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ABSTRACT

Vitamin D is essential nutrients for health. Both pregnant women and children and are more prone to have
vitamin D deficiency and can cause nutritional rickets and disorders in calcium homeostasis. Many
researches have connected vitamin D deficiency to negative health outcomes, including those that go
beyond bone health, in both children and pregnant women. Reports of high incidence of nutritional rickets
continue to progress. With adequate vitamin D and calcium supplementation, nutritional rickets is a
completely avoidable illness that may be eradicated in infants and children around the world. In order to
execute workable prevention measures for vitamin D insufficiency and nutritional rickets, a comprehensive,
multi-level approach is required. The history, danger signs, and debates around vitamin D insufficiency
during pregnancy and children are highlighted in this overview
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INTRODUCTION

N utritional rickets has a significant influence
on young children's health, and

produced conflicting results regarding the best time
and dose to take it. 2 As it controls the metabolism
of bones and minerals and can prevent and treat
nutritional rickets and osteomalacia, vitamin D is

development, and is caused by widespread vitamin
D deficiency. Breastfed infants are more likely to
suffer from vitamin D deficiency or insufficiency
because of the low vitamin D levels in lactation. *

Numerous  scientific investigations have
investigated the effects of vitamin D
supplementation during pregnancy and have
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necessary for the health of the musculoskeletal
system. Several experimental and epidemiological
studies also support the idea that vitamin D has a
wider role in overall health since the vitamin D
receptor (VDR) is expressed in practically all
human cells. % .
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Supplementation  during pregnancy is an
important subject in literature since vitamin D
insufficiency is common among pregnant women
worldwide. *

The fat-soluble vitamin D promotes calcium,
phosphate, and magnesium absorption. It is
utilized by the body to create calcified tissues and
aids in preventing rickets. > Rickets was regarded
as the 'tip of the iceberg' for vitamin D insufficiencg/
because of how crucial it is to human health. ™
Additionally, a lack of vitamin D results in fetal and
childhood growth retardation as well as bone
abnormalities that aggravate osteopenia,
osteoporosis, and the risk of fracture. ” In addition
to helping to mineralize bones, vitamin D and
calcium have a number of additional health
advantages, including as improving immunity and
reducing the risk of cancer, hypertension, diabetes,
and autoimmune illnesses. ® The receptor for
vitamin D, a steroid hormone, is found inside the
nucleus and interacts with particular sequences of
DNA to form a complex. Growth hormone and
insulin-like growth factor-1 are two examples of the
many growth-promoting proteins whose
transcription is induced by vitamin D. ®** There is
debate over whether serum vitamin D levels should
be adequate or ideal to prevent negative health
effects. A blood concentration of more than 50
(nmol/L) (20 (ng/ml) of vitamin D during pregnancy
was deemed appropriate by the US Institute of
Medicine. *

Diet, geographic latitude, supplement use, cultural
and lifestyle influences, and skin pigmentation are
significant contributors, even though vitamin D
insufficiency affects everyone at all levels. Vitamin
D insufficiency is especially dangerous for young
children, the elderly, pregnant and nursing women,
%nl% people with certain diseases including cancer.

This narrative review's objective is to discuss the

significance of vitamin D during pregnancy and
childhood, the risk factors for vitamin D deficiency,
the related clinical picture, particularly in the
pediatric population, as well as the various
prevention and therapy regimens that have been
suggested. Additionally, rickets is covered. Up until
January 2023, articles were found in PubMed
searches by concentrating on the most pertinent
studies.
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Rickets

Rickets is a pediatric disease that causes clinical
abnormalities in weight-bearing bones and
metaphyseal plates anterior to epiphyseal fusion
due to inadequate mineralization of the organic
bone matrix and diminished apoptosis of
endochondral columnar cartilage. Rickets is a
condition that affects the growth plate cartilage and
is most common in newborns and young children.
This happens because the osteoid does not
properly mineralize as a result of hypocalcemia or
hypophosphatemia, or because minerals like
fluoride and aluminum directly hinder the
mineralization process. *"*®

Endochondral ossification, in which extracellular
matrix production in the hypertrophic chondrocytes
at the ossification center will be mineralized in the
presence of sufficient phosphate and calcium, is
the process by which osseous tissue is produced
from cartilage in growing long bones. Calcified
cartilage is then reabsorbed, and then lamellar
bone eventually replaces it. 19. Chondrocyte
apoptosis, which is the first step in the ossification
process, is triggered by the extracellular
phosphate-mediated phosphorylation of MAPK
pathway intermediates. L Low serum calcium
prevents chondrocyte death as a result of
compensatory hyperparathyroidism and
subsequent hypophosphataemia. %%

Due to the buildup of hypertrophic chondrocytes
caused by this, the cartilaginous epiphyseal plate
finally grows abnormally, and osteoid deposits
under the growth plate. *"*® In the end, this results
in the phenotypical alterations and clinical
symptoms of rickets, such as bone abnormalities,
delay of development, and a high risk of hypo-
calcaemic seizures,cardiomyopathy (in babies),
and even death. ?* According to Munns et al.'s
review, the diagnosis of rickets is frequently done
by using a combination of clinical, radiological, and
biochemical principles. %3

Rickets can result from several aetiologies,
including metabolic acquired deficiencies and
minerals impairments due to problems in the renal
tubular cells brought on by drugs like tetracycline
and conditions like Fanconi's anemia. Direct gene
mutations of genes related to bone homeostasis,
mineralization, and renal metabolism are also
among the causes of rickets. *** Even though
they are significant, these aetiologies are further
discussed in other review articles. *"*° The most
frequent cause of rickets worldwide is secondary to
dietary inadequacies, which are generally brought
on by inadequate calcium, vitamin D, and/or
phosphate intake. Various high-income nations,
including the UK and Ireland (0.48 cases per
100,000) and Canada (2.9 cases per 100,000),
have comparatively low incidences of nutritional
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rickets. **?”. However, it appears that nutrient

rickets is more prevalent in poor-income nations in
Asia and Africa. For instance, radiography
estimates that there are 2.7 instances per one
thousand children in India, and clinical examination
reEorts a prevalence of 3.3% in Gambian children.
229 Although some inter-study heterogeneity can
be recognized in different diagnostic approaches
(such as clinical, radiographic, and biochemical
diagnoses), it is also plausible that subpopulations
with a higher prevalence of rickets were chosen for
investigation. %0

Vitamin D Physiology

The skin begins to produce vitamin D after
acquaintance to sunlight,, where vitamin D3 is
created from 7dehydrocholesterol. Vitamin D2 and
D3 can also be added to food, although they don't
contribute nearly as much as endogenous
synthesis does. *** These substances are
hydroxylated in the liver to produce 25(OH)D,
which is then transformed by 1-alpha-hydroxylasis
in the kidney to 1,25(0OH)2 D. The placenta, among
other tissues and organs, may actually experience
the final hydroxylation reaction. % The active form
of vitamin D is 1,25(OH)2 D, which binds to vitamin
D receptors (VDRs) in target cells' nuclei and
plasma membranes. * In order to explain calcium
and absorption of phosphorus by the intestinal
wall, reabsorption of calcium from the kidney's
ultrafiltrate, activation of pre-osteoclasts into active
osteoclasts in bone turnover, and parahormone
negative feedback regulation. 1,25(0OH)2 D's
classic genomic effects are involved. In addition to
bone metabolism, vitamin D has recently been
linked to a number of other novel functions. At
least 37 different tissue types exhibit VDRs. **
Recently about 291 genes in vivo has been shown
to be regulated up by vitamin D % this will in favor
of pleiotropic effects, including how vitamin D
affects the immune system, muscles, and the
heart.

The function of immunomodulation of vitamin D is
of special relevance because these effects have
been linked to a number of autoimmune diseases
and help to trigger innate immune responses while
disarming the adaptive immune system.
Numerous modifications to the mother's vitamin D
metabolism take place during pregnancy as a
result of the fetus' complete reliance on placental
delivery and, consequently, on the mother's
consumption and manufacture of the vitamin. 87

Besides the kidney, the placenta also produces
more vitamin D. * However, 25 hydroxy vitamin D
go into fetal circulation and is hydroxylated into the
equivalent active form in the fetal kidney, whereas
1,25(0H)2 D is unable to cross the placenta. *°
These alterations in the mothers and their fetus
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have typically been explained as a reaction to the
fetal need for calcium. Given the extensive
distribution of VDRs throughout the body and the
numerous extraskeletal effects of vitamin D, it has
been hypothesized that the physiologically
elevated levels of 1,25(0OH)2 D during pregnanc3y
may control various other biological processes. *°
Over the years, there has been a large number of
discussions over the need for optimal vitamin D
levels. Aside from the controversy surrounding the
usage of various 25(OH)D dosage techniques and
the issue of inter-assay discrepancy ***° , On the
thresholds that should be used to identify vitamin D
sufficiency or deficient, there is currently no
agreement. The threshold for vitamin D adequacy
is determined by the Institute of Medicine (IOM) at
a blood level of 20 ng/ml. **** The Endocrine
Society classifies non-pregnant women's hormone
levels into three groups: deficiency ( 20 ng/ml),
insufficiency (21-29 ng/ml), and sufficiency (> 30
ng/ml)42 The classification for vitamin D levels in
pregnant women is the same. Between 18 and
84% of women have hypovitaminosis D,
depending on their ancestry and standard of living.

Recent studies in developed countries a
prevalence of levels < 30 ng/ml of 10-30% in
pregnant women has been reported. a“ Screening
pregnant women who carry high risk for low
vitamin D to make sure their serum 25(OH)D level
is greater than 30 ng/ml seems to be a suitable
practice. Season, latitude, way of life, non-white
ethnicity, concealing clothing, and insufficient sun
exposure are all risk factors, as are pathological
illnesses like malabsorption and liver and renal
disease. *°

Fetal Skeletal Mineralization

From 8 to 12 weeks of gestation, the skeleton
begins to develop, and the production of synovial
joints, chondrogenesis, and osteogenesis must all
occur simultaneously. Eighty percent of bone
mineral is accreted during third trimester, when, is
when bone templates created during
intramembranous and endochondral ossification
are primarily mineralized. A fetus has higher
plasma Ca2+ concentration compared to the
mother due to maternal Ca2+ being actively
transferred  through the placenta  during
pregnancy.*®

The convenience of Ca2+ to meet fetal demands
is facilitated by a doubling of the fractional
absorption of calcium through the mother’s
intestine beginning as early as 12 weeks’
pregnancy and sustained up until birth, and also by
resorption of the maternal skeleton throu%hout the
third trimester but in a lesser extent. *° This is
accomplished by changing the levels of certain
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maternal  calcitropic  hormones, such as
1,25(0H)2D and parathyroid-related peptide. *’
The average fetal skeleton will have about 30
gram of calcium, along with 20 gram of
phosphorus, and 0.8 gram of magnesium. During
the last six weeks of pregnancy, calcium transfers
through the placenta at a rate of 300 mg/day.11
Therefore, it is expected that the limited availability
of substrates for bone mineralization, such as
those caused by maternal nutrition, compromised
intestinal function, maternal vitamin D deficiency,
or decreased the function/transfer of placenta, will
have a negative effect on bone mineralization
through intra uterine life. *®

Vitamin D During Pregnancy

It is not unexpected that antenatal vitamin D level
has been investigated as a potential strategy to
enhance the mineralization of skeletal tissue of
kids given the significance of maternal vitamin D to
the elevation of intestinal calcium absorption.

Pregnant women frequently have biochemically
low amounts of 25(OH)D, similar to other
population groups.

Since the early 1980s, vitamin D intake during
pregnancy has been researched. Despite the large
number of clinical trials that have been carried out,
we are still unsure about the effects of vitamin D
during pregnancy and the ideal dose and time of
supplementation. Although its endocrine
involvement in calcium homeostasis should not be
understated, the significance of vitamin D during
pregnancy centers on its immunological activities.
* The ability of vitamin D to significantly enhance
birth outcomes would be at the very top of this list.
This assertion is primarily supported by research
done in our lab. **** The unmatched, unexplained
variations in vitamin D metabolism that occur
during pregnancy are a factor that is greatly
overlooked. First, as soon as placental
implantation takes place, enormous levels of
1,25(0OH)2D start to be generated and released
into the maternal circulation. *° During pregnancy,
1,25(0H)2D  circulation levels are  super
thysiologic and can occasionally reach 300 pg/mL.

In a non-pregnant person, this level of
1,25(0OH)2D in the blood would cause
hypercalcemia that might be lethal. In our own
experience, levels as low as 80 pg/mL can result in
hypercalcemia caused by excessively circulating
1,25(0OH)2D in situations other than pregnancy.

Where is all of this extra 1,25(0OH)2D created
during pregnancy? Maternal kidney, fetal kidney, or
placenta are the three options. Although
1,25(0OH)2D can be produced by all three organs, it
is doubtful to come from the fetal kidneys or
placenta, particularly at early period of conception.
This is because the fetal kidneys do not yet
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created, and the placenta is very small, with only
layers of cells growing out from the blastocyst to
connect with the uterus' expanding lining beginning
around week 4 to 5. Additionally, a previous in vivo
study suggests that maternal kidney production. >°
Lifestyle, diet, supplement use and geographic
latitude influences, and skin pigmentation are
significant contributors, even though vitamin D
insufficiency affects everyone at all levels. Vitamin
D insufficiency is especially dangerous for young
children, the elderly, pregnant and nursing women,
and people with certain diseases including cancer.
637 Wwith variations between nations, maternal
vitamin D insufficiency during gestation is another
serious global public health issue. For instance, in
a research on the white women in the southern
UK, 31% had serum 25(OH)D levels below 50
nmol/L and 18% had levels below 25 nmol/L in late
pregnancy. In an ethnically more varied area of
London, 36% of pregnant women had 25(0OH) D
levels below 25 nmol/L.>®

It is reported that 81% of pregnant women in
Nepal were deficient during pregnancy *°, and in
more than 90% in Saudi Arabia ® , and Guizhou,
China ®* . A multiple study in Africa reported a
prevalence of about 44% in pregnant mothers and
newborns. ®* Some countries recommend vit D
supplement to pregnant woman's recommended
nutritional intake. For instance, 200 International
Units (IU)/day of vitamin D is the recommended
dietary intake for pregnant women in the America ,
Canada, Australia and New Zealand ®*® The UK
recommends 400 IU/day during pregnancy 65
When it comes to vitamin D insufficiency, children
under the age of five are among the population
groups that are most affected. Based on a cutoff
value of vitamin D supplementation on birth
outcomes, a systematic review and meta-analysis
encompassing nations in Africa estimated the
prevalence of hypovitaminosis D at 49% and 25%
in newborns and children, respectively.

Children aged 0 to 14 in Mosul City have a high
frequency of vitamin D deficiency and insufficiency.
Only 53.1% of the study participants had enough
vitamin D, while the remaining participants either
have inadequate vitamin D (21.9%) or deficient
vitamin D (25%) levels. Children's vitamin D
deficiency is reportedly on the rise. It might be
caused by insufficient exposure to the sun, skin
pigmentation, skin covering, air pollution, and a
decrease intake of vitamin D.

According to this study, vitamin D supplements
should be given to all children and adolescents in
addition to babies. ®
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Effects of Vitamin D Status on the

Fetus, Newborn, Infant and Children

Daily neonatal supplementation with 400 IU of
vitamin D quickly develops vitamin D stores in the
case of limited maternal-fetal vitamin D transfer,
and this will lessen the effects of fetal exposures ®

When it comes to vitamin D insufficiency, children
under the age of five are among the population
groups that are most affected. Infants' vitamin D
level during the first 6 to 8 weeks of life is most!)y
reliant on placental transmission in pregnancy. *
Stores of vitamin D during infancy are depleted by
approximately 2 months of age. % After then,
nutrition,  sunlight, and supplementation all
contribute to the infant's vitamin D intake. For
sustaining appropriate vitamin D levels, human
milk is insufficient, especially if sunlight exposure is
restricted. " Infants who are exclusively breastfed
get hypovitaminosis D because of the poor quality
of human milk. ™" Six weeks to six months
postpartum are a crucial window for treating
vitamin D insufficiency in infants who are
exclusively breastfed. " There are several original
investigations on the relationship between
maternal vitamin D and a child's linear growth,
however there is a lack of comprehensive scientific
data. In this review, we investigate the relationship
between maternal vitamin D level and linear growth
in young infants. The results of this synthesis will
aid in educating the scientific community on the top
areas that need to be researched in order to
supplement vitamin D in children's growth. "

Evidence for Supplementation and

Recommendations

The American College of Obstetricians and
Gynecologists also stated in 2011 that a daily dose
of 1,000-2,000 IU of vitamin D would be safe in
pregnant women with low levels of vitamin D.
While 600 IU of vitamin D supplementation is the
recommended daily intake for adults. "> These
amounts, according to a recent study by Hollis et
al., may be overly conservative and ineffective to
provide adequate vitamin D levels during
pregnancy. They emphasized that endogenous
vitamin D concentrations produced daily from sun
exposure, especially in pregnant women, such as
10,000-20,000 U of vitamin D/day, are
significantly lower than the recommended upper
safe intake limit, which is 4,000 IU/day for the
Institute of Medicine and 10,000 IU/day for the
Endocrine Society. ° Recent research by these
authors included two randomized controls studies
comparing groups of pregnant women receiving
various vitamin D dosages (NICHD trial: 400
IU/day; Thrasher Research Trial: 2,000 IU/day and

Ann Coll Med Mosul December 2023 Vol. 45 No.2

Mazin Mahmoud Fawzi

4,000 IU/day). [77, 78]. A combined analysis of the
two RCTs indicates that supplementing pregnant
women with 4,000 IU/day of vitamin D is safe,

permits obtaining adequate amounts of vitamin D
for both the mother and the fetus, and appears to
lower the risk of preeclampsia and infections. "
There is no any information about the safety of
large levels of vitamin D during the first trimester of
pregnancy because supplementation didn't begin
until the 12th week of pregnancy. Roth et al.
discovered that a weekly dose of 35,000 IU might
increase maternal vitamin D levels safely and
recommended that this regimen of supoIement be
taken into consideration in future trials. *°

Last but not least, Dawodu et al. demonstrated
that the most efficient dose to increase vitamin D
levels during pregnancy with low levels of vitamin
D and their offspring is 4,000 1U/day. ®
Apart from divergent views on dosage, it is
generally recognized that vitamin D
supplementation during pregnancy is important,
especially in light of the common insufficiency in
the general population. Before they serve as the
foundation for clinical practice, the recent
discoveries about the body health advantages for
mothers and children should be reviewed. First off,
the majority of research on vitamin D during
pregnancy is still observational, and there have
only been a few RCTs performed thus far.
Observational studies should be viewed as articles
that generate hypotheses and establish the
groundwork for further experiments to confirm
earlier findings. ® Two recent meta-analysis reach
the same conclusion ¥ | claiming that because
there are not enough high-quality trials, there is
now only weak evidence that vitamin D
supplementation during pregnancy would be
beneficial for mother or child.

Notably, however, the aforementioned most
recent RCTs have not yet been included in a meta-
analysis. Finally, while vitamin D supplements
should be given to all pregnant women, special
consideration should be assumed to those who are
at a great risk of hypovitaminosis D. Specifically
due to limitations of vitamin D metabolism by
seasonal or pathological disorders,consent should
be achieved on customized supplementation for
women having the risk factors of limited or
incompetent sun exposure. %%
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RECOMMENDATIONS

The organization restates that the cutoff values of
12 ng/mL, 12-20 ng/mL, and >20 ng/mL for serum
25-hydroxy vitamin D are considered for vitamin D
deficiency, insufficiency, and sufficiency,
respectively. Serum 250HD >100 ng/mL with
hypercalcemia and/or hypercalciuria is the
definition of vitamin D toxicity. During infancy, 400
IU/day of vitamin D supplementation is advised;
however, older children and adolescents should
get their recommended daily allowance of 400—600
IlU/day of vitamin D from their diets and from
natural sources, such as sunlight. Oral
cholecalciferol should be used to treat rickets and
vitamin D deficiency, preferabl;/ on a daily dosage
plan of 2000 U for 12 weeks. 8

CONCLUSION

The correct mineralization of bones during
childhood depends on vitamin D. Although enough
amounts of this mineral should be provided by diet
and sun exposure, vitamin D deficiency rickets are
extremely common worldwide. The greatest risk of
developing nutritional rickets in children is
associated with certain diseases that result in
reduced vitamin D production and/or absorption.
Severe forms of vitamin D resistant or dependent
rickets are also linked to a number of uncommon
genetic abnormalities.

Maternal vitamin D levels during pregnancy may
have an impression on the duration of pregnancy
as well as the health of the fetus and kid. The
appropriateness of supplements and advised
doses during pregnancy is a contentious topic.

A fascinating and exciting area of study deals with
the effects of vitamin D supplementation on
pregnant women and how effective it is. However,
as the results of the present studies are still
inconclusive, more research is required to help
clinicians navigate the dense body of literature. In
the near future, it is hoped that a supplement this
straightforward and seemingly efficient would
enhance pregnancy outcomes and both maternal
and child health.
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