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Abstract

Vitamin D, also known as “sunshine vitamin”, has long been established as an essential
component for the maintenance of adequate bone health. Large number of studies are
available which demonstrate the various biochemical pathways of vitamin D in bone
physiology and its important role in musculoskeletal health. In last five decades, data
regarding the non‐bone effects of vitamin D have started to emerge, and now many
important non‐bone physiological processes are explained by the biochemical pathways
and functions of vitamin D. However, majority of the data regarding extra‐skeletal
effects of vitamin D are available regarding adult population. In this chapter, we try to
focus on the role of vitamin D in aging and various diseases which are frequently seen
in children, adolescents, and young adults such as cancer, type 1 diabetes mellitus,
allergies, asthma, and various autoimmune diseases.

Keywords: vitamin D, autoimmune disease, aging, diabetes, cancer, children

1. Introduction

Vitamin D, also known as “sunshine vitamin”, is considered essential for maintenance of bone
health along with many other key roles in metabolic processes of the body. About 10,000–
20,000 IU of vitamin D3 is produced in our skin from the sun's ultraviolet light (UVB) after
full body exposure for 15 min [1]. Complexion or skin phototype, use of sunblock, smog, cloud
cover, latitude, time of day (10:00 am to 02:00 pm), and season are some of the factors that affect
our body's ability to produce vitamin D [2]. Latitudes from 0 to 35° north or south allow
yearlong production of vitamin D in our body, but as latitude increases the amount of vitamin
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D production will decrease [3]. The latitude of Pakistan is 32.0162°N which is suitable for
yearlong production of vitamin D.

Recommended daily intake of vitamin D in the first year of life is 400 IU and 600 IU for everyone
above 1 year of age [4]. Vitamin D is essential for proper bone growth and bone remodeling
by the action of osteoblasts and osteoclasts [5]. Vitamin D insufficiency or deficiency can lead
to osteoporosis by decreasing calcium absorption from intestine and kidney [6]. Harinarayan
et al. have showed that normal homeostasis of bone has been seriously affected by decreased
intake of calcium and vitamin D in diet [7]. In children, inadequate mineralization of the
growing skeleton leading to rickets is an established fact [8]. Välimäki et al. discussed that
vitamin D deficiency is common in young men, especially in winter, and this deficiency may
have detrimental effects on the acquisition of maximal peak bone mass [9]. Gait disturbances
and myopathy have also been associated with severe vitamin D deficiency [10]. Discovery of
the vitamin D receptor (VDR) expressed in the cell nuclei of muscle cells and its association
with muscle cell contractility has been documented by Bischoff‐Ferrari et al [11]. Meta‐analysis
done by Papadimitropoulos et al. concluded that adequate levels of vitamin D decrease the
rate of vertebral and non‐vertebral fractures [12].

1.1. Prevalence of vitamin D deficiency

Studies from around the world have shown pandemic of vitamin D deficiency or insufficiency
[13]. In last decade, various studies from Pakistan have found critically low levels of vitamin
D in diverse groups of population. Work done by Siddiqui and Rai [14] in Hazara division of
Pakistan showed that nutritional rickets resulting from vitamin D deficient diet is a predis‐
posing factor for different childhood illnesses such as pneumonia, diarrhea, and delayed motor
milestones. They attributed lack of sun exposure, malnutrition, and various antenatal factors
as important causes for vitamin D deficiency. Similarly, Anwar et al. [15] found that 99.5% of
women and 97.3% of neonates from urban population sample and 89% of women and 82% of
neonates from rural population sample had below 50 nmol/l levels of vitamin D. Jamal et al.
[16] and Qamar et al. [17] have also found insufficient/deficient vitamin D levels in more than
90% children included in their studies. A study done in our laboratory including 5‐ to 11‐year‐
old children with intellectual disability also showed extremely low levels of vitamin D (12.08 
± 9.06 ng/ml) in 85% of study sample. These numbers are consistent with another population‐
based study done in Karachi by Iqbal et al. [18] who found that vitamin D was deficient in
73.7% and insufficient in 13.8% study subjects.

In last two decades, lot of studies came out from around the world reporting lower or deficient
levels of vitamin D; however, few questions remained ambiguous: How much vitamin D is
needed to achieve desirable health outcomes and how much of vitamin D is too much? In 2011,
a new public health report on dietary intake requirements for calcium and vitamin D authored
by the committee from the Institute of Medicine (IOM) gave their recommendations regarding
above queries. The committee concluded that serum 25OHD levels of 16 ng/ml (40 nmol/l)
cover the requirements of approximately half of the population, and levels of 20 ng/ml (50 
nmol/l) cover the requirements of at least 97.5% of the population. The IOM committee also
highlighted the fact that data for the upper cutoff limit were scarce and long‐term effects of
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chronically high concentrations of vitamin D, and a margin of safety for public health recom‐
mendations was prudent. Thus, serum 25OHD levels above 50 ng/ml (125 nmol/l) should raise
concerns among clinicians about potential adverse effects [4].

1.2. Vitamin D status and skin complexion

Complexion or skin phototype is another important factor that determines amount of vitamin
D production in our body. Individuals with darker complexion have higher chances of
developing vitamin D deficiency than fair‐skinned people [19]. The deficiency in circulating
levels of 25‐hydroxyvitamin D in individuals with darker skin complexion is mediated largely
by melanin which protects the skin from ultraviolet light rays. By blocking the sun's ultra violet
rays, melanin greatly reduces the skin's ability to convert 7‐dehydrocholesterol to cholecalci‐
ferol, the precursor of 25(OH)D, in the skin [20]. In 2011, Signorello et al. investigated the
association between 94 single nucleotide polymorphisms (SNPs) in five vitamin D pathway
genes (GC, VDR, CYP2R1, CYP24A1, CYP27B1) and serum 25‐hydroxyvitamin D (25(OH)D)
levels among 379 African American and 379 Caucasian participants, and they found that
common variation in vitamin D pathway genes predicts circulating 25‐hydroxyvitamin D
levels among African Americans having darker complexion [21].

Vitamin D supplementation is considered as an important factor in improving the poor bone
health of people with both fair and dark skin complexions. Studies have shown that people
with both dark and white skin color appear to have similar capacities to synthesize vitamin D
in the skin, but vitamin D synthesis is less efficient among blacks at usual levels of sun exposure
as compared to white people [22]. Recently, a study done by Gallagher et al. demonstrated that
despite having lower levels of vitamin D at baseline, the increase in serum vitamin D after
supplementation in African American women was similar to that seen in the Caucasian
women. Furthermore, 97.5% of both dark‐ and white‐colored women on 800 IU/daily for 12 
months reached a level of 20 ng/ml. They also concluded that because absorption and metab‐
olism of oral vitamin D are similar in both dark and fair complexioned people, lower levels of
serum 25OHD in African Americans must be due to lower production of vitamin D in skin [23].

1.3. Is Vitamin D synthesis gender specific?

Data regarding the association of gender with vitamin D synthesis are inconsistent and scarce.
There are number of conflicting hypotheses which indicate that differences in the amount of
adipose tissue in males and females and in their skins may lead to the variation in vitamin D
synthesis. Number of studies has demonstrated decreased bioavailability of fat soluble vitamin
D3 from cutaneous and dietary sources because of its deposition in body fat [24–27]. This may
point toward decreased vitamin D levels in women because of their excessive adiposity as
compared to men. On the other hand, it has also been hypothesized that the lighter color of
female skin permits synthesis of relatively higher amounts of vitamin D3 during pregnancy
and lactation [28]. On the contrary, data from a recent study in mice have demonstrated that
androgens decrease the synthesis of vitamin D induced by ultraviolet rays in the skin of a male
mice by an enzymatic mechanism [29].
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1.4. Physiology of non‐bone effects of vitamin D

Initially, it was thought that vitamin D has a restricted role in calcium homeostasis, but it is
only now that the pleiotropic actions of vitamin D with their clinical significance are becoming
apparent. Recently, 2776 genomic positions occupied by the vitamin D receptor (VDR) and 229
genes showing significant changes in expression in response to vitamin D have been identified
[30]. VDR has been identified in wide variety of tissues other than small intestine, kidneys, and
bone such as brain, heart, stomach, pancreas, activated T and B lymphocytes, skin and gonads
[31]. One hydroxylase activity has also been identified in cultured cells from skin, colon,
prostate, breast, lung, and brain [1, 32, 33]. Addition of vitamin D in our diet in the form of
supplementation or food fortification can reduce the risk of asthma, influenza, respiratory tract
infections, autoimmune diseases, diabetes, and cancer and improve bone and overall health
[2]. This evidence points to the diverse functions of vitamin D and its implicated role in various
diseases related to wide distribution of vitamin D receptors in many tissues.

In the following sections of this chapter, recent review of literature regarding physiological
role of vitamin D in various non‐bone effects is given.

2. Vitamin D and aging

It has been long known that aging decreases the capacity of human skin to produce vitamin
D3 (7‐dehydrocholesterol). This is evident from the classic study done by McLaughlin and
Holick in 1985 in which they exposed the skin samples from various age groups to ultraviolet
rays and compared the amount of previtamin D3 produced in the skin samples from 8‐ to 18‐
year‐old subjects with the amount produced in the skin samples from 77‐ to 82‐year‐old
subjects. The results revealed that aging can decrease the capacity of the skin to produce
previtamin D3 by greater than twofold [34].

In humans, aging represents the accumulation of changes in a human being over time,
encompassing physical, psychological, and social change. Telomeres, the DNA‐protein
structures located at the ends of chromosomes, have been proposed to act as a biomarker of
aging [35]. A cross‐sectional analysis of the Nurses’ Health Study (NHS) data done by Liu et
al. [36] demonstrated the association between vitamin D and telomere length in peripheral
blood leukocytes by using plasma biomarkers of both 25(OH)D and 1,25(OH)2D. They found
that higher plasma 25(OH)D levels are associated with longer telomeres, and this association
may be modified by calcium intake. The difference in telomere length between those with high
(vitamin D sufficient) and low (vitamin D insufficient) levels of vitamin D corresponded to 5 
years of aging. The shortening of telomeres is thought to be caused by decreasing inflammatory
mediators and cell proliferation [37]. Changes in the expression of VDR leading to vitamin D
resistance with aging have also been elaborated in recent literature. Several studies have
reported association of aging with decrease in the expression of VDR in bone, intestine, and
muscle tissues [38–40]. Various factors that decrease with aging have been identified to
influence VDR such as estrogen, growth hormones, and vitamin D itself [11, 41]. On the other
hand, the expression of TNF alpha which increases with aging has been shown to downregu‐
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late the expression of VDR [42, 43]. An animal study has also demonstrated a decrease in
number of vitamin D receptors in addition to decreased binding of active metabolite of vitamin
D with VDR in aged rat intestinal subcellular fractions [44]. Association of premature aging
phenotype with too high and too low vitamin D levels has also been demonstrated in mice [45].
A recent study found that individuals in the highest quartile of serum vitamin D had the
longest lifespan compared to those in the lowest quartile [46]. Above evidence and already
established associations of several common aging‐associated diseases such as osteoporosis,
hypertension, and diabetes with vitamin D deficiency point us to consider vitamin D levels as
a biomarker for aging.

3. Cancer in children

Although cancer in children is rare, it is the leading cause of death by disease past infancy
among children in the United States. The most common types of cancer diagnosed in children
and adolescents are leukemia, brain and other central nervous system tumors, lymphoma,
rhabdomyosarcoma, neuroblastoma, Wilms tumor, bone cancer, and gonadal (testicular and
ovarian) germ cell tumors [47]. Pakistan is a developing country with a population of about
180 million people out of which 39% are under 15 years of age. Although malnutrition and
communicable diseases are still the major killers, cancer is becoming an important cause of
morbidity and mortality in children. Cancer among children is fortunately less common than
in adult accounting for 3–5% of all cancers. Based on Karachi Cancer Registry, it is estimated
that about 7000–7500 children get cancer every year in Pakistan [48]. A limited number of small
studies have examined the vitamin D status of pediatric oncology patients, and the results
indicate an increased prevalence of hypovitaminosis D [49, 50].

3.1. Role of vitamin D in cancer

Specific vitamin D receptors found in nearly all tissues produce 1,25(OH)2D in the presence
of 25(OH)D. This 1,25(OH)2D is recognized to cause activation of VDR resulting in heterodi‐
merization with the retinoid X receptor and binding to cognate vitamin D response elements
(VDREs) in target genes involved in cellular differentiation, cell growth, apoptosis, inflamma‐
tion, and immune modulation [51, 52]. Formation of 1 alpha hydroxylase enzyme in cancer
cells has also been demonstrated [53, 54]. In last decade of twentieth century, number of studies
came out that highlighted the association of decreased vitamin D levels in individuals living
at high latitudes and increased risk of dying of colon, breast, prostate, and ovarian cancer [55–
57].

Polymorphism of VDR gene has been associated with high risk of cancer. Women with
mutations of VDR gene have higher risk of breast cancer [58]. Results of a hospital‐based case‐
control study conducted by our department demonstrated that the BsmI polymorphism in the
VDR gene may be associated with an increased breast cancer risk in Pakistani women nega‐
tive for BRCA1/2 germline mutations [59].
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Vitamin D‐liganded VDR displays antiproliferative activities in many tumor types, as do
activated members of the p53 family, through the induction of cell cycle arrest, senescence,
differentiation, and apoptosis [60]. Several metabolites of vitamin D which do not cause
hypercalcemia show antitumor activity in a subset of cancer patients with high VDR expression
and are associated with good prognosis [61]. Some transcription factors repress VDR gene
expression in human colon cancer cells. In human colon cancers, elevated expression of
transcription factors correlates with downregulation of VDR [62]. The malignant cells are
capable of annulling the antiproliferative activity of vitamin D by increasing the expression of
transcriptional factors.

Several preclinical trials have demonstrated the antiproliferative effects of active form of
vitamin D in various tumor types. The mechanisms by which vitamin D can exert antitumor
effects may include inhibition of tumor angiogenesis, induction of apoptosis, regulation of
different signaling pathways in tumor cells, and arrest of tumor cells in G0/G1 phase of cell
cycle. Preclinical data indicate that maximal antitumor effects are seen with pharmacological
doses of 1α,25(OH)2D3 and can be safely achieved in animals using a high‐dose, intermittent
schedule of administration [60]. Some clinical trial data indicate that 1α,25(OH)2D3 is well
tolerated in cancer patients within a proper dosing schedule. Data support the hypothesis that
vitamin D compounds may have an important role in cancer therapy and prevention, and merit
further investigation [63].

Despite the presence of wealthy data regarding vitamin D and cancer, only a handful of studies
have assessed vitamin D status in pediatric patients with malignancy, and all included
relatively small numbers of patients [50]. This may point to the need of continuing elaborative
research to identify the role of vitamin D in cancer, especially in populations with younger age
groups.

4. Diabetes and vitamin D

Vitamin D deficiency and diabetes have one major trait in common: both are pandemic. The
International Diabetes Federation estimated the number of people with diabetes worldwide
to be nearly 415 million out of which three‐quarters (75%) live in low‐ and middle‐income
countries. In Pakistan, prevalence of diabetes is 8.1%, whereas number of new cases of type 1
diabetes per 100,000 children per year is 0.5 [64]. Studies from different populations throughout
the globe have reported high rates of vitamin D deficiency in children with type 1 diabetes [65–
70]. Also several studies suggest that vitamin D deficiency correlates with the severity and
frequency of type 1 diabetes in children as well as that vitamin D supplementation may reduce
the risk of developing type 1 diabetes in younger age groups [71–73]. An analytical cross‐
sectional study conducted in our department demonstrated that offsprings of type 2 diabetics
were severely deficient in vitamin D and its levels were inversely correlated with most of the
components of metabolic syndrome [74]. Researchers have also explored the geographical
variation in childhood diabetes. In study done by Mohr et al. in 2008, incidence rates of type
1 diabetes in children aged <14 years during 1990–1994 in 51 regions worldwide were assessed
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by using multiple regression. This study found an association between low ultraviolet B
irradiance and high incidence rates of type 1 childhood diabetes after controlling for per capita
health expenditure. Incidence rates of type 1 diabetes approached zero in regions worldwide
with high UVB irradiance, adding new support to the concept of a role of vitamin D in reducing
the risk of the disease [75]. Similarly, data from sixth edition of diabetes atlas showed that
incidence of type 1 diabetes is higher in countries that are located furthest from the equator as
compared to countries located closest to equator. Staples et al. in their another study, which
specifically examined the latitude gradient within Australia's territories, found childhood
diabetes to be positively related to latitude. There was a strong threefold increase in prevalence
of type 1 diabetes moving from the most northern territory to the most southern territory of
Australia [76]. The above discussion positively points toward the association of incidence of
childhood type 1 diabetes with latitudinal location.

Type 1 diabetes mellitus results from a cellular‐mediated autoimmune destruction of the beta
cells of the pancreas [77]. Studies on mice suggest that vitamin D inhibits IL‐12 production and
pancreatic infiltration of T helper cells along with the increase in number of CD4 positive and
d CD25 positive regulatory T cells in pancreatic lymph nodes which may help in limiting the
immunological progression and preventing the clinical onset of type 1 diabetes [78, 79]. There
is evidence that vitamin D is important in the prevention of islet cell death and might be useful
in improving the survival of islet cell grafts [80]. The presence of VDR and vitamin D‐
dependant calcium binding protein on beta cells of pancreas has also been reported. The effects
of vitamin D on beta cells may be by its regulation of extracellular calcium and calcium flux
through the beta cell or through calcium‐independent pathways. Vitamin D deficiency may
also impair insulin secretion through its associated increase in parathormone levels. It may
reduce insulin resistance by its immunomodulatory and antiinflammatory effects [61]. Above
evidence suggests that vitamin D may play a role in the prevention and treatment of type 1
diabetes mellitus in children; however, definitive and conclusive evidence regarding the
potential role of vitamin D in alleviating the increasing menace of diabetes needs to be further
studied through its action on systemic inflammation, insulin secretion, and resistance.

5. Allergies and asthma in children

Asthma and allergies are common chronic diseases in developed world [81–83]. CDC reports
from national surveys in United States show the prevalence of asthma in children as 8.3% in
2013. The highest rates were observed among children aged 5–14 years, boys of less than 18 
years, and people below 100% of poverty level [84]. Epidemiology of allergies and asthma is
not well documented in Pakistan. A survey conducted in the city of Karachi among school
children of age 3–16 years reported the prevalence of asthma at 15.8% and that of allergic
rhinitis at 28.50% [85]. Another two‐stage community‐based representative cross‐sectional
survey conducted in Karachi from March 2012 to April 2013 reported overall prevalence of
asthma among study participants as 10.2% [86].
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5.1. Role of vitamin D in allergies and asthma in children

Many potential reasons have been reported in literature that could account for the pattern of
increased burden of allergic diseases and asthma in developing as well as developed world.
In last couple of decades, several studies have proposed pandemic of vitamin D deficiency as
an important candidate that could explain a significant proportion of increased prevalence of
allergic disease and asthma [87]. Potential mechanisms of how vitamin D can affect the risk of
developing asthma and allergies include genetic pathways, role of vitamin D in prevention of
bacterial infections, immune system effects, and effects on lung development and functions
[88]. Significant associations between polymorphisms in the VDR gene and asthma have been
reported by number of studies [89–91]. It has been proposed that asthmatics with bacterial and
viral infections are at higher risk of more severe symptoms [92, 93]. Vitamin D induces the
production of the antimicrobial polypeptide cathelicidin which has both antibacterial and
antiviral effects [94, 95], and supplementation with vitamin D in asthmatics demonstrated
decreased incidence of cold or influenza symptoms [96]. Studies done in mice have shown that
vitamin D deficiency in utero leads to decreased lung volumes by affecting lung development
[97]. Similarly, vitamin D also appears to affect in utero immune system development that
begins to exert its effects in early life. Work done by Chi et al. [98] showed that cord blood
vitamin D levels were inversely associated with the proportions of CD25(+), CD25(Bright), and
CD25(+) FoxP3 cells to total CD4(+) T cells. While the clinical consequence of this inverse
association remains unclear, it supports the notion that in utero vitamin D levels affect immune
development and may influence immune regulation early in life. The number of studies has
shown that maternal supplementation with vitamin D during pregnancy may eventually
decrease the risk of allergies and wheezing in their children [99–101]. Other studies have
investigated the association between vitamin D levels and asthma and allergies in the post‐
partum period. Several case‐control studies from different parts of the world have found
greater prevalence of vitamin D deficiency among asthmatic children than in controls [102–
104]. In a recent work done in our department, an inverse relation of vitamin D levels with
severity of asthma has been found (Lone Unpublished data).

Although more studies have shown a beneficial effect of vitamin D on asthma and allergies
than studies showing negative results, definitive clinical trials are lacking and the optimal dose
and level of vitamin D for decreasing the burden of asthma and allergies in children remain
unknown.

6. Autoimmune diseases in children and vitamin D

There are at least 80 recognized human autoimmune diseases with new diseases frequently
added to the list [105]. Autoimmune diseases are generally rare in children; however, when
they occur, they can be challenging to diagnose and difficult to treat because most of the
autoimmune diseases that are common in children have not cured yet. Besides type 1 diabetes
mellitus, other autoimmune diseases which commonly occur in children include celiac disease,
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lupus (SLE), juvenile dermatomyositis, scleroderma, juvenile idiopathic arthritis (JIA), and
multiple sclerosis (MS) [106].

The effects of vitamin D in the immune system translate into an enhancement of innate
immunity associated with a multifaceted regulation of acquired immunity [107]. Vitamin D
supplementation is considered as an appealing therapy in pediatric autoimmune diseases. The
diverse effects of vitamin D may minimize disease‐related comorbidities resulting from bone
weakening and infections in addition to attenuation of immune hyperactivation that is
characteristic of pediatric SLE [108]. The SLE Disease Activity Index scores were found to be
significantly higher in children who had 25(OH)D level less than 20 ng/ml [109]. Work done
by Robinson et al. [110] demonstrated that low serum 25(OH)D level in children with SLE is
associated with proteinuria and urinary vitamin D binding protein. Animal models have also
shown that vitamin D and calcium supplementation can inhibit lupus activity [111, 112]. An
incidental finding of an association between vitamin D deficiency and SLE nephritis has also
been reported [113], but studies evaluating this relationship are lacking. Juvenile dermato‐
myositis (JDM) is a photosensitive rheumatic disease, treated commonly with sun avoidance,
corticosteroids, methotrexate, and hydroxychloroquine. JDM shares many similarities with
pediatric SLE in photosensitivity and methods of treatment, but it is not associated with
proteinuria, making this an ideal comparison group for SLE. Robinson et al. [110] also reported
that vitamin D deficiency is associated with disease activity in children with JDM.

Multiple sclerosis is an autoimmune disease of the central nervous system characterized by
inadequate recognition of autoepitopes in myelinated nerve fibers by cells of the acquired
immune system, generating an inflammatory immune response mediated by lymphocytes and
macrophages, resulting in localized areas of inflammation and demyelination [114]. Some
studies have also demonstrated the association of vitamin D deficiency and MS and its role
not only in the reduction of relapse rates, but also in the prevention of its development [115,
116]. In MS, allelic variation in the MHC class II region exerts the single strongest effect on
genetic risk. Environmental factors act at a population level. Sunlight or vitamin D is a key
environmental factor in etiology and might interact with inherited factors in the MHC class II
region [61]. A single MHC vitamin D response element (VDRE) gene has been identified as
HLA‐DRB1*15 haplotypes. In a subgroup of individuals genetically predisposed to multiple
sclerosis, deficiency of vitamin D may cause non‐activation of histocompatibility genes
necessary for differentiating between self and foreign proteins [117].

Despite the compelling evidence of low levels of vitamin D and its association with various
autoimmune diseases, recently studies are coming out that challenge the assumption that
serum levels of 25OH vitamin D are a sensitive marker of the autoimmune disease state [118].
Now many commentators are also advocating clinicians to stop costly measurements of 25OH
vitamin D in asymptomatic patients [119–121]. The consideration of vitamin D as a marker for
autoimmune diseases requires further sensitive evidence from randomized controlled clinical
trials. The results then may elaborate the status of vitamin D as a marker for autoimmune
diseases in future. Although more epidemiologic studies are needed to better understand the
theory of vitamin D deficiency and its association with various auto immune diseases in
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children, the compelling data pointing to a role for vitamin D in immune regulation suggest
that special attention should be paid to these at‐risk populations.

6.1. Role of sunlight in autoimmune diseases

The ultraviolet radiation in sunlight can induce the onset of, or exacerbate, the symptoms of
certain autoimmune diseases. Work done by Fraser et al. suggested that ultraviolet light
exposure triggers production of reactive oxygen species as normal by‐products. If the cell does
not quickly eliminate the reactive oxygen species, however, the buildup can cause cellular and
DNA damage. The GSTM1 gene normally codes for an enzyme, glutathione S‐transferase,
which rids the body of reactive oxygen species. Individuals who have the GSTM1 null
genotype and are missing the enzyme may, therefore, be at an increased risk of DNA damage
and can induce the onset of lupus [122]. Work done by Love et al. to study the distribution of
myositis phenotypes and ultraviolet radiation exposure in the United States showed that
ultraviolet radiation may modulate the clinical and immunological expression of autoimmune
disease in women [123]. The above evidence points toward the stimulation and exacerbation
of autoimmune process in specific disease, whereas, on the other hand, ultraviolet radiations
can also prevent or reduce the symptoms of other autoimmune diseases by vitamin D forma‐
tion in skin as elaborated in various parts of this chapter.

7. Conclusion

In last decade, the number of studies that have investigated the non‐bone effects of vitamin D
has increased tremendously. Many studies from around the globe have measured circulating
25‐hydroxyvitamin D as a determinant of vitamin D status. However, several queries
regarding the definitive place of 25OH vitamin D as a biomarker of vitamin D status and the
exact level of 25OHD that determines optimal vitamin D status in children for majority of non‐
bone effects of vitamin D still remain elusive. Although the committee from Institute of
Medicine has recommended that a 25OHD level of 50 nmol/l (20 ng/ml) should be considered
sufficient, this recommendation was mainly based on studies of bone health and the committee
acknowledged that studies in other disease states are sorely lacking [4]. There are number of
authors who have dissenting opinion regarding the IOM recommendations of optimal vitamin
D levels [124]. Furthermore, there are data that suggest that optimal circulating levels
regarding adequate bone health as well as other non‐bone effects are much higher than the
current IOM recommendations [125]. Most of the studies done in children have only measured
vitamin D level once at one point in time. It is known that vitamin D levels vary over seasons
and likely over time. Future studies need to measure 25OHD at multiple time points in relation
to the outcome of interest. Finally, there is a continuing need for further conclusive studies to
define appropriate levels of vitamin D status and recommended daily allowance regarding
adequate bone health and other non‐bone effects of vitamin D, especially in children,
adolescents, and young adults.

A Critical Evaluation of Vitamin D - Basic Overview186



Author details

Mohsin Ali Cheema and Khalid Parvez Lone*

*Address all correspondence to: khalid.lone@gmail.com

Department of Physiology and Cell Biology, and Centre for Research in Endocrinology and
Reproductive Sciences (CRERS), University of Health Sciences, Lahore, Pakistan

References

[1] Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3):266–81.

[2] Watson L. (2012). 10 things you need to know about vitamin D. [online] Available at:
<http://www.drlisawatson.com/10‐things‐you‐need‐to‐know‐about‐vitamin‐d>
[Accessed 10 January 2016].

[3] Pettifor JM, Moodley GP, Hough FS, Koch H, Chen T, Lu Z, Holick MF. The effect of
season and latitude on in vitro vitamin D formation by sunlight in South Africa. S Afr
Med J. 1996;86(10):1270–2.

[4] Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK, Durazo‐Arvizu
RA, Gallagher JC, Gallo RL, Jones G, Kovacs CS, Mayne ST, Rosen CJ, Shapses SA. The
2011 report on dietary reference intakes for calcium and vitamin D from the Institute
of Medicine: what clinicians need to know. J Clin Endocrinol Metab. 2011;96(1):53–8.

[5] Cranney A, Horsley T, O'Donnell S, Weiler H, Puil L, Ooi D, Atkinson S, Ward L, Moher
D, Hanley D, Fang M, Yazdi F, Garritty C, Sampson M, Barrowman N, Tsertsvadze A,
Mamaladze V. Effectiveness and safety of vitamin D in relation to bone health. Evid
Rep Technol Assess (Full Rep). 2007;(158):1–235.

[6] Heaney RP. Advances in therapy for osteoporosis. Clin Med Res. 2003;1(2):93–9.
Review.

[7] Harinarayan CV, Ramalakshmi T, Prasad UV, Sudhakar D. Vitamin D status in Andhra
Pradesh: a population based study. Indian J Med Res. 2008;127(3):211–8.

[8] Goldring SR, Krane SM, Aviolo LV. Disorders of calcification: osteomalacia and rickets.
In: LJD, editor. Endocrinology, 3rd edition. Philadelphia (PA): WB Saunders, pp. 1204–
27, 1995.

[9] Välimäki VV, Alfthan H, Lehmuskallio E, Löyttyniemi E, Sahi T, Stenman UH, Suomi‐
nen H, Välimäki MJ. Vitamin D status as a determinant of peak bone mass in young
Finnish men. J Clin Endocrinol Metab. 2004;89(1):76–80.

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

187



[10] Glerup H, Mikkelsen K, Poulsen L, Hass E, Overbeck S, Andersen H, Charles P, Eriksen
EF. Hypovitaminosis D myopathy without biochemical signs of osteomalacic bone
involvement. Calcif Tissue Int. 2000;66(6):419–424.

[11] Bischoff‐Ferrari HA, Borchers M, Gudat F, Dürmüller U, Stähelin HB, Dick W. Vitamin
D receptor expression in human muscle tissue decreases with age. J Bone Miner Res.
2004;19(2):265–9.

[12] Papadimitropoulos E, Wells G, Shea B, Gillespie W, Weaver B, Zytaruk N, Cranney A,
Adachi J, Tugwell P, Josse R, Greenwood C, Guyatt G, Osteoporosis Methodology
Group and The Osteoporosis Research Advisory Group. Meta‐analyses of therapies for
postmenopausal osteoporosis. VIII: meta‐analysis of the efficacy of vitamin D treatment
in preventing osteoporosis in postmenopausal women. Endocr Rev. 2002;23(4):560–9.

[13] Holick MF. Resurrection of vitamin D deficiency and rickets. J Clin Invest.
2006;116:2062–72.

[14] Siddiqui TS, Rai MI. Presentation and predisposing factors of nutritional rickets in
children of Hazara Division. J Ayub Med Coll Abbottabad. 2005;17(3):29–32.

[15] Anwar S, Iqbal MP, Azam I, Habib A, Bhutta S, Soofi SB, Bhutta ZA. Urban and rural
comparison of vitamin D status in Pakistani pregnant women and neonates. J Obstet
Gynaecol. 2016;36(3):318–23. doi:10.3109/01443615.2015.1050647. Epub 2015 Oct 14.

[16] Jamal A, Khanani MR, Billo G, Asghar A, Jafri Z. Rickets in a slum of Karachi. Pak J
Med Sci. 1996;12:247–50.

[17] Qamar S, Akbani S, Shamim S, Khan G. Vitamin D levels in children with growing
pains. J Coll Phys Surg Pak. 2011;21(5):284–7.

[18] Iqbal R, Jafri L, Haroon A, Habib Khan A. Illuminating the dark side—vitamin D status
in different localities of Karachi. J Coll Phys Surg Pak. 2013;23(8):604–6. doi:08.2013/
JCPSP.604606.

[19] Signorello LB, Williams SM, Zheng W, Smith JR, Long J, Cai Q, Hargreaves MK, Hollis
BW, Blot WJ. Blood vitamin D levels in relation to genetic estimation of African ancestry.
Cancer Epidemiol Biomarkers Prev. 2010;19(9):2325–31. doi:10.1158/1055‐9965.EPI‐10‐
0482. Epub 2010 Jul 20.

[20] Shoenfeld N, Amital H, Shoenfeld Y. The effect of melanism and vitamin D synthesis
on the incidence of autoimmune disease. Nat Clin Pract Rheumatol. 2009;5(2):99–105.
doi:10.1038/ncprheum0989.

[21] Signorello LB, Shi J, Cai Q, Zheng W, Williams SM, Long J, Cohen SS, Li G, Hollis BW,
Smith JR, Blot WJ. Common variation in vitamin D pathway genes predicts circulating
25‐hydroxyvitamin D levels among African Americans. PLoS One. 2011;6(12):e28623.
doi:10.1371/journal.pone.0028623. Epub 2011 Dec 21.

A Critical Evaluation of Vitamin D - Basic Overview188



[22] Dawson‐Hughes B. Racial/ethnic considerations in making recommendations for
vitamin D for adult and elderly men and women. Am J Clin Nutr. 2004;80(6 Suppl):
1763S–6S.

[23] Gallagher JC, Peacock M, Yalamanchili V, Smith LM. Effects of vitamin D supplemen‐
tation in older African American women. J Clin Endocrinol Metab. 2013;98(3):1137–46.
doi:10.1210/jc.2012‐3106. Epub 2013 Feb 5.

[24] Wortsman J, Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased bioavailability of
vitamin D in obesity. Am J Clin Nutr. 2000;72(3):690–3.

[25] Arthritis Rheum. 2009 Aug;60(8):2499–504. doi: 10.1002/art.24702. Ultraviolet radiation
intensity predicts the relative distribution of dermatomyositis and anti‐Mi‐2 autoanti‐
bodies in women. Love LA, Weinberg CR, McConnaughey DR, Oddis CV, Medsger TA
Jr, Reveille JD, Arnett FC, Targoff IN, Miller FW.

[26] Lagunova Z, Porojnicu AC, Lindberg F, Hexeberg S, Moan J. The dependency of vitamin
D status on body mass index, gender, age and season. Anticancer Res. 2009;29(9):3713–
20.

[27] Verdoia M, Schaffer A, Barbieri L, Di Giovine G, Marino P, Suryapranata H, De Luca
G; Novara Atherosclerosis Study Group (NAS). Impact of gender difference on vitamin
D status and its relationship with the extent of coronary artery disease. Nutr Metab
Cardiovasc Dis. 2015;25(5):464–70. doi:10.1016/j.numecd.2015.01.009. Epub 2015 Feb 7.

[28] Jablonski NG, Chaplin G. The evolution of human skin coloration. J Hum Evol.
2000;39(1):57–106.

[29] Xue Y, Ying L, Horst RL, Watson G, Goltzman D. Androgens attenuate Vitamin D
production induced by UVB irradiation of the skin of male mice by an enzymatic
mechanism. J Invest Dermatol. 2015;135(12):3125–32. doi:10.1038/jid.2015.297. Epub
2015 Jul 27.

[30] Ramagopalan SV, Heger A, Berlanga AJ, Maugeri NJ, Lincoln MR, Burrell A, Handun‐
netthi L, Handel AE, Disanto G, Orton SM, Watson CT, Morahan JM, Giovannoni G,
Ponting CP, Ebers GC, Knight JC. A ChIP‐seq defined genome‐wide map of vitamin D
receptor binding: associations with disease and evolution. Genome Res. 2010;20(10):
1352–60. doi:10.1101/gr.107920.110. Epub 2010 Aug 24.

[31] Holick MF. Vitamin D: a millennium perspective. J Cell Biochem. 2003;88(2):296–307.

[32] Colston K, Colston MJ, Feldman D. 1,25‐Dihydroxyvitamin D3 and malignant mela‐
noma: the presence of receptors and inhibition of cell growth in culture. Endocrinology.
1981;108(3):1083–6.

[33] Cross HS, Bareis P, Hofer H, Bischof MG, Bajna E, Kriwanek S, Bonner E, Peterlik M.
25‐Hydroxyvitamin D(3)‐1alpha‐hydroxylase and vitamin D receptor gene expression
in human colonic mucosa is elevated during early cancerogenesis. Steroids. 2001;66(3–
5):287–92.

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

189



[34] MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce
vitamin D3. J Clin Invest. 1985;76(4):1536–8.

[35] Mather KA, Jorm AF, Parslow RA, Christensen H. Is telomere length a biomarker of
aging? A review. J Gerontol A Biol Sci Med Sci. 2011;66(2):202–13. doi:10.1093/gerona/
glq180. Epub 2010 Oct 28.

[36] Liu JJ, Prescott J, Giovannucci E, Hankinson SE, Rosner B, Han J, De Vivo I. Plasma
vitamin D biomarkers and leukocyte telomere length. Am J Epidemiol. 2013;177(12):
1411–7. doi:10.1093/aje/kws435. Epub 2013 May 9.

[37] Tuohimaa P. Vitamin D and aging. J Steroid Biochem Mol Biol. 2009;114(1–2):78–84.

[38] Duque G, El Abdaimi K, Macoritto M, Miller MM, Kremer R. Estrogens (E2) regulate
expression and response of 1,25‐dihydroxyvitamin D3 receptors in bone cells: changes
with aging and hormone deprivation. Biochem Biophys Res Commun. 2002;299(3):446–
54.

[39] Walters JR, Balesaria S, Chavele KM, Taylor V, Berry JL, Khair U, Barley NF, van Heel
DA, Field J, Hayat JO, Bhattacharjee A, Jeffery R, Poulsom R. Calcium channel TRPV6
expression in human duodenum: different relationships to the vitamin D system and
aging in men and women. J Bone Miner Res. 2006;21(11):1770–7.

[40] Welsh J, Wietzke JA, Zinser GM, Smyczek S, Romu S, Tribble E, Welsh JC, Byrne B,
Narvaez CJ. Impact of the Vitamin D3 receptor on growth‐regulatory pathways in
mammary gland and breast cancer. J Steroid Biochem Mol Biol. 2002;83(1–5):85–92.

[41] Klaus G, Weber L, Rodríguez J, Fernández P, Klein T, Grulich‐Henn J, Hügel U, Ritz E,
Mehls P. Interaction of IGF‐I and 1 alpha, 25(OH)2D3 on receptor expression and
growth stimulation in rat growth plate chondrocytes. Kidney Int. 1998;53(5):1152–61.

[42] Andress D. Nonclassical aspects of differential vitamin D receptor activation: implica‐
tions for survival in patients with chronic kidney disease. Drugs. 2007;67(14):1999–2012

[43] Fernandez‐Martin JL, Kurian S, Farmer P, Nanes MS. Tumor necrosis factor activates a
nuclear inhibitor of vitamin D and retinoid‐X receptors. Mol Cell Endocrinol.
1998;141(1–2):65–72.

[44] González Pardo V, Boland R, de Boland AR. Vitamin D receptor levels and binding are
reduced in aged rat intestinal subcellular fractions. Biogerontology. 2008;9(2):109–18.
Epub 2007 Dec 1.

[45] Keisala T, Minasyan A, Lou YR, Zou J, Kalueff AV, Pyykkö I, Tuohimaa P. Premature
aging in vitamin D receptor mutant mice. J Steroid Biochem Mol Biol. 2009;115(3–5):
91–7. doi:10.1016/j.jsbmb.2009.03.007. Epub 2009 Mar 31.

[46] Smit E, Crespo CJ, Michael Y, Ramirez‐Marrero FA, Brodowicz GR, Bartlett S, Andersen
RE. The effect of vitamin D and frailty on mortality among non‐institutionalized US
older adults. Eur J Clin Nutr. 2012;66(9):1024–8. doi:10.1038/ejcn.2012.67. Epub 2012 Jun
13.

A Critical Evaluation of Vitamin D - Basic Overview190



[47] Online available at: http://www.cancer.gov/types/childhood‐cancers/child‐adolescent‐
cancers‐fact‐sheet

[48] Online available at: http://ccfpakistan.org/2011/05/23/childhood‐cancer/

[49] Helou M, Ning Y, Yang S, Irvine P, Bachmann LM, Godder K, Massey G. Vitamin D
deficiency in children with cancer. J Pediatr Hematol Oncol. 2014;36(3):212–7. doi:
10.1097/MPH.0b013e31829f3754.

[50] Modan‐Moses D, Pinhas‐Hamiel O, Munitz‐Shenkar D, Temam V, Kanety H, Toren A.
Vitamin D status in pediatric patients with a history of malignancy. Pediatr Res.
2012;72(6):620–4. doi:10.1038/pr.2012.131. Epub 2012 Oct 4.

[51] Lin R, White JH. The pleiotropic actions of vitamin D. Bioessays. 2004;26(1):21–8. pmid:
14696037 doi:10.1002/bies.10368

[52] Jones G, Strugnell SA, DeLuca HF. Current understanding of the molecular actions of
vitamin D. Physiol Rev. 1998;78(4):1193–231. pmid:9790574

[53] Tangpricha V, Flanagan JN, Whitlatch LW, Tseng CC, Chen TC, Holt PR, Lipkin MS,
Holick MF. 25‐hydroxyvitamin D‐1alpha‐hydroxylase in normal and malignant colon
tissue. Lancet. 2001;357(9269):1673–4.

[54] Mawer EB, Hayes ME, Heys SE, Davies M, White A, Stewart MF, Smith GN. Constit‐
utive synthesis of 1,25‐dihydroxyvitamin D3 by a human small cell lung cancer cell
line. J Clin Endocrinol Metab. 1994;79(2):554–60.

[55] Garland CF, Garland FC, Gorham ED. Can colon cancer incidence and death rates be
reduced with calcium and vitamin D? Am J Clin Nutr. 1991;54(1 Suppl):193S–201S.

[56] Garland CF, Comstock GW, Garland FC, Helsing KJ, Shaw EK, Gorham ED. Serum 25‐
hydroxyvitamin D and colon cancer: eight‐year prospective study. Lancet. 1989;2(8673):
1176–8.

[57] Hanchette CL, Schwartz GG. Geographic patterns of prostate cancer mortality. Evi‐
dence for a protective effect of ultraviolet radiation. Cancer. 1992;70(12):2861–9.

[58] Guy M, Lowe LC, Bretherton‐Watt D, Mansi JL, Peckitt C, Bliss J, Wilson RG, Thomas
V, Colston KW. Vitamin D receptor gene polymorphisms and breast cancer risk. Clin
Cancer Res. 2004;10(16):5472–81.

[59] Rashid MU, Muzaffar M, Khan FA, Kabisch M, Muhammad N, Faiz S, Loya A, Hamann
U. Association between the BsmI polymorphism in the vitamin D receptor gene and
breast cancer risk: results from a Pakistani Case‐Control Study. PLoS One.
2015;10(10):e0141562. doi:10.1371/journal.pone.0141562. eCollection 2015.

[60] Feldman D, Krishnan AV, Swami S, Giovannucci E, Feldman BJ. The role of vitamin D
in reducing cancer risk and progression. Nat Rev Cancer. 2014;14(5):342–57. doi:
10.1038/nrc3691. pmid:24705652. Epub 2014 Apr 4.

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

191



[61] Visweswaran RK, Lekha H. Extraskeletal effects and manifestations of Vitamin D
deficiency. Indian J Endocrinol Metab. 2013;17(4):602–10. doi:10.4103/2230‐8210.113750.

[62] Pálmer HG, Larriba MJ, García JM, Ordóñez‐Morán P, Peña C, Peiró S, Puig I, Rodríguez
R, de la Fuente R, Bernad A, Pollán M, Bonilla F, Gamallo C, de Herreros AG, Muñoz
A. The transcription factor SNAIL represses vitamin D receptor expression and
responsiveness in human colon cancer. Nat Med. 2004;10(9):917–9.

[63] Deeb KK, Trump DL, Johnson CS. Vitamin D signalling pathways in cancer: potential
for anticancer therapeutics. Nat Rev Cancer. 2007;7(9):684–700.

[64] Online available at: http://www.diabetesatlas.org/

[65] Pozzilli P, Manfrini S, Crino A, Picardi A, Leomanni C, Cherubini V, Valente L, Khazrai
M, Visalli N; IMDIAB group. Low levels of 25‐hydroxyvitamin D3 and 1,25‐dihydrox‐
yvitamin D3 in patients with newly diagnosed type 1 diabetes. Horm Metab Res.
2005;37:680–3. [PubMed].

[66] Littorin B, Blom P, Scholin A, Arnqvist HJ, Blohme G, Bolinder J, Ekbom‐Schnell A,
Eriksson JW, Gudbjörnsdottir S, Nyström L, Ostman J, Sundkvist G. Lower levels of
plasma 25‐hydroxyvitamin D among young adults at diagnosis of autoimmune T1D
compared with control subjects: results from the nationwide Diabetes Incidence Study
in Sweden (DISS) Diabetologia. 2006;49:2847–52. [PubMed].

[67] Greer RM, Rogers MA, Bowling FG, Buntain HM, Harris M, Leong GM, Cotterill AM.
Australian children and adolescents with T1D have low vitamin D levels. Med J Aust.
2007;187:59–60. [PubMed].

[68] Svoren BM, Volkening LK, Wood JR, Laffel LM. Significant vitamin D deficiency in
youth with T1D mellitus. J Pediatr. 2009;154:132–4. [PMC free article] [PubMed].

[69] Borkar VV, Devidayal, Verma S, Bhalla AK. Low levels of vitamin D in North Indian
children with newly diagnosed type 1 diabetes. Pediatr Diabetes. 2010;11:345–50.
[PubMed].

[70] Bener A, Alsaied A, Al‐Ali M, Al‐Kubaisi A, Basha B, Abraham A, Guiter G, Mian M.
High prevalence of vitamin D deficiency in T1D mellitus and healthy children. Acta
Diabetol. 2009;46:183–9. [PubMed].

[71] Zipitis CS, Akobeng AK. Vitamin D supplementation in early childhood and risk of
type 1 diabetes: a systematic review and meta‐analysis. Arch Dis Child. 2008;93:512–7.

[72] Hyppönen E, Läärä E, Reunanen A, Järvelin MR, Virtanen SM. Intake of vitamin D and
risk of type 1 diabetes: a birth‐cohort study. Lancet. 2001;358:1500–3.

[73] Stene LC, Joner G. Use of cod liver oil during the first year of life is associated with
lower risk of childhood onset type 1 diabetes: a large population‐based, case control
study. Am J Clin Nutr. 2003;78:1128–34.

A Critical Evaluation of Vitamin D - Basic Overview192



[74] Roomi MA, Lone KP, Madassar A. Vitamin D and cardiometabolic risk factors in adult
non‐diabetic offspring of type 2 diabetic parents. J Pak Med Assoc. 2014;64(11):1229–
34.

[75] Mohr SB, Garland CF, Gorham ED, Garland FC. The association between ultraviolet B
irradiance, vitamin D status and incidence rates of type 1 diabetes in 51 regions
worldwide. Diabetologia. 2008;51(8):1391–8. doi:10.1007/s00125‐008‐1061‐5. Epub 2008
Jun 12.

[76] Staples JA, Ponsonby AL, Lim LL, McMichael AJ. Ecologic analysis of some immune‐
related disorders, including type 1 diabetes, in Australia: latitude, regional ultraviolet
radiation, and disease prevalence. Environ Health Perspect. 2003;111(4):518–23.

[77] American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care. 2009;32(Suppl 1):S62–7.

[78] Gregori S, Giarratana N, Smiroldo S, Uskokovic M, Adorini L. A 1alpha,25‐dihydrox‐
yvitamin D(3) analog enhances regulatory T‐cells and arrests autoimmune diabetes in
NOD mice. Diabetes. 2002;51(5):1367–74.

[79] Mathieu C1, Waer M, Casteels K, Laureys J, Bouillon R. Prevention of type I diabetes
in NOD mice by nonhypercalcemic doses of a new structural analog of 1,25‐dihydrox‐
yvitamin D3, KH1060. Endocrinology. 1995;136(3):866–72.

[80] Aljabri KS, Bokhari SA, and Khan MJ. Glycemic changes after vitamin D supplemen‐
tation in patients with type 1 diabetes mellitus and vitamin D deficiency. Ann Saudi
Med. 2010;30(6):454–8.

[81] Masoli M, Fabian D, Holt S, Beasley R. The global burden of asthma: executive summary
of the GINA Dissemination Committee report. Allergy. 2004;59:469–78.

[82] Mannino DM, Homa DM, Akinbami LJ, et al. Surveillance for asthma: United States,
1980–1999. MMWR Surveill Summ. 2002;51:1–13.

[83] Devereux G. The increase in allergic disease: environment and susceptibility. Proceed‐
ings of a symposium held at the Royal Society of Edinburgh, 4th June 2002. Clin Exp
Allergy. 2003;33:394–406.

[84] (CDC) CfDCaP. Vital signs: asthma prevalence, disease characteristics, and self‐
management education: United States, 2001–2009. Morb Mortal Wkly Rep. 2011;60:547–
52.

[85] Hasnain SM, Khan M, Saleem A, Waqar MA. Prevalence of asthma and allergic rhinitis
among school children of Karachi, Pakistan, 2007. J Asthma. 2009;46(1):86–90. doi:
10.1080/02770900802513023.

[86] Khan AA, Tanzil S, Jamali T, Shahid A, Naeem S, Sahito A, Siddiqui FA, Nafees AA,
Fatmi Z. Burden of asthma among children in a developing megacity: childhood

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

193



asthma study, Pakistan. J Asthma. 2014;51(9):891–9. doi:10.3109/02770903.2014.930882.
Epub 2014 Jul 3.

[87] Litonjua AA. Vitamin D deficiency as a risk factor for childhood allergic disease and
asthma. Curr Opin Allergy Clin Immunol. 2012;12(2):179–85. doi:10.1097/ACI.
0b013e3283507927.

[88] Litonjua AA. Childhood asthma may be a consequence of vitamin D deficiency. Curr
Opin Allergy Clin Immunol. 2009;9(3):202–7. doi:10.1097/ACI.0b013e32832b36cd.

[89] Raby BA, Lazarus R, Silverman EK, Lake S, Lange C, Wjst M, Weiss ST. Association of
vitamin D receptor gene polymorphisms with childhood and adult asthma. Am J Respir
Crit Care Med. 2004;170(10):1057–65. Epub 2004 Jul 28.

[90] Poon AH, Laprise C, Lemire M, Montpetit A, Sinnett D, Schurr E, Hudson TJ. Associ‐
ation of vitamin D receptor genetic variants with susceptibility to asthma and atopy.
Am J Respir Crit Care Med. 2004;170(9):967–73. Epub 2004 Jul 28.

[91] Wjst M, Altmüller J, Faus‐Kessler T, Braig C, Bahnweg M, André E. Asthma families
show transmission disequilibrium of gene variants in the vitamin D metabolism and
signalling pathway. Respir Res. 2006;7:60.

[92] Ramsey CD, Celedón JC. The hygiene hypothesis and asthma. Curr Opin Pulm Med.
2005;11(1):14–20

[93] Corne JM, Marshall C, Smith S, Schreiber J, Sanderson G, Holgate ST, Johnston SL.
Frequency, severity, and duration of rhinovirus infections in asthmatic and non‐
asthmatic individuals: a longitudinal cohort study. Lancet. 2002;359(9309):831–4.

[94] Liu PT, Stenger S, Tang DH, Modlin RL. Cutting edge: vitamin D‐mediated human
antimicrobial activity against Mycobacterium tuberculosis is dependent on the
induction of cathelicidin. J Immunol. 2007;179(4):2060–3

[95] Herr C, Shaykhiev R, Bals R. The role of cathelicidin and defensins in pulmonary
inflammatory diseases. Expert Opin Biol Ther. 2007;7(9):1449–61.

[96] Ginde AA, Mansbach JM, Camargo CA Jr. Association between serum 25‐hydroxyvi‐
tamin D level and upper respiratory tract infection in the Third National Health and
Nutrition Examination Survey. Arch Intern Med. 2009;169(4):384–90. doi:10.1001/
archinternmed.2008.560.

[97] Zosky GR, Berry LJ, Elliot JG, James AL, Gorman S, Hart PH Vitamin D deficiency
causes deficits in lung function and alters lung structure. Am J Respir Crit Care Med.
2011;183(10):1336–43.

[98] Chi A, Wildfire J, McLoughlin R, Wood RA, Bloomberg GR, Kattan M, Gergen P, Gold
DR, Witter F, Chen T, Holick M, Visness C, Gern J, O'Connor GT. Umbilical cord plasma
25‐hydroxyvitamin D concentration and immune function at birth: the Urban Envi‐

A Critical Evaluation of Vitamin D - Basic Overview194



ronment and Childhood Asthma study. Clin Exp Allergy. 2011;41(6):842–50. doi:
10.1111/j.1365‐2222.2011.03712.x. Epub 2011 Apr 11.

[99] Miyake Y, Sasaki S, Tanaka K, Hirota Y. Dairy food, calcium and vitamin D intake in
pregnancy, and wheeze and eczema in infants. Eur Respir J. 2010;35(6):1228–34.

[100] Rothers J, Wright AL, Stern DA, Halonen M, Camargo CA Jr. Cord blood 25‐hydroxy‐
vitamin D levels are associated with aeroallergen sensitization in children from Tucson,
Arizona. J Allergy Clin Immunol. 2011;128(5):1093–9.e1–5.

[101] Camargo CA Jr, Ingham T, Wickens K, Thadhani R, Silvers KM, Epton MJ, Town GI,
Pattemore PK, Espinola JA, Crane J, New Zealand Asthma and Allergy Cohort Study
Group. Cord‐blood 25‐hydroxyvitamin D levels and risk of respiratory infection,
wheezing, and asthma. Pediatrics. 2011;127(1):e180–7.

[102] Freishtat RJ, Iqbal SF, Pillai DK, Klein CJ, Ryan LM, Benton AS, Teach SJ. High preva‐
lence of vitamin D deficiency among inner‐city African American youth with asthma
in Washington, DC. J Pediatr. 2010;156(6):948–52.

[103] Bener A, Ehlayel MS, Tulic MK, Hamid Q. Vitamin D deficiency as a strong predictor
of asthma in children. Int Arch Allergy Immunol. 2012;157(2):168–75.

[104] Alyasin S, Momen T, Kashef S, Alipour A, Amin R. The relationship between serum 25
hydroxy vitamin D levels and asthma in children. Allergy Asthma Immunol Res.
2011;3(4):251–5.

[105] Available at: http://autoimmune.pathology.jhmi.edu/faqs.cfm. [Accessed 23 March 23
2016].

[106] Available at: http://www.childrenshospital.org/conditions‐and‐treatments/conditions/
autoimmune‐diseases 15th April, 2016

[107] Adorini A, Penna G. Control of autoimmune diseases by the vitamin D endocrine
system. Nat Clin Pract Rheumatol. 2008;4:404–12

[108] Bultink IE, Lems WF, Kostense PJ, Dijkmans BA, Voskuyl AE. Prevalence of and risk
factors for low bone mineral density and vertebral fractures in patients with systemic
lupus erythematosus. Arthritis Rheum. 2005;52(7):2044–50.

[109] Wright TB, Shults J, Leonard MB, Zemel BS, Burnham JM. Hypovitaminosis D is
associated with greater body mass index and disease activity in pediatric systemic
lupus erythematosus. J Pediatr. 2009;155(2):260–5.

[110] Robinson AB, Thierry‐Palmer M, Gibson KL, Rabinovich CE. Disease activity, protei‐
nuria, and vitamin D status in children with systemic lupus erythematosus and juvenile
dermatomyositis. J Pediatr. 2012;160(2):297–302. doi:10.1016/j.jpeds.2011.08.011. Epub
2011 Sep 15.

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

195



[111] Abe J, Nakamura K, Takita Y, Nakano T, Irie H, Nishii Y. Prevention of immunological
disorders in MRL/l mice by a new synthetic analogue of vitamin D3: 22‐oxa‐1 alpha,
25‐dihydroxyvitamin D3. J Nutr Sci Vitaminol (Tokyo). 1990;36(1):21–31

[112] Lemire JM, Ince A, Takashima M. 1,25‐Dihydroxyvitamin D3 attenuates the expression
of experimental murine lupus of MRL/l mice. Autoimmunity. 1992;12(2):143–8.

[113] Kamen DL, Cooper GS, Bouali H, Shaftman SR, Hollis BW, Gilkeson GS. Vitamin D
deficiency in systemic lupus erythematosus. Autoimmun Rev. 2006;5(2):114–7

[114] Nagpal S, Na S, Rathnachalam R. Noncalcemic actions of vitamin D receptor ligands.
Endocr Rev. 2005;26(5):662–87.

[115] Munger KL, Zhang SM, O'Reilly E, Hernán MA, Olek MJ, Willett WC. Vitamin D intake
and incidence of multiple sclerosis. Neurology. 2004;62:60–5.

[116] Goldberg P, Fleming MC, Picard EH. Multiple sclerosis: decreased relapse rate through
dietary supplementation with calcium, magnesium and vitamin D. Med Hypotheses.
1986;21:193–200.

[117] Ramagopalan SV, Maugeri NJ, Handunnetthi L, Lincoln MR, Orton SM, Dyment DA,
Deluca GC, Herrera BM, Chao MJ, Sadovnick AD, Ebers GC, Knight JC. Expression of
the multiple sclerosis‐associated MHC class II Allele HLA‐DRB1*1501 is regulated by
vitamin D. PLoS Genet. 2009;5(2):e1000369.

[118] Blaney GP, Albert PJ, Proal AD. Vitamin D metabolites as clinical markers in autoim‐
mune and chronic disease. Ann N Y Acad Sci. 2009;1173:384–90. doi:10.1111/j.1749‐
6632.2009.04875.x.

[119] Welsh P, Sattar N. Vitamin D and chronic disease prevention. BMJ. 2014;348:g2280. doi:
10.1136/bmj.g2280.

[120] Sattar N, Welsh P, Panarelli M, Forouhi NG. Increasing requests for vitamin D meas‐
urement: costly, confusing, and without credibility. Lancet. 2012;379(9811):95–6. doi:
10.1016/S0140‐6736(11)61816‐3.

[121] Fletcher RH. Review: vitamin D3 supplementation may reduce mortality in adults;
vitamin D2 does not. Ann Intern Med. 2014;161(2):JC5. doi:10.7326/0003‐4819‐161‐2‐
201407150‐02005.

[122] Fraser PA, Ding WZ, Mohseni M, Treadwell EL, Dooley MA, St Clair EW, Gilkeson GS,
Cooper GS. Glutathione S‐transferase M null homozygosity and risk of systemic lupus
erythematosus associated with sun exposure: a possible gene‐environment interaction
for autoimmunity. J Rheumatol. 2003;30(2):276–82.

[123] Love LA, Weinberg CR, McConnaughey DR, Oddis CV, Medsger TA Jr, Reveille JD,
Arnett FC, Targoff IN, Miller FW. Ultraviolet radiation intensity predicts the relative
distribution of dermatomyositis and anti‐Mi‐2 autoantibodies in women. Arthritis
Rheum. 2009;60(8):2499–504. doi:10.1002/art.24702.

A Critical Evaluation of Vitamin D - Basic Overview196



[124] Heaney RP, Holick MF. Why the IOM recommendations for vitamin D are deficient. J
Bone Miner Res. 2011;26(3):455–7. doi:10.1002/jbmr.328.

[125] Heaney RP, Armas LA, Shary JR, Bell NH, Binkley N, Hollis BW. 25‐Hydroxylation of
vitamin D3: relation to circulating vitamin D3 under various input conditions. Am J
Clin Nutr. 2008;87(6):1738–42.

Non‐Bone Effects of Vitamin D in Children, Adolescents, and Young Adults
http://dx.doi.org/10.5772/65079

197




