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The article presents a review of the literature on the clinical aspects of assessing vitamin D deficiency in young chil-
dren by the concentration of 25(0OH)D (hydroxycalciferol) in blood serum. The purpose of the review was to familiarize
pediatric specialists with the real state of affairs in assessing the clinical significance of diagnosing vitamin D status,
its relationship with the prevention of deficient rickets, ways of correcting and choosing the dose of calciferol. A daily
dose of 400 IU of vitamin D for young children is effective and safe in preventing deficient rickets. Higher subsidized
doses of calciferol have not been shown to be more effective. In addition, they can potentially lead to toxic levels of
vitamin D metabolites in the blood. When using lower daily doses (less than 400 IU), an adequate prophylactic effect
may not be achieved. Determination of the level of circulating serum hydroxycalciferol, which characterizes the status
of vitamin D in the body, is not recommended for routine examination and as a standard for diagnosing deficient
rickets in young children. Calciferol has multilateral effects, modulates not only phosphorus-calcium metabolism, but
also affects other systems and functions of the body, in particular, ontogenesis and the immune system. According
to foreign literature, all infants should receive vitamin D for the prevention of rickets, treatment from the age of one
month. This is most reliably identified for children, probably at risk. Convincing data indicating a positive protective
effect on diabetes mellitus D on unforeseen pathology, for example, the frequency of exclusion of pneumonia, infec-
tious diarrhea, atopic dermatitis in infancy, has not yet been obtained.
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B cTatbe npeactaBneH 0630p NMTEpPATYpbl, MOCBAWEHHbIA KIMHUYECKMM acnekTaM OLEeHKM HeAoCTaTOMHOCTM BMTaMMHA D
y AeTel paHHero Bo3pacta no koHueHTpauuu 25(0H)D (ruapokcukanbumdepona) B cbiBopoTke kpoBu. O630p 3HakoMuT
CMeuManncToB NeanaTpuyeckoro npoduns ¢ peanbHbiM MONOKEHWEM Bellei B OLEHKE KIMHUYECKOM 3HAYMMOCTU AMarHo-
CTUKM cTaTyca BuTamMuHa D, ee cBS3M C nposefeHneM npodunakTuku AedULUTHOrO paxuTa, NyTei Koppekuuu u Bbibopa
[03bl Kanbuudepona. nga npodunaktMkn neduunTHOro paxmta exxegHesHas nosa 400 ME sutamuua D onsa pgetei paHHero
Bo3pacTa 3pdekTuBHa n 6e3onacHa. bonee BbiCOKME AOTALMOHHbIE A03bl KanbUudepona He NoKazaau CBOK BbICOKYH 3¢-
(bekTMBHOCTb. KpoMe TOro, OHM NOTeHLMaNbHO MOTYT NPUBECTU K TOKCMYECKOMY YPOBHIO MeTabonuTos BuTaMuHa D B Kposw.
Mpu ncnonb3oBaHuMM 6onee HU3KMX CyTOYHbIX A03 (MeHee 400 ME) apekBaTHbIM npodunakTuyecknini sddekT MoxeT 6bITb
He AOCTUrHYT. YpOBEHb LMPKYNUPYIOLLErO B CbiIBOPOTKE MMAPOKCUKanbLUdepona, XapakTepusytoLero ctatyc ButammHa D
B OpraHu3me, He PEKOMEHAYETCs OnpenensTb npu pyTMHHOM 06CnefoBaHMM M B KavyecTBe CTaHAAPTA NPU LMATHOCTHKE
LeduuUMTHOro paxuTa y AeTeit paHHero Bo3pacTta. Kanbundepon obnafaeT MHOrOCTOPOHHUMK 3 hEKTaMU, MOLYNIUPYET He
ToNbKo HOoChHOpPHO-KanbLMEBbIN 0OMEH, HO BAUSIET M Ha APYrue CUCTeMbl U QYHKLMM OpPraHuM3Ma, B YaCTHOCTU OHTOreHes
M MMMYHHYIO cucTeMy. 1o faHHbIM 3apy6exHoW nuTepaTypbl, BCE AETU FPYLAHOrO BO3pacTa AO/KHbI NoayyaTb BUTaMUH D
LN NPOGUNAKTUKM paxmMTa HauMHas C MeCcsMHOro Bo3pacTta. Haubonee HafeXHO 3TO A0KA3aHO ANs AETEeM, OTHOCSALMXCS
K rpynnam pucka. HactosTenbHo pekoMeHAayeTcs yHuBepcanbHas fobaska BuTamuHa D po 12-mMecsyHoro Bo3pacTa LeTaM,
HaXOAALWMMCS Ha TPYAHOM MM CMELIAHHOM BCKapMMBaHuUW. B Bo3pacTe cTapwe 12 Mec. peKOMeH0BaHO AOMOAHUTENbHOE
HasHauyeHuWe BUTaMMHa D peTam u3 rpynn pucka.

KnioueBble cnoBa: paHHuit BospacT; ButamuH D; 25(0H)D (ruapokcukansumdepon); Ae@UUnTHBIN paxuT; npodunakTmka.
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In recent years, the world has significantly
shown increased interest in the study of vitamin D
(calciferol) and its wide-ranging role in ensuring the
vital activity of the body. This was related to the
study of vitamin D supplementation in children and
the need to correct calciferol deficiency. Such in-
creased attention also naturally affected early child-
hood. This is due to active measures implemented
in many countries to prevent, first of all, rickets
in this age group. This interest is largely associ-
ated with the recent practical opportunity to assess
objectively the body’s calciferol levels by deter-
mining the concentration of its metabolite 25(OH)D
(hydroxycalciferol D, and D,) circulating in the
blood serum. The interest in this problem is to some
extent fueled by companies producing vitamin D
preparations.

This review presents the current state of affairs
among pediatric specialists in the world and Russian
health care in assessing the clinical significance of
determining vitamin D status based on the blood
level of 25(OH)D in children and ways to correct
its deficiency. Vitamin D deficiency (rickets) is a
representative clinical manifestation of vitamin D
deficiency. Despite the multitudes of publications
discussing the biological activities of calciferol
that affect various body functions, including chil-
dren (immunity, ontogenesis processes, etc.), there
is currently no convincing scientific evidence,
from the standpoint of evidence-based medicine,
of the relationship between vitamin D deficiency
and other non-rachitic pathology. However, some
clinical aspects of the association of vitamin D
status with rickets remain controversial. Several
established opinions, especially those prevailing
in Russian pediatrics in relation to this pathology,
have no scientific justification at all. The review
also considers some aspects of the possible effects
of prophylactic doses of vitamin D on the growth
processes of children and morbidity with infectious
and non-infectious diseases.

In the selection of publications for the review,
we used a standard search strategy in scientific elec-
tronic databases Medline, Google Scholar (Google
Academy), and eLibrary.ru. In line with the research
goal, the search and selection of literary sources
were also performed on the websites of organiza-
tions, institutions, and communities involved in
the development of recommendations, analyzing
the current literature and compiling systematic re-
views, particularly in the accessible (open) part of
the Cochrane Library. First, we selected high-quality
clinical trials that, in terms of their methodologi-
cal level, meet current requirements and criteria

for the evidence of the results obtained [2]. Pri-
ority was given to individual randomized clinical
trials (RCTs), results of systematic reviews, meta-
analyses, and publications of the Cochrane Collabo-
ration. Our analysis also included modern national
and international clinical guidelines that met the
modern requirements of evidence-based medicine.

Clinical aspects of assessing vitamin D status
in early childhood

The advent of the possibility of determining
25(OH)D levels in the blood serum created the pre-
requisites for the assessment of vitamin D status in
the body and population by the concentration of
this metabolite in practice. This has led to various
proposals for the correction of vitamin D levels
in the body, including young children, based only
on indicators of insufficient circulating 25(OH)D.
In most cases, such advice was not subsequently
confirmed by RCTs. Epidemiological studies have
also shown the prevalence of such deviations in
all age groups in various populations in both eco-
nomically developed and developing countries in
northern and tropical regions [4, 10, 25, 28, 32].
Despite the obvious association, no evidence pres-
ents an absolute dose-dependent response to chang-
es in serum 25(OH)D concentrations from taking
vitamin preparations [31]. The 25(OH)D level is
determined by the initial level of this precursor of
the active metabolite D, dose of the administered
drug, amount of the final active endogenous me-
tabolite 1,25(OH),D, produced, demographic char-
acteristics, and number of other factors [25, 30, 31,
33, 34]. In addition, the levels of this metabolite
depend on the method of determination, seasonal-
ity, nature of the underlying disease, and therapy,
especially in cases of malabsorption. In accordance
with the recommendations for determining the level
of 25(OH)D, if the child received one or another
vitamin D-containing drug or was exposed to ultra-
violet radiation, then the assessment of vitamin D
status should be performed no earlier than 3 mon
after the withdrawal of such exposures. Thus, the
pharmacokinetics of vitamin D and its blood levels
depend on many factors that affect absorption, dis-
tribution, metabolism, and excretion and routes of
administration. All the listed links of kinetics are
largely genetically determined processes [1, 8, 10,
12, 31, 38]. Serum 25(OH)D concentration, having
a multifactorial (polygenic) nature, is not always
closely associated with the occurrence of rickets.
Thus, understanding that 25(OH)D is neither a syn-
onym nor a marker of the physiological function of
vitamin D is extremely important, as it is not the
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main active form of vitamin D [7]. A review showed
no significant correlation between serum 25(OH)D
levels and the concentration of the final vitamin D
metabolite 1,25(OH),D [31]. Often, in children with
low levels of 25(OH)D, rickets does not develop,
and conversely, in some cases, a sufficient level of
25(OH)D does not prevent the development of rick-
ets, especially in infants born prematurely [7, 28].
The main cause of rickets in children born prema-
turely is a deficiency in calcium, phosphorus, and
magnesium, and not calciferol. In this regard, it is
currently not recommended to determine routinely
the concentration of 25(OH)D when examining chil-
dren and when diagnosing rickets [27, 28].

For a long time, the discussion continued on clas-
sifying vitamin D status in children according to the
serum concentration of 25(OH)D [27]. Nevertheless,
an agreement has recently been reached on such a
distribution [27, 28]. According to the consensus,
vitamin D supplementation in children is consid-
ered sufficient if the total 25(OH)D (D, and D,)
concentration exceeds >50 nmol/L (20 ng/mL).
A level of 30-50 nmol/L (12-20 ng/mL) indicates
calciferol deficiency, and when the serum 25(OH)D
level is <30 nmol/L (12 ng/mL), vitamin D deficien-
cy occurs. Concentration >250 nmol/L (100 ng/mL)
is regarded as excessive, and if it is accompanied
by hypercalcemia, hypercalciuria, and parathyroid
hormone suppression, calciferol intoxication is di-
agnosed. Thus, based on the presented modern data,
determining the serum concentration of 25(OH)D
and its interpretation are appropriate for assessing
vitamin D status in an individual and population,
but not for an individual choice of a prophylactic
dose of calciferol and diagnosis of rickets.

Issues on vitamin D deficiency, its prevention
and treatment, judging by the publications, are
currently receiving much attention globally. This
is due to the establishment of the multifunctional
role of calciferol in the body and the possibility
of the laboratory assessment of the vitamin status
individually. Vitamin D, in addition to calcium and
phosphate homeostasis, is necessary for the devel-
opment of the skeleton, successful functioning of
activated B- and T-lymphocytes, insulin produc-
tion, secretion of thyroid-stimulating hormone, and
myocardial contractions [41]. However, rickets is
naturally the focus of related publications, as a pa-
thology most closely associated with a lack of cal-
ciferol in early childhood. Vitamin D deficiency in
infants is traditionally explained by its low level in
breast milk and the natural limitation of sun expo-
sure [23]. Recently, some studies have indicated an
increase in the incidence of rickets in children, even

in economically developed countries, particularly in
the UK, Canada, and USA [24, 40, 42, 43, 45].
This phenomenon is mainly contributed by the mi-
gration of families with dark skin, who are most
prone to vitamin D deficiency under conditions of
limited insolation.

The epithet “deficiency” has replaced the defini-
tion of “vitamin D-deficient” because, as already
mentioned, not only vitamin D deficiency, but also
insufficient intake of calcium, phosphorus, and mag-
nesium plays a significant role in the occurrence of
rickets [6, 28, 40].

The most frequently cited questions in current
early life studies are as follows: What is the safest
and most effective dose of vitamin D for preventing
rickets and other diseases in young children? Until
what age is it appropriate for children to take vita-
min D supplements for prophylactic purposes? The
search for answers to these questions is presented
in this review.

Prevention of vitamin D deficiency in early
childhood: dose selection

When choosing the sources discussing this issue,
we preferred modern publications that meet the re-
quirements for research work, that is, with a mini-
mum probability of making systematic errors [2].
The review deliberately included publications rela-
ting to regions with living conditions close to the
Russian climate (Finland, Great Britain, Canada,
Germany, etc.). The need of a breastfed infant for
calciferol supplementation was confirmed by all
the analyzed studies. The results of RCTs aimed
at evaluating the efficacy and safety of various vi-
tamin D doses in young children are analyzed and
presented. As an example, we cite tests conducted
in countries similar to the Russian Federation in
terms of climatic and geographical characteristics.

In Finland, a double-blind RCT was conducted
among breastfed children [19]. The participants
were distributed into three groups, depending on
the daily dose of vitamin D,, namely, 400, 1200, and
1600 TU. All children received the drug from the
age of 2 weeks. A comparative evaluation was per-
formed after 12 weeks of prophylaxis. The authors
did not reveal differences in calcium and phospho-
rus metabolism and the state of the skeletal system
assessed by computed tomography.

A similar double-blind RCT was conducted in
Canada among children distributed into four groups
depending on the daily dose of vitamin D, (400,
800, 1200, and 1600 IU) [13]. All participants were
breastfed with the same type and timing of the in-
troduction of complementary foods. The follow-up
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was performed for 12 mon. The authors conclud-
ed that vitamin D doses >400 IU per day did not
confer additional benefits on bone mineralization.
A comparison of the same groups at age 3 years
also did not differ in their anthropometric param-
eters, body composition, and characteristics of the
skeletal system [13, 18]. In turn, Canadian research-
ers, based on the serum level of 25(OH)D, de-
monstrated no difference in the prophylactic effect
when taking ergo- and cholecalciferol preparations
[13-15].

A systematic review with a meta-analysis by
the Cochrane Society demonstrated the effective-
ness of a 400 IU dose of vitamin D for infants,
including those at risk [36]. Other reviews have
also provided information characterizing the situa-
tion with the supplementation of calciferol to young
children in other world regions [26, 28, 29, 32].
In the available publications, no data are available
on the possible toxic effect of the prophylactic dose
of 400 IU. A Cochrane review on the safety of
prophylactic doses of vitamin D reported no risk
of hypercalciuria, hypercalcemia, hyperphosphate-
mia, and hypoparathyroidism. The authors compared
the effects of conventional doses of vitamin D with
placebo effects [20].

Summary data on the effect of various prophy-
lactic doses of calciferol on calcium—phosphorus
metabolism and bone mineralization are presented
in several reviews, including the Global Consensus
on the Prevention and Management of Nutritional
Rickets [13, 26, 28]. From these reviews, there is
no evidence that higher daily doses of vitamin D
over the generally accepted recommended dose of
400 IU affect any long-term meaningful outcomes.
Larger amounts may result in serum 25(OH)D con-
centrations that are potentially associated with side
effects.

Although numerous studies have confirmed the
usefulness of vitamin D supplementation during the
first 12 mon of life, no convincing evidence has es-
tablished the usefulness of supplementation to chil-
dren older than 1 year. This is due to the difficulties
in assessing the influence of risk factors at this
age, taking into account the consumption of prod-
ucts-containing vitamin D, sun exposure, etc. [23].
Calciferol supplementation is important for children
at risk. The risk factors for rickets include the fol-
lowing [23, 28]:

Newborns and infants:

* Maternal vitamin D deficiency during gesta-
tion and lactation (limited sun exposure, dark skin,
veiling, repeated births, and low dietary intake of
calciferol)

* Prolonged exclusive breastfeeding without vi-
tamin D supplementation

* Prematurity and low body length not corre-
sponding to the gestational age

Children older than 1 year:

* Limited sun exposure, dark skin, and cultural
practices (closed clothing, etc.).

* Reduced intake of dietary vitamin D (prolonged
exclusive breastfeeding without complementary
foods, lack of foods rich in calciferol and calcium
in the diet, and starvation).

* Chronic diseases of the digestive system (such
as malabsorption, exocrine pancreatic insufficiency,
and biliary tract obstruction) and impaired hydrox-
ylation of vitamin D metabolites (chronic liver or
kidney disease).

* latrogenic factors (such as intake of rifampicin,
isoniazid, and anticonvulsants).

The ultimate goal of scientific evidence on the
efficiency and safety of medicines is their practical
applicability. In this sense, it is of interest to ana-
lyze clinical guidelines for the prophylactic use of
calciferol in young children from different regions.
Currently, a sufficient number of clinical recommen-
dations are available worldwide, both national and
global (multinational), and their main provisions are
based on contemporary principles of evidence-based
medicine. We considered it interesting to compare
the recommendations in these sources on the daily
preventive use of vitamin D with Russian guidelines
presented in the national program [5].

In the USA, the American Academy of Pediatrics
indicated 400 IU in the first year of life, regardless of
the type of feeding, and 400 IU at age >1 year [41].

In North America, the Institute of Medicine (USA)
indicated 400 IU. In children aged >1 year, 600 U
was indicated by supplementation or with food [21].

In the DACH region (Germany, Austria, and
Switzerland), the DACH Nutrition Society indicated
400 IU in the first year of life and then 800 IU [16].

In the European Union, the European Food Safe-
ty Authority (EFSA) indicated 400 IU up to 1 year
of age and then 600 IU [39].

In the Northern region of Europe, EFSA indi-
cated 400 IU in the first year of life and there-
after [11].

In the United Kingdom, the Scientific Advisory
Committee on Nutrition indicated 200—400 IU in the
first year of life and then 400 IU [22, 35].

Japan indicated 100 IU from birth to the age of
6 mon, 200 IU for mon 6-12, and 100-220 IU at
age >1 year [37].

The World Health Organization (WHO) indicated
200 IU in the first year of life and later [29, in
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the text of the reference source to the Food and
Agricultural Organization/WHO recommendations
of 2004].

The Global Consensus on the Prevention and
Management of Nutritional Rickets (consensus
was attended by representatives of the Asia-Pacific
region, Japan, Latin America, Australia, India, Af-
rica, China, British Commonwealth, and Europe)
indicated 400 IU for the first 12 mon, regardless
of the type of feeding, and then 600 IU either as
supplementation or with food [28].

In the Russian Federation, National Program in-
dicated 1000 IU in the first year of life or 1500 IU
(for children aged 6—12 mon in the European North
of Russia) and 1000 IU later [5].

The data presented demonstrate almost complete
unanimity among international countries in the dose
of vitamin D supplementation for children, espe-
cially in the first year of life. The exceptions are
Japan and Russia. The low recommended prophylac-
tic doses of calciferol for Japanese children can be
explained by the national nutritional aspects charac-
teristic of both nursing mothers and children aged
>1 year. The widespread use in the diet of seafood
and vegetables rich in vitamins D, and D,, as well
as calcium, largely meets the needs of the child,
including through breast milk. Moreover, the doses
recommended by the Russian program raise doubts
in terms of reliability and validity. This is due to
the complexity of the analysis of this publication.
In the document, unlike international ones, there are
no references to the publication of primary materi-
als, which were the basis of the recommendations.
These references are absent not only in the pro-
gram itself but also in the publication preceding this
document [3]. This refers to actual data obtained in
various regions of Russia. In this regard, we could
not, from the standpoint of modern requirements,
assess the methodological level of these original
studies, the validity of the results, and reliability
and correctness of the conclusions. In addition, no
information is available in the program proving the
advantage in terms of the efficacy and safety of the
proposed prophylactic doses of vitamin D over the
prophylaxis scheme previously generally accepted
in Russia.

Calciferol has multilateral effects and not only
modulates phosphorus—calcium metabolism but also
affects other systems and functions of the body,
particularly ontogenesis and immune system. Thus,
trials aimed at studying the effect of vitamin D
on the disease course were of interest. A Cochrane
systematic review [20] analyzed the possible ef-
fect of vitamin D supplementation on the linear

growth of children. The review included 60 RCTs.
The authors did not find evidence for such influences.
The same review examined the association of vita-
min D supplementation with atopic diseases (aller-
gic rhinitis and bronchial asthma), type 1 diabetes
mellitus, and other autoimmune disorders. Calciferol
supplementation had no significant effect on these
diseases. Later, similar results were demonstrated
by two double-blind RCTs with placebo [9, 17].
An RCT conducted in Australia found no difference
in the incidence of atopic dermatitis and sensitiza-
tion in children aged 6 mon who received a calcif-
erol supplement at a dose of 400 IU, compared with
placebo [33]. Another review from the Cochrane
Library studied the effect of vitamin D supple-
mentation on the incidence of infectious diseases
in children from birth to age 5 years. Pneumonia
and intestinal infections were chosen as objects of
the study. The authors did not find evidence that
vitamin D supplementation positively affects the
incidence of this pathology [44].

Thus, according to international literature, all
infants should receive vitamin D for the preven-
tion of rickets, starting from age 1 month. This is
most reliably proven for children at risk. Convinc-
ing evidence of a positive protective effect of vita-
min D supplementation on other pathologies, such
as the incidence of pneumonia, infectious diarrhea,
and atopic dermatitis in infancy, has not yet been
obtained. A daily dose of 400 IU of vitamin D for
young children is effective and safe in preventing
rickets. Supplementation with higher doses of cal-
ciferol is not effective compared with the conven-
tional regimen. In addition, they have the potential
to lead to toxic blood levels of vitamin D metabo-
lites and hypercalcemia. When using lower daily
doses (<400 IU), an adequate prophylactic effect
may not be achieved.

A universal vitamin D supplementation is highly
recommended up to age 12 mon for breastfed or
mixed-fed children. There is no consensus on the
need for additional supplementation for children
who are bottle-fed with calciferol-enriched mix-
tures. At age >12 mon, vitamin D supplementation
is recommended for children at risk. However, no
convincing evidence supports the objectivity of the
12-month threshold. It appears that this age is taken
arbitrarily; thus, it can be considered appropriate
to supplement vitamin D until the age of 24 mon.
Determining the level of the 25(OH)D metabolite
circulating in the blood serum, which characterizes
the status of vitamin D, is not recommended for use
either as a routine method for examining children
or for diagnosing rickets in young children.
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