretroviral and antiepileptic
therapy

Maldigestion and
malabsorption

Maldigestion and malabsorption syndromes, cystic
fibrosis and chronic inflammatory bowel disease

Liver diseases

Liver failure, cholestasis, posttrasplant state and
non-alcoholic fatty liver disease (NAFLD)

Kidney diseases

Renal failure, posttransplant state and
nephrocalcinosis

Endocrine disorders

Hyper- and hypoparathyroidism, hyper- and
hypothyroidism, diabetes type 1, growth hormone
deficiency, anorexia nervosa and autoimmune
polyglandular syndromes

Disorders of somatic
development

Short stature, tall stature, obesity and cachexia

Developmental delay

Delay of psychomotor development and
intellectual disability

Diseases of the nervous
system

Cerebral palsy, chronic immobilization, autism,
multiple sclerosis, epilepsy, seizures of unknown
etiology, miopathy and muscular dystrophy

Allergy

asthma, atopic dermatitis

Autoimmune diseases

Collagen diseases, rheumathoid arthritis,
autoimmune diseases of the skin, diabetes type 1
and Hashimoto disease

Immune disorders

Recurrent infections of the respiratory tract,
asthma, recurrent and chronic inflammatory states
of other systems

Neoplasms

Blood cancer, malignancy of the lymphatic
system and other organs, tumors and states after
oncologic treatment

Cardiovascular diseases

Arterial hypertension and ischemic heart disease

Metabolic diseases

Diabetes type 2, lipid disorders, obesity and
metabolic syndrome
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(4) In the risk groups, the dosing of vitamin D in case of vitamin
D deficiency ascertained by laboratory assays, should be
based on doses dependent on the 25(OH)D concentration
and age, with regard to the nature of the disease, medical
therapy and body weight (1©@®);

(5) Inthe general population, the specific indications for 25(OH)
D assay testing are not established and 25(OH)D concentra-
tion screening is not recommended (1®);

(6) In the risk groups, the evaluation of vitamin D status, based
on 25(OH)D concentration assay, is recommended (1@®);

Recommendations for Vitamin D
Supplementation in the General

Population

Neonates Born at Term and Infants

i. 0-6 months: 400 IU/day from first days of life, regardless the
way of feeding (1DD®D);

ii. 6-12 months: 400-600 IU/day, depending on daily amount of
vitamin D taken with food (1®®®);

Children (1-10 Years)

i. In healthy children sunbathing with uncovered forearms and
legs for at least 15 min between 10.00 and 15.00 h, without
sunscreen in the period from May to September, supplemen-
tation is not necessary, although still reccommended and safe
(1e®®);

ii. If above insolation guidelines are not fulfilled, supplementa-
tion of 600-1000 IU/day is recommended, based on body
weight and the dietary vitamin D intake, throughout a year
(1ee®);

Adolescents (11-18 Years)

i. In healthy adolescents sunbathing with uncovered forearms
and legs for at least 15 min between 10.00 and 15.00 h, without
sunscreen in the period from May to September, supplemen-
tation is not necessary, although still reccommended and safe
(1o0®);

ii. If above insolation guidelines are not fulfilled, supplementa-
tion of 800-2000 IU/day is recommended, based on body
weight and the dietary vitamin D intake, throughout a year
(1e®®);

Adults (19-65 Years)

i. In healthy adults sunbathing with uncovered forearms and
legs for at least 15 min between 10.00 and 15.00 h, without
sunscreen in the period from May to September, supplemen-
tation is not necessary, although still recommended and safe
(o)

ii. If above insolation guidelines are not fulfilled, supplementation of
800-2000 IU/day is recommended, based on body weight and the
dietary vitamin D intake, throughout a year (1@ ®);

Seniors (>65-75 Years) and People With a Dark

Complexion

i. Due to decreased efficacy of the skin synthesis, supplementa-
tion of vitamin D in the dose of 800-2,000 IU/day, based on

body weight and the dietary vitamin D intake is recommended

throughout a year (1®®);

Eldest Seniors (>75 Years)

i. Due to decreased efficacy of the skin synthesis, potential
malabsorption and altered metabolism of vitamin D, sup-
plementation of 2,000-4,000 IU/day, based on body weight
and the dietary vitamin D intake is recommended throughout

ayear 2O®);

Pregnant and Lactating Women

i. Women planning pregnancy should receive adequate vitamin
D supply, the same as in the general adult population, if it is pos-
sible under the control of 25(OH)D concentration (1®®);

ii. When pregnancy is confirmed, supplementation should be
carried out under the control of 25(OH)D concentration, to
maintain optimal concentrations within ranges of >30-50 ng/
ml (1DD);

iii. If the assessment of 25(OH)D concentration is not possible, it
is recommended to use vitamin D at a dose of 2,000 IU/day,
throughout pregnancy and lactation (1®®);

Preterm Neonates
Neonates Born at <32 Weeks of Gestation
i. It is recommended to start supplementation at a dose of

800 IU/day from the first days of life (if enteral nutrition is
possible), regardless the way of feeding (1®P);

ii. Supplementation should be carried out under the control of
25(OH)D concentration, both during hospitalization (the first
control after 4 weeks of supplementation), as well as in the
out-patient care (1D®);

ili. When achieving a total dose of 1,000 IU/day, combining
supplements and diet, there is a risk of vitamin D overdose,
particularly in neonates with birth weight <1,000 g (1@ ®);

Neonates Born at 33-36 Weeks of Gestation
i. 400 IU/day from the first days of life, regardless the way of
feeding (10DD);

ii. There is no need to assay 25(OH)D concentrations routinely
(1o®®);

iii. Supplementation under the control of 25(H)D concentration
should be considered in children in the risk groups (parenteral
nutrition >2 weeks, ketoconazole >2 weeks, anticonvulsant
treatment, cholestasis and birth weight <1,500 g) 2&®);

Supplementation in Groups at Risk

of Vitamin D Deficiency
i. A special risk group comprises obese individuals who require

double dose of vitamin D in regard to doses recommended
for age-matched peers with normal body weight (16®®);
obesity in children and adolescents is defined as BMI > 90th
percentile for age and gender; obesity in adults and the elderly
is defined as BMI 30+ kg/m?

ii. In groups at risk of vitamin D deficiency (Table 1), supple-
mentation should be implemented and followed up under the
control of 25(OH)D concentrations, in order to maintain the
optimal concentration of >30-50 ng/ml 2®®);
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iii. If the assessment of 25(OH)D concentration is not possible,
dosing should be carried out according to the guidelines for
the general population at the maximal doses for a given age

group (2®);

Supplementation in Groups at Risk

of Vitamin D Hypersensitivity

i. Prior to initiating the supplementation, the probability of
vitamin D hypersensitivity should be assessed if feasible
(hypercalcemia, hypercalciuria, nephrocalcinosis, nephro-
lithiasis, CYP24A1 gene mutation, SLC34A1 gene mutation
or history of other types of vitamin D hypersensitivity in an
individual or family members). This recommendation applies
to all age groups as well as to groups at the risk of vitamin D
deficiency (1®®);

ii. In groups at the risk of vitamin D hypersensitivity, supple-
mentation should be supervised and carried out carefully
and in an individual manner, preferably under the control of
calcium-phosphate variables, particularly calcemia, calciuria,
parathormone (PTH), 25(OH)D and 1,25(OH).D (1&®);

Principles of Supplementation and
Treatment With Vitamin D Based on
25(0OH)D Concentrations

i. A single loading dose of vitamin D is not recommended in
Poland 2®®);

ii. Vitamin D dosing should be based on 25(OH)D concentra-
tions and antecedent prophylactic management (2@@®);

iii. The diagnostic standards include simultaneous assays of
25(0OH)D, and 25(0OH)D; [25(OH)D TOTAL], with intraas-
say variation <5% and interassay variation <10%, being
subject to quality assurance by the certifying system DEQAS
2o®);

Toxic Concentration >100 ng/ml (1)

i. Vitamin D supplementation has to be stopped forthwith;
calcemia and calciuria should be assessed, and 25(OH)D
concentration should be monitored at 1-month intervals
until 25(OH)D concentrations of <50 ng/ml are reached
(100®);

ii. Vitamin D intoxication is defined as the state in which the 25
(OH)D concentration >100 ng/ml is accompanied by hyper-
calcemia, hypercalciuria and apparent PTH suppression
(1e0®);

iii. In case of clinical symptoms of vitamin D intoxication, treat-
ment should be immediately initiated (1®®);

iv. Verify if previously used supplementation was appropri-
ate, and correct the management accordingly (regularity of
intake, dosing, type of preparation and the way of supply)
2e®);

v. There is a possibility to re-entry vitamin D supplementation
at doses recommended for peers from the general population,
after reaching normocalcemia, normocalciuria and 25(OH)D
concentrations <50 ng/ml, followed by excluding vitamin D
hypersensitivity 2 ®);

High Concentrations >50-100 ng/ml (1©®®)

i. Verifyif previously used supplementation was appropriate,
and correct the management accordingly (regularity of
intake, dosing, type of preparation and the way of supply)
oo);

Concentrations >75-100 ng/ml (2@®)

i. Vitamin D intake should be suspended for 1-2 months
o®);

ii. In neonates, infants and toddlers, calcemia and calciuria
should be assessed, vitamin D hypersensitivity should be
excluded and the control assay of 25(OH)D concentration
should be carried out 2HD);

iii. There is a possibility to re-entry vitamin D supplementation
at minimal doses recommended for peers from the general
population, after 1-2 months or, in case of neonates, infants
and toddlers after reaching 25(OH)D concentrations <50 ng/
ml o)

Concentrations >50-75 ng/ml (2@)

i. If vitamin D supplementation was appropriate, it is recom-
mended to reduce the dose by 50%, and to consider assessment
of 25(OH)D concentration within the consecutive 3-month
period 2@&®);

ii. If vitamin D was supplemented at doses higher than recom-
mended, the vitamin D supply should be ceased for 1 month,
and then doses recommended for peers from the general
population should be started 2 ®);

Optimal Concentration >30-50 ng/ml (19&®®)

i. Continue previous management (1P ®);

Suboptimal Concentration >20-30 ng/ml (1 ®)

i. Verify if previously used supplementation was appropri-
ate, and correct the management accordingly (regularity of
intake, dosing, type of preparation and the way of supply)
od);

ii. If vitamin D supplementation was appropriate, it is recom-
mended to increase the dose by 50% and to consider the
assessment of 25(OH)D concentration in 6-month time
Qo)

iii. If vitamin D was not supplemented previously, it is recom-
mended to start vitamin D intake at doses recommended for
peers from the general population 2®&®);

Deficiency >10-20 ng/ml (16®®)

i. Verify if previously used supplementation was appropriate,
and correct the management accordingly (regularity of intake,
dosing, type of preparation and the way of supply) 2®®);

ii. If vitamin D supplementation was appropriate, it is recom-
mended to increase the dose by 100% and to assess 25(OH)D
concentration in 3-month time 2@®);

iii. If vitamin D was not supplemented previously, it is recom-
mended to start vitamin D intake at maximal doses recom-
mended for peers from the general population and to assess
25(OH)D concentration in 3-month time (2@ ®);
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iv. In patients with skeletal symptoms (bone deformations, bone
pain, history of fragility fractures), it is indicated to assess
calcium-phosphate metabolism [Ca, PO, alkaline phos-
phatase activity (ALPL), PTH, Ca/creatinine ratio in urine],
and, if available—bone mineral density using dual-energy
X-ray absorptiometry (DXA) (2D@®);

Severe Deficiency 0-10 ng/ml (190 ®)

i. Verify if previously used supplementation was appropriate,
and correct the management accordingly (regularity of intake,
dosing, type of preparation and the way of supply) 2®®);

ii. Therapeutic doses should be implemented, based on age and
body weight; the repeated control assay of 25(OH)D con-
centration should be performed after 1-3 months of therapy
(1e®e®);

a. From birth to 12 months of age: 2,000 IU/day (1®®);
b. 1-10 years: 3,000-6,000 IU/day (1&S®);
c. >10 years: 6,000 IU/day (1&H®);

iii. Treatment of severe deficiency should be carried out for
3 months or until the 25(OH)D concentration of >30-50 ng/ml
is reached, then it is reccommended to use consecutive mainte-
nance dose, i.e., a prophylactic dose recommended for general
population, in relation to age and body weight (1©®®);

iv. In patients with skeletal symptoms and bone mineral dis-
orders (bone deformations, bone pain, history of fragility
fractures), it is necessary to assess and monitor parameters
of calcium-phosphate metabolism (Ca, POs, ALPL, PTH and
Ca/creatinine ratio in urine), and if available—to examine
bone mineral density using DXA 2@@®);

Principles of Calcium Intake During
Supplementation and Treatment With
Vitamin D

i. During supplementation and treatment with vitamin D,
an appropriate dietary calcium intake should be assured
(Table 2) CO®);

ii. If adequate dietary calcium intake is not possible, an addi-
tional pharmacological supplementation with calcium salts
preparations is recommended, preferably in divided doses,
which should be taken with meals 2®®);

TABLE 2 | Sources of calcium in the diet, equivalent to one glass/one serving of
milk (240 mg calcium).

Basic source of calcium Equivalents

1 average glass of milk = 240 mg
of calcium

1 small mug of yogurt (150 g)
1 glass of kefir

1 glass of buttermilk

35 dag of curd cheese

2 small triangles of processed cheese
2 slices of cheese

2 packages of cottage cheese
100 g sardines

100 g almonds

130 g hazelnuts

150 g beans (dry seeds)

260 g spinach

350 g cabbage

EVIDENCE BASE FOR UPDATED POLISH
RECOMMENDATIONS

Sources of Vitamin D

Skin Synthesis of Vitamin D

Most of vitamin D in humans is produced in the skin, in
the keratinocytes of the epidermal germinative layer from
7-DHC, after exposure to sunlight radiation of wavelength of
280-315 mm [ultraviolet radiation B (UVB)]. Under the influ-
ence of the absorbed energy, 7-DHC undergoes transformation
to pre-vitamin D;, and then, due to a thermoconversion, to
vitamin Ds. The latter enters the bloodstream, where it is bound
to vitamin D-binding protein (DBP). It is estimated that skin
synthesis may cover 80-100% of vitamin D daily requirement.
In Poland, the skin synthesis of vitamin D may be effective in
spring and summer only (from May to September), between
10:00 and 15:00, i.e., at the season and time of a day providing an
appropriate angle of sunlight, air temperature favoring sunbath,
and predominant cloudless weather (12, 13). In such conditions,
an exposure of at least 18% of the body surface (i.e., uncovered
forearms and lower limbs) for approximately 15 min should
constitute half of minimal erythemal dose (MED; 1 MED results
in a light pinkness of the skin) and may lead to natural synthesis
of vitamin D in a quantity equivalent to 2,000-4,000 IU/day
(12-14). Consequently, the exposure of nearly 100% of the body
surface of an adult person may yield 10,000 IU/day. So far no
reports showing the risk of obtaining toxic quantities of vitamin
D after excessive exposure to sunlight have been published
(at least in healthy subjects). This is explained by the fact that
possible excess of vitamin D and previtamin D (immediate
precursor in the cholesterol biosynthetic pathway) are photo-
degraded (isomerized) into inactive metabolites—tachysterol,
lumisterol, suprasterols and 5,6-trans-vitamin Ds. In the period
from October to March, in the regions above 35° north latitude
(including Poland; 49°N-54°N), the skin synthesis is considered
as not effective (12-15).

Intrinsic and environmental factors such as cloud cover, air
pollution, intensive skin pigmentation, advanced age, excessive
usage of sun protection cosmetics with sun protection factor
above 15, significantly extend the exposure time necessary for
achieving sufficient vitamin D supply. The above factors may
totally prevent vitamin D skin synthesis even if the appropriate
amount of time spent in the sunlight during spring and sum-
mer is provided. There are also individuals not adherent to the
practice guidelines, or those who fail to follow recommended
sensible exposure to sunlight due to specific contraindica-
tions. Sun exposure tends to be very limited among children
and adolescents because of their indoor extra activities, and
also in a large proportion of adult population due to the type
of job. In neonates, infants and children younger than 3 years
of age, the direct exposure to sunlight without sunscreen is
not recommended (http://pediatrics.aappublications.org/
content/pediatrics/early/2011/02/28/peds.2010-3501.full.
pdf). Other reasons may include chronic diseases preventing
from outdoor activities, cancer phobia or fear of skin aging
(6, 14, 15).
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Diet

The diet is the alternative source of vitamin D for humans; how-
ever in natural conditions, at least in Poland, it is a significantly
less effective source, compared to skin synthesis. It is estimated
that balanced diet covers up to 20% of the required daily vitamin
D intake. Dietary vitamin D is present in two forms. In the
food products of animal origin the dominant form of vitamin
D is cholecalciferol (vitamin Ds), and that of plant and fungal
origins—ergocalciferol (vitamin D,). Natural sources of vitamin
D mainly comprise fish, such as eel, wild salmon, herring and
to a lesser extent—egg yolk, cheese, milk and some mushrooms
(Table 3). Evaluation of nutritional habits and food composition
in different populations showed that, when an additional source
such as skin synthesis is scarce, even varied and balanced diet
cannot be regarded to match the complete vitamin D require-
ment. Therefore, an appropriate vitamin D supplementation plays
a crucial role in maintenance of the optimal health outcomes (3,
5, 16).

In terms of prevention of vitamin D deficiency at the popula-
tion level, a mandatory fortification of selected food products
(milk, dairy products, cereals, orange juice, margarine and pasta)
is provided in some countries (17). The extent of fortification
varies across different world regions, depending on health policy
and governmental strategies. So far, the food fortification has not
been customarily applied globally or locally in Poland, resulting
in pandemic of vitamin D deficiency according to some reports
(1-3). Milk formulas for infants and toddlers are an exception,
as these products are enriched with vitamin D in a standard way
(Table 3). The amount of 1 ] of commercial formula milk is proven
to cover the daily vitamin D requirement sufficiently, at least in
context of prevention of vitamin D deficiency and nutritional
rickets. It should be underlined that the vitamin D supplementa-
tion is necessary in breast-fed infants. The vitamin D content in
human milk is fluctuating and small (about 40 IU/1), and seems
insufficient for a growing child, even if standard recommended
intakes of vitamin D are reassured in a breast-feeding mother
(18, 19).

TABLE 3 | Vitamin D content in selected nutritional products in Poland (9, 11).

Product Vitamin D content (40 IU = 1 ug)
Fresh eel 1,200 1U/100 g
Fresh wild salmon 600-1,000 IU/100 g
Herring in oil 808 1U/100 g
Marinated herring 480 1U/100 g
Salmon (cooked/baked) 5401U/100 g
Fresh farmed salmon 100-250 1U/100 g
Canned fish (tuna, sardines) 200 1U/100 g
Mackerel (cooked/baked) 152 1U/100 g
Fresh codfish 40 1U/100 g
Shiitake mushrooms 100 1U/100 g
Egg yolk 54 |U/egg yolk
Cheese 7.6-28 1U/100 g
Human milk 1.5-81U/100 ml
Human milk during vitamin D ~20 1U/100 ml
supplementation

Cow’s milk 0.4-1.2 1U/100 ml

40-60 1U/100 ml
56-76 1U/100 ml
70-80 1U/100 mi

First infant formula (0-6 months)
Follow-on formula (7—12 months)
Growing-up formula (2-3 years)

Pharmacological Preparations of Vitamin D
Cholecalciferol (Ds) is the most common preparation used
as supplementation and treatment of vitamin D deficiency
in Poland and Europe, unlike in the USA, where ergocalcif-
erol (D) is largely used. In Poland, vitamin D; is available
over-the counter at daily doses of 400, 500, 800, 1,000, 2,000
and 4,000 IU. Vitamin D; is also available as multivitamin
preparations, in composite calcium supplements, cod liver
oil and, less frequently, in some food products fortified with
vitamin D. The administration of vitamin D as a combination
containing calcium or vitamin K2 (MK?7) or in conjunction is
not recommended presently. Efficacy of simultaneous intake
of the vitamins K2 and D, as a factor preventing calcification
of vessels and soft tissues, as well as enhancing bone min-
eralization, has not been proven. Vitamin D should not be
administered together with high-fiber cereals (oatmeal and
bran), resins binding steroids (colestyramine), laxatives or
stool softeners.

Calcifediol, 25(OH)Ds, is an essential preparation improving
vitamin D supply, however, this medication is used mainly in
patients with impaired hepatic metabolism of vitamin D, coin-
cident chronic liver diseases, cholestasis, long-term therapy with
glucocorticosteroids and anticonvulsants (9).

Active metabolites and analogs of vitamin D, such as alfa-
calcidol (1aOHD:3), calcitriol [1a,25(OH),Ds] and paricalcitol
[19nor1a25(0OH),D,] should not be considered as an alternative
way of vitamin D supplementation, and in consequence, moni-
toring of the therapy based on active metabolites and analogs,
using serial prospective evaluation of 25(0OH)D concentration
demonstrates a limited value. Alfacalcidol is most often used in
cases presenting with impaired renal metabolism of vitamin D
and in diseases with a decreased activity of la-hydroxylase, such
as renal failure, nephrotic syndrome, chronic kidney disease,
hypophosphatemic rickets and other vitamin D-resistant rickets,
as well as in hypoparathyroidism. Calcitriol has been assigned
similar application; however, it is used less frequently and is less
available in Poland. Paricalcitol is a newly developed vitamin D
analog, used for prevention and treatment of secondary hyper-
parathyroidism resulting from chronic renal failure (20-22). It
should be underlined again, that the use of analogs and active
metabolites of vitamin D does not lead to expected changes of
25(OH)D concentrations and is not an alternative mode for sup-
plementation with the use of vitamin D (or with calcifediol in
specific cases). The use of analogs does not detract the patient
from necessity to a concurrent vitamin D intake, just in the
context of pleiotropic health benefits.

Vitamin D Metabolism

Cholecalciferol—produced in the skin, and cholecalciferol (and
ergocalciferol)—absorbed in the small intestine (from diet and
pharmacological supplements), are transported to the liver and
bound to the DBP. In the liver, the first stage of biosynthesis of
an active vitamin D is activated. After enzymatic hydroxylation
at the carbon-25, 25-hydroxyvitamin D—25(OH)D is formed.
This reaction is catalyzed by 25-hydroxylase, which compro-
mises a group of hydroxylases, being part of cytochrome P450
(CYP27A1,CYP3A4 and CYP2RI1) (23, 24). The concentration of
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25(OH)D in the serum is the best indicator of vitamin D status,
mainly due to a higher stability and a longer half-time of 25(OH)
D (2-3 weeks), as well as relatively high levels of concentration
(expressed in ng/ml or nmol/l) in comparison to the 1,25(OH),D,
being under multifactoral regulation and at markedly lower
concentrations (half-time 4-6 h, concentration expressed in pg/
ml or pmol/l).

The 25(OH)D bound to DBP is subsequently transported from
the liver to kidneys (as well as to many other tissues, organs and
cells), where an active form of vitamin D—the 1¢25(OH),D is
formed via the next key enzyme—Ila-hydroxylase (CYP27B1).
The activity of la-hydroxylase (CYP27B1) is regulated by many
factors, including calcium concentration, PTH, fibroblast growth
factor 23 (FGF-23) and Klotho, as well as by 1a,25(OH),D itself,
through the mechanism of a negative feedback loop (24, 25). Both
active forms of vitamin D [1a,25(OH),D; and 1a,25(OH),Ds] are
characterized by similar properties. Due to common occurrence
in the nature and the availability of pharmaceutic preparations
in Poland, vitamin Ds;—cholecalciferol is practically the only
one in customary use. Therefore, the prevalent measurable
form of an circulating active metabolite is represented by 1a,25-
dihydroxycholecalciferol, i.e., calcitriol.

The concentrations of 25(OH)D and 1,25(OH),D are tightly
regulated by enzymatic cleavage in reaction of 24-hydroxylase
(CYP24A1), which catalyzes the hydroxylation of calcidiol
and calcitriol to metabolites of low biological activity, finally
transformed to 24,25(OH),D and calcitrionic acid, respectively.
Calcitriol is a factor inducing 24-hydroxylase expression, present
practically in all target cells which are under vitamin D action.
This is a feedback system regulating concentration of active
metabolites of vitamin and preventing hypervitaminosis D
(25). The above metabolic pathway may be disturbed in case of
impaired catabolism of 25(OH)D and 1,25(OH),D (mutations of
CYP24A1 gene coding 24-hydroxylase) (25) or excessive synthe-
sis of 1,25(OH),D directly resulting from mutation of SLC34A1
gene coding sodium-phosphate co-transporter (NaPi-IIA) in
the kidney (26). In both cases, the risk of hypervitaminosis D is
increased even if prophylactic doses of vitamin D are used.

Calcemic Effects of Vitamin D

Classic and well recognized action of vitamin D consists of its key
role, besides PTH and calcitonin, in regulation of calcium and
phosphorus homeostasis. The main effector organs involved in
the regulation of calcium and phosphorus homeostasis by vita-
min D action include intestine, bones and kidney. In the intestine,
under the influence of 1,25(OH),D, synthesis of a protein binding
calcium and calcium absorption are increased, in bones—calcium
and phosphates (in case of hypocalcemia) are released, and in
kidneys—calcium is reabsorbed with input from PTH activity.
The main procalcemic action of calcitriol is the inhibition of PTH
secretion in the feedback via calcitriol, resulting in the increase of
calcium and phosphates concentrations in serum (27).

Vitamin D action on bone metabolism is mediated by the
receptor activator of nuclear factor NF-xB (RANK)/RANK
ligand (RANKL) system, responsible for osteoclastogenesis.
Calcitriol increases RANKL expression in osteoblasts, which in
turn activates RANK receptors in osteoclast precursors leading to

formation of mature osteoclasts. The resorption action of osteo-
clasts releases calcium and phosphates from the skeletal system
into circulation (28).

Vitamin D, due to its action regulating calcium-phosphorus
metabolism, plays a significant role mainly in tissues and organs
rich in these minerals, i.e., the skeletal system and teeth. Vitamin
D deficiency in children is a classic risk factor for nutritional
rickets, a disease presenting with bone deformations of varying
severity as well as impaired mineralization and decreased bone
mass. In adults and adolescents, after growth plate fusion, vita-
min D deficiency may lead to osteomalacia and osteoporosis. In
all age groups, a severe vitamin D deficiency is related to bone
pain of various intensity and localization (predominantly in the
lower limbs and feet) as well as increased susceptibility to bone
fractures. Advanced stages of nutritional rickets and osteomalacia
may be even the life-threatening conditions, characterized not
only by bone deformations, but also by hypocalcemic seizures
(29, 30), tetany (31, 32), severe bone pain and significant muscle
weakness (33, 34), hypocalcemic cardiomiopathy, even resulting
in circulatory failure (35-38), and by disorders of psychomotor
and physical development (39), including short stature (4, 40).

In the scenario of vitamin D deficiency, a three-stage regulatory
mechanism was described. Initially, a compensatory increase of
PTH secretion to sustain normocalcemia is observed. However,
PTH reveals an ability to auto-regulate, and a relative resistance
to PTH may develop resulting in decreased calcium concentra-
tions and increased phosphate concentrations (similarly to a
PTH resistance in pseudohypoparathyroidism). At this stage,
typical symptoms of hypocalcemia, including tetanic convul-
sions, may occur. Osteopenia is visible on radiographs, without
typical rickets lesions. In the next stage, when the severity of
vitamin D deficiency continues to progress and PTH secretion
is further stimulated, a PTH resistance gets overcome leading to
improved calcemia but also to hypophosphatemia and clinical
and radiological manifestation of rickets. ALPL increases then,
whereas concentration of 1,25(OH),D is normal or increased.
At the final stage, the vitamin D deficiency becomes very severe
and 1,25(OH),D synthesis is markedly inhibited, the calcitriol
concentration decreases, and subsequently absorption of both
calcium and phosphorus is impaired, along with persistent eleva-
tion of PTH and increased ALPL (18).

The mechanism described above highlights that results of
biochemical assays may reveal varied values, depending on
the severity of vitamin D deficiency. Therefore, isolated assays
of 1,25(OH),D concentrations may be misleading. In moder-
ate vitamin D deficiency, as well as in the course of treatment,
concentration of calcitriol may be normal or high, whereas in
overdosage of vitamin D it may be normal or decreased (41, 42).
These alternations prove a limited clinical utility of 1,25(OH),D
assays, as this metabolite shows low stability and is a subject to
multifactorial influences, including hormonal regulation.

Pleiotropic Action of Vitamin D

Development of molecular studies and discovery of VDR in
many tissues, which do not take part in calcium-phosphorus
metabolism, have initiated an era of intensive research on other
non-classic, extra-skeletal functions of vitamin D (43-46).
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Furthermore, 1,25(OH),D concentrations accessible in serum
originate primarily from the kidneys and are connected with
classic endocrine functions, however, enzymatic activity of extra-
renal 1-alpha-hydroxylases that convert 25(OH)D to 1,25(OH).D
in numerous organs, tissues and cells enables important local
autocrine and paracrine functions of this “extra-renal” calcitriol.
Extra-renal vitamin D metabolic pathways (both anabolic and
catabolic mechanisms) are regulated independently of the PTH-
and FGF-23-mediated pathways. Importantly, the expression of
both VDR and extra-renal 1-alpha-hydroxylases in almost all
human tissues provides a sound scientific basis to postulate that
vitamin D is important for overall human health.

The activity of vitamin D in effector tissues is exerted through
its genomic and non-genomic action. An active form of vitamin
D in a number of tissues and cells binds with VDR in the cell
nucleus and then it forms a heterodimer with 9-cis retinoic acid
receptor (RXR), which shows property of a transcription factor,
so the genomic action is initiated. It is estimated that in this way
calcitriol takes part in regulation of several hundred genes in the
human genome (47, 48). Non-genomic effects are mediated by a
receptor localized in a cellular membrane, which is different from
the nuclear receptor, and it triggers intracellular metabolic path-
ways, modulating effects resulting from the gene expression (49,
50). The non-genomic, rapid responses related to calcitriol apply
to the regulation of ion channels, phosphatases, phospholipases,
kinases and signaling factors that may independently regulate
gene expression and its products (49-52).

It has been reported that calcitriol takes part in numerous
physiological processes, including enhancement of proliferation
and differentiation of immune cells (52, 53). It induces apoptosis of
neoplastic cells and inhibits their multiplication (52, 53), increases
production of cathelicidin and beta-defensin (51, 54-56), modu-
lates lymphocyte activity (51), Thl and Th2 lymphocyte ratio
(51, 57), decreases concentrations of proinflammatory cytokines
(IL-1, TNFa), simultaneously increasing anti-inflammatory
cytokines (IL-4, IL-5 and IL-10) (51, 58), decreases renin secre-
tion and in this way reduces activity of the renin-angiotensin-
aldosteron system (59, 60), inhibits angiogenesis (61-63), and
has favorable effect on calcification processes in blood vessels
(64-67), stimulates synthesis of neurotrophic factors (68, 69)
and inhibits fibrosis in kidneys (70, 71). Vitamin D deficiency
decreases insulin secretion (72). Vitamin D also shows strong
immunomodulating action (58, 73). High content of VDR in cells
of the immunocompetent system, particularly in macrophages,
dendritic cells and lymphocytes T and B supports the concept of
the essential role of vitamin D in anti-infectious immunity, in the
course of acute and chronic inflammatory processes as well as in
autoimmune diseases (45, 46, 58, 73).

The pleiotropic aspect of vitamin D action was tested in
numerous observational studies, suggesting association between
low serum concentration of 25(OH)D and increased risk of
neoplasms (among others cancers of the colon, breast, ovary,
prostate, pancreas, skin, kidneys, brain tumors, multiple mye-
loma and leukemia) (74-78), immunological diseases [multiple
sclerosis (79-82), asthma (83, 84), non-specific inflammatory
bowel diseases (85, 86) and systemic lupus erythematosus (87,
88)], autoimmune endocrine disorders [diabetes type 1 (89, 90),

Addison disease (91, 92), Hashimoto disease (93, 94), Graves-
Basedow disease (95, 96) and autoimmune polyendocrine
syndromes (97)], immunodeficiencies and recurrent infections
(98) (i.e., tuberculosis and influenza), components of metabolic
syndrome (including arterial hypertension and cardiovascular
diseases, atherosclerosis, ischemic heart disease, diabetes type 2
and obesity) (99-105), as well psychiatric disorders [depression
(106), schizophrenia (107, 108)] and neurodegerative diseases
[dementia (109-111), Alzheimer disease (112, 113), deterioration
of cognitive functions (109, 110, 114)]. Vitamin D deficiency is
also associated with increased mortality in the general popula-
tion (115-117), in patients in intensive care units (118-120),
and in patients with neoplasms (121). A better vitamin D supply,
reflected by an optimal 25(OH)D concentration, may alleviate
invasiveness of a neoplastic process and micrometastases, as well
as improve disease prognosis, and also limit risk of recurrence
(122). Largely conducted RCT studies, however, have not shown
consistent results, likely due to a short time of follow-up, type
of regimen and different levels of a supplementary dose (123,
124). Nevertheless, many of these studies showed health benefits
related to vitamin D supplementation. Presently, however, it
cannot be stated explicitly that vitamin D deficiency is a direct
cause of many disorders and their sequelae, and the hypothesis
of reverse causality gains significance in the light of systematic
reviews of meta-analyses and RCTs (125, 126). Taking into
account on-going studies presenting potential health benefits
and negligible health risk resulting from supplementation and
maintenance of optimal and safe 25(OH)D concentrations, it is
indicated to recommend prophylactic administration of vitamin
D in the general population, when skin synthesis is insufficient
for different reasons.

Vitamin D Safety

Serum concentration of 25(OH)D up to 100 ng/ml is regarded
safe in the general population of children and adults, although
in preterm neonates, being a specific group, an increased risk of
hypercalcemia has been reported at the 25(OH)D values >80 ng/
ml (127). No evidence exists until now that these values may be
exceeded when appropriate doses of vitamin D are used. In fact,
symptoms of vitamin D toxicity are observed very rarely. They are
connected with hypercalcemia and hypercalciuria and may occur
when vitamin D intake is uncontrolled and excessive, resulting
in concentrations of 25(OH)D above 150-200 ng/ml (42, 128).
Exceptional conditions comprise individuals with vitamin D
hypersensitivity, and also with idiopathic infantile hypercalcemia
(ITH) (24, 26), Williams-Beuren syndrome (129), granulomatous
diseases (130) and some lymphomas. Vitamin D hypersensitivity
may result from impaired catabolism of calcidiol and calcitriol or
an excessive, uncontrolled by the feedback, synthesis of calcitriol
(local or systemic) (24). The relationship between CYP24A1 gene
mutation and autosomal recessive ITH has been proven (25).
It was also shown that subsequently discovered mutations of
CYP24A1 caused loss of function of 24-hydroxylase and clinically
manifested as late as in adulthood (131, 132). Hypervitaminosis
D may also result from an excessive synthesis of 1,25(OH),D in
the case of mutation of SLC34A1 gene, coding renal sodium-
phosphate co-transporter (NaPi-IIA) (26). It is known that in
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an endocrine (renal) pathway, processes of calcitriol synthesis
involving CYP27B1, and its degradation involving CYP24A1, are
also regulated by FGF-23. Disorders of phosphorus homeostasis
as a result of SLC34A1 mutation lead to the decrease in FGF-23
activity; FGF-23 in physiological conditions limits activity of
la-hydroxylase (CYP27B1) and stimulates 24-hydroxylase activ-
ity (CYP24A1). A decreased activity of FGF-23 due to SLC34A1
mutation and subsequent hyperphosphaturia and hypophos-
phatemia, indirectly stimulate synthesis of 1,25(OH),D that may
produce hypercalcemia, hypercalciuria and nephrocalcinosis
(133). In case of the diagnosed vitamin D hypersensitivity while
supplementing vitamin D deficiency, it is suggested to maintain
25(OH)D concentrations within lower ranges, i.e., 20-25 ng/ml
rather than within ranges regarded as optimal, i.e., 30-50 ng/ml
(134).

It should be emphasized that at the general population
level, vitamin D supplementation with use of daily doses that
are recommended for a given age and body mass is safe and
reasonable, whereas the incidence of vitamin D hypersensitiv-
ity seems to be low or at least it should be precisely investigated.
Additionally, upper tolerable limits (UL) have been determined
for the general healthy population in order to limit uncon-
trolled use of vitamin D. Upper tolerable limits should not be
confused with recommended doses during well-controlled
treatment of vitamin D deficiency. UL are considered safe for
the healthy population and are commonly accepted worldwide
by international scientific societies [e.g., Institutes of Medicine
(IOM, USA) (135), The Endocrine Society (USA) (136) and
European Food Safety Authority (European Union) (137)]. In
the general population at the neonatal and infantile periods,
the UL value equals to 1,000 U/, in the period of 1-10 years
of age—2,000 IU, and from 11 to 18 years of age and in
adults—4,000 IU, respectively.

In cases of fully symptomatic vitamin D intoxication, result-
ing from overdose, the general therapeutic management includes
hydration with normalsaline followed byloop diureticsand the use
of glucocorticoids, bisphosphonates, calcitonin or ketoconazole
is often considered as the second-line treatment. Effective therapy
is provided also by the anticonvulsant use. Anticonvulsants/
antiepileptic drugs are known as potent inductors of cytochrome
P450 activity and particularly its isoform CYP3A4. Induction
of this enzyme localized in the liver and intestines, contributes
to an increase of metabolic clearance of essential vitamin D
metabolites, such as 25(OH)D and 1,25(OH),D (138). Polar
products of vitamin D, formed in extra hydroxylation pathways,
are then quickly excreted from the body (138, 139). When
vitamin D status is normal, abovementioned processes result
in vitamin D deficiency and mineral disturbances (138-140).
Based on the above phenomenon, there have been two successful
published attempts of removal of vitamin D excess in neonates
(7 and 1.5 months old), casualties of its erroneous overdose
(128, 141). In both cases, apart from other modes of treatment,
anticonvulsants were administered (phenytoin 5 mg/kg/day for
17 days, phenobarbital 5 mg/kg/day for 133 days in the first case,
and phenobarbital 3 mg/kg/day for 4 months in the other case). In
both cases, at the end of treatment period, a decrease of 25(OH)
D concentrations from approximately 400 to 40 ng/ml and from

160 ng/ml to normal ranges, respectively, was found. An attempt
to withdraw phenobarbital (after 44 for 14 days) caused recur-
rence of intoxication symptoms (128). Eventually, in both cases
monitored parameters of mineral metabolism returned to normal
values.

Terminology

The Panel proposed to systematize the terms and nomenclature
used in everyday medical practice in Poland. According to pan-
elists’ opinion, it is not justified to use the term “hypovitaminosis
D” solely on the basis of 25(OH)D concentration value within
the range reflecting vitamin D deficiency. It was observed that
clinical symptoms might occur or might not, both at the higher
(deficiency) as well as at lower (severe deficiency) ranges of
25(OH)D concentration (<10-20 and 0-10 ng/ml, respectively).
This phenomenon may be related to individual sensitivity to
vitamin D deficiency state, duration of vitamin D deficiency as
well as to the status of mineral metabolism, including calcium
intake (8). The terms “symptomatic vitamin deficiency” or “hypo-
vitaminosis D” and “non-symptomatic (subclinical) vitamin D
deficiency” should be used depending on the presence or the
absence of clinical, biochemical or/and radiological signs. The
terms should not be limited only to the recent vitamin D status
[25(OH)D concentration], although clinical symptoms are usu-
ally observed and may develop along with a decreasing 25(OH)
D concentration. Therefore, clinically overt and “symptomatic
vitamin D deficiency” or “hypovitaminosis D’, is a state when
clinical symptoms coexist with low 25(OH)D concentration value.
“Symptomatic hypervitaminosis D” or “vitamin D intoxication” is
recognized by markedly elevated 25(OH)D concentration (usu-
ally >150 ng/ml) that coincides with normal or slightly increased
1,25(0OH).D, hypercalcemia, hypercalciuria and suppressed PTH.
The clinical manifestations of vitamin D intoxication are related
to hypercalcemia and include: fatigue, weakness, confusion,
difficulty in concentration, drowsiness, apathy, vomiting, consti-
pation, polyuria, polydipsia, abnormalities in electrocardiogram
(reduced Q-T interval) and others.

REVIEW OF RECOMMENDATIONS

In available literature, the most commonly quoted and discussed
position papers are the guidelines elaborated by IOM in 2010
(135), and the practice guidelines issued by the Endocrine Society
in 2011 (136).

Based on the evidence available at the time, the IOM focused
on calcium and phosphorus metabolism, including ben-
efits limited to bone tissue. As a result, the target for vitamin D
supplementation in the general population, recognized by
the IOM, was to obtain 25(OH)D concentration of >20 ng/ml
(135). In response to the IOM proposals, the recommendations
of the Endocrine Society included general healthy population
and populations with chronic conditions; furthermore, both the
classic and pleiotropic action of vitamin D were incorporated
in the integrated guideline. The Endocrine Society’s minimal
target value of 25(OH)D concentration was set on 30 ng/ml, and
the values of <30 and <20 ng/ml were labeled as insufficient or
deficient, respectively (136).
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Guidelines concerning the optimal 25(OH)D concentrations
and vitamin D supplementation vary across European countries:
Scandinavian countries (Denmark, Finland, Iceland, Norway
and Sweden) established the target 25(OH)D concentration of
>20 ng/ml (142), and a similar threshold concept was accepted
in Germany, Austria and Switzerland (3).

The recommendations prepared for Central Europe were the
closest to the position statement of the Endocrine Society (9). The
background in establishing those guidelines were documents by
the European Food Safety Authority, published in 2012, and the
global discussion of the scientific body over validity and adapta-
tion of the proposals by the IOM and the Endocrine Society. The
Guidelines for Central Europe set down the 25(OH)D concentra-
tions of 30-50 ng/ml as optimal in relation to all potential health
benefits (9).

Assuming that the aim of vitamin D supplementation is to
achieve and to maintain the optimal concentrations of 25(OH)
D, as a substrate for renal and extrarenal la-hydroxylation
(CYP27B1), and in consequence—synthesis of calcitriol, recom-
mendations including endocrine, paracrine and autocrine effects
of 1,25(0OH),D seem to reflect a holistic view on vitamin D
deficiency and human health. The maintenance of recommended
optimal 25(OH)D concentrations (>30-50 ng/ml) is reinforced
by results of numerous cross-sectional and epidemiological stud-
ies, as well as several prospective trials, showing safety of such
concentrations, not causing hypercalcemia or hypercalciuria.
Another argument supporting 25(OH)D concentration of >30-
50 ng/ml as the optimal, involves kinetics of 25-hydroxylase that
showed 50% of its activity at the concentration of 40 ng/ml (143,
144). An important evidence was also reported by Priemel et al.,
who performed histomorphometric analysis of iliac crest bone
biopsies in 675 subjects and revealed the osteomalacia lesions in
26% individuals, including 21% of the examined with 25(OH)D
concentrations within a range of 21-29 ng/ml (145). Furthermore,
osteomalacia signs were not observed in investigated bone
biopsies of cases with 25(OH)D concentrations of >30 ng/ml
(145). Moreover, studies carried out in pregnant women showed
convincing evidence of health benefits for both woman and
child that were associated with vitamin D supplementation and
with achieved and maintained 25(OH)D concentrations close to
40 ng/ml (146-148).

Global guidelines published in 2016 considered 25(OH)D
concentrations of >20 ng/ml as optimal (8). The supplementa-
tion regimen in almost all age groups included significantly lower
vitamin D doses as compared to those recommended by the
Endocrine Society (136) and for Central Europe (9). As a result,
also in Poland, practitioners were forced to choose between the
global and local recommendations. It should be emphasized,
however, that global recommendations consider supplementa-
tion only in the context of prevention and treatment of nutritional
rickets, and do not refer to other, widely evidenced health benefits
related to vitamin D action, as it was pointed out by the authors
of that document (8). Interestingly, the vitamin D doses recom-
mended in the global consensus for the management of vitamin
D deficiency confirmed by laboratory assays are very similar to
the Central European recommendations. In neonates they are
even higher (Central European recommendations—1,000 [U/day

and global recommendations—2,000 IU/day; Table 4). The
global recommendation of using a single loading dose of vitamin
D (from 50,000 to 300,000 IU at a time) in treating deficiency in
subjects older than 3 months of age, is disputable. A question arises
whether it is a return to a historic recommendation of therapy
based on a single mega-dose? Absolutely it is not. Loading doses
should be justified only in particular situations, when everyday
regular supplementation of vitamin D is not possible because of
socioeconomic reasons or limitations of the health care system
and infrastructure facilitating distribution of vitamin D supple-
ments. In case of loading doses, the risk of hypercalcemia should
be carefully taken into account, as it was elsewhere found in 6.5%
of children treated with single high doses of vitamin D (8).

In the global consensus, additional attention is paid to rela-
tively low recommended dietary calcium intake, considered as
sufficient in preventing nutritional rickets. In children, the fol-
lowing daily calcium intake was recommended: up to 6 months
of age—200 mg, 6-12 months—260 mg and after 12 months of
age—500 mg. The recommendations for Central Europe (2013)
did not arise an issue of calcium intake, however, this was
included in Polish recommendations published in 2009 (10). The
doses recommended then were definitely higher, particularly in
older age groups and increased with age, in the range from 500
to 1,300 mg/day (Table 4). The American Institute of Medicine
enforces similar recommendations, including calcium intake of
700-1,300 mg/day for the population aged 1-18 years, depending
on a child’s age (135).

DISCUSSION

Recommendations concerning vitamin D supplementation have
been changing over the years and have followed the most recent
scientific developments and clinical observations. However, even
current doses recommended by scientific societies differ from
each other significantly and vary from 200 to 2,000 IU/day (149).
This results mainly from discrepancies concerning minimal
target 25(OH)D concentration, which was defined by ranges
between 10 and 40 ng/ml, depending on how different expert
groups perceived vitamin D action (135-137). Most endocrine
societies, including the Endocrine Society (USA), and also some
dealing with bone health, such as the International Osteoporosis
Foundation, reckon the 25(OH)D concentration above 30 ng/
ml as that required to achieve health benefits. This value was
also determined as a lower range of the optimal 25(OH)D con-
centration in 2013 Central European recommendations and is
now maintained in the present recommendations for Poland (9,
134-137, 150).

The Expert Panel decided on an update of the recommended
daily doses for the general population and for the groups at the
increased risk of vitamin D deficiency that have been in operation
in Poland since 2013. The Panel has decided to add additional
target groups for vitamin D supplementation, including adoles-
cents aged 11-18 years, older seniors aged >75 years, and also
to modify previous Central European guidelines for the preterm
babies.

Indisputably, individuals aged 11-18 years are among the
groups of increased risk of vitamin D deficiency, however due
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TABLE 4 | Comparison of recommendations of calcium and vitamin D supplementation for Poland (10), for the Central Europe 2013 (9) and global recommendations of
prevention and treatment of nutritional rickets 2016 (8).

Recommendations for Poland 2009 Recommendations for Central Global recommendations 2016
Europe 2013

Definition of vitamin D supply based on 25(0OH)D concentration in the serum (1 ng/ml = 2.5 nmol/l)

Optimal concentration (sufficiency) Children and adolescents: 20-60 ng/ml >30-50 ng/ml >20 ng/ml
Adults and seniors: 30-80 ng/ml

Suboptimal concentration (insufficiency) Not defined >20-30 ng/ml 12-20 ng/ml

Deficiency <10 ng/ml 0-20 ng/ml <12 ng/ml

Toxic concentration (toxicity) Not defined >100 ng/ml >100 ng/ml

Recommended doses of vitamin D—supplementation (40 IU = 1 ug)

0-6 months 400 IU/day 400 IU/day 400 IU/day
6-12 months 400 IU/day 400-600 IU/day 400 IU/day
2-18 years 400 IU/day 600-1,000 IU/day 600 IU/day
>18 years 800-1,000 IU/day 800-2,000 IU/day 600 IU/day
Pregnancy and lactation 800-1,000 IU/day 1,500-2,000 IU/day 600 IU/day

Recommended doses of vitamin D—treatment of the deficiency (40 IU = 1 pg)

<1 month 1,000 IU/day 1,000 IU/day -

<3 months - - 2,000 IU/day

1-12 months 1,000-3,000 IU/day 1,000-3,000 IU/day -

3-12 months - - 2,000 IU/day

2-19 years up to 5,000 IU/day 3,000-5,000 IU/day -

2-12 years - - 3,000-6,000 IU/day
>19 years up to 7,000 IU/day 7,000-10,000 IU/day -

>12 years - - 6,000 IU/day

Single loading doses of vitamin D for the management of the deficiency (40 IU = 1 pg)

<3 months Not recommended Not recommended Not recommended
3-12 months Not recommended Not recommended 50,000 1U/3 months
2-12 years Not recommended Not recommended 150,000 IU/3 months
>12 years Not recommended Not recommended 300,000 1U/3 months

Recommended calcium (elementary) doses

0-6 months 300 mg/day - 200 mg/day
6-12 months 400 mg/day - 260 mg/day
1-3 years 500 mg/day - >500 mg/day
4-6 years 700 mg/day -

7-9 years 800 mg/day -

10-18 years 1,300 mg/day -

19-50 years 1,000 mg/day -

>50 years 1,300 mg/day -

Pregnancy and lactation

<19 years 1,300 mg/day -

>19 years 1,000 mg/day -

to rapid and significant weight gain, an acceleration of skeletal ~ body weight, aged 14-18 years, evaluated efficacy of vitamin D
growth, rapid bone turnover and modeling, redistribution of  supplementation at doses of 0, 400 and 800 IU/day, applied in
muscle-fat compartments and the other biological and behavio-  the period between October and March (20 weeks), in order to
ral aspects of pubertal transition, a too low supply of vitamin D determine distribution of nutritional requirements to maintain
during adolescence is of concern. Further, during these critical =~ 25(OH)D concentrations ranging from >10 and >20 ng/ml.
time frames of development, the risk of vitamin D deficiencyand ~ Data analysis showed that in the examined group of Caucasian
related adverse health outcomes may be exacerbated by sedentary ~ children the maintenance of 25(OH)D concentration >10 and
behavior and time spent indoor, dietary habits and even use ~ >20 ng/ml (in 97.5% of the examined) required a vitamin D
of restrictive diets. These numerous risk factors for vitamin D supplementation at doses of 400 and 1,200 IU/day, respectively.
deficiency taken together pointed to this group as a target group ~ Interestingly, none of the participants reached the 25(OH)D
of special concern and highlighted a need to increase a recom-  concentration of 40 ng/ml (151). The RCT of 96 children and
mended vitamin D daily dose range to 800-2,000 IU, depending  adolescents, aged 8-14 years, carried out in the USA (Pittsburg)
on body weight and season of the year. The British RCT study  found that maintenance of 25(OH)D concentrations >20 ng/
comprising a group of 110 children and adolescents with normal ~ ml in the period from October to April in 90% of the examined
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group required vitamin D supplementation at a dose of 1,543 U/
day, whereas an estimated dose of 2,098 IU/day appeared neces-
sary to provide maintenance of this concentration in 97.5% of
studied individuals (152). In another RCT, comparing efficacy of
vitamin D supplementation applied for 6 months at doses of 600,
1,000 and 2,000 IU/day in the group of 685 school-aged children,
the best effects of the supplementation, as expressed by 25(OH)D
concentrations of >30 ng/ml, were revealed in the 2,000 IU/day
group. In this group 25(OH)D concentration of >30 ng/ml was
obtained in 60% of children already after the 3 months of trial and
the use of 2,000 IU/day resulted in the mean 25(OH)D concentra-
tion of 33.1 ng/ml (153). The recent study of 1007 Polish children
(6), hospitalized due to symptoms of skeletal disorders, revealed
that vitamin D deficiency, including a severe vitamin D deficiency
(<10 ng/ml), was noted more frequently at the pubertal period
and at adolescence as compared to childhood and the prepubertal
children, despite the availability of national guidelines.

In the eldest seniors, aged >75 years, according to the Panel
opinion, vitamin D should be supplemented throughout the year
at doses of 2,000-4,000 IU/day, depending on body weight. The
recommended dosing range for the eldest seniors up to 4,000 IU/
day was considered by panelists as effective enough to achieve
the target 25(OH)D concentration of >30-50 ng/ml in at least
90% of the elderly in Poland. The group of the eldest seniors is
another target group at increased risk of vitamin D deficiency,
as well as falls and fragility fractures. Available RCT studies and
meta-analyses evidenced that 25(OH)D concentrations rang-
ing >24-50 ng/ml, as a result of vitamin D supplementation of
seniors and the eldest seniors, were associated with a significant
decrease of risk of falls (by 19%) (154), a significant decrease of
risk of proximal femoral fractures (by 37%) (155) and significantly
decreased risk of other fractures (by 31%), compared to controls.
Although most studies reviewed recommended supplemental
doses >800 IU/day, still about half of the seniors and the eldest
seniors supplemented with vitamin D did not reach 25(OH)D
concentrations considered as optimal. Therefore, after numerous
discussions, the Expert Panel recommended a full eradication of
vitamin D deficiency, using doses 2,000-4,000 IU/day in order to
achieve and maintain the optimal 25(OH)D concentration and
also to provide the eldest seniors with potential benefits resulting
from pleiotropic vitamin D action. The above recommendation is
well-matched to the American Geriatric Society guidelines (156).

The Expert Panel, basing on the review of the literature
and RCT studies, has decided to modify the Central European
recommendations for preterm babies. RCT studies published
during the last 5 years revealed advantages of vitamin D sup-
plementation at doses of 800-1,000 IU/day in neonates born at
<32 weeks of gestation and in neonates born with very low birth
weight (<1,500 g) (157-159). In the study comparing effects of
vitamin D supplementation (1,000 vs 800 vs 400 IU/day), the
percentage of the preterms with vitamin D deficiency at 36 weeks
of the postmenstrual age was 2.5, 9.8 and 22.5%, respectively
(159). In a group of more preterm babies (born at <28 weeks
of gestation), after 4 weeks of vitamin D supplementation (800
vs 200 IU/day vs placebo), the percentage of the preterms with
vitamin D deficiency was 0, 16 and 41%, respectively (158). In
the subgroup supplemented with vitamin D dose of 800 IU/day,

the majority of investigated cases reached 25(OH)D concentra-
tions >60 ng/ml, despite that as high as 67% preterms presented
vitamin D deficiency at birth. An observational study of 66 pre-
term neonates (mean birth weight 970 g, 27 weeks of gestation)
showed that vitamin D supplementation at a dose of 800 IU/day
was effective to reduce prevalence of severe vitamin D deficiency,
evaluated at 36 weeks of the postmenstrual age, from 41 to 0%,
as well as to improve prevalence rate of 25(OH)D concentrations
>30 ng/ml from 10 to 72% (160). Unfortunately, the problem of
vitamin D deficiency in the preterm neonates is also common
in Poland (161). The risk of vitamin D deficiency at birth rises
along with the shortening of pregnancy duration and the risk of
preterm delivery increases with severity of vitamin D deficiency
in pregnant women (146-148). The updated vitamin D sup-
plementation doses seem effective for the quick improvement
of vitamin D status of preterm neonates, however, after a one
month of vitamin D supplementation, according to panelists
guidelines for preterms, it is recommended to evaluate 25(OH)
D concentration and if necessary modify the dosage. Because of
the concern about adverse effects and risk of overdosing, studies
with lower vitamin D doses (200 IU/day) were also conducted in
the preterms born at <32 weeks of gestation. At the 36 week of
the postmenstrual age, vitamin D supplementation at a dose of
200 IU/day appeared not fully effective and vitamin D deficiency
was noted in up to 40% of cases born at <28 weeks of gestation
and 30% of cases born at 28-32 weeks of gestation (162). It seems
that in more mature preterm neonates (with relatively lower risk
of the severe vitamin D deficiency), vitamin D supplementation
at a dose of 400 IU/day, that is also recommended for in-term
born neonates, should provide adequate vitamin D supply (163).

The Expert Panel is of the opinion that population-based
25(OH)D concentration screening is not justified, however
recognizes strong indications for 25(OH)D concentration assess-
ment in an increasing number of clinical conditions in order to
optimize the course and to minimize complications of the under-
lying disease (Table 1). The Panel shares the position statements
of the Endocrine Society that the vitamin D supplementation in
groups at risk of vitamin D deficiency that need special concern,
including women planning pregnancy, pregnant and lactating
women and the preterm babies (<32 weeks gestation) should
be provided and followed under the control of 25(OH)D con-
centration and its changes (136). Some available reports pointed
on vitamin D supplementation doses of 4,000-6,400 IU/day as
safe, effective and beneficial for pregnant and lactating women as
well as for offspring (146-148). In contrast, studies performed in
Poland and Canada (Calgary, 51°N) evidenced a low effectiveness
of vitamin D supplementation at doses 600-800 IU/day for ben-
eficial pregnancy outcomes (16, 164). Considering the safety of
vitamin D supplementation during pregnancy (to a lesser extent
duringlactation) and a high probability of use of multicomponent
preparations that usually contain 200 IU vitamin D per serving,
the Expert Panel recommends the dose of 2,000 IU/day for
the general population of pregnant and lactating women with
unknown 25(OH)D concentration. Some pregnant women may
require higher doses of vitamin D to achieve optimal 25(OH)D
concentration, however, vitamin D supplementation using doses
higher than 2,000 IU/day should be carried out based on initial
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25(OH)D concentration and its change. The Panel underlines
that vitamin D deficiency during pregnancy is associated with
a significantly higher risk of preterm delivery and preeclampsia
and is considered as a risk factor for low birth weight and bacterial
vaginosis. Correction of vitamin D deficiency by regular vitamin
D supplementation during pregnancy, starting as early as possible
(preferably at the pre-conception stage), may markedly reduce
the risk of abovementioned complications and therefore is highly
recommended (146-148, 165, 166).

Keeping in mind reports on a group of patients in the Polish
population who are genetically predisposed to symptomatic
hypercalcemia (carrying CYP24A1 or SLC34A1 gene mutations,
resulting in decreased catabolism or excessive formation of an
active form of vitamin D, respectively) (26), the Expert Panel
suggests to consider a directed medical history investigation,
anteceding vitamin D supplementation with vitamin D doses
higher than recommended for the general population, in order to
minimize the risk of adverse events in a individuals with vitamin
D hypersensitivity. It was estimated that at least a thousand cases
predisposed to symptomatic hypercalcemia live in Poland and
the prevalence may be as high as 1:33.000 births (26). If there
is a diagnosis of hypercalcemia, hypercalciuria, nephrolithiasis,
nephrocalcinosis, CYP24A1 or SLC34A1 gene mutations or other
form of vitamin D hypersensitivity in a patient or his/her family
members, the supplementation should be carried out individually,
and controlled by parameters of calcium-phosphate metabolism,
particularly calcemia, PTH, calciuria, 25(OH)D and 1,25(OH),D.

In the context of therapeutic dosing of vitamin D, the Expert
Panel is of the opinion that single loading doses of vitamin D
provided at the 3-month intervals should not be recommended
in Poland. An approach for the loading doses use was proposed in
the 2016, by global consensus focused on prevention and therapy
of nutritional rickets, as an alternative therapeutic procedure for
patients suffering from nutritional rickets, exclusively if the regu-
lar daily vitamin D supplementation is not possible for various
reasons (8). Taking into account a higher risk of hypercalcemia
as a result of loading doses (8) and previous Polish and European
experience with loading doses (42), as well as a relatively easy,
permanent access to vitamin D supplements and health care
in Poland, an implementation of very high doses would not be
justified.

Recently, a regimen of a single dose of 30,000 IU of vitamin D;
available on prescription, has been promoted in Poland, with an
indication for administration once a month in adults, the elderly
and adolescents older than 12 years of age. The standpoint of the
Expert Panel is that vitamin D intake ata dose 0of 30,000 IU, regard-
less the regimen [once a month according to summary of product
characteristics (SPC) or more often according to some positions
(167)], is considered neither as appropriate nor as safe manage-
ment, if a prior assessment of 25(OH)D concentration and the
risk factors for vitamin D hypersensitivity were not investigated.
In the aspect of prevention of vitamin D deficiency in the general
population (considered as healthy) or even in the groups of risk
of deficiency, vitamin D supplementation at a cumulative dose
equivalent to 15 or 30 daily doses (2,000 or 1,000 IU/day, respec-
tively) rises concerns about safety. In the most extreme regimen of
supplementation with use of cumulative dose recently promoted

in Poland (30,000 IU), for example in older obese adolescents
and obese adults, the recommendation of doses constituting two
to three times the dose recommended for peers with normal
body weight (i.e., 60,000-90,000 IU, respectively) even twice a
month according to some reports (167), should be considered
unwarranted and very risky. Panel is of the opinion that vitamin
D supplementation at a single dose of 30,000 IU, diverging from
the SPC (once a month) may be unfavorable even as an adjunct to
osteoporosis treatment. In a RCT of 200 subjects aged >75 years
an increased risk of falls as a result of use of 24,000 I'U with 300 ug
of calcifediol once a month, as well as an increased risk of falls as
a result of 60,000 TU once a month were both evidenced (168).

The Expert Panel in the updated Polish recommendations as
well as others [the previous Endocrine Society (136) and Central
European (9) guidelines] do acknowledge abnormal body weight
asasignificant variable affecting vitamin D status and recommend
obese persons from general population a doubled daily dose of
vitamin D. A weak but significant negative correlations were
shown between 25(OH)D concentrations and body weight as well
as BMI (kg/m?) in Poland (7). However, vitamin D deficiency is
more often noted in obese persons, irrespective of age (169). Our
guidelines recommend a two times higher daily dose for obese
persons in relation to normal body weight counterparts. Further,
age- and body weight related ranges of vitamin D for daily dosing,
proposed by experts for use in general population, most likely
will help to deal also with underweight cases. Our approach is
consistent with the Endocrine Society’s recommendations (136)
and is supported by results of large surveys that estimated two
to three times higher vitamin D daily dose for obese subjects,
1.5 times for overweight, and pointed that underweight persons
may need lower vitamin D doses to achieve target 25(OH)D
concentration when compared to individuals with normal body
weight (170-172).

The Expert Panel recommends that vitamin D supplementa-
tion in individuals with an assayed 25(OH)D concentration
should be based on the vitamin D status diagnosed according
to recommended concentration ranges and should consider
previous prophylactic management. Above statement relates
to common observation that guidelines for vitamin D supple-
mentation are not implemented or are not carried out properly
and the fundamental problem is non-compliance (5, 6). In indi-
viduals declaring supplementary vitamin D intake with revealed
abnormal 25(OH)D concentration value (low, high, too high,
too low, etc.) the first line of management should be based on
evaluation of regularity of vitamin D use, the dosage, a choice of
preparation and the way of administration (with or without fat-
containing products—depending on the preparation). A simple
correction of management of vitamin D deficiency usually is suf-
ficient enough. However, if the vitamin D supplementation was
compliant to recommended but a response was not satisfying,
expressed as 25(OH)D concentration still below optimal value
range, it is recommended to increase a daily dose by 50-100%
or to introduce therapeutic doses—depending on a severity of
vitamin D deficiency. If vitamin D supplementation was not so
far implemented, it should be started immediately, including the
use of therapeutic doses in individuals showing severe deficiency
(25(OH)D <10 ng/ml) (Figure 1). The 25(OH)D follow-up and

Frontiers in Endocrinology | www.frontiersin.org

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive

B0 uissenuOY MMM | ABojouLIDOpUT Ul SIOIUOI

VITAMIN D SUPPLEMENTATION IN GENERAL POPULATION, IN GROUPS AT RISK OF VITAMIN D DEFICIENCY AND IN PERSONS
WITH LABORATORY CONFIRMED VITAMIN D DEFICIENCY - a practical guidelines for prophylactics and therapetic procedures in Poland

Pregnancy and

lactation

1) Women planning pregnancy
should receive adequate vitamin D
supply, the same as in the general
adult population, if it is possible
under the control of 25(OH)D
concentration (18©®);

2) When pregnancy is confirmed,
supplementation should be carried
out under the control of 25(0H)D
concentration, to maintain optimal

Preterm neonates

< 32 weeks of gestation

1) ) Itis recommended to start
supplementation at a dose of 800 IU/day
from the first days of life (if enteral
nutrition is possible), regardless the way
of feeding (1®9®);

2) Supplementation should be carried out
under the control of 25(OH)D
concentration, both during hospitalization
(the first control after 4 weeks of
supplementation), as well as in the out-

Preterm neonates

born at 33-36 weeks of gestation

1) 400 IU/day from the first days of life,
regardless the way of feeding (19©®);

2) There is no need to assay 25(0H)D
concentrations routinely (16®®);

3) Supplementation carried out under the
control of 25(H)D concentration should be
considered in children in the risk groups
(parenteral nutrition >2 weeks,
ketoconazole >2 weeks, anticonvulsant
treatment, cholestasis, birth weight

Vitamin D supplementation in general population and in groups at risk of vitamin D deficiency

Neonates Children

and infants

1) 0-6 months:

1) In the period from May
o if guidelit

Adolescents
11-18 yrs

1) In the period from May to

400 IU/day from first days of
life, regardless the way of

for insolation are met,
ion is not tation is not

if guidelines for
insolation are met,

feeding (196®);
2) 6-12 months:
400-600 1U/day, depending on
daily amount of vitamin D taken || (1©©©);

necessary, although still
recommended and safe

necessary, although still
recommended and safe

Adults
19-65 yrs

Seniors
> 65-75 yrs

1) In the period from May 1) Due to decreased
to September, if guidelines || efficacy of the skin
for insolation are met, synthesis,

ion is not ion of

Seniors

>75 yrs

1) Due to decreased
efficacy of the skin
synthesis, potential
ion and

necessary, although still vitamin D in the dose of
recommended and safe 800-2000 IU/day, based

with food (196®®); 2)If

(1008); (100e); on body weight and the

2) Ifi i ideli are 2) Ifi i ideli dietary vitamin D intake is
are not fulfilled, not fulfilled, supplementation are not fulfilled, recommended throughout
supplementation of 600- of 800-2000 IU/day is supplementation of 800- a year (1080);

altered metabolism of
vitamin D,
supplementation of
2000-4000 IU/day,
based on body weight
and the dietary vitamin

‘I8 18 ByjsuIsny

o o n . <1500g) (20®); 1000 IU/day is recommended, based on body || 2000 IU/day is 2) Obese seniors require D intake is
gg": e/r;:a(qgga\;v)l?hm [EWgBCIEE: g?w:;ﬁz;,(ilafga total dose of 1000 @) 1pg =401U recommended, based on weight and the dietary vitamin || recommended, based on 1600-4000 1U/day, recommended
3) |f?he assessmént of 25(0H)D 1U/day, ing st and diet, body weight and the D intake, throughout a year body weight and the depending on severity of throughout a year
concentration is not possible, itis there is a risk of vitamin D overdose, - - dietary vitamin D intake, (1008); _ dietary vitamin D intake, obesity (16©®); (200); _
recommended to use vitamin D at a particularly in neonates with birth weight Upper tolerable limits (UL) fqr general healthy population : throughout a year (19®®); | [ 3) Obese adolescents require throughout a year (19®®); 2) Obese eldest seniors
dose of 2000 IU/day, throughout <1000 g (16®®); 1) Neonates and infants — 1000 IU/d 3) Obese children require 1600-4000 IU/day, depending 3) Obese adults require require 4000-8000
. " ’ 2) Children 1-10 yrs — 2000 1U/d 1200-2000 IU/day, on severity of obesity (1©©@); || 1600-4000 IU/day, IU/day, depending on
B EEEE (e 3) Adolescents 11-18 yrs — 4000 IU/d depending on severity of ing on severity of severity of obesity
4) Adults and seniors — 4000 IU/d obesity (10@®); obesity (1©@®); (2e®);

Upper tolerable limits should not be confused with doses during well lled
treatment of vitamin D deficiency and should not be exceeded without medical supervision
)

St

9vg oY | 6oWNIoA | 81L0g Ae

1) Prior to initiating the supplementation, the probability of vitamin D hypersensi

Supplementation in groups at risk of vitamin D hypersensitivity

ity should be assessed if feasible (hypercalcemia, hypercalciuria, nephrocalcinosis, nephrolithiasis, CYP24A1 gene mutation, SLC34A1 gene

mutation or history of other types of vitamin D hypersensitivity in an individual or family members). This recommendation applies to all age groups as well as to groups at the risk of vitamin D deficiency (1©®®);
2) In groups at the risk of vitamin D hypersensitivity, supplementation should be supervised and carried out carefully and in an individual manner, preferably under the control of calcium-phosphate parameters, particularly

calcemia, calciuria, PTH, 25(0OH)D and 1,25(0H),D (16®);

Severe Deficiency Deficiency

0-10 ng/ml (1@ >10-20 ng/ml (1ee®);

1) Therapy in relation to age and body
weight; control assay of 25(0OH)D
concentration should be performed
after 1 to 3 months of therapy (1©©®);
2) Recommended therapeutic doses:
» 0-12 months of age: 2000 IU/day

1) Verify if previously used
supplementation was appropriate, and
correct the management accordingly
(regularity of intake, dosing, type of
preparation, the way of supply) (28®);
2) If vitamin D supplementation was

(1990); appropriate, it is recommended to
> 1-10 years: 3000-6000 IU/day increase the dose by 100% and to
(1900); assess 25(0H)D concentration in 3

> >10 years: 6000 IU/day (169@);

3) Treatment should be carried out for 3
months or until the 25(0OH)D
concentration of >30-50 ng/mlis
reached, then it is recommended to use
consecutive maintenance dose i.e. a
prophylactic dose recommended for
general population, in relation to age
and body weight (19@@);

4) In patients with skeletal symptoms
and bone mineral disorders (bone
deformations, bone pain, history of
fragility fractures), it is necessary to
assess and monitor parameters of
calcium-phosphate metabolism (Ca,
PO, ALPL, PTH, Ca/creatinine ratio in
urine), and if available — to examine

months’ time (28@);

3) If vitamin D was not supplemented
previously, it is recommended to start
vitamin D intake at maximal doses
recommended for peers from the
general population and to assess
25(0OH)D concentration in 3 months’
time (20®);

4) In patients with skeletal symptoms
(bone deformations, bone pain, history
of fragility fractures), it is indicated to
assess calcium-phosphate
metabolism (Ca, PO, ALPL, PTH,
Calcreatinine ratio in urine), and, if
available — bone mineral density using
DXA (20@);

Suboptimal

>20-30 ng/ml (1eo®);

1) Verify if previously used
supplementation was appropriate, and
correct the management accordingly
(regularity of intake, dosing, type of
preparation, the way of supply) (2&®);
2) If vitamin D supplementation was
appropriate, it is recommended to
increase the dose by 50% and to
consider the assessment of 25(0H)D
concentration in 6 months’ time
(200);

3) If vitamin D was not supplemented
previously, it is recommended to start
vitamin D intake at doses
recommended for peers from the
general population (20®);

Optimal
>30-50 ng/ml (1e@);

High

5 ng/ml (2ee);

>75-100 ng/ml (2@a);

1) Continue previous management
(1o

bone mineral density using DXA (20®);

1 ng/mL = 2.5 nmol/L

General recommendations
Prophylactic dosing of vitamin D in the general
population should be individualized depending on age,
body weight, insolation (season, time of year), sun
exposure of an individual, dietary habits and lifestyle
(18®). Prophylactic dosing of vitamin D in the risk
groups of vitamin D deficiency should be implemented
according to arrangements for the general population;
i no specific practice guidelines are established, the
maximal admissible doses for a given age group in the
general population are recommended for use in the
risk groups of vitamin D deficiency (26&). In the
general population, in case of vitamin D deficiency
ascertained by laboratory assays, the administration of
vitamin D should be based on doses dependent on
serum 25(0H)D and

1) Verify if previously used
supplementation was appropriate,
and correct the management
accordingly (regularity of intake,
dosing, type of preparation, the way
of supply) (28@);

2) If vitamin D supplementation was
appropriate, it is recommended to
reduce the dose by 50%, and to
consider assessment of 25(0OH)D

1) Verify if previously used
supplementation was appropriate,
and correct the management
accordingly (regularity of intake,
dosing, type of preparation, the way
of supply) (2&®);

2) Vitamin D intake should be
suspended for 1-2 months (28@);
3) In neonates, infants and toddlers,
calcemia and calciuria should be

Vitamin D supplementation and treatment regimes in relation to 25(OH)D concentration

Toxic

>100 ng/ml (1eee)

1) Vitamin D supplementation has to
be absolutely terminated; calcemia
and calciuria should be assessed,
and 25(0H)D concentration should
be monitored at 1-monthintervals
until 25(OH)D concentrations of <50
ng/ml are reached (1©©®);

2) Vitamin D intoxication is defined
as the state in which the 25(0OH)D
concentration >100 ng/mlis

concentration within the
3 month-period (20®);
3) If vitamin D was supplemented at
doses higher than recommended,
the vitamin D supply should be
ceased for 1 month, and then doses

(calendar) age, in relation to body weight (26&). In the
risk groups, the dosing of vitamin D in case of vitamin
D deficiency ascertained by laboratory assays, should
be based on doses dependent on the 25(OH)D

for peers from the
general population should be started
(209);

concentration and age, with regard to the nature of the
disease, medical therapy, and body weight (19@). In
the general population, the specific indications for
25(0H)D assay testing are not established and
25(0H)D concentration screening is not
recommended (18®). In the risk groups, the
evaluation of vitamin D status, based on 25(0H)D
concentration assay, is recommended (166)

d, vitamin D y by hyper 3
should be excluded and the control hypercalciuria and apparent PTH
assay of 25(0OH)D i i 3

should be carried out (20®);

4) There is a possibility to re-entry
vitamin D supplementation at
minimal doses recommended for
peers from the general population,
after 1-2 months or, in case of
neonates, infants and toddlers after
reaching 25(0OH)D concentrations
<50 ng/ml (26®);

GRADE: 1 = strong

(application in the general

and in all patients in most circumstances, benefits clearly overweigh the risk); and 2 — weak recommendation (consensus opinion of working group or
to be considered; the best action may depend on circumstances, benefits and risk closely balanced or uncertain). Quality of evidence was assigned as follows: ©®® high quality (prospective cohort or RCT studies, at low risk of
bias); ©® moderate quality (observational or clinical trials with methodological flaws, inconsistent or indirect evidence); @ low quality (case reports, case series or non-systematic clinical observations).

3) In case of clinical symptoms of
vitamin D intoxication, a treatment
should be immediately initiated
(1000);

4) Verify if previously used
supplementation was appropriate,
and correct the management
accordingly (regularity of intake,
dosing, type of preparation, the way
of supply) (28®);

5) There is a possibility to re-entry
vitamin D supplementation at doses
recommended for peers from the
general population, after reaching
normocalcemia, normocalciuria and
25(0OH)D concentrations <50 ng/ml,
followed by excluding vitamin D
hypersensitivity (28®);

FIGURE 1 | The chart summarizing practical guidelines.
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the range of additional investigations should depend on a severity
of vitamin D deficiency.

The Expert Panel emphasizes significance of appropriate
dietary calcium intake during the course of vitamin D supplemen-
tation and treatment of vitamin D deficiency. If dietary sources
are considered as not effective, additional pharmacological sup-
plementation with calcium salts preparations is recommended,
preferably in a few divided daily doses due to higher absorption
rate and the lower risk of periodic hypercalciuria. At the current
state of knowledge, it is recommended to maintain existing
calcium intake guidelines for Polish population, depending on
the age (10).

SUMMARY

Vitamin D deficiency is an important public health prob-
lem in Poland that without appropriate preventive actions
may escalate as a result of the on-going changes of life style,
unfavorable nutritional habits as well as limited vitamin D
supply from natural sources (both dietary and UVB) (4-7). It
is necessary to introduce and pursue recommendations in its
updated form concerning recent perspective on the preven-
tion and treatment of vitamin D deficiency in all age groups.
The synopsis of the guidelines is shown in Figure 1. This task
should be a priority for doctors of all specialties, primarily for
general practitioners, as well as people shaping health policies
in Poland. It is essential particularly in the context of present
knowledge, which provides evidence not only of calcemic action
of vitamin D, but also of its pleiotropic effects. The list of classic
and non-classic—pleiotropic action of vitamin D and associ-
ated health benefits becomes longer and longer. The optimal
25(OH)D concentrations for different endocrine, autocrine
and paracrine pathways are indicated as an essential factor in
preventing osteoporosis and falls, rickets and osteomalacia, as

REFERENCES

1. Holick ME The vitamin D deficiency pandemic: approaches for diagnosis,
treatment and prevention. Rev Endocr Metab Disord (2017) 18(2):153-65.
do0i:10.1007/s11154-017-9424-1

2. Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M, Valtuefia J, De
Henauw §, et al. Vitamin D deficiency in Europe: pandemic? Am J Clin Nutr
(2016) 103(4):1033-44. doi:10.3945/ajcn.115.120873

3. Spiro A, Buttriss JL. Vitamin D: an overview of vitamin D status and intake
in Europe. Nutr Bull (2014) 39:322-50. do0i:10.1111/nbu.12108

4. Sewerynek E, Cie$lak K, Janik M, Gowin E, Stuss M. Evaluation of vitamin D
concentration in a population of young, healthy women - the effects of vita-
min D supplementation. Endokrynol Pol (2017) 68(5):533-40. doi:10.5603/
EP.a2017.0042

5. Lupinska A, Chlebna-Sokét D. Czynniki wptywajace na stezenie witaminy D
w surowicy dzieci 16dzkich w wieku wezesnoszkolnym z nadmiarem masy
ciala. Post N Med (2016) XXIX(10):709-15.

6. Chlebna-Sokét D, Michatus I, Rusinska A, Eupinska A, Fijalkowski B,
Andrzejewska K, et al. Ocena stezenia witaminy D w surowicy u dzieci
hospitalizowanych z powodu objawéw klinicznych sugerujacych zaburze-
nia w ukladzie kostnym. Endokrynologia Pediatryczna (2016) 15.4.57:
23-32.

7. Pludowski P, Ducki C, Konstantynowicz ], Jaworski M. Vitamin D status
in Poland. Pol Arch Med Wewn (2016) 126(7-8):530-9. d0i:10.20452/
pamw.3479

well as autoimmune diseases, including multiple sclerosis, dia-
betes type 1, systemic lupus erythematosus, infectious diseases,
including tuberculosis and influenza, cardiovascular diseases,
neurocognitive disorders, including Alzheimer disease, autism,
pregnancy complications, diabetes type 2, as well as decrease of
incidence rate and improvement of survival rate and quality of
life in malignancy and overall mortality. Despite discussions on
causality between vitamin D deficiency and a given disease or a
risk of its development, and also in a view of the magnitude of
the problem of vitamin D deficiency in the general population
and in patients, the Expert Panel recommends implementation
of updated guidelines dedicated to prevention and treatment of
vitamin D deficiency to a routine everyday practice of physicians
and clinical dieticians.

AUTHOR CONTRIBUTIONS

All authors contributed to the preparation of the guidelines, all
participated in the data collection, drafting, writing and editing
the manuscript. MWa is the National Consultant in Pediatric
Endocrinology and Diabetes; President of the Polish Society of
PediatricEndocrinologyand Diabetes. MB-KisthePresidentofthe
Polish Society of Neonatology. DCH-S is the Chairwoman of the
Section of Bone Metabolic Diseases in Children and Adolescents
at the Polish Pediatric Society. EH is the National Consultant
in Neonatology. TJ is the National Consultant in Pediatrics.
JKs is the President of the Polish Society for Clinical Nutrition
of Children. AL is the National Consultant in Endocrinology.
JP-P is the President of the Polish Pediatric Society. MR is the
President of the Polish Society of Endocrinology. MWi is the
National Consultant in Perinatology; President of the Polish
Society of Gynecologists and Obstetricians. DZ is the National
Consultant in Pediatric Nephrology. PP is the President of the
European Vitamin D Association—EVIDAS.

8. Munns CFE, Shaw N, Kiely M, Specker BL, Thacher TD, Ozono K, et al. Global
consensus recommendations on prevention and management of nutritional
rickets. J Clin Endocrinol Metab (2016) 101(2):394-415. doi:10.1210/
jc.2015-2175

9. Pludowski P, Karczmarewicz E, Bayer M, Carter G, Chlebna-Sokoét D, Czech-

Kowalska J, et al. Practical guidelines for the supplementation of vitamin D

and the treatment of deficits in Central Europe — recommended vitamin D

intakes in the general population and groups at risk of vitamin D deficiency.

Endokrynol Pol (2013) 64(4):319-27. doi:10.5603/EP.2013.0012

Charzewska ], Chlebna-Sokél D, Chybicka A, Czech-Kowalska J,

Dobrzanska A, Helwich E, et al. Prophylaxis of vitamin D deficiency - polish

recommendation 2009. Ginekol Pol (2010) 81(2):149-53.

Kunachowicz H, Nadolna I, Przygoda B. i wsp.: Tabele sktadu i wartosci

odzywczej zywnosci. Warszawa: Wydawnictwo Lekarskie PZWL (2005).

Krzyscin JW, Guzikowski ], Rajewska-Wiech B. Optimal vitamin D3

daily intake of 2000IU inferred from modeled solar exposure of ancestral

humans in Northern Tanzania. ] Photochem Photobiol B (2016) 159:101-5.

doi:10.1016/j.jphotobiol.2016.03.029

Krzysécin JW, Jarostawski J, Sobolewski PS. A mathematical model for sea-

sonal variability of vitamin D due to solar ra diation. ] Photochem Photobiol

B (2011) 105(1):106-12. doi:10.1016/j.jphotobiol.2011.07.008

Lukaszkiewicz J. Vitamin D - skin synthesis revisited. Nowe spojrzenie na

synteze skorna witaminy D. Post N Med (2016) XXIX(10):747-9.

. Bogaczewicz J, Karczmarewicz E, Pludowski P, Zabek J, Wozniacka A.

Requirement for vitamin D supplementation in patients using photoprotection:

10.

11.

12.

13.

14.

Frontiers in Endocrinology | www.frontiersin.org

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1007/s11154-017-9424-1
https://doi.org/10.3945/ajcn.115.120873
https://doi.org/10.1111/nbu.12108
https://doi.org/10.5603/EP.a2017.0042
https://doi.org/10.5603/EP.a2017.0042
https://doi.org/10.20452/pamw.3479
https://doi.org/10.20452/pamw.3479
https://doi.org/10.1210/jc.2015-2175
https://doi.org/10.1210/jc.2015-2175
https://doi.org/10.5603/EP.2013.0012
https://doi.org/10.1016/j.jphotobiol.2016.03.029
https://doi.org/10.1016/j.jphotobiol.2011.07.008

Rusiriska et al.

Polish Recommendations for Vitamin D Supplementation

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

variations in vitamin D levels and bone formation markers. Int ] Dermatol
(2016) 55(4):e176-83. doi:10.1111/ijd. 13024

Aghajafari E, Field CJ, Kaplan BJ, Rabi DM, Maggiore JA, O’Beirne M, et al.
The current recommended vitamin D intake guideline for diet and supple-
ments during pregnancy is not adequate to achieve vitamin D sufficiency
for most pregnant women. PLoS One (2016) 11(7):e0157262. doi:10.1371/
journal.pone.0157262

Cashman KD, van den Heuvel EG, Schoemaker RJ, Prévéraud DP,
Macdonald HM, Arcot J. 25-hydroxyvitamin D as a biomarker of vitamin
D status and its modeling to inform strategies for prevention of vitamin D
deficiency within the population. Adv Nutr (2017) 8(6):947-57. doi:10.3945/
an.117.015578

Kalina M, Matecka-Tendera E. Zaburzenia gospodarki wapniowo-
fosforanowej. In: Milewicz A, editor. Endokrynologia kliniczna. Wroctaw:
Wydawnictwo Polskie Towarzystwo Endokrynologiczne (2012). p. 279-96.
Czech-Kowalska J, Latka-Grot J, Bulsiewicz D, Jaworski M, Pludowski P,
Wygledowska G, et al. Impact of vitamin D supplementation during lactation
on vitamin D status and body composition of mother-infant pairs: a MAVID
randomized controlled trial. PLoS One (2014) 9(9):e107708. doi:10.1371/
journal.pone.0107708

Avenell A, Mak JC, O’Connell D. Vitamin D and vitamin D analogues for
preventing fractures in post-menopausal women and older men. Cochrane
Database Syst Rev (2014) 4:CD000227. doi:10.1002/14651858.CD000227.
pub4

Lu RJ, Zhu SM, Tang FL, Zhu XS, Fan ZD, Wang GL, et al. Effects of vitamin
D or its analogues on the mortality of patients with chronic kidney disease:
an updated systematic review and meta-analysis. Eur ] Clin Nutr (2017)
71(6):683-93. doi:10.1038/ejcn.2017.59

Mazzaferro S, Goldsmith D, Larsson TE, Massy ZA, Cozzolino M. Vitamin D
metabolites and/or analogs: which D for which patient? Curr Vasc Pharmacol
(2014) 12(2):339-49. d0i:10.2174/15701611113119990024

Prosser DE, Jones G. Enzymes involved in the activation and inactivation
of vitamin D. Trends Biochem Sci (2004) 29(12):664-73. doi:10.1016/j.
tibs.2004.10.005

Jones G, Kottler ML, Schlingmann KP. Genetic diseases of vitamin D metab-
olizing enzymes. Endocrinol Metab Clin North Am (2017) 46(4):1095-117.
doi:10.1016/j.ecl.2017.07.011

Schlingmann KP, Kaufmann M, Weber S, Irwin A, Goos C, John U, et al.
Mutations in CYP24A1 and idiopathic infantile hypercalcemia. N Engl ] Med
(2011) 365(5):410-21. doi:10.1056/NEJMoal103864

Pronicka E, Ciara E, Halat P, Janiec A, Wojcik M, Rowiniska E, et al. Biallelic
mutations in CYP24A1 or SLC34Al as a cause of infantile idiopathic
hypercalcemia (ITH) with vitamin D hypersensitivity: molecular study
of 11 historical ITH cases. J Appl Genet (2017) 58(3):349-53. doi:10.1007/
s13353-017-0397-2

Anderson PH. Vitamin D activity and metabolism in bone. Curr Osteoporos
Rep (2017) 15(5):443-9. doi:10.1007/s11914-017-0394-8

Piri E Khosravi A, Moayeri A, Moradipour A, Derakhshan S. The effects of
dietary supplements of calcium, vitamin D and estrogen hormone on serum
levels of OPG and RANKL cytokines and their relationship with increased
bone density in rats. J Clin Diagn Res (2016) 10(9):AF01-04.

Basatemur E, Sutcliffe A. Incidence of hypocalcemic seizures due to vitamin
D deficiency in children in the United Kingdom and Ireland. J Clin Endocrinol
Metab (2015) 100(1):E91-5. d0i:10.1210/jc.2014-2773

Vuleti¢ B, Markovi¢ S, Igrutinovi¢ Z, Vladimir R, Raskovi¢ Z, Simovi¢ A. Case
report of an infant with severe vitamin D deficiency rickets manifested as
hypocalcemic seizures. Srp Arh Celok Lek (2016) 144(1-2):90-3. doi:10.2298/
SARH1602090V

Pedrosa C, Ferraria N, Limbert C, Lopes L. Hypovitaminosis D and
severe hypocalcaemia: the rebirth of an old disease. BMJ Case Rep (2013).
doi:10.1136/bcr-2012-007406

Ariganjoye R. Pediatric hypovitaminosis D: molecular perspectives and
clinical implications. Glob Pediatr Health (2017) 4:2333794X16685504. doi
:10.1177/2333794X16685504

Bhattoa HP, Konstantynowicz J, Laszcz N, Wojcik M, Pludowski P. Vitamin
D: musculoskeletal health. Rev Endocr Metab Disord (2017) 18(3):363-71.
doi:10.1007/s11154-016-9404-x

Dawson-Hughes B. Vitamin D and muscle function. J Steroid Biochem Mol
Biol (2017) 173:313-6. d0i:10.1016/j.jsbmb.2017.03.018

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Glackin S, Mayne P, Kenny D, McMahon CJ, Cody D. Dilated cardiomy-
opathy secondary to vitamin D deficiency and hypocalcaemia in the Irish
paediatric population: a case report. Ir Med J (2017) 110(3):535.

Bansal B, Bansal M, Bajpai P, Garewal HK. Hypocalcemic cardiomyopa-
thy-different mechanisms in adult and pediatric cases. J Clin Endocrinol
Metab (2014) 99(8):2627-32. d0i:10.1210/jc.2013-3352

Hogler W. Complications of vitamin D deficiency from the foetus to
the infant: one cause, one prevention, but whos responsibility? Best
Pract Res Clin Endocrinol Metab (2015) 29(3):385-98. do0i:10.1016/j.
beem.2015.03.003

Marshall Brinkley D, Ali OM, Zalawadiya SK, Wang TJ. Vitamin D and
heart failure. Curr Heart Fail Rep (2017) 14(5):410-20. doi:10.1007/
$11897-017-0355-7

Grant WB, Wimalawansa SJ, Holick ME Cannell JJ, Pludowski P,
Lappe JM, et al. Emphasizing the health benefits of vitamin D for those with
neurodevelopmental disorders and intellectual disabilities. Nutrients (2015)
7(3):1538-64. doi:10.3390/nu7031538

Shroff R, Knott C, Gullett A, Wells D, Marks SD, Rees L. Vitamin D deficiency
is associated with short stature and may influence blood pressure control in
paediatric renal transplant recipients. Pediatr Nephrol (2011) 26(12):2227-33.
doi:10.1007/s00467-011-1920-z

Larner DP, Adams JS, Hewison M. Regulation of renal and extrarenal
la-hydroxylase. 4th ed. In: Feldman D, Pike JW, Bouillon R, Giovannucci E,
Goltzman D, Hewison M, editors. Vitamin D. London: Academic Press
(Elsevier) (2018). p. 117-37.

Marcinowska-Suchowierska A, Pludowski P. Vitamin D toxicity. Zatrucie
witamina D. Post N Med (2016) XXIX(10):756-9.

Verstuyf A, Carmeliet G, Bouillon R, Mathieu C. Vitamin D: a pleiotropic
hormone. Kidney Int (2010) 78(2):140-5. doi:10.1038/ki.2010.17
Deschasaux M, Souberbielle JC, Partula V, Lécuyer L, Gonzalez R, Srour B,
et al. What do people know and believe about vitamin D? Nutrients (2016)
8(11):E718. d0i:10.3390/nu8110718

Souberbielle JC, Body JJ, Lappe JM, Plebani M, Shoenfeld Y, Wang TJ, et al.
Vitamin D and musculoskeletal health, cardiovascular disease, autoimmu-
nity and cancer: recommendations for clinical practice. Autoimmun Rev
(2010) 9(11):709-15. doi:10.1016/j.autrev.2010.06.009

Pludowski P, Holick MF, Pilz S, Wagner CL, Hollis BW, Grant WB, et al.
Vitamin D effects on musculoskeletal health, immunity, autoimmunity,
cardiovascular disease, cancer, fertility, pregnancy, dementia and mortal-
ity-a review of recent evidence. Autoimmun Rev (2013) 12(10):976-89.
doi:10.1016/j.autrev.2013.02.004

Carlberg C. Molecular endocrinology of vitamin D on the epigenome level.
Mol Cell Endocrinol (2017) 453:14-21. doi:10.1016/j.mce.2017.03.016
Carlberg C, Haq A. The concept of the personal vitamin D response index.
J Steroid Biochem Mol Biol (2018) 175:12-7. d0i:10.1016/j.jsbmb.2016.12.011
Wu W, Beilhartz G, Roy Y, Richard CL, Curtin M, Brown L, et al. Nuclear
translocation of the 1,25D3-MARRS (membrane associated rapid response
to steroids) receptor protein and NFkappaB in differentiating NB4 leukemia
cells. Exp Cell Res (2010) 316(7):1101-8. d0i:10.1016/j.yexcr.2010.01.010
Khanal R, Nemere I. Membrane receptors for vitamin D metabolites. Crit Rev
Eukaryot Gene Expr(2007)17(1):31-47.d0i:10.1615/CritRevEukarGeneExpr.
v17.i1.30

Chun RE, Liu PT, Modlin RL, Adams JS, Hewison M. Impact of vitamin D on
immune function: lessons learned from genome-wide analysis. Front Physiol
(2014) 5:151. doi:10.3389/fphys.2014.00151

Diaz L, Diaz-Muioz M, Garcia-Gaytan AC, Méndez I. Mechanistic effects
of calcitriol in cancer biology. Nutrients (2015) 7(6):5020-50. doi:10.3390/
nu7065020

Abu El Maaty MA, WGlfl S. Vitamin D as a novel regulator of tumor metab-
olism: insights on potential mechanisms and implications for anti-cancer
therapy. Int ] Mol Sci (2017) 18(10):E2184. doi:10.3390/ijms18102184

Rode AKO, Kongsbak M, Hansen MM, Lopez DV, Levring TB, Woetmann
A, et al. Vitamin D counteracts Mycobacterium tuberculosis-induced cathe-
licidin downregulation in dendritic cells and allows Th1 differentiation and
IFNy secretion. Front Immunol (2017) 8:656. doi:10.3389/fimmu.2017.00656
Han JE, Alvarez JA, Jones JL, Tangpricha V, Brown MA, Hao L, et al. Impact of
high-dose vitamin D3 on plasma free 25-hydroxyvitamin D concentrations
and antimicrobial peptides in critically ill mechanically ventilated adults.
Nutrition (2017) 38:102-8. doi:10.1016/j.nut.2017.02.002

Frontiers in Endocrinology | www.frontiersin.org

17

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1111/ijd.13024
https://doi.org/10.1371/journal.pone.0157262
https://doi.org/10.1371/journal.pone.0157262
https://doi.org/10.3945/an.117.015578
https://doi.org/10.3945/an.117.015578
https://doi.org/10.1371/journal.pone.0107708
https://doi.org/10.1371/journal.pone.0107708
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1002/14651858.CD000227.pub4
https://doi.org/10.1038/ejcn.2017.59
https://doi.org/10.2174/15701611113119990024
https://doi.org/10.1016/j.tibs.2004.10.005
https://doi.org/10.1016/j.tibs.2004.10.005
https://doi.org/10.1016/j.ecl.2017.07.011
https://doi.org/10.1056/NEJMoa1103864
https://doi.org/10.1007/s13353-017-0397-2
https://doi.org/10.1007/s13353-017-0397-2
https://doi.org/10.1007/s11914-017-0394-8
https://doi.org/10.1210/jc.2014-2773
https://doi.org/10.2298/SARH1602090V
https://doi.org/10.2298/SARH1602090V
https://doi.org/10.1136/bcr-2012-007406
https://doi.org/10.1177/2333794X16685504
https://doi.org/10.1007/s11154-016-9404-x
https://doi.org/10.1016/j.jsbmb.2017.03.018
https://doi.org/10.1210/jc.2013-3352
https://doi.org/10.1016/j.beem.2015.03.003
https://doi.org/10.1016/j.beem.2015.03.003
https://doi.org/10.1007/s11897-017-0355-7
https://doi.org/10.1007/s11897-017-0355-7
https://doi.org/10.3390/nu7031538
https://doi.org/10.1007/s00467-011-1920-z
https://doi.org/10.1038/ki.2010.17
https://doi.org/10.3390/nu8110718
https://doi.org/10.1016/j.autrev.2010.06.009
https://doi.org/10.1016/j.autrev.2013.02.004
https://doi.org/10.1016/j.mce.2017.03.016
https://doi.org/10.1016/j.jsbmb.2016.12.011
https://doi.org/10.1016/j.yexcr.2010.01.010
https://doi.org/10.1615/CritRevEukarGeneExpr.v17.i1.30
https://doi.org/10.1615/CritRevEukarGeneExpr.v17.i1.30
https://doi.org/10.3389/fphys.2014.00151
https://doi.org/10.3390/nu7065020
https://doi.org/10.3390/nu7065020
https://doi.org/10.3390/ijms18102184
https://doi.org/10.3389/fimmu.2017.00656
https://doi.org/10.1016/j.nut.2017.02.002

Rusiriska et al.

Polish Recommendations for Vitamin D Supplementation

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Stukes TM, Shary JR, Wei W, Ebeling MD, Dezsi KB, Shary FS, et al.
Circulating cathelicidin concentrations in a cohort of healthy children:
influence of age, body composition, gender and vitamin D status. PLoS One
(2016) 11(5):e0152711. doi:10.1371/journal.pone.0152711

Grant WB, Karras SN, Bischoff-Ferrari HA, Annweiler C, Boucher BJ,
Juzeniene A, etal. Do studies reporting ‘U’-shaped serum 25-hydroxyvitamin
D-health outcome relationships reflect adverse effects? Dermatoendocrinol
(2016) 8(1):€1187349. doi:10.1080/19381980.2016.1187349

Martineau AR, Cates CJ, Urashima M, Jensen M, Griffiths AP, Nurmatov U,
et al. Vitamin D for the management of asthma. Cochrane Database Syst Rev
(2016) 9:CD011511. doi:10.1002/14651858.CD011511.pub2

Carrara D, Bruno RM, Bacca A, Taddei S, Duranti E, Ghiadoni L, et al.
Cholecalciferol treatment downregulates renin-angiotensin system and
improves endothelial function in essential hypertensive patients with
hypovitaminosis D. ] Hypertens (2016) 34(11):2199-205. doi:10.1097/
HJH.0000000000001072

Griibler MR, Gaksch M, Kienreich K, Verheyen N, Schmid J, O Hartaigh BW,
et al. Effects of vitamin D supplementation on plasma aldosterone and
renin-arandomized placebo-controlled trial. J Clin Hypertens (Greenwich)
(2016) 18(7):608-13. doi:10.1111/jch.12825

Santoro D, Pellicano V, Cernaro V, Lacava V, Lacquaniti A, Atteritano M,
et al. Role of vitamin D in vascular complications and vascular access
outcome in patients with chronic kidney disease. Curr Med Chem (2016)
23(17):1698-707. doi:10.2174/0929867323666160405112019

Chiang KC, Chen TC. The anti-cancer actions of vitamin D. Anticancer
Agents Med Chem (2013) 13(1):126-39. doi:10.2174/187152013804487443
Bandera Merchan B, Morcillo S, Martin-Nufiez G, Tinahones FJ, Macias-
Gonzalez M. The role of vitamin D and VDR in carcinogenesis: through epi-
demiology and basic sciences. ] Steroid Biochem Mol Biol (2017) 167:203-18.
doi:10.1016/j.jsbmb.2016.11.020

Wong MS, Leisegang MS, Kruse C, Vogel J, Schiirmann C, Dehne N, et al.
Vitamin D promotes vascular regeneration. Circulation (2014) 130(12):976-
86. d0i:10.1161/CIRCULATIONAHA.114.010650

Lim K, Lu TS, Molostvov G, Lee C, Lam FT, Zehnder D, et al. Vascular
Klotho deficiency potentiates the development of human artery calcifi-
cation and mediates resistance to fibroblast growth factor 23. Circulation
(2012) 125(18):2243-55. doi:10.1161/CIRCULATIONAHA.111.053405
Cianciolo G, Capelli I, Angelini ML, Valentini C, Baraldi O, Scolari MP, et al.
Importance of vascular calcification in kidney transplant recipients. Am
] Nephrol (2014) 39(5):418-26. doi:10.1159/000362492

Hou YC, Liu WC, Zheng CM, Zheng JQ, Yen TH, Lu KC. Role of vitamin
D in uremic vascular calcification. Biomed Res Int (2017) 2017:2803579.
doi:10.1155/2017/2803579

Annweiler C, Beauchet O. Vitamin D-mentia: randomized clinical
trials should be the next step. Neuroepidemiology (2011) 37(3-4):249-58.
doi:10.1159/000334177

Mpandzou G, Ait Ben Haddou E, Regragui W, Benomar A, Yahyaoui M.
Vitamin D deficiency and its role in neurological conditions: a review. Rev
Neurol (Paris) (2016) 172(2):109-22. doi:10.1016/j.neurol.2015.11.005
Berchtold L, Ponte B, Moll S, Hadaya K, Seyde O, Bachtler M, et al.
Phosphocalcic markers and calcification propensity for assessment of inter-
stitial fibrosis and vascular lesions in kidney allograft recipients. PLoS One
(2016) 11(12):€0167929. doi:10.1371/journal.pone.0167929

Arfian N, Muflikhah K, Soeyono SK, Sari DC, Tranggono U, Anggorowati N,
et al. Vitamin D attenuates kidney fibrosis via reducing fibroblast expan-
sion, inflammation, and epithelial cell apoptosis. Kobe ] Med Sci (2016)
62(2):E38-44.

Norman AW, Frankel JB, Heldt AM, Grodsky GM. Vitamin D deficiency
inhibits pancreatic secretion of insulin. Science (1980) 209(4458):823-5.
doi:10.1126/science.6250216

Bivona G, Agnello L, Ciaccio M. Vitamin D and immunomodulation: is it
time to change the reference values? Ann Clin Lab Sci (2017) 47(4):508-10.
Dimitrakopoulou VI, Tsilidis KK, Haycock PC, Dimou NL, Al-Dabhani K,
Martin RM, et al. Circulating vitamin D concentration and risk of seven
cancers: mendelian randomisation study. BMJ (2017) 359:j4761. doi:10.1136/
bmj.j4761

Garland C, Gorham E, Garland E Vitamin D for cancer prevention:
global perspective. Ann Epidemiol (2009) 19:468-83. doi:10.1016/j.
annepidem.2009.03.021

76.

77.

78.

79.

80.

81.

82.

84.

85.

86.

87.

88.

90.

91.

92.

93.

94.

Moukayed M, Grant WB. The roles of UVB and vitamin D in reducing risk
of cancer incidence and mortality: a review of the epidemiology, clinical
trials, and mechanisms. Rev Endocr Metab Disord (2017) 18(2):167-82.
doi:10.1007/s11154-017-9415-2

Giovannucci E. Vitamin D status and cancer incidence and mortality. Adv
Exp Med Biol (2008) 624:31-42. d0i:10.1007/978-0-387-77574-6_3

Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB, Lipkin M,
et al. Optimal vitamin D status for colorectal cancer prevention: a quan-
titative meta-analysis. Am ] Prev Med (2007) 32(3):210-6. doi:10.1016/j.
amepre.2006.11.004

Vanherwegen AS, Gysemans C, Mathieu C. Regulation of immune function
by vitamin D and its use in diseases of immunity. Endocrinol Metab Clin
North Am (2017) 46(4):1061-94. doi:10.1016/j.ec1.2017.07.010

Manousaki D, Dudding T, Haworth S, Hsu YH, Liu CT, Medina-Gémez C,
et al. Low-frequency synonymous coding variation in CYP2R1 has large
effects on vitamin D levels and risk of multiple sclerosis. Am ] Hum Genet
(2017) 101(2):227-38. doi:10.1016/j.ajhg.2017.06.014

Gianfrancesco MA, Stridh P, Rhead B, Shao X, Xu E, Graves JS, et al. Evidence
fora causal relationship between low vitamin D, high BMI, and pediatric-onset
MS. Neurology (2017) 88(17):1623-9. doi:10.1212/WNL.0000000000003849
Rhead B, Baarnhielm M, Gianfrancesco M, Mok A, Shao X, Quach H,
et al. Mendelian randomization shows a causal effect of low vitamin D
on multiple sclerosis risk. Neurol Genet (2016) 2(5):e97. doi:10.1212/
NXG.0000000000000097

. Wolsk HM, Chawes BL, Litonjua AA, Hollis BW, Waage J, Stokholm J, et al.

Prenatal vitamin D supplementation reduces risk of asthma/recurrent wheeze
in early childhood: a combined analysis of two randomized controlled trials.
PLoS One (2017) 12(10):¢0186657. doi:10.1371/journal.pone.0186657
Jolliffe DA, Greenberg L, Hooper RL, Griffiths CJ, Camargo CA Jr,
Kerley CP, et al. Vitamin D supplementation to prevent asthma exacerba-
tions: a systematic review and meta-analysis of individual participant data.
Lancet Respir Med (2017) 5(11):881-90. doi:10.1016/S2213-2600(17)30306-5
Kabbani TA, Koutroubakis IE, Schoen RE, Ramos-Rivers C, Shah N,
Swoger J, et al. Association of vitamin D level with clinical status in inflam-
matory bowel disease: a 5-year longitudinal study. Am ] Gastroenterol (2016)
111(5):712-9. doi:10.1038/ajg.2016.53

Meckel K, Li YC, Lim J, Kocherginsky M, Weber C, Almoghrabi A, et al.
Serum 25-hydroxyvitamin D concentration is inversely associated with
mucosal inflammation in patients with ulcerative colitis. Am ] Clin Nutr
(2016) 104(1):113-20. doi:10.3945/ajcn.115.123786

Shoenfeld Y, Giacomelli R, Azrielant S, Berardicurti O, Reynolds JA,
Bruce IN. Vitamin D and systemic lupus erythematosus - the hype and the
hope. Autoimmun Rev (2018) 17(1):19-23. doi:10.1016/j.autrev.2017.11.004
Eloi M, Horvath DV, Ortega JC, Prado MS, Andrade LE, Szejnfeld VL, et al.
25-hydroxivitamin D serum concentration, not free and bioavailable vitamin
D, isassociated with disease activity in systemic lupus erythematosus patients.
PLoS One (2017) 12(1):e0170323. doi:10.1371/journal.pone.0170323

. Hypponen E, Lddrd E, Reunanen A, Jarvelin MR, Virtanen SM. Intake of

vitamin D and risk of type 1 diabetes: a birth-cohort study. Lancet (2001)
358(9292):1500-3. doi:10.1016/50140-6736(01)06580-1

Cooper JD, Smyth DJ, Walker NM, Stevens H, Burren OS, Wallace C, et al.
Inherited variation in vitamin D genes is associated with predisposition
to autoimmune disease type 1 diabetes. Diabetes (2011) 60(5):1624-31.
doi:10.2337/db10-1656

Lopez ER, Zwermann O, Segni M, Meyer G, Reincke M, Seissler J, et al.
A promoter polymorphism of the CYP27B1 gene is associated with Addison’s
disease, Hashimoto’s thyroiditis, Graves” disease and type 1 diabetes mellitus
in Germans. Eur ] Endocrinol (2004) 151(2):193-7. doi:10.1530/eje.0.1510193
Pazderska A, Fichna M, Mitchell AL, Napier CM, Gan E, Ruchala M, et al.
Impact of month of birth on the risk of development of autoimmune Addison’s
disease. J Clin Endocrinol Metab (2016) 101(11):4214-8. doi:10.1210/
j€.2016-2392

Giovinazzo S, Vicchio TM, Certo R, Alibrandi A, Palmieri O,
Campenni A, et al. Vitamin D receptor gene polymorphisms/haplotypes
and serum 25(OH)D3 levels in Hashimoto’s thyroiditis. Endocrine (2017)
55(2):599-606. doi:10.1007/s12020-016-0942-5

Muscogiuri G, Tirabassi G, Bizzaro G, Orio E Paschou SA, Vryonidou A,
etal. Vitamin D and thyroid disease: to D or not to D? Eur J Clin Nutr (2015)
69(3):291-6. doi:10.1038/ejcn.2014.265

Frontiers in Endocrinology | www.frontiersin.org

18

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1371/journal.pone.0152711
https://doi.org/10.1080/19381980.2016.1187349
https://doi.org/10.1002/14651858.CD011511.pub2
https://doi.org/10.1097/HJH.0000000000001072
https://doi.org/10.1097/HJH.0000000000001072
https://doi.org/10.1111/jch.12825
https://doi.org/10.2174/0929867323666160405112019
https://doi.org/10.2174/187152013804487443
https://doi.org/10.1016/j.jsbmb.2016.11.020
https://doi.org/10.1161/CIRCULATIONAHA.114.010650
https://doi.org/10.1161/CIRCULATIONAHA.111.053405
https://doi.org/10.1159/000362492
https://doi.org/10.1155/2017/2803579
https://doi.org/10.1159/000334177
https://doi.org/10.1016/j.neurol.2015.11.005
https://doi.org/10.1371/journal.pone.0167929
https://doi.org/10.1126/science.6250216
https://doi.org/10.1136/bmj.j4761
https://doi.org/10.1136/bmj.j4761
https://doi.org/10.1016/j.annepidem.2009.03.021
https://doi.org/10.1016/j.annepidem.2009.03.021
https://doi.org/10.1007/s11154-017-9415-2
https://doi.org/10.1007/978-0-387-77574-6_3
https://doi.org/10.1016/j.amepre.2006.11.004
https://doi.org/10.1016/j.amepre.2006.11.004
https://doi.org/10.1016/j.ecl.2017.07.010
https://doi.org/10.1016/j.ajhg.2017.06.014
https://doi.org/10.1212/WNL.0000000000003849
https://doi.org/10.1212/NXG.0000000000000097
https://doi.org/10.1212/NXG.0000000000000097
https://doi.org/10.1371/journal.pone.0186657
https://doi.org/10.1016/S2213-2600(17)30306-5
https://doi.org/10.1038/ajg.2016.53
https://doi.org/10.3945/ajcn.115.123786
https://doi.org/10.1016/j.autrev.2017.11.004
https://doi.org/10.1371/journal.pone.0170323
https://doi.org/10.1016/S0140-6736(01)06580-1
https://doi.org/10.2337/db10-1656
https://doi.org/10.1530/eje.0.1510193
https://doi.org/10.1210/jc.2016-2392
https://doi.org/10.1210/jc.2016-2392
https://doi.org/10.1007/s12020-016-0942-5
https://doi.org/10.1038/ejcn.2014.265

Rusiriska et al.

Polish Recommendations for Vitamin D Supplementation

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Ahn HY, Chung Y], Cho BY. Serum 25-hydroxyvitamin D might be an
independent prognostic factor for Graves disease recurrence. Medicine
(Baltimore) (2017) 96(31):7700. doi:10.1097/MD.0000000000007700

Xu MY, Cao B, Yin J, Wang DE Chen KL, Lu QB. Vitamin D and Graves’
disease: a meta-analysis update. Nutrients (2015) 7(5):3813-27. doi:10.3390/
nu7053813

Bellastella G, Maiorino MI, Petrizzo M, De Bellis A, Capuano A, Esposito K,
et al. Vitamin D and autoimmunity: what happens in autoimmune poly-
endocrine syndromes? | Endocrinol Invest (2015) 38(6):629-33. doi:10.1007/
540618-014-0233-z

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF, Bergman P,
et al. Vitamin D supplementation to prevent acute respiratory tract infec-
tions: systematic review and meta-analysis of individual participant data.
BM]J (2017) 356:i6583. doi:10.1136/bm.i6583

Pilz S, Tomaschitz A, Mirz W, Drechsler C, Ritz E, Zittermann A, et al.
Vitamin D, cardiovascular disease and mortality. Clin Endocrinol (Oxf)
(2011) 75(5):575-84. doi:10.1111/j.1365-2265.2011.04147 x

Afzal S, Nordestgaard BG. Vitamin D, hypertension, and ischemic stroke in
116 655 individuals from the general population: a genetic study. Hypertension
(2017) 70:499-507. doi:10.1161/HYPERTENSIONAHA.117.09411

Juonala M, Voipio A, Pahkala K, Viikari JS, Mikkild V, Kdhonen M, et al.
Childhood 25-OH vitamin D levels and carotid intima-media thickness in
adulthood: the cardiovascular risk in young Finns study. ] Clin Endocrinol
Metab (2015) 100(4):1469-76. doi:10.1210/jc.2014-3944

Zittermann A, Ernst JB, Prokop S, Fuchs U, Dreier ], Kuhn J, et al. Effect
of vitamin D on all-cause mortality in heart failure (EVITA): a 3-year
randomized clinical trial with 4000 IU vitamin D daily. Eur Heart J (2017)
38(29):2279-86. doi:10.1093/eurheartj/ehx235

Wu F Juonala M, Pitkdnen N, Jula A, Lehtiméki T, Sabin MA, et al. Both
youth and long-term vitamin D status is associated with risk of type 2 diabe-
tes mellitus in adulthood: a cohort study. Ann Med (2017) 7:1-9. doi:10.1080/
07853890.2017.1399446

Piantanida E, Gallo D, Veronesi G, Dozio E, Trotti E, Lai A, et al
Cardiometabolic healthy and unhealthy obesity: does vitamin D play a role?
Endocr Connect (2017) 6(8):943-51. doi:10.1530/EC-17-0304

Mirhosseini N, Vatanparast H, Mazidi M, Kimball SM. The effect of improved
serum 25-hydroxyvitamin D status on glycemic control in diabetic patients: a
meta-analysis. ] Clin Endocrinol Metab (2017) 102(9):3097-110. doi:10.1210/
jc.2017-01024

Chu F Ohinmaa A, Klarenbach S, Wong ZW, Veugelers P. Serum
25-hydroxyvitamin D concentrations and indicators of mental health:
an analysis of the Canadian Health Measures Survey. Nutrients (2017)
9(10):E1116. doi:10.3390/nu9101116

Dogan Bulut S, Bulut S, Gérkem Atalan D, Berkol T, Giir¢ay E, Tiirker T,
et al. The relationship between symptom severity and low vitamin D levels in
patients with schizophrenia. PLoS One (2016) 11(10):e0165284. doi:10.1371/
journal.pone.0165284

Endres D, Dersch R, Stich O, Buchwald A, Perlov E, Feige B, et al.
Vitamin D deficiency in adult patients with schizophreniform and
Autism Spectrum Syndromes: a one-year cohort study at a German
tertiary care hospital. Front Psychiatry (2016) 7:168. doi:10.3389/
fpsyt.2016.00168

Feart C, Helmer C, Merle B, Herrmann FR, Annweiler C, Dartigues JF,
et al. Associations of lower vitamin D concentrations with cognitive
decline and long-term risk of dementia and Alzheimer’s disease in
older adults. Alzheimers Dement (2017) 13(11):1207-16. doi:10.1016/].
jalz.2017.03.003

Grant WB. Vitamin D and incident dementia and cognitive impairment. Am
J Clin Nutr (2017) 106(2):699-700. doi:10.3945/ajcn.117.158568

Sommer I, Griebler U, Kien C, Auer S, Klerings I, Hammer R, et al. Vitamin
D deficiency as a risk factor for dementia: a systematic review and meta-anal-
ysis. BMC Geriatr (2017) 17(1):16. doi:10.1186/s12877-016-0405-0

Mokry LE, Ross S, Morris JA, Manousaki D, Forgetta V, Richards JB.
Genetically decreased vitamin D and risk of Alzheimer disease. Neurology
(2016) 87(24):2567-74. doi:10.1212/WNL.0000000000003430

Wood JM, Gupta S. Vitamin D and neurocognitive disorder due to
Alzheimer’s disease: a review of the literature. Ann Clin Psychiatry (2015)
27(2):el-7.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Annweiler C. Vitamin D-mentia: is vitamin D optional or essential for pre-
venting late-life cognitive decline? ] Am Geriatr Soc (2017) 65(10):2155-7.
doi:10.1111/jgs.15056

Garland CF, Kim JJ, Mohr SB, Gorham ED, Grant WB, Giovannucci EL, et al.
Meta-analysis of all-cause mortality according to serum 25-hydroxyvitamin
D. Am J Public Health (2014) 104(8):e43-50. doi:10.2105/AJPH.2014.302034
Sun YQ, Langhammer A, Skorpen F, Chen Y, Mai XM. Serum 25-hydroxyvi-
tamin D level, chronic diseases and all-cause mortality in a population-based
prospective cohort: the HUNT Study. Norway BMJ Open (2017) 7(6):e017256.
doi:10.1136/bmjopen-2017-017256

Gaksch M, Jorde R, Grimnes G, Joakimsen R, Schirmer H, Wilsgaard T,
et al. Vitamin D and mortality: individual participant data meta-analysis of
standardized 25-hydroxyvitamin D in 26916 individuals from a European
consortium. PLoS One (2017) 12(2):0170791. doi:10.1371/journal.
pone.0170791

Quraishi SA, Bittner EA, Blum L, McCarthy CM, Bhan I, Camargo CA Jr.
Prospective study of vitamin D status at initiation of care in critically ill sur-
gical patients and risk of 90-day mortality. Crit Care Med (2014) 42:1365-71.
doi:10.1097/CCM.0000000000000210

McNally JD, Nama N, O’Hearn K, Sampson M, Amrein K, Iliriani K, et al.
Vitamin D deficiency in critically ill children: a systematic review and
meta-analysis. Crit Care (2017) 21(1):287. doi:10.1186/s13054-017-1875-y
Zapatero A, Dot I, Diaz Y, Gracia MP, Pérez-Teran P, Climent C, et al. Severe
vitamin D deficiency upon admission in critically ill patients is related to
acute kidney injury and a poor prognosis. Med Intensiva (2018) 42(4):216-24.
doi:10.1016/j.medin.2017.07.004

Helde-Frankling M, Hoijer J, Bergqvist J, Bjérkhem-Bergman L. Vitamin D
supplementation to palliative cancer patients shows positive effects on pain
and infections-results from a matched case-control study. PLoS One (2017)
12(8):€0184208. doi:10.1371/journal.pone.0184208

Bolerazska B, Rabajdova M, Spakova I, Marekova M. Current knowledge on
the active form of vitamin D synthesized in the skin and its effects on malig-
nant melanoma. Neoplasma (2017) 64(1):1-12. doi:10.4149/neo_2017_101
Grant WB, Boucher BJ. Randomized controlled trials of vitamin D and cancer
incidence: a modeling study. PLoS One (2017) 12(5):e0176448. doi:10.1371/
journal.pone.0176448

Grant WB, Boucher BJ, Bhattoa HP, Lahore H. Why vitamin D clinical trials
should be based on 25-hydroxyvitamin D concentrations. ] Steroid Biochem
Mol Biol (2018) 177:266-9. d0i:10.1016/j.jsbmb.2017.08.009

Autier P, Boniol M, Pizot C, Mullie P. Vitamin D status and ill health: a sys-
tematic review. Lancet Diabetes Endocrinol (2014) 2(1):76-89. doi:10.1016/
$2213-8587(13)70165-7

Autier P, Mullie P, Macacu A, Dragomir M, Boniol M, Coppens K, et al. Effect
of vitamin D supplementation on non-skeletal disorders: a systematic review
of meta-analyses and randomised trials. Lancet Diabetes Endocrinol (2017)
5(12):986-1004. doi:10.1016/S2213-8587(17)30357-1
Czech-KowalskaJ,DobrzanskaA,Pleskaczynska A,MalinowskaE, Gruszfeld D,
Karczmarewicz E, et al. Vitamin D status in premature infants at term. Bone
(2009) 45(Suppl 2):5107. doi:10.1016/j.bone.2009.04.181

Lukaszkiewicz J, Proszynska K, Lorenc RS, Ludwiczak H. Hepatic microso-
mal enzyme induction: treatment of vitamin D poisoning in a 7 month old
baby. Br Med ] (Clin Res Ed) (1987) 295(6607):1173. doi:10.1136/bmj.295.
6607.1173

Lameris AL, Geesing CL, Hoenderop JG, Schreuder ME. Importance of
dietary calcium and vitamin D in the treatment of hypercalcaemia in
Williams-Beuren syndrome. ] Pediatr Endocrinol Metab (2014) 27(7-8):757—
61. doi:10.1515/jpem-2013-0229

Bosch X. Hypercalcemia due to endogenous overproduction of active vita-
min D in identical twins with cat-scratch disease. JAMA (1998) 279(7):532-4.
doi:10.1001/jama.279.7.532

Dinour D, Davidovits M, Aviner S, Ganon L, Michael L, Modan-Moses D,
et al. Maternal and infantile hypercalcemia caused by vitamin-D-hydroxy-
lase mutations and vitamin D intake. Pediatr Nephrol (2015) 30(1):145-52.
doi:10.1007/s00467-014-2889-1

Tebben PJ, Milliner DS, Horst RL, Harris PC, Singh R, Wu Y, et al. Hypercalcemia,
hypercalciuria, and elevated calcitriol concentrations with autosomal dominant
transmission due to CYP24A1 mutations: effects of ketoconazole therapy. J Clin
Endocrinol Metab (2012) 97(3):E423-7. doi:10.1210/jc.2011-1935

Frontiers in Endocrinology | www.frontiersin.org

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1097/MD.0000000000007700
https://doi.org/10.3390/nu7053813
https://doi.org/10.3390/nu7053813
https://doi.org/10.1007/s40618-014-0233-z
https://doi.org/10.1007/s40618-014-0233-z
https://doi.org/10.1136/bmj.i6583
https://doi.org/10.1111/j.1365-2265.2011.04147.x
https://doi.org/10.1161/HYPERTENSIONAHA.117.09411
https://doi.org/10.1210/jc.2014-3944
https://doi.org/10.1093/eurheartj/ehx235
https://doi.org/10.1080/
07853890.2017.1399446
https://doi.org/10.1080/
07853890.2017.1399446
https://doi.org/10.1530/EC-17-0304
https://doi.org/10.1210/jc.2017-01024
https://doi.org/10.1210/jc.2017-01024
https://doi.org/10.3390/nu9101116
https://doi.org/10.1371/journal.pone.0165284
https://doi.org/10.1371/journal.pone.0165284
https://doi.org/10.3389/fpsyt.2016.00168
https://doi.org/10.3389/fpsyt.2016.00168
https://doi.org/10.1016/j.jalz.2017.03.003
https://doi.org/10.1016/j.jalz.2017.03.003
https://doi.org/10.3945/ajcn.117.158568
https://doi.org/10.1186/s12877-016-0405-0
https://doi.org/10.1212/WNL.0000000000003430
https://doi.org/10.1111/jgs.15056
https://doi.org/10.2105/AJPH.2014.302034
https://doi.org/10.1136/bmjopen-2017-017256
https://doi.org/10.1371/journal.pone.0170791
https://doi.org/10.1371/journal.pone.0170791
https://doi.org/10.1097/CCM.0000000000000210
https://doi.org/10.1186/s13054-017-1875-y
https://doi.org/10.1016/j.medin.2017.07.004
https://doi.org/10.1371/journal.pone.0184208
https://doi.org/10.4149/neo_2017_101
https://doi.org/10.1371/journal.pone.0176448
https://doi.org/10.1371/journal.pone.0176448
https://doi.org/10.1016/j.jsbmb.2017.08.009
https://doi.org/10.1016/S2213-8587(13)70165-7
https://doi.org/10.1016/S2213-8587(13)70165-7
https://doi.org/10.1016/S2213-8587(17)30357-1
https://doi.org/10.1016/j.bone.2009.04.181
https://doi.org/10.1136/bmj.295.6607.1173
https://doi.org/10.1136/bmj.295.6607.1173
https://doi.org/10.1515/jpem-2013-0229
https://doi.org/10.1001/jama.279.7.532
https://doi.org/10.1007/s00467-014-2889-1
https://doi.org/10.1210/jc.2011-1935

Rusiriska et al.

Polish Recommendations for Vitamin D Supplementation

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

Schlingmann KP, Ruminska J, Kaufmann M, Dursun I, Patti M, Kranz B, et al.
Autosomal-recessive mutations in SLC34Al encoding sodium-phosphate
cotransporter 2A cause idiopathic infantile hypercalcemia. ] Am Soc Nephrol
(2016) 27(2):604-14. doi:10.1681/ASN.2014101025

Pludowski P, Holick ME, Grant WB, Konstantynowicz J, Mascarenhas MR,
Haq A, et al. Vitamin D supplementation guidelines. J Steroid Biochem Mol
Biol (2018) 175:125-35. d0i:10.1016/j.jsbmb.2017.01.021

Ross AC, Manson JE, Abrams SA, Aloia JE, Brannon PM, Clinton SK, et al.
The 2011 report on dietary reference intakes for calcium and vitamin D from
the Institute of Medicine: what clinicians need to know. J Clin Endocrinol
Metab (2011) 96(1):53-8. doi:10.1210/jc.2010-2704

Holick ME, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA,
Heaney RP, et al. Evaluation, treatment, and prevention of vitamin D defi-
ciency: an Endocrine Society clinical practice guideline. J Clin Endocrinol
Metab (2011) 96(7):1911-30. doi:10.1210/jc.2011-0385

European Food Safety Authority (EFSA). Dietary reference values for
vitamin D, EFSA panel on dietetic products, nutrition and allergies (NDA).
EFSA ] (2016) 14:145.

Robien K, Oppeneer SJ, Kelly JA, Hamilton-Reeves JM. Drug-vitamin D
interactions: a systematic review of the literature. Nutr Clin Pract (2013)
28(2):194-208. doi:10.1177/0884533612467824

Arora E, Singh H, Gupta YK. Impact of antiepileptic drugs on bone health:
need for monitoring, treatment, and prevention strategies. ] Family Med Prim
Care (2016) 5(2):248-53. doi:10.4103/2249-4863.192338

Fan HC, Lee HS, Chang KP, Lee YY, Lai HC, Hung PL, et al. The impact of
anti-epileptic drugs on growth and bone metabolism. Int ] Mol Sci (2016)
17(8):E1242. d0i:10.3390/ijms17081242

Radlovi¢ N, Lekovi¢ Z, Risti¢ D, Radlovi¢ V, Djuri¢i¢ G, Dimitrijevi¢ A, et al.
Case report of acute vitamin D intoxication in an infant. Srp Arh Celok Lek
(2014) 142(11-12):736-9. doi:10.2298/SARH1412736R

Nordic Council of Ministers. Nordic Nutrition Recommendation
2012. Integrating Nutrition and Physical Activity. 5th ed. Norden,
Copenhagen, Denmark (2012). Available from: https://www.norden.
org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-
recommendations-2012 (Accessed: January 15, 2018).

Norman AW. From vitamin D to hormone D: fundamentals of the vitamin
D endocrine system essential for good health. Am ] Clin Nutr (2008)
88(2):491S-9S. doi:10.1093/ajcn/88.2.491S

Hollis BW, Wagner CL, Drezner MK, Binkley NC. Circulating vitamin
D3 and 25-hydroxyvitamin D in humans: an important tool to define
adequate nutritional vitamin D status. ] Steroid Biochem Mol Biol (2007)
103(3-5):631-4. doi:10.1016/j.jsbmb.2006.12.066

Priemel M, von Domarus C, Klatte TO, Kessler S, Schlie J, Meier S, et al.
Bone mineralization defects and vitamin D deficiency: histomorphometric
analysis of iliac crest bone biopsies and circulating 25-hydroxyvitamin
D in 675 patients. ] Bone Miner Res (2010) 25(2):305-12. doi:10.1359/
jbmr.090728

Hollis BW, Wagner CL. New insights into the vitamin D requirements during
pregnancy. Bone Res (2017) 5:17030. doi:10.1038/boneres.2017.30

Hollis BW, Wagner CL. Vitamin D supplementation during pregnancy:
improvements in birth outcomes and complications through direct
genomic alteration. Mol Cell Endocrinol (2017) 453:113-30. doi:10.1016/j.
mce.2017.01.039

Wagner CL, Hollis BW, Kotsa K, Fakhoury H, Karras SN. Vitamin D
administration during pregnancy as prevention for pregnancy, neonatal
and postnatal complications. Rev Endocr Metab Disord (2017) 18(3):307-22.
doi:10.1007/s11154-017-9414-3

Bouillon R. Comparative analysis of nutritional guidelines for vitamin D. Nat
Rev Endocrinol (2017) 13(8):466-79. doi:10.1038/nrend0.2017.31

Spedding S, Vanlint S, Morris H, Scragg R. Does vitamin D sufficiency equate
to a single serum 25-hydroxyvitamin D level or are different levels required
for non-skeletal diseases? Nutrients (2013) 5(12):5127-39. doi:10.3390/
nu5125127

Smith TJ, Tripkovic L, Damsgaard CT, Melgaard C, Ritz C, Wilson-Barnes SL,
et al. Estimation of the dietary requirement for vitamin D in adolescents
aged 14-18 y: a dose-response, double-blind, randomized placebo-
controlled trial. Am ] Clin Nutr (2016) 104(5):1301-9. doi:10.3945/
ajcn.116.138065

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Rajakumar K, Moore CG, Yabes J, Olabopo F, Haralam MA, Comer D, et al.
Estimations of dietary vitamin D requirements in black and white children.
Pediatr Res (2016) 80(1):14-20. doi:10.1038/pr.2016.46

Sacheck JM, Van Rompay MI, Chomitz VR, Economos CD, Eliasziw M,
Goodman E, et al. Impact of three doses of vitamin D3 on serum 25(OH)
D deficiency and insufficiency in at-risk schoolchildren. J Clin Endocrinol
Metab (2017) 102(12):4496-505. doi:10.1210/jc.2017-01179
Bischoff-Ferrari HA, Dawson-Hughes B, Staehelin HB, Orav JE, Stuck AE,
Theiler R, et al. Fall prevention with supplemental and active forms of vitamin
D: a meta-analysis of randomised controlled trials. BMJ (2009) 339:b3692.
doi:10.1136/bm;j.b3692

Bischoff-Ferrari HA, Willett WC, Orav EJ, Lips P, Meunier PJ, Lyons RA, et al.
A pooled analysis of vitamin D dose requirements for fracture prevention. N
Engl ] Med (2012) 367(1):40-9. doi:10.1056/NEJMoal109617

American Geriatrics Society Workgroup on Vitamin D Supplementation for
Older Adults. Recommendations abstracted from the American Geriatrics
Society Consensus Statement on vitamin D for prevention of falls and
their consequences. ] Am Geriatr Soc (2014) 62(1):147-52. doi:10.1111/jgs.
12631

Mathur NB, Saini A, Mishra TK. Assessment of adequacy of supplementa-
tion of vitamin D in very low birth weight preterm neonates: a randomized
controlled trial. ] Trop Pediatr (2016) 62(6):429-35. doi:10.1093/tropej/
fmv110

Fort P, Salas AA, Nicola T, Craig CM, Carlo WA, Ambalavanan N. A
comparison of 3 vitamin D dosing regimens in extremely preterm infants:
a randomized controlled trial. ] Pediatr (2016) 174:132-8.el. doi:10.1016/j.
jpeds.2016.03.028

Bozkurt O, Uras N, Sari FN, Atay FY, Sahin S, Alkan AD, et al. Multi-dose
vitamin d supplementation in stable very preterm infants: prospective
randomized trial response to three different vitamin D supplementation
doses. Early Hum Dev (2017) 112:54-9. doi:10.1016/j.earlhumdev.2017.
07.016

Cho SY, Park HK, Lee HJ. Efficacy and safety of early supplementation
with 800 IU of vitamin D in very preterm infants followed by underlying
levels of vitamin D at birth. Ital ] Pediatr (2017) 43(1):45. doi:10.1186/
s13052-017-0361-0

Czech-Kowalska J. Vitamin D in preterm infants. In: Watson RR,
Mahadevan D, editors. Handbook of Nutrition and Diet in Therapy of
Bone Diseases. Human Health Handbooks. The Netherlands: Wageningen
Academic Publishers (2016). p. 233-46.

Monangi N, Slaughter JL, Dawodu A, Smith C, Akinbi HT. Vitamin D status
of early preterm infants and the effects of vitamin D intake during hospital
stay. Arch Dis Child Fetal Neonatal Ed (2014) 99(2):F166-8. doi:10.1136/
archdischild-2013-303999

Abrams SA; Committee on Nutrition. Calcium and vitamin d require-
ments of enterally fed preterm infants. Pediatrics (2013) 131(5):e1676-83.
doi:10.1542/peds.2013-0420

Czech-Kowalska ], Gruszfeld D, Jaworski M, Bulsiewicz D, Latka-
Grot J, Pleskaczynska A, et al. Determinants of postpartum vitamin
D status in the Caucasian mother-offspring pairs at a latitude of
52°N: a cross-sectional study. Ann Nutr Metab (2015) 67(1):33-41.
doi:10.1159/000437099

Bodnar LM, Catov JM, Simhan HN, Holick ME, Powers RW, Roberts JM.
Maternal vitamin D deficiency increases the risk of preeclampsia. J Clin
Endocrinol Metab (2007) 92(9):3517-22. d0i:10.1210/jc.2007-0718

De-Regil LM, Palacios C, Lombardo LK, Pefia-Rosas JP. Vitamin D supple-
mentation for women during pregnancy. Cochrane Database Syst Rev (2016)
1:CD008873. doi:10.1002/14651858.CD008873.pub3

Misiorowski W, Misiorowska J, Debski R, Gluszko P, Tlustochowicz W,
Zgliczynski W. Stanowisko zespotu ekspertow w sprawie stosowania wysokich
dawek witaminy D w zapobieganiu i leczeniu jej niedoboru. Medycyna Po
Dyplomie. (Vol. 9). (2017). Available from: https://podyplomie.pl/medy-
cyna/28499,stanowisko-zespolu-ekspertow-w-sprawie-stosowania-wyso-
kich-dawek-witaminy-d-w-zapobieganiu-i (Accessed: January 20, 2018).
Bischoff-Ferrari HA, Dawson-Hughes B, Orav EJ, Staehelin HB, Meyer OW,
Theiler R, et al. Monthly high-dose vitamin D treatment for the prevention
of functional decline: a randomized clinical trial. JAMA Intern Med (2016)
176(2):175-83. doi:10.1001/jamainternmed.2015.7148

Frontiers in Endocrinology | www.frontiersin.org

20

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1681/ASN.2014101025
https://doi.org/10.1016/j.jsbmb.2017.01.021
https://doi.org/10.1210/jc.2010-2704
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.1177/0884533612467824
https://doi.org/10.4103/2249-4863.192338
https://doi.org/10.3390/ijms17081242
https://doi.org/10.2298/SARH1412736R
https://www.norden.org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://www.norden.org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://www.norden.org/en/theme/nordic-nutrition-recommendation/nordic-nutrition-recommendations-2012
https://doi.org/10.1093/ajcn/88.2.491S
https://doi.org/10.1016/j.jsbmb.2006.12.066
https://doi.org/10.1359/jbmr.090728
https://doi.org/10.1359/jbmr.090728
https://doi.org/10.1038/boneres.2017.30
https://doi.org/10.1016/j.mce.2017.01.039
https://doi.org/10.1016/j.mce.2017.01.039
https://doi.org/10.1007/s11154-017-9414-3
https://doi.org/10.1038/nrendo.2017.31
https://doi.org/10.3390/nu5125127
https://doi.org/10.3390/nu5125127
https://doi.org/10.3945/ajcn.116.138065
https://doi.org/10.3945/ajcn.116.138065
https://doi.org/10.1038/pr.2016.46
https://doi.org/10.1210/jc.2017-01179
https://doi.org/10.1136/bmj.b3692
https://doi.org/10.1056/NEJMoa1109617
https://doi.org/10.1111/jgs.12631
https://doi.org/10.1111/jgs.12631
https://doi.org/10.1093/tropej/fmv110
https://doi.org/10.1093/tropej/fmv110
https://doi.org/10.1016/j.jpeds.2016.03.028
https://doi.org/10.1016/j.jpeds.2016.03.028
https://doi.org/10.1016/j.earlhumdev.2017.07.016
https://doi.org/10.1016/j.earlhumdev.2017.07.016
https://doi.org/10.1186/s13052-017-0361-0
https://doi.org/10.1186/s13052-017-0361-0
https://doi.org/10.1136/archdischild-2013-303999
https://doi.org/10.1136/archdischild-2013-303999
https://doi.org/10.1542/peds.2013-0420
https://doi.org/10.1159/000437099
https://doi.org/10.1210/jc.2007-0718
https://doi.org/10.1002/14651858.CD008873.pub3
https://podyplomie.pl/medycyna/28499,stanowisko-zespolu-ekspertow-w-sprawie-stosowania-wysokich-dawek-witaminy-d-w-zapobieganiu-i
https://podyplomie.pl/medycyna/28499,stanowisko-zespolu-ekspertow-w-sprawie-stosowania-wysokich-dawek-witaminy-d-w-zapobieganiu-i
https://podyplomie.pl/medycyna/28499,stanowisko-zespolu-ekspertow-w-sprawie-stosowania-wysokich-dawek-witaminy-d-w-zapobieganiu-i
https://doi.org/10.1001/jamainternmed.2015.7148

Rusiriska et al.

Polish Recommendations for Vitamin D Supplementation

169.

170.

171.

172.

Pereira-Santos M, Costa PR, Assis AM, Santos CA, Santos DB. Obesity and
vitamin D deficiency: a systematic review and meta-analysis. Obes Rev (2015)
16(4):341-9. doi:10.1111/0br.12239

Zittermann A, Ernst JB, Gummert JF, Borgermann J. Vitamin D sup-
plementation, body weight and human serum 25-hydroxyvitamin D
response: a systematic review. Eur ] Nutr (2014) 53(2):367-74. doi:10.1007/
500394-013-0634-3

Ekwaru JP, Zwicker JD, Holick MF, Giovannucci E, Veugelers PJ. The
importance of body weight for the dose response relationship of oral
vitamin D supplementation and serum 25-hydroxyvitamin D in healthy
volunteers. PLoS One (2014) 9(11):e111265. doi:10.1371/journal.
pone.0111265

Drincic A, Fuller E, Heaney RP, Armas LA. 25-Hydroxyvitamin D
response to graded vitamin D(3) supplementation among obese
adults. ] Clin Endocrinol Metab (2013) 98(12):4845-51. doi:10.1210/
jc.2012-4103

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

The handling Editor is currently co-organizing a Research Topic with the authors
PP and JKo and confirms the absence of any other collaboration.

Copyright © 2018 Rusitiska, Ptudowski, Walczak, Borszewska-Kornacka, Bossowski,
Chlebna-Sokét, Czech-Kowalska, Dobrzariska, Franek, Helwich, Jackowska, Kalina,
Konstantynowicz, Ksiazyk, Lewiriski, Lukaszkiewicz, Marcinowska-Suchowierska,
Mazur, Michatus, Peregud-Pogorzelski, Romanowska, Ruchata, Socha, Szalecki,
Wielgos, Zwoliriska and Zygmunt. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and the
copyright owner are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction
is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

21

May 2018 | Volume 9 | Article 246


https://www.frontiersin.org/Endocrinology/
https://www.frontiersin.org
https://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1111/obr.12239
https://doi.org/10.1007/s00394-013-0634-3
https://doi.org/10.1007/s00394-013-0634-3
https://doi.org/10.1371/journal.pone.0111265
https://doi.org/10.1371/journal.pone.0111265
https://doi.org/10.1210/jc.2012-4103
https://doi.org/10.1210/jc.2012-4103
https://creativecommons.org/licenses/by/4.0/

	Vitamin D Supplementation Guidelines for General Population and Groups at Risk of Vitamin D Deficiency in Poland—Recommendations of the Polish Society of Pediatric Endocrinology and Diabetes and the Expert Panel With Participation of National Specialist Consultants and Representatives of Scientific Societies—2018 Update
	Introduction
	Methods
	Recommendations—2018 Update
	General Recommendations
	Recommendations for Vitamin D Supplementation in the General Population
	Neonates Born at Term and Infants
	Children (1–10 Years)
	Adolescents (11–18 Years)
	Adults (19–65 Years)
	Seniors (>65–75 Years) and People With a Dark Complexion
	Eldest Seniors (>75 Years)
	Pregnant and Lactating Women
	Preterm Neonates
	Neonates Born at ≤32 Weeks of Gestation
	Neonates Born at 33–36 Weeks of Gestation


	Supplementation in Groups at Risk 
of Vitamin D Deficiency
	Supplementation in Groups at Risk 
of Vitamin D Hypersensitivity
	Principles of Supplementation and Treatment With Vitamin D Based on 25(OH)D Concentrations
	Toxic Concentration >100 ng/ml (1⊕⊕⊕)
	High Concentrations >50–100 ng/ml (1⊕⊕⊕)
	Concentrations >75–100 ng/ml (2⊕⊕)
	Concentrations >50–75 ng/ml (2⊕⊕)

	Optimal Concentration >30–50 ng/ml (1⊕⊕⊕)
	Suboptimal Concentration >20–30 ng/ml (1⊕⊕⊕)
	Deficiency >10–20 ng/ml (1⊕⊕⊕)
	Severe Deficiency 0–10 ng/ml (1⊕⊕⊕)

	Principles of Calcium Intake During Supplementation and Treatment With Vitamin D

	Evidence base for Updated Polish Recommendations
	Sources of Vitamin D
	Skin Synthesis of Vitamin D
	Diet
	Pharmacological Preparations of Vitamin D

	Vitamin D Metabolism
	Calcemic Effects of Vitamin D
	Pleiotropic Action of Vitamin D
	Vitamin D Safety
	Terminology

	Review of Recommendations
	Discussion
	Summary
	Author Contributions
	References


