Machine Translated by Google

REPUBLIKA SLOVENIJA N I Z b i
MINISTRSTVO ZA ZDRAVJE

GUIDELINES
FOR SUFFICIENT SUPPLY

WITH VITAMIN D

Ljubljana, 2025



Machine Translated by Google

GUIDELINES FOR SUFFICIENT SUPPLY
WITH VITAMIN D

Editors: Marija Pfeifer, Natasa Simac
Reviewer: Andrej Zavratnik

Language review: Mihaela Térnar
Designed by: Kati Rupnik

Publisher: National Institute of Public Health
Ljubljana, 2025

Electronic edition

Website: www.nijzsi
Document protection © 2025 NIJZ

Cataloguing publication record (CIP) prepared at the National and University Library in Ljubljana

COBISS.SI-ID 256531459

ISBN 978-961-7211-85-6 (PDF)

All rights reserved. Reproduction in part or in whole in any way and in any medium is not permitted without the written permission of the
authors. Violations are sanctioned in accordance with copyright and criminal law.


http://www.nijz.si/

Machine Translated by Google

LIST OF AUTHORS

Members of the Expert Working Group for the Preparation of the Guidelines
Prof. Dr. Marija Pfeifer, Dr. med., spec. int. med., endocrinologist
Ana Banoviy Kosyak, M.A., spec. clinical pharmacy
Prof. Dr. Tadej Battelino, Dr. med., spec. ped., endocrinologist, spec. clinical pharmacology
prim. mag. Ana Benediyiy, dr. med., spec. dermatovenerologist
Assoc. Prof. Dr. Evgen Benedik, Univ. Dipl. Eng. Life Technology, Clinical Dietitian
Assoc. Prof. Dr. UrSka Blaznik, Univ. Dipl.
Chem. Mag. Tanja Cegnar, Univ. Dipl. Meteor.
Assoc. Prof. Dr. Andraz Dovnik, MD, spec. gynecologist and pt.
Assoc. Prof. Dr. Matej Gregoriy, B.Sc. in Engineering
doc. dr. Alenka Horvat Ledinek, dr. med., spec. neuro. prof. dr. Alojz
lhan, dr. med., spec. clin. microbiol. scient. sod. dr. BlaZ Krhin,
univ. dipl. chem., spec. med. biochem.
Assoc. Prof. Dr. Andreja Kukec, B.A. in Health Engineering
Nika Lisjak Rijavec, M.A. in Farm.
Assoc. Prof. Dr. Barbara Periy, MD, PhD, Special Prof. Prof.
Dr. Borut PoljSak, B.A. in Chemical Engineering
Prof. Dr. Igor Pravst, B.A. in Chemical Engineering
prof. prim. dr. Danica Rotar Pavliy, dr. med., spec. soci. med. assoc. prof. dr.
Aneta Soltirovska Salamon, dr. med., spec. ped. and spec. neonat.
asst. Darko Siuka, MD, spec. gastroenterologist
Natasa Simac, MD, public health specialist
Assoc. Prof. Dr. Darja Smigoc Schweiger, MD, spec. ped., endocrinologist
Prof. Dr. NataSa Tul Mandiy, MD, spec. gynecologist and pt.
Borut Zgavec, MD, PhD, specialist in dermatovenerology

Prof. Dr. Katja Zmitek, B.A. in chemistry

External experts
Dr. MaSa Hribar, M.Sc. Eng.
Karmen Jan$a, MD, spec. int. med.
Assoc. Prof. Dr. Ziva Lavri$a, univ. dipl. eng. biotechnol.

Dr. Mircha Poldrugovac, MD, public health specialist



Machine Translated by Google
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EXPLANATION OF ABBREVIATIONS, ABBREVIATIONS AND TERMS

« ARSO ... Agency of the Republic of Slovenia for the Environment
*AD . Alzheimer's dementia
* BMC ... angl. whole-body bone mineral content
e covid-19 ... coronavirus disease 2019
(angl. coronavirus disease 2019; COVID-19)

« CD ... labeling of cell surface molecules with monoclonal antibodies ( cluster of differentiation)

* COBISS ... Co-operative Online Bibliographic System & Services

+ DA-CH ... Prehransko zdruzenje Nemyije, Avstrije in Svice (nem.
Deutsche Gesellschaft fir Ernahrung (DGE), Osterreichische Gesellschaft fiir Erndhrung (OGE), Schweizerische
Gesellschaft fur Erndhrung (SGE), Referenzwerte fur die nahrzufuhr, Bonn 2017)
* DSO ... nursing home
* DXA ... dual energy X-ray absorptiometry
* 7DHH .. 7 dehidroholesterol
* ECTS ... European Society for Calcified Tissues
(angl. European Calcified Tissue Society)
« EDSS ... Expanded Disability Status Scale
(angl. Expanded Disability Status Scale)
« EFSA ... European Food Safety Authority

« ES ... Endocrine Society

* FFQ ... angl. Food Frequency Questionnaires
* FR ... physiological saline
* GCR ... glucocorticoid receptor
* GK ... glucocorticoids
* GLUT4 ... glucose transporter 4

(angl. glucose transporter type 4)
* GRADE ... angl. Grading of Recommendations, Assessment, Development and Evaluations
* HbAlc ... glycated hemoglobin

... human immunodeficiency virus « HIV

(angl. human immunodeficiency virus)
* HOMA-IR ... insulin resistance index

(angl. homeostatic model assesment of insulin resistance)

« ICNIRP ... International Commission on Non - lonizing Radiation Protection

° |E ... international units

* IFN-y ... interferon y

(angl. interferon gamma)
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* IHH ... idiopathic infantile hypercalcemia
*IL ... interleukin (1, 2, 3 ...)
* IOM ... Institute of Medicine in the USA

( Institute of Medicine (US); now National Academy of Medicine; NAM)

IR ... infrared
* BMI ... body mass index
(angl. Body Mass Index; BMI)
*IVD ... vitamin D intoxication
* JAZMP ... Public Agency of the Republic of Slovenia for Medicinal Products and Medical Devices

* IBD ... chronic inflammatory bowel disease

» LC ... liquid chromatography

* MAP kinase ... mitogen-activated protein kinase

* MHC ... major histocompatibility complex; PHK (engl. major
histocompatibility complex)

* BMD ... bone mineral density

* MR ... magnetic resonance imaging

* MS ... multiple sclerosis

* y-MSH ... y-Melanocyte - stimulating hormone

* NaPi-llA ... renal sodium phosphate cotransporter 1A
... natural killer cell + NK
(angl. natural killer cell)
... nuclear factor kappa B * NF-yB

*NR ... nuclear receptors

* LC-MS/MS ... liquid chromatography with tandem mass spectrometry
- PB ... Parkinson's disease
*PD- . food diary
PPAR-delta ... peroxisome proliferator — PPAR-delta
(angl. peroxisome proliferator-activated receptor-delta)
* pQCT ... peripheral quantitative computed tomography
(angl. Peripheral Quantitative Computed Tomography)
*PTH... . parathormon
PTH-relatBdH-ju sorodni peptid « PTHrP (angl.
peptide)
* RCT ... Randomized Controlled Trial

* RSV ... respiratory syncytial virus
* SARS-CoV-2 ... hud akutni respiratorni sindrom — koronavirus 2 (angl. Severe

Acute Respiratory Syndrome Coronavirus 2)
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* T1D ... type 1 diabetes
* T2DM ... type 2 diabetes
* SACN ... angl. Scientific Advisory Committee on Nutrition UK

* SGA ... Small For Gestational Age ( Infant)

» SPF ... sun protection factor

(angl. Sun Protection Factor; SPF)
*Th..T helper cells; TH (engl. T helper

cells)
* TLRs ... angl. Toll-like receptors

* TNFY ... tumor necrosis factor alpha

* TP ... weighing protocol

 vitamin D2 ... ergocalciferol « vitamin

D3 ... cholecalciferol « 25(OH)D ... 25-

hydroxycholecalciferol or 25-hydroxyvitamin D or calcifediol (calcidiol)
ali 25(0OH) vitamin D

»1,25(0H)2D ... 1,25-dihydroxycholecalciferol ali 1,25-dihydroxyvitamin D ali kalcitriol ali hormon D ali
1,25(0OH)2 vitamin D

* UNEP ... United Nations Environment Programme
(angl. United Nations Environment Programme)

= UV radiation ... ultraviolet radiation

D binding ... vitamin D binding protein « VDBP ( vitamin
protein)

* VDR ... vitamin D receptor
( vitamin D receptor)

* VDSP ... The Vitamin D Standardization Programme

* WHO ... World Health Organization
(angl. World Health Organization)

* WMO ... World Meteorological Organization

*WoS ... angl. Web of Science
» ZES ... Association of Endocrinologists of Slovenia

« ZZZS ... Health Insurance Institute of Slovenia

Medicinal product = any substance or combination of substances presented as having properties for treating or preventing
disease in humans or animals. A medicinal product is also any substance or combination of substances which can be used
in humans or animals or is administered to humans or animals with the aim of restoring, improving or modifying physiological
functions by means of a pharmacological, immunological or metabolic action or of making a diagnosis of a disease. Medicinal
Products Act, Official Gazette of the Republic of Slovenia, No. 17/14 and 66/19.



Machine Translated by Google

Nutrient = proteins, carbohydrates, fats, dietary fibre, vitamins and minerals and other substances of any of these categories
which are their constituent parts. Regulation (EU) No 1169/2011 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 25 October 2011 on the provision of food information to consumers.

Recommended Daily Intake (RDI) = intake of a nutrient that is likely to meet the daily needs of almost all persons (97.5%)
in a group of healthy individuals. Reference Values for Energy and Nutrient Intake, NI1JZ, 2020
https://www.nijz.si/sl/referencne-vrednosti-za-energijski-vnos-ter-vnos-hranil.

Recommended Dietary Allowance (RDA) — used in the USA and Canada and shows the average intake of a nutrient that
meets the needs of almost all ( 97-98 %) healthy individuals. National Institutes of Health, Office of Dietary Supplements,
Nutrient Recommendations and Databases, https://ods.od.nih.gov/Healthinformation/nutrientrecommendations.aspx.

Tolerable upper intake level (UL) = English: tolerable upper intake level — the maximum level of total chronic daily intake
of a nutrient (from all sources) that is not expected to pose a risk of adverse effects on human health. Guidance for
establishing and applying tolerable upper intake levels for vitamins and essential minerals.

EFSA Journal 2022; 20(1):e200102, 27 pp. https://doi.org/10.2903/j.efsa.2022.e200102.

Food supplement = a foodstuff intended to supplement the normal diet. Food supplements are concentrated sources of
individual or combined nutrients or other substances with a nutritional or physiological effect, placed on the market in the
form of capsules, lozenges, tablets and other similar forms, in sachets of powder, in ampoules of liquid, in dropper bottles
and other similar forms of liquid and powder, designed so that they can be consumed in measured small quantities.
Regulations on food supplements, Official Gazette of the Republic of Slovenia, No. 66/13.

Fortified food = food to which various substances have been added in order to enrich its nutritional and biological value.
Vitamins, minerals and their salts and other nutrients may be added to foods during production in prescribed quantities and

in permitted chemical forms. REGULATION (EC) No 1925/2006 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 20 December 2006 on the addition of vitamins, minerals and certain other substances to foods.


https://www.nijz.si/sl/referencne-vrednosti-za-energijski-vnos-ter-vnos-hranil
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GUIDES TO THE PATH

The health and well-being of our population are our top priorities. In our efforts to improve health

population, it is essential to address various factors that contribute to the general health of individuals. One of these is adequate
provision of essential nutrients, among which vitamin D plays an important role. In Slovenia, we have so far developed national
recommendations on preventive vitamin D supplementation only for certain at-risk groups.

In order to mitigate the potential risks associated with vitamin D deficiency, more and more countries are developing their own national
guidelines, recommendations or statements on vitamin D for the general and professional public. Of particular importance here is the
geographical location and the associated strength of UV solar radiation, which are crucial for the natural synthesis of vitamin D in
humans.

Therefore, as the leaders of the Safe in the Sun prevention program, at the end of 2019 we took the initiative and, at the suggestion of
The Ministry of Health appointed an expert working group to prepare Guidelines for sufficient vitamin D supply for all population
groups. The working group consisted of experts from various medical, nutritional, pharmaceutical and environmental sciences and
professions, who jointly and in a coordinated manner answered some key questions related to vitamin D: Is vitamin D supplementation
necessary for the population to maintain sufficient supply, given the geographical location of Slovenia? When and how? Only for some
population groups or for all? What is the target value?

We recognized that by incorporating vitamin D adequacy into public health strategies, we can take an important step towards improving
the overall health of our communities. The Vitamin D Adequacy Guidelines are therefore also a call to action for public health decision-
makers, healthcare providers and individuals to recognize the importance of vitamin D and work together to promote adequate vitamin
D intake for a healthier future.

| would like to thank Prof. Dr. Marija Pfeifer for her dedicated professional leadership and guidance of the working group, and | would
also like to thank all the other authors, whose merit is that today we have before us the first national Guidelines for Adequate Vitamin
D Supply.

Prof. Dr. Ivan Erzen

Professional Director of the National Institute of Public Health
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FOREWORD

Process and methodology for preparing guidelines

The guidelines for adequate vitamin D supply are the result of the work of experts from various fields whose activities are or have
been related to vitamin D in key public institutions, scientific institutes or professional associations in Slovenia. The exchange of
scientific evidence, results of some national studies, experiences and opinions has shown that it is urgently necessary to prepare
coordinated national guidelines to improve the state of vitamin D supply, which is why, at the initiative of the National Institute of
Public Health (N1JZ), an Expert Working Group was formed to develop the Guidelines for Adequate Vitamin D Supply with an
expert leader and 12 expert subgroups. We met for the first time in the widest possible composition at the NIJZ premises on 17
January 2020. 23 members have participated in the Expert Working Group since the beginning, two members left the group in
the first months of its operation, and six more experts were invited to join the group in the first year of its operation. For certain
open questions, we used the knowledge and assistance of four external experts, who did not decide on key issues and did not
participate in the coordination of the final guidelines. The course of the activities of the working group and its subgroups was
coordinated by the NIJZ. Due to the Covid-19 pandemic, we initially used video conferences and electronic connections for mutual
communication, but in the last year we have also met in person.

In 2020, expert subgroups, with their leaders and members, began reviewing the available literature in the areas of: biochemical
properties, vitamin D metabolism and determination of its levels, vitamin D functions in the body and the consequences of its
deficiency (bones, muscles, immune system, diabetes, nervous system, cancer), groups at risk for vitamin D deficiency, the
importance of vitamin D in pregnancy, sources of vitamin D, including UV radiation exposure, dietary intake and vitamin D
supplementation, and vitamin D intoxication. In the critical assessment and synthesis of evidence, we primarily used quantitative
systematic review articles, meta-analyses of randomized placebo-controlled intervention studies with vitamin D and the results of
individual studies, or the highest existing level of evidence. In 2022, we conducted a meta-analysis of studies on vitamin D
deficiency and suboptimal supply in healthy adults in Slovenia. In 2023, we reviewed the definitions of vitamin D status in terms
of 25(0OH) vitamin D levels and the guidelines and recommendations for intake, supplementation and replacement of this vitamin
provided by professional associations, key reference institutions, and nutrition and public health organizations in the EU and
around the world. In the last year of operation, based on the recommendations prepared by all involved professions and evidence
of the poor state of vitamin D status in Slovenia, we coordinated the recommended amounts of vitamin D supplementation for
individual population groups, also taking into account at-risk groups, and at the same time we have already considered the
economic evaluation of the proposed measures (reducing the incidence of fractures and physical frailty in the elderly, reducing
the incidence of acute respiratory infections, diabetes, complications in pregnancy, etc.).

All members of the Expert Working Group filled out and signed declarations of potential conflicts of interest with their information,
which were evaluated by a core group of members and formed a joint Declaration of Independence and Impartiality of the
members of the Expert Working Group.

The guidelines for adequate vitamin D intake were prepared with great care by the Expert Working Group and based on existing
evidence, including national evidence. They were submitted for review and approval by the Extended Professional Colleges of
Internal Medicine, Gynecology and Obstetrics, Pediatrics, Family Medicine, Oncology, Dermatovenerology, Public Health, Clinical
Nutrition, Pharmacy, Laboratory Medicine - Medical Biochemistry and Infectology, and the Health Council.

prof. dr. Marija Pfeifer, dr. med., spec. int. med.
Expert working group leader
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Declaration on the independence and impartiality of the members of the Expert
Working Group for the preparation of the Guidelines for Vitamin D Adequacy

1) All members of the Expert Working Group for the preparation of Guidelines for Vitamin D Adequacy
(hereinafter referred to as members) have been recognized by the Group for the Review of Statements of Independence and Impartiality
as experts who have the necessary knowledge and experience in the aforementioned field to address the content of the guidelines, and
therefore the group trusts and believes that they will perform their work professionally and as good stewards.

2) All members were required to declare the existence of any potential conflicts of interest (e.g. personal or financial).
All authors/experts were bound by the Declaration of Independence and Impartiality of a Member of the Expert Working Group in the
Preparation of the Guidelines for Adequate Vitamin D Supply for the Population of Slovenia (hereinafter referred to as the Declaration),
whereby they were obliged to disclose whether they had received any fees, benefits or interests in the pharmaceutical or food industry,
and to indicate the source(s) of any funding. In this way, the Group for Review of Declarations of Independence and Impartiality verified
and sought to ensure the independence of the experts and prevent any potential conflict of interest.

3) By signing the Declaration , all members have undertaken that there is no conflict of interest or other circumstances that could affect
impartiality or give the appearance of bias, and that in the event of a conflict of interest or the "mere" appearance of a conflict of interest,
they will terminate their membership in the expert group and that otherwise they will be held both criminally and materially liable.

4) All member declarations were reviewed by the appointed Independence and Impartiality Declaration Review Group.
After reviewing all statements, the group did not detect any suspicion of a conflict of interest or circumstances that could affect impartiality
or give the appearance of bias. Individual members indicated occasional fees for delivering lectures or organizing lectures and
participating in projects on the topic discussed, which were fully or partially financed by commercial entities, such as pharmaceutical
companies, insurance companies, etc.

5) Statements by which members guarantee the absence of a conflict of interest and commit to avoiding conflict of interest and transparency
in the management, coordination and process of preparing the Vitamin D Adequacy Guidelines are a guarantee of the credibility and
impartiality of the guidelines.

Independence and Impartiality Statement Review Group

in composition:

Romana Podbevsek, univ. dipl. law, doc. dr. Matej Gregoriy, univ. dipl. eng., doc. dr. Andreja
Kukec, univ. dipl. eng., doc. dr. Aneta Soltirovska Salamon, dr. med. spec. ped., doc. dr. Barbara Periy, dr. med. spec.

surgeon.

In Ljubljana, on 10 November 2021
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Marija Pfeifer, Evgen Benedik, Igor Pravst, Ana Banoviy KoSyak, Tadej Battelino,

Ana Benedicic, Urska Blaznik, Andraz Dovnik, Matej Gregoriic, Alenka Horvat Ledinek,
Alojz lhan, Blaz Krhin, Barbara Periy, Borut PoljSak, Danica Rotar Pavliy, Darko Siuka,
Aneta Soltirovska Salamon, Natasa Simac, Darja Smigoc Schweiger, Natasa Tul Mandiy,
Katja Zmitek

Based on a review of current global literature, international and national guidelines and recommendations from other countries
and research conducted so far in Slovenia on vitamin D supply, which shows a high prevalence of vitamin D deficiency (level
of 25(0OH) vitamin D (25(OH)D) below 50 nmol/L) and severe deficiency (25(OH)D below 30 nmol/L), we have prepared the
first Slovenian guidelines for vitamin D.

The global vitamin D supply varies between continents, with vitamin D deficiency being more pronounced in Europe than in
the Americas and Australia, and the prevalence of deficiency being particularly high in Central and Eastern European countries
(1, 2). The Slovenian nationally representative Nutrihealth study (3) and a meta-analysis of all available studies on vitamin D

in different Slovenian populations have shown alarming prevalences of deficiency and severe vitamin D deficiency (4). In the
Nutrihealth study, 25% of adults and 24% of older adults (up to 74 years) had serum 25(OH)D levels below 30 nmol/L, while
58% of adults and 63% of older adults had 25(OH)D levels below 50 nmol/L. Severe deficiency was particularly high during
the extended winter season: 41% in adults and 35% in older adults; and deficiency was 82% in adults and 79% in older adults.
The prevalence of severe vitamin D deficiency was extremely high among residents of nursing homes (NHS).

Based on these worrying data, in 2019 the Ministry of Health of the Republic of Slovenia confirmed the initiative of the National
Institute of Public Health (N1JZ) and granted it a mandate to appoint a working group of experts to prepare the first Slovenian
guidelines for sufficient vitamin D supply. Subgroups of individual experts studied the available literature and prepared
overview chapters on individual areas of vitamin D action, which are integral parts of these guidelines.

It is important to point out that due to the much better vitamin D supply of the population of the United States of America
(USA), Australia and New Zealand, where the largest randomized intervention studies with vitamin D supplementation
originate, their results are not suitable for implementation in our environment. In these geographical areas, vitamin D deficiency
is present in a small proportion of the population, because they systematically enrich foods with vitamin D, and because the
addition of this vitamin in the form of dietary supplements is very widespread.

The same applies to the latest guidelines of the American Endocrinological Association (5), which were published at the time
of the finalization of the Slovenian guidelines (June 2024). These cannot be implemented in our environment either. The latter
recommend adding vitamin D in the form of medicines or dietary supplements to children and adolescents up to the age of 18.
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years of age to prevent rickets and potentially reduce the risk of respiratory infections, which is consistent with our
recommendations. Supplementation is also recommended for pregnant women to reduce the risk of preeclampsia,
intrauterine mortality, preterm birth, small for gestational age (SGA) births, and to reduce neonatal mortality.
Supplementation of higher doses of vitamin D is also recommended for anyone at increased risk of developing diabetes
(people with prediabetes). They also recommend vitamin D replacement in people over 75 years of age to reduce overall
mortality. In these parts, our guidelines are consistent with the American ones. They advise against routine determination
of 25(0OH) vitamin D levels to detect deficiency, which is consistent with our recommendations. They recommend taking
vitamin D every day, they advise against taking large doses for long periods of time, and we recommend the same. They
do not recommend supplementing vitamin D for healthy people aged 18 to 75 years, beyond the recommended daily
intake (RDI), which residents should receive from vitamin D-fortified foods and sun exposure (600 international units (IU)
for people under 70 and 800 IU for people over 70). In this regard, our and their recommendations differ due to the
different epidemiological situation regarding vitamin D supply in Slovenia.

Vitamin D is a key factor in the homeostasis of calcium and phosphate metabolism, and is essential for normal bone
growth and repair, and muscle function. Numerous meta-analyses and randomized controlled trials with vitamin D
supplementation have recently demonstrated the beneficial effects of vitamin D on reducing the incidence of autoimmune
diseases (11), acute respiratory infections (12), and it is likely that vitamin D supplementation can reduce mortality in
patients with certain types of cancer (13, 14), has been shown to reduce the incidence of diabetes in individuals at high
risk for it (15), and slightly reduces overall mortality (16, 17). The beneficial effects are more pronounced in individuals
who had low vitamin D levels before the start of the studies, which is largely typical of the Slovenian population.

Due to the described positive effects of vitamin D, it is important to prevent severe vitamin D deficiency (25(OH)D level
below 30 nmol/L) and the resulting classic skeletal and muscular complications (rickets in children, osteomalacia in
adults and muscle weakness and reduced immunity) in the Slovenian population, as well as vitamin D deficiency (level
below 50 nmol/L) with increased risks of infections, autoimmune diseases, cancer mortality and overall mortality.

Slovenian guidelines for sufficient vitamin D intake are intended primarily for healthy residents.

They are designed according to age and level of nutrition (body mass index (BMI)). Pregnant and lactating mothers, the
elderly and others who live mostly indoors are particularly exposed. In the case of certain acute or chronic diseases or
severe symptomatic vitamin D deficiency, consultation with the chosen doctor or specialist in the relevant field is
necessary regarding appropriate vitamin D replacement, as in these cases higher doses are required for a longer period
of time and individual management.

1. We recommend that newborns and infants up to 1 year of age receive 400 U of vitamin D year-round
(cholecalciferol) for the prevention of rickets.

2. We recommend that children and adolescents aged 1 to 18 years take vitamin D during the extended winter
period (October to April) to prevent rickets, achieve optimal bone mass, and reduce the risk of acute respiratory
infections. The recommended daily dose for normally nourished children aged 1 to 13 years is 600-800 U, and
for those aged 13 to 18 years is 800—1000 U per day. Higher doses are recommended for children with
excessive nutrition and obesity (Table 1).

3. We advise that adult residents of Slovenia, aged 18 to 65, take vitamin D during the extended winter period (from
October to April) at a dose of 800—1000 IU per day to prevent severe vitamin D deficiency and insufficiency and
consequently reduce the risk of developing osteoporosis, acute infections
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respiratory and other diseases that occur more frequently with vitamin D deficiency. The recommended daily dose
for the overnourished and obese is higher (Table 1).

4. We recommend that people over 65 years of age take vitamin D in a dose of 1000-2000 IU during the extended
winter period (October to April), or all year round if they spend most of their time indoors between 10 a.m. and 4
p.m. The recommended daily dose for the overweight and obese is higher (Table 1).

5. It is recommended that women planning pregnancy and pregnant women take vitamin D at a dose of 800-1000 IU per day to reduce
the risks of preeclampsia, fetal death, premature birth, birth of newborns small for gestational age, and neonatal mortality.
Overweight women and obese women (assessed pre-pregnancy status) need double the dose, but not more than 4000 IU per day.

6. It is recommended that breastfeeding mothers take 800—1000 IU of vitamin D per day, and those with excessive
nutrition and obesity should take double the dose while breastfeeding. Normal levels of vitamin D allow for optimal
absorption of calcium from food and reduce the risk of bone loss during breastfeeding.

7. We recommend that residents of nursing homes (NHS) and other persons who spend most of their time indoors take
vitamin D at a dose of 1000—2000 IU per day to prevent severe vitamin D deficiency and insufficiency and the
resulting osteomalacia, muscle weakness (osteomalacia myopathy), and frailty, and to reduce the risk of acute
respiratory infections, cancer mortality, and all-cause mortality. Obese or overweight persons require double the
dose (Table 1) (7).

8. We advise against exposure to sunlight for the purpose of endogenous synthesis of vitamin D in the skin. Ultraviolet
(UV) rays have a proven carcinogenic effect. We recommend consistent skin protection from UV rays when the UV
index is equal to or greater than 3.

9. In the healthy population, we do not recommend routine determination of serum 25(OH)D levels to determine vitamin
D status.

10. We recommend that vitamin D supplements be taken daily in recommended doses for the purpose of supplementing
vitamin D, and not over longer periods of time in larger doses. The maximum daily dose of vitamin D for adults,
including pregnant women, is 4000 U according to all existing guidelines.

11. We recommend that medicines containing the inactive form of vitamin D (cholecalciferol) are available in pharmacies

without a prescription.

12. We recommend that, to avoid errors in interpretation, the results of laboratory measurements of 25(OH)D, which is
an indicator of vitamin D supply, be expressed in Sl units (nmol/L) in all laboratories in Slovenia.

All recommendations are substantiated below.
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1. We recommend that newborns and infants up to 1 year of age receive 400 IU of vitamin D year-round
(cholecalciferol) for the prevention of rickets.

The recommendation has been successfully implemented for decades according to infant nutrition guidelines (18), and vitamin D supplementation

is prescribed by a selected physician — a pediatrician.

2. We recommend that children and adolescents aged 1 to 18 years take vitamin D during the extended winter
period (October to April) to prevent rickets, achieve optimal bone mass, and reduce the risk of acute
respiratory infections. The recommended daily dose for normally nourished children aged 1 to 13 years
is 600—800 IU, and for those aged 13 to 18 years is 800—1000 IU per day. Higher doses are recommended
for children with excessive nutrition and obesity (see Table 1).

The prevalence of vitamin D deficiency among children and adolescents is high, especially in Europe (1, 10). Itis
increasing among adolescents, representing a new group at high risk for vitamin D deficiency (10).

In Slovenia, we do not have epidemiological data for the healthy population of children. Childhood, and especially
adolescence, are key periods for gaining maximum bone mass, where adequate vitamin D supply plays a key
role. The incidence of rickets is increasing in developed countries, and in Turkey it reached its peak in the first
two years of life and between the ages of 12 and 15 (19). Preventive vitamin D supplementation prevents the
development of rickets.

A meta-analysis of 15 randomized intervention trials of vitamin D supplementation demonstrated a 29% reduction
in acute respiratory infections in children and adolescents up to 16 years of age (20).

The occurrence of some autoimmune diseases, such as multiple sclerosis, is also associated with vitamin D
deficiency in youth (21). Therefore, regular vitamin D supplementation in children and adolescents up to the age
of 18 is justified, also from the perspective of optimal immune system function.

More details on immunity, autoimmune diseases and vitamin D can be found in the chapter “Vitamin D and the Immune System”. Additional
arguments on the effects of vitamin D on the skeleton and muscles in children and adolescents can be found in the chapter “The effect of vitamin

D on bones and muscles” and in the chapter “Groups at risk for vitamin D deficiency”.

3. We advise that adult residents of Slovenia, aged 18 to 65, take vitamin D during the extended winter period
(from October to April) at a dose of 800—-1000 IU per day to prevent severe vitamin D deficiency and
deficiency and consequently reduce the risk of developing osteoporosis, acute respiratory infections and
other diseases that occur more frequently in the presence of vitamin D deficiency. The recommended
daily dose for the overnourished and those with obesity is higher (Table 1).

Since Slovenian research has shown an extremely high prevalence of vitamin D deficiency during the extended

winter season (80% of the population had a 25(OH)D level below 50 nmol/L) and severe vitamin D deficiency

(40% of the population had a 25(OH)D level below 30 nmol/L), it is recommended to add vitamin D in the form of

dietary supplements or medication during this period. Vitamin D reduces or alleviates the incidence of acute

respiratory infections in adults (12), calms the acquired immune response and thus reduces the incidence and

alleviates the course of autoimmune diseases (multiple sclerosis, chronic inflammatory bowel disease, asthma)

(11). Vitamin D controls the cell cycle and probably reduces mortality in patients with some types of cancer (13,

14). Higher doses of vitamin D (studies have used doses ranging from 840 to 7500 IU per day, with an average of

3500 IU) have been shown to reduce the incidence of type 2 diabetes in high-risk individuals (those with impaired

glucose tolerance, impaired fasting glucose, or elevated glycated hemoglobin) (15, 16). Therefore, individuals with elevated

19



Machine Translated by Google

For people at risk of type 2 diabetes (with prediabetes), we recommend taking vitamin D regularly in a double daily dose.

More detailed justifications are provided in the chapters "The effect of vitamin D on bones and muscles", "Vitamin D and the immune
system", "Vitamin D and the nervous system"”, "Vitamin D and cancer" and "Vitamin D and diabetes".

4. We recommend that people over 65 years of age take vitamin D in a dose of 1000—2000 IU during the extended winter period
(October to April), or all year round if they spend most of their time indoors between 10 a.m. and 4 p.m. The recommended
daily dose for the overweight and obese is higher (Table 1).

It should be noted that the skin of older people is less able to produce vitamin D, and at the same time they spend less time outdoors
during the period when endogenous synthesis of vitamin D in the skin under the influence of UVB rays in sunlight is possible. They also
have reduced absorption of vitamin D from the intestines. Supplementation of vitamin D in this population prevents severe vitamin D
deficiency and deficiency, reduces the incidence of falls and fractures.

combined with sufficient calcium intake (22), the development of fragility, reduces the risk of acute respiratory infections

(12) and overall mortality (16). In older adults, the other beneficial effects of vitamin D are similar to those for other adults (listed in
recommendation 3).

5. We recommend that women planning pregnancy and pregnant women take vitamin D at a dose of 800-1000 IU per day to reduce
the risks of preeclampsia, fetal death, premature birth, stillbirth,
small for gestational age, and for neonatal mortality. Overnourished women and women with obesity (pre-pregnancy status is
assessed) need double doses, but not more than 4000 IU per day.

Vitamin D deficiency is associated with increased incidence of pregnancy complications and poorer outcomes in newborns. Adequate
vitamin D supply in pregnant women is crucial for optimal fetal growth and development.

The fetus receives 25(0OH)D from the mother, with cord blood 25(OH)D levels 20-50% lower than maternal levels (23). Severe vitamin
D deficiency during pregnancy (25(0OH)D below 25-30 nmol/L) increases the risk of neonatal hypocalcemia, seizures, cardiomyopathy,
and neonatal rickets, complications that can be fatal (24).

The prevalence of severe vitamin D deficiency (25(OH)D below 30 nmol/L) in pregnant women is high in both developed and less
developed countries (10, 23, 24). Due to the widespread vitamin D deficiency in the Slovenian population, especially among women
aged 18-65 years (during the extended winter season, 46% have severe deficiency (< 30 nmol/L), and almost 90% have 25(0OH)D
deficiency (< 50 nmol/L), we assume that pregnant women also have a similar deficiency (3, 4). Therefore, the goal is to achieve normal
vitamin D levels in the entire female population, especially in (future) pregnant women. Vitamin D supplementation during pregnancy
reduces the risk of gestational diabetes (RR 0.51 [95% CI, 0.27-0.97]) and preeclampsia (RR 0.48 [95% CI, 0.30—

0.79]), the quality of evidence is moderate (25). Vitamin D supplementation reduces the likelihood of preterm birth (RR 0.66 [95% ClI,
0.34-1.30]) and postpartum hemorrhage, with low quality evidence (25). Adding

Vitamin D in doses higher than 600 IU is more effective in reducing the risk of gestational diabetes

than lower doses, with moderate quality of evidence (26). Vitamin D supplementation at doses higher than 600 U daily reduces the risk
of preeclampsia, preterm birth, and low birth weight more than doses lower than 600 IU daily (26).

Vitamin D supplementation with doses of 2000 U or less during pregnancy reduces the risk of low birth weight (RR 0.55 [95% ClI, 0.35—
0.87]) (25) and improves longitudinal growth of the child, reduces the risk of fetal death, neonatal mortality, and does not cause
congenital malformations (27-29). It is important that the pregnant woman starts taking vitamin D as early as possible in pregnancy,
preferably when planning pregnancy, since vitamin D has a significant impact on the pregnant woman's immune system, especially in
early pregnancy.
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6. It

The maximum recommended daily dose of vitamin D for the general population, including pregnant women, is 4,000 IU.

The new guidelines of the American Endocrine Society, based on a systematic review of studies (16), which used doses from
600 to 5000 IU, with an average of 2500 IU per day, also recommend

vitamin D supplementation in pregnant women (5). None of the studies included in several meta-analyses found a significantly
higher incidence of adverse side effects, such as hypercalcemia, kidney stone formation, or any fetal or neonatal complications,
compared with placebo groups (5, 16, 24, 25).

More detailed justifications, importance and function of vitamin D in pregnancy are described in more detail in the chapters
"Importance of vitamin D in pregnancy, effects on the pregnant woman, fetus and newborn", "Groups at risk for vitamin D
deficiency" and "Vitamin D intoxication".

is recommended that breastfeeding mothers take 800—1000 IU of vitamin D per day, and those with excessive nutrition
and obesity should take double the dose while breastfeeding. Normal levels of vitamin D allow for optimal absorption
of calcium from food and reduce the risk of bone loss during breastfeeding.

Breast milk is low in vitamin D, so newborns and infants are given vitamin D drops. Breastfeeding mothers are advised to take
vitamin D for their own skeletal and immune system, not to ensure the baby’s nutrition. The prevalence of vitamin D deficiency
during pregnancy and postpartum is high, so supplementation is recommended, as is the case for pregnant women, especially
for breastfeeding mothers who have an increased need for calcium. Calcium is excreted in breast milk and comes from the
mother’s diet and skeleton; consequently, bone loss during breastfeeding is directly proportional to the duration of breastfeeding
and the cumulative amount of milk secreted (30, 31). Vitamin D is required for optimal absorption of calcium from the
gastrointestinal tract, which can mitigate bone loss during breastfeeding to some extent. Mothers’ bones recover after
breastfeeding stops and a normal menstrual cycle is established.

7. We recommend that residents of nursing homes (NHS) and other persons who spend most of their time indoors take

vitamin D at a dose of 1000-2000 IU per day to prevent severe vitamin D deficiency and insufficiency and the resulting
osteomalacia, muscle weakness (osteomalacia myopathy), and frailty, and to reduce the risk of acute respiratory
infections, cancer mortality, and all-cause mortality. Obese or overweight persons require double the dose (Table 1)

@).

As people age, their exposure to the sun decreases, and their ability to produce vitamin D also decreases.

in the skin (32). The elderly are also more likely to be overnourished. All of these are risk factors for deficiency and severe
vitamin D deficiency in residents of nursing homes and other people who are confined to confined spaces due to limited mobility.
In this group, severe vitamin D deficiency (25(OH)D below 30 nmol/L) leads to serious health complications such as falls,
fractures, osteoporosis, and often even (unrecognized)

osteomalacia, and rapid decline in vitality and the development of frailty, while low 25(OH)D concentrations are also associated
with other non-skeletal complications (33). A Slovenian pilot study from the beginning of the Covid-19 pandemic (2020) on a
smaller sample of older adults (N = 37; mean age 75 years; range 65-92 years) who were not taking vitamin D supplements
showed severe vitamin D deficiency (< 30 nmol/L) in 66% of the subjects, and among the participants who were exclusively
residents of DSO (N = 20), all of them were found to have severe vitamin D deficiency (34). A subsequent larger nationally
representative NutriCare study, “Challenges in Achieving Nutritional Security in Nursing Home Residents,” was conducted
between June 2022 and February 2023 and included 387 nursing home residents (65-101 years) from twenty nursing homes
across all geographic regions of the country (34). Among participants who did not supplement vitamin D (44%), the prevalence
of vitamin D deficiency (25(OH)D < 50 nmol/L) was as high as 83%, and 58% of participants had severe vitamin D deficiency.
Only 26% of the study participants were optimally supplied with vitamin D.
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with vitamin D (25(OH)D > 75 nmol/L), as even in the group that supplemented with vitamin D, a significant percentage of people with
vitamin D deficiency or even severe deficiency were found (34).

Multicenter placebo-controlled trials of vitamin D and calcium supplementation in nursing home residents in France for 18 months and
2 years respectively showed a 43% reduction in hip fractures and a 32% reduction in other non-vertebral fractures compared with
placebo (35, 36). A recent meta-analysis demonstrated a reduction in falls

by vitamin D supplementation with or without calcium by 15%, in the subgroup that received vitamin D daily by 22%, and in the subgroup
with 25(OH)D levels below 50 nmol/L before the start of supplementation by 31% (37). A Cochrane meta-analysis also demonstrated a
reduction in the incidence of fractures with vitamin D and calcium supplementation in older adults (22). Vitamin D supplementation and
the resulting reduction in the incidence of hip and vertebral fractures reduce mortality and the costs of hospitalization and treatment of
fractures, which are patrticularly high in the elderly.

A meta-analysis of individual data from 25 studies showed that daily vitamin D supplementation in a population with severe vitamin D
deficiency (25(OH)D below 25 nmol/L) reduced the incidence of acute respiratory infections by 70% compared with placebo, and in
those with vitamin D levels above 25 nmol/L by 25% (12). Thus, in nursing home residents, where the prevalence of severe vitamin D
deficiency is very high, vitamin D supplementation can significantly reduce the incidence of acute respiratory infections and complications
of other comorbidities, and consequently the costs of hospitalization and treatment. Vitamin D supplementation in older people also
reduces overall mortality (16, 17).

Additional justifications for vitamin D supplementation in nursing home residents and other persons who spend most of their time indoors
are provided in the Recommendations of the Slovenian Association of Endocrinologists, adopted in January 2021 (7). Since the majority
of nursing home residents who are not already receiving vitamin D are severely deficient (34), we recommend that nursing home
residents receive a dose of 4000 IU per day for the first month to replenish reserves and normalize 25(OH)D levels, and then 1000 to
2000 U per day throughout the year (7). The recommendations are already being implemented in practice, but not consistently enough,
as only 57% of nursing home residents received vitamin D in the NutriCare study, and even among these, a certain level of deficiency
and even severe vitamin D deficiency was still present (34). Additional justifications are provided in the chapters “The effect of vitamin

D on bones and muscles”, “Vitamin D and the immune system”, “Vitamin D and cancer” and “Groups at risk for vitamin D deficiency”.

8. We advise against exposure to sunlight for the purpose of endogenous synthesis of vitamin D in the skin.
Ultraviolet (UV) rays have been proven to cause cancer. We recommend consistent skin protection from UV rays when the UV
index is equal to or greater than 3.

For sufficient synthesis of vitamin D in our geographical location (around 45° latitude), a fair-skinned person needs 10 minutes of
exposure of the skin of the head and extremities on a sunny day between May and September, two to three times a week. On the
contrary, prolonged exposure to the sun and sunburn reduce the production and, due to the formation of inactive forms, lower the level
of vitamin D. Intentional or prolonged exposure and neglect of the rules of safe sun exposure are not recommended. Dermatological
experts advocate the position that protecting the skin from UV rays is more important than exposure to the sun for the production of
vitamin D.

Australian professional societies have adopted new recommendations on safe sun exposure, which emphasise an individual approach
based on an individual's risk of skin cancer and the UV index (38). The balance between risks and benefits of sun exposure is not the
same for everyone. Those with fair skin and a high risk of skin cancer are advised to avoid the sun and use sunscreen consistently.
Dark-skinned people have a low risk of skin cancer and a higher risk of vitamin D deficiency, so sun protection is not necessary for
them. Those with an intermediate risk of skin cancer should take extra care to protect themselves from UV rays, but can be exposed to
the sun for short periods of time, which is
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necessary for the production of vitamin D. They should also consistently use sunscreen. The recommendations
of the International Panel of Experts on UV Protection, published in 2024, provide detailed instructions for skin
protection (39).

The beneficial and harmful effects of UV radiation and instructions for safe and sensible sun exposure are
detailed in the chapter "Ultraviolet Radiation and Vitamin D".

9. In the healthy population, we do not recommend routine determination of serum 25(0OH) vitamin D levels
to determine vitamin D deficiency.

Vitamin D deficiency is indicated by anamnestic data on daily habits, outdoor physical activity and an
assessment of dietary intake. In Slovenia, food that is not systemically enriched with vitamin D provides very
little vitamin D (less than 200 1U (5 mcg) per day). More information on dietary intake is available in the chapter
"Dietary intake of vitamin D". When there is not (enough) UVB rays in sunlight (from October to April), the level
of 25(OH)D depends on the "stock" of 25(OH)D obtained in the summer and on dietary supplements and
medications containing vitamin D. Based on this data, we can conclude what the individual's vitamin D supply
is. Population screening for vitamin D deficiency by determining the level of 25(OH) vitamin D is not
recommended and is not performed anywhere in the world (5, 8, 10).

It is also not necessary to determine vitamin D levels in obese or dark-skinned people, although they are at

higher risk of vitamin D deficiency, as this fact is known and the recommended doses for this group are

adjusted. Pregnant women and women planning a pregnancy also do not need to routinely determine 25(OH)D

levels, unless they have diseases that cause severe vitamin D deficiency or symptoms and signs that would

raise suspicion of severe vitamin D deficiency, as in this case they would need doses of vitamin D that are

higher than those recommended for healthy people. We can also conclude with high probability that residents

of DSOs and other people who mainly live indoors and do not (yet) receive vitamin D have severe vitamin D

deficiency, which is confirmed by numerous foreign and domestic studies (10, 32—-34). Therefore, we start
supplementing them with vitamin D at a dose of 4000 IU per day and after one month we switch to a maintenance dose.

The level of 25(0OH)D should be determined in individuals with increased or decreased serum calcium and/or
phosphate concentrations, in clinical signs of rickets or osteomalacia (bone deformities, characteristic
pseudofractures, bone and muscle pain, muscle weakness of proximal muscle groups), increased (bone)
alkaline phosphatase activity, in osteoporosis, when the patient has significantly lower bone mineral density
than would be expected for his or her age, in patients with malabsorption syndromes and certain other bone
diseases, in patients with advanced chronic kidney disease or severe liver impairment, and in those taking
medications that accelerate the breakdown of vitamin D (5, 39).

10. We recommend that vitamin D supplements be taken daily in recommended doses for the purpose of
supplementing vitamin D, and not over longer periods of time in larger doses. The maximum daily
dose of vitamin D for adults, including pregnant women, is 4000 IU according to all existing guidelines.

Most randomized placebo-controlled trials of vitamin D supplementation and their meta-analyses have shown
beneficial effects of vitamin D only when subjects received vitamin D daily (12, 14-16, 22, 25, 37).
Supplementation of vitamin D over longer periods of time at higher doses has either not had a positive effect
on outcomes or has been associated with adverse effects, such as an increased incidence of falls and
fractures in studies where the doses of vitamin D given to older subjects over several months or once a year
were very high (40). Higher doses over longer periods of time have also not reduced the incidence of acute
respiratory infections compared with placebo (12, 20). The maximum daily dose of vitamin D for adults,
including pregnant women, is 4000 IU according to all existing guidelines (2, 5-10).
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11. We recommend that medicines containing the inactive form of vitamin D (cholecalciferol) are available in pharmacies

without a prescription.

Vitamin D preparations that are registered as medicines are subject to constant supervision during the production process and their
marketing is defined by strict legislation. Therefore, they are more trustworthy in terms of the declared amount of vitamin D and
quality, and are therefore more suitable for users than vitamin D dietary supplements, especially those that are marketed online. The
price of vitamin D medicines is also low and lower than the price of some dietary supplements. Vitamin D medicines are freely
available in pharmacies in most EU countries. Since there are no professional reservations that would hinder free sale, the expert
working group for the preparation of guidelines is proposing to manufacturers and decision-makers (the Public Agency of the Republic
of Slovenia for Medicines and Medical Devices (JAZMP)) to relax sales and enable purchase without a prescription.

Detailed descriptions of legislation, regulations and vitamin D preparations are provided in the chapter "Vitamin D supplementation”.

12. We recommend that, to avoid errors in interpretation, the results of laboratory measurements of 25(OH)D, which is an
" indicator of vitamin D supply, be expressed in Sl units (nmol/L) in all laboratories in Slovenia.

The units in which the level of 25(OH)D is expressed are different in Slovenia: nmol/L, ng/mL, mcg/L. The conversion factor between
ng/mL (mcg/L) and nmol/L is 2.5 (20 ng/mL = 50 nmol/L). Since not all doctors are familiar with the different units and the conversion
factor, it happens that almost optimal levels of 25(OH)D, expressed in ng/L or mcg/L, are interpreted as a severe deficiency and the
patient is therefore unnecessarily referred to an endocrinologist. Therefore, we recommend that laboratories unify and all adopt Sl
units (nmol/L) for expressing the level of 25(OH)D.

The guidelines for vitamin D supplementation, from Recommendation 1 to Recommendation 7, and the levels and quality of evidence
for them are presented in Table 1.
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Table 1: Recommendations and level of evidence for vitamin D supplementation according to population groups
and body mass index.

Dosage* (IU/day)

Level and
) Overweight and obesity (adult i
Population ) o quality
Normal nutrition (adult BMI < BMI'§ 25 kg/ Addition time .
groups evidence
25 kg/m2) (children < 95th m2 Hkex
percentile) 0z.y 30 kg/m2 )**
(otroci y 95. percentila)
0-1let 400 All year round 1+++
1-13 let 600-800 1200-1600 1++
Since October
13-18 let 800-1000 1600-2000 1++
until April
18-65 let 800-1000 1600-2000 2++
> 65 let 1000-2000 2000-4000 All year round*** 1++
Before and
Pregnant women 800-1000 1600-2000 1++
throughout pregnancy****
Nursing mothers 800-1000 1600-2000 Throughout breastfeeding 1++
Residents of DSO and
others who live 1000-2000 2000-4000 Allyear round L+t
mainly indoors (7)
BMI — body mass index; IE — international units; 1 meg = 40 IU; DSO — Nursing home for the elderly

*

The daily dose of vitamin D is temporarily increased (for a period of 1-2 months) (up to 4000 IU or 100 mcg per day) in the event of a low estimated

or measured vitamin D concentration (less than 30 nmol/L).

The recommended doses do not pose a risk of overdose. The most effective dosage recommended is 1 time per day. The recommended daily doses
of vitamin D for adults over 11 years of age, including pregnant and lactating mothers, should not exceed 4000 1U (100 mcg) per day, 2000 IU (50
mcg) per day for children aged 1-10 years, and 1000 IU (25 mcg) per day for children up to 1 year of age. These values represent the upper limits of
the recommended daily intakes (UL) (2.5-10).

** People with a BMI § 30 kg/m2 should receive a double dose, the upper safe daily dose is 4000 IU. In case a person with obesity has a severe vitamin D
deficiency, they can receive higher doses (6000-8000 IU/day) for a certain period of time, in agreement with their chosen doctor, to achieve normal

25(OH)D levels, and then maintain them with 2000 1U.

*** Year-round only for people with an inactive lifestyle that does not include spending time in nature. **** Women planning to

become pregnant should start taking vitamin D regardless of the season and continue taking it throughout pregnancy. For pregnant women, the BMI before
pregnancy is taken into account for the dosage of vitamin D.
The upper recommended daily dose limit (4000 IU) is not dangerous for a pregnant woman or fetus because the therapeutic window of the inactive

form of vitamin D (cholecalciferol or ergocalciferol) is very wide (6).

=% | evel of evidence: 1 = strong — recommended, 2 = moderate — advised; quality of evidence (+++ = high; ++

= medium).
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Inadequate vitamin D supply is associated with chronic and acute disease states. They conclude that at least 40% of Europeans do not
achieve sufficient vitamin D concentrations in serum, which can be described as worrying and unacceptable. In Slovenia, the state of vitamin

D supply is even worse. The purpose of the Slovenian guidelines for vitamin D is to prevent severe vitamin D deficiency and deficiency in the
population and thus reduce the risk of complications caused by these two levels of vitamin D deficiency. The goal of vitamin D supplementation
is to achieve sufficient supply, i.e. levels of 25(OH) vitamin D above 50 nmol/L. The diet of the population of Slovenia is far too low in vitamin
D, as food is not yet systematically fortified. Therefore, the average Slovenian gets less than 200 IU (5 mcg) of vitamin D daily from food,

which, in the absence of biosynthesis in the skin, is significantly less than the needs of the human body.

Sufficient levels of 25(0OH) vitamin D could be most easily achieved by sufficient but short-term (a few minutes) repeated exposure to the sun
in the late spring, summer and early autumn months. Prolonged, intensive or purposeful exposure to the sun is not recommended due to
carcinogenic effects, especially in the summer months and during times of high UV index. In winter, the main source of vitamin D is dietary
supplements or medicines with vitamin D. We have prepared guidelines for vitamin D supplementation, which are intended for children,
adolescents and adults, with special emphasis on pregnant women, breastfeeding mothers, people at high risk of type 2 diabetes and older

adults, and are adapted to the individual's nutritional status (Table 1).

Placing vitamin D supplementation in the context of a healthy lifestyle is an important step towards improving population health. Guidelines

for adequate vitamin D supply are the basis for a community-based approach that includes awareness-raising through targeted communication,
systematic support for vulnerable groups to reduce inequalities, participation of decision-makers and health professionals, and integration with
other healthy habits and evidence-based public health measures (such as avoiding excessive sun exposure and use of tanning beds,
maintaining a normal body weight, regular physical activity, healthy diet, etc.). Only with an interdisciplinary holistic approach can we reduce

the prevalence of vitamin D deficiency and contribute to a healthier and more vital population.

In order to reduce the incidence of severe vitamin D deficiency in the entire Slovenian population, it would be advisable to introduce systematic
fortification of selected foods (e.g. dairy and bakery products, juices, eggs), which will need to be addressed in the upgrade of existing
guidelines. The guidelines will be continuously adapted to new discoveries and the state of vitamin D supply in the country.
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Vitamin D is a prohormone that becomes biologically active after two hydroxylations. In the first, it is converted to 25-hydroxy
vitamin D (25(OH)D)), and then to the active D hormone, calcitriol — 1,25-dihydroxy vitamin D (1,25(0OH)2D) (1).

The biological role of vitamin D is played by two vitamers — cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2). They
differ chemically in the structure of their non-polar side chain (Figure 1).

HO™ HO™

Figure 1: Chemical structure of cholecalciferol (vitamin D3) and ergocalciferol (vitamin D2).

Cholecalciferol is naturally synthesized by the body in the skin under the influence of UVB rays, and its exogenous source is diet.
Diet is also a source of cholecalciferol and ergocalciferol metabolites. While cholecalciferol and its metabolites are found mainly
in foods of animal origin, ergocalciferol is a source of some non-animal foods. Both cholecalciferol and ergocalciferol are also
permitted for use in food fortification and dietary supplements. For this purpose, cholecalciferol is produced by UVB irradiation of
7-dehydrocholesterol and chemical conversion of cholesterol, while ergocalciferol is produced by UV-induced biosynthesis in
yeast (2).

Endogenous synthesis of cholecalciferol

Endogenous cholecalciferol synthesis occurs in two stages. Synthesis begins in the skin from an intermediate in cholesterol
synthesis — 7-dehydrocholesterol (3). The latter is converted to precalciferol (previtamin D3) by rapid UVB-catalyzed photolysis.
With sufficient exposure to sufficiently intense UVB rays, this stage of biosynthesis is completed relatively quickly, and all the
substrate 7-dehydrocholesterol present in the skin can be metabolized. The subsequent thermally activated isomerization of
precalciferol to cholecalciferol is much slower, and is independent of light exposure and can therefore also occur at night.
Endogenous cholecalciferol biosynthesis does not lead to hypervitaminosis D even with high and prolonged exposure to UVB
rays, since excess precalciferol or cholecalciferol in the skin is broken down by UVB rays into metabolites that have no effect on
calcium metabolism. The first stage of cholecalciferol biosynthesis is influenced by a number of factors, including the intensity of
UVB light and epidermal pigmentation (4).

With normal exposure to sufficiently intense sunlight (UVB) rays, the skin synthesizes around 50 mcg per day.
(2000 1U) of cholecalciferol (3), while the capacity of the whole skin (if the whole body were exposed to at least
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The minimum erythemal dose (MED)1 of UVB rays is much higher — between 250 and 625 mcg (10,000 and 25,000 1U)

(5). On the other hand, at lower intensities of UVB rays, cholecalciferol formation does not occur, even when the skin is
exposed to sunlight, as confirmed by seasonal fluctuations in serum 25(OH)D concentrations in people in temperate
geographical areas (6). Under such conditions, adequate dietary intake of vitamin D or vitamin D supplementation is necessary.

Absorption of vitamin D from food

Only certain foods are good sources of vitamin D, which is why some countries have introduced fortification (mandatory
enrichment) of foods. Important natural sources of vitamin D are mainly pelagic fish (e.g. herring, sardines, mackerel) and
fish oil, liver and egg yolk (7). Among non-animal foods, important sources of vitamin D are especially certain mushrooms,
if they have been exposed to sufficiently intense UVB light (8).

Both cholecalciferol and ergocalciferol contribute to raising serum 25(OH)D levels (9). Although absorption of both vitamers
is efficient, some (but not all) studies suggest that cholecalciferol is slightly more effective in raising serum 25(0OH)D levels
(10, 11). On the other hand, the hydroxylated metabolite of cholecalciferol (25(OH)D3), which is also present in some
animal foods, is known to be two to three times more bioavailable (12-14).

Absorption of vitamin D from the intestine begins with passive diffusion involving membrane proteins in the small intestine
(9). The efficiency of absorption is enhanced by the presence of fat. There is no evidence that obesity or age (9), which
are recognized risk factors for vitamin D deficiency, affect the efficiency of absorption. Absorbed vitamin D, bound to
chylomicrons and lipoproteins, travels through the lymphatic system to the liver, where it is metabolized (15).

Vitamin D metabolism

Vitamin D is first hydroxylated in the liver to 25(OH)D, which is then further hydroxylated in the kidneys to active calcitriol
and 24,25(0H)2D3 (Figure 2). The regulation of metabolism occurs primarily in the kidneys; low serum calcium and
phosphorus concentrations and high PTH concentrations promote the formation of active calcitriol, while high serum
phosphorus and FGF-23 (fibroblast growth factor 23) concentrations and low PTH concentrations reverse the reaction to
form the inactive derivative 24,25(0OH)2D3.

* The minimal erythemal dose (MED) is the amount of UV radiation that causes the first redness on unexposed skin.
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Figure 2: Vitamin D metabolism; adapted from (1, 16).

Unlike ingested vitamin D, endogenously synthesized cholecalciferol is bound to serum vitamin D-binding protein
(VDBP), which slows its metabolism (3). Due to its large capacity, VDBP is the key storage form of vitamin D, primarily
in the form of 25(OH)D. The half-life of 25(OH)D is 14-20 days, whereas the half-life of active calcitriol is only 4-8
hours (17).

The action of vitamin D

The active form of vitamin D has a number of known functions in the body. The vitamin D receptor (VDR) plays an

important role in this. It is a nuclear hormone receptor present in most tissues, which also acts as a ligand-induced

transcription factor (18). In this way, calcitriol is associated with the expression of more than 1000 genes in various

human tissues (19). In addition to this genomic pathway, it is also necessary to highlight the rapid non-genomic effects

of calcitriol, which are associated with, among others, selective membrane receptors. Research suggests that both

free calcitriol and its complex with VDR are involved in the non-genomic action of vitamin D (19). All of the above

explains such a wide spectrum of vitamin D actions — both skeletal and extraskeletal. Among other things, it is involved in homeosta
calcium and bone formation, muscle and immune system function, and cell growth and division.
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2.2 Vitamin D measurement
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Introduction

Today, around 50 metabolites of vitamin D are known and characterised, the vast majority of which are biologically inactive and/or have a
relatively short half-life, making them less clinically interesting and less suitable for routine measurement (1). Vitamin D (D3 and D2) is
rarely measured in clinical practice, as the organism removes it from the bloodstream and stores it in fatty tissues within a few hours (2).
The metabolite 25-OH vitamin D (25(0OH)D) has a half-life of 14 to 20 days and is therefore much more suitable for routine determination
(3). The biologically active metabolite is 1,25-(OH)2 vitamin D (1,25(OH)2D) or hormone D, but it has a very short half-life and is found in
the bloodstream in significantly lower concentrations than 25(OH)D, which makes routine determination quite challenging (4). Measurement
of 25(0OH)D is therefore the most appropriate marker of vitamin D stores (5-7).

25(OH)D measurement

Currently, automated immunochemical methods are mainly used to determine 25(OH)D concentration, representing more than 80% of all
currently used routine methods (8). In addition to their relative simplicity, rapid implementation and affordability, they also have some
disadvantages: reduced ability to measure both forms of 25(OH)D (25(0OH)D2, 25(0OH)D3) equivalence, relatively high cross-reactivity with
the metabolite 24,25-

(OH)2D, which increases mainly with excessive exposure of an individual to the sun, and last but not least, the relatively poor accuracy
and poor comparability of the methods with the reference method of liquid chromatography with tandem mass spectrometry (LC-MS/MS)
(6, 8-12). In addition to immunochemical methods, liquid chromatography methods are also used to measure 25(OH)D, which have been
upgraded to LC-MS/MS methods over the years of development and have such a simplified implementation that they can already be used
routinely (10, 13). LC-MS/MS methods are reliably superior in terms of the shortcomings of immunochemical methods. However, their non-
negligible disadvantage is still the high price.

Total and free 25(OH)D

The term total has a dual meaning for 25(OH)D and is used primarily in connection with the measurement of 25(OH)D, where total includes
the forms 25(OH)D2 and 25(0OH)D3 (3, 5, 6, 8). However, since more than 99% of 25(OH)D in the bloodstream is bound (85-90% to the
vitamin D binding protein — VDBP and 10-15% to albumin) and less than 1% is free, the term total is also used in connection with the
bound and free forms of 25(OH)D (14, 15). Free 25(0OH)D has the ability to passively diffuse through cell membranes. In some tissues (in
the renal tubules, placenta and parathyroid glands) VDBP participates in the transfer of 25(OH)D into cells together with the megalin-cubilin
complex. It is likely that 25(OH)D bound to VDBP also represents an available reserve in cases of reduced vitamin D production or intake
(5, 7, 8, 16). In the healthy population, the ratio of total to free 25(OH)D is relatively constant (17—20).

During pregnancy or estrogen use, total 25(OH)D levels may be significantly elevated due to increased VDBP levels. Conversely, in severe
liver disease, chronic kidney disease, and critically ill patients (in the intensive care unit), total 25(OH)D levels are significantly decreased
due to decreased VDBP levels. In such cases, instead of measuring total 25(OH)D, it may be more clinically useful to measure free
25(0H)D (2, 6, 9, 21). The most commonly used calculation for determining free 25(OH)D is one that takes into account VDBP and albumin
levels in addition to total 25(OH)D levels, which has some limitations.
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shortcomings (unification of binding affinities, inferior methods for measuring VDBP, etc.) and may lead to inadequate calculations
(2, 22). Methods for direct determination of free 25(OH)D are also available, but they have similar or even more pronounced
shortcomings than methods for measuring total 25(OH)D (2, 22). At this time, it is not yet completely clear whether the determination
of free 25(OH)D is clinically more useful than the determination of total for assessing vitamin D stores.

1,25(0OH)2D measurement

1,25(0H)2D is the active form of vitamin D, but because it has a half-life of only 4-8 hours and is found in the bloodstream in 1000-
times lower than 25(0OH)D, presents a major methodological challenge. Therefore, measurement of 1,25(0OH)2D concentration is
rarely used and only in the diagnosis of disease states associated with impaired vitamin D metabolism, especially impaired
activation of 25(OH)D into 1,25(OH)2D (advanced chronic kidney disease) (22, 23).

LC-MS/MS and immunochemical methods are available for measuring 1,25(0OH)2D , but the selection of available methods is much
smaller than for measuring 25(OH)D. The problems of determination are also related and more extensive than those of determining
25(0OH)D: relatively poor precision and accuracy of the methods, the problem of standardization, the problem of determining free
1,25(0H)2D, cross-reactivity with other metabolites (22, 23).

Preanalytical factors affecting 25(0OH)D

The recommended sample type for determining 25(OH)D concentration is serum or plasma, where 25(OH)D is relatively stable,
while its stability is significantly reduced when binding proteins are removed (5, 9, 24, 25). Since 25(0OH)D results are also
influenced by certain preanalytical factors (season, race, body mass index (BMI), age, physical activity), they should be taken into
account when interpreting the results. Larger seasonal fluctuations in 25(OH)D are expected in individuals who live significantly
north or south of the equator (26). Even more pronounced seasonal fluctuations are expected in blacks, as they have a reduced
ability to convert 7-dehydrocholesterol to previtamin D3 (27, 28). Relatively lower 25(OH)D levels have been reported in individuals
with increased BMI, mainly due to reduced hepatic conversion of cholecalciferol to 25(OH)D and its increased accumulation in
adipose tissue (29). Lower 25(OH)D levels have also been reported in older individuals, mainly due to reduced production of
vitamin D and its active metabolites (21, 28, 30). The metabolite 3-epi-25(OH)D has also been detected in young children and
some adults, the biological role of which has not yet been elucidated and differs from the normal form by a different stereochemical
structure. Due to the relatively small difference in structure, it cannot (yet) be distinguished from the normal form of 25 OHD by
some immunochemical methods and most LC-MS/MS methods (10, 22, 31). It is known that various physical activities can also
affect the increase in 25(OH)D, but the possible mechanisms of influence have not yet been elucidated. The most pronounced
increase was found in physically active men outdoors, although physical activities in winter or indoors also affect the increase in
25(0OH)D (28, 32). In addition to the above-mentioned effects of certain physiological and pathophysiological conditions on VDBP
and total 25(OH)D, interpretation should also take into account conditions that cause reduced 25(OH)D concentrations due to
impaired absorption (celiac disease, cystic fibrosis, gastric bypass, Crohn's disease, short bowel syndrome), impaired vitamin D
metabolism (liver, kidney diseases) or fluid shift into the intravascular space and a dilutional effect on 25(OH)D levels (critical acute
illnesses) (28).

Quality assurance in 25(0OH)D measurement

Due to the relatively large differences between 25(OH)D results obtained by different methods, as well as results obtained by the
same method in different laboratories, a Vitamin D Standardization Program (VSSP) was established .

Vitamin D Standardisation Programme (VDSP) (28, 33). Over the past ten years, laboratories using the VDSP have achieved
greater agreement with the reference method (LC-MS/MS), as well as greater interlaboratory comparability of results (5, 6, 23, 31).
The VDSP has also shown that the minimum criteria for measuring 25(OH)D
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(variability ¥ 10%, standard deviation y 5%) corresponds to most LC-MS/MS and only 50% of immunochemical methods (6,
31, 33). External quality assessment schemes also contribute significantly to improving the efficiency and accuracy of methods
for determining 25(OH)D, especially the DEQAS scheme, which provides users with a large amount of useful information for
improvements (measurement uncertainty, traceability and comparability of the method to the reference method, ability of the
method to measure 25(0OH)D2 and 25(OH)D3 equivalence) (23, 24, 28, 31).

The recommended Sl units for expressing 25(OH)D concentrations are “nmol/L”. Conversion of total 25(OH)D results obtained
by immunochemical methods into other units (e.g. ng/mL) can be problematic due to the different molecular weights of
25(0OH)D2 and 25(0OH)D3, as the content of each form is unknown (24).

The latter probably does not pose a major problem in Slovenia, as vitamin D3 preparations are mostly used .
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2.3 Functions of vitamin D

In the body and the consequences of deficiency

2.3.1 The effect of vitamin D
on bones and muscles

Darja Smigoc Schweiger

The effect of vitamin D on bones in childhood
The effect of vitamin D on bones

The most important role of calcitriol (1,25(OH)2D) is to promote the absorption of calcium from food in the small intestine,
which begins after the establishment of feeding after birth. At low dietary calcium intake, transport is transcellular, while at
high intake, paracellular transport predominates (1). Due to the obligatory loss of calcium in the urine, its homeostasis
must be constantly ensured (2). When calcium absorption in the intestine is reduced due to calcitriol deficiency, the level
of ionized calcium in the blood decreases. The reduced level of extracellular calcium ions is detected by a receptor on
parathyroid cells, which leads to increased release of parathyroid hormone (PTH) (3). This stimulates bone resorption by
osteoclasts, increases calcium reabsorption and reduces phosphate reabsorption in the renal tubules.

Parathyroid hormone thus increases serum calcium concentration and decreases serum phosphate concentration (4).
This compensatory mechanism is intended to maintain normal serum calcium levels, which are involved in many cellular
functions (5).

Consequences of vitamin D deficiency — rickets and osteomalacia

Regardless of the cause, the characteristic changes in the growth plate area of rickets develop due to hypophosphatemia.
Low phosphate levels lead to impaired apoptosis of hypertrophic chondrocytes in the growth plate (6). Persistence of the
zone of hypertrophic chondrocytes disrupts the morphology of the growth plate, which expands (7). Osteomalacia results
from impaired mineralization of osteoid (unmineralized bone matrix) at sites of bone turnover. An amount of osteoid
exceeding 5% of the bone volume is an indicator of severe vitamin D deficiency (8). In growing children, both rickets and
osteomalacia develop. When the growth plates close and growth is complete, only osteomalacia can develop (9). In
infants, craniotabes, a prominent forehead, delayed closure of the large fontanelle, or even craniosynostosis occur due to
softened cranial bones. Later, swelling of the wrists and ankles occurs due to altered metaphyses. Rickets in early
childhood is characterized by progressive deformation of the long bones, which manifests as bowed knees (genu varum)
in children up to three years of age and as bowed knees (genu valgum) in children older than three years of age (10). The
consequences of the deformities are walking difficulties and short stature, and fractures may also occur (11). Chest
deformities include the rachitic crown (widened costochondral joints) and Harrison's groove (a sunken lower part of the
chest where the diaphragm grows). Delayed tooth eruption and enamel hypoplasia occur. Extraskeletal manifestations of
rickets also include muscle hypotonia, delayed motor development, and a tendency to respiratory infections. Hypocalcemia
as a complication of rickets most often occurs in infants and adolescents due to increased calcium requirements during
rapid growth. Clinically, hypocalcemia is manifested by tetany,
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convulsions, exceptionally stridor and cardiomyopathy (9). In adolescents, the clinical picture of rickets is often
nonspecific and manifests with bone pain and proximal muscle weakness (12).

While rickets, a severe form of vitamin D deficiency, has been virtually absent for several decades since the
introduction of vitamin D prophylaxis in the 1930s, data from the last twenty years indicate a resurgence in
incidence, which is attributed to population migration and reduced sun exposure (7). Numerous studies have
sought to link milder forms of vitamin D deficiency with bone health in children. The main indicators of bone health
are serum PTH levels, bone mineral density (BMD), and fractures. Serum PTH levels are a direct indicator of
calcium homeostasis. As 25-hydroxycholecalciferol (25(OH)D) increases, PTH decreases.

Some studies have shown that above a certain level of 25(OH)D, a PTH plateau is established, when it does not
decrease further despite the increase in 25(0OH)D. This stable PTH level is thought to reflect calcium balance
(13). It should be noted that calcium balance and the skeletal effect of PTH depend on dietary calcium intake in
addition to serum 25(OH)D (14). In a sample of children aged 12—22 months, a PTH plateau was established at
25(0OH)D concentrations of 60—-65 nmol/L (15). In a population sample of 214 children, 17 of whom had
radiologically confirmed rickets and the rest were free of diseases that could affect calcium homeostasis, PTH
levels began to increase when serum 25(OH)D levels were below 34 nmol/L. With serum 25(OH)D levels below
41 nmol/L, 73% of children had at least one of the following plasma biochemical abnormalities: elevated PTH,
elevated alkaline phosphatase, hypocalcemia, or hypophosphatemia (16). A randomized controlled clinical trial
(RCT) in Danish children aged 4-8 years showed that in winter, to maintain serum 25(OH)D concentrations above
50 nmol/L, a daily vitamin D intake of up to 800 IU per day was required (17), and in 97.5% of adolescents aged
14-18 years, at least 1200 IU/day was required in the UK (18). In American adolescent girls, 863 U of vitamin D
supplementation was required daily to maintain 25(OH)D above 80 nmol/L (19). In children aged 9—-13 years in
the United States, supplementation with 400 IU of vitamin D daily ensured the maintenance of adequate serum
25(0OH)D concentrations during the winter in black children, but not in white children (20).

Vitamin D levels and bone mineral density

The results of studies on the association between serum 25(OH)D and bone mineral density (BMD) in children
are heterogeneous. In boys and girls aged 12-16 years, serum 25(OH)D was associated with both BMD and
bone quality as assessed by peripheral quantitative CT (pQCT) (21). Similarly, a study in young adults with a
mean age of 24.3 years showed that 25(OH)D influences peak BMD in both sexes (22). In a large Korean study
of 1345 men and 1573 women aged 10-29 years, serum 25(OH)D was significantly associated with BMD at most
skeletal sites in men, with the strongest association in the 10-14 year age group. The association between BMD
and serum 25(0OH)D was not linear, but a positive effect occurred at 25(0OH)D y 53.0 nmol/L. In women, serum
25(0OH)D was significantly associated with BMD only in the age group

14-21 years in the hip and lumbar spine (23).

Some studies have not shown an association between BMD and 25(OH)D. A 5-year prospective study in early
adolescent girls did not show a significant effect of 25(OH)D on BMD gain compared with insulin-like growth factor
1 (IGF1) (24). A cross-sectional study in adolescents did not show significant differences in serum 25(OH)D levels
between groups with upper limb fractures, lower limb fractures, and no fractures (25). A study in children younger
than 6 years also did not show an association between serum 25(OH)D levels and calcium intake with an
increased risk of fractures. However, vitamin D supplementation in this study was associated with a reduced risk
of fractures (26).



Machine Translated by Google

Vitamin D supplementation and bone mineral density

A Cochrane meta-analysis (27) of six randomized controlled trials ( RCTs) published in 2010 assessed the effect of
vitamin D supplementation on BMD in healthy children aged 8-17 years, with 541 children receiving vitamin D and
343 receiving placebo. The meta-analysis did not show a significant effect of vitamin D supplementation on BMD overall.
The effect of vitamin D supplementation on BMD was significantly positive in the subgroup of children with serum
25(0OH)D y 35 nmol/L. More recent RCTs published after meta-analysis showed a positive effect of vitamin D
supplementation on BMD in girls within two years of menarche (28) and in adolescents (mean age 13.1 years), but
not in boys (mean age 12.7 years) (29). In one RCT, the positive effect of vitamin D supplementation on BMD in
adolescents was still present one year after the intervention (30). In 2016, the National Osteoporosis Foundation ,
based on the available evidence, defined the impact of individual modifying factors on BMD acquisition in a systematic
review article (31). The review included eight RCTs published after 2000, four of which (28, 29, 32, 33) showed a
positive effect of vitamin D supplementation on BMD. The limitations of the studies that did not show a positive effect
of vitamin D supplementation on BMD were small sample sizes, low vitamin D doses, and in some cases higher
baseline 25(OH)D levels (34-37).

Summary

Most randomized clinical trials of vitamin D supplementation in children have included girls aged 10 to 17 years. The
effect of vitamin D supplementation on BMD was more pronounced in girls in early puberty and in girls with lower
baseline 25(OH)D levels. However, the dose of vitamin D required for optimal bone health in this population has not
yet been defined. There is also little data on the effect of vitamin D supplementation on BMD in younger children and
boys. Data on the dose of vitamin D required to maintain serum 25(OH)D levels above 50 nmol/L during winter from
RCTs have ranged from 400 to 800 IU daily in children and at least 1000 IU in adolescents.

The effect of vitamin D on bones in adulthood

Effects of vitamin D deficiency on bones

The skeletal effects of moderate vitamin D deficiency in adults are mainly associated with elevated serum PTH levels,
increased bone turnover, and cortical bone loss (38). In a large study involving 29 countries at different latitudes,
vitamin D-deficient groups (25(OH)D < 50 nmol/L) had significantly higher serum PTH compared with 25(OH)D > 50
nmol/L. After 6 months of treatment with vitamin D3 (400-600 1U/day) and calcium (500 mg/day), serum 25(OH)D
levels increased, while serum PTH decreased significantly, depending on baseline 25(OH)D levels (39). In the
Longitudinal Aging Study Amsterdam (LASA), PTH decreased when 25(OH)D levels were above 75 nmol/L (40). The
National Health and Nutrition Examination Survey (NHANES) (41) and LASA (40) observational studies also showed
a positive association between serum 25(OH)D levels and BMD. In LASA, the cutoff for a negative effect of 25(OH)D
on BMD was a serum level below 50 nmol/L. In NHANES, the positive effect of 25(OH)D on BMD was present
throughout the upper reference range of 90—100 nmol/L.

The effect of vitamin D supplementation on bone mineral density and fracture incidence

Vitamin D3 (400 IU) and calcium (1000 mg) supplementation in postmenopausal women showed a small but
significant improvement in hip BMD without a reduction in hip fracture incidence. The effect was independent of
baseline serum 25(0OH)D (42). In the large Vitamin D Assessment (ViDA) study
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In older New Zealanders with a mean baseline serum 25(OH)D level of 56 nmol/L, the group treated with 100,000
IU of vitamin D3 per month had a modest increase in femoral neck BMD (+0.5%) over 2 years. The positive effect
of vitamin D supplementation on BMD was greater in subjects with baseline serum 250HD levels < 30 nmol/L.
However, only 33% of participants achieved serum 25(OH)D levels above 75 nmol/L with vitamin D supplementation
(43). Several studies have examined the effect of vitamin D on fracture incidence.

Oral vitamin D3 monotherapy of 100,000 IU every four months was associated with a reduced risk of fractures after
five months (44), whereas in other studies, monotherapy with vitamin D3 at a dose of 600 IU per day (45) or oral
supplementation of 100,000 IU every four months did not reduce the incidence of fractures in nursing home
residents (46). In a large study of 5292 people aged 70 years and older with a recent fracture, the risk of fractures
and falls was not reduced with calcium (1000 mg) and vitamin D3 (800 IU) supplementation alone or in combination
(47). Similar results were obtained with vitamin D and calcium supplementation in women aged 65-71 years in the
general population (48). High intermittent doses of vitamin D 500,000 IU orally once a year have shown a
paradoxical increased risk of fractures at the expense of an increased risk of falls (49).

Meta-analyses of the effects of vitamin D supplementation on fractures and BMD have yielded conflicting results.
Analysis of data from 12 RCTs showed that supplementation y 800 IU daily had a positive effect on reducing hip
and non-vertebral fractures in people over 65 years of age (50). A meta-analysis of 23 RCTs showed a small effect
of vitamin D supplementation on femoral neck BMD, while there was no effect on BMD at other sites (whole hip,
trochanter, lumbar spine, forearm, whole body) (51). A Cochrane meta-analysis of 53 RCTs showed that the
combination of vitamin D and calcium reduced the risk of hip fracture by 16%, non-vertebral fracture by 14%, and
any fracture by 5%, while monotherapy was ineffective in preventing fractures. The treatment effect was greater in
the group at increased risk of fractures (residents of nursing homes) compared with the group at lower risk of
fractures (older adults living at home) (52). Another meta-analysis of RCTs showed a statistically significant 15%
reduced risk of all fractures and a 30% reduced risk of hip fractures in older adults.

both in the home environment and in nursing homes with calcium and vitamin D supplementation (53). On the other
hand, a meta-analysis of 33 RCTs did not show that calcium, vitamin D, or both supplementation was associated
with a reduced risk of fractures in older adults in the home environment. The results did not differ by vitamin D dose
and baseline serum 25(OH)D concentration (54). Similarly, a meta-analysis of 81 RCTs did not show an effect of
vitamin D supplementation on the prevention of fractures, falls, or changes in BMD. There was no difference in the
effect of high and low doses of vitamin D (55).

Summary

Given data from intervention studies that have shown that vitamin D replacement improves calcium homeostasis
and bone turnover in individuals with baseline 25(OH)D below 50 nmol/L (56), most guidelines define a serum
25(0OH)D level y 50 nmol/L as the range at which no negative effects on BMD are expected (57).

The shortcomings of the RCTs included in the meta-analyses, where there was no positive effect of vitamin D
supplementation on fractures, were mainly insufficient focus on populations with an increased risk of fractures
(residents of nursing homes with vitamin D deficiency), the use of too low doses of vitamin D to achieve the desired
serum 25(0OH)D level, and the study duration was too short to assess the effect of vitamin D supplementation on
fractures (38). RCTs with positive results show that vitamin D reduces the risk of fractures, especially in people
over 70 years of age and in people in institutionalized care, in whom doses of vitamin D of at least 1000 U per day
are usually required to achieve serum 25(OH)D levels above 75 nmol/L, and it is also necessary to ensure sufficient
calcium intake at the same time (58).



Machine Translated by Google

The effect of vitamin D on muscles
Mechanisms of action of vitamin D on muscles

The association between vitamin D deficiency and proximal myopathy was first described in adults with osteomalacia
with severe vitamin D deficiency. Vitamin D deficiency-associated myopathy is characterized by involvement of the larger
proximal muscles, manifested by difficulty in standing up, climbing stairs, and waddling gait (59). In extreme cases,
wheelchair dependence may occur (60). Even in severe cases, muscle weakness is reversible with vitamin D replacement
(60, 61). Muscle weakness may also be accompanied by muscle pain (62). Proximal muscle weakness associated with
vitamin D deficiency occurs in all age groups (63). In adolescents, it may also be the only clinical manifestation of rickets
(12). It is not yet completely clear whether proximal myopathy in vitamin D deficiency is a direct consequence of the
action of vitamin D on muscle or develops indirectly through hypophosphatemia and hypocalcemia (61). The mechanism
of the direct effect of 1,25(OH)2D on muscle is not yet fully understood. Compared to the intestine, the nuclear vitamin

D receptor (VDR) is present in very low amounts in striated muscle. Its expression is most intense in the early phase of
muscle development and during muscle regeneration (64—66). With age, the amount of VDR in muscle decreases (67).

Consequences of vitamin D deficiency on muscles

Some studies have reported a long-term increased risk of falls (68), decreased physical performance (69), and loss of
muscle mass (70) in older adults with vitamin D deficiency. Vitamin D status was associated with decreased physical
performance at 25(OH)D concentrations below 50 nmol/L (69). A prospective study of 1500 elderly women in institutional
care showed a 20% reduction in falls with doubling of serum vitamin D levels (71).

The effect of vitamin D supplementation on falls

Many studies have examined the effect of vitamin D supplementation on the incidence of falls in the elderly.

Vitamin D and calcium supplementation reduced falls by 50% over 3 months compared with calcium alone (72). A study
of 242 older adults in a home setting showed that the combination of vitamin D and calcium reduced the proportion of
people with falls by 39% after 20 months compared with calcium alone (73). Similarly, a Brazilian RCT showed that 9
months of vitamin D supplementation with 1000 U daily in women with low baseline 25(OH)D (37.5 nmol/L) reduced first
falls by almost 50% compared with placebo (74). On the other hand, the Vitamin D Assessment (ViDA) study showed no
effect of vitamin D supplementation at a dose of 100,000 IU per month for 3.4 years on the risk of falls or fractures. The
negative result may have been influenced by the baseline serum 25(OH)D value, as the mean baseline value was 63
nmol/L, with less than one third of the subjects having a value below 50 nmol/L (75).

Infrequent and high-dose vitamin D supplementation may paradoxically increase the risk of falls. This was first reported
in elderly nursing home residents receiving an oral dose of 500,000 IU of vitamin D3 once a year. The vitamin D group
had significantly more falls and fractures over the 4-year intervention period compared with the placebo group. The
incidence of falls and fractures was highest in the first 3 months after the vitamin D dose (49).

In women over 70 years of age, with 58% of participants having baseline vitamin D deficiency, a monthly dose of vitamin
D greater than 24,000 IU (equivalent to 800 IU per day) increased the proportion of people with falls from 48% to 67%
over one year. A 25(OH)D concentration greater than 112.5 nmol/L was also associated with an increased risk of falls
(76). An RCT that examined the effects of various daily doses of vitamin D ranging from 400 to 4800 IU compared with
placebo for one year in a sample of 146 older women with baseline 25(OH)D below 50 nmol/L showed that the curve of
the association between vitamin D doses and falls was U-shaped. The fewest falls were observed at doses between
1600 and 3200 IU per day. However, falls were significantly more common with lower or higher doses of vitamin D (77).
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A meta-analysis of eight RCTs showed that daily supplementation of less than 700 IU of vitamin D was ineffective,
while 700-1000 IU reduced the risk of falls by 19% (78). A meta-analysis of nine RCTs found a 17% reduction in
the incidence of falls after vitamin D supplementation (79). However, a meta-analysis of 20 RCTs did not show a
significant reduction of more than 15% in falls in older adults receiving vitamin D (80). A Cochrane review found
that vitamin D supplementation reduces the incidence of falls in people in institutional care (81). In another
Cochrane meta-analysis, vitamin D supplementation reduced the risk of falls only in people with low baseline
serum 25(OH)D levels (82). Similarly, a large meta-analysis showed modest increases in muscle strength with
vitamin D supplementation in older adults with serum 25(OH)D below 30 nmol/L ( 83).

Summary

Severe vitamin D deficiency is associated with muscle damage in the form of proximal myopathy, which is
corrected by vitamin D replacement. The presence of VDR in muscle indicates a direct involvement of vitamin D
in the maintenance of muscle function and structure. Data from RCTs suggest that vitamin D replacement in the
elderly has a modest effect on improving muscle function and preventing falls. However, vitamin D replacement in
large single doses at intervals longer than one month is not recommended, as these are associated with an
increased risk of falls.
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How does vitamin D affect the immune system?

Vitamin D is a fat-soluble vitamin that, through its nuclear vitamin D receptors (VDR, vitamin D receptor) and NR1 | (nuclear receptor
subfamily 1, group 1), regulates the expression of various, mainly inducible and hormone-regulated genes in many cells and tissues.
Transcriptomic analyses show that immune cells, especially macrophages, are among the cells whose transcription is significantly
regulated by the biologically active form of vitamin D3 ((1,25(0OH)2D3) (1).

The amount of vitamin D3 affects the transcriptional activity of many macrophage molecules that regulate the immune and
inflammatory response: ACVRL1, CAMP, CD14, CD93, CEBPB, FN1, MAPK13, NINJ1, LILRB4, TREML1. The mentioned molecules
have an impact on the regulation of the acute response to infections, on the regulation of the lymphocyte response by macrophage
cells, in this regard, these molecules are also associated with the risk of developing autoimmune diseases and allergies (2).

Vitamin D also participates in the regulation of adaptive immunity, as B and T lymphocytes express large numbers of VDR (3).

Vitamin D inhibits the secretion of the pro-inflammatory cytokines IL-6 or TNFy by monocytes. These effects are due to the inhibition of P-38 MAP
kinase (a subclass of mitogen-activated protein kinase) in response to pro-inflammatory cytokines. In addition, there is a link between the VDR/RXR
and MAP kinase signaling pathways in terms of activation or inhibition (4). The VDR/RXR complex can also bind to other molecules involved in the

transcription process, such as the glucocorticoid receptor (GCR) and NF-yB.

VDR, bound to vitamin D, becomes active and thus inhibits NF-yB, which is why vitamin D has an anti-inflammatory effect.

In addition, some studies suggest that the anti-inflammatory role of vitamin D is also mediated by the inhibition of specific pro-
inflammatory cytokines of Th1 cells, such as TNF-y, IFN-y, IL-6, IL-2, and IL-17 (5). Vitamin D increases the levels of the cytokines
IL-10, IL-4, and IL-5, which is a consequence of increased Th2 cell activity. At the same time, it may cause increased Treg cell
activity and a decrease in the number of Th17 cells (6).

Vitamin D and infections

Vitamin D plays a significant role in lung defense against microbial pathogens. This is due to the activation of antimicrobial peptide
expression in monocytes, epithelial cells lining the airways, monocytes, neutrophils, and NK cells. Lower serum vitamin D levels are
associated with an increased risk of infection, and vitamin D supplementation results in a reduction in acute respiratory infections (7).

Vitamin D deficiency is more common in older age groups, smokers, those who are overweight, chronic patients such as diabetics,
patients with high blood pressure, with various gastroenterological diseases such as celiac disease, chronic inflammatory bowel
disease, patients with chronic pancreatitis, with liver cirrhosis and many others. All of these groups, which have a high incidence of
vitamin D deficiency, mostly coincide with groups at high risk for more severe infections (8, 9).

Vitamin D deficiency increases the risk of more severe viral infections. Several randomized double-blind intervention studies and
meta-analyses of vitamin D supplementation have shown a lower incidence and shorter duration of acute respiratory viral infections
in groups that were vitamin D deficient at baseline and supplemented during the study.
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Studies have shown that higher concentrations of 25-hydroxycholecalciferol (25(OH)D) reduce the replication of influenza
virus, hepatitis B and C, dengue, herpesvirus, human immunodeficiency virus (HIV)
human immunodeficiency virus (HIV) and respiratory syncytial virus (RSV) (8, 10).

On the one hand, vitamin D is required for the proper expression of proteins that form intercellular junctions of epithelial
tissues — tight junctions, gap junctions and adherens junctions. Vitamin D deficiency results in reduced mucosal barrier
function and thus increased invasiveness of microorganisms. With sufficient vitamin D, several antimicrobial peptides are
induced in macrophages during viral infection, such as human cathelicidins and defensins. Cathelicidins have direct
antimicrobial activity against Gram-positive and Gram-negative bacteria, enveloped viruses (including SARS-CoV-2), non-
enveloped viruses and fungi. These peptides destroy the membranes of pathogens and neutralize their endotoxins. In a
mouse model, cathelicidins directly inhibit the replication of influenza A virus and rotavirus replication (8).

Vitamin D also enables better reproduction and antimicrobial activity of lymphocytes, thereby reducing the burden of tissues
with microbes that would provoke the nonspecific production of inflammatory cytokines, and in the case of widespread
infection, a cytokine storm (systemic inflammatory response syndrome ( SIRS)).

Vitamin D inhibits cytokine responses mediated by Th1 helper cells, particularly interleukin 2 (IL-2) and interferon gamma,
and promotes cytokine production by Th2 helper T cells (4, 11, 12).

When serum vitamin D levels are too low during the winter months and vitamin D intake is insufficient, vitamin D
supplementation is recommended, especially during periods of respiratory infections. Residents of nursing homes (NHS) are
particularly at risk, and healthcare workers are a special group at high risk of vitamin D deficiency (10, 13).

Vitamin D in covid-19

A retrospective study of 212 cases of laboratory-confirmed SARS-CoV-2 infection was conducted to determine the association
between serum 25(OH)D levels and clinical outcome. Of the 212 cases of COVID-19, the majority had a normal clinical
outcome. The mean serum 25(OH)D level was 23.8 ng/mL (serum 25(OH)D levels were lowest in critical cases and highest

in cases with mild infection). Most of the infected individuals had insufficient vitamin D levels. Vitamin D status was statistically
significantly associated with clinical outcome.

For each standard deviation increase in serum 25(OH)D, the odds of a milder clinical outcome over a severe outcome were
approximately 7.94 times higher (OR = 0.126, p < 0.001), and the odds of a milder clinical outcome over a non-critical
outcome were approximately 19.61 times higher (OR = 0.051, p < 0.001). The results suggest that increasing serum 25(0OH)D
levels may improve clinical outcome or mitigate the most severe (critical to severely critical) outcomes, whereas decreased
serum 25(OH)D levels may worsen clinical outcome (14, 15, 16).

Vitamin D and autoimmune diseases

Vitamin D deficiency or impaired function of enzymes required for its action influences the onset and severity of some
autoimmune diseases, particularly inflammatory bowel disease (IBD). Vitamin D supplementation is likely to be beneficial in
the supportive treatment of IBD. Elevated vitamin D levels are associated with higher serum cathelicidin concentrations and
reduced inflammation in patients with ulcerative colitis (17). A study by Brandvayman et al. (18) found no significant
association between low vitamin D levels and seasonal patterns of disease occurrence in children, but in the case of disease
flares, higher incidence was observed in June and lower incidence in April (p = 0.016), with significantly lower vitamin D
levels compared with those tested during remission. Low 25(OH)D levels are associated with a higher incidence of active
disease. Importantly, low vitamin D levels have been observed even in patients with IBD in clinical remission. This may be
due to the effect of medications on micronutrient absorption; glucocorticoids, for example, reduce the absorption and use of
calcium, zinc, and phosphorus
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and alter vitamin D metabolism. Low or inadequate vitamin D levels in this group of people are also associated with an
increased need for hospitalization and surgery (19).

Vitamin D supplementation in patients with IBD may be compromised by malabsorption, and high doses of vitamin D are
usually required to achieve optimal serum levels. However, the optimal dosing strategy for treating vitamin D deficiency
and maintaining compliance in patients with IBD is still under debate. In pediatric patients with IBD, 2000 international
units (IU)/day of vitamin D3 has been found to be more effective than 400 IU/day. Oral doses of 2000 IU/day of vitamin
D3 and 50,000 IU/week of vitamin D2 for 6 weeks were superior to 2000 1U/day of vitamin D2 in increasing blood
25(0OH)D concentrations in vitamin D-deficient IBD patients (17, 18).

In the five-year randomized VITAL study, which included 25,871 participants, Hahn and colleagues (19) monitored the
occurrence of autoimmune diseases in the group taking vitamin D (2000 IU/day) and in the group taking placebo.

The vitamin D supplement group had a 22 percent lower incidence of autoimmune diseases over a five-year period. The
effect on reducing the incidence of autoimmune diseases increased with the duration of vitamin D supplementation and
was also more pronounced in people with a lower body mass index (BMI). Although the authors did not define the
mechanisms by which vitamin D affects the immune system, the results of the study suggest that ensuring adequate
vitamin D levels is also an effective prevention of autoimmune diseases.

Conclusion

Adequate amounts of vitamin D are primarily needed for proper regulation of the immune response and inflammation.
Vitamin D deficiency increases the risk of developing autoimmune diseases and allergies. The risk of developing harmful
inflammatory responses (too long and too pronounced) also increases. Due to the role of vitamin D in the formation of
intercellular connections of epithelial tissues, vitamin D deficiency causes reduced mucosal barrier function and thus
increased invasiveness of microorganisms. Vitamin D deficiency also hinders lymphocytic control of viral infections and
thus increases the risk of a more severe course of viral infections. When serum vitamin D levels are too low in the winter
months and there is too little vitamin D in food, it is recommended to replace vitamin D, especially during periods of
respiratory infections. Residents of nursing homes (NHUSs) are particularly at risk.
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VITAMIN ‘

and diabetes

Darja Smigoc Schweiger, Tadej Battelino

The impact of vitamin D on type 1 diabetes

Introduction

Type 1 diabetes (T1D) is a chronic autoimmune disease in which the immune system attacks and destroys the beta cells
that produce insulin. As a result, the body no longer produces its own insulin, requiring lifelong insulin replacement for
survival. The disease mostly occurs in children, adolescents, and young adults, but can also occur later at any age. The
disease is multifactorial with an as yet unexplained etiology. In addition to genetic factors, the environment also influences
the development of the disease (1). Autoreactive T lymphocytes and the activation of the inflammatory response with the
release of cytokines play a particularly important role in the pathophysiology of the disease (2). By determining autoimmune
antibodies against beta cells, the disease can be recognized several years before it becomes clinically manifest (3).

Mechanism of action of vitamin D in SBT1

Because vitamin D has immunomodulatory effects and because low levels of 25-hydroxycholecalciferol (25(0OH)D) are

associated with the development of autoimmune diseases, it could be involved in the pathogenesis of SBT1 (4). A functional

vitamin D receptor (VDR) has been identified in almost all cells of the immune system, suggesting an important role for

vitamin D in regulating the immune system. By binding to the VDR, vitamin D regulates both adaptive and innate immune responses.
Most immune cells can produce the active form of vitamin D by the enzyme 1 alpha hydroxylase under the influence of

various triggers. Calcitriol (1,25(0OH)2D) regulates the immune response, promotes the development of immune tolerance

and has anti-inflammatory effects (5). VDR and 1 alpha hydroxylase are also expressed in pancreatic beta cells (6, 7).

Calcitriol thus reduces the expression of major histocompatibility complex | (MHC 1) molecules in beta cells and cytokine-

induced apoptosis (8, 9). Preclinical studies have also shown an effect on increased insulin secretion (10).

Epidemiological studies of vitamin D and SBT1

Some epidemiological studies have shown an association between 25(OH)D levels during pregnancy and the risk of T1D in
the offspring (11). For example, a Norwegian study showed that lower 25(OH)D levels in late pregnancy were associated
with a higher risk of T1D in the offspring by the age of 15. On the other hand, a Finnish study did not show an association
between 25(0OH)D levels in the first trimester of pregnancy and the risk of T1D in the offspring (12). In newborns in an Italian
population, 25(OH)D levels were not associated with the risk of T1D by the age of 10. A significant association was only
present in a subgroup of immigrant children, who also had lower 25(OH)D levels compared to the general population (13).
Consistent with these results, a large Danish study also showed no association between 25(OH)D levels in newborns and
the risk of developing SBT1 later in life (14).

A large longitudinal study ( The Diabetes Autoimmunity Study in the Young (DAISY)) monitored vitamin D intake and
25(0OH)D levels in children at high risk of developing T1DM. Of 1875 children, 123 developed autoantibodies. However,
vitamin D intake was not associated with an increased risk of developing autoantibodies.

In a longitudinal analysis of 401 children, 85 of whom developed autoantibodies, vitamin D status, as determined by
25(0OH)D measurements, was not associated with the development of autoantibodies. Plasma 25(OH)D levels, as
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even defined vitamin D deficiency at the age of nine months was not associated with the development of autoantibodies.
There was also no association between vitamin D intake, 25(OH)D levels, and the development of T1D in subjects with
positive autoantibodies (15). A prospective Finnish study, in which samples were collected for 25(OH)D determination
from the third month onwards, also showed no effect of 25(OH)D levels on the development of autoantibodies and clinical
T1D (16). Vitamin D levels were not associated with disease progression in subjects with presymptomatic T1D (17).

In contrast, the TEDDY prospective study, which followed children at increased risk of developing SBT1, showed an
association between 25(OH)D levels and the development of autoantibodies. Higher 25(OH)D levels in infancy and later
childhood were associated with a lower risk of developing autoantibodies. Adequate vitamin D status (> 50 nmol/L) was
associated with a 31% lower risk of developing autoantibodies compared with inadequate status (< 50 nmol/L). Adequate
vitamin D status in the first months after birth was associated with a 40% lower risk of developing autoantibodies. The
study also showed an association between VDR gene polymorphisms and 25(OH)D levels (18).

A prospective Finnish study showed that vitamin D intake of 2000 IU daily during the first year of life reduced the risk of
SBD1 by 80% compared with a lower dose (19). A large Norwegian study, comparing a group of 545 children who
developed SBD1 with 1668 controls, showed that receiving fish oil, as a significant source of vitamin D and omega-3 fatty
acids, during the first year of life reduced the risk of developing SBD1. On the other hand, replacing vitamin D with other
preparations did not have a significant positive effect. Vitamin D intake with fish oil was estimated at 400 IU daily (20).

A meta-analysis of five observational studies found a lower risk of developing SBT1 in infants who received vitamin D
compared with those who did not. There was also a trend towards greater effects with higher doses and earlier age of
supplementation (21). A large meta-analysis of eight observational studies found that vitamin D supplementation in infants
reduced the risk of developing SBT1, while vitamin D supplementation during pregnancy did not show a positive effect on
preventing SBT1. However, the analysis did not allow the optimal duration of supplementation and the required dose of
vitamin D to be defined (22).

Interventional studies of the effect of vitamin D on the development of SBD1

Randomized clinical trials have not shown improved beta cell function with calcitriol replacement in newly diagnosed
T1DM. Thus, the addition of calcitriol at a dose of 0.25 mcg per day had no positive effect on beta cell function in young
adults with newly diagnosed T1DM (23). Similarly, calcitriol replacement at a dose of 0.25 mcg per day in individuals with
newly diagnosed T1DM aged 11 to 35 years had no positive effect on beta cell function, glycated hemoglobin (HbAlc),
and insulin use (24).

Preclinical research suggests that vitamin D could play an important role in the pathogenesis of SBT1.

Summary

While several observational studies have shown that vitamin D supplementation, especially during the first year of life,
reduces the risk of developing SBD1, evidence from interventional randomized clinical trials is limited. The necessary
dose of vitamin D and duration of supplementation to prevent the development of SBD1 also remain unclear.
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The impact of vitamin D on type 2 diabetes
Mechanism of action of vitamin D in SBD2

Preclinical studies have shown that vitamin D is involved in the pathogenesis of type 2 diabetes (T2DM), which is
characterized primarily by insulin resistance, followed by impaired insulin secretion and loss of beta cell mass due to
apoptosis, through various mechanisms: disruption of calcium levels can reduce the dephosphorylation of glucose
transporter 4 (GLUT4), thereby impairing glucose transport; by regulating calcium flux through beta cell calcium channels,
calcitriol regulates insulin secretion; by improving beta cell function through reduced activity of the renin-angiotensin system;
by increasing insulin receptor expression and activation of the peroxisome proliferator-activated receptor-delta ( PPAR-
delta), which regulates fatty acid metabolism in adipose tissue and skeletal muscle, it increases insulin sensitivity; by
alleviating chronic inflammation associated with insulin resistance; by stimulating the synthesis of the calcium-binding
protein, calbidin, it prevents beta cell apoptosis (25).

Epidemiological studies of vitamin D and SBD2

Several observational studies have shown an association between vitamin D status and the risk of developing T2DM. A
large prospective study of 9841 participants in the general population showed a higher risk of developing T2DM in the
group with 25(OH)D levels in the lower quartile (<12 nmol/L) compared with those in the upper quartile (>50 nmol/L) (26).
Consistent with these results, an Australian study also showed an inverse association between vitamin D status and the
risk of developing T2DM (27). In a prospective study that followed a cohort of 903 adults over a period of twelve years,
higher 25(OH)D concentrations (>75 nmol/L) were associated with a lower risk of developing T2DM. An inversely
proportional trend was also found between serum 25(OH)D levels and the risk of SBD2, while the inversely proportional
trend of 25(OH)D levels with the development of prediabetes was insignificant (28). In a cross-sectional study on a group
of women with postmenopausal osteoporosis, 25(OH)D levels were inversely proportional to indicators of insulin resistance.
Positive effects on insulin resistance were expressed at 25(OH)D levels above 112 nmol/L (29). On the other hand, a
similar cross-sectional study showed an association between 25(OH)D levels and insulin resistance only in women with
vitamin D deficiency (30). However, some studies did not show positive effects of vitamin D on reducing insulin resistance
(31) and the risk of developing SBD2 (32).

A meta-analysis of observational studies has shown an association between vitamin D deficiency and insulin resistance in
both healthy individuals and individuals with T2DM (33). Another meta-analysis showed that a 25 nmol/L increase in plasma
25(0OH)D concentration was associated with a 12% lower risk of developing T2DM and an 11% lower risk of developing
both T2DM and prediabetes (34).

Interventional studies on the effect of vitamin D on the development of type 2 diabetes

Randomized clinical trials have attempted to assess the impact of vitamin D supplementation on the development of T2DM.
Supplementation with 5000 IU daily for 6 months in subjects at high risk of developing T2DM showed beneficial effects on
insulin sensitivity and beta cell function. Mean 25(OH)D levels were 127.6 + 26.36 nmol/L in the vitamin D group and 51.8
+ 1.5 nmol/L in the placebo group (35). In subjects with T2DM and associated vitamin D deficiency, supplementation with
50,000 IU weekly for 8 weeks reduced HbAlc and increased levels of the proteins sirtuin 1 and irisin, which are associated
with reduced insulin resistance (36). Similarly, in subjects with T2DM and associated ischemic heart disease,
supplementation with 50,000 IU vitamin D every 2 weeks and omega-3 fatty acids for a total of 6 months reduced fasting
glucose and increased insulin sensitivity (37). However, some randomized clinical trials have not shown a statistically
significant effect of vitamin D on the occurrence of T2DM. In a randomized double-blind placebo-controlled
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In this study, subjects with prediabetes and suboptimal vitamin D status (below 50 nmol/L) received 3000 IU of
vitamin D daily for a total of 26 weeks. After supplementation, vitamin D status in the vitamin D group improved
significantly (70.5 nmol/L) compared with the placebo group (35.3 nmol/L). There were no significant differences
between the groups in measures of insulin resistance and beta cell function (38).

Vitamin D supplementation at a dose of 20,000 IU per week for a total of twelve weeks in healthy men with
25(0OH)D levels below 75 nmol/L even showed a negative effect on insulin sensitivity, and in those with vitamin D
deficiency (below 50 nmol/L) an adverse effect on central adiposity and body composition (39). In a randomized
controlled trial, insulin resistance markers (HOMA), chronic inflammation, neurohormonal activity and lipids were
monitored before and after six months of low (400 IU per day) and high (4000 IU per day) vitamin D
supplementation. High-dose vitamin D supplementation did not show a more favorable effect on the observed
biomarkers (40). In a large randomized clinical trial involving 2423 adults at high risk of developing T2DM (at least
two positive glycemic criteria for prediabetes), half of the subjects received 4000 IU of vitamin D and the other half
received placebo. The mean vitamin D level was 62.4 nmol/L, and 78.3% of the subjects had a level equal to or
greater than 50 nmol/L, with no significant difference between the groups at baseline. After 24 months, the mean
vitamin D level in the vitamin D group was 135 nmol/L and in the placebo group was 72 nmol/L. Despite the high
vitamin D levels over a mean follow-up of 2.5 years, there was only a nonsignificant 12% reduction in the risk of
T2DM in the vitamin D group. A limitation of the study was that the placebo group was not vitamin D deficient (41).
A secondary analysis showed a moderately significant reduction in the risk of T2DM in the subgroup of people
with a body mass index (BMI) below 30 kg/m2 , vitamin D deficiency at baseline, adherence to treatment or serum
25(0OH)D concentration above 100 nmol/L during the entire study, and an even greater effect if they reached a
level above 125 nmol/L (42, 43). The nonsignificant effect of vitamin D supplementation in the group with a BMI
above 30 kg/m2 could therefore be attributed to a dose that was too low, as obese people require a 2- to 3-fold
higher dose of vitamin D to achieve the same 25(OH)D concentration as people with a lower BMI (44).

A meta-analysis of 47 randomized clinical trials in individuals without T2DM who received 4000 IU of vitamin D
daily for an average of 4 months showed a beneficial effect of vitamin D supplementation on lowering fasting
glucose and insulin resistance when 25(OH)D levels increased by 40 nmol/L. However, there was no significant
effect on insulin secretion and beta-cell function. Vitamin D supplementation also did not reduce the risk of
developing T2DM compared with placebo (45). In a meta-analysis of eight randomized clinical trials with 4896
subjects, vitamin D supplementation reduced the risk of developing T2DM only in subjects without obesity (RR
0.73). Vitamin D supplementation significantly increased the transition from prediabetes to normoglycemia (RR 1.48).
(46). Similarly, in another meta-analysis, vitamin D supplementation with a dose of at least 1000 U daily reduced
the risk of developing T2DM compared with placebo (47). A meta-analysis of 28 randomized clinical trials with
3848 participants showed that vitamin D supplementation improved insulin sensitivity (HOMA) and glycemic
control (HbAlc). Serum 25(OH)D3 concentrations above 86 nmol/L were achieved with an average of 3500 IU
daily vitamin D supplementation (48).

A meta-analysis of three randomized clinical trials that included individual data in adults with prediabetes (total of
4190 participants) showed a 15% lower risk of developing diabetes after an average of 3 years of follow-up with
vitamin D supplementation compared with placebo (49). The results of the RCTs conducted in Norway (50), the
USA (41) and Japan (51) were also very similar, with risk reductions of 10% (50), 12% (41) and 13% (51). The
doses used were 10,000 U (50) of vitamin D per week and 4000 U of vitamin D (41) per day. The study conducted
in Japan used an analogue of the active

form of vitamin D, eldecalcitol, at a dose of 0.75 mcg per day (51). Results of a meta-analysis showed that the risk
was 76% lower in the group with 25(OH)D concentrations above 125 nmol/L compared with those between 50
and 75 nmol/L. Vitamin D supplementation reversed prediabetes in 30% of participants. A 15% reduction in the
risk of progression from prediabetes to diabetes may not seem like a big deal, but extrapolated to the entire
population of people with prediabetes, it represents more than 10 million people (49).
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Summary

While most observational studies have shown an association between 25(OH)D levels and an increased risk of
developing T2DM, many intervention studies have not shown a positive effect of vitamin D supplementation.
Subgroup analyses showed a better effect of supplementation in subjects with baseline vitamin D deficiency,
achieved serum concentrations above 100 nmol/L, and BMI below 30 kg/m2n people with a BMI above 30 kg/
m2, 2- to 3-fold higher doses of vitamin D would likely be needed to achieve the same effect. In people with
prediabetes, vitamin D doses averaging 4000 IU per day, which is the upper recommended daily intake of
vitamin D, were required to reduce the risk of developing T2DM. T2DM prevention was also more successful in
the 25(OH)D concentration range of 125 to 150 nmol/L. There is currently insufficient longitudinal data from
observational studies to assess the safety of the higher doses of vitamin D needed to reduce the risk of

developing T2DM.
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Alenka Horvat Ledinek

The primary function of vitamin D is to precisely regulate calcium homeostasis, and today we have more and more data on its
extraskeletal function.

Receptors for vitamin D and the enzyme 1 alpha hydroxylase, responsible for the formation of vitamin D in the brain, are
located in the cerebral cortex, thalamus, hippocampus, substantia nigra, and amygdala (1).

Vitamin D controls the expression of many proteins involved in synaptic plasticity (2).

Research in animal models has shown that maternal vitamin D deficiency causes long-term changes in brain structure and
function, which affects the learning and memory processes in offspring (3).

In vitro studies have shown that vitamin D participates in the differentiation of dopaminergic nerve cells and the expression of
an enzyme involved in dopamine synthesis (4).

Vitamin D also has a neuroprotective effect, preventing toxic damage to nerve cells due to a sudden increase in cytoplasmic
calcium. Furthermore, vitamin D has an anti-inflammatory effect, inhibiting the production of pro-inflammatory cytokines,
microglia activation, and inhibiting the inducible enzyme for the synthesis of nitric oxide, which is produced during ischemia and
in neurodegenerative diseases (5).

It also regulates nerve growth factor, thus protecting nerve cells from glutamate toxicity.

Vitamin D is an important contributor to brain function and contributes to the physiology of transmission and connectivity within
a large number of neuronal connections. Motivation and motor function depend on dopaminergic connections, which are
strongly influenced by vitamin D. Overexpression of the vitamin D receptor (VDR) in the striatum of mice has been associated
with increased motivation for physical activity and reward-related behavior. In addition, vitamin D has been shown to restore
dopaminergic motor pathways (6).

The presence of vitamin D receptors in limbic structures has suggested a link between vitamin D and the regulation of mood
and emotional behavior (7). The effects of vitamin D on cognition are based on multiple mechanisms, including modulation of
oxidative stress, calcium homeostasis, and the synthesis of various transmitters (1, 8).

It is also worth noting that the active metabolite of vitamin D acts by binding to the vitamin D receptor (VDR), which is found in
monocytes, dendritic cells, B cells, and T cells. VDR activation alters the transcription and differentiation of immune cells,
altering the immune response indirectly and directly, by reducing the activation of proinflammatory T cells by antigen presenting
cells, and directly by inhibiting T and B cell division, B cell differentiation, and immunoglobulin production.

Vitamin D replacement thus reduces the production of pro-inflammatory T helper cells, accelerates the production of anti-
inflammatory T cells, inhibits T and B cell proliferation and immunoglobulin secretion.

Vitamin D deficiency is defined as a serum concentration of 25-hydroxycholecalciferol (25(OH)vitamin D) below 50 nmol/L, a
sufficient level is defined as a value between 50 and 75 nmol/L, and optimal values are above 75 nmol/L.
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Alzheimer's disease (AD) is the most common cause of dementia.

Neuropathological processes that occur in neurodegenerative diseases such as Alzheimer's dementia (AD) include amyloid accumulation,
tau protein hyperphosphorylation, oxidative stress, mitochondrial dysfunction, the cytotoxic effect of calcium and glutamate, and of course,
inflammation (9).

It is known that senile plagues and neurofibrillary tangles accumulate in the brains of AD patients. The accumulation of senile plaques and
neurofibrillary tangles causes nerve cells to die.

Clinically, it manifests itself with disorders of memory, thinking, orientation, recognition, understanding, calculation and learning abilities, as
well as speech, expression and judgment.

Research on Vitamin D and Cognitive Impairment, AD

Numerous meta-analyses, cross-sectional studies, and observational prospective studies have shown an association between low vitamin
D levels and cognitive impairment, including AD. Furthermore, a meta-analysis of serum vitamin D levels in relation to cognitive function
showed an association between low vitamin D levels and poorer executive functions, such as information processing speed, and a very
weak association with impairments in episodic memory (10, 11).

Vitamin D supplementation and cognitive impairment

Several studies have investigated the link between vitamin D supplementation and cognitive function in the elderly.
The results of randomized, controlled trials have not proven the effect of vitamin D supplementation on improving cognitive function.

A prospective study involving patients with a mean age of 86 years did not demonstrate any improvement in cognitive function with vitamin
D supplementation of 50,000 IU three times/week for four weeks (12). In contrast, results from another study involving patients aged 80
years and receiving 800 IU of vitamin D daily showed improvements in cognitive function, especially executive function, over a 16-month
study period (13).

Another randomized trial found improvements in visual memory with vitamin D supplementation of 4000 IU per day for 18 months, compared
with low doses of 400 IU in a healthy population. No effects on other domains of cognitive functioning were observed (14).

The results of studies on the impact of vitamin D supplementation on cognitive function and the development of AD are very difficult to
interpret, due to the very different demographic data of the subjects included, the small number of subjects, as well as the very different
tests used to assess cognitive function.

Cross-sectional studies have shown lower vitamin D levels in individuals with cognitive impairment and AD. Some longitudinal studies have
shown that low vitamin D levels are associated with an increased risk of cognitive decline and dementia, while others with larger samples
and a duration of 20 years have found no such associations.

There is also no clear answer as to whether vitamin D supplementation has an impact on improving cognitive functioning.
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Parkinson's disease (PD) is a chronic and progressive neurodegenerative disease characterized by the loss of dopaminergic neurons
in the substantia nigra.

The incidence and prevalence of PD increase with age, and it is present in 1% of the population over the age of 65. PD is less
common in women than in men, most likely due to the protective effect of female sex hormones.

PD is clinically defined by the presence of bradykinesia in combination with at least one other manifestation: muscle rigidity, resting
tremor, or postural instability.

Vitamin D status in patients with PD

A large number of basic and clinical studies have demonstrated the association between vitamin D hypovitaminosis and PB, although
the data from the literature are contradictory.

The DATATOP study enrolled patients with mild idiopathic PD with mild symptoms and was followed for a mean of 18.9 months (15).
No significant decline in serum vitamin D was observed in patients during the study. Another study, which included 300 patients (100
PD patients, 100 AD patients, and 100 healthy subjects), showed a higher prevalence of severe vitamin D deficiency (serum
concentration less than 30 nmol/L) in PD patients compared with healthy controls or AD patients (16).

A Belgian study focused on vitamin D supplementation in patients with PD and concluded that more than half of patients did not have
sufficient vitamin D intake, with the average daily intake being below 400 IU in 62.5% of men and 40% of women (17).

Vitamin D and the risk of PD

A large number of studies have reported an association between vitamin D and the risk of PD, although the results have sometimes
been contradictory.

Results from a 2010 Finnish study showed that higher serum vitamin D levels were associated with a lower risk of developing PD.
Subjects with serum 25(OH)D levels greater than 50 nmol/L had a 65% lower risk of PD than the group with a serum concentration
of 25 nmol/L (18).

However, it is also worth mentioning the study by Shrestha et al., which found no association between vitamin D and the incidence of
PD (19). Similar conclusions were reached in the PARS study. The reasons for such contradictory results can be found in the
geographical location, habits and physical activity, as well as the socio-economic status of the included subjects (20).

Vitamin D and the course of the disease

The results of the DATATOP study, as well as those of the Oxford group, did not show an association between serum vitamin D
levels and disease progression, in both motor and non-motor areas (15, 16).

Supplementation of vitamin D and PB

Patients with PD very often have lower serum levels of vitamin D compared to the rest of the population, most likely due to insufficient
intake.

Very few studies have examined the effect of vitamin D supplementation on BP and disease progression. A randomized double-blind
pilot study failed to demonstrate an effect of vitamin D supplementation (10,000 IU/day) on balance (21).
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Patients with PD have lower vitamin D levels compared to other older adults.
The reasons are poor mobility, diet and sun exposure.

Some studies have shown a relatively increased risk of developing PD with vitamin D levels below 25 nmol/L. There is
insufficient evidence that vitamin D supplementation affects the course of the disease, or the motor and non-motor
symptoms of the disease.

Multiple sclerosis (MS) is a chronic, autoimmune, inflammatory and demyelinating disease of the central nervous system
(CNS) of unknown etiology, which most often affects people between the ages of twenty and forty. Women are affected
more often than men. The exact cause of the disease is unknown. There are several factors that influence the incidence
of MS: latitude, genetic factors, gender, age, race, viruses and migration.

Genetic testing on twins has shown that twins with lower vitamin D levels are more likely to develop MS.

Two genes related to vitamin D metabolism have been identified: CPY27B1, which encodes an enzyme for the synthesis of vitamin D,
and CPY24A1, which encodes an enzyme for the degradation of 1,25-dihydroxy vitamin D. The presence of the genes is associated
with the occurrence of MS regardless of other environmental factors (22).

The connection between latitude, month of birth, season, vitamin D, and the occurrence of MS is quite clear.

In Norway, it was found that consumption of cod liver oil reduced the incidence of MS, but only in the group that
consumed it at a young age (23). The study used doses of vitamin D ranging from 400 to 800 IU/day.

A study of patients with optic neuritis using vitamin D at a dose of 50,000 IU/week found fewer lesions on magnetic
resonance imaging (MRI) of the brain (24).

However, there is still insufficient evidence on the effectiveness of high or low doses of vitamin D in preventing or
reducing the risk of MS.

Disease triggers and vitamin D

Murisova and colleagues found that vitamin D levels affect the number of disease flares, but only in the youngest and
oldest groups of patients, which can be explained by the immunomodulatory properties of vitamin D (25).

The SOLAR study was a randomized, double-blind, placebo-controlled trial in patients with relapsing-remitting MS to
determine the effect of vitamin D 14,000 IU/day on disease progression. All patients were treated with interferon beta
1b. The results of the study showed that patients treated with vitamin D had lower radiologically visible disease activity,
but there was no difference in disease progression or annual number of relapses between the two groups (26).

In the BENEFIT study of patients with clinically isolated syndrome treated with interferon beta 1b, Ascheiro and
colleagues found that low serum vitamin D levels early in the course of the disease were a risk factor for increased
disease activity and progression (27).

Pregnancy is a period with a less active course of the disease, and a study in which pregnant women were given vitamin
D at a dose of 50,000 IU/week for a period of 6 months demonstrated that the group of pregnant women receiving
vitamin D had a lower number of disease flares compared to the control group (28).
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Studies have shown lower serum vitamin D levels during flare-ups compared to non-flare-ups, but no association between vitamin D
doses and the number of flares has been demonstrated (29).

In a recent randomized, placebo-controlled trial of D-lay MS, which included 303 patients with newly diagnosed, untreated clinically
isolated MS syndrome or relapsing-remitting MS, the active group received high-dose cholecalciferol (100,000 IU every 14 days) for
two years, MR-visible disease activity (new and/or contrast-enhancing lesions) and/or disease flare were observed in 94 patients
(60.3%) in the vitamin D group and in 109 patients (74.1%) in the placebo group (hazard ratio 0.66, p 0.004). High-dose vitamin D
significantly reduced early-stage MS activity without the introduction of other medications (30).

Neurological impairment and vitamin D

Most of the studies published to date do not describe the benefits of vitamin D intake at different doses on the level of neurological
impairment assessed by the Expanded Disability Status Scale (EDSS) (27).

High doses of vitamin D compared to low doses

In a study, Sotirchos and colleagues compared the effects of low-dose vitamin D (800 1U) with high-dose (10,400 IU) in patients with
relapsing-remitting MS treated with various immunomodulatory drugs (31).

The study found a pleiotropic effect of high doses of vitamin D on reducing IL17 production in CD4+ T cells and reducing the proportion
of effector memory CD4+ T cells with a simultaneous increase in the proportion of central memory CD4+ T cells and naive CD4+ T
cells. These immunomodulatory effects were not observed in the low-dose vitamin D group.

Patients with MS may have lower serum vitamin D levels due to the disease itself. The level of vitamin D that would have an
immunomodulatory effect on the course of the disease has not yet been determined, the vast majority of studies indicate values
between 75 and 125 nmol/L. The prevailing opinion is that supplementing with 4000 IU of vitamin D/day is safe.

A large number of studies have confirmed the influence of vitamin D on the development of the nervous system and its important
immunomodulatory and neuroprotective role. It is known that patients with Alzheimer's dementia, Parkinson's disease and multiple
sclerosis have low levels of vitamin D compared to healthy people. However, it is not known whether low levels of vitamin D are a
cause or a consequence of the diseases due to lack of exercise or other influences that cause the onset of these diseases.

More randomized, controlled trials will be needed to answer the question of whether vitamin D supplementation is beneficial in various
neurological diseases. Until then, we advise that it is prudent to maintain optimal vitamin D levels in patients with neurological diseases.
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Alojz Ihan

Introduction

Cancer is a collective name for diseases characterized by uncontrolled cell division and the ability of these cells to invade other
tissues, either by directly growing into neighboring tissue ("invasion") or by the migration of cancer cells to distant sites ("seeding").
Uncontrolled cell division is the result of defects in the genes that control cell division. On the one hand, normal cellular genes
that code for proteins and are involved in cell reproduction, growth, survival, and differentiation may be defective (mutated).
Mutated forms of such genes are called oncogenes, as they lead to uncontrolled cell division and tumor formation (Ras, Raf,
HER2, myc, Src, BTK). On the other hand, genes that normally serve to regulate (inhibit) cell reproduction (tumor suppressor
genes and proteins, e.g. TP53, BRCA2, APC, Rb) may be defective (mutated). For example, the tumor suppressor protein p53 is
mutated (nonfunctional) in as many as 50% of cancers, but normally acts as a kind of emergency brake on cell division by
controlling the cell cycle, activating repair mechanisms for damaged DNA, and activating apoptosis if the repair mechanisms have
not successfully completed their task (1). Cancer development is a multi-step process, so the onset and development of the
disease is usually influenced by several factors. The onset of cancer (carcinogenesis) is strongly associated with mutagenesis,
i.e. with the occurrence of genetic changes due to chemical, physical or (micro)biological factors (e.g. oncogenic viruses). The
onset and development of cancer are also strongly influenced by environmental factors, especially diet, exposure to carcinogens,
exercise and stress (2).

Mechanisms of action of vitamin D

Preclinical studies suggest that vitamin D may influence the development and/or progression of cancer, either by acting directly
on cancer cells or by acting on the immune system, which is important in preventing the development and maintenance of cancer
(3). The effect of vitamin D on the immune system is particularly important in more “immunogenic cancers” — those that have more
pronounced mutated proteins (e.g. p53), against which an immune response is subsequently generated (e.g. anti-p53 antibodies).
A 2023 study in the medical journal JAMA showed that vitamin D supplementation significantly improved survival in patients with
gastrointestinal cancer who had anti-p53 antibodies (the immunoreactive type), but had no effect in patients who did not have anti-
p53 antibodies. The authors concluded that the difference was due to the stimulation of the immune system by vitamin D, which

is effective if the tumor is sufficiently immunogenic in terms of its properties — it contains enough mutated proteins for antigen
recognition and is infiltrated with sufficiently activated lymphocytes and dendritic cells (4).

Binding of vitamin D to nuclear vitamin D receptors (VDRs), which are expressed in most human breast cancers, also directly
slows the growth of cancer cells when activated. Vitamin D, through its nuclear receptors and NR1 | (nuclear receptor subfamily
1, group 1), regulates the expression of various, mainly inducible and hormone-regulated genes.

In laboratory studies on cells and animals, it has been found that cancer cells exposed to the active compound of vitamin D often
die. The immune system is also strongly involved in the development and maintenance of cancer. People with immune deficiencies
have an increased incidence of cancer. Biologically active form of vitamin D3

1,25-dihydroxycholecalciferol ((1,25(0OH)2D3) significantly regulates the transcription of most immune cells, especially
macrophages. The amount of vitamin D3 therefore affects the expression of many macrophage molecules that regulate the
immune and inflammatory response: ACVRL1, CAMP, CD14, CD93, CEBPB, FN1, MAPK13, NINJ1, LILRB4, TREML1. These
molecules also significantly affect the interaction of macrophages and tumor tissue. Since vitamin D has immunomodulatory
effect, could be involved in the pathogenesis of cancer. Therefore, many studies are investigating the impact of vitamin D
deficiency on cancer development and the impact of vitamin D replacement on cancer prevention and/or treatment (3).
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Observational studies and meta-analyses of the impact of vitamin D

The role of vitamin D in cancer prevention is not clearly defined. A meta-analysis of studies on the effect of sun exposure
on breast cancer incidence showed a protective effect of time spent in the sun on breast cancer risk for both exposure
during normal adulthood and adolescence. This effect is most pronounced in northern countries, where sun exposure is
important and critical for the production and storage of vitamin D (5). Another meta-analysis included studies that
compared serum vitamin D levels (25-hydroxyvitamin D — 25(OH)D) and the incidence of colon, breast and prostate
cancers. The meta-analysis found an inverse association between vitamin D levels and the incidence of colorectal
cancer, but the results were not significant for other cancers (6).

A cohort study of 59,000 women found that vitamin D deficiency and inadequate vitamin D receptor activation may
increase the risk of breast cancer or worsen the disease in patients with cancer. If the blood vitamin D level of breast
cancer patients is below 75 nmol/L (30 ng/mL), they should be prescribed vitamin D3 to raise the vitamin level to the
appropriate level (7).

In several observational studies, researchers have also found that people with breast cancer had insufficient vitamin D
levels at diagnosis (7). However, it is unclear whether low vitamin D levels are a cause or a consequence of the cancer.
Were the patients’ vitamin D levels low because they did not get outside to exercise during their illness, or because of a
generally poor diet? Or did inactivity contribute to the development of cancer in the first place, since physical activity
reduces the risk of cancer? Poor diet, inactivity, and obesity can cause inflammation and deplete vitamin D stores (8).
Therefore, the associations between vitamin D levels and cancer incidence or mortality are not sufficient to decide
whether vitamin D supplementation is appropriate for cancer. Only randomized trials of vitamin D supplementation can
answer this question.

Intervention studies and meta-analyses with vitamin D

Baseline serum 25(OH)D levels also influence the response to vitamin D supplementation. A placebo-controlled,
randomized, chemopreventive trial of colorectal adenoma showed variability in the extent to which serum 25(OH)D
levels increased after 1 year of vitamin D supplementation with 1000 IU. The increase was influenced by the initial serum
25(0OH)D level. In subjects with lower initial levels, serum 25(OH)D levels increased proportionally more than in subjects
with higher initial levels. A separate analysis of vitamin D supplementation studies showed that studies that stratified
participants, including cancer patients, according to their serum 25(OH)D insufficiency or deficiency, showed effects of
vitamin D supplementation on mortality. Thus, a more precise analysis that included subgroups of patients might explain
some of the differences between study results (9).

In a meta-analysis of 2479 studies (up to January 2022) on vitamin D supplementation on cancer incidence and mortality,
studies with daily vitamin D supplementation found a lower risk of cancer if plasma 25(OH)D levels > 100 nmol/L were
achieved. Studies with single high doses even found an increased risk of cancer regardless of the achieved blood
25(0OH)D level. In terms of cancer mortality, studies testing daily vitamin D supplementation found a significantly lower
risk, while studies with single high doses of vitamin D did not show a reduced risk of cancer mortality. When further
stratified by achieved blood 25(OH)D levels, a significant reduction in cancer mortality was found among studies with
daily dosing at > 100 nmol/L, while among studies with bolus dosing, a non-significant increased risk was found among
achieved 25(OH)D levels > 100 nmol/L (10).

The results described suggest that high-dose (bolus) vitamin D supplementation may have different physiological effects
than daily dosing. When vitamin D supplements are given in infrequent, high doses, vitamin D (cholecalciferol) is rapidly
eliminated from the circulation (11), and therefore the effects of vitamin D are short-lived. In addition, high-dose boluses
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dosing activates 24-hydroxylase (CYP24A1), which results in a decrease in 1,25(0OH)2D. In contrast, with daily dosing,
especially at relatively high doses such as 2000 IU/day, circulating vitamin D levels are maintained daily, and such a
stable concentration may lead to a continuous action of vitamin D (12).

The 2019 Vitamin D Replacement Trial (VITAL) found that after two years of taking 2,000 U of vitamin D daily, the

risk of dying from cancer began to decrease, compared with those taking a placebo, and was significantly lower after
five years, although the incidence of cancer did not decrease (12). The study found that people of nhormal weight who
took vitamin D had a 42 percent lower risk of dying from cancer. The clinical trial lasted over 5 years and involved
approximately 26,000 middle-aged and older men and women. Despite the large size of the study, the researchers
were unable to draw conclusions about specific types of cancer, only about the risk of dying from any type of metastatic
cancer (13).

In cancer mortality, the VITAL study specifically examined advanced (metastatic or fatal) cancers and found a
significant risk reduction with vitamin D supplementation only in subjects with a normal body mass index (RR, 0.62;
95% CI, 0.45-0.86), but not in subjects with a higher body mass index.

A meta-analysis that included all studies up to 2022 also demonstrated a differential effect of daily vitamin D
supplementation depending on the degree of obesity. In cancer incidence, subgroup analysis showed an effect of
vitamin D on reduced cancer mortality in individuals with normal body weight, but not among overweight or obese
individuals (10).

Although emerging evidence suggests that vitamin D is more effective in individuals with a normal body mass index,
the biological explanation is unclear. Absorbed vitamin D, as a fat-soluble vitamin, is stored in the lipid droplets of
adipocytes (14). This sequestration explains the well-known observation that obese individuals have lower 25(0OH)D
concentrations and consequently higher parathyroid hormone (PTH) concentrations in the blood compared with lean
individuals given the same dose of vitamin D. Impaired hepatic 25-hydroxylase activity and consequently reduced
25(0OH)D formation have also been demonstrated in obesity. Furthermore, even at the same level of 25(OH)D,
overweight and obese individuals have higher PTH levels than lean individuals (15). Although the action of vitamin D
in lowering PTH levels is considered one indicator of adequate vitamin D supply (16), it is not known whether this
mechanism would be important in cancer. Alternatively, obesity is characterized by chronic subclinical inflammation
and high levels of various inflammatory markers that may have immunomodulatory effects. Since inflammation and
immunity are implicated in the development and progression of cancer (3, 4), the chronic inflammation and immune
response induced by obesity could affect the efficacy of vitamin D in cancer development (13).

Studies have also shown that the response to vitamin D supplementation may be influenced by the sex of the cancer
patient. In response to vitamin D supplementation, serum 25(OH)D levels increased more in women than in men. In
postmenopausal women, the outcome of vitamin D supplementation may be further influenced by whether they are
using menopausal hormone therapy. Vitamin D supplementation (as self-reported) reduced the risk of cancer in
women who were using hormone therapy. However, cancer risk was increased in women who were not using
menopausal hormone therapy, but only in women with a body mass index of less than 25 kg/m2 .

Separately, higher body mass index has been shown to reduce the effectiveness of vitamin D supplementation in
increasing 25(OH)D levels. Higher doses were required in overweight (7000 1U/day) and obese individuals (8000 1U/
day) than in normal weight individuals (6000 1U/day) to achieve the same serum 25(OH)D levels (17).

When assessing whether vitamin D can reduce cancer risk, genotypes of vitamin D-related genes should also be
considered. Vitamin D supplementation (1000 IU/day) significantly reduced the development of advanced colorectal
adenomas in individuals with the VDR rs7968585 AA genotype, but increased the risk in individuals with the AG or
GG genotype (18).
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Conclusion

Numerous studies confirm the beneficial effect of vitamin D supplementation on the incidence and especially
mortality from cancer, if a stable and long-term plasma level of 25(OH)D > 100 nmol/L is achieved. This level can
be achieved in people with normal body weight with doses of 1000 to 2000 IU of vitamin D per day. A higher body
mass index reduces the effectiveness of vitamin D supplementation in increasing 25(OH)D levels, so the effects
of supplementation are unpredictable. Even taking vitamin D in single large doses over longer periods of time
does not have a protective effect, and some studies have even found an increased risk of cancer regardless of
the achieved level of 25(OH)D in the blood.
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Introduction

At-risk groups are population groups that are assumed to be more susceptible to a certain disease or are more exposed

to certain harmful factors. These are also population groups that are assumed to have already contracted a certain
disease, but the disease has not yet manifested itself with symptoms, but some early signs are already easily measurable
(1). In addition to the concept of at-risk groups, vulnerable groups are also mentioned in healthcare. Both terms associate
a higher risk of developing a disease; the definitions of both differ and complement each other in relation to anthropological
and socio-economic characteristics.

This chapter focuses on groups at risk and vulnerable to vitamin D deficiency, namely newborns, children and
adolescents, pregnant women, oncology patients, people with obesity, people with special living or employment
circumstances or clothing habits, and residents of nursing homes. A separate chapter is dedicated to pregnant women.

Newborns

Vitamin D is an essential nutrient for both bone and extraskeletal health in all individuals, including neonates, regardless
of body weight or gestational age. While the physiologically active metabolite 1,25-dihydroxycholecalciferol (1,25(0OH)2D)
does not cross the placenta, cord blood levels of 25-hydroxycholecalciferol (25(OH)D) are positively correlated with
maternal 25(OH)D levels (cord blood levels are 60-89% of maternal levels) (2). Therefore, maintaining optimal maternal
vitamin D levels during pregnancy and lactation is essential to prevent fetal and neonatal vitamin D deficiency (3, 4).

Current recommendations for vitamin D during pregnancy do not take into account the vitamin D needs of newborns and
assume immediate adequate vitamin D supplementation from the early neonatal period onwards. Therefore, Kiely et al.
have proposed measures to prevent neonatal severe vitamin D deficiency (25(OH)D concentration < 25-30 nmol/L), and
note that cord blood 25(OH)D levels represent a potential target for individualized vitamin D supplementation (5, 6).

We wrote about the effects of maternal hypovitaminosis D on pregnancy and fetal health in the chapter "The importance
of vitamin D in pregnancy, effects on the pregnant woman, fetus and newborn". The present chapter discusses the role
of vitamin D in newborns as a group at risk.

Results from several studies have shown that the prevalence of vitamin D deficiency was 80% in preterm infants with a
birth weight of less than 1500 g (7) and 36% in preterm infants admitted to the neonatal intensive care unit (8), which
may be attributable to vitamin D deficiency in pregnant women. A significant difference is present between serum vitamin
D levels and age at admission to neonatal intensive care units, with lower vitamin D levels observed in younger infants
and sufficient levels in older infants, again suggesting the existence of
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Vitamin D deficiency in pregnant women. Serum vitamin D levels have been shown to be significantly higher in term infants
compared to preterm infants in various studies (9). Neonatal mortality was not related to vitamin D levels, but low vitamin D
levels were a marker associated with severity of infection, organ dysfunction, and length of hospitalization in sick neonates (10).

Hypovitaminosis D in the mother and consequently in the newborn may increase the risk of hypocalcemia in the newborn (11,
12), the most severe complication of which may be convulsions. The causes of hypocalcemia in newborns can be diverse;
vitamin D deficiency is mainly associated with the so-called “late-onset” hypocalcemia, which occurs 5-10 days after birth (13).

It has also been found that maternal vitamin D deficiency during pregnancy may affect bone mineralization and morphology in
the fetus and newborn (4). Data on 25(0OH)D levels and bone mineral density or even fracture rates in newborns are somewhat
less available. Some data suggest a possible benefit of higher 25(OH)D levels on bone mineralization, but these need to be
confirmed in larger trials and correlated with clinical events and outcomes (14—16).

Children and adolescents

Adequate vitamin D intake is important in neonates, infants, children, and adolescents, as rickets due to vitamin D deficiency
occurs throughout the pediatric period (17). Vitamin D deficiency is also associated with lower bone mineral density and lower
achievement of peak bone mass (18). Risk factors for vitamin D deficiency in healthy children vary by age group.

Direct exposure to sunlight is not recommended for infants under 6 months of age (19). Breast milk and infant formulas do not
contain sufficient amounts of vitamin D to prevent deficiency.

Newborns of mothers who were vitamin D deficient during pregnancy, premature infants, and exclusively breastfed infants are
at higher risk. Infants born in winter are also at higher risk of vitamin D deficiency. In healthy children after the age of one year,
those at higher risk of vitamin D deficiency are those with darker skin, those with less sun exposure (more time spent indoors;
regular use of sunscreen with a high sun protection factor; covering the skin due to cultural norms or religious precepts), and
those with higher body mass index (20). In Danish children and adolescents, daily screen time was an independent risk factor
for lower serum 25(OH)D levels (21). 25(OH)D levels were also lower in adolescents compared to younger children (22), which
is attributed to a change in lifestyle with less free time spent outdoors (23).

Oncology patients

Every year, around 15,000 people in Slovenia develop cancer, and more than 110,000 people live among us who have ever
had some form of cancer. Cancer is primarily a disease of the elderly, with 64% of patients in Slovenia being over 65 years of
age. The most common cancers include non-melanoma skin cancer, prostate cancer, lung cancer, breast cancer, colorectal
cancer and melanoma (24). Every year, 4,465 patients in Slovenia are treated with systemic cancer treatment.

The carcinogenic effect of ultraviolet (UV) rays and their influence on the development of skin cancer (both non-melanoma and
melanoma) is supported by numerous studies. The results of these studies have led to the development of cancer risk reduction
recommendations by the European Union Against Cancer (25), which include, among other things, avoiding excessive sun
exposure and the use of solariums (26). In order for such recommendations to effectively reduce risk behaviors in both family
members and patients — UV exposure, unhealthy diet, alcohol consumption —

a Spanish study showed (27). In addition to reducing the incidence of skin cancer, such measures can also lead to vitamin D
deficiency.
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Oncology patients, not only those with skin cancer, are among the group of people at increased risk of vitamin D
deficiency. The elderly, people who are hospitalized or residents of nursing homes are particularly at risk.

and people with congenital or acquired photosensitivity (28). Patients may develop acquired photosensitivity as a
result of systemic cancer treatment, and are therefore often advised against exposure to UV rays. Adverse skin
changes due to UV exposure may develop during treatment with imatinib, brigatinib, methotrexate, taxanes,
doxorubicin, fluorouracil, tetracyclines.

In addition, patients undergoing systemic cancer treatment may be weakened by side effects and be limited to
movement within the home or hospital stay. Additional risk factors for vitamin D deficiency include poor diet and
reduced physical activity. An American study showed that 49.1% of oncology patients treated had vitamin D deficiency
(< 50 nmol/L in 18.1%). Patients were most at risk in the winter and spring months. The risk of vitamin D deficiency
during and after treatment also depends on the type of cancer, and it is most common in patients with esophageal,
gastric, gynecological cancers and sarcomas (29).

A Turkish study also showed a high prevalence of vitamin D deficiency (< 50 nmol/L) among cancer patients, as high
as 72%. It was mainly present in women during complementary or palliative treatment, and somewhat less common
in patients with complete remission of the disease (65.4%). The causes were attributed to poor nutrition, general
weakness and lack of exercise (30).

It is also reasonable to consider the Slovenian population of skin cancer patients, oncology patients undergoing
systemic treatment, hospitalized patients, and patients in palliative care as a population at increased risk of vitamin D
deficiency and to recommend regular daily vitamin D supplementation.

Employees in special work environments

Research suggests that employees who spend most of their working time indoors are more susceptible to vitamin D
deficiency. Several occupational groups have been found to have lower serum concentrations. These include
healthcare workers and healthcare residents (31, 32), hospitality workers (33), and managers (34).

Not surprisingly, outdoor workers are least likely to suffer from low vitamin D levels; however, when it comes to indoor
workers, the highest comparable incidence rates are often found in those who work predominantly night shifts,
regardless of geographic location. Research shows that shift workers, healthcare workers, and indoor workers are at
high risk of developing vitamin D deficiency (35).

Residents of nursing homes (DSO)

Exposure to sunlight or UVB light often decreases with age, and this may also coincide with other factors such as
increased clothing coverage and reduced outdoor activity (36). At the same time, the diet of older people is often less
diverse and may contain fewer vitamin D-rich foods (35).

As we age, the skin's ability to synthesize vitamin D also decreases, meaning that with the same amount of UVB
exposure, the body produces less vitamin D due to changes in the skin (37, 38). At the same time, renal conversion
of vitamin D to 1,25(OH)2D may also decrease due to decreased kidney function (38). Older people are also often
overweight, which also increases their vitamin D needs.

Due to changes in metabolism, older people are even more susceptible to severe vitamin D deficiency.

One of the most at-risk groups is the elderly, who spend most of their time indoors (39, 40), such as residents of
nursing homes (NHS). In this group, the impact of vitamin D deficiency on health is particularly problematic, as it can
lead to more serious health complications, such as falls, fractures,
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osteoporosis and even osteomalacia, and rapid decline in vitality and the development of fragility, while low concentrations
are also associated with other non-skeletal complications (41). Research results from Sweden showed vitamin D
deficiency (25(0OH)D < 50 nmol/L) in 82% of nursing home residents (42). Since this area has been poorly researched in
Slovenia (43), in 2021 the Institute of Nutrition launched the national research project NutriCare “Challenges of achieving
nutritional security among residents of nursing homes” (44). Sampling took place between June 2022 and February 2023;
387 residents (65-101 years) from twenty different nursing homes for older adults, distributed across all health regions in
the country, were included. Vitamin D in the form of medicines or dietary supplements was added by 57% of the
participants. Data on serum 25(OH)D concentrations are available for 383 of the study participants. Among participants
who did not supplement with vitamin D, the prevalence of vitamin D deficiency (25(OH)D < 50 nmol/L) was as high as
84% (49% of the total sample), and 58% of these participants (or 30% of the total sample) had even severe vitamin D
deficiency with serum 25(OH)D concentrations below 30 nmol/L. Only 26% of the study participants were optimally
supplied with vitamin D (25(OH)D > 75 nmol/L) (44).

Recommendations for vitamin D supplementation in nursing home residents and other residents who predominantly live
indoors were prepared by the Association of Endocrinologists of Slovenia in early 2021 and are available on the website:
https://endodiab.si/2021/11/19/nova-priporocila-za-nadomescanje-vitamina-d-pri-oskrobovancih-dso-jev/ (45).

Since then, the Health Insurance Institute of Slovenia (ZZZS) has covered the costs of prescribing vitamin D for residents.

DSO is available on prescription, but not yet for everyone.

People with obesity and overweight

Overweight and obesity are defined by the World Health Organization as abnormal or excessive fat accumulation that
may affect health (46). Obesity affects many comorbidities and causes damage to various organs, such as the heart,
brain, liver, lungs, blood vessels, joints, and skeleton (47—-49). Obese people are at higher risk of severe COVID-19 and
other acute infections than non-obese people (50-52).

The association between vitamin D deficiency and obesity and obesity-related diseases has been confirmed by numerous
studies. Obese people have lower levels of 25(OH)D due to several factors: volume dilution, sequestration in adipose
tissue, impaired hepatic 25-hydroxylation, changes in gene expression of enzymes that regulate vitamin D metabolism in
adipose tissue, dietary habits, clothing style, and limited outdoor exercise.

Itis likely that all of these factors reduce 25(OH)D levels in obese people (53).

Volumetric dilution of vitamin D is the most likely mechanism for the inverse relationship between serum vitamin D
concentration and body mass index. In overweight individuals, vitamin D is distributed over a larger volume, resulting in
lower serum concentrations (54).

Vitamin D, as a fat-soluble vitamin, accumulates and is retained in adipose tissue, leading to lower plasma levels in
people with high levels of adipose tissue (55, 56). They also found that impaired 25-hydroxylase activity in the liver and
consequently reduced conversion of cholecalciferol to 25(OH)D were observed. Targher et al. reported that 25-
hydroxylation was impaired in subjects with nonalcoholic fatty liver disease, a condition that is very common in obesity.
They also found that decreased serum 25(OH)D levels were closely related to the degree of histologically proven fatty
liver (steatosis), inflammation, and necrosis (57). Due to the above mechanisms, mainly due to reduced activity of 25-
hydroxylase in the liver, the prevalence of vitamin D deficiency and severe deficiency is higher in the subpopulation of
obese or overnourished individuals, and the average levels of 25(OH)D are much lower than in the normally nourished
population. Obese individuals and those with type 2 diabetes therefore represent a group at risk for vitamin D deficiency.
To achieve and maintain normal levels of 25(OH)D, overnourished and obese individuals require twice or even three
times higher doses of vitamin D than those with normal diets (58—60).
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Ethnic minorities

Population subgroups that are more susceptible to vitamin D deficiency include certain ethnic minorities. Danish research suggests that
Pakistani immigrants and descendants, women wearing veils, immigrants and children of immigrants born in Denmark have exceptionally low
vitamin D levels (61-65).

Similar findings have been reported in studies from neighboring countries. For example, a high prevalence of vitamin D deficiency was
observed in Norway, particularly among immigrants born in Turkey, Sri Lanka, Iran, Pakistan, and Vietnam (66). A German study found

vitamin D deficiency among children of immigrants of Turkish and Arab-Islamic origin (67).

In summary, ethnicity is inconsistently defined across countries, and we expect that more precise definitions of ethnic minorities in policy and
research will lead to a more thorough understanding of why ethnic minorities are at risk of vitamin D deficiency. More precise definitions,
including the role of skin colour, skin covering, religion and tradition, are needed to help health professionals recommend vitamin D

supplementation to those ethnic minorities who are truly at risk (68).

Prisoners and detainees

Specific prison conditions — low exposure to sunlight combined with limited outdoor activities — can lead to vitamin D deficiency among
inmates. The number of prisoners in Slovenia began to increase in 1997 and peaked in 2014, when 1217 prisoners were imprisoned in
Slovenian prisons. The size of the prisoner population then decreased to 1013 prisoners in 2018. The number of remand prisoners began to
increase in 1996, peaking in 2009, when 368 people were detained in Slovenian prisons. This was followed by a period of decline in remand
prisoners until 2015, when 202 people were detained in Slovenian prisons. The size of the remand population then increased to 326 prisoners
in 2018 (69, 70).

Medical treatment of convicted and detained persons is carried out in accordance with the Rules on the Enforcement of Prison Sentences (68).
We have not found any research that would evaluate the risk of vitamin D deficiency among convicted and detained individuals in Slovenia.

In a German study, blood serum from 84 prisoners was analyzed. Thirty women (36%) had severe vitamin D deficiency (< 24.9 nmol/L) and
47 (56%) had vitamin D deficiency (25 nmol/L ¥ 49.9 nmol/L) (71).

A study conducted in Arizona found that vitamin D deficiency is prevalent in prisons, particularly among prisoners who have been incarcerated
for more than 1 year. Because severe vitamin D deficiency is associated with a number of adverse health outcomes, the researchers conclude
that providing vitamin D supplementation to prisoners should be considered (72).

Another US study found that only 31% of prisoners had adequate vitamin D levels, with the remainder either being vitamin D deficient (33%)
or having suboptimal vitamin D levels (34%) (73). A higher proportion of black prisoners, regardless of length of imprisonment, had lower

vitamin D levels than non-black prisoners. Age, sex, and length of sentence were not significant factors associated with vitamin D (73).

An Australian study found that, by Australian standards, out of 124 prisoners, 67 had sufficient vitamin D and 57 had vitamin D deficiency.

Smoking and Asian ethnicity were shown to independently significantly increase the risk of vitamin D deficiency (74).

All of the studies mentioned above involved small numbers of subjects in a small number of locations, which reduces the reliability of the
results. A summary of existing research suggests that vitamin D deficiency is common in prisoners.
Unlike prisoners, the general population can decide whether, when, and for how long they want to be exposed to sunlight or take vitamin D

supplements. To prevent the long-term effects of vitamin D deficiency, it seems reasonable

| 76



Machine Translated by Google

taking vitamin D during imprisonment, especially for those prisoners who are imprisoned for a long time (more than a few
weeks).

Conclusion

For newborns, children and adolescents, pregnant women, cancer patients, obese people, people with special living or
employment circumstances or clothing habits, and residents of nursing homes, we recommend or advise supplementing
vitamin D every day of the year. Recommended doses are listed

in the final chapter of the publication.
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Vitamin D is important during pregnancy for the course of pregnancy, fetal development, and the health of the newborn.

Vitamin D homeostasis in pregnancy is very complex, and its mechanisms are not yet fully understood. There is evidence that vitamin D
supplementation during pregnancy reduces the risk of some important complications, but not all randomized placebo-controlled intervention trials
confirm this. However, since vitamin D intake during pregnancy is safe, supplementation of 800-1000 IU (20-50 mcg) per day is recommended due
to the potential beneficial effects

(the dose should be increased in overweight and obese women) already during the pregnancy planning period and during pregnancy, especially
since research shows that vitamin D levels in populations in Europe and also in pregnant women in Slovenia are too low. It has so far been added
to most multivitamin preparations for pregnant women in a dose of 400 IU (10 mcg). Given the proven high prevalence of vitamin D deficiency and
severe vitamin D deficiency among Slovenian women of childbearing age, taking higher doses of vitamin D is indicated, especially during pregnancy.
The conclusions of research on the feasibility of screening programs for detecting pregnant women with low vitamin D levels have shown that
screening is not feasible due to the known epidemiological data on the prevalence of deficiency and because screening would be significantly more

expensive than introducing a general recommendation for regular vitamin D intake for all pregnant women.

Physiology of vitamin D in pregnancy

Serum 25-hydroxycholecalciferol (25(OH)D) concentration is the most reliable indicator of vitamin D status in the body (1-3). It changes little in the
serum of pregnant women during pregnancy, except in the case of altered endogenous synthesis with increased exposure to sunlight or altered
intake (4). It is reasonable to strive to achieve sufficient amounts of vitamin D during pregnancy to prevent hypovitaminosis D in the fetus, newborn

and early childhood (3), as well as complications in the pregnant woman.

The concentration of vitamin D in the fetus depends on the concentration of vitamin D in the mother. It passes through the placenta
in the form of 25(OH)D. Cord blood concentrations of 25(OH)D are 10—-40% lower than in maternal blood (3, 5). The active form of vitamin D, 1,25-
dihydroxycholecalciferol (1,25(0OH)2D) , does not cross the placenta but is synthesized in the placenta.

The concentration of the active metabolite 1,25(OH)2D increases to twice the normal value in pregnant women (if sufficient substrate 25(OH)D is
available), which leads to increased calcium absorption from the intestine (3, 6). Increased calcium absorption creates the conditions for normal
development of fetal bone mass (6). However, the increase in 1,25(OH)2D concentration in pregnant women is not the only cause of increased
calcium absorption, as calcium absorption from the intestine doubles early in pregnancy, even before the concentration of 1,25(0OH)2D increases
(7). The concentration of the active form of vitamin D begins to increase in the first weeks of pregnancy and reaches double the values (relative to

the pre-pregnancy state) by the end of the first trimester, with the highest values occurring in the last trimester (4—6, 8). Despite the 100-
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The serum calcium concentration in pregnant women does not increase with a percentage increase in 1,25(0OH)2D

concentration (9), and normal values are maintained by urinary calcium excretion (4). The mechanism that causes the

increase in 1,25(0OH)2D concentration is a combination of increased production in the maternal kidneys and increased

formation of 1,25(0OH)2D in trophoblast tissue and decidua (6, 8). With an increase in the concentration of the active form of vitamin D
In maternal blood and placenta, an immunosuppressive environment is provided, which prevents maternal T lymphocytes

from responding to fetal or paternal antigens (6). Vitamin D has an effect on the mechanisms of innate immunity by

influencing the expression of antimicrobial peptides and on the mechanisms of acquired immunity by influencing T

lymphocytes (8).

There are other regulators of vitamin D synthesis and calcium homeostasis, namely calcitonin, placental lactogen,
prolactin and osteoprotegerin, a PTH-related peptide ( PTHrP) (4, 6). The increase in calcitonin levels in the second
trimester is thought to play a role in protecting the maternal skeleton from excessive calcium resorption. Placental lactogen
and prolactin are thought to stimulate the formation of PTHrP and 1,25(OH)2D, increase intestinal calcium absorption and
reduce urinary calcium excretion. Osteoprotegerin reduces osteoclast activity and calcium resorption from bone (4).

Research on serum vitamin D levels in pregnant women
Two studies on vitamin D levels during pregnancy were conducted in Slovenia.

In 2013 and 2014, we conducted a prospective observational study in Maribor on 398 pregnant women across four
seasons (10). Vitamin D was measured at the time of delivery. The average vitamin D concentration in the population of
parturient women was 43.4 nmol/L. Vitamin D deficiency (< 50 nmol/L) was present in 65.1% of pregnant women, of which
23.6% had severe deficiency with concentrations below 25 nmol/L (10, 11). Only 9.5% of pregnant women had
concentrations above 75 nmol/L, which are considered optimal (10). The results were comparable to those of studies in
Poland, Denmark, and Belgium (12—14). In our study, lower vitamin D concentrations were associated with a higher risk
of cesarean section and preterm birth (10). Cord blood vitamin D concentrations were also measured (15). Severe vitamin
D deficiency, with concentrations below 25 nmol/L, was present in 18% of newborns. Severe deficiency was associated
with a higher risk of prematurity, neonatal respiratory distress syndrome, and hospitalization in the first year of life for
acute gastroenterocolitis and acute respiratory infection (15).

The Ljubljana observational study, conducted in 2011-2012 on 132 randomly selected pregnant women in the last
trimester, reported vitamin D deficiency (< 50 nmol/L) and insufficient levels (50-75 nmol/L) in 14 and 41% of pregnant
women, respectively, while optimal levels (y 75 nmol/L) were found in less than half of the subjects (16). The mean serum
25(0OH)D level was 73.2 nmol/L. The risk of vitamin D deficiency was 2.3 times higher in the period from October to March
than in the period from April to September. Vitamin D concentrations were lower in older pregnant women than in those
younger than 30 years of age and, as expected, higher in women who exercised outdoors at least twice a week, who had
a 3.7-fold lower risk of vitamin D deficiency. Only two of the 132 women included in the study reported taking vitamin D
supplements or fish oil. Serum vitamin D levels in pregnant women did not correlate with anthropometric measurements
of newborns at birth and with bone mineral density in newborns as determined by quantitative ultrasound (17).

A recently published longitudinal study of 50 pregnant Japanese women showed that serum 25(OH)D levels decrease in
the second and third trimesters, paralleling the decline in hematocrit. This article reports that as many as 73% of pregnant
women in Japan have serum vitamin D levels below 20 ng/mL (50 nmol/L), which is indicative of vitamin D deficiency
(18). It is estimated that 56% of pregnant women worldwide and 74% of newborns are vitamin D deficient, with levels
below 50 nmol/L (8).
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Vitamin D supplementation during pregnancy

Several studies have demonstrated the beneficial effects of vitamin D supplementation during pregnancy, but there are differences in the
number of participants and methodology (13, 19-22). Pregnant women who received higher doses of vitamin D have been found to have
higher serum vitamin D concentrations (23). A comparison of three doses of vitamin D supplementation showed that pregnant women who
received 4000 IU of vitamin D daily had the highest vitamin D concentrations at delivery compared with groups receiving 400 IU and 2000
IU of vitamin D daily (23). The group receiving 4000 |U of vitamin D daily had the lowest incidence of preeclampsia, gestational diabetes,
preterm birth, cesarean section, and infections (24). Meta-analyses have shown higher vitamin D concentrations in pregnant women who
took vitamin D (25-27). The most recent meta-analysis of randomized trials did not demonstrate an effect of vitamin D supplementation on
the occurrence of pregnancy complications (27). The most recent systematic review of the literature published a separate analysis of the
results of randomized controlled trials and observational studies (28).

A review of randomized controlled trials found no effect of vitamin D supplementation on the incidence of preterm birth, preeclampsia,
gestational diabetes, stillbirth, and cesarean section, and vitamin D supplementation during pregnancy was associated with a lower
incidence of small-for-gestational-age birth (28). On the other hand, a review of observational studies showed a negative association
between vitamin D levels and the incidence of preterm birth, preeclampsia, gestational diabetes, and small-for-gestational-age birth (28).

During the COVID-19 pandemic, it was recommended that pregnant women supplement with 1500-2000 U per day throughout pregnancy,
and in the event of a confirmed infection (even asymptomatic), 14,000 IU for 4 days (if the pregnant woman had not previously taken
vitamin D), then continue with 1500-2000 U per day (29).

Vitamin D toxicity and teratogenicity

Excess vitamin D in the body can lead to hypercalcemia and hypercalciuria and consequently to urolithiasis and nephrocalcinosis. Toxic
effects in adults appear after several months of taking > 10,000 IU of vitamin D per day or potentially after a single dose of over 300,000
IU (30), potentially toxic serum concentrations of 25(OH)D above 375 nmol/L are considered, which is practically very difficult to achieve
with the use of vitamin D preparations. In studies where pregnant women were given various doses of vitamin D, even 4000 IU per day
(23), no negative effects on the health of pregnant women or newborns were reported.

There are no known data on the teratogenic effects of vitamin D supplements in humans. Some studies in rats and rabbits have observed
a potential dose-dependent fetotoxic effect. Growth retardation, skeletal development (impaired ossification and craniofacial hypoplasia)
and cardiovascular abnormalities have been observed. In their conclusions, the researchers emphasized that there are no clear links to
human relevance (30). In humans, a teratogenic effect of vitamin D has not yet been reported, even in cases where pregnant women took
200,000 1U/day (5 mg).

Human and animal studies confirm that normal vitamin D concentrations in pregnant women do not result in excess vitamin D in the fetus
(30).

There is currently no evidence that screening for vitamin D deficiency in the general population is beneficial, and it is not recommended
(31, 32). There are suggestions to routinely measure vitamin D levels in women at higher risk of deficiency, but the cost of the test makes
it easier to replace vitamin D, which is very safe during pregnancy (32).

In addition, it is necessary to take into account the time of year when the concentration of 25(OH)D is determined in a future pregnant
woman. Due to seasonal influences, this is highest in summer and early autumn, and lowest in winter and early spring. Determining vitamin
D during pregnancy is also not a reliable indicator of vitamin D supply, because laboratories routinely determine total 25(OH)D, i.e. bound
to VDBP (vitamin D binding protein; 90% of 25(OH)D is bound to this protein), and the rest to albumin, with only less than one percent
forming free 25(OH)D. The total concentration

25(0OH)D may be normal, levels of free and albumin-bound vitamin D (bioavailable 25(OH)D)
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is (too) low. Namely, during pregnancy, under the influence of high estradiol levels, the level of the VDBP binding protein increases significantly
and falsely increases the level of total 25(OH)D.

The impact of vitamin D deficiency on pregnancy complications

Gestational diabetes

Gestational diabetes is diabetes that first appears during pregnancy. The incidence in Europe is 2—6% (33) and in the USA it is 14% (34). The
published incidence is greatly influenced by the active detection of gestational diabetes.

In Slovenia, with the introduction of broader screening and changes in criteria, we observed an increase from 3.5% by 2011 to 7.5% in 2012,
and we can expect an increase of up to 17% (35).

Observational studies on the effect of vitamin D on the incidence of gestational diabetes have reported conflicting results. Some have reported
a higher incidence of gestational diabetes with lower vitamin D levels (36-50), while other research groups have found no association (51—
55). Several meta-analyses of observational studies have been published, and all have reported a higher incidence of gestational diabetes
with lower vitamin D levels (56-63).

Studies investigating the effect of vitamin D supplementation on the incidence of gestational diabetes have also yielded conflicting results (64—
67). An Australian study included pregnant women who had vitamin D levels below 80 nmol/L before the 20th week of pregnancy. One group
of pregnant women received 5000 U of vitamin D daily, and the other 400 IU. No differences in glucose intolerance were found between the
two groups between the 26th and 28th weeks of pregnancy (64). An American study compared the effect of 400 1U, 2000 IU, and 4000 IU of
vitamin D daily on the incidence of gestational diabetes and found no differences in the incidence of gestational diabetes between these
groups (65). A Chinese study, however, demonstrated a lower incidence of gestational diabetes in pregnant women who received 400-600 U
of vitamin D daily. A meta-analysis of intervention studies with vitamin D supplementation reported a reduced risk of gestational diabetes with
vitamin D supplementation with an RR of 0.51 (68). A recent systematic review of the literature reported a possible effect of vitamin D on the
incidence of gestational diabetes, but the strength of the evidence was weak (69).

Conflicting results from observational and interventional studies suggest a complex etiology of gestational diabetes, influenced by body mass
index, genetic predisposition, lifestyle, and weight gain during pregnancy (54). Vitamin D deficiency is more common in obese pregnant
women, who also have a higher incidence of gestational diabetes, which further complicates the analysis of the effect of vitamin D on the
occurrence of gestational diabetes (54). In addition, observational studies analyze the effect of vitamin D concentration at a specific point in
pregnancy on the occurrence of gestational diabetes (58), which makes the temporal relationship between vitamin D concentration and the
development of gestational diabetes less clear (58). According to the existing literature, vitamin D deficiency may be one of the cofactors in
the development of gestational diabetes.

Hypertensive diseases in pregnancy

It is not yet clear how vitamin D metabolism is altered in pregnant women with preeclampsia and hypertensive diseases (70).

Observational studies have provided conflicting results regarding the effect of vitamin D levels on the incidence of hypertensive disorders in
pregnancy. Some groups have reported lower vitamin D levels in women with preeclampsia and in those who later developed preeclampsia
(71-77), while other groups have found no association (78-81).
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Meta-analyses are also conflicting. Harvey et al. found no association between low vitamin D levels and preeclampsia in an
analysis of four observational studies (82). Other meta-analyses have reported a higher risk of preeclampsia with lower vitamin
D levels (57, 70, 83, 84).

Vitamin D supplementation did not reduce the incidence of preeclampsia, but combined calcium and vitamin D supplementation
was associated with a lower risk of preeclampsia in a meta-analysis (68). A meta-analysis of 27 randomized controlled trials
reported a 57% reduction in the risk of preeclampsia with vitamin D supplementation and a 51% reduction in the risk with
calcium supplementation (85). A recent meta-analysis of intervention trials of vitamin D supplementation reported a reduced
risk of preeclampsia with a RR of 0.48 (68).

Among studies that have analyzed the association of vitamin D with hypertensive disorders in pregnancy, there are differences
in the definition of hypertensive disorders, analysis of cofactors, and timing of vitamin D determinations in pregnancy. Most
studies have included few pregnant women with preeclampsia (82). Vitamin D levels are influenced by race, gestational age,
and obesity, all of which also influence the occurrence of preeclampsia. Current evidence suggests that the risk of hypertensive
disorders is higher when serum vitamin D levels in pregnant women are below 50 nmol/L (70).

There is robust evidence that calcium supplementation reduces the risk of preeclampsia (85, 86), but it is unclear whether the
combined use of calcium and vitamin D has such an effect. Calcium supplementation should be considered in pregnant women
with low dietary calcium intake. Vitamin D is involved in calcium homeostasis, and maintenance of normal calcium levels is
associated with normal blood pressure (85).

Premature birth

Vitamin D may influence the pathophysiology of preterm birth by influencing inflammatory and immunomodulatory processes
(87). It plays a role in the function of toll-like receptors (TLRs), which are important for the establishment of the innate immune
response, and in the function of regulatory T cells (Tregs) (88, 89). In vitamin D deficiency, the function of macrophages, which
depend on the function of TLRs, is impaired (88).

Observational studies have shown mixed results. Most observational studies (90-97) and a meta-analysis (82) have failed to
confirm an association between vitamin D levels in pregnant women and preterm birth, but a Chinese study (98) found vitamin
D deficiency to be associated with a higher risk of preterm birth. Lower vitamin D levels have also been observed in women
with twins who delivered before 35 weeks of gestation (87). Observational studies vary in their definitions of preterm birth, their
analysis of associated factors that may affect vitamin D levels or preterm birth, and the length of gestation at which vitamin D
levels were measured. Due to methodological shortcomings and conflicting study results, it is not possible to reliably support
an association between vitamin D deficiency and preterm birth (99).

The association between vitamin D deficiency and preterm birth was found in an American study that included women of
various ethnic groups (100). Vitamin D levels were measured at the first prenatal visit and, based on the measured levels, the
pregnant women were given a vitamin D supplementation regimen. Vitamin D levels were also measured at 24 and 28 weeks
of pregnancy. They found a 62% lower risk of preterm birth in women who had vitamin D levels above 40 ng/mL (100 nmol/L)
at the time of delivery, compared with women with levels below 20 ng/mL (50 nmol/L). The population of women in this study
is representative of the general population because women of different racial backgrounds, socioeconomic statuses, and
comorbidities were included, which is one of the strengths of this study. Higher vitamin D levels have been associated with a
lower risk of spontaneous preterm birth and of induced preterm birth due to maternal hypertension or diabetes (100). An
inverse association between vitamin D and preterm birth was found across races, suggesting that vitamin D supplementation
may reduce the racial difference in preterm birth (97, 100). Another US study found a 57% lower risk of preterm birth with
25(0OH)D levels above 40 ng/mL (100 nmol/L) compared with those below 20 ng/mL (50 nmol/L) at 6 weeks before delivery
(101).
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Promising results from intervention studies need to be confirmed by randomized controlled trials before vitamin D supplementation
can be confidently recommended to reduce the risk of preterm birth.

Bacterial vaginosis in pregnancy

Regarding the impact of vitamin D on the incidence of infections in pregnancy, most research has focused on the impact of
vitamin D on bacterial vaginosis, probably because it can cause serious complications in pregnancy and is easy to demonstrate.
Vitamin D influences the expression of the antibacterial proteins cathelicidin and y-defensin in various tissues (102).

The American study included 469 pregnant women, half Caucasian and half African American (103).

Vitamin D concentrations were measured before the 16th week of pregnancy, and a bacteriological vaginal swab was also taken.
Vitamin D deficiency has been associated with a higher incidence of bacterial vaginosis in blacks but not in whites (103). Another
American study of 146 pregnant women of mixed race found lower vitamin D levels in women with bacterial vaginosis (92).
Hensel et al. reported that vitamin D deficiency was associated with bacterial vaginosis in pregnant women but not in nonpregnant
women (104). On the other hand, a Swiss observational study found no association between vitamin D deficiency and the
incidence of bacterial vaginosis (105). A meta-analysis of three observational studies found a statistically significant association
between vitamin D deficiency and the incidence of bacterial vaginosis, but at different cut-off values for vitamin D, and the
methodology of these studies varied widely. The authors concluded that there is currently insufficient evidence to recommend
vitamin D supplementation for reducing the incidence of bacterial vaginosis in pregnancy (82).

However, randomized intervention studies have not found a positive effect of vitamin D supplementation on the incidence of
bacterial vaginosis during pregnancy (23, 65, 106).

Cesarean section birth

It has been hypothesized that a possible reason for the higher rate of cesarean deliveries in women with vitamin D deficiency is
lower muscle strength, leading to prolonged labor (107).

Observational studies have shown mixed results. Two US studies reported a higher risk of cesarean section with lower measured
vitamin D levels during pregnancy (107, 108). Other observational studies (91, 109, 110) and a meta-analysis of observational
studies have failed to demonstrate an association between vitamin D levels and cesarean section (111). Two meta-analyses of
randomized controlled trials have also failed to find an association between vitamin D supplementation and a reduced risk of
cesarean section (27, 111). The decision to have a cesarean section is influenced by many factors, making it difficult to realistically
determine the effect of vitamin D on cesarean section (82).

The wide range of indications for elective and emergency cesarean section and methodological differences between studies
represent a major obstacle to analyzing the association between vitamin D and cesarean section. There is currently insufficient
evidence to recommend vitamin D supplementation during pregnancy to reduce the risk of cesarean section.

The impact of vitamin D deficiency during pregnancy on the health of the newborn

Hypocalcemia in newborns

Maternal hypovitaminosis D can increase the risk of neonatal hypocalcemia (112, 113) and its most serious complication,
convulsions. Hypocalcemia in the neonatal period has many causes. Late-onset neonatal hypocalcemia, which occurs 5-10 days
after birth, is particularly associated with vitamin D deficiency ( 114). Some studies have shown that higher levels of vitamin D in
pregnant women (> 62 nmol/L or 25 ng/mL) do not protect the newborn from hypocalcemia (114) and that the risk of neonatal
hypocalcemia can be reduced by supplementing the mother with vitamin D. More than 30 years ago, Delvin and colleagues
demonstrated that daily administration of 1000 IU of vitamin D during the third trimester of pregnancy has a beneficial effect on
calcium homeostasis in newborns (115).
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Bone mineralization and morphology

Maternal vitamin D deficiency during pregnancy may affect bone mineralization and morphology in the newborn (112).
Weiler et al. found lower whole-body bone mineral content ( BMC) in newborns with vitamin D deficiency (values < 27.5
nmol/L) (116). Similar results were reported by Viljakainen et al. (117), who also reported an association of vitamin D
deficiency in pregnant women with bone mineral density later in childhood (118, 119). In a prospective cohort study of
nearly 70,000 children, Sayers et al. found that maternal exposure to UVB sunlight in the third trimester was associated
with child bone mass at age 9 years, suggesting that vitamin D is involved in skeletal development in children (119). The
mechanisms underlying the long-term effects of the intrauterine environment are not yet fully understood, but they
include fetal endocrine programming that affects skeletal metabolism. It is possible that vitamin D deficiency during
pregnancy interferes with placental calcium transport, thereby reducing fetal bone mineral deposition, which may affect
bone development later in life (112, 118).

Birth weight

The relationship between birth weight and maternal vitamin D levels or intake remains unclear, and the pathophysiological
basis is primarily the effect of vitamin D on placental function. Some studies have linked vitamin D deficiency to a higher
likelihood of low birth weight (120, 121), while other studies have shown that vitamin D-deficient infants were on average
heavier and longer than infants with adequate vitamin D levels (116). Not all studies have confirmed a lower risk of low
birth weight with vitamin D supplementation or higher maternal vitamin D levels (83, 91, 111).

Béarebring and colleagues examined the association between vitamin D levels in early and late pregnancy and changes
in vitamin D status during pregnancy with the likelihood of small-for-gestational-age and low-birth-weight infants. They
included 2052 pregnant women in a prospective cohort study, in which vitamin D levels were determined in the first and
third trimesters. Higher vitamin D levels in the third trimester (y 100 nmol/L compared with < 30 nmol/L) were associated
with a lower likelihood of small-for-gestational-age or low-birth-weight infants. First-trimester vitamin D levels were not
associated with the likelihood of small-for-gestational-age or low-birth-weight infants (122). However, the results of a
meta-analysis confirm that vitamin D supplementation during pregnancy is associated with a lower risk of small-for-
gestational-age and improved infant growth. Vitamin D supplementation at a dose of ¥ 2000 |U/day during pregnancy
reduced the risk of fetal or neonatal death, but doses greater than 2000 1U/day did not have this effect (123).

Infections and allergic diseases

A link has been observed between the level of vitamin D in cord blood and the risk of infections and allergic diseases in
early childhood; lower values have been found to be associated with a higher risk of eczema, atopic dermatitis and
asthma, as vitamin D deficiency is thought to be involved in the pathogenesis of these diseases due to its effect on the
functioning of the immune system (124, 125), as vitamin D participates in the processes of acquired and innate immunity (126).
They also mention the protective role of adequate vitamin D intake during pregnancy, which is said to reduce the risk of
asthma and allergic rhinitis in children aged 5 years (127). However, the results of the studies are not consistent, as the
evidence for a protective effect of vitamin D exposure in the womb on the development of the immune system is still
insufficient (128). Some of the studies have not shown any association between cord blood vitamin D levels and the risk
of developing asthma or atopy (129). Two studies that examined the outcome of children of mothers who received higher
doses of vitamin D (VDAART and COPSAC) had similar primary results related to wheezing and asthma in early
childhood, as the pooled analysis showed that vitamin D significantly reduced the incidence of asthma or recurrent
wheezing in the offspring by the age of 3 years (130). However, follow-up of the children in one of the studies did not
show lasting effects, such that the prevalence of asthma diagnoses by the age of 6 years was similar between the
vitamin D group and the control groups (131).
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The association between vitamin D levels and acute bronchiolitis has also been studied, and some studies have shown that the prevalence of
hypovitaminosis D in infants with bronchiolitis is significantly higher than in healthy infants, and that the severity of acute bronchiolitis increases
with decreasing serum vitamin D concentrations (132), while other studies have shown that vitamin D levels during bronchiolitis are not

associated with the severity of the disease (133).

There have been many very different studies that have evaluated the role of vitamin D in various complications in pregnancy and in newborns.
The studies differ in type (observational, randomized), intervention (supplementation of different doses of vitamin D), definitions of normal
vitamin D levels, as well as definitions of the diseases they study, groups or populations included, making it difficult, if not impossible, to

compare them with each other and drawing definitive, clinically useful conclusions.

Each type of study has its own strengths and weaknesses. Observational studies and their meta-analyses often confirm an association
between vitamin D deficiency and certain pregnancy complications, but they are also subject to bias in terms of possible additional influences
that were not taken into account. On the other hand, some randomized controlled trials of supplementation have not found an association
between vitamin D supplementation and a reduced risk of pregnancy complications. This may be due to the small number of participants in
the studies, inadequate doses, late initiation of supplementation, non-use of vitamin D, or the absence of an association.

Despite many difficulties in interpreting the studies, current evidence (meta-analysis 2019; ref. 68) suggests a possible beneficial effect of
vitamin D supplementation in reducing the risk of preeclampsia, preterm birth and gestational diabetes. Vitamin D supplementation in
recommended doses is safe during pregnancy and is recommended due to its possible beneficial effects. In addition to folic acid and iron,
multivitamin tablets for pregnant women, which are recommended 3 months before conception, during pregnancy and breastfeeding, contain
other vitamins, including vitamin D3, usually 400 U per tablet. Of course, women should be reminded of a healthy diet and adequate sun

exposure to ensure sufficiently high levels of vitamin D in the body. Risks of overdose

There is no risk at recommended doses, and even at higher doses the risk is extremely small (see section Vitamin D Intoxication). No
teratogenic effects of vitamin D on the fetus have been detected in humans.

Due to the widespread vitamin D deficiency in the Slovenian population, especially among women aged 18 to 65 (during the extended winter
season, 44.5% have severe deficiency (< 30 nmol/L), and almost 90% have 25(OH)D deficiency (< 50 nmol/L)) (134), we assume that pregnant
women also have a similar deficiency.

Therefore, the goal is to achieve normal levels of 25(OH)D in the entire female population, especially in (future) pregnant women, namely at
least above 50 nmol/L, and preferably above 75 nmol/L. The conclusions of research on the feasibility of screening programs to detect
pregnant women with low vitamin D levels have shown that screening is not feasible, as it is significantly more expensive than introducing a

general recommendation for regular vitamin D intake for all pregnant women.

The current vitamin D supplementation in pregnant women in doses of 400 IU is not sufficient to maintain normal vitamin D levels. Since
several studies with higher doses (even up to 4000 IU per day) have not shown any adverse effects (23), and one study confirmed that only
1200 IU is required to achieve adequate levels of 25(OH)D in the cord blood of newborns to prevent rickets (135), in accordance with foreign
guidelines, we recommend regular intake of vitamin D during pregnancy planning, during pregnancy and during breastfeeding in a dose of
800-1000 IU per day, and double doses in cases of obesity. Screening and finding pregnant women with low blood levels of vitamin D is not
recommended because it is significantly more expensive and less sensible than introducing a general recommendation for regular intake of
higher doses of vitamin D, taking into account the high cost of determining 25(OH)D, the dependence of 25(OH)D levels on the season, and
falsely higher 25(OH)D values in pregnancy due to the increase in vitamin D binding protein levels under the influence of high estrogen levels.

The exception is women who have multiple risk factors for deficiency and do not receive vitamin D.
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Serum 25(OH)D measurements are recommended for these populations. These include non-Caucasian pregnant women, pregnant
women with reduced sun exposure (covered women), obese pregnant women, pregnant women at increased risk of preeclampsia,
pregnant women who have previously given birth to a child with rickets, pregnant women with hypocalcemia, and adolescent

pregnant women (32).

With a clear awareness that prospective evidence on the optimal daily dose of vitamin D for women of childbearing age and
planning pregnancy is not yet available, we recommend that women take 800—-1000 IU of vitamin D per day before and during a
planned pregnancy, and that overweight and obese women take double daily doses (1600—2000 IU). For women with risk factors
for vitamin D deficiency (listed above), we recommend higher doses, namely 1000-2000 IU for normally nourished women and
double doses for obese women. The maximum daily dose of vitamin D for adults, including pregnant women, is 4000 IU according
to all existing guidelines. Taking larger doses at longer intervals (once a week or a month) is not recommended.
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5.1 Ultraviolet
VITAMIN ) ) . .
) radiation and vitamin

Borut Poljsak, Ana Benedicic, Tanja Cegnar, Barbara Peric, Borut Zgavec

Explanation of terms and abbreviations

UV radiation
Ultraviolet (UV) radiation with a wavelength of 100-400 nm is a relatively small part of the broad electromagnetic spectrum of radiation, which can
originate from the Sun or artificial sources (e.g. solariums).

WITH

In order to measure the biological effects of UV radiation, the concept of the “minimum erythemal dose” (MED) was developed , which defines the
threshold for the development of sunburn: 1 The MED defines the minimum UV radiation sufficient to develop sharply demarcated redness (erythema)
24 hours after exposure (1). The MED varies between individuals from 100 Jm-2 to 1000 Jm-2 . because it depends on various
factors, including the volume of the melanin fraction in the epidermis (ethnically different and depending on tan) and the thickness of the stratum corneum
of the epidermis (2, 3). In fair-skinned and very sun-sensitive individuals, 1 MED results in a radiation dose of 200 Jm-2 (1), and there is considerable
variability even within individual skin phototypes (4).

BUT

The determination of redness, or MED, is subjective and therefore variable among multiple observers, and in the same person it also depends on
previous UV exposure and skin tanning (5). To reduce variability, a “standard erythemal dose” (SED) has been proposed, which is a fixed dose of
erythemal UV radiation of 100 Jm-2 (4).

UV index

The UV index (UVI) has been an internationally accepted standard measure of the strength of solar UV radiation since 1995 as a guide for the
population in organizing adequate sun protection (6). The UVI relates the energy flux of solar UV radiation to skin sensitivity — it is 40 times the
erythematous balanced UV radiation, expressed in watts per square meter (Wm-2) (7), or the half-hour average of the energy flux with a wavelength
below 400 nm, taking into account the sensitivity of the skin to different wavelengths (8). It expresses the solar irradiance in dimensionless units in the
range 0-16, where UVI = 1 corresponds to 0.025 W/m2

erythema radiation at average sensitivity of white skin (8). Since UVI is calculated in the same way all over the world, we know, for example, that a
value of 10 will burn us just as quickly at home as anywhere else in the world (8). In 2002, the World Health Organization ( WHO), in cooperation with
partners, also published a practical guide to organizing sun protection according to the UVI values (low UVI 1-2: no protection required; moderate UVI
3-5 and high UVI 6-7: protection required; very high UVI 8-10 and extreme UVI 11+: extreme protection required) (9).

UV index (UVH)

To assess the potential damage from UV radiation received by an individual, the product of radiation power and exposure time is essential: the UV
index hour (UVH) is a new tool for informing the public about the dose of solar radiation received in a given time. Based on the definition of UVI, one
UV index hour corresponds to 90 Jm-2 of erythematous balanced UV radiation (10).

100
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UV radiation

Solar radiation consists of a broad spectrum of electromagnetic waves. Visible light, infrared (IR, perceived as heat) and ultraviolet (UV) radiation are
important in everyday life (11). The largest part of the solar radiation energy reaching the Earth's atmosphere belongs to visible light and infrared radiation;
each accounts for 46% of the total energy, with UV radiation contributing about 7% of the total solar radiation energy, and the remaining radiation contributing

less than 1% of the total energy (9).

UV radiation is divided into three ranges (12):

* Range A (UVA) comprises wavelengths between 315 and 400 nm; this part of the radiation stimulates the formation of skin pigment, i.e. tanning of
the skin, causes loss of skin elasticity and contributes to premature aging. This is the aging part of UV radiation. 95% of this radiation reaches
the ground. It passes through water and ordinary glass. UVA, which also penetrates deeper into the skin, can be even more immunosuppressive
than UVB radiation.

» UVB (UVB) radiation with wavelengths from 280 to 315 nm stimulates many vital processes, including the production of vitamin D; in excessive doses
it causes serious eye damage, burns (which is why it is referred to as the burning part of UV radiation ) and skin cancer, and weakens the
immune system (13). Most of the UVB radiation is absorbed by the protective ozone layer in the atmosphere at altitudes between 12 and 50 km

above the surface, and only a small part of this radiation penetrates to the ground. UVB radiation passes through water, but not through glass.

About 5% of this radiation reaches the ground.

« In the C (UVC) range, radiation with a wavelength below 280 nm is the most energetic. It is cytotoxic

part of UV radiation. The atmosphere absorbs this part of the radiation completely, so UVC radiation does not reach the Earth's surface.

When passing through the Earth's atmosphere, the radiation ratios change; the atmosphere absorbs most of the UV and some of the infrared radiation. UV
radiation thus reaches the ground already greatly attenuated, as UVC radiation and most of the UVB are absorbed (9). The permeability of the atmosphere
to UVB solar radiation depends on the ozone content and not on the level of greenhouse gases in the atmosphere. Air temperature does not affect the

permeability to UV radiation.
The wavelength of UV radiation is below 400 nm:; it is invisible and humans have no senses for it, only its effects are noticeable.

The height of the sun above the horizon determines how much UV radiation reaches the ground. The strength of the sun, and therefore the UV part of solar
radiation, varies throughout the day and year. Under clear skies, the strength of UV solar radiation is greatest at one o'clock in the afternoon after summer
time, or at solar noon; at that time the sun is highest above the horizon. There is a large difference between the strength in winter and summer, with it being
about ten times stronger in summer than in winter. UV solar radiation has a shorter wavelength than visible light, so it is more scattered in the atmosphere

).

The height of the sun above the horizon depends on latitude, time of year and day. The altitude, type and amount of clouds and the thickness of the
protective ozone layer also have a decisive influence. The longer the path of solar radiation through the atmosphere, the more UV solar radiation weakens.
Figure 3 shows the influence of time of day and time of year and latitude on the length of the path of solar radiation through the atmosphere. UV solar

radiation is strongest in the tropics. In Slovenia, UVB radiation is strongest in the middle of the day from May to August.
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Figure 3: The influence of time of day, time of year, and latitude on the path length of solar radiation through the atmosphere (14).

If the sky is cloudy, the intensity of solar radiation is lower. There are large differences in the permeability of different types of
clouds to UV solar radiation. High, veil-like clouds transmit almost all UV radiation. Up to 80% of UV radiation passes through
thinner layers of clouds and haze. Low and thick layers of clouds block the vast majority of UV radiation. In partly cloudy weather
with cumulus clouds, the exposure to UV solar radiation varies greatly due to scattering and reflection; the exposure may even be
similar to that under clear skies.

UV radiation is scattered more widely in the atmosphere than visible light. The lower the sun is above the horizon, the longer the
path of radiation through the protective ozone layer, so in the morning the strength of UV solar radiation increases more slowly
than the strength of other solar radiation, and also before sunset UV radiation weakens more quickly than other solar radiation.
Approximately two hours after sunrise and two hours before sunset, there is practically no UVB solar radiation at the ground. On
a clear day between 10 a.m. and 2 p.m. (solar time), 60% of all daily UVB radiation energy reaches the ground (9).

UV radiation penetrates water better than visible light, 40% of UV radiation penetrates 50 cm deep into water.

The received dose of UV radiation also includes the reflected part of the radiation. UV radiation is best reflected from fresh snow;
the reflection is almost complete and the received dose is almost doubled. The reflection from the water surface, from sand and
other surfaces is much weaker, which also contribute to increasing the received dose. The scattering of UV solar radiation and
the reflection from surfaces are as follows; asphalt reflects from 4 to 9%, a white wall around 22%, a lawn reflects up to 5%, sandy
soil reflects from 15 to a maximum of 25% of UV radiation, a water surface up to a tenth, foam on the water up to 30% - the
assigned values are indicative, as they depend on the actual properties of the substance and surface. UVB radiation does not
penetrate ordinary building glass, or the transmittance is only 2%. Due to the large amount of scattered UVB radiation, up to 50%
of visible light penetrates the shadow at the edges, and less in the central part of the shadow (15).

The intensity of solar UV radiation increases rapidly in spring and decreases rapidly in autumn. In the mountains, UV radiation is
stronger than in the lowlands, and UV radiation intensity increases by about 4% for every 300 m of altitude (16).

UV index

The World Health Organization (WHO), the International Commission on Non-lonizing Radiation Protection (ICNIRP), the United
Nations Environment Programme (UNEP) and the World Meteorological Organization (WMO) have recommended a method for
informing the public about the strength of UV solar radiation (9). In order to have a uniform and understandable method of
informing, regardless of the measurement system, they recommend the use of the UV index, which relates the energy flux of UVB
solar radiation on a horizontal surface to the sensitivity of the skin. It is a half-hour average of the erythematous balanced energy
flux of UVB radiation with a wavelength below 400 nm and reflects the strength of UV radiation in a given time and space that can
cause skin erythema. The value thus obtained is multiplied by a factor, resulting in a dimensionless
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The UV index is a number ranging from 0 to 16. The average sensitivity of white skin is taken into account to determine the UV index (17).
The highest UV index values are in the tropical zone and highlands.

The measured erythematous balanced energy flux of UVB radiation is expressed in mW/m2 . The UV index is a dimensionless
number. The UV index is easier to understand for communication. The UV index is calculated in the same way all over the world, which
was the goal of the WMO and WHO (18). A simple scheme of exposure depending on the UV index is shown in Figure 4.

s e

moderate high very high extreme

Figure 4: UV index scale.

Synoptic conditions affect the thickness of the protective ozone layer and thus the strength of UVB solar radiation and the UV index (Figure

5).
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Figure 5: Daily course of the highest UV index in mid-July at an altitude of 300 m with a 15% thinner (left) and normal (right) protective
ozone layer, the horizontal axis is the solar time (17).

With UV index values between 0 and 2, exposure to UV radiation is low. On a monthly average, the UV index in Slovenia is in this range
in November, December, January and February. When publishing the UV index, we distinguish between the lowland world and the
mountain world. In the lowlands, at the end of February, under favorable weather conditions, the UV index can already rise to 3. Moderate
exposure, i.e. values from 3 to 5, is on average typical for March and the first half of April, and the second half of September and October.
High exposure is at index values of 6 and 7. In the lowlands, it is typical for the second half of April and the first half of May, the second
half of August and September. At index values between 8 and 10, exposure is very high, starting to appear in May and continuing into the
first half of August.

Exposure is extreme at UV index values of 11 and above. The UV index in Slovenia only reaches this high in the mountains when the

protective ozone layer is slightly thinner in June and July (19).

Even on days when exposure is very high, the UV index in the lowlands is up to 2 from sunrise to 8 a.m. solar time and from 5 p.m. solar

time to sunset.
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The ARSO website publishes the maximum daily UV index value in clear weather, as cloudiness can change rapidly during the day. The

data is published as part of the Bioweather forecast at the website address http://meteo.arso.gov.si/met/sl/weather/bulletin/bio/.

A summary of the factors affecting UV radiation at the Earth's surface is summarized in Table 2.

Table 2: Summary of the most important factors affecting UV radiation at the ground.

Time of day

Maximum at solar noon. Around 60% of daily UVB radiation
in summer it reaches the ground between 10 am and 2 pm solar time, and around 75% between 9 am and
3 p.m. solar time. The large angle of incidence at sunrise and sunset causes uneven attenuation of

solar radiation, which is most reflected in UVB radiation.

Season

UV radiation is strongest in the late spring and summer months, and weakest in the late fall and
winter months. When the sun is low above the horizon, the path through the Earth's atmosphere is longer
and the attenuation of UV radiation is stronger, with the impact being much greater on UVB radiation than

on UVA radiation.

Latitude

On an annual average, UVB radiation is strongest at the equator, where the variation over the year is smallest.

The higher the latitude, the greater the variation over the year.

Ozone quantity

in the Earth's

atmosphere

The protective ozone layer in the atmosphere absorbs all shortwave UVC and most UVB radiation. As the
ozone layer thins, more UVB radiation reaches the Earth's surface. A 1% decrease in the ozone layer
means a 1.3% increase in solar UVB radiation at the ground.

The distribution of ozone depends on altitude, latitude, weather type, and month of the year.

Altitude

UV radiation increases by 4% for every 300 m above sea level, at an altitude of 1 km it increases by 10 to 12%,

less for longer wavelengths and more for shorter wavelengths.

Cloudiness and

pollution

The attenuation of UVB radiation by clouds depends on the cloud cover and cloud transparency. High, transparent
clouds transmit almost all UVB radiation. Aerosols and photochemical smog attenuate UVB radiation, and in heavily

polluted areas can reduce it by 20 to 30%.

Reflection

from surfaces

Reflection from surfaces can significantly affect the dose of UVB radiation received. Fresh snow reflects about
90% of the radiation, sand from 15 to 30%, most ground surfaces reflect less than 10%. Still water reflects

up to 10%, if foamy up to 30%.
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Other sources of UV radiation

The most well-known artificial source of UV radiation is the solarium. Tanning beds are designed for artificial tanning. They use
various lamps that emit mainly UVA and some UVB radiation. UVB radiation causes tanning and sunburn of the skin. UVA
radiation has a longer wavelength, penetrates deeper layers of the skin and causes photoaging of the skin. Tanning beds do not
have any positive health effects (20, 21).

UV radiation is used purposefully in some work processes, but it is also generated unintentionally, as a "by-product” — Table 3
(22).

Table 3: Ultraviolet (UV) radiation of different wavelengths is used as part of work processes or is generated
unintentionally (22).

Area Intended use in the work process Accidental creation of radiation
uve - disinfection - printing drying
- fluorescence (laboratory) - some ambient and room lighting
- photolithography - some projection lamps
- arc welding
uvB - solarium - disinfection lights
- phototherapy - printing drying
- fluorescence (laboratory) - some ambient and room lighting
- photolithography - some projection lamps
- arc welding
UVA - fluorescenca - disinfection lights
(laboratory, forensics, counterfeit detection, - ambient and room lighting
property marking, lighting effects in the - projection lamps
entertainment industry) - arc welding
- phototherapy
- solarium
- printing drying
- insect bait

- photolithography

Beneficial effects of UV radiation

UV radiation has both positive and negative health effects, as it is the main source of vitamin D and has been shown to be
carcinogenic (23). From a public health perspective, both the harmful and beneficial effects of UV radiation exposure on the
health of the population are important. UV radiation has both indirect and direct beneficial health effects.

Indirect effects of UV radiation

Indirect effects are related to the formation of vitamin D, which is necessary for normal growth and skeletal development and has a
beneficial effect on bone structure, mineral metabolism, the immune system, the incidence of some cancers and cardiovascular
diseases, as well as reducing the likelihood of falls and bone fractures (2, 24). Vitamin D affects the cell cycle and inflammatory processes

105



Machine Translated by Google

processes in the body (25). Vitamin D deficiency is directly associated with increased mortality, while sufficient vitamin D
intake is associated with reduced overall mortality (13).

Direct effects of UV radiation

Despite the known effects of UV radiation on skin aging and skin cancer, people often intentionally expose themselves to
the sun and artificial sources of UV radiation. The reason is the positive effect of this radiation on well-being. Preclinical and
clinical studies have demonstrated that UV rays cause addiction, which leads to increased exposure to UV radiation (26, 27).
However, this is not the only reason for exposure. Outdoor physical activity also has a beneficial effect on mental and
physical health, thus increasing unintentional exposure to UV radiation (28, 29). Many authors state that moderate (chronic)
exposure to UV radiation is associated with a significantly reduced incidence of breast, prostate, colorectal and non-Hodgkin
lymphoma cancers (30-34).

Epidemiological studies have shown a lower incidence of breast, colon, and prostate cancer in geographic areas with more
intense solar radiation (35-37).

Research confirms that moderate UV exposure and adequate vitamin D intake are associated with a milder course of
immune-mediated diseases, including autoimmune diseases such as rheumatoid arthritis (38), inflammatory bowel disease
(39, 40), allergic conditions such as asthma (41, 42) and anaphylaxis (43, 44), and multiple sclerosis (45-52). Multiple
sclerosis is less common in sunnier regions of the world (53).

Sun exposure is inversely related to the incidence of certain infections, including tuberculosis (54) and acute respiratory
infections (55).

Research in mice exposed to UV radiation (sunlight) has shown that it reduces weight gain and inhibits the development of
signs of cardiometabolic dysfunction, despite feeding them a high-fat diet (56).

Despite the limited number of epidemiological and clinical studies that have assessed the effects of exposure to sunlight or
UV radiation, the results of these studies suggest an inhibitory effect of UV radiation on the development of obesity and
metabolic dysfunction in humans through UV radiation-induced vitamin D formation, nitric oxide production, regulation of y-
melanocyte-stimulating hormone (y-MSH), and heme oxygenase, which affect body weight and metabolism (57). UV radiation
also modulates inflammation in adipose tissue with potential effects on regulatory T cells (56). UV radiation affects the
immune system. The immunomodulatory capacity of UV radiation may be beneficial in inflammatory and autoimmune
diseases and detrimental in skin cancer and the response to infectious agents (58). The World Health Organization (WHO)
has identified UV radiation as a major exogenous cause of skin cancer (59).

Three studies report a positive association between sun exposure and reduced blood pressure (60—62). In the female
population included in the study, who had a habit of active sun exposure, the risk of cardiovascular disease and non-cancer
mortality was reduced compared with those who avoided sun exposure. Non-smokers who avoided sun exposure had a
similar life expectancy to smokers in the group with the highest sun exposure, suggesting that sun avoidance is a risk factor
for death similar to smoking (63).

Part of the beneficial effects of UV radiation on health can most likely be attributed to vitamin D, whose synthesis in the skin
is stimulated by UV radiation. The active form of vitamin D — 1,25-dihydroxyvitamin D — controls more than 200 genes,
including those responsible for regulating cell division, differentiation, apoptosis and the process of angiogenesis (24).
Given that the cellular vitamin D receptor (VDR) activates transcription factors that regulate approximately 3% of the human
genome, vitamin D could have many other (as yet unexplored) functions (64).

Finally, we should mention the usefulness/effectiveness of UVC, or the UV portion of radiation, for disinfecting rooms,
devices, and air, which is an important measure for preventing infections during the outbreak of the new coronavirus (65, 66).
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Exposure to UV radiation required for vitamin D production

The process of vitamin D formation in the skin is activated by UVB radiation. Vitamin D synthesis decreases and
ceases in the autumn, winter and spring periods in the northern and southern hemispheres above 40° latitude due to
the lower intensity of UVB radiation (67). Without replacement, vitamin D deficiency also develops in other conditions
of reduced exposure to UVB radiation (e.g. in submarine personnel and residents of Antarctica after long periods
without exposure to the sun, in residents who have most of their skin covered with clothing for religious, cultural or
other reasons). It is estimated that up to 2 hours of weekly sun exposure of the face and hands (divided into several
short periods of a few minutes) is sufficient to maintain serum levels of 25 hydroxycholecalciferol (25(OH)D) in adults
and children, but this exposure must be coordinated with other influences in the individual (67). At least 20% of the
body surface area needs to be exposed to UVB radiation to increase the concentration of vitamin D in the body (68).

The action spectrum of UVB radiation for vitamin D synthesis in the skin is practically the same as the action spectrum
of UVB radiation for the development of cutaneous erythema (sunburn), invasive squamous cell carcinoma and other
UVB radiation-induced lesions (e.g. solar/actinic keratoses). The key point is that vitamin D synthesis in unprotected
skin ceases rapidly after exposure to UVB radiation (within 5-10 minutes depending on the 7-dehydrocholesterol (7-
DHH) content, pigmentation and UVB radiation intensity), so prolonged sun exposure does not increase vitamin D
levels, but increases the risk of developing skin cancer (13).

Under experimental conditions, it has been estimated that people with normal outdoor activities require 0.3 minimal
erythemal doses (MED) of UVB radiation daily three times a week for normal vitamin D levels.

In central Europe, 0.3 MED UVB would require practically a full day of outdoor exposure in winter, while in high
summer, for skin phototype II, only about 10 minutes of midday sun (69).

During the period when vitamin D cannot be produced by light, a monthly decrease of 25(OH)D by 6.25 nmol/L is
expected (70).

A recent meta-analysis from 2021 found that low doses that do not induce erythema are more effective for vitamin D
synthesis than doses close to the minimal erythema dose, as small, very short exposures (< 0.5 SED) lead to the most
optimal vitamin D formation in the skin. Increasing the exposed skin surface area increases the amount of vitamin D
synthesized, although not necessarily linearly; constant dosing results in a dose-dependent plateau, with the dose
response being greatest at the beginning of the dosing regimen. The study authors also note the large interindividual
variation in the response to UV exposure (71).

The effect of sunscreen use on vitamin D synthesis

The photochemical conversion of 7-DHH to vitamin D in the skin is a non-enzymatic reaction, and its rate is limited
only by the availability of 7-DHH and the intensity of UVB radiation. Numerous studies have attempted to answer the
guestion of whether sunscreens with a sun protection factor ( SPF ) affect the synthesis and levels of vitamin D. There
is little evidence in the scientific literature that regular use of SPF products reduces 25(OH)D concentrations, as users
do not apply the appropriate thickness of the sunscreen (2 mg cmy2 ) and not often enough.

Topical sunscreens are designed to absorb UVB radiation from the sun (72).

A preparation with SPF 30 thus absorbs approximately 95-98% of the sun's UVB radiation. Therefore, the local use of
topical sunscreen preparations with SPF may reduce the ability to form vitamin D in the area of skin to which the
preparation was applied (72, 73). Determining the influence of individual factors on the vitamin D status of an individual
is difficult due to the simultaneous action of numerous intrinsic and extrinsic factors (e.g. genetic polymorphisms, skin
pigmentation according to skin phototype, age, health, sun exposure) and their variability. In addition, different
sunscreen preparations contain different molecules and mechanisms for protection against UV rays (e.g. different
chemical, physical filters). Unfortunately, there is a lack of studies in this area that would more precisely define which
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are those compounds in sunscreens that interfere with the formation or metabolism of vitamin D, and which do not, in order to make
recommendations on the choice of a specific product. Some of the rare studies that have been conducted are based primarily on in vitro
data for a single compound in a sunscreen, e.g., octocrylene (74).

A review of recent literature does not provide a completely clear answer as to whether the use of sunscreens with SPF clinically significantly
reduces vitamin D production (75-77).

According to the 2019 international consensus, sunscreens therefore have the following (78):

- the use of preparations with SPF in everyday life and for recreational purposes does not endanger the synthesis of vitamin D in the
skin even under conditions of optimal use of these preparations, because only sub-erythemogenic doses of UVB radiation are
required for its formation, other methods of sun protection (e.g. covering with clothing and using shade) have a significantly
greater impact.

UVA radiation does not contribute to vitamin D synthesis. However, a high UVA protection factor (UVA SPF) in broad-spectrum preparations
improves vitamin D supply by reducing the breakdown of vitamin D into inactive products. Concerns about vitamin D deficiency should not
influence guidelines and advice for the prevention of skin cancer (79). Therefore, daily sun protection is recommended for people of all skin
phototypes or pigmentation to prevent sunburn, photoaging and skin cancer, but it should be adapted to local weather conditions and
activities (i.e. seeking shade, using hats and clothing, sunglasses and broad-spectrum sunscreens on sun-exposed areas). The SPF

should be adapted to lifestyle (clothing, outdoor activities, diet), and the use of broad-spectrum products with added UVA protection is
recommended.

Dermatological experts argue that sun protection is more important than sun exposure for the production of vitamin D. At approximately
40° latitude, a fair-skinned person needs 10 minutes of sun exposure two to three times a week on a sunny summer day on the head and
extremities. With darker skin pigmentation or on a cloudy day, the time required is extended to a maximum of 30 minutes in total. On the
other hand, prolonged sun exposure and sunburn reduce the production and, due to the formation of inactive forms, lower the level of
vitamin D.

Risk of vitamin D deficiency

Vitamin D deficiency should be considered in individuals who use combined protection against UV radiation daily throughout the year,
using covering clothing and headgear, broad-spectrum sunscreens with the highest SPF, and who spend time indoors. This group includes
patients with genetic or acquired photosensitivity diseases, patients with skin cancer, patients on immunosuppressive therapy (e.g., after
organ transplantation), and people with malabsorption syndromes. These individuals are therefore advised to receive adequate vitamin D
supplementation (target serum 25(OH)D level of at least 50 nmol/L or 20 mcg/L) (78).

Conclusion

Seasons and latitude have a significant influence on the cutaneous synthesis of vitamin D (cholecalciferol) (80). UV radiation is stronger in
Slovenia in summer because the sun is much higher in the sky, the days are longer and there is more sunny weather. UV radiation
decreases in Slovenia in winter due to the low angle of incidence of the sun's rays and thus a longer path through the atmosphere, short
days and a greater number of cloudy days. The low amount of UVB radiation in winter sunlight and the coverage of the skin with clothing
do not allow the synthesis of biologically significant amounts of vitamin D to be stimulated. Thus, in the Northern Hemisphere at latitudes
greater than about 40°N (e.g. cities that are latitude north of Madrid), sunlight is no longer strong enough to trigger the synthesis of vitamin
D in the skin of people living there in the period from October to March (81, 82). Ljubljana is located at a latitude of 46 degrees. Vitamin D
synthesis in the skin meets the body's needs in fair-skinned people from late March/early April and throughout the summer, with the highest
concentrations
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Serum levels of vitamin D are detectable in September after summer exposure to sunlight. Serum 25(OH)D levels also
decline in the winter months from October onwards (83, 84).
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The seasonal fluctuations in vitamin D supply mentioned in the chapter “Vitamin D supply of the population of Slovenia” indicate
that in Slovenia, endogenous synthesis of vitamin D is not sufficient to achieve a sufficient supply of the population during the winter
(2). Similar observations have been made in other European countries (2, 3).

In the absence of sufficient endogenous synthesis, dietary intake becomes crucial for achieving vitamin D adequacy.

In the absence of endogenous synthesis, the World Health Organization (WHO) recommends a daily dietary intake of 5 mcg
(conversion factor for vitamin D: 1 mcg = 40 1U) of vitamin D for children and adolescents, 10 mcg for adults and 15 mcg for older
adults, recommendations dating back to 2005 (4). It is worth noting that, precisely because of the two possible sources of vitamin D
supply and seasonal fluctuations, the assessment of dietary needs and the determination of recommended values for dietary intake
are complex and still associated with a lack of data. The European Food Safety Authority (EFSA) recently (2016) determined an
average daily intake of vitamin D (covering the needs of 50% of the population) that is sufficient for healthy people to provide
adequate supply in the absence of endogenous synthesis and for all population groups, except infants, 15 mcg of vitamin D (EFSA,
2016). This value, taking into account the variability in the population, is translated into dietary recommendations (reference values
or recommended daily intakes), which cover the needs of 97.5% of the population. Taking this approach into account, the Nutrition
Association of Germany, Austria and Switzerland (DA-CH) (2012), in the complete absence of endogenous synthesis, recommends
a dietary intake of 20 mcg of vitamin D per day for everyone older than 1 year (5, 6). Due to similar geographical and cultural
conditions and comparable population anthropometric data, these are also summarized in Slovenia2 (5, 7, 8). The Endocrine
Society, on the other hand, recommends higher intakes of vitamin D, namely 37.5-50 mcg/day (1500-2000 IU/day) for adults and
15—

25 mcg/day (600-1000 IU/day) in children, which is a consequence of the higher required serum 25(OH)D level of 75 nmol/L (30
ng/mL) (9). The European Calcified Tissue Society working group recommends that all children up to 1 year of age and preferably
up to 3 years of age receive a vitamin D supplement of 10 mcg/day (400 |U/day), all pregnant women receive a vitamin D
supplement of 10-15 mcg/day (400-600 1U/day), and all those over 70 years of age receive a vitamin D supplement of 10-20 mcg/day (400—
800 IE/dan) (3).

In the absence of sufficient endogenous synthesis, achieving adequate vitamin D intake through conventional diets is a significant
challenge, as most foods are not significant sources of vitamin D. Table 4 summarizes the data for foods that are important sources
of vitamin D. The best natural source of this vitamin is oily fish, which are usually consumed in small quantities (10). As a result,
dietary intake of vitamin D is on average low in most countries, except in areas where such foods are consumed more frequently or
in large quantities (11). Due to the low dietary intake of vitamin D, many foods are available on the market that are fortified with
vitamin D, while some countries have systematically introduced the fortification of certain foods with vitamin D that are usually
consumed in the daily diet (11, 12).

Dietary intake of vitamin D varies greatly between countries; it is related to the specific nutritional characteristics of each country

and the degree of fortification of foods with vitamin D. Research from various European countries has shown that in most countries

the average daily dietary intake of vitamin D is less than 5 mcg; however, there are significant differences between countries -

higher intakes have been reported in Northern Europe (up to 11 mcg/day) and lower intakes in Southern Europe (13-16). These suggested

* Reference values for energy intake and nutrient intake. Tabular recommendations for children (from 1 year of age),
adolescents, adults, older adults, pregnant women and breastfeeding mothers. Updated
edition 2020 (https://www.nijz.si/sites/www.nijz.si/files/uploaded/referencne_vrednosti_2020_3_2.pdf).
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The differences can be explained by the more frequent consumption of sea fish and vitamin D-fortified foods in Northern Europe.
Currently, there are no established rules or recommendations in Slovenia for enriching food products with this vitamin or for supplementing the diet

with this vitamin in the general population, but numerous food products are appearing on the market that are already enriched with vitamin D.

As part of the preparation of this chapter, we reviewed the available professional and scientific literature on the topic.

dietary intake of vitamin D in different population groups in Slovenia, which is described in more detail in a scientific review article (17). The review
was based on a literature search in three extensive databases of scientific works; in addition to the international Web of Science (WoS) and Medline
collections, it also included the Slovenian Cooperative Online Bibliographic System and Services (COBISS), which includes not only scientific articles
but also diploma, master's and doctoral theses. The search was carried out without limiting the year of publication, i.e. with all available entries in the
selected databases, taking into account the keywords "vitamin D*" or "cholecalciferol” (in foreign collections, we also used the term "Slovenian*" to
limit the region of the results). In total, we identified 502 different publications, of which 16 reported on dietary intake of vitamin D

in various population groups in Slovenia; of which ten were scientific articles and six were academic works.

For easier comparison, vitamin D intake from different studies was converted into mcg per day.

Table 4: Vitamin D content in foods (18). The vitamin D content in individual types of foods is quite variable, resulting in large deviations in the
data. To make it easier to understand and illustrate the variable vitamin D content, in addition to the average values, we also

provide a range of values.

(mcg/100 g food) (mcg/100 g food)
Salmon 16 5-20
Sardine 11 7,5-14
Sole 5 leg
Tuna 4,5 2,5-8,2
Mackerel 4 0,5-16
Jurcek 3,1 leg
Eggs 2,9 1,3-5
Margarine 2,5 leg
Chanterelles 2,1 leg
Champignon 1,9 0,5-3,8
Raw butter 1,2 0,3-2,5
Sir Emmentaler 1,1 0,4-3,1
Veal liver 0,3 0,2-0,5
Sir Edam 0,3 0,2-0,4
Milk 3.5% mm 0,09 0,06-0,10
Yogurt 1.5% fat 0,03 0,01-0,04

Note: n/ a no data.
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Most (n = 12) publications referred to healthy populations (19-32), while two referred to patient populations (33, 34).
One publication included children (< 10 years) (60), six adolescents (10-19 years) (2024, 27, 29), eight adults (> 19
years) (23—-26, 28-34), and one pregnant woman (27). One article included both adolescents and adults (24), and one
included adolescents, adults, and older adults (29). Two studies reported vitamin D intake separately—for dietary intake
and intake from food and supplements (25, 32).

Studies assessed vitamin D intake using different methods: a) 24-hour food recall (24-hour recall) (n = 4), b) different
types of food frequency questionnaires ( FFQ) (n = 4), and c) food diaries (PD) and weight protocols (TP) over a period
of 3to 7 days (n = 6). Two studies assessed vitamin D intake using a combined 24-hour recall and FFQ.

In adults, the average daily dietary intake of vitamin D ranged from 1.1 mcg (n = 49; two consecutive 24-

hourly recall) (30) or 3.3 mcg (n = 387; two non-consecutive 24-h recalls and FFQ) (31) in older adults in nursing homes
(NSO), to 14.2 mcg in women following a dietary intervention that included the consumption of plant-based supplements
and meal replacements (n = 109; 3-day PD) (25). Among adolescents, mean dietary vitamin D intake ranged from 1.0
mcg (n = 180; two non-consecutive 24-h recalls) (23)

and 4.0 mcg (n = 1010; FFQ, portion size adjusted for 3-day PD) (20). Preschool children had a mean daily dietary intake
of vitamin D of 1.1 mcg (n = 129; 3-day PD) (19). Data are also available for two adult patient populations, collected from
smaller groups of subjects. Patients with celiac disease had a mean daily dietary intake of 2.6 mcg of vitamin D (n = 40;
3-day PD) (33), and patients with osteoporosis (n = 43) had a mean daily dietary intake of 1.4-1.8 mcg, depending on
the method used (1.8 mcg by FFQ and 1.4 mcg by 24-h recall) (34).

Only three studies were conducted on a nationally representative sample; one included adolescents (20), another
included adolescents, adults, and older adults (29), and the third included older adults in the DSO (31).

In a nationally representative survey of Slovenian adolescents (20), 2224 subjects (1010 boys and 1214 girls) aged 15—
16 years were included in the analysis, representing almost 10% of the population entering secondary school. Dietary
intake of vitamin D was assessed using a food frequency questionnaire (FFQ).

Food Frequency Questionnaire, FFQ), which was validated by a 3-day recording of (weighed) food intake. The average
daily dietary intake of vitamin D was 4 mcg, which was comparable to data from other countries in the region, e.g.
Germany (35) and Austria (36). The authors pointed out that in the absence of endogenous synthesis, this amount is not
sufficient to achieve vitamin D adequacy or a serum 25(OH)D concentration of at least 50 nmol/L, which consequently
poses a health risk, especially for metabolic disorders and skeletal development, which is most dependent on sufficient
vitamin D and calcium intake during adolescence.

For the first time, dietary intake of vitamin D among adults in Slovenia was addressed in a nationally representative
manner in the Si.Menu nutritional survey. In addition to adults (18—64 years) and older adults (65-74 years), the survey
also included adolescents (10-17 years). The data analysis included 1248 individuals, namely 468 adolescents, 364
adults and 416 older adults (Figure 6) (29). Dietary intake of vitamin D was assessed using a combination of two non-
consecutive 24-hour recalls and additionally corrected using the Food Propensity Questionnaire ( FPQ). It is important to
emphasize that the calculation refers only to the intake of vitamin D from the usual diet, without taking into account the
addition of medications or dietary supplements.
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Figure 6: Frequencies of estimated daily dietary intake of vitamin D in adolescents (10-17 years), adults (18—
64 years) and older adults (65—74 years) of Slovenian residents in the SI.Menu survey (N = 1248;
adapted from (29) with permission from the authors). Vitamin D intake from a usual diet, without
dietary supplements, is taken into account.

The study found very low vitamin D intakes; many subjects did not even reach an intake of 2.5 mcg per day.
Population-weighted dietary intake of vitamin D for all three study populations is presented in Table 5 (29).

The average daily dietary intake of vitamin D was 2.7 mcg/day in adolescents, 2.9 mcg in adults, and 2.5 mcg in older
adults (29). The highest prevalence of very low vitamin D intake (<2.5 mcg/day) was found in

found among older adults (61.0%), followed by adolescents (55.0%) and adults (45.8%). No one achieved a sufficient
daily intake of 20 mcg of vitamin D with a typical diet in the absence of endogenous synthesis.

It is worth noting that previous studies on narrow target groups in Slovenia also reported very low dietary intakes of
vitamin D, which did not exceed 5 mcg daily without supplementation (24, 26, 27).

The Sl.Menu study identified several indicators that were closely associated with daily vitamin D intake in subjects (29).
In all three age groups, higher total energy intake predicted higher vitamin D intake. Gender was statistically significantly
associated with vitamin D intake in adolescents and adults; in both cases, men had higher intakes. Body mass index
(BMI) was also found to be an important factor in vitamin D intake in adolescents (lower vitamin D intake was observed
in individuals with overweight or obesity), while among older adults, education was an important factor — participants
with higher levels of education had higher vitamin D intakes.
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Table 5: Dietary vitamin D intake (mcg/ day) in population-weighted data and prevalence of very low
vitamin D intake in the nationally representative Sl.Menu survey (adapted from (29)).

(65—
(10-17 years) (18-64 years) 74 years)
Total Men Women Total Men Women Total Men Women
Sample size, 468 238 230 364 173 191 416 213 203
N (%) (100) (50,85) (49,15) (100) (47,53) (52,47) (100) (51,20) (48,80)
Vitamin D intake
Average [mcg/ 2,73 3,02 2,42 2,85 3,39 2,30 2,45 2,60 2,32
day] (2,56 (2.83- (214~ (2,69~ B.17- (214~ (2,34~ (2.42- (2.16-
(95% CI) 2,91) 3,22) 2,70) 3,00) 3,62) 2,44) 2,57) 2,78) 2,48)
Mediana
2,33 2,7 1,95 2,66 3,01 2,04 2,21 2,3 2,13
[mcg/dan]
Prevalence of very low vitamin D intake (%)
. 55,0 38,8 72,6 45,8 21,0 71,0 61,0 58,2 63,5
<2.
[meg/d] (47,4- (30,0— (64,6— (40,1- (15,2 (63,5- (51,7— (43,6— (50,6
mci
9 62,4) 48,5) 79,3) 51,6) 28,2) 717,5) 69,6) 71,5) 74,7)

Notes: 95% CI: 95% confidence interval.

The relative contributions of individual food categories to total dietary vitamin D intake for the three age groups studied in the SI.Menu study
are shown in Figure 7 (29). The food categories that contributed most to total vitamin D intake were beef, veal and pork, marine fish and eggs,
with minor differences between the age groups of the subjects. These food categories contributed 13—-20% of total dietary vitamin D intake.
Processed meat and fish (canned fish and paté and sausages, hot dogs and meat pates) together contributed up to 11% of vitamin D intake.
In adolescents, processed breakfast cereals (sweetened cereals; around 7%) were also an important source of vitamin D. It is also interesting
that in all age groups, those with very low vitamin D intake (below 2.5 mcg/day) reported lower consumption of marine fish. In the adolescent
group, we also observed such a trend in lower consumption of beef, veal and pork, sweetened cereals and mushrooms. Among the adult
population, subjects with very low dietary intake of vitamin D also had lower intake of canned fish and patés, sausages, hot dogs and meat
patés, milk, pastries and buns, milk ice cream and milk pudding, butter, biscuits and wafers, croissants and ready meals, while in older adults

this was observed in lower consumption of canned fish and patés, cheese, milk and mushrooms.

Similar to most other European countries, food fortification with vitamin D is not systematically implemented in Slovenia (37). A recent study
showed that on the Slovenian market, mainly margarines (66% of sales in 2020), plant-based milk and yoghurt substitutes (31% and 33%,
respectively), flavoured yoghurt drinks (21%) and breakfast cereals (10%) are voluntarily fortified (38). As a result, fortified foods do not
contribute significantly to the dietary intake of vitamin D, at least among adults, but more detailed data on this are currently not available.
Overall, data show that only 9.5% of adults and adolescents occasionally consume fortified foods (39). In contrast, vitamin D preparations —
medicines
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or dietary supplements. The Sl.Menu survey showed that as many as 91.5% of infants and 83.5% of toddlers consume such
products (39), with vitamin D supplementation recommended for these groups.
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Figure 7: Relative contribution of different food categories to total dietary intake of vitamin D
in different age groups of the population (% of total vitamin D intake); adapted from (29), with permission from
the authors.

The extent of vitamin D supplementation in adults was thoroughly investigated during the COVID-19 pandemic by Zmitek et al. (40).
The survey was conducted on a panel sample of adults, whose structure was comparable to the structure of the Slovenian
population in terms of age, gender and region. Sampling took place in April (N = 602) and December 2020 (N = 606).

The data showed that 33% of the study participants were taking vitamin D supplements in April 2020 (the start of the COVID-19
pandemic). Supplementation patterns changed significantly during the pandemic, with 56% of participants taking vitamin D
supplements by December 2020. The median daily vitamin D intake for users of medications and dietary supplements was 25 mcg
(1000 1U) of vitamin D in both periods; in both periods, approximately 5% of users had vitamin D intakes exceeding the upper
tolerable limit (UL; 100 mcg (4000 IU)) (40). It is worth noting that during the pandemic, the issue of vitamin D was the subject of
awareness-raising and numerous media publications, which
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undoubtedly affected the extent of vitamin D supplementation, so it would be advisable to check the level of vitamin supplementation even
after the pandemic ends.

Based on data from 14 and 11 European countries, respectively, EFSA reports a mean/median intake of vitamin D in adults with a typical
diet of 1.1 to 8.2 mcg/day. In children aged approximately 1-5 years, this value is between 1.7 and 5.6 mcg/day, between 1.4 and 2.7
mcg/day in children aged 4-13 years, and between 1.6 and 4.0 mcg/day in adolescents aged 11-18 years (EFSA, 2016).

Conclusion

We reviewed sixteen publications reporting on dietary vitamin D intake in various Slovenian populations, one of which was nationally
representative for adolescents (20) and one for adolescents, adults and the elderly (29). All studies reported vitamin D intake in all
populations well below reference values; in the Slovenian nationally representative SI.Menu survey, the average dietary daily intake of
vitamin D in adolescents, adults and older adults was only 2.7 mcg, 2.9 mcg and 2.5 mcg (excluding vitamin D supplementation with
medicines and food supplements). The data are comparable with other European countries. A recent Slovenian study also found that the
extent of vitamin D supplementation increased significantly during the Covid-19 pandemic, but it is unclear whether this trend will be
maintained without effective communication and public awareness.

The conclusion of our review is that the usual diet of the population of Slovenia contributes to a relatively low daily intake of vitamin D (<
5 mcg), which, in the absence of UVB-induced endogenous synthesis, is insufficient to cover the body's vitamin D needs.
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When vitamin D intake through normal diet and safe exposure to sunlight is insufficient, vitamin D can be supplemented
through fortified foods, dietary supplements, or medications. This chapter will describe possible ways to supplement
the diet with vitamin D, as well as their advantages and disadvantages.

Consumption of vitamin D-fortified foods is possible throughout the year, regardless of endogenous synthesis. Given
the need for vitamin D, dietary supplements can only be recommended in certain situations or periods (e.g. in the
autumn-winter period for the general population), while available medications are available for the treatment of severe
vitamin D deficiency or for at-risk population groups.

The World Health Organization (WHO) defines food fortification as the practice of intentionally increasing the content
of key micronutrients ( e.g. vitamins) in food to improve the nutritional value of the food and support public health
objectives with minimal risks (1). In general, foods can be fortified in a variety of ways, such as through the use of
fortified animal feed, adapted crop production, agronomic practices, or modern biotechnology (2—6). Examples of such
approaches include feeding hens with vitamin D to increase its content in eggs and exposing mushrooms and yeasts
to UV light (5, 7). UV-treated yeast (a source of vitamin D2) has also been approved as a novel food in the European
Union (EU) (8, 9).

In the EU, the addition of micronutrients to foods is harmonised by Regulation 1925/2006 (10). The legislation allows
the addition of micronutrients to processed foods in cases of deficiency in the population or to improve the supply of
micronutrients to the population, if this is scientifically supported. The legislation also defines the chemical forms of
substances that can be used for fortification. In the case of vitamin D, cholecalciferol and ergocalciferol can be used
for fortification of foods (11).

Due to the prevalence of vitamin D deficiency in the population, some countries have also resorted to fortification of
foods with vitamin D to control this problem. Such measures were first adopted in the USA and Great Britain in the
first half of the last century (2, 3). Since the measures were initially aimed primarily at preventing rickets in children,
mainly cow's milk was fortified. Later, other foods began to be fortified with vitamin D, including dairy products,
margarine, hot dogs, etc. (12). Fortification of various foods could lead to accidental uncontrolled high intakes of
vitamin D in individuals, which is why this practice was abandoned in some countries (13, 14).

While the voluntary addition of vitamin D to foods is essentially regulated by uniform legislation in the European Union

(10), food fortification practices vary considerably between Member States. With a few exceptions, most countries do

not have national regulations or recommendations in place that specifically address the fortification of foods with

vitamin D. An exception is Finland, where voluntary fortification of foods was recommended in 2003, when the

government encouraged the addition of vitamin D to fat-based spreads or margarines (10 mcg/100 g of food) and

liquid dairy products (0.5 mcg/100 mL of milk) (15, 16, 17). The recommended amount of supplementation was doubled in 2010 (18
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Although this was a voluntary option, most manufacturers followed it, and the result was a noticeable reduction in vitamin D
deficiency among the population (16 , 19).

The extent of voluntary fortification of foods with vitamin D in Slovenia was investigated at the Institute of Nutrition as part
of the research project “Challenges of achieving adequate vitamin D supply in the adult population” (L7-1849) (20). The
analysis included all categories of prepackaged foods in which the practice of vitamin D supplementation was detected. It
was a repeated cross-sectional study, with the last sampling being carried out in 2020 (N = 16,064).

For individual food categories, the frequency of vitamin D addition (based on availability and annual product sales) and the
declaration of vitamin D content in products were determined. The research showed that very few foods are fortified with
vitamin D in general (270 products were fortified in the 2020 sample), but large differences were observed between different
food categories. Vitamin D fortification was most widespread among foods for special groups (mainly food supplements for
weight control; 100%) and in margarines (45% of products or 66% of sales). Other food categories that are more frequently
fortified with vitamin D were milk substitutes (23% or 31% of sales) and yoghurt substitutes (19% or 33% of sales), and
breakfast cereals (6% or 10% of sales). The highest declared average vitamin D content was in margarine and foods for
special groups (7—8 mcg/100 g), followed by breakfast cereals (4 mcg/100 g), while the average vitamin D content in other
food categories was below 2 mcg/100 g. The research did not show any significant differences in food fortification trends
compared to 2017.

Food fortification can be a very effective measure for reducing the risks of individual nutrient deficiencies, as shown by the
experience of northern European countries in the case of vitamin D. We also have very good experience with food
fortification with micronutrients in our environment. In Slovenia, a high prevalence of goiter (> 50%) was estimated in the
first half of the 20th century, both among children and adults (21, 22), which is why we introduced a measure of mandatory
salt iodization (10 mg KI per kilogram of salt) as early as 1953. The prevalence of goiter decreased significantly after the
introduction of this measure (22, 23), and after the iodization rate was increased in 1999 (25 mg KI/kg)(24), it became very
rare (25). Especially after Slovenia joined the European Union, non-iodized salts also reached the Slovenian market, while
ensuring the free movement of goods between member states, but the measure of salt iodization is still very effective. It is
estimated that approximately 96% of salt sold is still iodized salt, which contains an average of 24.2 mg Kl/kg salt (26).

In order for a food fortification measure to be effective, it must reach all target population groups to an appropriate extent.
The key is to select appropriate foods and the level of micronutrient supplementation in order to improve the supply in the
population, which, on the other hand, must not pose a risk of excessive intakes that may be reflected in health complications.
By modeling and using data from the nationally representative survey “Menu Slovenia”, Hribar et al. (27) estimated the
additional daily dietary intake of vitamin D under a scenario of mandatory fortification of cow’s milk with 20 mcg cholecalciferol
per liter of milk. The study was conducted on three population groups: adolescents (10-17 years), adults (18-64 years) and
older adults (6574 years). They estimated that such a measure would have a very different impact on the daily intake of
vitamin D in different population groups. The greatest effect would be in adolescents (on average +2.0 mcg of vitamin D per
day), and half as much in older adults, but such a change in the observed groups would not be sufficient to significantly
improve vitamin D supply. For the fortification measure to be effective, it would therefore be necessary to either enrich
different types of foods or to choose a food for fortification that is consumed to a greater extent by the majority of the
population. Before implementing the measure, it is advisable to model the predicted effects on daily vitamin D intake in the
majority of the population's intake distribution (up to at least the 97.5th percentile) in order to reduce the likelihood of
excessive intakes in individuals known as high consumers. It is also necessary to take into account the technological
challenges in ensuring an adequate amount of vitamin D in the case of food fortification.

During processing and storage of food, vitamin D can be degraded, resulting in a significant reduction in the concentration

of vitamin D in the food consumed. It is worth noting that foods that are subjected to prolonged heat treatment, such as
bread, can also be effective matrices for vitamin D fortification (28, 29).
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Food supplements are marketed and presented as foods in the European Union, in accordance with the guidelines of Directive
2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the approximation of the laws of the Member
States relating to food supplements (30). In the Republic of Slovenia, the provisions of the aforementioned Directive are
transposed into law by the Rules on Food Supplements (31).

Dietary supplements are intended to supplement the normal diet. They are concentrated sources of individual or combined
nutrients or other substances with a nutritional or physiological effect.

Although the technological form of dietary supplements resembles the pharmaceutical form of a drug, the key difference between
them is that dietary supplements are not intended to treat or prevent disease. As a result, the procedures for bringing dietary
supplements to the market and distributing them are less demanding than for drugs (32).

Only vitamins and minerals as defined in Annex | to Directive 2002/46/EC (30) may be used in the production of food supplements,
in the chemical forms as defined in Annex Il to Directive 2002/46/EC (30). Similar to the fortification of foods with vitamin D, two
chemical forms of this vitamin, cholecalciferol and ergocalciferol, are permitted as ingredients in food supplements, and the purity
of the added ingredients is specifically defined.

Food supplements must be labelled as a “food supplement”. The labelling, presentation and advertising of food supplements must
not include any statements that would state or imply that a balanced and varied diet is generally not sufficient to provide adequate
amounts of nutrients. Based on these legislative requirements, it is expected that the levels of vitamin D in food supplements
would be at most those expected from a normal diet. In adults in Slovenia, the intake of vitamin D from a normal diet (excluding
food supplements) is approximately 3 mcg/day (27), which is low.

As with all foods, the content of vitamins and minerals or other substances in food supplements is also indicated as a percentage
of the recommended daily intake (% RDA), based on the reference values in Annex XlII of the Regulation on information to
consumers (33). It should be noted that the aforementioned Regulation specifies a reference intake of 5 mcg (200 1U) for vitamin
D labelling purposes, which is realistically very low.

Vitamin D supplements could be divided into four categories depending on the population groups they address: supplements for
infants, children, adults, and pregnant women.

For infants, vitamin D is available in the form of drops or sprays containing 10 mcg (400 1U) alone or in combination with probiotics.
For children, vitamin D is available in the form of drops, sprays, chewable tablets or jellies containing 10—-20 mcg (400-800 IU)
alone or in combination (mostly with probiotics or in multivitamin preparations).

The choice of vitamin D supplements for adults is very diverse. Available forms include capsules, tablets, chewable tablets,
effervescent tablets, orodispersible powders, sprays or drops with a content of 20—100 mcg individually or in combination with
other vitamins and minerals (most often these are vitamins C and K2 and the minerals calcium, magnesium and zinc).

Pregnant women can choose from dietary supplements that contain, in addition to vitamin D, other vitamins, minerals, and
omega-3 fatty acids, for which increased intake is recommended during this period. They are available in capsule or tablet form,
typically containing 10—20 mcg (400-800 IU).

On the market — especially in online stores — we also find food supplements containing higher amounts of vitamin D, up to 100
mcg (4000 IV) in a daily dose (2000% of the RDI). This practice is attributed to the absence of legally established maximum
amounts of vitamins and minerals in food supplements, although Directive 2002/46/EC recommends setting such limits and some
activities in this direction have already begun in the EU (30).
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When assessing potential risks to human health, the maximum tolerable daily intakes for vitamins and minerals, as set by the European Food
Safety Authority (EFSA), are usually taken into account. The maximum tolerable daily intake is the amount of a vitamin or mineral consumed
from all dietary sources (regular foods, food supplements, fortified foods) that is unlikely to pose a risk of adverse effects in humans.

The EFSA set the maximum allowable daily intake for vitamin D in 2012 at 100 mcg (4000 1U) of vitamin D/day for adults and children over 11
years of age, 50 mcg (2000 IU)/day for children from 1 to 10 years of age and 25 mcg (1000 IU)/day for children up to 1 year of age (34). At
the national level, it is also necessary to mention the guidelines for the definition of products that can simultaneously fall under the definition
of medicinal products and foodstuffs, issued by the Public Agency of the Republic of Slovenia for Medicinal Products and Medical Devices
(JAZMP) (35). In accordance with the aforementioned guidelines, products containing more than 20 mcg of vitamin D per dose are in principle
classified as medicinal products, but it should be noted that the implementation of the guidelines in practice limits the provision of free
movement of goods within the European Union market. In any case, food business operators are subject to the provisions of the umbrella
food Regulation (EC) No. 178/2002 of the European Parliament and of the Council (36), which lays down, in Article 14, requirements for food
safety.

The JAZMP guidelines state that, although the human body provides protection against high doses, especially of water-soluble vitamins,
through homeostatic mechanisms through absorption, metabolism and excretion, burdening the body with higher doses is not scientifically
justified, especially because the long-term safety of consuming high doses is unknown and because there are often no established positive
effects of higher doses on human health. When high doses are required due to proven deficiency or disease conditions, treatment should be
carried out under medical supervision with products that have a marketing authorisation (36).

In labelling, presentation and advertising, food supplements may not be attributed with the properties of preventing, treating or curing diseases
in humans. In case of doubt as to whether a food is a food supplement or a medicinal product, the regulations governing medicinal products
shall apply (32).

As part of the research project "Challenges of achieving adequate vitamin D supply in adult populations”

Slovenia” (L7-1849) also investigated the quality of vitamin D supplements in Slovenia (37). In the first part of the study, an online survey was
used to investigate the practices of using vitamin D supplements in Slovenia. The survey included N = 688 users of pharmaceutical
preparations containing vitamin D. Thirteen percent of users reported using vitamin D medications, while 87% reported using dietary
supplements. The latter reported using 95 different dietary supplements in total, mainly in the form of oral sprays (35%), capsules (33%),
tablets (13%) and drops (11%). Based on the frequency of consumption of each product, 24 dietary supplements from different manufacturers
were selected, purchased at retail (in pharmacies, specialized stores and online) and analyzed in the laboratory (all products had a declared
cholecalciferol). The laboratory-determined vitamin D content was compared with the declared one, taking into account the permitted tolerance
limit of 80-150% (38). In most (N = 22, 92%) products, the laboratory-determined vitamin D content matched the declared content. Two
products were exceptions, with one product having a lower vitamin D content than declared (36%) and the other having a higher vitamin D
content (206%) (37). They found significant differences in the price of a dose of vitamin D between different products (from 0.01 to 0.42 EUR
for 25 mcg (1000 IU) of vitamin D), with an average price of 0.15 EUR. The three cheapest products were in a drop formulation. Interestingly,
the most expensive product (with a price of 0.42 EUR per dose or 25 mcg of vitamin D) was found to have a significantly lower vitamin D
content than declared.

As part of the same project, Zmitek and colleagues (39) also investigated the extent of vitamin D supplementation with various pharmaceutical
preparations during the COVID-19 epidemic. This was a repeated cross-sectional study on a panel sample of adult residents of Slovenia (N =
835), whose structure was comparable to the structure of the population of Slovenia in terms of gender, age and region. The study showed
that the extent of vitamin D supplementation increased significantly during the pandemic. In December 2020, 56% of the study participants
supplemented their diets with vitamin D. The median daily dose of vitamin D among users was 25 mcg (1000 IU), with 5% of users exceeding
the maximum permissible daily intake of 100 mcg (4000 IU). It is advisable to investigate the extent of vitamin D supplementation with
preparations after the end of the pandemic, as the consumption of dietary supplements can have a significant impact on the level of vitamin D
supply among residents.
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Registered medicines that are available on prescription

All registered medicines belong to the pharmacotherapeutic group Vitamins, vitamin D and analogues with ATC code
A11CCO05. The medicines in the form of oral drops containing cholecalciferol are Plivit® D3 4000 IE/mL (1 drop =200 IE=5
mcg) and Oleovit® D3 14,400 IE/mL (1 drop = 400 IE = 10 mcg) and are registered as medicines available on prescription.
The registered medicines in tablet form are Vitamin D3 Krka® 1000 IE (25 mcg) and Vitamin D3 Krka® 7000 IE (175 mcg)
(40-43).

Plivit D3® drops should be stored in the refrigerator and taken with a teaspoon of juice or milk. Oleovit D3® drops can be
taken directly into the mouth or by spoonful with some liquid, as they are tasteless. The medicine is stored at room
temperature (40, 41).

Registered medicines that are dispensed without a doctor's prescription

Vitamin D3 Krka® 500 IE and Vitamin D3 Krka® 1000 IE are available in the form of white, round, biconvex tablets.

The tablets should be swallowed with some water, regardless of food. They are indicated for the prevention of vitamin D
deficiency in children aged 6 years and older, adolescents and adults at identified risk - the recommended daily dose is 500
to 1000 IU of vitamin D (12.5-25 mcg of cholecalciferol), which corresponds to %21 tablet.

Vitamin D3 Krka 1000 IU per day (42).

Interaction of vitamin D with other drugs and other forms of interactions

When it comes to possible interactions, we distinguish between the effects of other drugs on cholecalciferol and the effects of cholecalciferol on
other drugs.

Inducers of CYP450 metabolic enzymes (rifampicin, carbamazepine, phenytoin, barbiturates, isoniazid) may reduce the
effectiveness of vitamin D by reducing the serum concentration of 25-hydroxycholecalciferol (25(OH)D) and increasing its
biotransformation into inactive metabolites by inducing the enzyme 24-hydroxylase. Concomitant use increases the need for
vitamin D. Glucocorticoids may also reduce the effectiveness of vitamin D due to impaired activation of 25(OH)D into
hormone D and increased metabolism. Isoniazid inhibits the activation of vitamin D and may therefore reduce the
effectiveness of vitamin D3.

Drugs that act by causing fat malabsorption (e.g. orlistat, cholestyramine) may impair the absorption of vitamin D from
the gastrointestinal tract.

Concomitant use of thiazide diuretics increases the risk of hypercalcemia, but only when using active forms of vitamin D
(alfacalcidol, calcitriol), as thiazides and indapamide reduce urinary calcium excretion.

Caution is required in patients receiving digoxin and vitamin D3 , as hypercalcemia (which may result from excessive use
of vitamin D3) can cause cardiac arrhythmias, but this risk is negligible when taking recommended doses of vitamin D (40—
42).

Active forms of vitamin D (alfacalcidol, calcitriol) can increase the absorption of aluminum in the intestine, but only with
chronic concomitant use (e.g. antacids) (44).
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Vitamin D dosage

The recommended dosage of vitamin D and dose adjustments based on the degree of deficiency, age, level of nutrition and
other factors are detailed in the first chapter of the "Slovenian guidelines for adequate
"Vitamin D deficiency".
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Vitamin D intoxication (IVD; also called vitamin D poisoning or hypervitaminosis D) remains extremely rare based
on objective data from the literature; however, its incidence may increase due to the increasing interest and
widespread use of vitamin D and concomitant disorders in the vitamin D degradation pathway or concomitant
diseases that uncontrollably increase the level of the active form of vitamin D and cause hypercalcemia.

The most common clinical symptoms and signs of IVD are essentially those of severe hypercalcemia: apathy,
confusion, polydipsia, polyuria, recurrent vomiting, abdominal pain, and dehydration. Severe hypercalcemia may
result from chronic excessive vitamin D intake, disorders of the vitamin D metabolic pathway, or an incidental
disease in which the active metabolite of vitamin D is locally overproduced. IVD develops due to excessive vitamin
D intake when serum 25-hydroxyvitamin D (25(OH)D) concentrations reach 375 nmol/L or greater. Endogenous
IVD may result either from impaired degradation of the active metabolite of vitamin D, 1,25-dihydroxycholecalciferol
(1,25(0H)2D), as in idiopathic infantile hypercalcemia, or from overproduction of this metabolite in some
lymphomas and granulomatous disorders.

Arbitrary consumption of vitamin D in doses higher than those recommended for age and body weight, i.e.

in doses higher than the maximum recommended daily intake is a consequence of the general population's
"awareness" of the health benefits associated with vitamin D. Most adverse events could be significantly reduced
by simple legislation that would ensure the appropriate quality of vitamin D preparations and prohibit the use of
products with very high vitamin D content (50,000 IU or more). Most cases of serious IVD described in the
literature are the result of unknowingly taking very high doses of vitamin D preparations due to misunderstanding
of the instructions or by mistake.

Vitamin D deficiency, as is known from numerous studies, is associated with both bone damage and an increased
risk of extraskeletal complications, such as autoimmune diseases, chronic obstructive pulmonary disease, cancer,
and metabolic syndrome. Prevalent vitamin D deficiency (25(OH)D concentration < 50 nmol/L) and severe vitamin
D deficiency (25(0OH)D < 30 nmol/L) are global public health problems (1, 2). Due to the increasing awareness of
vitamin D deficiency and its associated health problems, vitamin D has become a popular vitamin dietary
supplement, and its use has increased significantly (3).

The increased use of vitamin D in the general population and the increasing number of prescriptions of therapeutic
doses (including very high doses) without medical supervision may lead to an increased risk of exogenous
hypervitaminosis D with symptoms of hypercalcemia, also known as vitamin D intoxication (IVD) (4). This chapter
presents the symptoms and signs associated with IVD due to overdose and explains some of the mechanisms of
“hypersensitivity” to vitamin D. Current knowledge of IVD is based on case reports, accidental poisonings and
animal experiments. For ethical reasons, experimental analysis of IVD in humans is not feasible. However, the
incidence of IVD is very low, as in large randomized placebo-controlled trials such as VITAL (5) and D2d (6),
which included over 25,000 and 2400 subjects, respectively, in the former receiving
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2000 IU of cholecalciferol for 5.3 years, and in the other 4000 IU of cholecalciferol for 2.5 years or placebo, there was no difference between
the placebo and intervention groups in the occurrence of hypercalcemia or kidney stones, and there were no true vitamin D poisonings.

Vitamin D intoxication (hypervitaminosis D), caused by excess vitamin D, is a clinical condition characterized by severe hypercalcemia that
can persist for a long time and lead to serious health consequences, such as nephrolithiasis, nephrocalcinosis, cardiac arrhythmias, peptic
ulcer disease, pancreatitis, and others (7). Researchers have identified various mechanisms for the development of IVD. These mechanisms
include increased activity of 1y-hydroxylase or decreased activity of the enzyme that breaks down hormone D, 24-hydroxylase, both of which
lead to increased concentrations of 1,25(0OH)2D; increased number of vitamin D receptors; saturation of the capacity of the vitamin D-binding
protein.

Hypervitaminosis D with hypercalcemia may be exogenous and develop after uncontrolled use of high doses of vitamin D or its metabolites
or analogues (25(0OH)D; 1,25(0H)2D; 1(OH)D). In endogenous vitamin D intoxication, hypervitaminosis D with hypercalcemia may reflect
excessive production of 1,25(0OH)2D in immune cells of granuloma tissues in active granulomatoses and lymphomas, or due to reduced
degradation of 1,25(0OH)2D and 25(OH)D in idiopathic infantile hypercalcemia (IIH) (7).

In healthy individuals, exogenous IVD is usually caused by long-term (several months) use of high doses of vitamin D (usually in combination
with large amounts of calcium supplements), rather than by long-term exposure of the skin to sunlight or by consuming a varied diet. The
human body can regulate the amount of previtamin D3 and vitamin D3 produced in the skin by ultraviolet B radiation (UVB radiation), as
excess vitamin D3 is degraded in the skin by heat. A varied diet usually does not provide sufficient amounts of vitamin D (8), and fortification
of foods with vitamin D is usually modest (9, 10).

Exogenous IVD due to vitamin D overdose is diagnosed by a markedly elevated 25(OH)D concentration (> 375 nmol/L), accompanied by
severe hypercalcemia and hypercalciuria, and very low or undetectable parathyroid hormone (PTH) levels (4). Hypercalciuria and
hypercalcemia are the main measurable features of IVD. 1,25(0OH)2 D concentrations in patients with VD may be within the reference range,
slightly elevated, or, more rarely, decreased when increased serum calcium levels inhibit PTH secretion. 1,25(0OH)2 D levels are decreased
by both inhibition of 1y-hydroxylase activity and increased 24-hydroxylase activity (7).

Exogenous IVD can also develop in patients taking excessive doses of 1,25(0OH)2D or other 1-alpha-hydroxylated vitamin D analogues
(1y(OH)D), such as alfacalcidol, paricalcitol and doxercalciferol, which are used to treat hypocalcaemic disorders, including hypoparathyroidism,
pseudohypoparathyroidism, osteomalacia and secondary hyperparathyroidism in stage 4 and 5 chronic kidney disease.

In these cases, hypercalcemia is a harmful consequence of excessive dosage of 1-alpha-hydroxylated vitamin D analogues, so that 25(OH)D
levels are normal (or even low) and 1,25(0OH)2D levels are elevated (7, 11). Hypercalcemia (IVD) is much more common with concomitant
use of thiazide diuretics (including indapamide), which inhibit calcium excretion in the kidneys.

Granuloma-forming diseases (sarcoidosis, tuberculosis, leprosy, foreign body granuloma, fungal diseases, infantile necrosis of subcutaneous
fat, giant cell polymyositis, and berylliosis) and lymphomas pose an increased risk for endogenous IVD. The immune cells that make up
granulomas and lymphomas are rich in the enzyme 1-alpha hydroxylase, and therefore can uncontrollably activate 25(0OH)D to 1,25(0OH)2D
or hormone D (12).

The mechanism of endogenous IVD and hypercalcemia in patients with I1H is different, as they have less active or inactive 24-hydroxylase
(CYP24A1), so 1,25(0OH)2D and 25(OH)D are not broken down, but accumulate and cause hypercalcemia (13). IIH can be detected in early
childhood or adulthood, but it can remain undiagnosed (14, 15). In these disease states, patients are “hypersensitive” to vitamin D, as
increased
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1,25(0H)2D levels with hypercalcemia can develop after vitamin D supplementation or after taking vitamin D supplements, or

even after uncontrolled sun exposure, and can be caused by vitamin D intake at doses recommended for the general population
and considered safe (7). Patients with Williams-Beuren syndrome are also hypersensitive to vitamin D, but both 25(OH)D and
1,25(0OH)2D levels may be normal or elevated in this disease, and the pathophysiology of the disease is not completely clear.
Another recently discovered cause of IIH is a defect in the SLC34A1 gene, which encodes the sodium phosphate cotransporter
(NaPi-llA) in the kidney, the cotransporter defect resulting in hypophosphatemia (15); hypercalcemia is an indirect manifestation

of the suppressed secretion of FGF-23 due to hypophosphatemia. FGF-23 promotes phosphaturia and inhibits 1-alpha hydroxylase
(16). In endogenous VD, hypercalcemia is associated with elevated 1,25(0OH)2D levels , unlike IVD due to vitamin D overdose
(exogenous IVD), where hypercalcemia is a consequence of high 25(OH)D levels (11).

The prevalence of IVD is unknown. Due to the increased intake of vitamin D supplements and recent information on the prevalence
of polymorphisms in the CYP24A1 and SCL34A1 genes (17) in the general population (based on dbSNP data, the frequency of
biallelic variants in the CYP24A1 gene in the general population is estimated at 1:33,000 births), the incidence of IVD may be
increasing (17, 18, 19).

Taylor and Davies conducted a comprehensive review of the literature on vitamin D intoxication, based largely on case reports
and case series. Of the 44 papers, 20 reported hypervitaminosis D due to supplementation errors; 17 reported inappropriate
prescribing or dispensing of vitamin D; and seven reported dosing errors (including self-dosing). The largest analysis from the
United Kingdom included 372 cases of relative excess vitamin D (>220 nmol/L), of which 349 were not under direct medical
supervision (20).

The population prevalence of hypervitaminosis D and its associated toxicity was directly investigated using serum 25(OH)D
concentrations in a study by Dudenkov et al. (4), from 2002 to 2011. In order to determine the prevalence of IVD as evidenced by
the presence of hypercalcemia, the authors determined 25(OH)D levels in more than 20,000 sera. The number of individuals with
serum 25(OH)D concentrations > 125 nmol/L increased 20-fold during this period, most likely due to the increased use of vitamin
D supplements. However, the relatively high 25(OH)D concentrations coincided with normal serum calcium concentrations. Only
one patient with a 25(OH)D concentration of 910 nmol/L was diagnosed with hypercalcemia.

Veugelers and co-authors found that Canadian adults who consumed up to 20,000 U of vitamin D3 per day had significantly
increased 25(OH)D concentrations, up to 150 nmol/L, but without evidence of toxicity (21). In cases of exogenous vitamin D
intoxication accompanied by symptomatic hypercalcemia, people typically consumed doses of vitamin D 50 to 150 times the upper
recommended intake, which is 1000 IU for children under one year of age and 4000 U for adults, for prolonged periods (22).

The Slovenian nationally representative Nutrihealth study (2017/2018) included 280 adults (18—74 years), of whom a good third
(38%) reported using dietary supplements, and 8% specifically taking vitamin D (23). Two study participants had serum 25(OH)D
concentrations above 100 nmol/L, and none above 150 nmol/L.

A 2011 report by the Institute of Medicine (IOM) provided upper limits for vitamin D intake based on the effects of acute, short-
term supplementation with high-dose vitamin D preparations and those that may occur as a result of secondary chronic use over
many years (24). Acute vitamin D toxicity is usually caused by doses of vitamin D much higher than 10,000 IU/day if they increase
serum 25(OH)D concentrations above 375 nmol/L.

Additional factors, such as higher concomitant calcium intake, increase the risk of developing hypercalcemia and VD (24, 25).
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Possible toxicity of moderate vitamin D intake over a long period of time

Experts from the American Institute of Medicine and the Endocrine Society state that potential chronic toxicity would result from
administering doses much greater than 4000 |U/day over a prolonged period, possibly several years, which could result in serum
25(0OH)D concentrations of 128-150 ng/mL (320-375 nmol/L) (24, 25).

Clinical signs and symptoms of vitamin D intoxication
The clinical signs and symptoms of IVD are diverse and are essentially the same as those of hypercalcemia (7, 11).

The symptoms of IVD are similar to those of other hypercalcemic conditions:

Neuropsychiatric symptoms include difficulty concentrating, confusion, apathy, drowsiness, depression, psychosis
and in extreme cases, stupor and coma.

Digestive symptoms of IVD include recurrent vomiting, abdominal pain, polydipsia, anorexia,
constipation, peptic ulcers and pancreatitis.

Cardiovascular symptoms and signs of IVD include hypertension, shortened QT interval, elevation of the left atrial segment
ST and bradyarrhythmias with first-degree heart block in the electrocardiogram.

Renal symptoms include hypercalciuria as the earliest sign, polyuria, polydipsia, nephrogenic
diabetes insipidus, dehydration, nephrolithiasis, nephrocalcinosis and renal failure.

Other symptoms of IVD caused by hypercalcemia include muscle weakness, band keratopathy,
hearing loss and painful periarticular calcinosis (26).

The diagnosis of IVD can be made clinically. A detailed history and physical examination are essential for the timely diagnosis of
IVD. In most patients, IVD is the result of excessive doses or too frequent dosing intervals of vitamin D given for osteoporosis,
hypoparathyroidism, hypophosphatemia, osteomalacia, or renal osteodystrophy, often in combination with calcium supplements.
Given the current popularity of vitamin D as an adjunct in the treatment of many diseases, vitamin D supplementation (including
the use of therapeutic doses) may also be a cause in otherwise healthy individuals.

Laboratory findings in patients with symptomatic exogenous VD associated with vitamin D overdose show, in addition to
hypercalcemia, decreased intact PTH levels, 25(OH)D concentrations > 375 nmol/L), and normal or elevated 1,25(0OH)2D
concentrations.

Exogenous IVD as an adverse effect of therapy with the active metabolite of vitamin D (both 1,25(OH)2D and 1y-(OH)D) is
characterized by laboratory findings with decreased intact PTH, elevated 1,25(OH)2D concentrations , and decreased or normal
25(OH)D concentrations.

Intoxication with the endogenous active metabolite 1,25(OH)2D in granulomatous diseases or lymphomas is characterized by a
decreased level of intact PTH, a decreased or normal concentration of 25(OH)D, and an increased concentration of 1,25(0OH)2D.

In a hypercalcemic patient, hyperphosphatemia suggests IVD, while hypophosphatemia suggests primary hyperparathyroidism.
The latter condition is further characterized by increased PTH levels and increased 1,25(0OH)2D concentrations, but normal, but
most often decreased, 25(OH)D concentrations (7, 26, 27).
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Table 6: Treatment of hypercalcemia according to stages.

Goods

Ca 2.6-2.85 mmol/L

Immediate treatment is not necessary. Avoid factors that may worsen hypercalcemia: thiazide diuretics,
lithium carbonate therapy, hypovolemia, prolonged bed rest or inactivity, calcium and/or vitamin D
supplements.

Moderate

Ca 2.86-3.4 mmol/L

Asymptomatic or mildly symptomatic individuals with chronic moderate hypercalcemia do not require
immediate treatment. Acutely occurring moderate hypercalcemia may cause changes in consciousness,
requiring treatment as described for severe hypercalcemia.

Huda
Ca > 3.5 mmol/L

Initial treatment: simultaneous administration of intravenous isotonic sodium chloride solution,
subcutaneous calcitonin and bisphosphonate (zoledronic acid — ZA).
« Isotonic saline (FR)

In severe hypercalcemia, intravascular volume is markedly depleted. FR for 24—48 hours restores
volume and increases renal calcium excretion. The initial FR infusion rate is 200—300 ml/hour, which is
then adjusted to maintain urine output at 100—
150 ml/uro.

* Calcitonin
For the immediate, short-term treatment of hypercalcemia in symptomatic patients (e.g., lethargy,
stupor). Calcitonin is used in combination with FR hydration and a bisphosphonate. The initial dose is
4 U/kg, subcutaneously or intramuscularly.

* Bisphosphonates
Severe or symptomatic hypercalcemia due to excessive bone resorption y intravenous bisphosphonate
ZA — initial dose 4 mg IV over 15 minutes, but only after the patient is adequately hydrated.

» Hypercalcemia unresponsive to bisphosphonates or contraindications to bisphosphonates (severe
renal impairment (eGFR < 30 ml/min) or allergy): denosumab 60-120 mg sc

« Dialysis is indicated for severe hypercalcemia associated with malignancy and renal failure.
insufficiency or heart failure.

Retrieved from: Shane E, Berenson JR. Treatment of hypercalcemia. UpToDate 2022.
Available online at: www.uptodate.com.

*Calcemia is expressed as corrected calcium to albumin.

Any of the three forms of vitamin D (vitamin D, 25(OH)D, or 1,25(0OH)2D) can cause IVD. Intoxication with vitamins D2 or D3 is more
difficult to manage than intoxication with vitamin D metabolites (25(OH)D or 1,25(0OH)2D). This is partly due to the long half-life in the
body due to the high lipid solubility of vitamin D in liver, muscle, and adipose tissue and the corresponding large storage capacity (14,
28). Thus, hypercalcemia due to vitamin D overdose can theoretically persist for up to 18 months after discontinuation of vitamin D
administration, due to the slow release of stored vitamin D from fat stores. Because the half-life of 1,25(OH)2D in the body is much
shorter (4-8 hours) than the half-life of 25(OH)D (14-20 days), 25(OH)D intoxication can last for several weeks, whereas 1,25(0H)2D
intoxication lasts only a few days (26, 28).
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Treatment of IVD depends on the degree of hypercalcemia and consists of first- and second-line treatment strategies (7,
26, 27, 29, 30).

First-line IVD treatment includes the following procedures:

1. Discontinue vitamin D supplements and reduce daily dietary calcium intake (to less than 400 mg). Patients with

granulomatous diseases, lymphoma, and IIH are also advised to avoid exposure to sunlight and other sources of
UVB radiation.

2. Large volumes of isotonic sodium chloride solution are recommended, especially in cases of dehydration and renal
impairment. Loop diuretics are introduced later, when the patient is hemodynamically stable with normal fluid volume.
In cases of long-term treatment with sodium chloride and loop diuretics, it is important to replace lost potassium.

3. Glucocorticoid (GC) therapy will lower plasma calcium levels by decreasing intestinal absorption by decreasing
transcellular active transport processes and increasing urinary calcium excretion. In addition, GC therapy inhibits the
activation of vitamin D to hormone D and alters the metabolism of vitamin D in the liver by promoting the synthesis of
inactive metabolites. Glucocorticoid treatment is highly effective, as serum calcium levels usually normalize within a
few days at doses of hydrocortisone 100 mg iv/6 hours or equivalent. GCs are most effective in reducing the
hypercalcemia that occurs in granulomatosis, as they also treat the underlying disease.

4. Antiresorptive therapy using calcitonin, bisphosphonates (BS), denosumab, or a combination is used in cases of
severe hypercalcemia, as this is also a consequence of increased osteoclastic bone resorption due to the direct
effect of 1,25(OH)2D on bone tissue. The response to calcitonin and to bisphosphonates or denosumab is very
different. Calcitonin acts rapidly, but tachyphylaxis may occur after a few days. Bisphosphonates and denosumab
lower calcium within a few days, but the effect remains long-term. In fact, according to recent reports, bisphosphonates
or denosumab the most effective treatment for I1VD.
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Table 7: First-line IVD treatment.

Isotonic sodium chloride Increases intravascular volume.

_ Ure During treatment
solution Increases urinary calcium excretion.
Inhibits bone resorption
Calcitonin (inhibits osteoclasts). 4-6 ur 48 ur*
It promotes the excretion of calcium in the urine.
Bisphosphonates Inhibit bone resorption (inhibit osteoclasts). 24—72 hours 2—-4 weeks
Loop diuretic* It increases urinary calcium excretion by inhibiting calcium Ure During treatment

reabsorption in the loop of Henle.

They reduce calcium absorption in the intestines.
Varying duration of

They reduce the formation of 1,25-dihydroxyvitamin D in 2-5 days

Glucocorticoids effect (days to weeks)

mononuclear cells in patients with granulomatous

diseases or lymphoma.

Denosumab It inhibits bone resorption by blocking RANKL. 4-10 days 4-15 weeks
. . It removes calcium, so dialysate with little or no Calcium depletion during
Dialysis Ure ) )
calcium should be used. dialysis

RANKL: receptor activator of nuclear factor kappa-B ligand; PTH: parathyroid hormone.

* The effectiveness of calcitonin is limited to the first 48 hours, even with repeated doses, due to the development of tachyphylaxis.

**oop diuretics should not be used routinely, never in a dehydrated patient. In patients with renal insufficiency or heart failure, loop

diuretics should be used judiciously to avoid fluid overload during saline hydration.

Retrieved from: Shane E, Berenson JR. Treatment of hypercalcemia. UpToDate 2022.
Available online at: www.uptodate.com.

Treatment for second-line VD includes the following options:

1. Phenobarbital may lower 25(OH)D levels by inducing the hepatic microsomal enzyme 24-hydroxylase
(31).

2. Ketoconazole nonspecifically reduces 1,25(OH)2D production by inhibiting cytochrome P450 CYP27B1
(1y-hydroxylase), but long-term use is not recommended because it blocks many other important CYP effects (32).

3. Aminoquinolines (chloroquine, hydroxychloroquine) reduce granulomatous diseases by an unknown mechanism.
production of 1,25(OH)2D in activated mononuclear cells (33).
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4. They are also developing specific inhibitors of CYP27B1 (1y-hydroxylase) that could block the formation of 1,25(OH)2D without
interference with other cytochrome P450-containing enzymes (34).

Although IVD causing hypercalcemia is a very rare occurrence, it can be life-threatening if not detected in a timely manner.
There are several forms of exogenous (possibly iatrogenic) and endogenous IVD. Accidental overdose due to the use of
pharmaceuticals is the most common cause of exogenous IVD. A review of the literature on cases of IVD caused by overdose
confirmed that poisoning is extremely rare. However, IVD should always be considered as a differential diagnosis in patients with
hypercalcemia (12, 35). In some clinical conditions, it is also very important to consider endogenous 1VD, which can develop due
to ectopic production of 1,25(OH)2D in granulomatous diseases such as sarcoidosis and tuberculosis, or in lymphomas, or due
to a congenital disorder in the degradation of 25(OH)D and 1,25(0OH)2D in the case of 24-hydroxylase deficiency.

Despite much controversy regarding the target 25(OH)D concentration or recommended doses of vitamin D for the general
population, available guidelines agree that 25(OH)D concentrations > 375 nmol/L pose a significant risk of IVD and that regular
monitoring is necessary when treating vitamin D deficiency using very high doses (well above the recommended maximum daily
dose of 4000 I1U) (36). Awareness of the health benefits associated with vitamin D is increasing in the general population;
however, increased use of high-dose vitamin D preparations, especially in combination with calcium supplements or large
amounts of milk and dairy products, may increase the risk of IVD. Therefore, caution is advised in people who use vitamin D in
doses higher than recommended without medical supervision.
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This chapter provides an overview of the definitions of vitamin D status and the guidelines and recommendations for
vitamin D intake, supplementation and replacement in different countries around the world. Vitamin D status depends
on several factors: the amount of available ultraviolet B (UVB) light and actual exposure to UVB light, skin pigmentation,
use of chemical sunscreens and clothing, diet, consumption of dietary supplements and medications. Taking all of
these factors into account, as many as 40% of Europeans do not have sufficient levels of vitamin D, of whom 13%

have a severe deficiency (1). Despite the high prevalence of vitamin D deficiency, the importance of vitamin D
replacement in the form of dietary supplements or medications is still not uniform around the world. It is known that the
state of vitamin D in our body is closely related to both chronic and acute disease states (2). Children, pregnant women,
people with an increased body mass index, the elderly, and migrants moving to northern regions are particularly at risk
of vitamin D deficiency (more in the chapter "Groups at risk for vitamin D deficiency") (3).

Vitamin D status is a term used to describe an individual's vitamin D status.

It is defined by determining the level of calcidiol — 25(OH)D in serum, which is the best indicator of supply. It has a long
half-life in serum, so concentrations are stable and its level correlates well with the level of parathyroid hormone (PTH).
When vitamin D is deficient, PTH levels increase compensatorily, and conversely, when 25(OH)D is sufficient, PTH
levels decrease and reach a turning point and plateau at a certain concentration of 25(OH)D. In a study involving 1569
healthy subjects, this was at a 25(OH)D concentration of 76 nmol/L (4), and in another study it was above 50 nmol/L (5).
Calcitriol or 1,25(0OH)2D is the only active form of vitamin D, which acts as a hormone in the body and serves as a
transcription factor for the genes of numerous target proteins, but it is not used to determine vitamin D status. Vitamin
D deficiency is a major public health problem in many countries around the world, including Slovenia (more in the
chapter "Vitamin D status of the population of Slovenia™). Due to the importance of vitamin D status for health,
determining it in an individual can be quite important, but routine (screening) determination in the population is not
necessary. Recommendations, guidelines and conclusions of working groups regarding vitamin D status change every
few years, taking into account new findings and results of new research (3).
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Vitamin D status indicator

25(0OH)D is the only vitamin D metabolite that has been successfully used to determine the status of vitamin D in an individual. Its
level determines whether the person is deficient, at an adequate level, or even at a level that can cause toxic effects (6-9).
25(OH)D is the main form of vitamin D in serum, with a half-life of 14 to 20 days. 25(OH)D levels are reported in various units of
measurement. The most common units are nmol/L and ng/mL.

or meg/L. The International System of Units (FR. Systéme International d'Unités - Sl) for measuring 25(OH)D defines the unit nmol/
L (10), which is also recommended by our expert working group.

Definitions of vitamin D adequacy levels

There is no universal international consensus on the definition of sufficient vitamin D supply (yet) (3).

Different definitions of vitamin D adequacy levels according to different professional associations are given in Table 8.

Table 8: Definitions of vitamin D adequacy levels in various professional associations.

<25 / / / / shortage
badly severe
<30 shortage shortage /
shortage shortage
uncertain
30-50 o o shortage shortage shortage /
provision sufficient
insufficient sufficient
50-75 / /
anxiety provision sufficient anxiety
> 75-150 / / / /
anxiety

IOM - Institute of Medicine, ES - Endocrine society, EFSA - European Food Safety Authority, ECTS - European Calcified Tissue Society,
SACN - Scientific Advisory Committee on Nutrition UK.

The Institute of Medicine ( IOM; now the National Academy of Medicine) has set the threshold level of 25(OH)D below which the
classic clinical picture of vitamin D deficiency (rickets, osteomalacia) may occur at 30 nmol/L. It has set the threshold level of
25(0OH)D above 50 nmol/L as sufficient for bone health in 97.5% of the population, a definition that has also been adopted by the
European Food Safety Authority ( EFSA). Levels of 25(OH)D between 30 and 50 nmol/L, which the IOM defines as inadequate
supply, represent an uncertain gray zone that may or may not be sufficient for an individual (3, 11, 12).

The Endocrine Society ( ES) defined vitamin D insufficiency (borderline level of insufficiency) as a serum 25(OH)D level greater
than 50 nmol/L and less than 75 nmol/L, and sufficient as above 75 nmol/L (13).

The European Calcified Tissue Society ( ECTS) similarly defined vitamin D deficiency as a serum 25(OH)D concentration below
50 nmol/L. It defined a 25(OH)D level below 30 nmol/L as severe vitamin D deficiency, and a concentration above 50 nmol/L as
sufficient.

Definitions of different associations and working groups differ (Table 8). An additional difficulty in defining the boundaries of cross-
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The variability in the accuracy of serum 25(OH)D measurement is strongly dependent on the accuracy of laboratory
determination. The latter depends on standardization and is still a subject of debate (1, 3).

The UK Scientific Advisory Committee on Nutrition (SACN) guidelines are the only ones to define vitamin D deficiency for all

age groups as serum 25(OH)D levels below 25 nmol/L, and they also state that there is insufficient evidence to define higher
levels of 25(OH)D as optimal for bone health or general health (14). These guidelines have recently been argued against by

British and international experts, who argue that there is no scientific evidence to support such a low threshold for vitamin D

adequacy (15).

What definitions of vitamin D adequacy do we use in Slovenia?

Taking into account the threshold values for vitamin D supply levels of foreign national and international associations and
working groups IOM, EC, EFSA and ECTS (Table 8), we confirmed the threshold levels for vitamin D supply in Slovenia at

the meeting of the expert working group for the preparation of guidelines on 9 November 2020 (Table 9). We speak of severe
deficiency when the 25(OH)D value is below 30 nmol/L. Values between 30 and 50 nmol/L are considered vitamin D deficiency.
Values between 50 and 75 nmol/L are suboptimal for achieving pleiotropic effects, but are already sufficient for normal bone
metabolism. We speak of optimal values when 25(OH)D levels are above 75 nmol/L and are still completely safe up to the

level of 200 nmol/L (Table 9).

Table 9: Limit values for vitamin D adequacy levels in Slovenia.

<30 severe shortage
30-49 shortage

50-74 sufficient level
75-200 optimal level

The influence of seasons on vitamin D supply

In addition to exposure to UVB rays, which is described in more detail in the chapter "UV radiation and vitamin D", and dietary
habits, skin pigmentation, race, age, body mass index, clothing, use of protective skin creams and use of sunshades, working
environment, frequency of outdoor physical activity, etc. are also important for maintaining an adequate supply of vitamin D
(more in the chapters "Groups at risk for vitamin D deficiency" and "UV radiation and vitamin D") (16, 17).

There are many reasons for vitamin D deficiency, but the key ones are low exposure to UVB rays and low dietary intake (16).
Vitamin D can be naturally present in foods (see the section “Dietary intake of vitamin D”), or it can be found in foods as a
result of vitamin D being added to foods during the manufacturing process.

There is a very strong correlation between seasonal changes in UVB intensity, seasonal changes in vitamin D status, and the
prevalence of vitamin D deficiency in geographic areas above 40 degrees north and south latitude (16, 18). When UVB
exposure is not possible (October to April), dietary supplementation or medication is essential to ensure the population's
vitamin D status (16, 19).
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Due to the pleiotropic effects of vitamin D on health, which are described in more detail in the chapter "Consequences of vitamin D
deficiency", it is desirable that the population's supply is at least sufficient, if not optimal, throughout all seasons (3, 17).

The recommended daily intake of vitamin D can be expressed in international units (IU).
International units, 1U) or IE/day or in micrograms per day (mcg/day), where 1 mcg = 40 IU.

The use of vitamin D supplements or medications in the general population, at recommended daily doses for age and body weight,
is rational and safe. There are clearly defined upper limits for recommended doses for the general population, which should not be
confused with therapeutic doses as part of well-controlled treatment of vitamin D deficiency or severe deficiency (14).

Recommendations for vitamin D intake for the general population are evolving in line with the results of epidemiological and
intervention studies. Variations in vitamin D requirements are related to many of the factors listed above, as well as to dietary and
cultural habits, and to the health system, all of which need to be taken into account when formulating uniform guidelines. Therefore,
guidelines for the general population, which is considered healthy, should be specific to age group, body mass, skin type (ethnicity),
and latitude.

Table 10 contains an overview of published guidelines and recommendations from various medical and other professional
associations for vitamin D intake . An even more detailed overview of the guidelines is summarized in the scientific review article by
Fraile Navarro et al. (2021), which summarizes the content of all currently current guidelines (20).

Table 10: Overview of published recommendations and guidelines from professional associations for the introduction, addition
and vitamin D replacement.

<1 400
United States 600
dical 1-70
Medical Institute America
general (12)
bone health >50 .
population >70 800 Guidelines
You have
Pregnant and
600
breastfeeding women
400
0-1 #1000
600
1-18 #1000
Association United States general (13)
) bone health >75 o
of Endocrinologists America population 18-70 600 Guidelines
#1500-2000
800
>70
#1500-2000
Pregnant and 600
breastfeeding women #1500-2000
German, <1 400
Austria, general (21)
Austrian, i bone health >50 800 Guidelines
Swiss Germany, Switzerland population yi

| 145



Machine Translated by Google

. | Recommended
arget value P
Selected Condition — 9 daily intake Reference
Organization State . Age (years) 25(0OH)D N o
population names vitamin D in tip
(nmol/L)
(IE/dan)
i Pregnant and
food society 800
breastfeeding women
women
postmenopausal
European ith vitami ducing th @)
with vitamin D reducing the
Association for . 800-2000 -
deficiency and/or risk of >50 Expert opinion
Menopause and
increased risk fractures
Andropause
of fractures
400
0-6 months.
400-600
6-12 months.
European general health
g general 600-1000 23)
Vitamin D |ati -8 s Guidelines
Association population
800-2000
>18
Central Europe
Pregnant and 1500-2000
breastfeeding women
European
people
Association for . d
Clinical and atincrease 1000 @49 =
) risk of vitamin bone health >50 Expert opinion
economic
. D deficiency
vistas
osteoporosis
European
Society of
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Pregnant and 1500-2000
breastfeeding women
French ) ) (35)
pediatric France infants, children 0-18 >50 400-800 Professionally
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society position
7-11 months. 400**
European | (11)
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U — international units; 1 mcg = 40 IU; person exposed to the sun (hands and No addition is necessary between May and September if

feet) for at least 15-30 minutes between 10 a.m. and 3 p.m.; PD — dietary supplement; " Vitamin D intake sufficient to achieve an average
" dose of 25(OH)D > 75 nmol/L.

The guidelines of the IOM, EC, EFSA and all others agree that the upper safe limit for daily vitamin D intake (from all
sources) for the neonatal period up to 1 year of age is 1000 IU or 25 mcg per day, from 1 to 10 years of age 2000 IU or
50 mcg per day, and from 11 to 18 years of age and adulthood 4000 IU or 100 mcg per day (11).

Vitamin D toxicity is very rare when used at safe doses or as recommended by the manufacturer (3) and when relatively
high doses of vitamin D are not combined with high calcium intake. Toxic effects of vitamin D occur when serum
25(0OH)D levels exceed 250 nmol/L, and according to some studies only when they exceed 375 nmol/L (7, 36). For
more information on vitamin D toxicity, see the section “Vitamin D Intoxication — Hypervitaminosis D”.

For the purposes of planning a healthy diet, the Ministry of Health in Slovenia, as part of Central Europe, first summarized
the reference values for nutrient intake in 2004 according to the recommendations of the German Nutrition Society - the
Austrian Nutrition Society - the Swiss Society for Nutrition Research - the Swiss Nutrition Association, abbreviated as

the DA-CH Recommendations. In 2020, the NIJZ prepared an updated edition of the Reference Values for Energy and
Nutrient Intake (37), including vitamin D, in accordance with the updates to the DA-CH recommendations. The updated
DA-CH recommendations take into account the latest scientific opinion of EFSA regarding reference values for vitamin

D intake (11), whereby DA-CH experts, based on expert judgment, converted the sufficient vitamin D intake of 600 1U

for all population groups over 1 year of age (11) into the recommended daily intake of vitamin D, which covers the needs
of 97.5% of the population over 1 year of age and amounts to 800 |U/day. The Ministry of Health has determined that

the DA-CH recommendations represent the starting point for all population dietary guidelines, in which the population is
primarily directed towards consuming foods that are a significant source of vitamin D. However, numerous studies in
Slovenia have shown that no population group consumes enough vitamin D through food; on the contrary, intakes are
extremely low (see the chapter "Sources of vitamin D", subsection "Dietary intake of vitamin D"). Current guidelines for
infant nutrition (38) are well-established, and vitamin D supplementation is prescribed by a selected doctor - a pediatrician.
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The recommended daily intake of vitamin D in Slovenia has so far been 800 IU/day for all population groups over 1 year of age and includes
vitamin D intake through normal diet, fortified foods, dietary supplements or medications.

The recommended daily intake applies to minimal or absent endogenous synthesis, which means that the recommended daily intakes may
be lower in the case of vitamin D formation in the skin. The reference values do not apply to the care of patients and convalescents, nor do
they apply to people with digestive and metabolic disorders, or to people who are addicted (e.g. to alcohol) or who regularly take medication.

Individual nutritional medical advice and monitoring are currently advised for these people.

For residents of nursing homes (NHUs) and others who live mostly indoors, the recommendations adopted by the Slovenian Association of
Endocrinologists (ZES) in January 2021 apply (39). Given the high prevalence of severe vitamin D deficiency in this population, they
recommend starting cholecalciferol supplementation in the first month at a higher dose of 4000 IU per day, and then in the long term
throughout the year at 1000-2000 U per day, depending on body mass index.

The Rules for the Implementation of Preventive Health Care at the Primary Level (Official Gazette of the Republic of Slovenia, No. 19/1998,
47/1998, 26/2000, 67/2001, 33/2002, 37/2003, 117/2004, 31/2005, 83/2007, 22/2009, 17/2015, 47/2018, 57/2018, 57/2021, 162/2021,
39/2023 and 93/2023) in Article 1.2.2. "Preventive Check-ups During Pregnancy" stipulates checking the intake of folic acid and vitamin D.

In this chapter, we reviewed the definitions of vitamin D status and guidelines for intake, supplementation and replacement of this vitamin.
Vitamin D is essential for bone health, and its deficiency is associated with many disease states. The vast majority of international and national
professional associations define sufficient vitamin D status as a 25(OH)D level above 50 nmol/L. Despite the high prevalence of vitamin D
deficiency, which affects approximately 40% of Europeans, there are still no standardized guidelines for replacement. Vitamin D status varies

depending on the season and geographical latitude, which should be taken into account when developing guidelines.

Recommended daily intakes range from 400 IU for infants to 2000 U for older adults, and the upper safe limit for daily vitamin D intake is
4000 U according to all guidelines. Most guidelines recommend taking vitamin D supplements every day and not for long periods of time. In
Slovenia, the default DA-CH recommendations for the general population, the special Slovenian rulebook for infants up to one year of age,
and the Slovenian ZES recommendations for residents of DSO and others who mainly live indoors have so far been in force.

To achieve optimal health, it is important to ensure that the population is adequately supplied with vitamin D throughout the year.
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Andreja Kukec, Marija Pfeifer, Darja Smigoc Schweiger, Katja Zmitek

This chapter presents a review of the available literature on the topic of vitamin D status in different population
groups in Slovenia, which is described in more detail in a scientific review article (1). We included studies in which
serum 25-hydroxyvitamin D (25(OH)D) concentration was used as an indicator of vitamin D status. The literature
review was conducted without restriction on the date of publication.

in three databases (Web of Science (WoS), Medline and the Cooperative on-line bibliographic system COBISS),
and supplemented with data from relevant research provided by members of the expert group. The search in the
databases was carried out using the keywords "vitamin D*" or "cholecalciferol" (in foreign databases we used
(The term "Slovenian*" was also used to limit the results to a specific region.) In total, we found 502 different
publications, of which we identified 43 relevant publications that reported on vitamin D supply in Slovenia; of
these, 20 were scientific articles, 11 were conference papers, and 12 were final theses.

In total, we identified 30 different studies, most of which included an adult population (n = 21); one older adults
and adults, two exclusively older adults, and two pregnant women. Two-thirds of the studies (n = 21) referred to
patients, thirteen to the general population, and four separately to healthy controls and patient populations.
Therefore, we considered the latter separately for the healthy population and for the patient population. Four
studies studied children, and one studied newborns. To simplify comparisons, we converted the reported 25(OH)D
concentrations in the studies to the internationally accepted unit nmol/L. The distribution of serum 25(OH)D
concentrations was presented using the criteria for deficiency in the original publications, but taking into account
the agreed cutoff values (2, 3) , we separately reported the prevalence of serum 25(OH)D concentrations below
30 nmol/L (severe deficiency), below 50 nmol/L (deficiency), and above 50 nmol/L (adequate supply) or above 75
nmol/L (optimal supply).

Serum 25(OH)D concentrations in healthy adults

Among the healthy adult population, three studies included healthy individuals (2, 4, 5), one included presumed
healthy individuals (6), and three included healthy individuals in control groups (7—10). A nationally representative
sample of adults (18—64 years) was used only in the Nutrihealth study (2), which was conducted in 2017—

2018 and covered all calendar seasons. The average 25(0OH)D concentration for the entire calendar year was
50.7 nmol/L (95% CI: 45.4-56.0 nmol/L), while during the extended summer period (May—October) it was

70.4 nmol/L (95% CI: 62.2—78.5 nmol/L), and during the prolonged winter period (November—April) only 36.7 nmol/
L (95% CI: 32.5-40.9 nmol/L). The next study (5) included 240 people included in preventive medical examinations.
Blood samples were taken at different times of the year; significant seasonal fluctuations in serum 25(OH)D
concentrations were found, with the lowest in February (61.3 nmol/L) and the highest in June (92.8 nmol/L). The
third study (4) included a healthy population, mostly from the Central Slovenia region (n = 238; 18-65 years).
Blood samples were taken during the winter months (January—March); The mean serum 25(OH)D concentration
was 44.0 £ 17.0 nmol/L.
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Serum 25(OH)D concentrations in older adults

Three studies have included a population of healthy older adults. The first study (11, 12) included 80 adults aged 51

to 93 years living at home or in institutional settings; the second study, Nutrihealth (2)

included nationally representative data on 155 subjects aged 65-75 years, and the third (13) included 457
postmenopausal women aged 55-90 years. Mean serum 25(OH)D concentrations were 33.0 + 27.0 nmol/L, 47.7 nmol/
L (95% CI: 43.9-51.5 nmol/L), and 48.2 + 27.4 nmol/L, respectively. The nationally representative Nutrihealth study
reported significant seasonal variations in serum 25(OH)D concentrations (2). During the extended summer period
(May—October), mean values were 60.1 nmol/L (95% CI: 54.0-66.2 nmol/L), while during the extended winter
(November—April) they were only 39.0 nmol/L (95% CI: 35.0-43.0 nmol/L). Seasonal fluctuations in serum 25(OH)D
concentrations have also been reported in a third study (13).

Serum 25(0OH)D concentrations in pregnant women

Two studies included healthy pregnant women. One included data collected in the research project ‘Moje mleko’ (‘The
role of human milk in the development of the infant’s gut microbiota’) (14—16). We included the publication with the full
sample (16) in the review, as the other two (14, 15) included subsamples. The results of the second study have been
published in six different publications (17—22). The results of both studies included serum samples collected at different
times of the year; the mean serum 25(OH)D concentration in the first group was 43.4 £ 23.8 nmol/L and in the second
group was 74.7 + 27.5 nmol/L.

Serum 25(0OH)D concentrations in other population groups

One study included neonates (17—-22 years); one included healthy young athletes (16.9 + 4.4 years) (23); and three
included pediatric patients (3.8—18 years) (24—28); one of these included healthy controls (24—26). In infants, mean
serum 25(OH)D concentrations were 55.2 + 30.9 nmol/L, with notable seasonal variations. They were lowest in March
(36.4 = 22.6 nmol/L) and highest in September (72.9 + 31.7 nmol/L).

(17-22). In a study of young female athletes (23), a mean 25(OH)D concentration of 67.6 + 36.2 nmol/L was reported
for samples collected in April.

Eighteen studies included adult patient populations: five patients with chronic kidney disease (7, 8, 29-34), three
groups of type 2 diabetics (9, 35, 36), two included patients with bone metabolism disorders or injury (37, 38), two
included mixed data from the laboratories of the University Hospital Ljubljana (39, 40), and studies also included heart
transplant patients (41), patients with HIV (42), patients with chronic intestinal failure on long-term parenteral nutrition
at home (43), and patients treated with antiepileptic drugs (10).

We then focused on studies with at least 50 healthy participants whose published results allowed for an assessment
of the level of vitamin D deficiency or optimal vitamin D supply.

Research on adults and/or older adults

The nationally representative Nutrihealth survey (2) addressed the vitamin D status of adults and older adults in
Slovenia. The survey included 125 adults (18-64 years) and 155 older adults (65-74 years), who were randomly
included in all seasons (each participant once). The results are presented in more detail in Figure 8 and Table 1.
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Figure 8: Seasonal fluctuations in the average serum concentration of 25-hydroxyvitamin D in adult Slovenian
residents in the Nutrihealth study (Slovenia; N = 280; reproduced from (2) with permission from the authors).

Serum 25(OH)D concentrations in adults (n = 125; 18-64 years) were significantly influenced by calendar season,
gender, and physical activity level. A relatively low prevalence was observed during the extended summer period.
severe vitamin D deficiency (< 30 nmol/L). In adults, the rate of severe deficiency was 2.6%, with no significant
differences between men and women. Vitamin D deficiency with serum 25(OH)D concentrations below 50 nmol/L was
found in 25.3% of adults; more often among women (34.6%) than among men (16.1%). In older adults, during the
extended summer period, the prevalence of severe deficiency was 7.8%, with deficiency reported in 40.2%. The
prevalence of deficiency was higher in women. Severe vitamin D deficiency was reported in 8.6% of women (and 6.9%
of men), and deficiency in 51.4% of women (and 27.6% of men). Optimal vitamin D status (> 75 nmol/L) during the
winter was rare in both groups (< 10%), but during the extended summer period it was achieved by 37.4% of adults
and 26.6% of older adults.
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Table 1: Population-weighted vitamin D adequacy in adults (18—64 years) and older adults (65—74 years) in Slovenia in the
Nutrihealth study (Slovenia; N = 280; adapted from (2)).

May—October november—april
Severe N Suboptimal Severe - Suboptimal
Deficiency (< 50 - Deficiency (< 50 .
shortage provision shortage provision
nmol/L) nmol/L)
(< 30 nmol/L) (< 75 nmol/L) (< 30 nmol/L) (< 75 nmol/L)
Adults 2,6 253 62,6 40,8 81,6 98,0
(0,6-10,2) (14,8-39,9) (47,4-75,6) (29,0-53,7) (69,4-89,7) (92,2-99,5)
2,8 16,1 56,6 37,1 74,2 96,0
- male
(0,3-18,3) (4,9-41,5) (34,1-76,6) (20,4-57,6) (53,3-87,8) (84,9-99,0)
- women 2,4 34,6 68,5 445 89,1 100
(0,3-15,8) (19,5-53,6) (48,8-83,3)  (29,7-60,3) (76,9-95,3)
7,8 40,2 73,4 34,6 78,8 92,2
Older adults
(3,2-17,5) (28,8-52,7) (61,1-82,9) (25,4-45,1) (69,0-86,1) (84,4-96,3)
- male 6,9 27,6 72,4 27,7 83,0 93,6
(1,7-24,1) (14,3-46,5) (53,5-85,7) (16,7-42,2) (69,3-91,3) (81,8-98,0)
8,6 51,4 74,3 40,9 75,0 90,9
- women
(2,7-23,8) (35,1-67,5) (57,2-86,2) (27,4-56,0) (60,1-85,7) (78,0-96,6)

aNote: Prevalence of serum 25-hydroxyvitamin D concentration below/ above the selected cut-off value.

During the extended winter, the prevalence of vitamin D deficiency was significantly higher, with 40.8% of adults and 34.6% of older
adults having severe deficiency, and 81.6% of adults and 78.8% of older adults having deficiency. In adults, the prevalence of severe
deficiency was significantly higher in women. Severe deficiency was reported in 44.5% of women (and 37.1% of men), and vitamin D
deficiency was reported in 89.1% of women and 74.2% of men.

The results of the study therefore showed large seasonal fluctuations in the population's vitamin D supply, which is also evident from
the average serum 25(OH)D concentrations determined in different calendar periods (Figure 8).

The Nutrihealth study also investigated factors associated with the risk of vitamin D deficiency. In addition to season, body mass index
was also an important indicator in older adults. Participants with a normal body mass index (BMI < 25) had a significantly lower risk of
vitamin D deficiency (OR 0.31; 95% CI: 0.12-0.78).

On the other hand, in adults, besides season, key indicators of a higher likelihood of vitamin D deficiency were gender (women: OR
3.4; 95% CI: 1.1-10.7) and lower physical activity level (OR 5.6; 95% CI: 9.22—-22.7) (2).

In another study, Zmitek et al. (4) determined serum 25(OH)D levels in 238 healthy adults (18—64 years), 51% of whom were women
and 49% were men, in winter (January). Severe vitamin D deficiency (< 30 nmol/L) was found in 21% (18% of men and 23% of
women). On the other hand, 45% of the subjects had serum 25-OH-VitD levels between 30 and 50 nmol/L, with some minor differences
between the sexes. Only 34% of the participants were adequately supplied with vitamin D (> 50 nmol/L), and 3% reached the optimal
level of supply.

The proportion of people with sufficient vitamin D was slightly higher among women (37%) than among men (31%).

Research in pregnant women

Dovnik et al. (19) investigated vitamin D status in 100 pregnant women and their newborns in the Maribor region in September and
December 2013. The study showed a significant difference in mean serum 25(OH)D concentrations between the September (54.3 +
25.2 nmol/L) and December groups (33.3 = 18.6 nmol/L).

The authors also examined the proportion of subjects who were well-supplied with vitamin D, setting the cut-off value for serum
25(0OH)D concentration at 80 nmol/L. This criterion was met by 12.0% in September.
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pregnant women, and only 2.0% in December. It should be noted that many of the subjects consumed vitamin D supplements
during pregnancy. In both monitoring periods, users of the supplements had significantly higher serum 25(OH)D concentrations,
namely 68.9 + 27.0 nmol/L in September (46.5 + 20.3 nmol/L in the group that did not supplement vitamin D), and 38.7 + 17.9
nmol/L in December (30.2 + 18.4 nmol/L in the group that did not supplement vitamin D). Despite supplementing vitamin D
(probably only in the recommended low doses of 400 IU per day), pregnant women therefore had a pronounced vitamin D
deficiency in December. Newborns had higher serum 25(OH)D concentrations on average than their mothers, and a good
correlation was also reported between maternal and newborn levels of vitamin D. The research also showed the challenges of
ensuring the needs of pregnant women, especially during the winter and in women who did not take vitamin D supplements.

Soltirovska et al. (16) also conducted a study on pregnant women, mainly from the Central Slovenia region. The study included
132 pregnant women, in whom serum 25(OH)D concentrations were determined in the last trimester of pregnancy. More than
half of the subjects (55%) were found to be vitamin D deficient, and 14% were found to be severely deficient. The risk of vitamin
D deficiency was significantly higher in women who were included in the study during the winter, in those older than 30 years

of age, and in those who did less frequent outdoor physical activity.

The study also assessed daily dietary intakes of vitamin D, which were low (median 1.5 mcg; range 0.1-13.4 mcg) and did not
significantly affect vitamin D status. Education, employment, and living environment also did not significantly affect status.

Meta-analysis of the prevalence of vitamin D deficiency in healthy adults

Six of the reviewed studies reported the prevalence of vitamin D deficiency (< 50 nmol/L) in eight different study groups of
healthy subjects (including pregnant women and newborns) (2, 4, 10, 16-23).

As mentioned above, researchers have reported very different prevalences of deficiency, especially depending on the time of
year in which the sampling was carried out. Based on the available data and the observed seasonal differences, we focused

our meta-analysis only on studies where the researchers separately reported on vitamin D supply during winter and summer in

a sample of at least 50 healthy adults. Four studies on healthy adults were included in the meta-analysis (1), which also included
pregnant women and free-living older adults (2, 4, 16, 19). The study by Soltirovska et al. (16) was also included, although the
level of deficiency (< 50 nmol/L) was not separately reported in the summer or winter, but the majority of serum samples were
collected in the summer. Therefore, the study was only included in the pooled data for the extended summer period.

The results of the meta-analysis confirmed significant seasonal fluctuations in the prevalence of vitamin D deficiency (Figure 9).
The pooled prevalence of vitamin D deficiency during the extended summer period is 31% (95% ClI: 17%, 46%) and during the
extended winter period it is 77% (95% CI: 68%, 85%). It is important to note that the results are quite heterogeneous, which
results in a relatively wide confidence interval, especially in the summer period. This can be explained by the fact that different
population groups were included in the analysis.

It is also worth noting that studies also report a high prevalence of severe vitamin D deficiency during the winter period, but in
the publications, researchers used different cut-off values for serum 25(OH)D concentration for severe vitamin D deficiency,
which made it impossible to pool data and perform a meta-analysis of the prevalence of severe vitamin D deficiency. As
previously mentioned, this area was addressed by the nationally representative Nutrihealth study (2), where during the extended
winter period the prevalence of severe deficiency (< 30 nmol/L) was 40.8% in adults and 34.6% in older adults. During the
extended summer period, severe deficiency was much less common; it was reported in 2.6% of adults and 7.8% of older adults.
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Avtor N Populacijska kupina ES (95% C1)

Obdobje podaljSanega poletja

Hribar et al. 2020 52 Odrasli —— . 0.27 (0.16, 0.41)
Hribar et al. 2020 64 Starejsi odrasli —_— 0.41 (0.29, 0.54)
Dovnik et al. 2014 99 Nosetnice —_— 0.43 (0.33, 0.54)

Soltirovska et al. 2015* 114 Nosefnice it

SKUPAJ (12 = 88.7%, p = 0.00) o

Obdobje podaljSane zime

0.16 (0.10, 0.24)

0.31 (0.17, 0.46)

Hribar et al. 2020 73 Odrasli —_——— 0.81(0.70, 0.89)
Zmitek et al. 2020 238 Odrasli —— 0.66 (0.60, 0.72)
Hribar et al. 2020 9 Starejsi odrasli —— 0.79 (0.69, 0.87)
Dovnik et al. 2014 99 Nosetnice —— 0.82(0.73, 0.89)

SKUPAJ (12 = 79.0%, p=0.00)

o 0.7 (0.68, 0.35)

Heterogenost med skupinami: p = 0.000

SKUPAJ (12 = 97.6%, p = 0.00) A 0.54 (0.35, 0.73)

01 0.25 04 05 0.75 09 095 1
relativna frekvenca

Figure 9: Graphical presentation of the results of the meta-analysis with included studies, where the prevalence of vitamin D deficiency
(serum 25(0OH)D concentration below 50 nmol/ L) was determined in the summer or winter period in at least 50 healthy
participants. *Note: The study by Soltirovska et al. (16) is also included, in which the majority of serum samples were
collected in the summer and is therefore only included in the pooling of data for one seasonal period. Legend: N: number of
participants; p: p-value.

Meta-analysis of the prevalence of suboptimal vitamin D status in healthy adults

Seven of the reviewed studies reported the prevalence of suboptimal vitamin D status, mostly using a cut-off value of serum 25(OH)D
concentration of 75 nmol/L. Based on the criteria described above, we included four studies in healthy adults (2, 4, 16, 19) in the meta-
analysis (1) that reported the prevalence of suboptimal status in at least 50 participants separately for summer and winter. The study
by Zmitkova et al. (4) was also included, as the sampling was conducted during the winter period, and therefore the results were only
included in the pooling of data for one calendar period. The study by Soltirovska et al. (16) also reported the level of optimal status for
one period, and was only included in the pooling of data for the extended summer period.

It should also be noted that when combining data for the study by Dovnik et al. (19), a serum 25(OH)D concentration of 80 nmol/L was
considered as the threshold value for optimal supply, while for the other three studies it was 75 nmol/L.

The results of this meta-analysis also confirmed significant seasonal fluctuations in the prevalence of suboptimal vitamin D status
(Figure 10). The pooled prevalence of suboptimal status during the extended summer period is
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69% (95% CI: 51%, 86%), and during the extended winter period as much as 97% (95% ClI: 95%, 99%).

For the winter period, the results of the included studies are relatively homogeneous, but not for the summer period, when the
reported levels of suboptimal care were quite different, which is also reflected in the rather wide confidence interval of the
pooled prevalence rate.

Avtor N Populacijska kupina ES (95% CI)

Obdobje podaljSanega poletja

]
1
1
1

Hribar et al. 2020 52 Odrasli - ' 0.63 (0.49, 0.76)
]
]

Hribar et al. 2020 64  Starejsi odrasli - i 0.73 (0.61, 0.84)
1

Dovnik et al. 2014* 99 Nosetnice _— 0.87 (0.79, 0.93)
]

Soltirovska et al. 2015 96 Nosetni + ! 0.50 (0.40, 0.60)

1
SKUPAJ (12 = 82.3%, p = 0.00) o 0.69 (0.51, 0.86)

Obdobje podaljSane zime

Hribar et al. 2020 73 Odrasli ——| 0.97 (0.90, 1.00)
Zmitek et al. 2020 238 Odrasli ——— | 0.97 (0.94, 0.99)
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SKUPAJ (1"2=9.7%, p=0.34)

o 0.97 (0.95, 0.99)

L)
1
[
1
|
I
)
1
1
1
L)
]
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[
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1
]
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Figure 10: Graphical presentation of the results of a meta-analysis with included studies that determined the prevalence of
suboptimal vitamin D status during the summer or winter period in at least 50 healthy participants.
*Note: The cut-off value for suboptimal 25(OH)D levels was set at 75 nmol/ L, except in the study by Dovnik et al.
(19), where the cut-off value was 80 nmol/L.

Legend: N: number of participants; p: p-value.

Results of recent studies that were not included in the meta-analysis

Nationally representative data on vitamin D status of residents of nursing homes (NHRs) were also published in 2025,

collected as part of the NutriCare research project (44) implemented by the Institute of Nutrition. Sampling took place between
June 2022 and February 2023, and serum 25(OH)D concentrations were determined for 383 study participants from twenty
different NHRs distributed across all health care settings.

regions of the country. Among participants who did not supplement with vitamin D, the prevalence of vitamin D deficiency
(25(0OH)D < 50 nmol/L) was as high as 84% (49% in the entire sample), 58% of these participants (65% in winter, 50% in summer)
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and even had severe vitamin D deficiency with serum 25(OH)D concentrations below 30 nmol/L. Only 26% of the study
participants were optimally supplied with vitamin D (25(OH)D > 75 nmol/L) (44).

A systematic literature review with meta-analysis showed that different groups of the Slovenian population are exposed to
a high risk of vitamin D deficiency (< 50 nmol/L); during the extended summer period, the prevalence of deficiency is 31%
(95% CI: 17%, 46%), and during the extended winter period, it is 77% (95% CI: 68%, 85%). Individual studies also report
a high prevalence of severe vitamin D deficiency during the winter period, but the available data, also due to the use of
different cut-off values for severe vitamin D deficiency, did not allow combining these data into a meta-analysis. However,
this area was addressed by the nationally representative Nutrihealth study, where during the extended winter period, the
prevalence of severe deficiency (< 30 nmol/L) was 40.8% in adults and 34.6% in older adults. During the extended summer
period

The prevalence of severe deficiency was low in most of the population groups studied. The exception is the population
nursing homes, where even in summer, 50% of people who do not take vitamin D supplements have severe vitamin D
deficiency. It is also important to point out that throughout the entire calendar year, the vast majority of Slovenian residents
are not optimally supplied with vitamin D. A meta-analysis showed that the optimal supply of serum 25(OH)D concentration
of 75 nmol/L is not reached by as many as 97% (95% CI: 95%, 99%) of adult residents in winter, and by 69% (95% CI:
51%, 86%) in summer. The reported large seasonal differences in the supply of vitamin D confirm that in the geographical
area of Slovenia, endogenous synthesis of vitamin D induced by UVB light during the prolonged winter is practically
negligible and does not allow residents to be supplied with this vitamin. This finding is consistent with research reports
from other European countries (45, 46).
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Introduction

The new Slovenian guidelines recommend vitamin D supplementation in the form of medicines or dietary supplements for selected at-risk
groups, while other healthy Slovenian residents are advised to take vitamin D during the extended winter period. We anticipate that the costs
of prescribing vitamin D will be covered by the insurance company (Health Insurance Institute of Slovenia — ZZZS) at least for children,
pregnant women, breastfeeding mothers, people with prediabetes and residents of nursing homes (DSO). The individual recommendations
are listed here again, and more detailed justifications are provided on pages 15-28 of this publication.

1. We recommend that newborns and infants up to 1 year of age receive 400 IU of vitamin D (cholecalciferol) year-round to prevent
rickets.

2. We recommend that children and adolescents aged 1 to 18 years take vitamin D during the extended winter period (October to April)
to prevent rickets, achieve optimal bone mass, and reduce the risk of acute respiratory infections. The recommended daily dose for

normally nourished children aged 1 to 13 years is 600-800 U, and for those aged 13 to 18 years is 800-1000 IU per day. Higher
doses are recommended for children with excessive nutrition and obesity (Table 1, p. 25).

3. We advise that adult residents of Slovenia, aged 18 to 65, take vitamin D during the extended winter period (from October to April) at
a dose of 800—-1000 IU per day to prevent severe vitamin D deficiency and deficiency and consequently reduce the risk of developing

osteoporosis, acute respiratory infections and other diseases that occur more frequently in the presence of vitamin D deficiency.
The recommended daily dose for the overnourished and those with obesity is higher (Table 1).

4. We recommend that people over 65 years of age take vitamin D in a dose of 1000-2000 IU during the extended winter period

(October to April), or all year round if they spend most of their time indoors between 10 a.m. and 4 p.m. The recommended daily
dose for the overweight and obese is higher (Table 1).

5. It is recommended that women planning pregnancy and pregnant women take vitamin D at a dose of 800-1000 IU per day to reduce
the risks of preeclampsia, fetal death, premature birth, birth of newborns small for gestational age, and neonatal mortality.

Overweight women and obese women (assessed pre-pregnancy status) need double the dose, but not more than 4000 IU per day
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6. It is recommended that breastfeeding mothers take 800—1000 IU of vitamin D per day, and those with excessive nutrition
and obesity should take double the dose while breastfeeding. Normal levels of vitamin D allow for optimal absorption of
calcium from food and reduce the risk of bone loss during breastfeeding.

7. We recommend that residents of nursing homes (NHS) and other persons who spend most of their time indoors take
vitamin D at a dose of 1000—2000 IU per day to prevent severe vitamin D deficiency and insufficiency and the resulting
osteomalacia, muscle weakness (osteomalacia myopathy), and frailty, and to reduce the risk of acute respiratory
infections, cancer mortality, and all-cause mortality. Obese or overweight persons require double the dose (Table 1) (7).

8. We advise against exposure to sunlight for the purpose of endogenous synthesis of vitamin D in the skin. Ultraviolet (UV)
rays have a proven carcinogenic effect. We recommend consistent skin protection from UV rays when the UV index is
equal to or greater than 3.

9. In the healthy population, we do not recommend routine determination of serum 25(OH)D levels to determine vitamin
D status.

10. We recommend that vitamin D supplements be taken daily in recommended doses for the purpose of supplementing
vitamin D, and not over longer periods of time in larger doses. The maximum daily dose of vitamin D for adults, including
pregnant women, is 4000 IU according to all existing guidelines.

11. We recommend that medicines containing the inactive form of vitamin D (cholecalciferol) are available in pharmacies

without a prescription.

12. We recommend that, to avoid errors in interpretation, the results of laboratory measurements of 25(OH)D, which is an
indicator of vitamin D supply, be expressed in Sl units (nmol/L) in all laboratories in Slovenia.

So far, the following indications apply for vitamin D prescription and coverage by the Slovenian Health Insurance Fund (Central Drug Database, Slovenian

Health Insurance Fund):

1. Prevention and treatment of osteopenia and rickets in children in the first year of life, and up to 18 years of age only in
those with risk factors, such as children with chronic diseases who are regularly treated by subspecialists, children who
are overweight (+2 SD deviation from ideal weight for age and sex) and children with dark skin. The pediatrician at the
primary level assesses and prescribes a prescription for vitamin D3 up to 18 years of age.

2. Vitamin D replacement in osteopenia and osteoporosis.

3. Treatment of chronic kidney disease, renal osteodystrophy, hypoparathyroidism and hypophosphatemic
rickets.

4. Malabsorption and other disorders that cause vitamin D deficiency.
5. Long-term treatment with systemic glucocorticoids.
6. Vitamin D replacement in the treatment of bone metastases.

7. Vitamin D supplementation for people who, for health reasons, mainly stay indoors and
are at high risk for severe vitamin D deficiency.

In this chapter, we present the results of calculations of the costs of certain diseases whose incidence in a certain at-risk group
can be reduced and the burden on the health care system can be reduced by supplementing vitamin D, also taking into account
the costs of supplementing vitamin D for this population.
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Residents of DSO have a high prevalence of severe vitamin D deficiency (25(OH)D < 30 nmol/L) (1), which increases the risks
of hip fracture, muscle weakness, frequency of falls, and general frailty.

Vitamin D supplementation reduces the incidence of hip and other non-vertebral fractures in elderly people with severe vitamin
D deficiency (2, 3), improves muscle strength in proximal muscle groups, and improves mobility.

Starting points and calculations for defining the economic importance of vitamin D supplementation for hip fracture prevention

Epidemiological status of vitamin D deficiency in the population of DSO in Slovenia

1. The Nutricare study (1, 4) is a cross-sectional study conducted as part of a Slovenian national research project that,
among other things, assessed vitamin D status among residents of nursing homes (NHS) in Slovenia. Data were
collected in June 2022, September 2022 (10 NHS), December 2022, January 2023, and February 2023 (10 NHS) to
include the summer and winter seasons.

The survey was conducted in all 9 health regions defined by the National Institute of Public Health of Slovenia. Data

on the residential demographic structure of all nursing homes in Slovenia were obtained from the Association of

Social Institutes of Slovenia and used in the selection of nursing homes for this survey. Public and private nursing

homes (with public concession) were included, a total of 20 nursing homes, at least one from each region. The

representative sample consisted of 387 residents aged between 65 and 101 years (mean age for men 79.7 years

and for women 83 years). In 2022, a total of 17,939 residents aged over 65 years lived in Slovenian nursing homes.

The study sample included relatively independent nursing home residents who require a low level of care (care

categories | and Il, only a few were from category llla), representing more than 80% of the population living in nursing homes in

2. The Nutricare survey (1) showed that 43% of the surveyed DSO residents in 2022 and 2023 did not
received vitamin D. If we extrapolate the data to all residents of the DSO, this is 7794 residents. They had low levels
of 25(0OH)D (arithmetic mean 31.3 (SD +20.6); median 23.5 nmol/L). The latter indicator (median) confirms that half
of the residents who did not supplement vitamin D (3897) had levels below 23.5 nmol/L, which means a very severe
vitamin D deficiency , which causes osteomalacia, osteomalatic myopathy with weakness of proximal muscle
groups and leads to physical fragility (1).

Reducing the incidence of hip fractures by vitamin D supplementation in a population of institutionalized residents,
over 65 years old

3. To predict the effects of vitamin D supplementation in our population of nursing home residents, we selected two well-
known French randomized controlled intervention trials (RCTSs) that studied the effects of vitamin D supplementation
of 800 IU per day in a similar population of 3270 (and in the second study 582) institutionalized residents of 180
French nursing homes (2, 3) for 18 and 24 months. The subjects were ambulatory and, like our population, required
only a low level of care. Both French trials showed a statistically significant reduction in the incidence of hip fractures
by 43% and other non-vertebral fractures by 32 %. In our calculation, we took into account a 43% reduction in the
incidence of hip fractures over 18 months. In the French subjects, the basal level of 25(0OH)D was 40 (SD +27.5)
nmol/L, which is much better than in our population (31.3 (SD £20.6) nmol/L). After six months of vitamin D3
supplementation with 800 IU per day, the level of 25(OH)D increased to around 100 nmol/L, but the French women
were slim, unlike our DSO population, among whom overweight (38%) and obesity (39%) prevailed (4).
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Calculating the cost of treating hip fractures in Slovenia for people over 65 years of age

4. Data on the incidence of hip fractures in the Slovenian population over 65 years of age comes from the N1JZ Database.
portal
(https://podatki.nijz.si/pxweb/sl/N1JZ%20podatkovni%20portal/search/?searchquery=zlom%20kolka).
The incidence of hip fracture is 6.5 fractures per 1,000 population over 65 years of age.
In Slovenia, 21.1% of people are over 65 years old, which is 470,918 (Source: SORS). They suffered 3,043 fractures in one year.

There are 18,000 residents in the DSO (4), so we estimate that at least 117 of them suffered a hip fracture in one year. We do not
have direct data on the incidence of hip fractures in the residents of the DSO.

5. Data on the costs of hospital treatment of hip fracture and rehabilitation after fracture for all residents
of Slovenia over 65 years old, we received

« with the ZZZS and amounted to €31,149,329 in 2024 or €10,424 per fracture (calculation: costs of €31,149,329 divided by the
number of hip fractures in people over 65 in the same year 3043);

« from traumatologist Prof. Dr. Radko Komadina, based on the SPP for surgical treatment and rehabilitation due to a hip fracture:
€10,000 + 1860 =€ 11,860 ;

« or surgical treatment and rehabilitation in the nursing ward for 14 days due to a hip fracture:
10.000 + 3770 = 13.770 €.

6. According to the calculation, at least 117 residents suffered a hip fracture in the DSOs , which means an annual cost of treatment
according to the above options of €1,219,608 (ZZZS); €1,387,620 (SPP — surgery and rehabilitation) or €1,611,090 (SPP — surgery
and nursing ward for 14 days) or an 18-month cost of € 1,829,412; € 2,081,430; or € 2,416,635 .

Costs of vitamin D supplementation for all residents of the DSO in Slovenia

7. The cost of vitamin D supplementation was calculated from the price data of the drug Oleovit D3 (a similar price is for Vitamin D3 Krka
1000 for 180 tablets — two boxes of 90), listed in the Central Drug Database, €7.61. One bottle contains 180,000 IU of vitamin D and
is sufficient to supplement 1,000 U of vitamin D per day for 6 months, so the cost of one year's supplementation for one person is
€15.22. There are around 18,000 residents living in the DSO, so the cost of supplementing vitamin D for all residents of the DSO is

€273,960 per year or €410,400.
within 18 months.

Calculation of savings for treating hip fractures by supplementing vitamin D in DSO residents in Slovenia

8. Supplementing vitamin D 1000 IU per day in DSO residents would potentially reduce the incidence of hip fracture by 43% in 18 months
(2), which means 75 fewer fractures and a reduction in ZZZS costs of €786,647 (1,829,412 — 786,647 = €1,042,765) if we consider
the scenario with the lowest cost estimate; or a reduction of €1,039,153 if we consider the scenario with the highest cost estimate
(2,416,635 — 1,039,153 = €1,377,482).

9. The net savings for the insurance company are a 43% cost savings, which is €786,647 for the treatment of hip fractures, minus the cost
of supplementing vitamin D for 18,000 DSO residents of €410,940 (786,647 — 410,940 = € 375,707 ), if we consider the scenario with
the lowest estimated cost of treating hip fractures; or (€1,039,153 — 410,940 = € 628,213 ), if we consider the scenario with the
highest estimated cost of treating hip fractures.
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Conclusion

The calculation shows that adding vitamin D at a dose of 1000 IU per day to all residents of the DSO in Slovenia is economically justified
and beneficial both in terms of beneficial effects and costs, as it saves the insurance company €375,707—628,213 in hip fracture treatment
costs in a year and a half , without taking into account additional costs that arise in the long term. In older residents, after a hip fracture,
dependence on others increases, meaning they move from a lower level of care to the highest level of care. After a hip fracture, their

underlying diseases often worsen, and they often also develop pneumonia or pulmonary embolism. The costs of the complications

described were not taken into account in the calculation of the costs of hip fracture treatment. Adding vitamin D (a French study) also
reduced the incidence of other non-vertebral fractures by 32%, which was also not taken into account in the calculation of the benefits of
vitamin D.

Mortality also increases in the first year after a hip fracture (5). Along with reducing the incidence of hip fractures, vitamin D supplementation
also reduces the incidence of acute respiratory infections, so the benefits of supplementation and the savings are additive. More on
this in the next subsection.

Vitamin D has important effects on the function of innate immunity, i.e. the body's ability to defend itself against infections. Immune cells —
macrophages, which are located in the mucous membranes of the respiratory and gastrointestinal tracts, i.e. at the entry points of microbes,
can destroy and eliminate microbes. Macrophages are able to activate the inactive form of vitamin D 25(OH)D into the active hormone D,
which stimulates the defense mechanisms in the cell. This only happens if there is enough 25(OH)D available in the macrophage's
environment (details in the chapter Vitamin D and the immune system). Supplementing vitamin D can significantly reduce the incidence of
AOD, especially in people with severe vitamin D deficiency (6). Therefore, the Guidelines recommend taking vitamin D during the extended
winter period, and all year round for residents of DSO and others over 65 years of age who mainly stay indoors during the time when
vitamin D biosynthesis in the skin under the influence of sunlight would be possible.

Starting points and calculations for defining the economic importance of vitamin D supplementation for the prevention of acute
respiratory infections (AOD)

Epidemiological status of vitamin D deficiency in Slovenia in the population aged 65 and over

1. The Nutrihealth survey, which was conducted from March 2017 to April 2018, showed that the Slovenian population is poorly
supplied with vitamin D. During the extended winter period (from November to April), when AOD is most common, 34.6 % of the
elderly had severe vitamin D deficiency (25(OH)D levels below 30 nmol/L) (the survey included only subjects aged 65 to 74
under the label "elderly", i.e. the most at-risk population over 74 was not included). Of these, 8.4% were already receiving
vitamin D. 78.8% of this population had vitamin D deficiency (25(OH)D levels below 50 nmol/L) (7).

2. The Nutricare study assessed vitamin D status in the population of elderly people aged 65 to 101 years (mean age for men 79.7
years, for women 83 years) and showed even worse vitamin D status throughout the year (1). Half of the population who did
not take vitamin D supplements had 25(OH)D levels below 23.5 nmol/L, which indicates a very severe vitamin D deficiency (1).
Since the study mainly included independent elderly people in elderly people who needed low levels of care (I and Il, with only a
few llla), we conclude that in the population of non-institutionalized (home-dwelling) residents of the same age in Slovenia,
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who do not yet receive vitamin D, the state of vitamin D supply is equally poor. We did not take this data into account in the
calculations of economic costs and savings, which are therefore much worse than the data in the Nutrihealth survey for the

younger part of the population (aged 65 - 74) regarding vitamin D supply.

3.1n 2023, there were 470,918 residents aged 65 or over in Slovenia (22.1% of the population).

Reducing the incidence of AOD by supplementing with vitamin D

4. A meta-analysis of individual data from 25 RCTs with 11,321 participants showed that daily or weekly vitamin D
supplementation reduced the incidence of acute respiratory infections (ARTI) by 25% (aOR 0.75; 95% CI 0.60-0.95; p =
0.006). In those with pre-vitamin D 25(OH)D levels below 25 nmol/L, this was reduced by 70% (aOR 0.30; 95% CI 0.17—

0.53) (6).

Calculation of the costs of hospital treatment of AOD in Slovenia for people over 65 years of age

5. In 2023, there were 18,022 hospitalizations due to AOD in Slovenia. Cases of AOD with codes J00 to J22 according to ICD
10 (International Classification of Diseases 10) are included. Of these, 8,017 hospitalizations due to AOD were in patients
aged 65 years and older (44.5% of all hospitalizations), among whom 2,183 patients were hospitalized aged 65-74 years,
5,834 were older than 74 years. Source: BOIT (Hospital Treatment of the Same Type) Database, NIJZ.

6. According to the Slovenian Institute of Health and Social Insurance, 8,195 patients aged 65 or older were hospitalized due to AOD in 2023, the costs

treatments amounted to € 38,107,669 .

7. The average cost of hospitalization due to AOD in a patient aged 65 or over was €4,650 in 2023

(ZZZS data).

Costs of vitamin D supplementation for Slovenian residents aged 65 and over
8. The price of a medicine with vitamin D for one person for 6 months is €7.61 (Central Medicines Database; preparation Oleovit

D3, similar to Vitamin D3 Krka 1000).
9. The cost of taking vitamin D during the extended winter period (6 months - from November to April) for the population of

Slovenians aged 65 and over is: 470,818 x €7.61 = € 3,584,310 .

Calculation of savings for treating AOD by supplementing vitamin D in people aged 65 and over

10. Given the data on the vitamin D supply of the elderly population of Slovenia (Nutrihealth, 65—-74 years), where a good third
have severe vitamin D deficiency during the extended winter, we divided the benefit calculation into two parts: for one
third , we considered that their 25(OH)D levels were below 30 nmol/L. In these individuals, vitamin D supplementation

would reduce the incidence of AOD by 70%: one third (2732) of hospitalizations —
70% reduction = 1912 hospitalizations; cost of one hospitalization is €4650; cost reduction of € 8,892,660 .

11. For two-thirds who had vitamin D (25(OH)D) levels above 30 nmol/L, the number of hospitalizations would be reduced by

25%: two-thirds (5464) hospitalizations — 25% reduction = 1366 hospitalizations; cost of one hospitalization €4650; cost

reduction of € 6,351,900 .
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12. The total costs of hospitalizations due to AOD in the population of Slovenians aged 65 and over would be reduced by
€ 15,244,560 if you received 1000 IU of vitamin D per day during the extended winter season.

13. The net savings of vitamin D supplementation would be: reduction in the number and cost of hospitalizations due to AOD for
€15,244,560 — the cost of supplementing vitamin D to the population of all Slovenians aged 65 and over, €3,584,310 = € 11,660,250 .

Conclusion

Supplementing vitamin D to all Slovenians aged 65 and over (470,818 people) would reduce the costs of hospitalizations due to
acute respiratory infections by a net € 11,660,250 . The calculation only takes into account the costs of hospitalizations, and does
not take into account outpatient treatments, worsening of concomitant diseases, or possible absences from work. The cost savings
are even greater, as supplementing vitamin D also reduces the incidence of falls, hip fractures, and their treatment, which increase
with age in this population.

In this chapter, we have evaluated only some of the benefits of vitamin D supplementation in selected, most at-risk populations in
Slovenia. Through calculations, we have proven that vitamin D supplementation throughout the year for residents of the DSO, and
for all residents of Slovenia aged 65 and over, during the extended winter period, is economically justified, as it brings significant
savings to the health budget.

Given the meta-analyses demonstrating the high rate of vitamin D deficiency in pregnant women and the undeniable benefits of
vitamin D during pregnancy, vitamin D supplementation is also recommended for pregnant and lactating mothers, but we do not
have enough data to calculate the economic benefits of vitamin D supplementation. Due to the widespread vitamin D deficiency in
the Slovenian population, especially among women aged 18 to 65 years (in the extended winter season, 46% have severe deficiency
(< 30 nmol/L), and almost 90% have 25(OH)D deficiency (< 50 nmol/L), we assume that pregnant women also have a similar
deficiency (7, 8). Vitamin D supplementation during pregnancy reduces the risk of gestational diabetes (RR 0.51 [95% CI, 0.27—
0.97]) and preeclampsia (RR 0.48 [95% CIl, 0.30-0.79]), the quality of the evidence is moderate (9, 10). Vitamin D supplementation
reduces the likelihood of preterm birth (RR 0.66 [95% CI, 0.34—1.30]) and postpartum hemorrhage, with low-quality evidence (9).

From an expert point of view, it is certainly justified to supplement vitamin D to children and adolescents up to the age of 18, who
represent a new high-risk group for vitamin D deficiency, especially in winter, but also due to changed lifestyle habits (less outdoor
exercise, more time spent in front of screens, etc.) (11), as during this growth period they gain maximum bone mass, which also
depends, among other things, on the supply of vitamin D. It has been proven that supplementing vitamin D during extended winter
reduces the incidence of acute respiratory infections in children and adolescents (12, 13).

Vitamin D is not a "miracle cure", but its deficiency, which is extremely widespread in our region (1, 7), worsens the health status of
the population, especially of vulnerable groups. Therefore, it is the task of public health and decision-makers to ensure that the
population of Slovenia is sufficiently supplied with vitamin D, which is what these guidelines are intended to do.
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