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ARTICLE INFO                                         ABSTRACT 
 

 
 

 

Vitamin D is a fat-soluble vitamin that act as a hormone precursor that regulates calcium absorption 
and, in conjunction with the parathyroid hormone, bone mineralization. Vitamin D insufficiency leads 
to reduced bone mass, which can be manifested as the debilitating diseases of osteoporosis and 
osteomalacia in adults and rickets in children. Vitamin D deficiency is defined as 25-hydroxy vitamin 
D serum concentrations below 30 ng/ml. In this review article we tried to shed some light on how 
vitamin D is synthesized in human body and how vitamin D has connection with not just skeletal 
diseases but with various autoimmune diseases, metabolic disorders, neurological disorders. 
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INTRODUCTION 
 

Vitamin D is a fat-soluble vitamin that act as a hormone 
precursor that regulates calcium absorption and, in conjunction 
with the parathyroid hormone, bone mineralization. Vitamin D 
insufficiency leads to reduced bone mass, which can be 
manifested as the debilitating diseases of osteoporosis and 
osteomalacia in adults and rickets in children (1). Vitamin D is 
present in 2 forms (Ergocalciferol or vitamin D2, 
Cholecalciferol or vitamin D3. Ergocalciferol, or vitamin D2, 
is present in plants and some fish. Cholecalciferol, or vitamin 
D3, is synthesized in the skin by sunlight. Humans can fulfill 
their vitamin D requirements by either ingesting vitamin D 
through a few dietary sources; primarily fatty fish, cod-liver 
oil, pork-liver, egg and fortified margarine and butter or being 
exposed to the sun for enough time to produce adequate 
amounts (2). It is formed endogenously by the skin after 
exposure to ultraviolet radiation B (UVR-B) light (wavelength 
290–315 nm). In the skin, a plateau of daily vitamin D 
production is reached after only 30 min of UVR-B irradiation 
(3). Vitamin D synthesis is highly dependent on the 
concentration of melanin in the skin (skin tone) , duration of 
exposure and location as well as surface and atmospheric 
conditions (4). Vitamin D deficiency is defined as 25- hydroxy 
vitamin D serum concentrations below 30 ng/ml (5). 
 
 
 
 
 

 Physiology behind Vitamin D  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The major metabolic pathways of vitamin D. Human 
sources of vitamin D are skin production of vitamin D3 by 
UVR-B and oral intake of vitamin D2 and/or vitamin D3. 
Vitamin D is hydroxylated in the liver into 25-hydroxyvitamin 
D and in the kidney into the vitamin D hormone (calcitriol). 
Renal calcitriol synthesis includes activation of 1a-hydroxylase 
by parathyroid hormone and suppression of the 1a-hydroxylase 
by high serum levels of ionized Ca. PTH; parathyroid 
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Vitamin D is synthesized in the human body by following metabolic 
pathway shown in the Fig. 1 
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hormone; 24,25(OH)2D, 24,25-dihydroxyvitamin D (6).When 
the human skin comes in contact with the UVR-B the 
Provitamin D3 (Pro-D3) or 7-dehydrocholesterol (7-DHC) 
which is present in the human skin is converted to previtamin 
D3 (Pre-D3)  which is then converted into vitamin D3 in a 
process independently ultraviolet light which thermally 
isomerizes it into vitamin D3 (Cholecalciferol) and the vitamin 
D2 (ergocalciferol) taken from the dietary source (7). Both are 
absorbed via the lymphatic system as part of chylomicrons, 
which are metabolized to remnant particles that then transport 
vitamin D to the liver with the help of vitamin D binding 
protein (DBP) which then metabolises vitamin D into 25-
Hydroxyvitamin D ( 25(0H)D) by the enzyme 25-hydroxylase 
in the liver (8). la-Hydroxylase (la-OHase) then converts 
25(0H)D to the active form of vitamin D, Calcitriol (1,25-
dihydroxy vitamin D [l,25(0H)2 D]) in renal tissues. 
l,25(0H)2D can depress the activity of la-OHase, and the 
parathyroid hormone (PTH) can stimulate this activity, 
Calcitrol (1,25 [OH]2D) binds with high affinity to vitamin D 
receptors (VDRs) (9). The other form compound formed 
hydroxylations in the body is known as Calcidiol (25-
hydroxyvitamin D3). This activated form of vitamin D then 
binds to vitamin D receptors located throughout the body and 
that lead to its biologic action (10). Calcitriol (1,25-dihydroxy 
vitamin D3), the active form of vitamin D, has a half-life of 
about 15 hours, while calcidiol (25-hydroxyvitamin D3) has a 
half-life of about 15 days (11). 
 

Adequate Intake of Vitamin D 
 

Recognition of the high incidence of inadequate vitamin D 
status and reports of the association of low vitamin D status 
with increased risk of a wide range of diseases has prompted 
many medical practitioners to recommend vitamin D 
supplements for their patients (12). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There is high confusion regarding the optimum intake of 
vitamin D because inadequate intake of vitamin D will lead to 
various skeletal diseases and high intake can lead to 
hypervitaminosis D. A more comprehensive dietary reference 
intake (DRIs) for adequacy is given in the (Fig. 2) 
 

DISCUSSION 
 

Vitamin D and Osteoporosis 
 

Osteoporosis is a systemic skeletal disease characterized by 
low bone mass, microarchitectural deterioration of bone tissue 
leading to enhanced bone fragility, and a consequent increase 
in fracture risk (14). It is a well-established fact that vitamin D 
deficiency is a factor in the multifactorial causes with are 
associated, suboptimal bone growth in childhood and 
adolescence, calcium malabsorption and resultant secondary 
hyperparathyroidism that enhance age-related bone loss and 
reduced osteoblast formation that leads to Osteoporosis 
(15)(16)(17). Osteoporosis is diagnosed on the basis of  T-
score ≤−2.5 which reflects the bone mineral density (BMD) of 
a young adult if T-scores equal to or below −2.5 are 
considered as clear indications for osteoporosis therapy. T-
score between −2.5 and −1 is considered as osteopenia (18). 
Low sunshine exposure and low vitamin D intake leads to low 
serum 25-hydroxyvitamin D which then leads to low serum 
Calcitriol (1,25-dihydroxy vitamin D [l,25(0H)2 D]) also 
decreased renal function can also cause low serum Calcitriol 
(1,25-dihydroxy vitamin D [l,25(0H)2 D]) due to this 
Hyperparathyroidism occurs that causes high turnover bone 
reabsorption (bone loss) which results in osteoporosis (19). 
Because of low bone mineral density (T-score between −2.5 
and −1), first osteopenia is developed which later results in 
osteoporosis (T-scores equal to or below −2.5). 
 

Vitamin D and Osteomalacia/Rickets 
 

Osteomalacia is a distinctive disorder of adults with bone pain 
and muscle weakness. It is characterized histologically by 
broad seams of the uncalcified bone matrix in sections of 
trabecular bone (20). Osteomalacia is a disorder of mature 
(adult) bone, whereas rickets occurs in growing bone. In 
individuals with rickets, defective mineralization occurs in 
both bones and cartilage of the epiphyseal growth plates and is 
associated with defects in growth, shaping (modelling) and 
turnover (remodelling) of bone in accordance with metabolic, 
structural and repair requirements, and patients exhibit short 
stature (physical disturbances), growth retardation and skeletal 
deformities that are not typically seen in adults with 
osteomalacia (21)(22). It is a well-established fact that 
Osteomalacia and Rickets are caused by the deficiency of 
Primary (‘nutritional') vitamin D and Secondary vitamin D 
deficiency due to malabsorption and also due to other causes 
such as Genetic factors (22)(23)(24). However they both are 
developed via a similar pathway, Low sunshine exposure and 
low Vitamin D intake leads to low serum 25-hydroxy vitamin 
D which then leads to low serum Calcitriol (1,25-dihydroxy 
vitamin D [l,25(0H)2 D]) also decreased renal function can 
also cause low serum Calcitriol (1,25-dihydroxy vitamin D 
[l,25(0H)2 D]) due to this their is marked decrease in Calcium 
absorption that causes mineral deficit hyperosteoidosis which 
results in Osteomalacia(19) while on the other hand in the 
vitamin D-dependent rickets type I an enzyme a-hydroxylase 
does not functions properly, causing very low serum levels of 
Calcitriol (1,25-dihydroxy vitamin D [l,25(0H)2 D] and 
vitamin D-dependent rickets type II or hereditary vitamin D 

Table 1 Vitamin D Dietary Reference Intakes (DRIs) for 
Adequacy (amount/day) 

 

Life Stage Group AI EAR 
RDA 

 
Infants    

0 to 6 months 400 IU (10 μg) — — 
6 to 12 months 400 IU (10 μg) — — 

Children    
1–3 y — 400 IU (10 μg) 600 IU (15 μg) 

 — 400 IU (10 μg) 600 IU (15 μg) 
Males    
9–13 y — 400 IU (10 μg) 600 IU (15 μg) 

14–18 y — 400 IU (10 μg) 600 IU (15 μg) 
19–30 y — 400 IU (10 μg) 600 IU (15 μg) 
31–50 y — 400 IU (10 μg) 600 IU (15 μg) 

51–70 y — 400 IU (10 μg) 
600 IU (15 μg) 

 

> 70 y — 400 IU (10 μg) 800 IU (20 μg) 
Females    
9–13 y — 400 IU (10 μg) 600 IU (15 μg) 

14–18 y — 400 IU (10 μg) 600 IU (15 μg) 
19–30 y — 400 IU (10 μg) 600 IU (15 μg) 
31–50 y — 400 IU (10 μg) 600 IU (15 μg) 
51–70 y — 400 IU (10 μg) 600 IU (15 μg) 
> 70 y — 400 IU (10 μg) 800 IU (20 μg) 

Pregnancy    
14–18 y — 400 IU (10 μg) 600 IU (15 μg) 
19–30 y — 400 IU (10 μg) 600 IU (15 μg) 
31–50 y — 400 IU (10 μg) 600 IU (15 μg) 

Lactation    
14–18 y — 400 IU (10 μg) 600 IU (15 μg) 
19–30 y — 400 IU (10 μg) 600 IU (15 μg) 
31–50 y — 400 IU (10 μg) 600 IU (15 μg) 

 

NOTE: AI = Adequate Intake; EAR = Estimated Average Requirement; IU = 
International Unit; RDA = Recommended Dietary Allowance 
SOURCE: Reference (13). 
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resistant rickets do not have a functioning vitamin D receptor 
(VDRs) leading to the vitamin D deficiency (24). 
 

Vitamin D and Sarcopenia 
 

The term Sarcopenia (Greek, sarx for:"flesh" and penia for 
"loss") refers to the phenomenon of reduction of both muscle 
mass and function with aging (25). However many factors are 
associated with the reduction of both muscle mass and aging 
but vitamin D deficiency is widely thought to also play a major 
role in this (26)(27)(28)(29). Sarcopenia is one of the geriatric 
syndromes that increases with the age and how vitamin D 
plays a role in this can be understood by that the vitamin D 
regulates the calcium-mediated functions of muscle, such as 
contraction, mitochondrial function and insulin sensitivity and 
also its morphology and vitamin D Receptor (VDRs) 
expression in human muscle tissue decreases with age (28)(30) 
this leads to lack of the substrate 25-hydroxyvitamin D for the 
formation of Calcitriol (1,25-dihydroxyvitamin D [l,25(0H)2 
D]) that may contribute to decreased calcium absorption and 
other actions of Calcitriol (1,25-dihydroxyvitamin D 
[l,25(0H)2 D]) (31) Cacitriol regulates the skeletol muscle 
calcium uptake by modulating the activity of calcium pumps in 
sarcoplasmic reticulum and sarcolemma, Its low levels affects 
the proper functioning of the skeletal muscles (32) as well as 
impairment of glucose tolerance (33). Reduced expression of 
VDR and 1- alpha-hydroxylase results in increased 
concentrations of IL-6 and TNF-α, which inhibit muscle 
protein synthesis and leads to skeletal muscle apoptosis (33). 
Lack of Calcitriol leads to high level of Parathyroid hormone 
(PTH), a high concentration of PTH causes hypophosphatemia 
which also leads to muscle weakness this has been found in 
vitamin D deficient mouse (34). Most of the studies have 
found vitamin D supplementation beneficial in the prevention 
of muscle weakness, improvement in muscle strength, physical 
performance as well (35) (36) (32) (33). 
 

Vitamin D and Multiple Sclerosis 
 

Multiple sclerosis (MS) is an autoimmune disease which is 
characterized by neurological and cognitive manifestations 
including visual impairment, tremors, sensory disturbance, 
ataxia, and sexual dysfunction in young adults (37)(38). Most 
patients experience bouts of inflammatory demyelination 
(relapsing-remitting MS) followed years later by treatment-
resistant disease progression and brain atrophy (39). In a study, 
it was found out that among patients with MS treated with 
interferon beta-1b, higher 25(OH)D levels were associated 
with lower rates of MS activity (40). Epidemiological data 
support a potential relationship between vitamin D deficiency 
and an increased risk of developing MS and its progression 
(41–43). For individuals predisposed to MS, evidence 
indicates that maintenance of adequate vitamin D has a 
protective effect.(44). Both 25(OH)D and 1,25(OH)2D are 
involved in the regulation of the immune system and have an 
immunomodulatory effect (45). Due to deficiency of vitamin 
D and signals delivered through the vitamin D receptor 
(VDRs), actions through autoreactive T-cells manifest, 
especially in the presence of insufficient 1,25(OH)2D 
concentrations and vitamin D receptor activity. Once bound to 
VDR in immune cells, vitamin D acts as a selective 
immunosuppressant (46) and decreases the severity of 
autoimmune diseases, when vitamin D is sufficient, the T-cell 
response is restored and autoimmunity minimized (47).  
 

 

Vitamin D and Type 1, type 2 diabetes mellitus 
 

Type 1 diabetes mellitus (T1DM) is a chronic disease of multi-
factorial nature resulting from progressive autoimmune 
destruction of pancreatic islet cells at the early stages of 
disease (48). Type 2 diabetes mellitus is characterized by 
insulin resistance and altered insulin secretion, although its 
precise aetiopathogenesis is unknown. Recent studies in rodent 
models and humans have suggested that vitamin D may also 
play a role in the homeostasis of glucose metabolism and the 
development of type 1 and type 2 diabetes mellitus (DM) and 
also that the vitamin D is a potential modifier of diabetes risk 
(48–53). Vitamin D enhances insulin sensitivity by stimulating 
the expression of insulin receptors and by activating 
peroxisome proliferator-activated receptor-δ (PPAR- δ) that 
results in the rise of intracellular calcium concentration via 
non-selective voltage-dependent calcium channels. Vitamin D 
could promote β-cells survival by inactivation of nuclear 
factor-κB (NF-κb) and effects of cytokines (54).Vitamin D can 
affect insulin resistance indirectly through the renin-
angiotensin-aldosterone system (RAAS). Angiotensin II 
inhibits the action of insulin in vascular and skeletal muscle 
tissue leading to impaired glucose uptake that suppresses 
rennin formation and local pancreatic RAAS. Therefore, 
vitamin D may be a negative endocrine regulator of RAAS 
(55). In an open-label randomized trial, it was found out that 
the calcitriol supplementation resulted in temporarily reducing 
the required dose of insulin in type-1 diabetes mellitus (56). A 
meta-analysis data support that supplementation of vitamin D 
during early infancy, reduces the incidence of type-1 diabetes 
mellitus (57). The evidence suggests that the vitamin D 
deficiency may be associated with the incidence of type-1 and 
type-2  diabetes mellitus and the possible role played by the 
vitamin D in type-1 and type 2 diabetes mellitus is far from 
being completely understood and many studies suggest further 
investigations on this (48,57–60). 
 

Vitamin D and Alzheimer's Disease 
 

Alzheimer's disease (AD) is a neurodegenerative disorder that 
is the most common form of dementia in elderly individuals 
and is associated with progressive memory loss and cognitive 
dysfunction. There is a high prevalence of dementia in patients 
with low serum 25- hydroxy vitamin D3 (25OHD) levels as a 
circulating biomarker for vitamin D status (61). A 6-year study 
found that the low levels of vitamin D were associated with a 
substantial cognitive decline in the elderly population (62) also 
another study finds out the same that vitamin D deficiency is 
associated with a substantially increased risk of all-cause 
dementia and Alzheimer disease (63). A 7-year cohort study 
found out that the higher vitamin D dietary intake was 
associated with a lower risk of developing Alzheimer's disease 
among older women (64). A Meta-analysis also investigated 
the association of vitamin D with cognitive function in older 
adults and conceptualized vitamin D as a ‘neurosteroid 
hormone' that could be a potential biomarker of the AD (65). It 
Extracellular amyloid plaques and intracellular neurofibrillary 
tangles are two major is the most common pathological cause 
of Alzheimer's disease (AD). Those extracellular cause of 
cognitive decline in the elderly and intracellular fibrillar 
aggregations cause disruption characterized by progressive 
loss of memory and other of axonal transport, interneuronal 
signal transduction, neurotrophic factor synthesis, alteration of 
neuronal calcium homeostasis and induction of oxidative stress 
(66). So the link between the vitamin D and Alzheimer's 
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disease (AD) is clearly established with these studies (67). 
How vitamin D plays a role in the AD is not clear but Vitamin 
D receptor (VDR) along with vitamin D3 seems to be playing 
a major role in it. Vitamin D3 is known to be involved in 
neuroprotection and exert its neuroprotective effects by 
modulating neuronal calcium homeostasis and production of 
neurotrophins (68). In a study it was found out that vitamin D 
protected the neurons by down regulating LVSCC A1C 
expression, up regulating VDR expression and inducing NGF. 
The neurons which received vitamin D treatment before 
treatment prevented LVSCCA1C and NGF induction and 
resisted amyloid-β induced neurodegeneration (69). The 
vitamin D receptor (VDR) is a ligand-activated transcription 
factor, belonging to the nuclear hormone receptor super 
family. It is widely expressed in human brain and both VDR 
and 1α-hydroxylase, the enzyme responsible for the 
formulating of active vitamin D in the human brain are 
widespread in both neurons and glial cells in a regional and 
layer-specific pattern (70) they exert their effects on AD via 
CaSR, Aβ, IL-10, MMPs, HO-1, and the reduced form of 
NADP, suppressing PTH and inflammatory mediators (71). 
This proves that the vitamin D plays a role in Alzheimer's 
disease and in cognitive functions as well and it can be 
beneficial in preventing Alzheimer's disease (62–65,67–69,71-
74). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 

Vitamin D is an important dietary substance and plays a major 
role in various diseases and conditions. It is also used in 
prevention and treatment of many ailments. The role played by 
vitamin D in many diseases is not well researched and studied, 
hence their should be more emphasis on experimental studies 
to find out the new possibilities of treatment and prevention of 
diseases by vitamin D. 
 

Conflict of Interest: The author declares no conflict of 
interest. 
 

Reference 
 

1. Kimlin MG, Olds WJ, Moore MR. Location and Vitamin 
D synthesis : Is the hypothesis validated by geophysical 
data ? 2007;86:234-9.  

2. Kulie T, Groff A, Redmer J, Hounshell J, Schrager S. 
Vitamin D: An Evidence-Based Review. J Am Board Fam 
Med [Internet]. 2009;22(6):698-706. Available from: 
http://www.jabfm.org/cgi/doi/10.3122/jabfm.2009.06.090
037 

3. Holick MF. Mccollum Award Lecture, 1994 - Vitamin-D 

- New Horizons for the 21St-Century. Am J Clin Nutr 
[Internet]. 1994; 60(4):619. Available from: 
isi:A1994PJ93000024 

4. Engelsen O, Brustad M, Aksnes L, Lund E. Daily duration 
of vitamin D synthesis in human skin with relation to 
latitude, total ozone, altitude, ground cover, aerosols and 
cloud thickness. Photochem Photobiol. 2005; 81(6):1287–
90.  

5. C Chapuy M, Preziosi P, Maamer M, Arnaud S, Galan P, 
Hercberg S, et al. Prevalence of Vitamin D Insufficiency 
in an Adult Normal Population. Vol. 7, Osteoporosis 
international : a journal established as result of cooperation 
between the European Foundation for Osteoporosis and 
the National Osteoporosis Foundation of the USA. 1997. 
439-443 p.  

6. Zittermann A. Vitamin D in preventive medicine: are we 
ignoring the evidence? Br J Nutr. 2003;89:552–72.  

7. Chen TC, Lu Z, Holick MF. Photobiology of Vitamin D. 
25.  

8. Brannon PM, Yetley EA, Bailey RL, Picciano MF. 
Overview of the conference “Vitamin D and Health in the 
21st Century: An Update.” Vol. 88, American Journal of 
Clinical Nutrition. 2008.  

9. Haddad JG, Matsuoka LY, Hollis BW, Hu YZ, Wortsman 
J. Human Plasma Transport of Vitamin-D After Its 
Endogenous Synthesis. J Clin Invest. 1993;91(6):2552–5.  

10. Nair R, Maseeh A. Vitamin D: The 
&quot;sunshine&quot; vitamin. J Pharmacol 
Pharmacother [Internet]. 2012;3(2):118–26. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/22629085 

11. Thomas MK, Lloyd-Jones DM, Thadhani RI, Shaw  a C, 
Deraska DJ, Kitch BT, et al. Hypovitaminosis D in 
medical inpatients. N Engl J Med [Internet]. 
1998;338(12):777-83. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/9504937 

12. Alshahrani F, Aljohani N. Vitamin D: Deficiency, 
sufficiency and toxicity. Nutrients. 2013;5(9):3605–16.  

13. For I of M (US) C to RDRI, and VD, Ross AC, Taylor 
CL, Yaktine AL, Valle HB Del. Dietary Reference Intakes 
for Calcium and Vitamin D [Internet]. Dietary Reference 
Intakes for Calcium and Vitamin D. 2011. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21796828 

14. Christiansen C, Riis P. [Consensus Development 
Conference. Prevention and treatment of osteoporosis]. 
Nord Med [Internet]. 1991;106(5):145–7. Available from: 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retri
eve&db=PubMed&dopt=Citation&list_uids=2047235 

15. Brincat M, Gambin J, Brincat M, Calleja-Agius J. The role 
of vitamin D in osteoporosis. Maturitas [Internet]. 
2015;80(3):329–32. Available from: 
http://dx.doi.org/10.1016/j.maturitas.2014.12.018 

16. Binkley N. Vitamin D and osteoporosis-related fracture. 
Arch Biochem Biophys [Internet]. 2012;523(1):115–22. 
Available from: 
http://dx.doi.org/10.1016/j.abb.2012.02.004 

17. National Institutes of Health C. Osteoporosis Prevention, 
Diagnosis, and Therapy. 2000;17(1):1–29.  

18. Ferrari S, Bianchi ML, Eisman JA, Foldes AJ, Adami S, 
Wahl DA, et al. Osteoporosis in young adults: 
Pathophysiology, diagnosis, and management. Osteoporos 
Int. 2012;23(12):2735–48.  

19. Lips P, Van Schoor NM. The effect of vitamin D on bone 
and osteoporosis. Best Pract Res Clin Endocrinol Metab 
[Internet]. 2011;25(4):585–91. Available from: 

Table 2.3 Diseases, disorders and conditions that are 
related with or aggravated by vitamin D 

 

Osteomalacia/osteoporosis Muscle function and falls 
Autoimmune disorders Tuberculosis/infections 

Cancer (breast, colon, skin,  
pancreas, prostate) 

Peripheral vascular disease 

Chronic pain Fibromyalgia 
Celiac disease Cystic fibrosis 

Multiple sclerosis Hypertension 
Type 2 diabetes Inflammatory bowel disease 

Rheumatoid arthritis Polymyalgia rheumatic 
Depression Seasonal affective disorder 

Parathyroid diseases Muscle function and falls 
Autism Obesity 

Parkinson’s disease Chronic fatigue syndrome 
Psoriasis Incontinence 

Macular degeneration (AMD) Cognitive impairment 
Cardiovascular events Rheumatoid arthritis 

 



International Journal Of Current Medical And Pharmaceutical Research, Vol.4, Issue, 1(A), pp.2872-2877, January, 2018 

 

 2876

http://dx.doi.org/10.1016/j.beem.2011.05.002 
20. Weisman Y. Vitamin D Deficiency, Rickets, and 

Osteomalacia [Internet]. Reference Module in Biomedical 
Sciences. Elsevier Inc.; 2004. 666-673 p. Available from: 
http://www.sciencedirect.com/science/article/pii/B012475
5704013834 

21. Duncan WE. CHAPTER 11 – Osteomalacia, rickets, and 
vitamin D insufficiency [Internet]. Sixth Edit. Endocrine 
Secrets. Elsevier Inc.; 2013. 110-115 p. Available from: 
http://dx.doi.org/10.1016/B978-1-4557-4975-1/00020-6 

22. Whyte MP, Thakker R V. Rickets and osteomalacia. Med 
(United Kingdom) [Internet]. 2013;41(10):594–9. 
Available from: 
http://dx.doi.org/10.1016/j.mpmed.2013.07.012 

23. Holick MF. 203 Osteomalacia and rickets [Internet]. Fifth 
Edit. Vol. 25, Rheumatology, 2-Volume Set. Elsevier Inc.; 
2016. 1680-1687 p. Available from: 
http://dx.doi.org/10.1016/B978-0-323-09138-1.00203-5 

24. Lips P. Vitamin D physiology. Prog Biophys Mol Biol. 
2006;92(1):4–8.  

25. Lukaski H. Symposium: Sarcopenia: Diagnosis and 
Mechanisms Sarcopenia: Assessment of Muscle Mass 1. J 
Nutr. 1997;127:994–7.  

26. Wolff AE, Jones AN, Hansen KE. Vitamin D and 
musculoskeletal health. Nat Clin Pract Rheumatol. 
2008;4(11):580–8.  

27. Limpawattana P, Kotruchin P, Pongchaiyakul C. 
Sarcopenia in Asia. Osteoporos Sarcopenia [Internet]. 
2015;1(2):92–7. Available from: 
http://dx.doi.org/10.1016/j.afos.2015.10.001 

28. Sanders KM, Scott D, Ebeling PR. Vitamin D deficiency 
and its role in muscle-bone interactions in the elderly. 
Curr Osteoporos Rep. 2014;12(1):74-81.  

29. Contreras FH. Vitamin D and sarcopenia. Maturitas 
[Internet]. 2017;100:102. Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S037851221730
1822 

30. Bischoff-Ferrari H a, 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.  

31. de Jongh RT, van Schoor NM, Lips P. Changes in vitamin 
D endocrinology during aging in adults. Mol Cell 
Endocrinol [Internet]. 2017;(June). Available from: 
http://linkinghub.elsevier.com/retrieve/pii/S030372071730
3325 

32. Ceglia L. Vitamin D and skeletal muscle tissue and 
function. Mol Aspects Med [Internet]. 2008;29(6):407-14. 
Available from: 
http://dx.doi.org/10.1016/j.mam.2008.07.002 

33. Ryan KJP, Daniel ZCTR, Craggs LJL, Parr T, Brameld 
JM. Dose-dependent effects of vitamin D on 
transdifferentiation of skeletal muscle cells to adipose 
cells. 2013;  

34. Lappe JM, Binkley N. Vitamin D and sarcopenia/falls. J 
Clin Densitom [Internet]. 2015;18(4):478-82. Available 
from: http://dx.doi.org/10.1016/j.jocd.2015.04.015 

35. Anagnostis P, Dimopoulou C, Karras S, Lambrinoudaki I, 
Goulis DG. Sarcopenia in post-menopausal women: Is 
there any role for vitamin D? Maturitas [Internet]. 
2015;82(1):56–64. Available from: 
http://dx.doi.org/10.1016/j.maturitas.2015.03.014 

36. Bauer JM, Verlaan S, Bautmans I, Brandt K, Donini LM, 
Maggio M, et al. Effects of a Vitamin D and Leucine-

Enriched Whey Protein Nutritional Supplement on 
Measures of Sarcopenia in Older Adults, the PROVIDE 
Study: A Randomized, Double-Blind, Placebo-Controlled 
Trial. J Am Med Dir Assoc [Internet]. 2015;16(9):740-7. 
Available from: 
http://dx.doi.org/10.1016/j.jamda.2015.05.021 

37. Rudick RA, Miller D, Hass S, Hutchinson M, Calabresi 
PA, Confavreux C, et al. Health-related quality of life in 
multiple sclerosis: Effects of natalizumab. Ann Neurol. 
2007;62(4):335–46.  

38. Sharrack B, Hughes RAC. Clinical scales for multiple 
sclerosis. Vol. 135, Journal of the Neurological Sciences. 
1996. p. 1–9.  

39. Frohman EM, Racke MK, Raine CS. Multiple Sclerosis -
The Plaque and Its Pathogenesis. N Engl J Med. 
2006;354(9):942–55.  

40. Fitzgerald KC, Munger KL, Köchert K, Arnason BGW, 
Comi G, Cook S, et al. Association of Vitamin D Levels 
With Multiple Sclerosis Activity and Progression in 
Patients Receiving Interferon Beta-1b. JAMA Neurol 
[Internet]. 2015;2115:1–8. Available from: 
http://archneur.jamanetwork.com/article.aspx?articleid=24
51334 

41. Ascherio A, Munger KL, White R, Kochert K, Simon KC, 
Polman CH, et al. Vitamin D as an early predictor of 
multiple sclerosis activity and progression. JAMA Neurol 
[Internet]. 2014;71:306–14. Available from: 
http://archneur.jamanetwork.com/data/Journals/NEUR/92
9816/noi130094.pdf 

42. Hayes C. Vitamin D and multiple sclerosis. Exp Biol …. 
1997;21–7.  

43. Munger KL, Levin LI, Hollis BW, Howard NS, Page P. 
Serum 25-Hydroxyvitamin D Levels and Risk of Multiple 
Sclerosis. 2015;296(23).  

44. Hewer S, Lucas R, Van Der Mei I, Taylor B V. Vitamin D 
and multiple sclerosis. J Clin Neurosci [Internet]. 
2013;20(5):634–41. Available from: 
http://dx.doi.org/10.1016/j.jocn.2012.10.005 

45. Correale J, Ysrraelit MC, Gaitn MI. Immunomodulatory 
effects of Vitamin D in multiple sclerosis. Brain. 
2009;132(5):1146–60.  

46. Bikle DD. Vitamin D and the immune system: role in 
protection against bacterial infection. Curr Opin Nephrol 
Hypertens. 2008;17(4):348–52.  

47. Isaia G, Di Stefano M, Bergui S. The pleiotropic actions 
of vitamin D. Vol. 3, Clinical Cases in Mineral and Bone 
Metabolism. 2006. p. 35–42.  

48. Atkinson MA, Maclaren NK. The pathogenesis of insulin-
dependent diabetes mellitus. N Engl J Med [Internet]. 
1994;331(21):1428-36. Available from: 
http://www.nejm.org/doi/full/10.1056/NEJM1994112433
12107 

49. Pittas AG, Harris SS, Stark PC, Dawson-Hughes B. The 
effects of calcium and vitamin D supplementation on 
blood glucose and markers of inflammation in nondiabetic 
adults. Diabetes Care [Internet]. 2007;30(4):980. 
Available from: 
http://care.diabetesjournals.org/content/30/4/980.abstract 

50. de Boer IH, Tinker LF, Connelly S, Curb JD, Howard B 
V, Kestenbaum B, et al. Calcium plus vitamin D 
supplementation and the risk of incident diabetes in the 
Women’s Health Initiative. Diabetes Care [Internet]. 
2008;31(4):701-7. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18235052%5Cnhttp



International Journal Of Current Medical And Pharmaceutical Research, Vol.4, Issue, 1(A), pp.2872-2877, January, 2018 

 

 2877

://care.diabetesjournals.org/content/31/4/701.full.pdf 
51. Riachy R, Vandewalle B, Moerman E, Belaich S, 

Lukowiak B, Gmyr V, et al. 1,25-dihydroxyvitamin D3 
protects human pancreatic islets against cytokine-induced 
apoptosis via down-regulation of the Fas receptor. 
Apoptosis. 2006;11(2):151-9.  

52. Casteels K, Waer M, Laureys J, Valckx D, Depovere J, 
Bouillon R, et al. Prevention of autoimmune destruction of 
syngeneic islet grafts in spontaneously diabetic nonobese 
diabetic mice by a combination of a vitamin D3 analog 
and cyclosporine. Transplantation. 1998;65(9):1225-32.  

53. Pittas AG, Lau J, Hu FB, Dawson-Hughes B. The role of 
vitamin D and calcium in type 2 diabetes. A systematic 
review and meta-analysis. J Clin Endocrinol Metab 
[Internet]. 2007;92(6):2017-29. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17389701%5Cnhttp
://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=P
MC2085234 

54. Dunlop TW, Vaisanen S, Frank C, Molnar F, Sinkkonen 
L, Carlberg C. The human peroxisome proliferator-
activated receptor delta gene is a primary target of 
1alpha,25-dihydroxyvitamin D3 and its nuclear receptor. J 
Mol Biol [Internet]. 2005; 349(2):248-60. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15890193 

55. Wei Y, Sowers JR, Clark SE, Li W, Ferrario CM, Stump 
CS. Angiotensin II-induced skeletal muscle insulin 
resistance mediated by NF-kappaB activation via NADPH 
oxidase. Am J Physiol Endocrinol Metab [Internet]. 2008; 
294(2):E345-51. Available from: 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retri
eve&db=PubMed&dopt=Citation&list_uids=18073321 

56. Pitocco D, Crinò A, Di Stasio E, Manfrini S, Guglielmi C, 
Spera S, et al. The effects of calcitriol and nicotinamide on 
residual pancreatic ??-cell function in patients with recent-
onset Type 1 diabetes (IMDIAB XI). Diabet Med. 
2006;23(8):920–3.  

57. Dong J, Zhang W, Chen JJ, Zhang Z, Han S, Qin L. 
Vitamin D Intake and Risk of Type 1 Diabetes: A Meta-
Analysis of Observational Studies. 2013;71:3551–62.  

58. Palomer X, Gonzalez-Clemente JM, Blanco-Vaca F., D. 
M. Role of vitamin D in the pathogenesis of type 2 
diabetes mellitus. Diabetes Obes Metab [Internet]. 
2008;10(3):185–97. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/18269634 

59. Danescu LG, Levy S, Levy J. Vitamin D and diabetes 
mellitus. Endocrine. 2009;35(1):11–7.  

60. Harinarayan CV. Vitamin D and diabetes mellitus. 
Hormones (Athens) [Internet]. 2014;13(2):163–81. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24776618 

61. Buell JS, Dawson-Hughes B, Scott TM, Weiner DE, 
Dallal GE, Qui WQ, et al. 25-Hydroxyvitamin D, 
dementia, and cerebrovascular pathology in elders 
receiving home services. Neurology. 2010;74(1):18–26.  

62. Llewellyn DJ, Lang IA, Langa KM, Muniz-Terrera G, 
Phillips CL, Cherubini A, et al. Vitamin D and Risk of 
Cognitive Decline in Elderly Persons. Arch Intern Med 
[Internet]. 2010;170(13):1135–41. Available from: 
http://archinte.ama-assn.org/cgi/ content/abstract/ 170/ 13/ 
1135 

 
 
 
 

63. Littlejohns TJ, Henley WE, Lang IA, Annweiler C, 
Beauchet O, Chaves PHM, et al. Vitamin D and the risk of 
dementia and Alzheimer disease. Neurology [Internet]. 
2014;83(10):920–8. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid
=4153851&tool=pmcentrez&rendertype=abstract 

64. Cédric Annweiler , 1 Yves Rolland , 2 Anne M Schott , 3 
Hubert Blain , 4 Bruno Vellas , 2 François R Herrmann 5, 
and Olivier Beauchet. Higher Vitamin D Dietary Intake Is 
Associated With Lower Risk of Alzheimer’s Disease: A 7-
Year Follow-up. J Gerontol A Biol Sci Med Sci. 
2012;67(11):1205-11.  

65. Annweiler C, Llewellyn DJ, Beauchet O. Low serum 
vitamin D concentrations in Alzheimer’s disease: A 
systematic review and meta-analysis. J Alzheimer’s Dis. 
2013;33(3):659–74.  

66. Hardy J. Amyloid, the presenilins and Alzheimer’s 
disease. Vol. 20, Trends in Neurosciences. 1997. p. 154–9.  

67. Pogge E. Vitamin D and Alzheimer’s disease: Is there a 
link? Consult Pharm. 2010;25(7):440–50.  

68. Gezen-Ak D, Dursun E, Ertan T, Hanağasi H, Gürvit H, 
Emre M, et al. Association between vitamin D receptor 
gene polymorphism and Alzheimer’s disease. Tohoku J 
Exp Med [Internet]. 2007;212(3):275–82. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17592215 

69. Dursun E, Gezen-Ak D, Yilmazer S. A novel perspective 
for Alzheimer’s disease: Vitamin D receptor suppression 
by amyloid-β and preventing the amyloid-β induced 
alterations by vitamin D in cortical neurons. J Alzheimer’s 
Dis. 2011;23(2):207-19.  

70. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. 
Distribution of the vitamin D receptor and 1 alpha-
hydroxylase in human brain. J Chem Neuroanat [Internet]. 
2005;29(1):21-30. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15589699 

71. Lương KVQ, Nguyễn LTH. The Role of Vitamin D in 
Alzheimer’s Disease. Am J Alzheimer’s Dis Other 
Dementiasr [Internet]. 2013;28(2):126–36. Available 
from: 
http://journals.sagepub.com/doi/10.1177/15333175124731
96 

72. Lu’o’ng KVQ, Nguy Ecirctilde N LTH. The beneficial 
role of vitamin d in Alzheimer’s disease. Am J Alzheimers 
Dis Other Demen [Internet]. 2011;26(7):511–20. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22202127 

73. Lehmann DJ, Refsum H, Warden DR, Medway C, 
Wilcock GK, Smith AD. The vitamin D receptor gene is 
associated with Alzheimer’s disease. Neurosci Lett 
[Internet]. 2011;504(2):79–82. Available from: 
http://dx.doi.org/10.1016/j.neulet.2011.08.057 

74. Soni M, Kos K, Lang I a, Jones K, Melzer D, Llewellyn 
DJ. Vitamin D and cognitive function. Scand J Clin Lab 
Invest Suppl [Internet]. 2012; 243(Suppl 243):79–82. 
Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22536767 

 
 
 
 
 
 
 
 

******* 


