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Vitamins D (D2 e D3)
Chemical structure



Holick, M. F. J. Clin. Invest. 2006

Origine, metabolismo e ruolo della Vitamina D nel 

sistema Fosfo-Calcico
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DEFINIZIONE
nmol/L ng/ml

Carenza <50 <20

Insufficienza 50 - 75 20 - 30

Sufficienza 75 - 250 30 - 100

Eccesso > 250 > 100

Intossicazione > 375 > 150

Linee guida SIOMMMS 2011

Bischoff Ferrari Best Pract Res Clin Rheumatol 2009

Dawson Osteoporos Int 2005

Holick Drugs Aging 2007

Il dosaggio plasmatico della 25 OHD è considerato il 

gold standard per valutare lo stato vitaminico D

IPOVITAMINOSI  D



I livelli sierici di vitamina D e la sua produzione 
si riducono con l’età1,2

1- Lips P et al. Endocr Rev 2001;22:477-501  
2- Holick et al. Lancet 1989;2:1104-1105

S
e

ru
m

 2
5

(C
H

)D
 (

n
m

o
l/

L
)1

120

100

80

60

40

0

20

Adults

(n=217)

Independent

elderly

(n=74)

Institutional

elderly

(n=142)

Hip 

fracture

patients

(n=125)

S
e

ru
m

 C
o

n
c

e
n

tr
a

ti
o

n
 o

f 
v
it

a
m

in
 D

 (
n

g
/m

l)
2

30

40

20

10

0 1 2 3 4 5 6 7

Time (days)

Young

Elderly



Isaia GC et al  Osteoporos Int 2003 

Adami  S et al Bone 2009

Adami S et al Bone 2008

Prevalence of Vitamin D inadequacy in Italy 
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Severe Vit. D deficiency is found in > 50% of elderly subjects; inadequate levels in > 95%.
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Sister and brother, 4 and 6,5 years, 

with typical rickets deformities

Holick MF: Resurrection of Vitamina D deficiency and Rickets J Clin Invest 2006

Prevalence of 80-90% in early 1900s

in Netherlands and Boston



Paziente di 65 anni plurifratturata 

con diagnosi  di Osteoporosi e 

trattata per anni con Bisfosfonati  

(senza risultati)

A seguito del rilievo di grave 

Ipovitaminosi D è stata 

trattata 

con alte dosi di Vitamina D 

E dopo 12 mesi….

DIAGNOSI: Osteomalacia da Ipovitaminosi D 

DIAGNOSI (Errata) DI OSTEOPOROSI FORMULATA 
SULLA BASE DEL SOLO DATO DENSITOMETRICO



Incidenza di fratture in pazienti anziani trattati con 

Calcio (500 mg) e Vitamina D (700 UI) 
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Calcio e Vitamina D: 
Riduzione del 18% nell’incidenza di fratture di femore

Boonen J of Clin End & Metab 2007



Abrahamsen BMJ 2010DIPART  BMJ 2010

Vitamin D given alone in doses of 400-800 

UI/die is not effective in preventing fractures

(68.500 patients)



THE VITAMIN D ICEBERG

cell cycle regulation

gene control

Ca economy

EXTRA-SKELETAL  EFFECTS OF VITAMIN D

Vitamin D Receptor
member of the nuclear receptor

family of transcription factors

1,25-(OH)2D3target cells
• Intestinal enterocyte

• Osteoblast

• Skeletal muscle

• Neuron and glial cells

• Distal renal cells

• Parathyroid cells

• Keratinocytes of skin

• Promyelocytes, Monocytes

• Lymphocytes

• Colon enterocytes

• Cardiomyocytes

• Vascular smooth muscle

• Shell gland

• Chick chorioallantoic membrane
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VITAMIN D AND MUSCULAR DEVELOPMENT

Garcia LA et al. Endocrinology 2011Venning G. BMJ 2005

VITAMIN D

VITAMIN D

VITAMIN D



Human skeletal muscle express VDR

Pfeifer M, et al Osteoporosis Int 2012

Houston et al J Gerontol A Biol Sci Med Sci 2007

• Regulation of calcium transport

• Uptake of inorganic phosphate for production of energy-rich Phosphate compounds

• Protein synthesis



VDR genotypic variations are associated with differences in muscle 

strength and prevalence of sarcopenia

Roth S M et al. J Gerontol A Biol Sci Med Sci 2004

Grundberg E, et al. Eur J Endocrinol. 2004 

Windelinckx A, et al. Osteoporos Int. 2007 

Geusens P, et al J Bone Miner Res. 1997



How low vitamin D influence muscle trophism: fast-
twitch type II

Sato Y et al, Bone 2002



Endocrine Abstracts (2013) 31 OC1.6

DOI:10.1530/endoabs.31.OC1.6

Improving the vitamin D status of vitamin D deficient adults is associated with 

improved mitochondrial oxidative function in skeletal muscle

Akash Sinha1,2, Kieren Hollingsworth3, Steve Ball2,4 & Tim Cheetham1,2

Results: The phosphocreatine recovery half-time (τ1/2PCr, τ1/2ADP) was

significantly reduced following cholecalciferol therapy in the subjects indicating an

improvement in maximal oxidative phosphorylation (P<0.001, P=0.003). This was
associated with an improvement in mean serum 25OHD levels (8.8±4.2 to

113.8±51.5 nmol/l, P<0.001). There was no difference in phosphate metabolites at

rest. A linear regression model showed that decreasing serum 25OHD levels are

associated with increasing τ1/2PCr (r=−0.41, P=0.009). All patients reported an

improvement in fatigue following cholecalciferol therapy.

Conclusions: Cholecalciferol therapy augments muscle mitochondrial maximal

oxidative phosphorylation following exercise in symptomatic, vitamin D deficient

individuals. This finding suggests that changes in mitochondrial oxidative

phosphorylation in skeletal muscle could at least be partly responsible for the fatigue

experienced by these patients. For the first time, we demonstrate a link between

vitamin D and the mitochondria in human skeletal muscle.

Conclusions: Cholecalciferol therapy augments muscle mitochondrial maximal

oxidative phosphorylation following exercise in symptomatic, vitamin D deficient

individuals. This finding suggests that changes in mitochondrial oxidative

phosphorylation in skeletal muscle could at least be partly responsible for the fatigue

experienced by these patients. For the first time, we demonstrate a link between

vitamin D and the mitochondria in human skeletal muscle.



Low 25OH vitamin D and sarcopenia: 
longitudinal Aging Study Amsterdam

Visser et al JCEM 2003



High PTH and sarcopenia: 
longitudinal Aging Study Amsterdam

Visser et al JCEM 2003



Lower 25 OH Vitamin D is associated with 
poorer muscular performance:

the In CHIANTI study

Houston et al J Gerontol A Biol Sci Med Sci 2007



Lower vitamin D is associated with 
poor physical performance 

Houston DK, et al J Gerontol A Biol Sci Med Sci. 2011



Mee Kyoung K et al, JCEM 2011

Ji AS et al JAGS 2012

Abdelouahid T et al, Age and Ageing 2013



Vitamin D and the risk of falls

Bischoff-Ferrari et al BMJ 2009

C.J Rosen et al Endocrine Reviews 2012



Vitamin D treatment for the prevention of falls in older 
adults: systematic review and meta-analysis

Kalyani et al, J Am Geriatr Soc 2010



JAGS, 2010 

Supplement Vitamin D 
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Eyles DW, et al  

Distribution of the 

vitamin D receptor and 

1 alphahydroxylase in 

human brain. 

J Chem Neuroanat 

2005



A large body of research suggests that an
inadequate dietary supply of any of a number of
essential micronutrients can adversely affect brain
function

A significant positive correlation between serum
25OHD3 concentrations and scores on the
minimental state examination in a retrospective
chart review of data obtained on 32 older
adults referred to a clinic because of symptoms of
dementia

Przybelski, R. J., and Binkley, N. C. Arch. Biochem. Biophys. 2007

Brain function & Vitamin D in humans



P< 0.001

(962 pts)



Llewellyn DJ, Lang IA, Langa KM, Melzer D.

Vitamin D and cognitive impairment in the 

elderly US population.

J Gerontol A Biol Sci Med Sci 2011

“…low levels of 25 (OH)

D were associated with

increased odds of

cognitive impairment

and this association

remained after adjusting

for a wide range of

potential confounders.”

Hypovitaminosis D and Cognitive impairment





Neurology, 2012 



Neurology, 2012 



D’Amelio P & Isaia GC personal data ( 252 pts)
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Marian L. Evatt, MD Arch Neurol. 2008 

IPOVITAMINOSI D, PARKINSON E ALZHEIMER



Several mechanism have been proposed to explain why vitamin D deficiency 
may increase the odds of cognitive impairment.

Vitamin D deficiency may increase risk of:

- Stroke

- Diabetes

- Hypertension

These conditions may in turn be associated with cognitive impairment

Vitamin D receptors are present in a wide variety of cells, including neurons 
and glial cells, and genes encoding the enzymes involved in the 
metabolism of vitamin D are also expressed in the brain 

Llewellyn DJ, Lang IA, Langa KM, Melzer D.

Vitamin D and cognitive impairment in the elderly 

US population.

J Gerontol A Biol Sci Med Sci 2011

Hypovitaminosis D and Cognitive impairment



McCann JC, et al 

Is there convincing 

biological or 

behavioral evidence 

linking vitamin D 

deficiency to brain 

dysfunction? 

FASEB J 2008;



Major Causes and Consequences of Vitamin D deficiency 



CONCLUSIONI 
L’ipovitaminosi D è una condizione molto diffusa in tutte le

età, ma in misura più marcata negli anziani, nei quali
determina sicuri effetti negativi sui tessuti scheletrico e
muscolare.

Per documentare gli effetti positivi della Vitamina D a livello
extrascheletrico e sulla patogenesi di numerose patologie
croniche, in particolare sul deterioramento cognitivo, occorre
disporre di ulteriori risultati, anche se molte evidenze
suggeriscono che essa possa svolgere un ruolo significativo.

E’ comunque giustificato raccomandare, soprattutto agli
anziani, di esporsi adeguatamente al sole, oppure di
assumere cibi fortificati con Vitamina D e/o specifici preparati
farmaceutici, i cui effetti tossici sono del tutto trascurabili alle
usuali posologie di somministrazione.



Grazie per l’attenzione 


