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Abstract

Vitamin D insufficiency is a major public health concern worldwide. 
Vitamin D plays a vital role in bone health through the regulation of calcium 
and phosphate absorption. In this article, we will discuss various aspects of 
vitamin D’ association with bone health and the detrimental effects of vitamin D 
deficiency. Prevention, early identification, and treatment of vitamin D deficiency 
may have a profoundly positive effect on the quality of life throughout the life 
span. Lastly, we provide recommendations on vitamin D intake to optimize bone 
health in children and adolescents.

Keywords: Vitamin D; Vitamin D deficiency; Hypovitaminosis D; Bone 
health; Children; Adolescents; Bone mineral density

the formation of vitamin D3 (cholecalciferol). This is converted 
by the liver into 25-hydroxyvitaminD3 (calcidiol, 25OHD) and is 
subsequently converted by the kidney into 1,25-dihydroxyvitamin D3 
(calcitriol1,25(OH)2D), the active form of vitamin D.

Although sunscreen and avoidance of direct sun exposure 
protects against sunburns, premature aging, and cancer of the skin 
[4], it does interfere with the cutaneous production of vitamin D and 
can contribute to vitamin D deficiency.

Nutrition: Very few natural foods contain vitamin D. Flesh 
of fatty fish, fish liver, fish oil and fish liver oil are among the best 
natural nutritional sources of vitamin D. Other natural sources such 
as cheese, beef liver and eggs have a small amount of Vitamin D. 
Nowadays fortified cow milk is the main source of vitamin D in the 
United States. Other fortified products include, juices, cereal, bread, 
yogurt and margarine. 

Vitamin D status
The World Health Organization defines the ‘International Unit’ 

(IU) of vitamin D3 as the activity of 0.025 g of the international 
standard preparation of crystalline vitamin D3. One IU of vitamin 
D3 equals 0.025 g, or 65 pmol. The unit definition of the active 
metabolite, calcitriol was set to be equivalent in molar terms to that 
of the parent vitamin D3. Thus, 1 unit is 65 pmol of calcitriol; as such 
the unit of calcitriol is much more active than the unit of vitamin 
D itself. The vitamin D requirements for children or adults have not 
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Introduction
Osteoporosis is characterized by low bone mineral density 

(BMD) [1]. Decreased BMD is associated with increased fracture 
risk. In adults, normal BMD results from the balance between accrual 
of peak bone mass (PBM) at the end of adolescence and subsequent 
bone loss with age. It affects approximately 10 million individuals 
in the United States, causing significant morbidity and mortality. 
Physical inactivity, immobilization, calcium deficiency, and vitamin 
D deficiency are examples of important risk factors for osteoporosis. 

Vitamin D
Vitamin D is a fat-soluble vitamin and essential nutrient for 

calcium uptake which comes from two main sources, sun exposure 
and vitamin D-containing foods [1]. The major source of vitamin D 
for all age groups is exposure to natural sunlight [1].The main source 
of vitamin D in the United States is fortified foods. There are two 
major physiological forms of vitamin D, vitamin D2 (ergocalciferol) 
and vitamin D3 (cholecalciferol) (Figure 1). Vitamin D3 is more 
potent and effective than vitamin D2 for maintaining adequate levels 
of vitamin D in the body.

Over the past decade, the view on vitamin D has changed from 
a strict ‘vitamin’ to a ‘hormone’. The vitamin D receptor is not only 
expressed in tissues responsible for calcium homeostasis, but also 
other tissue types involved in the regulation of cellular proliferation, 
differentiation, apoptosis, and angiogenesis [1]. The extra skeletal 
effects of vitamin D have been implicated in a number of pathological 
processes including diabetes, cancer, multiple sclerosis, psoriasis and 
the inflammatory response [2,3].

Source of vitamin D 
Sun exposure: Sunlight exposure is the major source of vitamin 

D in humans and animals via conversion in the skin. When humans 
are exposed to sunlight, solar ultraviolet B (UVB) photons are 
absorbed by the skin, leading to a chemical reaction resulting in 

Review Article

Vitamin D and Bone Health in Children
Pitukcheewanont P1*, Riestra J1, Nasomyont N2 
and Punyasavatsut N3 
1Department of Pediatrics, Children’s Hospital Los 
Angeles, USA
2Department of Pediatrics, University of South Alabama, 
USA
3Scottish Rite Pediatric Adolescent Consultants, 
Children’s Healthcare of Atlanta, USA 

*Corresponding author: Pisit Pitukcheewanont, 
Department of Pediatrics, Children’s Hospital Los 
Angeles, 4650 Sunset Blvd, Mailstop #61 Los Angeles, CA 
90027, USA

Received: July 21, 2016; Accepted: August 31, 2016; 
Published: September 02, 2016

Figure 1: Structures of Vitamin D.
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been precisely defined. Historically, it was defined on the basis of the 
vitamin D content in a teaspoon of fish oil, a quantity shown to be 
sufficient to prevent rickets.

The serum concentration of 25OHD is the best indicator for 
vitamin D status due to its abundance in the circulation and the 
long half-life. Committee of the Pediatric Endocrine Society has 
recommended that a serum 25OHD level of >50 nmol/L (>20 ng/mL) 
is indicative of vitamin D sufficiency, a level of 37.5–50.0 nmol/L (15–
20 ng/mL) as vitamin D insufficiency, a level of <37.5 nmol/L (<15 
ng/mL) as vitamin D deficiency, and a level of ≤12.5 nmol/L (≤5 ng/
mL) as severe deficiency for children [5]. Serum alkaline phosphatase 
is noted to elevate when serum 25OHD is less than 50.0 nmol/L (20 
ng/mL) [6].

Vitamin D insufficiency /deficiency 
Vitamin D insufficiency: Although there is no consensus on the 

optimal 25OHD concentration for skeletal health, a US expert panel 
considered a 25OHD concentration of >27.5 nmol/L (11 ng/mL) 
as an indicator of adequate vitamin D status from birth through 18 
years and a concentration of >30 nmol/L (12 ng/mL) for adults aged 
19–50 years [7,8]. The panel based these values on their associations 
with linear growth and bone mass in infants, the absence of signs and 
symptoms of vitamin D deficiency in children, and the relation of 
25OHD with PTH concentrations and calcium balance in adults. A 
UK expert panel considered a plasma on concentration of >25 nmol/L 
(10 ng/mL) as an index of suboptimal vitamin D status [1]. Some 
suggest that a minimum level of 30 ng/mL (75 nmol/L) is necessary in 
older adults for overall health and disease prevention but insufficient 
data are available to support them [1-3,8,9]. This value is higher than 
the lower end of the reference range, suggesting that the lower end of 
current reference range is too low. 

The report from the Drug and Therapeutics Committee of the 
Lawson Wilkins Pediatric Endocrine Society has recommended 
that a serum 25OHD level of >50 nmol/L (20 ng/mL) is considered 
as indicative of vitamin D sufficiency and level of 37.5–50.0 nmol/L 
(15–20 ng/mL) as vitamin D Insufficiency for children [5].

Vitamin D deficiency: Similar to vitamin D insufficiency, there 
is no consistent definition of vitamin D deficiency. The values range 
from <5 ng/mL to <20 ng/mL [6,10]. The report from the Drug and 
Therapeutics Committee of the Lawson Wilkins Pediatric Endocrine 
Society has recommended that a serum 25OHD level of <37.5 nmol/L 
(15 ng/mL) is considered indicative of deficiency and <12.5 nmol/L (5 
ng/mL) as severe deficiency for children [5]. 

Severe vitamin D deficiency generally presents as rickets and 
osteomalacia in children and osteomalacia in adults. However, 
plasma 25OHD concentration in rickets and osteomalacia ranges 
from the undetectable to around 8 ng/mL (20 nmol/l) [11].

Vitamin D and Bone health
Vitamin D is essential for calcium uptake and bone development 

and remodeling [12]. A meta-analysis has shown a clear association 
between circulating vitamin D levels and BMD, although the 
association between circulating vitamin D levels and fracture risk was 
not as well supported [13]. 

Risk factors for vitamin D deficiency 
Lack of dietary vitamin D: It may occur in people on a vegetarian 

diet who do not drink milk products, in people who are lactose-
intolerant, or in those unable to absorb fat-soluble vitamins. Eating 
oily fish, such as salmon and mackerel, three or four times weekly, is 
usually adequate to meet the vitamin D requirement in children [14]. 

Lack of sun exposure: Sunlight is the primary source of vitamin 
D via conversion in the skin. This source of vitamin D is reduced in 
environmental conditions where sunlight exposure is limited. 

Although chronic excessive exposure to UVB sunlight increases 
the risk of actinic keratosis and squamous cell carcinoma of the skin, 
the avoidance of direct sun exposure increases the risk of vitamin D 
deficiency. UVB exposure can be influenced by several factors. Lack 
of vitamin D production by the skin may also occur during indoor 
confinement because of chronic illness [15] or prolonged indoor work 
during daylight hours. One-third of students at Boston University 
who stayed indoors for long periods and always wore sun protection 
were vitamin D-insufficient by the end of winter [16].

Dark clothing: Individuals wearing black clothing exclude 
100% of UVB light [17], while the use of sunscreen factor 8 or more 
excludes 95% of UVB light [2]. It has been suggested that the use of 
sunscreens to prevent skin cancer may actually put individuals at 
risk of vitamin D deficiency [18], potentially leading to osteoporotic 
fractures. However, there are discordant results from other studies of 
chronic sunscreen users that report no difference in vitamin D levels 
[19,20]. 

Pollution: Vitamin D production may be reduced in areas with 
severe air pollution, a common problem in many big cities. Children 
living in an area of Delhi, India with high levels of atmospheric 
pollution have significantly lower 25-hydroxyvitamin D levels than 
a comparable group of children living in a less polluted area of Delhi 
[21]. 

Skin pigmentation: Increased skin pigmentation also reduces the 
capacity of the skin to produce vitamin D. Darker-skinned people and 
lighter-skinned people have similar capacities to synthesize vitamin 
D, but, at average levels of sun exposure, vitamin D synthesis is less 
efficient among darker-skinned people because of their increase in 
skin melanin [22]. This increase in melanin requires that the skin 
be exposed to longer periods of sunlight in order to make the same 
amount of vitamin D compared with lighter-skinned individuals. 
Multiple studies have shown an increase in vitamin D deficiency 
among darker-skinned infants and children [23-28]. 

Living in high altitude: Higher latitude contributes to decreases 
in UVB. The oblique angle at which sunlight reaches the atmosphere 
at higher latitudes leads to a longer path through the atmosphere and 
ozone layer, ultimately causing increased scatter and decreased UVB 
[29]. 

Lack of prenatal care and breast feeding: Neonates born to 
mothers with low 25-hydroxyvitamin D levels have decreased vitamin 
D level at birth and are at increased risk of developing hypocalcemic 
seizures and rickets [30]. 

Human breast milk contains only small amounts of vitamin D. 
Thus, children who are exclusively breast-fed and do not receive 
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vitamin D supplementation or adequate exposure to sunlight are at 
high risk of developing vitamin D deficiency and/or manifestations 
of rickets [31].

Skeletal effects of vitamin D
Vitamin D is essential for bone development and remodeling. It 

promotes intestinal calcium and phosphorus absorption, allowing 
for proper function of parathyroid hormone and inducing osteoclast 
differentiation [13]. A meta-analysis has also shown a clear association 
between circulating vitamin D levels and BMD [32]. 

Calcium is both actively and passively absorbed in the small 
intestine, and low vitamin D levels are associated with impairment 
of the active absorption of calcium. In individuals with vitamin D 
deficiency, only 10-15% of dietary calcium is absorbed [33].

Skeletal effects of vitamin D deficiency include osteomalacia due 
to failure of calcification of osteoid in adults with mature bone and 
rickets due to impaired longitudinal bone growth and epiphyseal 
dysplasia in children with growing bone. 

Rickets
Rickets is a constitutional disease that only happens during 

childhood, characterized by impaired longitudinal bone growth, with 
cup-shaped metaphysis, widened and disorganized bone structure. 
Bone responds with compensatory proliferation of peripheral 
growth cartilage cells thus creating epiphyseal dysplasia, commonly 
known as rickets [34].The incidence of rickets has been increasing 
worldwide, possibly due to an increase in use of sunscreen and less 
time being spent outdoors [35]. In the United States, rickets due to 
vitamin D deficiency occur almost exclusively to breastfed infants 
who receive no vitamin D supplementation or pediatric patients with 
malabsorption or end-stage renal disease. Breast milk contains very 
low vitamin D (approximately 20-60 IU/liter) [1,3,10].

Vitamin D deficiency rickets becomes apparent during infancy 
and childhood. Infants may present with restlessness, slow growth, 
and delayed gross motor development. Gradual changes of bone 
due to abnormal mineralization can be visible over time especially 
at the end of long bones, resulting in enlargement of the wrists and 

ribs (rachitic rosary). The bone then becomes distorted as evidenced 
by bowlegs. Radiologic findings in affected longs bones may 
include widening of the growth plates and flaring and fraying of the 
metaphysis. Skull changes such as craniotabes, bossing and delay in 
closure of the skull bones may be noticed in infants with rickets. Late 
appearance of the teeth and early teeth fall out or decay can also be 
observed [36]. In severe cases that go untreated, bone may become 
fragile and fracture prone.

Treatment of vitamin D deficiency
Vitamin D: We recommend a similar regimen of1000 IU/day of 

vitamin D for infants <1 month old, 1,000 – 5,000 IU/day for infants 
1-12 months old, and 5,000-15,000 IU/day for children older than 
12 months for both nutritional deficiency and vitamin D deficiency 
rickets [37]. For a short term treatment, vitamin D2 2,000 IU/day, 
vitamin D2 50,000 IU/week, or vitamin D3 2,000 IU/day yield 
equivalent outcomes in the treatment of vitamin D deficiency among 
young children [4]. Vitamin D dosing should be reduced to 400 IU/
day after radiological evidence of healing is observed in 2 to 4 weeks 
of therapy.

Calcium: Calcium supplements should be considered in the 
presence of concurrent hypocalcemia. Calcitriol may be necessary in 
doses of 0.02-0.08 mcg/kg per day in two to three divided doses until 
calcium levels normalize. Calcium supplementation may be necessary 
to avoid subsequent hypocalcemia from “hungry-bone” syndrome in 
hypocalcemic and non-hypocalcemic children, especially those being 
treated with high doses of vitamin D supplementation [3].

Vitamin D supplementation
Nutritional vitamin D becomes essential when sun exposure is 

insufficient. Supplementation with vitamin D should be recommended 
for known risk groups of rickets development. Children with some 
liver and kidney diseases may need active vitamin D supplementation.

In 2008, the American Academy of Pediatrics (AAP) recommended 
vitamin D supplementation of 400 IU/day for all full-term breast-fed 
infants regardless of the level of formula supplementation, and 400 to 
800 IU/day for preterm infants [38]. The Canadian Pediatric Society 
endorsed 800 IU/day of vitamin D for breast-fed infants during the 
winter months. The Endocrine Society suggested that infants and 
children aged 0-1 year require 400-1000 IU/day of vitamin D [10]. 

Based on the 2008 guidelines of the AAP, children who do not 
ingest at least 1 L of vitamin D-fortified milk per day, should receive 
400 IU vitamin D per day as a supplement [38]. However, consuming 
1L of milk may not be practical in some children. Due to the increased 
risk of iron deficiency, children aged 1-5 years should consume no 
more than 600 mL (20 Oz) of milk per day. The Endocrine Society 
suggests that children aged 1-18 years (both male and female) require 
600-1000 IU /day of vitamin D [10]. 

Current Dietary Reference Intakes (DRIs) were developed by the 
Food and Nutrition Board (FNB) at the Institute of Medicine of the 
National Academies (formerly National Academy of Sciences) for 
vitamin (Table 1). 

Conclusion
Vitamin D plays an important role in bone health in children 

and adolescents. Establishment of good PBM during childhood and 

Age AI
RDA

Male Female Pregnancy Lactation

0 – 6 months 400 IU

6 - 12 months 400 IU

1 - 3 years 600 IU 600 IU

4 - 8 years 600 IU 600 IU

9 - 13 years 600 IU 600 IU

14 - 18 years 600 IU 600 IU 600 IU 600 IU

19 - 50 years 600 IU 600 IU 600 IU 600 IU

51 - 70 years 600 IU 600 IU

>70 years 800 IU 800 IU

Table 1: Recommended Adequate Intake (AI)* and Recommended Dietary 
Allowance (RDA) for vitamin D by Age Group (IU/day).

*Adequate Intake (AI) is the experimentally determined estimate of nutrient intake 
by a defined group of healthy people. 
Modified from National Academy of Sciences Dietary Reference Intakes for 
Calcium, Phosphorus, Magnesium, Vitamin D, and Fluoride.
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puberty will ensure good bone health later in life. Supplementation 
with vitamin D should be recommended for known risks for 
development of rickets to ensure that children and adolescents will 
maintain adequate BMD through adulthood and therefore minimize 
risk of osteoporosis and fracture in adulthood.
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