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ABSTRACT

Skeletal growth and bone health are very important in children. The effective role of vitamin D in bone mineral density has been observed
in children and adolescents. This systematic review study evaluated the effects of vitamin D on bone density in healthy children with the
help of valid databases and the website of clinical trials. The results of experimental, clinical, retrospective, prospective, double-blind,
and randomized studies were used. Articles that appropriately covered the topic and had the proper content structure were selected
for this review. Out of a total of 132 articles, finally, 13 articles were selected based on inclusion and exclusion criteria for further
study, the results of which show the association between serum levels of vitamin D and bone mineral density and health. However, in
some articles, the relationship between other influential variables such as age and nutrition on bone density in children was identified.
In general, the current systematic review demonstrates the role of vitamin D on bone density in healthy children, so that in children
studied, vitamin D is at different levels and complications related to bone density are observed in many children. It is recommended
that more clinical and longitudinal studies be performed to further understand the role of vitamin D levels in bone health in children.
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Introduction

Vitamin D along with calcium is greatly important for
skeletal growth and bone health, also, has an important effect
on body structure, soft tissue, fetal growth, and women’s
health. This vitamin is a secosteroid that could be obtained
from the diet as ergocalciferol (vitamin D2), from plant sources
as cholecalciferol (vitamin D3), and from animal sources.
When 7-dehydrocholesterol is exposed to ultraviolet B (UVB)
rays, vitamin D could be produced endogenously in the skin.
Vitamin D is converted by 25-hydroxylase in the liver to
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25-hydroxyvitamin D [25(OH) D]. It is the main circulating
form of vitamin D and acts as a reservoir for the conversion
of the active metabolite 25-hydroxyvitamin D [25(OH) D] by
lo-hydroxylase. This enzyme is located primarily in the cells of
the proximal tubule of the kidney and to a lesser extent in the
placenta, bone, and parathyroid glands.* The classic function of
vitamin D is in calcium and phosphate homeostasis. The synthesis
of 1,25-(OH) 2D in the kidney is highly regulated in response to
serum ionized calcium (Ca*") levels. This occurs with parathyroid
hormone (PTH) and fibroblast growth factor-23 (FGF-23). Low
levels of Ca** stimulate PTH sectetion, which simultaneously
increases renal calcium uptake into the distal tubule and reduces
proximal tubule phosphate reabsorption, which ultimately
regulates the synthesis of 1,25-(OH) 2D. The main function of
1,25-(OH) 2D is to increase dietary calcium absorption through

intestinal cells."”
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25(OH) D is currently the best biochemical indicator of vitamin
D status because hepatic hydroxylation of cholecalciferol to
25(OH) D depends only on the availability of conditions, whereas
conversion of 25(OH) D to 1,25-(OH) 2D is fully regulated in
response to serum Ca*" and PTH. The half-life of 25(OH) D is
significantly longer than 1,25-(OH) 2D: approximately 2—3 weeks
compared with 4-6 h.[

There is little data to confirm the epidemiology of serum 25(OH)
D in the general population, but several studies report a high
prevalence of vitamin D deficiency (VDD).B! Vitamin D is also
absorbed in adults, but the fetus depends on the mother to absorb
25(0OH) D, and 25(OH) D passes easily through the placenta
during pregnancy, and maternal venous blood and umbilical cord
have medium levels of 25(OH) D.I"¥

Prevention of osteoporosis is a common and costly public
health problem that is of great importance. The main cause of
this disease is the low mineral density in bones, which is also
the main cause of bone fractures. Low levels of vitamin D are
very common in children and adolescents and are a major public
health issue worldwide, including in the United Kingdom, many
European countries, the United States, L.ebanon, Australia, and
New Zealand.”' Low mineral density in bones is one of the
risk factors for fractures in childhood. Evaluation of strategies
to maximize bone mass in childhood has been identified as a

research priority."!

Vitamin D deficiency is diagnosed by measuring serum 25(OH) D.
Concentrations above 50 nmol/L are considered normal, which
of course is debatable because although only lower amounts are
commonly associated with clinical conditions such as rickets,
the optimum level for bone health may be above 50 nmol/L.1

Randomized controlled trials of vitamin D supplementation
have reported conflicting results for bone densitometry (bone
density analysis)*'" and therefore evaluation of the effectiveness
of vitamin D supplementation in improving bone density in
children and the relationship between serum vitamin D levels
and bone density is greatly important. This systematic review was
conducted to determine the effect of vitamin D on bone density
in healthy children, to identify the most effective components
in children, and to determine the number of children with bone
density problems in these studies.

Materials and Methods

This study was performed according to the preferential reports
to systematically evaluate the effects of vitamin D on bone
density in healthy children during 2000-2020. This systematic
review followed a predefined protocol that has been recorded in
the international database of prospectively registered systematic
reviews in health and social care (PROSPERO). No ethical
approval was required for this study. The following databases
were searched: PubMed, MEDLINE, CINAHIL, EMBASE,
Cochrane Library, and Clinical Trials website. The current clinical
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systematic review uses the results of experimental, clinical,
retrospective, prospective, double-blind, and randomized studies.

Inclusion and exclusion criteria

Inclusion criteria were minimum treatment with vitamin D
supplements and mention of vitamin D efficacy results. Studies
in languages other than English and studies in which vitamin D
was not used to treat osteoporosis were excluded.

Data collection

To collect information from the databases, keywords such as vitamin
D, osteoporosis, rickets, bone density, etc., were used. Various
methodological aspects of the articles including sampling techniques,
reliability of equipment and study objectives, bone mineral density,
and bone mineral content as a percentage change from baseline, as
well as sex, age, stage of maturation, and basal serum vitamin D
level were investigated. Finally, articles that properly covered the topic
and had the right content structure were selected for this review. In
total, 132 articles with related topics, content, and objectives to the
subject of study, were selected for review.

Results

In the first stage, 132 titles were selected. In the initial screening
stage, duplicate content, title, and, if necessary, abstract of
articles were reviewed, and then 68 articles were selected. In
the second stage, the full text of the articles was studied and 26
articles were removed due to differences in purpose. Out of the
remaining 42 articles, 29 articles were excluded from the study
based on inclusion/exclusion criteria, and finally, 13 full-text
articles published in English on the relationship between vitamin
D and bone mineral density in children were included in the final
study. [Figure 1].

The results of these 13 studies are summarized in Table 1. The
results of these studies indicate a relationship between serum
levels of vitamin D and bone density in children, and the findings
confirm the control of bone density problems in children with
the help of a diet containing vitamin D. Thus, the closer the
level of vitamin D in the blood serum to normal, the higher the
health of bone density. The lower the vitamin D, the higher the
risk of bone problems in children.

In total, out of 2,683 children in the age range of 2 to15 years that
were studied in these 13 articles, 1,213 children had bone density
problems. Also, 1,109 children showed a correlation between serum
vitamin D levels and the incidence of bone density problems.
Regarding the diet with vitamin D, in 532 children a significant
relationship was observed between the effects of vitamin D
supplementation and bone mineral density. In 367 children, a
significant relationship was found between vitamin D level and bone
mineral density, and in 236 children, a significant relationship was
found between vitamin D and lumbar spine bone mineral density.
In 265 children, the relationship between the effects of vitamin D
on femoral bone mineral density was significant. In 985 children,
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Table 1: Results related to the effects of vitamin D on bone density in children

Authors/ Title Population/Age/Type of  Method Results
Year research
Cheng Effects of calcium, This placebo-controlled Dietary calcium intakes<900 Calcium supplementation with cheese resulted

et al, 2005

Kvammen
et al,l"* 2020

Mager
et al,l" 2012

White et al.,"
2019

dairy product,

and vitamin D
supplementation

on bone mass

accrual and body
composition in 10- to
12-year-old girls: a
2-year randomized
trial.

Bone mineral density
and vitamin D in
pediatric intestinal
failure patients
receiving home
parenteral nutrition

Vitamin D and K
status influences
bone mineral
density and bone
accrual in children
and

adolescents with
celiac disease

Bone Health, Cody
composition, and
Vitamin D

Status of Black
Preadolescent
Children in South
Aftrica

intervention trial randomly
assigned 195 healthy gitls at
Tanner stage I-11, aged 10-12

years

An observational
cross-sectional study

was performed at Oslo
University Hospital and at
the Department of Nutrition,
University of Oslo/Nineteen
IF patients and 50 healthy
children were included. The
m ean age of participants was

10 years.

54 children and adolescents
(35 females and 19 males)

aged 3-17 years with
biopsy-proven CD at

diagnosis and after 1 year on
the GFD were studied.

Data were collected by means
of a cross-sectional study
on 84 conveniently sampled

black

preadolescent South African
children (44 girls, 40 boys;
meantSD, age 8.5-1.4

years) from September to
November (spring season),
2016 in Pretoria, South
Africa, at a latitude of 25

S. Ethical approval was
obtained from the Research
Ethics Committee, Faculty of
Health Sciences, University of

Pretoria.

mg/d to 1 of 4 groups: calcium
(1,000 mg) + vitamin D3

(200 IU), calcium (1,000 mg),
cheese (1,000 mg calcium), and
placebo. Primary outcomes

were bone indexes of the hip,
spine, and whole body by X-ray
and of the radius and tibia by
peripheral quantitative computed
tomography.

Dual energy X-ray
absorptiometry (DXA; Lunar
Prodigy in IF patients and Lunar
iDXA in healthy subjects) was
performed to assess BMD and
body composition. BMD z-score
(BMD-z) was calculated for total
body and lumbar spine L2-1.4
based on the integrated reference
population in the software.
Weight and height were measured
for growth assessment. Nutrient
provision was assessed by a 4-day
food record. Blood samples were
analyzed for 25-hydroxy-vitamin
D (25[OH] D). Physical activity
was reported by a questionnaire.
bone mineral density (BMD)

was measured using dual-energy
X-ray absorptiometry. Relevant
variables included: diet,
anthropometrics,

vitamin D/K status, physical
activity, and sunlight exposure.

Body composition (fat-free
mass [FEM], FM and body fat
percentage [BF%]), and bone
health parameters (BMD, BMC,
and bone area) were measured
by means of whole-body dual
X-ray absorptiometry (DXA),
using the Hologic Discovery-W
densitometer. Weight estimated
by the DXA was used for
adjusting bone measurements.
The total body less head (TBLH)
and lumbar spine (LS) BMD
were used in reporting the data
due to the highly reproducible
nature of these measures in
pediatric measurements.

in a higher percentage change in cortical
thickness of the tibia than did placebo,
calcium, or calcium + vitamin D treatment and
in higher whole-body bone mineral density
than did placebo treatment when compliance
was >50%. With the use of a hierarchical
linear model with random effects to control
growth velocity, these differences disappeared.
Increasing calcium intake by consuming cheese
appears to be more beneficial for cortical bone
mass accrual than the consumption of tablets
containing a similar amount of calcium.
Lower median BMD-z for total body and
lumbar spine L.2-L4 were found in the IF
group compared with the healthy children.
Vitamin D provision was significantly higher
in IF patients (17 mg/d vs. 5.3 mg/d). Both
groups were sufficient in 25(OH) D (IF
patients 71 nmol/L vs. healthy 81 nmol/L).
Nevertheless, IF patients had significantly
lower 1,25-(OH) 2D than healthy children

(71 pmol/L vs. 138 pmol/L). The IF group
was significantly shorter (height for age
z-score -1.5 vs. 0.1) and lighter compared with
the healthy subjects. BMI-z did not differ;
however, body fat percentage was significantly
higher in IF patients compared with healthy
children (34% vs. 25%). A lower frequency of
physical activity was found in the IF group.
Whole-body and lumbar-spine BMD-z scores
were low at diagnosis (10%-20%) and after 1
year (30%-32%) in the children, independent
of symptoms. Whole-body BMD-z scores
and serum levels of 25(OH) vitamin D

were significantly lower in older children

(>10 years) when compared with younger
children . Forty-three percent had suboptimal
vitamin D status (25(OH)-vitamin D

<75 nmol/l) at diagnosis; resolving in neatly
half after 1 year on the GFD. Twenty-five
percent had suboptimal vitamin K status at
diagnosis; all resolved after 1 year.

A quarter (25%) of children presented with
low bone mass density for their chronological
age and 7% with low BMC for age, whereas
only 34% of the children had sufficient
vitamin D status. Lean mass was the greatest
body compositional determinant for variances
observed in bone health measures. Body
composition and bone health parameters
were not significantly different across vitamin
D status groups, except for lumbar spine
bone mineral apparent density (LS-BMAD).
No association was found between bone
parameters at all sites and levels of 25(OH) D.
Further research, using larger representative
samples of South African children including
all race groups is needed before any
conclusions and subsequent recommendation
among this population group can be made.
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Table 1: Contd...

Authors/ Title Population/Age/Type of  Method Results
Year research
For TBLH bone mass, the
Z-score is recommended to be
adjusted by the height Z-score.
Barnes Reduced Bone 17 children in case control Bone density of the lumbar marked reduction in bone mineral apparent
etal 2005 Density in Children  study were entered. spine, incotporating L1- density of lumbar spine between patients
on L4, on patients was assessed and controls. The lumbar spine areal bone
Long-Term Warfarin using Hologic QDR 4500 Elite ~ mineral density Z-score of patients was
densitometer reduced compared with controls [patients,
(Hologic, Bedford, MA). The —1.96 (95% CI, -2.52 to —1.40). This
coefficient of variation usinga  difference persisted after adjustment for age
spine phantom and body size. The etiology for the reduced
was 0.39%. Height was measured bone density is likely to be multifactorial,
without shoes to the nearest 1.0 however, screening of children on long-term
cm using a standard Harpenden — warfarin for reduced bone density should be
wall-mounted stadiometer. considered. The use of warfarin in children is
Weight was measured rising and is directly related to the increasing
with light indoor clothing, incidence of thromboembolic disease in
without shoes to the nearest children.
1.0 kg using standard electronic
scales. Body mass index (BMI)
was calculated using the
standard formula. To facilitate
interpretation of patient
anthropometric data.
Andersen Effect of vitamin D This 1-year-long The main endpoints were serum  Supplementation with 10 and 20 pg
et al,™ 2008  supplementation on  randomized double-blinded  25-hydroxyvitamin D (S-25[OH]  vitamin D3 per d increased S-25(OH)
bone and vitamin placebo-controlled D), parathyroid hormone, bone D concentrations similarly in vitamin
D status among intervention with vitamin D3 turnover markers and bone mass. D-deficient women (4-fold), and that 10
Pakistani immigrants (10 and 20 pg/d) included ug increased S-25(OH) D concentrations
in Denmark: girls (10.1-14.7 years), women 2-fold and 20 pg 3-fold in men. S-25(OH)
a randomized (18.1-52.7 years) and men D concentrations increased at 6 months and
double-blinded (17.9-63.5 years) of Pakistani were stable thereafter. Baseline S-25(OH) D
placebo-controlled origin living in Denmark concentrations tended to be lower in gitls and
intervention study. women than in men.
Takuo Incidence rate A questionnaire inquiring According to the Nationwide The estimated number of patients with
Kubota and characteristics the number of new patients ~ Epidemiologic Survey Manual symptomatic vitamin D deficiency per year
etal '2018  of symptomatic with vitamin D deficiency issued by The Epidemiological ~ was 183. The overall annual incidence rate

vitamin D deficiency
in children: a
nationwide survey in

Japan

rickets and/or hypocalcemia
for 3 years was sent to 855
randomly selected hospitals
with a pediatrics department
in Japan. In this survey, we
found that 250 children were
diagnosed with symptomatic
vitamin D deficiency.

Study Group of Specified

Rare and Intractable Diseases,

a questionnaire enquiring the
number of new patients with
vitamin D deficiency rickets and/
or hypocalcemia visiting the
target hospitals between April

1, 2013 and March 31, 2016 was
sent to 855 hospitals (32%) with
a pediatrics department, which
were randomly selected from all
hospitals (2,677) in Japan.

among children under 15 years of age was

1.1 per 100,000 population. The second
survey has provided detailed information

on 89 patients with symptomatic vitamin D
deficiency under 5 years of age in hospitals in
the current research group. The nationwide
estimated the overall annual incidence rate of
symptomatic vitamin D deficiency in children
under 5 years of age to be 3.5 per 100,000
population. The second survey revealed

83% had bowed legs, 88% had exclusive
breastfeeding, 49% had a restricted and/or
unbalanced diet, and 31% had insufficient sun
exposure among the 89 patients. This is the
first nationwide survey on definitive clinical
vitamin D deficiency in children in Japan.
Elucidating the frequency and characteristics
of symptomatic vitamin D deficiency among
children is useful to develop preventative
public health strategies.

Journal of Family Medicine and Primary Care

873

Contd...

Volume 11 : Issue 3 : March 2022



Karimian, et al.: Effects of vitamin D on bone density

Table 1: Contd...

Authors/ Title Population/Age/Type of  Method Results
Year research
Du et al.,”! School-milk A 2-year milk intervention Schools were randomized into Those subjects receiving additional
2004 intervention trial trial was carried out with 757 three groups: group 1, carton of  cholecalciferol compared with those
enhances growth girls, aged 10 years, from nine 330 mL milk; group 2, quantity  receiving the milk without added
and bone mineral primary schools in Beijing of milk additionally fortified with 25-hydoxycholecalciferol had significantly
accretion in Chinese  (April 1999 to March 2001). 5 or 8 pg cholecalciferol; group  greater increases in the change in
girls aged 10-12 years 3, control girls. Anthropometric  (size-adjusted) total-body bone mineral
in Beijing and bone mineralization content (2.4% vs. 1.2%) and bone mineral
measurements, as well as dietary,  density (5.5% vs. 3.2%). The milk fortified
health and physical-activity data, ~ with cholecalciferol significantly improved
were collected at baseline and vitamin D status at the end of the trial
after 12 and 24 months of the compared with the milk alone or control
trial. groups. It is concluded that an increase in milk
consumption, e.g,, by means of school milk
programs, would improve bone growth during
adolescence, particularly when Ca intake and
vitamin D status are low.
El-Hajj Effect of vitamin One hundred seventy-nine Areal bone mineral density In the overall group of gitls, lean mass
etal ”2 2006 D replacement on girls, ages 10-17 year, were (BMD) and bone mineral content increased significantly in both treatment
musculoskeletal randomly assigned to receive  (BMC) at the lumbar spine, hip,  groups (P<or=0.05); bone area and total
parameters in weekly oral vitamin D doses  forearm, total body, and body hip BMC increased in the high-dose group
school children: of 1,400 IU (equivalent composition were measured (P<0.02). In premenarcheal girls, lean mass
a randomized to 200 TU/d) or 14,000 at baseline and 1 year. Serum increased significantly in both treatment
controlled trial. ] Clin IU (equivalent to 2,000 calcium, phosphorus, alkaline groups, and there were consistent trends for
Endocrinol Metab 1U/d) in a double-blind, phosphatase, and vitamin D increments in BMD and/or BMC at several
placebo-controlled, 1-year metabolites were measured skeletal sites, reaching significance at lumbar
protocol. during the study. spine BMD in the low-dose group and at the
trochanter BMC in both treatment group
Ong YL The association of In a mother-offspring cohort  Associations did not find an association between maternal

et al. 1 2016

Viljakainen
et al.,* 2006

Yali Ren
et al ' 2019

maternal vitamin D
status with infant
birth outcomes,
postnatal growth
and adiposity in

the first 2 years of
life in a multiethnic
Asian population:
The Growing Up in
Singapore Toward
healthy Outcomes
cohort study

A positive
dose-response
effect of vitamin D
supplementation on
site-specific bone
mineral augmentation
in adolescent girls:
a double-blinded
randomized
placebo-controlled
1-year intervention
Determinants for
low bone mineral
density in preschool
children: a matched
case-control study in
Wuhan, China

in Singapore, maternal
plasma vitamin D of 991
women were measured
between 26 and 28 weeks of
gestation, and anthropometric
measurements were obtained
from singleton offspring
during the first 2 years of
life with 3-month follow-up
intervals to examine birth,
growth and adiposity
outcomes.

Altogether, 228 gitls

(mean age, 11.410.4 years)
participated.

Between November 2014
and April 2015, a matched
case-control study was
performed to detect
information on growth and
development condition and

were analyzed using multivariable

linear regression.

BMC was measured by DXA
from the femur and lumbar

spine. Serum 25-hydroxyvitamin

D [S-25(OH) D], intact PTH
(S-iPTH), osteocalcin (S-OC),
and urinary pyridinoline (U-Pyr)
and deoxypyridinoline (U-Dpyr)

were measured.

Anthropometric data
measurement and blood tests
were conducted. Besides, the
questionnaires concerning the
mentioned information were
completed to get relevant

vitamin D deficiency and infant birth
outcomes or postnatal growth and adiposity
measures in our cohort. We think that this can
be explained by the low prevalence of severe
vitamin D deficiency within this population.
Future studies using standardized and
established cut-offs defining vitamin D
deficiency will enable findings across studies
to be more comparable.

A dose-response effect was observed in the
vertebraec (ANCOVA, P=0.039), although
only with the highest dose. The mean
concentration of S-25(OH) D increased
(P<0.001) in the 5-ug group by 5.7£15.7 nM
and in the 10-ug group by 12.4£13.7 nM,
whereas it decreased by 6.7+11.3 nM in the
placebo group. Supplementation had no effect
on S-iPTH or S-OC, but it decreased U-DPyr
(P=0.042).

The results indicated that if children had
larger chest circumference (odds ratio [OR]=
0.763), longer duration of breastfeeding
(OR=0.899), and lower frequency of eating
snacks (OR=0.439), the risk of low BMD
would decrease.

consumption frequency of determinants.
products of cases with low
BMD and controls with
normal BMD.
Contd...
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Table 1: Contd...

Authors/ Title Population/Age/Type of
Year research

Method

Results

In total, 88 (28 boys, 60 girls)
incident cases (4.15+0.78
years) of low BMD and

88 sex- and age-matched
controls of normal BMD
were enrolled.

A paired t-test, the McNemar
test and univariate and multiple
conditional logistic regression
models were used to explore the

Our findings suggest that preschool
children with an association of larger
chest circumference, longer duration of
breastfeeding, and lower frequency of

association between these factors eating snacks could have lower risk for low

and low BMD.

BMD. Intended measures to strengthen
those protective factors could be effective in
reducing the cases of low BMD.

Audry H 25-hydroxy vitamin  In a prospective multiethnic ~ Maternal D concentrations There are inverse associations between

Garcia D concentrations population-based cohort during fetal D concentrations 25(OH) D concentrations during fetal life with

etal”1 2017  during fetal life study, embedded within at birth were measured. Total BMC and bone area in childhood, but these

and bone health in the Generation R 9901 body bone mineral density, associations were no longer significant after
children aged 6 years: mother-and-child pairs were  bone mineral content (BMC), adjustment for childhood 25(OH) D status.
a population-based  enrolled and obtained both area-adjusted BMC, and bone Data suggest that 25(OH) D concentrations
prospective cohort  midpregnancy maternal area using DXA in offspring at  during childhood might be more relevant
study 25(0OH) D concentrations and 6 years of age were measured. for bone outcomes than 25(OH) D
offspring DXA scans at age 6 associations using multivariable ~ concentrations during fetal life.
years in 4,815 pairs between  linear regression models, adjusted
April 1, 2002, and Jan 1, 2006, for lifestyle variables, and for
for participation in the study.  child’s height were examined.
complications associated with vitamin D deficiency, including
H References were entersd to the . . i i
2 sty (@ =132 ) the low bone mineral density of the hip, spine, and arm bones.
% The effect of supplementation on the arm bone was more than
= othet points, which was also seen in similar clinical studies.”'*>*%

= Records after duplicates emovad . . . .

— (n=68) Another important issue that was addressed in this study, was
¥ paying attention to vitamin D levels in children before taking a
2 vitamin D supplement. Many healthy children are deficient in
; Records scrasnad Records excludad vitamin Dj a parallel systematic review has shown that targeting

n=4) (n=26 ) . . . . .
children and adolescents with vitamin D deficiency could lead to
v clinically significant improvements in their bone density, however,
= taking vitamin D supplements to improve bone density in healthy
i . . . . .
z 5 - children and adolescents with normal vitamin levels is generally
8 ‘wll-text articles assassad
3 for aligibility not recommended.?”
= (@=13) Fulltaxt articles excluded,
1 with exclusion and
- ‘“d‘("::'z‘;")‘““ Examination of vitamin D levels in children has shown the
= role of this vitamin in the better development of children. This
- vitamin affects many important hormones and proteins in the
% ;uﬁ;fx;im body of children. Also, the amount of free vitamin D is affected
Ei (@=13) by various factors such as different seasons, so that in children
) over 6 years of age the amount of vitamin D was higher in spring

Figure 1: Diagram related to the selection of reviewed articles

serum vitamin D levels were found to be associated with children’s
age, but no association was found between children’s age and bone
density. Lack of sun exposure was observed in 438 children. On
the other hand, the results showed that in 272 children, vitamin D
levels were not associated with the risk of bone density problems.

Discussion

In our systematic review, it was found that providing adequate
nutrition with vitamin D has a beneficial effect on reducing the

Journal of Family Medicine and Primary Care

and summer compated with autumn and winter.*

In two of the studies, the role of the sun in increasing vitamin D
in children was mentioned. A number of risk factors for VDD
have been identified, many of which are related to reduced
UVB exposure and limited skin production of cholecalciferol.
In high-latitude countries, seasonal variation is so influential
in serum 25(OH) D status of individuals that it reduces to
minimum levels in late winter and maximizes in midsummer.*-3!1
In addition, the effect of latitude on 25(OH) D status is clearly
observable in the United Kingdom, since the children and
postmenopausal women living in the north of England and

Volume 11 : Issue 3 : March 2022
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Scotland have lower levels of 25(OH) D, in comparison with

those living in the south of England.P?

A study conducted in Japan showed that in the first survey,
the number of children with vitamin D deficiency was 183 per
year. The overall annual incidence of vitamin D deficiency in
children under the age of 15 was estimated at 1.1 per 100,000.
In the second survey of 89 patients with symptomatic vitamin D
deficiency under the age of 5, the overall annual incidence of
symptomatic vitamin D deficiency in children under the age of
5 was estimated at 3.5 per 100,000. Regarding the symptoms and
causes of deficiency in these children, 83% had bent legs, 88%
exclusive breastfeeding, 49% limited or unbalanced diet, and 31%
insufficient sun exposure. The researchers found that elucidating
the frequency and characteristics of vitamin D deficiency in
children is useful for developing prevention strategies and
increasing children’s general health.['"

Intestinal health in children plays an important role in the
absorption of vitamin D. In one of the studies in children
with chronic intestinal diseases, it was found that children with
intestinal diseases showed lower levels of vitamin D in their
blood serum than healthy children, and their bone mineral
density was significantly reduced. Also, unhealthy children
had complications in the L.2-1.4 vertebrae of the lumbar spine
compared with healthy children and showed a lower frequency
of physical activity."®*!

In another study, one of the influential factors determining body
composition and bone health in children was the children’s body
mass index. Vitamin D normal levels were higher in children
with appropriate body mass index and the apparent density of
the lumbar spine bone mineral was significantly different in the
children studied.! A study also showed that the use of warfarin
in children reduces bone density and affects vitamin D levels.
Thus, this rate is in the desired range in healthy children. Vitamin
deficiency in children taking warfarin has affected bone health,
especially in their spine.?*+¢!

One of the points mentioned in one of the studies is the level
of vitamin D in newborns and its effect on the growth of
children in childhood.P” Studies by Sharma e# @/ have shown
that newborns with vitamin D deficiency were smaller and had a
calcium deficiency. They stated that vitamin D deficiency would
certainly affect growth disorders in the future.’” The results
showed that there was an inverse relationship between vitamin D
concentration during fetal life and BMC and bone growth in
childhood, but these correlations were no longer significant after
adjusting vitamin D levels in childhood. The data also showed
that regulating the concentration of vitamin D in childhood
could have a positive effect on bone complications during the
life of children and that vitamin D supply in childhood is very
important.P Thus, another study found that children with larger
chest circumference, longer duration of breastfeeding during
infancy, and lower frequency of eating fast foods and snacks,
have a lower risk of bone density problems in adolescence.™

Journal of Family Medicine and Primary Care

Paying attention to vitamin D levels from the prenatal period to

(5625401 Measures to boost vitamin

adolescence is very important.
D and protective factors could be effective in reducing cases of

low BMD in children.*!

The present systematic review demonstrates that one of the
potential strategies to reduce bone problems in children is to
improve vitamin D levels in them. Consumption of foods
containing vitamin D and exposure to sunlight are effective in
improving vitamin D levels in healthy children and promote
better bone growth in them.

Conclusion

In general, the present systematic review propetly shows the
role of vitamin D on bone density in children, so that in many
cases, complications related to low bone mineral density were
observed. The study of the frequency and characteristics of
vitamin D deficiency in children is useful for the development
of prevention strategies and increasing the general health of
children. The role of the sun is important in increasing vitamin
D levels in children, also, providing proper nutrition containing
vitamin D has a beneficial effect in reducing the complications
associated with vitamin D deficiency. Intestinal health and body
mass index in children play an important role in the absorption of
vitamin D. The use of warfarin in children reduces bone density
and the consumption of this medication is not recommended.
Vitamin D concentrations throughout fetal life are associated
with BMC and bone growth in childhood, and adequate levels
of vitamin D in childhood could have a positive effect on bone
problems during childhood and adolescence. Finally, conduction
of more clinical and longitudinal studies is suggested, to further
understand the role of vitamin D in bone health in children and
to accurately measure the best concentration of vitamin D for
bone growth and density in healthy children.
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