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Vitamine--vitamin. The early years of discovery. 
Rosenfeld L, Clin Chem. 1997 Apr;43(4):680-5. 

 

•In 1753, James Lind (1716 –1794), a British naval surgeon,                           
reported the effective use of orange and lemon juice in preventing                         
scurvy in sailors. In 1795, the government finally added                                        
lemon juice to the ration of the British sailor. 
 

 
Codliver oil was first used as a therapeutic agent in the 1770s  
in the treatment of rickets, osteomalacia,  
generalized malnourishment. 
 

 
•In 1884, Surgeon General Kanehiro Takaki (1849 –1915)  
eliminated beriberi (muscular atrophy and peripheral paralysis) 
from the Japanese navy by giving the sailors increased amounts  
of meat, barley, unpolished rice or the rice polishings and fruit.  
Takaki correctly attributed the disease to a food deficiency.  

Il beriberi è una malattia causata da una scarsità di vitamina B1 (o tiamina), necessaria alla conversione del glucosio in energia. 



Vitamine--vitamin. The early years of discovery. 
Rosenfeld L, Clin Chem. 1997 Apr;43(4):680-5. 

 

•Nikolai Lunin in Gustav von Bunge’s (1844 –1920) Laboratory in Basle  
(1881) reported that young mice did not thrive on an artificial mixture  
of the purified components of milk (proteins, fats, carbohydrates, and  
salts) and consequently, that this synthetic milk diet lacked  
“unknown substances” without which life could not be sustained.  
 
 
•In 1905, Cornelius Adrianus Pekelharing (1848 –1922) of Utrecht  
carried out similar experiments with mice and purified foodstuffs,  
and got results similar to those of Lunin.  
If milk was given instead of water, the mice thrived upon the diet. 
 
 

 
He concluded that an unrecognized substance was present in milk, which,  

even in very small quantities, is important for nutrition, and  
without which the animal loses the ability to utilize the other components of its diet. 



Vitamine--vitamin. The early years of discovery. 
Rosenfeld L, Clin Chem. 1997 Apr;43(4):680-5. 

 

•Since those unknown substances appeared to be vital  
to life, Casimir Funk (1884 –1967) named it “vitamine” 
Funk C. The etiology of the deficiency diseases. Beri-beri, polyneuritis in birds,  
epidemic dropsy, scurvy, experimental scurvy in animals,  infantile scurvy,  
ship beri-beri, pellagra. J State Med (London) 1912;20:341–68. 
 
 
•In 1920, Jack Cecil Drummond (1891–1952;) suggested  
that the final “e” be dropped, since there was no evidence  
to support that these indispensable dietary constituents  
were amines (composti azotati prodotti per decarbossilazione microbica degli amminoacidi), 

and the substances be referred to as vitamins A, B, C,  
etc., until their true nature was identified. 
 

 



Vitamine--vitamin. The early years of discovery. 
Rosenfeld L, Clin Chem. 1997 Apr;43(4):680-5. 

 

•Osborne and Mendel, Elmer Verner McCollum (1879 –1967) 
and Marguerite Davis at the University of Wisconsin 
discovered that butter contains a trace amount of some fat-
soluble organic substance that is essential in nutrition of rats 
which they called “fat-soluble A.” 
 
•The name “water-soluble C” was initially proposed by 
Drummond in 1919 for the anti-scorbutic factor. 
 
In 1922, McCollum et al. showed that the factor cod-liver oil 
effective against rickets was is a sterol and it named named 
vitamin D.  
McCollum EV, Studies on experimental rickets. XXI.  
An experimental demonstration of the existence of  
a vitamin which promotes calcium deposition.  
J Biol Chem 1922;53:293–312. 
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Synthesis and Metabolism of Vitamin D.                                  
Rosen CJ. NEJM 2011;364:248 
 
•Vitamin D is initially generated in the skin from the nonenzymatic 
conversion of provitamin D3 to previtamin D3. 
•Dietary intake of vitamin D is usually relatively limited, since few 
foods, with the exception of certain kinds of fish, contain sizable 
amounts; supplements are commonly used.  
•Vitamin D is either stored in adipose tissue or converted in the liver 
by the enzyme 25-hydroxylase to 25-hydroxyvitamin D3 (25[OH]D3), 
(cholecalciferol) the form that circulates in the highest concentration 
and reflects solar and dietary exposure.  
•It is converted to the active metabolite, 1,25-dihydroxyvitamin D 
(1,25[OH]2D), or calcitriol, in the kidney, although other tissues have 
1α-hydroxylase enzymatic activity.  
•The synthesis of calcitriol is enhanced (+) by increasing levels of PTH 
(parathyroid hormone), which rise in response to lower levels of serum 
calcium.  Reduced levels of serum phosphate can also increase (+) the 
production of calcitriol. Its synthesis is suppressed (–) by the 
production of fibroblast growth factor 23 (FGF-23), which is secreted 
by osteocytes in the bone matrix.  
•Calcitriol inhibits the activity of 1α-hydroxylase (CYP27B1) and 
stimulates the activity of 24-hydroxylase (CYP24R1), an enzyme that 
promotes production of 24,25(OH)2D3, a vitamin D product 
that is not biologically active.     
                                                                                                              
In CYP2R1, CYP27B1, and CYP24R1, CYP denotes cytochrome P. 

25(OH)D 

1-25(OH)D 

UVB 



• Exposure to sunlight for 5 to 15 minutes  
(between 10 AM and 3 PM) during the spring, summer,  
and fall provides lighter-skinned persons  
with adequate vitamin D.  
 
 
• Persons of black race/ethnicity require approximately  
5 to 10 times longer exposure  than persons  
of white race/ethnicity to produce vitaminD3.  
 
 
• In addition, persons living above 35° latitude  
cannot produce adequate previtamin D3 during winter. 
 
Rovner, Arch Pediatr Adolesc Med. 2008;162(6):513-519 

Vitamin D production in Boston = Latitude 42° = Roma 



persons living  
above 35° latitude 
cannot produce 
adequate 
previtamin D3 
during during  
late fall, winter 
months and early 
spring, even 
if sufficiently 
exposed to 
sunlight. 

Vierucci F, Eur J Pediatr. 2013;172(12):1607–17. 



persons living  
above 35° latitude 
cannot produce 
adequate 
previtamin D3 
during during  
late fall, winter 
months and early 
spring, even 
if sufficiently 
exposed to 
sunlight. 

Vierucci F, Eur J Pediatr. 2013;172(12):1607–17. 

during this period an adequate vitamin D 
status can be maintained only from 

endogenous stores accumulated during 
previous summer or by  

exogenous supplementation. 



My shadow at 12 a.m.  

on February 5th 

in Verona,  

Latitude 45°26'6"36 N 

 

 

 

No vitamin D production 

by sun exposure ! 
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•A vitamin is an organic compound required by an organism   
as a vital nutrient in limited amounts.                                                                               
An organic chemical compound (or related set of compounds)  
is called a vitamin when it cannot be synthesized in sufficient 
quantities by an organism, and must be obtained from the diet.  
 
•A hormone (from Greek ὁρμή, "impetus") is a chemical released by    
a cell or a gland in one part of the body that sends out messages that 
affect cells in other parts of the organism.  
Only a small amount of hormone is required to alter                                    
cell metabolism. In essence, it is a chemical messenger                                   
that transports a signal from one cell to another. 

Vitamin and Hormone Definitions 

Vitamin D is a hormone “which becomes  
a vitamin in winter” and above 35° latitude 
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Vitamin D content in some foods Vitamin D in pediatric 
age: consensus of the 
Italian Pediatric 
Society and the Italian 
Society of Preventive 
and Social Pediatrics, 
jointly with the Italian 
Federation of 
Pediatricians. 
 
Saggese G, Vierucci F, 
Prodam F, Cardinale F, 
Cetin I, Chiappini E, De' 
Angelis GL, Massari M, 
Miraglia Del Giudice E, 
Miraglia Del Giudice M, 
Peroni D, Terracciano L, 
Agostiniani R, Careddu D, 
Ghiglioni DG, Bona G, Di 
Mauro G, Corsello G. 
Ital J Pediatr.  
2018 May 8;44(1):51 
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with the 
exclusion of 
artificially 

fortified foods, 
the contribution 

of dietary 
intakes 
may be 

considered 
negligible 
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Federation of 
Pediatricians. 
 
Saggese G, Vierucci F, 
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Cetin I, Chiappini E, De' 
Angelis GL, Massari M, 
Miraglia Del Giudice E, 
Miraglia Del Giudice M, 
Peroni D, Terracciano L, 
Agostiniani R, Careddu D, 
Ghiglioni DG, Bona G, Di 
Mauro G, Corsello G. 
Ital J Pediatr.  
2018 May 8;44(1):51 

fatty fish are  
rarely eaten 
 by children 



Resurrection of vitamin D deficiency and rickets. Holick MF. J Clin Invest. 2006;116(8):2062-72. 

Cutaneous production of vitamin D  
due to sunlight exposure accounts for  

at least 80%  
of the source of vitamin D in humans. 



Vitamin D content in some foods 

•Breast milk represents the best food to satisfy children’s 
nutritional needs, although it contains insufficient 
amount of vitamin D (< 50 IU/l). 
við Streym S, Vitamin D content in human breast milk:  
a 9-mo follow-up study. Am J Clin Nutr. 2016;103(1):107–14.  

 
•Vitamin D intake of formula fed infants varies according                                             
to the vitamin content (about 400 IU/l) and daily formula intakes.  
 
•Considering water requirements, formula fed infants may receive 
400 IU/day of vitamin D, which is adequate for the first year of life,                 
only when they come to weigh 5 to 6 Kg (4 months of age).  
 
•However, children are weaned by the time they 
reach this weight and this further reduces their daily 
milk consumption. 



Vitamin D content in some foods 

•Breast milk represents the best food to satisfy children’s 
nutritional needs, although it contains insufficient 
amount of vitamin D (< 50 IU/l). 
við Streym S, Vitamin D content in human breast milk:  
a 9-mo follow-up study. Am J Clin Nutr. 2016;103(1):107–14.  

 
•Vitamin D intake of formula fed infants varies according                                             
to the vitamin content (about 400 IU/l) and daily formula intakes.  
 
•Considering water requirements, formula fed infants may receive 
400 IU/day of vitamin D, which is adequate for the first year of life,                 
only when they come to weigh 5 to 6 Kg.  
 
•However, children are weaned by the time they 
reach this weight and this further reduces their daily 
milk consumption. 

during this 
period an 

adequate vitamin 
D status can be 
maintained only 

from 
exogenous 

supplementation. 

D3 
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The mechanism of action of 1,25(OH)2D. 

•1,25(OH)2D is a sterol hormone 
and is a ligand for a transcription 
factor, which in the case of 
1,25(OH)2D is the                   
vitamin D receptor (VDR).  
 
•When 1,25(OH)2D binds                            
to VDR it is transported into                
the nucleus where it partners               
with another nuclear hormone 
receptor, most often the                    
retinoid X receptor (RXR).                                
  
•These heterodimers bind to regions of the genes they regulate                               
at specified sequences called vitamin D response elements (VDREs).  
 
•Binding to the VDREs can facilitate the expression                                                                       
of the targeted gene (coactivators)                                                                                          
or inhibitits expression (cosuppressors). 



The mechanism of action of 1,25(OH)2D. 

Different tissues have 
varying levels  

of these coregulators, 
providing some degree 

of  
tissue specificity  

for vitamin D action. 

Thus, an appreciation of the ability of individual tissues to produce 
their own 1,25(OH)2D3 in a tissue specific manner and to respond 

to 1,25(OH)2D3, again in a tissue specific manner,                           
provides the basis for the concept that vitamin D regulates  

many functions in many tissues, and does so selectively. 



courtesy of Prof. Michele Miraglia del Giudice 



•Furthermore, regulation of CYP27B1                                                            
in non-renal tissues generally differs                                                         
from that in the kidney and might be                                                    
more dependent on the concentration                                                               
of available 25OHD substrate.                                                                           
Bikle D. Clin. Rev. Bone Miner. Metab.                                                                    
2009;7:114–125  
 
•This has led to the concept that                                                   
maintenance of 25OHD levels in the                                                           
blood above that required for the                                                       
prevention of rickets and osteomalacia                                              
is required for vitamin D regulation of a large number of physiologic 
functions beyond that of its classic actions                                                          
in bone mineral metabolism. 

Multiple Functions of Vitamin D 



Vitamin D production and effects on bone-muscles 
p
r
o
d
u
c
t
i
o
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Resurrection of vitamin D deficiency and rickets. Holick MF. J Clin Invest. 2006;116(8):2062-72. 

e
f
f
e
c
t
s 

1,25(OH)2D  
 
1) enhances intestinal calcium 
and phosphorus absorption. 
 
2) stimulates the expression of 
RANKL on the osteoblasts to 
interact with its receptor 
RANK on preosteoclasts to 
induce mature osteoclastic 
activity, which releases calcium 
and phosphorus (HPO4 2–).                
 
3) inhibits the renal 1-OHase 
and stimulates the expression 
of the renal 25(OH)D-24-
hydroxylase (24-OHase).     
The induction of the 24-OHase 
results in the destruction               
of 1,25(OH)2D into a water-
soluble inactive metabolite 
calcitroic acid. 



Vitamin D Physiology and Biological Functions 

Holick MF, J Clin Endocrinol Metab. 2011 Jul;96(7):1911-30.  

•Without vitamin D, only 10 to 15% of dietary calcium                                                
and about 60% of phosphorus are absorbed.  
 
•Vitamin D sufficiency  
enhances absorption of: 
 
 
The intestine is the primary target tissue for vitamin D                                          
and its effects on bone cells are mainly indirect. 
 
• Active 1,25(OH)2D can elicit calcium mobilization from bone                                      
when intestinal calcium absorption is decreased. 
Lieben L, Normocalcemia is maintained in mice under conditions of calcium malabsorption by 
vitamin D-induced inhibition of bone mineralization. J Clin Invest 2012;122:1803–15. 

Bouillon R, J Intern Med. 2017 Nov;282(5):461-464. 

ocalcium by 30–40%  
and  
ophosphorus by 80%,. 
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ocalcium by 30–40%  
and  
ophosphorus by 80%,. 

The vitamin D endocrine system thus primarily aims  
to maintain a normal serum calcium homoeostasis  

whereby its role on bone can be either beneficial or 
deleterious depending on calcium intake  

and availability. 



Actions of Vitamin D on Bone 

•nutritional vitamin D deficiency,  
 

•altered vitamin D responsiveness such 
as vitamin D receptor mutations 

(hereditary vitamin D resistant rickets), 
and  

 
•deficient production of 1,25(OH)2D 

such as mutations in the CYP27B1 gene    
 (pseudo vitamin D deficiency)  

all have rickets  
as their main phenotype. 

1,25(OH)2D,  
is of critical  

importance to bone. 

Skeletal deformities observed in rickets.  
(A) Photograph from the 1930s of a sister (left) and brother (right), 
aged 10 months and 2.5 years, respectively, showing enlargement         
of the ends of the bones at the wrist, carpopedal spasm,                          
and a typical “Taylorwise” posture (postura del saggio) of rickets. 
(B) The same brother and sister 4 years later, with classic                       
knock knees and bow legs, growth retardation,                                                        
and other skeletal deformities. 



Actions of Vitamin D on Bone 

•hypocalcemia  
 
and  
 
•hypophosphatemia 
 
 
 
hyperparathyroidism  

sufficient to cause rickets 

its own actions  
on bone and cartilage.  



Actions of Vitamin D on Bone 

•insulin like growth factor-1 (IGF-I) and 
its receptor and binding proteins,  
 
•transforming growth factor β (TGFβ),  
 
•vascular endothelial growth factor 
(VEGF),  
 
•IL-6 and IL-4,  
 
•endothelin receptors  
  
 
all of which can exert effects on bone 

of their own as well as modulate  
the actions of the vitamin D 

metabolites on bone. 

within bone  
the vitamin D metabolites 

can alter the expression 
and/or secretion  

of a large number of 
skeletally derived factors:   



•Bone mass acquisition starts during fetal life and  
continues throughout the entire pediatric age  
until young adulthood with the achievement  
of peak bone mass (PBM), that is the total amount  
of bone mass acquired when accrual plateaus  
just after completion of growth and development.  
•Gordon CM, The determinants of peak bone mass.  
J Pediatr. 2017;180:261–9. 
 
 

 
•As bone mass tracks during childhood and adolescence,  
bone status during pediatric age is a strong predictor  
of bone status in young adulthood. 
•Wren TA, Longitudinal tracking of dual-energy X-ray absorptiometry bone measures 
over 6 years in children and adolescents: persistence of low bone mass to 
maturity. J Pediatr. 2014;164(6):1280–5. 

Bone Formation: actions of Vitamin D 



The National Osteoporosis Foundation's position statement  
on peak bone mass development and lifestyle factors:  

a systematic review and implementation recommendations. 
Weaver CM, Osteoporos Int. 2016 Apr;27(4):1281-1386.  

 

Bone mass across 
the lifespan with 
optimal and 
suboptimal 
lifestyle choices. 
 
•Skeletal characteristics, 
such as cortical density 
and structural strength, 
determined by bone 
dimensions and thickness, 
continue to increase after 
epiphyseal fusion and into 
the third decade of life. 



The National Osteoporosis Foundation's position statement  
on peak bone mass development and lifestyle factors:  

a systematic review and implementation recommendations. 
Weaver CM, Osteoporos Int. 2016 Apr;27(4):1281-1386.  

 

Bone mass across 
the lifespan with 
optimal and 
suboptimal 
lifestyle choices. 
 
Skeletal characteristics, 
such as cortical density 
and structural strength, 
determined by bone 
dimensions and thickness, 
continue to increase after 
epiphyseal fusion and into 
the third decade of life. 

Optimizing bone 
accrual during growth 
may be of greatest 

significance in 
preventing current or 

future fractures,  
as measures of bone 
mass, density, and 

structural strength 
are associated 

with fracture in 
children and adults 



The National Osteoporosis Foundation's position statement  
on peak bone mass development and lifestyle factors:  

a systematic review and implementation recommendations. 
Weaver CM, Osteoporos Int. 2016 Apr;27(4):1281-1386.  

 

•The frequency of fractures 
is higher among children 
compared to young and 
middle-aged adults,  
reflecting the vulnerability  
of the growing skeleton  
prior to peak bone mass. 
 
•There is a developmental 
period during the rapid 
growth of late childhood and 
early adolescence when the 
skeleton is particularly 
vulnerable to fracture 

Incidence of fractures of the distal forearm 
from birth through young adulthood. 



A systematic approach to fragility fracture  
care and prevention 

Life-course approach  
to nutrition. 
Mitchell PJ,  

Osteoporos Int.  
2015 Dec;26(12):2723-42 



Optimizing bone health in children and adolescents. 
Golden NH, Pediatrics. 2014 Oct;134(4):e1229-43.  

 

•Pediatrician play a major role in helping  
optimize bone health in children and adolescents. 
 
•Routine calcium supplementation is not recommended for healthy children 
and adolescents,  but increased dietary intake to meet daily requirements             
is encouraged. 
 
•                 The American Academy of Pediatrics endorses the vitamin D        
                supplementation advised by the Institute of Medicine and          
                 supports testing for vitamin D deficiency in children with        
                  conditions associated with increased bone fragility. 
 
•Encourage weight-bearing activities.  
Walking, jumping,  running, and dancing activities 
are preferable to swimming or cycling to optimize bone health. 



Actions of Vitamin D on Skeletal muscle.  

Vitamin D in Child Health. 
Tonney FO. Am J Public Health Nations Health. 1936;26(7):665-71. 

The roles of vitamin D in skeletal muscle:  
form, function, and metabolism. 
Girgis CM, Endocr Rev. 2013 Feb;34(1):33-83. 

 



The roles of vitamin D in skeletal muscle:  
form, function, and metabolism. 
Girgis CM, Endocr Rev. 2013 Feb;34(1):33-83. 

 

Actions of Vitamin D on Skeletal muscle.  

Vitamin D in Child Health. 
Tonney FO. Am J Public Health Nations Health. 1936;26(7):665-71. 

“In the active  
and moderate stages of rickets, 

the muscles are characteristically 
flabby (flaccidi) and lax (deboli).  

 
In addition, the neuro-motor 

development of normal growth is 
impaired, if the rickets is severe.  

 
In the milder stages of rickets, 

however, the neuro-motor 
development may proceed 

uninterruptedly.” 
Eliot M.,  

Am. J. Dis. Child.  
1934;48:713. 



The roles of vitamin D in skeletal muscle:  
form, function, and metabolism. 
Girgis CM, Endocr Rev. 2013 Feb;34(1):33-83. 

 

Actions of Vitamin D on Skeletal muscle.  

Vitamin D in Child Health. 
Tonney FO. Am J Public Health Nations Health. 1936;26(7):665-71. 

“The point is,  
that a healthy child 
naturally assumes  
a correct posture, 

whereas a rachitic child,  
because of lax muscle tonus  

and faulty bone development, 
often stamps himself  

as abnormal 
by his posture alone”. 
Vitamin D in Child Health. 

Tonney FO.  
Am J Public Health Nations Health. 

1936;26(7):665-71. 

 



Actions of Vitamin D on Skeletal muscle.  

•Rickets and osteomalacia have been associated with 
muscle weakness and hypotonia of the proximal lower 
limb musculature for centuries. 
•Whistler D 1645 De morbo puerili Anglorum quem patrio idiomate 
indigenae vocant the rickets. University of Leidon doctoral 
dissertation. Oxford: Alexander Cooke 
•Glisson F 1651 A treatise of the rickets: being a disease common 
to children. Culpeper N, ed. London: P Cole 
 
•In addition to general weakness, more specific 
proximal muscle deficits are commonly described, 
including difficulty rising from a seated or squat 
position, ascending a flight of stairs, or                              
lifting objects. 
•Chalmers J, Osteomalacia: a common disease in elderly women.  
J Bone Joint Surg Br 1967;49:403–423 
•Irani PF, Electromyography in nutritional osteomalacic myopathy.  
J Neurol Neurosurg Psychiatry 1976;39:686–693 
•Russell JA,Osteomalacic myopathy. Muscle Nerve 1994;17:578–580 
 

De morbo puerili Anglorum  



Vitamin D, Muscle Function, and Cardiorespiratory 
Fitness in Adolescents From the Young Hearts Study. 

Carson EL, J Clin Endocrinol Metab, 2015;100(12):4621–4628. 

a cross-sectional study  
(1015 adolescents,  
age 12 and 15 y),   
 
25(OH)D] data available 
as part of the Young 
Hearts Study 2000. 
 
Muscle strength (kg)  
determined by handgrip 
dynamometry 

 high,             middle,              low  
 

    51 nmol/L          34–51 nmol/L          34 nmol/L 

tertiles of standardized serum 
25(OH)D (nmol/L) concentration in boys  

20.4 ng/mL 13.6 ng/mL 



Vitamin D, Muscle Function, and Cardiorespiratory 
Fitness in Adolescents From the Young Hearts Study. 

Carson EL, J Clin Endocrinol Metab, 2015;100(12):4621–4628. 

 high,             middle,              low  
 

    51 nmol/L          34–51 nmol/L          34 nmol/L 

tertiles of standardized serum 
25(OH)D (nmol/L) concentration in boys  

boys age 15 years in the highest tertile  
of serum 25(OH)D concentration had  

higher muscle strength (β=3.90; P<0.001)  
compared with those in the lowest tertile. 

a cross-sectional study  
(1015 adolescents,  
age 12 and 15 y),   
 
25(OH)D] data available 
as part of the Young 
Hearts Study 2000. 
 
Muscle strength (kg)  
determined by handgrip 
dynamometry 

20.4 ng/mL 13.6 ng/mL 



Vitamin D 

Muscle actin and 
troponin-tropomyosin 

proteins synthesis 

Rapid flux of calcium ions from the 
sarcoplasmic reticulum (SR) to cytoplasm 

essential for muscle contraction 

Actions of Vitamin D on Skeletal muscle.  
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Mirzakhani H. Clin Exp All 2015;45:114 

Vitamin D is necessary for normal foetal                                        
development and organ function. 
Brannon PM. Proc Nutr Soc 2012;71:205–12. 
 
 
 
 
Several observational studies suggest that                                                   
low 25OHD level promotes intrauterine growth                                       
restriction and low birth weight and has modest                                            
effects on preterm birth.  
Gernand AD, J Clin Endocrinol Metabolism 2013;98:398–404. 
Gernand AD, J Clin Endocrinol Metabolism 2013;98:398–404. 
 
 

Low Vitamin D 

Vitamin D in pregnancy and foetal development 



Vitamin D and risk of preterm birth: Up-to-date  
meta-analysis of randomized controlled trials  

and observational studies. 
Zhou SS, J Obstet Gynaecol Res. 2017;43(2):247-256.  

 

OR of preterm birth  
1.0 – 

0.5 – 

0.0  

0.57 

vitamin D supplementation  
alone during pregnancy  

 24 articles  
(6 RCT and  
18 observational 
studies) 



 24 clinical trials  
of vitamin D 
supplementation 
during pregnancy 
and offspring 
outcomes. 
 

 5405 participants 

With vitamin D supplementation during 
pregnancy RR of 

Small for gestational 
age (SGA) 

Fetal or  
neonatal mortality 

Congenital 
abnormality 

0.72 0.72 
0.94 

1.0 – 

0.5 – 

0.0 

Association Between Vitamin D Supplementation During 
Pregnancy and Offspring Growth, Morbidity,  

and Mortality. A Systematic Review and Meta-analysis  
Bi WG,   JAMA Pediatr 2018;172:635-645 



Vitamin D  multiple effects in the developing fetus. 

Bone development, 
  
Immune system development, 
 
Brain development.  
 
Important regulator of lung growth. 
 
Nguyen M,. J Steroid Biochem Mol Biol 2004;89-90:93-7. 
Nguyen TM, Am J Physiol 1996;271:L392-9. 
Edelson J, Biochem Biophys Acta 1994;1221:159-66. 
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 Skeletal actions of vitamin D Nutritional rickets 



Nutritional rickets, due to vitamin D deficiency and/or low calcium intake  
in children, develops postnatally, usually towards the end of the first year  
of life and in the course of the second year of life. 
 
In case of severe deficit of vitamin D during  
pregnancy congenital rickets is possible.  
Elidrissy AT. The Return of Congenital Rickets,  
Are We Missing Occult Cases?  
Calcif Tissue Int. 2016 Sep;99(3):227-36. 
 
It is characterized by defective  
mineralization of developing  
bone tissue and reduced or  
absent endochondral ossification  
of the growth plate,  
with subsequent  
deformation.  
 

 Skeletal actions of vitamin D Nutritional rickets 



The clinical signs of vitamin 
D deficiency are:  
rickety wrists and ankles,  
rachitic rosary,  
Harrison’s sulci,  
lower limb deformities. 

Nutritional rickets: Clinical Findings 



Nutritional rickets  
may be associated also with  
extraskeletal manifestations: 
 
Moreover, vitamin D deficiency may determine hypocalcaemia that may be: 
    ●asymptomatic,             ●latent or           ●symptomatic with acute onset 

•muscular hypotonia,  
•delayed motor development,   
•increased risk of respiratory infections.  

•seizures,  
•syncope,  
•laryngospasm,  
•bronchospasm, 
•tetanus,  
•paresthesia,  
•tremors,  
•muscular cramps,  
•dilated cardiomyopathy 

•Allgrove J, A practical approach to vitamin D 
deficiency and rickets.  
Endocr Dev. 2015;28:119–33. 

Nutritional rickets: Clinical Findings 



Particularly, adolescents  
may develop  
non-specific symptoms:  
  

•diffuse limb pain or  
 
 
•difficulties in climbing stairs, 
 
 
•general malaise 
 & generalised weakness   
 
 

because of myopathy  
secondary to vitamin D deficiency 

and mimiking fibromialgia 

•Narchi H,  
Symptomatic rickets  
in adolescence.  
Arch Dis Child. 2001;84(6):501–3. 

Nutritional rickets: Clinical Findings 



Prevention of rickets and osteomalacia in the UK: 
political action overdue. 

Uday S, Arch Dis Child. 2018 Sep;103(9):901-906.  
 

Adherence rates for infant 
vitamin D supplementation in 
the first year of life in Europe, 
with UK reporting the lowest 
rates. 
Uday S, Variations in infant and 
childhood vitamin D supplementation 
programmes across Europe and 
factors influencing adherence. 
Endocr Connect 2017;6:667–75. 
 
 
Good adherence (≥80% of infants 
supplemented) is indicated in green, 
Moderate adherence (79%–50%)  
in orange and 
Low adherence (<50%) in red. 

UK, Greece, Serbia 



Prevention of rickets and osteomalacia in the UK: 
political action overdue. 

Uday S, Arch Dis Child. 2018 Sep;103(9):901-906.  
 

Adherence rates for infant 
vitamin D supplementation in 
the first year of life in Europe, 
with UK reporting the lowest 
rates. 
Uday S, Variations in infant and 
childhood vitamin D supplementation 
programmes across Europe and 
factors influencing adherence. 
Endocr Connect 2017;6:667–75. 
 
 
Good adherence (≥80% of infants 
supplemented) is indicated in green, 
Moderate adherence (79%–50%)  
in orange and 
Low adherence (<50%) in red. 

Duration of supplementation 
varied widely (6 months to 

lifelong in at-riskpopulations)  

But there is a  
very low rate  

of supplementation 
between  

3 and 10 years  
of age  

UK, Greece, Serbia 
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Vitamin D serum Concentration Measurement 

 
 
•1,25(OH)2D levels, unlike 25OHD levels, are well maintained until                         
the extremes of vitamin D deficiency because                                                              
of secondary hyperparathyroidism,                                                                                                      
and thus do not provide a useful index                                                                               
for assessing vitamin D deficiency  
at least at the initial stage. 

Rovner, Arch Pediatr Adolesc Med. 2008;162:513-519 
Bikle Trends Endocrinol Metab 2010;21:375 

•dietary intake                                          
from vitamin D2 or vitamin D3  
 
and  
 
•cutaneous synthesis of vitamin D3. 

•The best indicator of vitamin D status 
is serum 25-hydroxyvitamin D  

concentration because it reflects: 

25(OH)D 



Vitamin D serum Concentration Measurement 

•the low-throughput radioimmunoassay techniques 
 
•the new automated immunoassays with high capacity,  
 
 
in some cases still present poor accuracy and precision 

methods  available  
for determining  

25(OH)D 
concentration: 

•isotope dilution liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) methods  
suggested by The National Institute of Standards and Technology that 
has developed the stock standards for the measurements of 
25(OH)D3/D2 levels. 
Gaithersburg. Certificate of analysis, standard reference material 2972: 25- Hydroxyvitamin 
D2 and D3 calibration solutions. Gaithersburg: Standard Reference Materials Program; 
National Institute of Standards and Technology; 2009. Available 
at:https://www.nist.gov/sites/default/files/documents/srm/March-2010-Spotlight-3.pdf. 



The child health care system in Italy.  
Corsello G, Ferrara P, Chiamenti G, Nigri L, Campanozzi A, Pettoello- Mantovani M.  

J Pediatr. 2016;177S:S116–26. 

Considering the Italian Child Health Care 
System organization, family pediatricians may 
anamnestically evaluate vitamin D intake  
of children  
and  
possible risk factors for deficiency  
during periodic health check-ups 

Population screening for vitamin D deficiency  
in healthy individuals is not recommended   

 
limiting serum 25(OH)D levels evaluation in children and adolescents  
with multiple risk factors for vitamin D deficiency. 

To measure or not to measure vitamin D 
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PTH elevation may promote: 
1) cardiovascular disease through 
diminished cardiac contractility, 
enhanced coronary risk, and 
cardiac valvular and vascular 
calcification.  
2) metabolic syndrome and 
hyperlipidemia, decreased insulin 
sensitivity, and, perhaps, 
decreased insulin secretion. 
3) neuroendocrine activation, 
4) increased sympathetic activity,  
5) endothelial stress. 
Gröber U, Dermatoendocrinol. 2013;5:331-47 

Plot of the Regression Model  
for 25-Hydroxyvitamin D and 
Parathyroid Hormone (PTH) 

ng/mL   20                 40             60 

Parathyroid Hormone as Functional Indicator  
of Vitamin D Sufficiency in Children 
Maguire JL, JAMA Ped 2014;168;383-384 



Vitamin D level: Deficiency-Insufficiency-Sufficiency 

Cut-off points for the definition of vitamin D status  
based on circulating levels of 25(OH)D  

adopted in the consensus of the Italian Pediatric Society and the Italian Society of 
Preventive and Social Pediatrics, jointly with the Italian Federation of Pediatricians 

Vitamin D in pediatric age: consensus of the Italian Pediatric Society and the Italian Society of 
Preventive and Social Pediatrics, jointly with the Italian Federation of Pediatricians.Saggese G, 
Vierucci F, Prodam F, Cardinale F, Cetin I, Chiappini E, De' Angelis GL, Massari M, Miraglia Del Giudice E, 
Miraglia Del Giudice M, Peroni D, Terracciano L, Agostiniani R, Careddu D, Ghiglioni DG, Bona G, Di Mauro 
G, Corsello G.Ital J Pediatr. 2018 May 8;44(1):51 
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Vitamin D status and predictors of hypovitaminosis D in 
Italian children and adolescents: a cross-sectional study. 

Vierucci F, Eur J Pediatr. 2013 Dec;172(12):1607-17 

652 children and adolescents 
(range 2.0-21.0 years) living  
in the northwestern area  
of Tuscany 
 
None of them had received 
vitamin D supplementation  
in the previous 12 months.  
 
25-hydroxyvitamin D  
(25-OH-D) and parathyroid 
hormone (PTH) levels   

median serum 25-OH-D level  
(ng/mL) 

  

25 – 

20 – 

15 – 

10 – 

15 – 

10 - 

20.7 ng/mL 
(range 2.7-70) 

51.8 nmol/L,  
range 6.7-174.7 



50 – 

45 – 

40 – 

35 – 

30 – 

25 – 

20 – 

15 – 

10 – 

15 – 

10 - 

45.9% 

severe 
deficiency 

<10.0 ng/mL 

Vitamin D status and predictors of hypovitaminosis D in 
Italian children and adolescents: a cross-sectional study. 

Vierucci F, Eur J Pediatr. 2013 Dec;172(12):1607-17 

prevalence of vitamin D serum levels (25-OH-D ng/mL) 

deficiency 
<20.0 ng/mL 

insufficiency 
20.0-29.9 

ng/mL 

sufficiency 
≥30.0 ng/mL 

9.5% 

33.6% 

20.5% 



Vitamin D status and predictors of hypovitaminosis D in 
Italian children and adolescents: a cross-sectional study. 

Vierucci F, Eur J Pediatr. 2013 Dec;172(12):1607-17 

30  - 

20  – 

10  – 

6.0 – 

5.0 – 

4.0 – 

3.0 – 

2.0 – 

1.0 – 

0.0  

27.2 

blood samples taken 

winter 

26.4 

spring overweight 
BMI 

25.0–29.9 kg/m2 
 

5.02 

obese 
BMI 

≥30.0 kg/m2 

5.36 

low sun  
exposure  

8.64 

sunscreens 
regular use 

7.06 

OR  of  hypovitaminosis D  



25-hydroxyvitamin D serum level in children of different 
ethnicity living in Italy. 

Franchi B , and Boner AL. Eur J Pediatr. 2015;174(6):749-57.  
 

1374 pediatric                         
subjects                                            
of different ethnicity  

 
prevalence of 25(OH)D 
deficiency (≤ 20 ng/ml) and 
insufficiency (21–29 ng/ml)  

prevalence of 25(OH)D ≤20 ng/ml 
(deficiency)  

70 – 

60 – 

50 – 

40 – 

30 – 

20 – 

10 – 

  0 

44.2% 

65.2% 
69.2% 

54.0% 

44.8% 
P<0.001 



25-hydroxyvitamin D serum level in children of different 
ethnicity living in Italy. 

Franchi B , and Boner AL. Eur J Pediatr. 2015;174(6):749-57.  
 

Median 25(OH)D concentration 
for the entire cohort 

 

30 – 

25 – 

20 – 

15 – 

10 – 

15 – 

  0 

21.0 ng/mL 
(IQR = 14.0-29.6 ng/ml) 

insufficiency 

1374 pediatric                         
subjects                                            
of different ethnicity  

 
prevalence of 25(OH)D 
deficiency (≤ 20 ng/ml) and 
insufficiency (21–29 ng/ml)  



25-hydroxyvitamin D serum level in children of different 
ethnicity living in Italy. 

Franchi B , and Boner AL. Eur J Pediatr. 2015;174(6):749-57.  
 

Mean serum levels of 25(OH)D  
as a function of age and by ethnicity 

D
e
f
i
c
i
e
n
c
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1374 pediatric                         
subjects                                            
of different ethnicity  

 
prevalence of 25(OH)D 
deficiency (≤ 20 ng/ml) and 
insufficiency (21–29 ng/ml)  



Vitamin D Status and Predictors of Hypovitaminosis D  
in Internationally Adopted Children. 

Chiappini E, Vierucci F, PLoS One. 2016 Sep 29;11(9):e0158469. 

25(OH)D] levels in 962 
internationally adopted 
children  
(median age: 5.47 years) 
consecutively recruited  
at one Italian Center 
between 2010 and 2014  
as part  
of the first  
screening protocol.  
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Vitamin D Status and Predictors of Hypovitaminosis D  
in Internationally Adopted Children. 

Chiappini E, Vierucci F, PLoS One. 2016 Sep 29;11(9):e0158469. 

25(OH)D] levels in 962 
internationally adopted 
children  
(median age: 5.47 years) 
consecutively recruited  
at one Italian Center 
between 2010 and 2014  
as part  
of the first  
screening protocol.  

90 – 

80 – 

70 – 

60 – 

50 – 

40 – 

30 – 

20 – 

10 – 

  0 

> 90% 
% children with hypovitaminosis <30 ng/mL  

adopted from Ethiopia, Peru,  
India, Bulgaria and Lithuania 

an increased risk of 
hypovitaminosis D  
was found to be 
associated with:  
•age ≥ 6 years,  

•time spent in Italy  
≥ 3 months 



A systematic review of vitamin D status in populations 
worldwide. Hilger J. British J Nut 2014;111:23–45. 

25-hydroxyvitamin D (25(OH)D) 
levels in 195 studies conducted in 
44 countries involving more than 
168 000 participants. 
 
median 25-hydroxyvitamin D 
(25(OH)D) values, by geographical 
region and country. 
 
values falling within the 
intensely red zone are most 
consistent with severe vitamin D 
deficiency; those in the green 
zone reflect adequate vitamin D 
levels (≥ 75 nmol/L). Values within 
the yellow zone are those thought 
to be indicative of insufficiency 

1/3 (≥30 ng/mL) 

1/3 

1/3 

1/3 

1/3 

Vitamin D serum level in nmol/L 



Epidemiology of vitamin D deficiency 

•Vitamin D deficiency or insufficiency has likely increased                   
over  the last decades due to changes in behavior                                            
(e.g., less time outdoors) and diet.  
•Ginde AA, Liu MC, Camargo CA, Jr. Demographic differences and trends of vitamin D 
insufficiency in the US population, 1988-2004. Arch Intern Med 2009;169:626-32. 

 
 
•Reduced vitamin D levels have been found                                                 
in populations living near the Equator                                                    
(e.g., in Saudi Arabia, Israel, India, and Costa Rica)                                   
and in the U.S. southeast, suggesting that lifestyle                                         
can have major effects on vitamin D status regardless of latitude. 
•Lange NE, Litonjua A, Hawrylowicz CM, Weiss S. Vitamin D, the immune system and 
asthma. Expert Rev Clin Immunol 2009;5:693-702. 
•Brehm JM, Celedon JC, Soto-Quiros ME, et al. Serum Vitamin D Levels and Markers            
of Severity of Childhood Asthma in Costa Rica.                                                                                 
Am J Respir Crit Care Med 2009;179:765 
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over  the last decades due to changes in behavior                                            
(e.g., less time outdoors) and diet.  
•Ginde AA, Liu MC, Camargo CA, Jr. Demographic differences and trends of vitamin D 
insufficiency in the US population, 1988-2004. Arch Intern Med 2009;169:626-32. 

 
 
•Reduced vitamin D levels have been found                                                 
in populations living near the Equator                                                    
(e.g., in Saudi Arabia, Israel, India, and Costa Rica)                                   
and in the U.S. southeast, suggesting that lifestyle                                         
can have major effects on vitamin D status regardless of latitude. 
•Lange NE, Litonjua A, Hawrylowicz CM, Weiss S. Vitamin D, the immune system and 
asthma. Expert Rev Clin Immunol 2009;5:693-702. 
•Brehm JM, Celedon JC, Soto-Quiros ME, et al. Serum Vitamin D Levels and Markers            
of Severity of Childhood Asthma in Costa Rica.                                                                                 
Am J Respir Crit Care Med 2009;179:765 

•Predictors of vitamin D deficiency included older age, 
female gender, African- or Mexican-American ethnicity, 

obesity, using electronic devices & limited physical 
activity, and reduced dairy intake.  

Kumar J, Prevalence  and associations of 25-hydroxyvitamin D deficiency  
in US children: NHANES 2001-2004.  

Pediatrics 2009;124:e362-70. 



Low calcium and vitamin D intake in healthy 
children and adolescents and their correlates. 

Salamoun MM, Eur J Clin Nutr. 2005;59(2):177-84. 
 

385 students aged 10-16 y 
selected from four public and 
four private schools between 
Fall 1999 and Spring 2000              
in Lebanon.  
 
Information on calcium and 
vitamin D intake, through                      
a semiquantitative food 
frequency questionnaire that 
was validated against a 7-day 
daily record,  

% students meting the recommended  
adequate intake of  

20 – 

15 – 

10 – 

05 – 

  0 

12% 

recommendation  
of 1300 mg  

of calcium/day 

recommendation  
of 200 IU  

of vitamin D/day. 

16% 



Calcium Intake and Nutritional Adequacy  
in Spanish Children: The ANIVA Study. 

Rubio-López N, Nutrients. 2017 Feb 21;9(2).  
 

1176 schoolchildren aged  
6-9 years from 14 primary 
schools in Valencia (Spain).  
 
3-day food records to 
assess dietary intake, 
completed by 
parents/guardian. 

•Of all school  
children  
25.8% presented  
with inadequate  
calcium intake.  
 
The prevalence of inadequate 
calcium intake was significantly 
higher for girls (p = 0.006). 



Calcium and vitamin D metabolism  
in children in developing countries. 

Pettifor JM. Ann Nutr Metab. 2014;64 Suppl 2:15-22.  
 

•Calcium intakes of many children living in developing countries are a third to 
a half of the recommended intakes for children living in developed countries 
 
•Low dietary calcium intakes are typically observed                                                          
as a consequence  of a diet limited in dairy products                                                      
and high in phytates and oxalates                                                                                                 
which reduce calcium bioavailability.  
 
•It appears that the body adapts very adequately to these low intakes 
through reducing renal calcium excretion and increasing fractional                   
intestinal absorption.  
 
•However, low dietary calcium intakes in association with vitamin D 
insufficiency act synergistically to exacerbate the development of rickets. 



 Role of Vitamin D in Bones and Skeletal Muscle 

Attilio Boner 
University of 
Verona, Italy 

attilio.boner@univr.it 

 Vitamins discovery 

 Production 

 A vitamin or a hormone? 

 Sources (foods) 

Mechanisms of Action & Effects 

 Effects on the fetus 

Nutritional rickets 

Measurement 

 Sufficiency, Insufficiency, Deficiency 

 Epidemiology of Insufficiency & Deficiency 

 Risk factors for Insufficiency & Deficiency 

How much is needed 

 Supplementation in case of Deficiency 

 Conclusions   



 Serum 25-hydroxyvitamin 
D concentrations; 

 

 14 articles. 

Hypovitaminosis D Among Healthy Children  
in the United States  

Rovner AJ, Arch Pediatr Adolesc Med. 2008;162(6):513-519 

  

Breastfed infants in winter 
who did not receive vitamin 

D supplementation were  
the most severely  

vitamin D deficient (78%).   

if not 



 Children aged 1 to 21 
    years (n= 6275) 
 
  Serum 25(OH)D      

deficiency (<15 ng/mL) and                 
insufficiency                                   
(15–29 ng/mL),  
 

 cardiovascular risk factors. 

Prevalence and Associations of 25-Hydroxyvitamin D 
Deficiency in US Children: NHANES 2001-2004      

Kumar J,  Pediatrics 2009 Sep;124(3):e362-70. 
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% CHILDREN 

9% 
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61% 

Insufficient  
 (15-29 ng/ml) 

VITAMIN D 

Only 4%  
had taken  
400 IU of 
vitamin D  
per day  

for the past 
30 days. 



OR FOR VIT D DEFICIENCY (<15 ng/mL) 

1.16 

DRANK MILK 
LESS THAN 

ONCE A WEEK 

OLDER GIRLS 

 5 – 

 

 4 – 

 

 3 – 

 

 2 – 
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   0 

1.6 

4.9 

1.9 
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1.9 

BLACK >4 HOURS OF 
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VIDEO OR 
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0.4 
VITAMIN D 
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Prevalence and Associations of 25-Hydroxyvitamin D 
Deficiency in US Children: NHANES 2001-2004      

Kumar J,  Pediatrics 2009 Sep;124(3):e362-70. 



25(OH)D deficiency (<15 ng/ml) compared with those  
with 25(OH)D levels ≥30 ng/mL.was associated with: 
 
1)  elevated parathyroid hormone levels (OR: 3.6), 

 
2)  higher systolic blood pressure (OR:2.24)  

 
3)  lower serum level of high-density lipoprotein cholesterol 

(OR: 3.03) 

Prevalence and Associations of 25-Hydroxyvitamin D 
Deficiency in US Children: NHANES 2001-2004      

Kumar J,  Pediatrics 2009 Sep;124(3):e362-70. 



Vitamin D Status and Cardiometabolic Risk Factors  
in the United States Adolescent Population 

Reis JP, Pediatrics 2009;124:e371-9. 
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Vitamin D Status and Cardiometabolic Risk Factors  
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  3577                    
adolescents. 

MEAN 25(OH) Vitamin D ng/ml 

BLACK MEXICAN 
AMERICAN 

WHITE 

30 – 

 

20 – 

 

10 – 

 

 0 

15.5 

21.5 

28 
p<0.001 

p<0.001 Low 25(OH)D levels were 
strongly associated with 
overweight status and 

abdominal obesity            
(P for trend.<001)  with  

high systolic blood pressure 
(P =0.02) and plasma glucose 

concentrations 
(P =0.01). 



In the Lowest Quartile (<15 ng/ml) vs the Highest Quartile (>26 ng/ml) OR for  

2.36 

LOW  
HIGH-DENSITY 
LIPOPROTEIN 
CHOLESTEROL 

HYPERTENSION FASTING 
HYPERGLICEMIA 

 4 – 

 

 3 – 

 

 2 – 

 

 1 – 

 

   0 

1.54 

3.88 

2.54 

METABOLIC 
SYNDROME 

Vitamin D Status and Cardiometabolic Risk Factors  
in the United States Adolescent Population 

Reis JP, Pediatrics 2009;124:e371-9. 

Fasting glucose 
     ≥ 100 mg/dL   

HDL  
cholesterol  
≤ 40 mg/dL 
  



1058 (52·8 % females) 
European adolescents 
(aged 12·5-17·5 years) 
from ten cities. 

•Lower vitamin D     , vitamin C     , and folate 
concentrations were observed in male and female 
breakfast skippers than in consumers (P<0·05).  
 
•Female breakfast consumers presented higher 
holo-transcobalamin and lower total homocysteine 
(P<0·05), while males had higher cobalamin (B12) 
concentrations, compared with skippers (P<0·05).  
 
•Female consumers had higher intakes                        
of vitamin B6 and vitamin E                                      
than occasional consumers (P<0·05). 

Approximately one-quarter of circulating cobalamin (vitamin B-12) binds to transcobalamin (holoTC) and is thereby 
available for the cells of the body. For this reason, holoTC is also referred to as active vitamin B-12.  

Regular breakfast consumption is associated with higher 
blood vitamin status in adolescents: the HELENA (Healthy 
Lifestyle in Europe by Nutrition in Adolescence) Study. 

Mielgo-Ayuso J, Public Health Nutr. 2017 Jun;20(8):1393-1404. 
 



Sports drinks and energy drinks for children and 
adolescents: are they appropriate? 

Committee on Nutrition and the Council on Sports Medicine and 
Fitness. Pediatrics. 2011 Jun;127(6):1182-9. 

 

•Soda consumption is associated with lower intake  
of milk and calcium. 
 
 
 
•The replacement of milk in the diet by soda can prevent  
adolescents from achieving adequate calcium and vitamin D  
intake, and because soda consumption has no health benefit,  
it should be avoided. 

(+) 

(-) 

(-) 



Bone turnover, calcium homeostasis, and vitamin D status 
in Danish vegans. 

Hansen TH, Eur J Clin Nutr. 2018 Jul;72(7):1046-1054.  
 

Fractionated and total  
25-hydroxyvitamin D (25(OH)-D), 
parathyroid hormone (PTH), 
calcium, and 4 bone turnover 
markers (osteocalcin, N-terminal 
propeptide of type I procollagen 
(PINP), bone-specific alkaline 
phosphatase (BAP), and  
C-terminal telopeptide of type I 
collagen (CTX))  

 
serum from 78 vegans and 77 
omnivores 

Vegans had:  
 
•higher serum PTH concentration  
(+38 %; P < 0.001) and  
•lower 25(OH)-D serum 
concentration  
(-33%; P < 0.001),  
but  
similar serum calcium 
concentration compared  
to omnivores 



Bone turnover, calcium homeostasis, and vitamin D status 
in Danish vegans. 

Hansen TH, Eur J Clin Nutr. 2018 Jul;72(7):1046-1054.  
 

Fractionated and total  
25-hydroxyvitamin D (25(OH)-D), 
parathyroid hormone (PTH), 
calcium, and 4 bone turnover 
markers (osteocalcin, N-terminal 
propeptide of type I procollagen 
(PINP), bone-specific alkaline 
phosphatase (BAP), and  
C-terminal telopeptide of type I 
collagen (CTX))  

 
serum from 78 vegans and 77 
omnivores 

Vegans had:  
 
  higher concentrations of:  
•N-terminal propeptide  
of type I procollagen   
(32%, P = 0.01) and  
•bone-specific alkaline  
phosphatase   
(58%, P < 0.001)  
compared to omnivores, 



High Prevalence of Vitamin D Deficiency among Inner-
City African American Youth with Asthma in Washington    

Freishtat RJ,  J Pediatr 2010;156:948-952. 

 Urban African-American 
(AA) youth with asthma 
(=92)  

 control subjects without 
asthma (=21). 
 

 25-hydroxyvitamin D 
insufficiency (<30 ng/mL) 
and deficiency (<20 ng/mL). 

86% 

% children with <30 ng/mL Vit D 

Asthmatics  Controls 

19% 

100 – 

 90 – 

 80 – 

 70 – 

 60 – 

 50 – 

 40 – 

 30 – 

 20 – 

 10 – 

  0 

aOR = 42 
4.4 to 399  



Lower vitamin D status is closely correlated  
with eczema of the head and neck. 

Noh S,  J Allergy Clin Immunol 2014;133:1767-69.  

 82 patients with AD,  
38 asthmatic patients, 
and 49 healthy control 
subjects (HCs). 

 

 25-hydroxyvitamin D. 

 

Mean serum 25-hydroxyvitamin D 
(25[OH]VitaminD) concentrations 

P <0.001 P =0.001 



The correlation study showed a statistically significant negative correlation  
between the 25(OH) Vitamin D concentration and eczema involvement of: 

total area 

Lower vitamin D status is closely correlated  
with eczema of the head and neck. 

Noh S,  J Allergy Clin Immunol 2014;133:1767-69.  

 head and neck area 



The correlation study showed a statistically significant negative correlation  
between the 25(OH) Vitamin D concentration and eczema involvement of: 

total area 

Lower vitamin D status is closely correlated  
with eczema of the head and neck. 

Noh S,  J Allergy Clin Immunol 2014;133:1767-69.  

 head and neck area •VitD levels were significantly 
inversely associated with eczema 
area rather than with severity             
of AD. 
 
•We herein propose that patients 
with AD have lower serum VitD 
levels because VitD production  
in the skin is impaired as a result 
of cutaneous inflammation. 



The correlation study showed a statistically significant negative correlation  
between the 25(OH) Vitamin D concentration and eczema involvement of: 

total area 

Lower vitamin D status is closely correlated  
with eczema of the head and neck. 

Noh S,  J Allergy Clin Immunol 2014;133:1767-69.  

 head and neck area 
•Because the head and neck are the 
skin areas most frequently exposed 
to the sun, those parts can be 
considered to have important roles 
in VitD production.  
 
•The strong negative association 
between eczema of the head and 
neck with VitD levels further 
supports our hypothesis that 
eczema can impair VitD production 



Correlation between vitamin D serum levels and passive 
smoking exposure in children with asthma. 

Chinellato I, Boner AL. Allergy Asthma Proc. 2018 May 1;39(3):8-14.   

median 25(OH)D serum level (ng/mL) 

 

25 – 

20 – 

15 – 

10 – 

15 – 

10 - 

20.5 
25% 

both  
non-smoking 

parents  

both 
smoking 
parents  

14.5 

p< 0.001 

with intermediate 
values for children 

exposed to  
single maternal  
(median, 20.3 

ng/mL [IQR, 13.0-
23.2 ng/mL])  
or to paternal 

smoking (median, 
17.8 ng/mL [IQR, 
14.7-22.1 ng/mL]). 

152 white children in Verona  
(mean age ± SD 9.9 ± 2.0 years) 
 
25-hydroxy cholecalciferol 
(25[OH]D) concentrations  
 
spirometry and levels of  
asthma control,  
 
parental tobacco                         
smoke exposure  



Risk factors for vitamin D deficiency in the 1st year of life 
 
• Non-Caucasian ethnicity with dark skin pigmentation 
 
• Inadequate diets (i.e. vegan diet) 
 
• Chronic kidney disease 
 
• Hepatic failure and/or cholestasis 
 
• Malabsorption syndromes (i.e. cystic fibrosis,                                       
   inflammatory bowel diseases, celiac disease at diagnosis, etc.) 
 
• Chronic therapies: anticonvulsants, systemic glucocorticoids, 
  antiretroviral therapy, systemic antifungals (i.e. ketoconazole) 
 
• Infants born from mothers with multiple risk factors for vitamin D 
  deficiency, particularly in absence of vitamin D supplementation 
  during pregnancy 

Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

Decreased  hepatic activation 
Increased Vit D degradation 



Risk factors for vitamin D deficiency between age 1-18 years 
 

• Non-Caucasian ethnicity with dark skin pigmentation 
 

• Reduced sunlight exposure (due to lifestyle factors, chronic illness 
  or hospitalization, complex disability, institutionalization, covering 
  clothing for religious or cultural reasons) and/or constant use of 
  sunscreens 
 

• International adoption 
 

• Obesity     
 

• Inadequate diets (i.e. vegan diet) 
 

• Chronic kidney disease 
 

• Hepatic failure and/or cholestasis 
 

• Malabsorption syndromes (i.e. cystic fibrosis, inflammatory bowel 
  diseases, celiac disease at diagnosis, etc.) 
 

• Chronic therapies: anticonvulsants, systemic glucocorticoids, 
  antiretroviral therapy, systemic antifungals (i.e. ketoconazole 

•Female 



Risk factors for vitamin D deficiency between age 1-18 years 
 

• Non-Caucasian ethnicity with dark skin pigmentation 
 

• Reduced sunlight exposure (due to lifestyle factors, chronic illness 
  or hospitalization, complex disability, institutionalization, covering 
  clothing for religious or cultural reasons) and/or constant use of 
  sunscreens 
 

• International adoption 
 

• Obesity 
 

• Inadequate diets (i.e. vegan diet) 
 

• Chronic kidney disease 
 

• Hepatic failure and/or cholestasis 
 

• Malabsorption syndromes (i.e. cystic fibrosis, inflammatory bowel 
  diseases, celiac disease at diagnosis, etc.) 
 

• Chronic therapies: anticonvulsants, systemic glucocorticoids, 
  antiretroviral therapy, systemic antifungals (i.e. ketoconazole 

Obese children and adolescents should be supplemented with  
1000– 1500 IU/day from  November to April, and throughout the year  

in obese subjects with reduced sun exposure during summer. 
Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

 

•Female 



Risk factors for vitamin D deficiency between age 1-18 years 
 

• Non-Caucasian ethnicity with dark skin pigmentation 
 

• Reduced sunlight exposure (due to lifestyle factors, chronic illness 
  or hospitalization, complex disability, institutionalization, covering 
  clothing for religious or cultural reasons) and/or constant use of 
  sunscreens 
 

• International adoption 
 

• Obesity 
 

• Inadequate diets (i.e. vegan diet) 
 

• Chronic kidney disease 
 

• Hepatic failure and/or cholestasis 
 

• Malabsorption syndromes (i.e. cystic fibrosis, inflammatory bowel 
  diseases, celiac disease at diagnosis, etc.) 
 

• Chronic therapies: anticonvulsants, systemic glucocorticoids, 
  antiretroviral therapy, systemic antifungals (i.e. ketoconazole 

Individuals on anticonvulsants, oral corticosteroids, antimicotics and 
antiretroviral drugs should receive at least 2–3 times more vitamin D 

than the daily requirement recommended for age. 
Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

•Female 



DEFICIT DI VITAMINA D 
fattori di rischio 

Saggese G et al. Ital J Pediatr. 2018 
  

Allattamento  
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Dermatite 
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The 2011 report on dietary reference intakes for 
calcium and vitamin D from the Institute of Medicine: 

what clinicians need to know. 
Ross AC, J Clin Endocrinol Metab. 2011;96:53-8. 

 

RDA = Recommended Dietary Allowance; UL= tolerable upper intake level;  c= not well defined 

100 IU=2.5µg 

and for bone health 



The 2011 report on dietary reference intakes for 
calcium and vitamin D from the Institute of Medicine: 

what clinicians need to know. 
Ross AC, J Clin Endocrinol Metab. 2011;96:53-8. 

 

RDA = Recommended Dietary Allowance; UL= tolerable upper intake level;  c= not well defined 

Those Reference 
Intake                     

are based on dietary 
requirements 

using bone health  
as an indicator. 

100 IU=2.5µg 

and for bone health 



The 2011 report on dietary reference intakes for 
calcium and vitamin D from the Institute of Medicine: 

what clinicians need to know. 
Ross AC, J Clin Endocrinol Metab. 2011;96:53-8. 

 

RDA = Recommended Dietary Allowance; UL= tolerable upper intake level;  c= not well defined 

100 IU=2.5µg 

and for bone health 

Those tolerable Upper Intake Levels of vitamin D have been endorsed also by the the 
Italian Pediatric Society and the Italian Society of Preventive and Social Pediatrics, jointly 
with the Italian Federation of Pediatricians also in accordance with the European Society 
for PaediatricGastroenterology Hepatology and Nutrition [ESPGHAN] 
 and the European Academy of Pediatrics. Saggese G. Ital J Pediatr. 2018 May 8;44(1):51 



Vitamin D  
supplementation 
during  
breast  
feeding 



Use of Supplemental Vitamin D Among Infants 
Breastfed for Prolonged Periods 
Taylor JA, Pediatrics 2010;125:105-11. 

 Network pediatricians 
completed a survey 
(n=44)  in Seattle, 
Washington, USA 

 

 Parents of children                 
6 to 24 months old 
(n=2364 of whom 
breastfed for at least           
6 months n=1140) 

 

 

 

% pediatricians recommending  
vitamin D supplementation  
for all breastfed infants 

36.4% 

40 – 

30 – 

20 – 

10 – 

  0 

Breast milk contains 
 a minimal ammount  

of vitamin D (<50 IU/L) 



Use of Supplemental Vitamin D Among Infants 
Breastfed for Prolonged Periods 
Taylor JA, Pediatrics 2010;125:105-11. 

15.9% 

40 – 

30 – 

20 – 

10 – 

  0 

% breast fed infants  
for ≥ 6 months  

actually supplemented  
with vit D 

all infants 

 Network pediatricians 
completed a survey 
(n=44)  in Seattle, 
Washington, USA 

 

 Parents of children                 
6 to 24 months old 
(n=2364 of whom 
breastfed for at least           
6 months n=1140) 

 

 

 



Maternal Preferences for Vitamin D Supplementation  
in Breastfed Infants.Umaretiya PJ, Ann Fam Med. 2017;15:68-70.  

 

140 mothers with exclusively 
breastfed infants, and  
44 who used both breast  
and formula milk 
 
maternal preferences  
for vitamin D  
supplementation 

OR  for vitamin D  
supplementation 

 

9.0 – 

8.0 – 

7.0 – 

6.0 – 

5.0 – 

4.0 – 

3.0 – 

2.0 – 

1.0 – 

0.0 -  

8.3 

Doctors-recommended infant  
vitamin D supplementation 

(95% CI, 3.8–18) 



Vitamin D supplementation: preterm 

Consensus of the Italian Pediatric 
Society and the Italian Society  
of Preventive and Social Pediatrics,  
jointly with the Italian Federation  
of Pediatricians. 
Saggese et al. Italian Journal  
of Pediatrics (2018) 44:51 

a total daily vitamin D intake of: 
 
•200–400 IU (including the amount 
administered through parenteral 
nutrition, fortified breast milk, and 
preterm formula) for preterm infants 
with a birth weight < 1500 g.  
 
•400–800 IU/day for VLBW infants 
when they reach a weight ≥ 1500 g and 
full enteral nutrition, and for preterm 
infants with a birth weight ≥ 1500 g. 
 
•After a postconceptional age                 
of 40 weeks, recommendations for 
vitamin D supplementation are                     
equal to those for healthy term infants. 



Vitamin D supplementation: 1–18 years 

Several studies have documented that supplementation at 400 IU/day          
for variable length (up to 12 months) is usually insufficient in raising serum 
25(OH)D levels > 30 ng/ml particularly in subjects with vitamin D deficiency. 
Rajakumar K, Clin Pediatr (Phila).2005;44(8):683–92. 
Viljakainen HT, J Bone MinerRes. 2006;21(6):836–44. 
Andersen R, Br J Nutr. 2008;100(1):197–207. 
Mølgaard C, Bone. 2010;46(2):432–9. 
Dong Y, J Clin Endocrinol Metab. 2010;95(10):4584–91. 
Hower J, Eur J Pediatr. 2013;172(12):1597–605. 
Stagi S, Int J Endocrinol. 2014;2014:583039. 
Brett NR, Am J Clin Nutr.2016;103(1):144–52. 
Mortensen C, Am J Clin Nutr.2016;104(5):1310–7. 
Smith TJ, Am J Clin Nutr. 2016;104(5):1301–9. 
 
 Consensus of the Italian Pediatric 
Society and the Italian Society  
of Preventive and Social Pediatrics,  
jointly with the Italian Federation  
of Pediatricians. 
Saggese et al. Italian Journal  
of Pediatrics (2018) 44:51 

Daily vitamin D supplementation from  
   November to April of: 
 
•600 IU/day  
(in presence of reduced sun exposure),  
 
•up to 1000 IU/day (in presence of multiple 
risk factors for vitamin D deficiency), 
 
continuous supplementation in cases                           
   of permanent risk factors for vitamin D    
   deficiency. 
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Evaluation, treatment, and prevention of vitamin D deficiency: 
an Endocrine Society Clinical Practice Guideline. 
Holick MF, J Clin Endocrinol Metab. 2011 Jul;96(7):1911-30.  

 
Treatment and prevention strategies 
 
•                   For infants and toddlers aged 0–1 yr who are vitamin D deficient,            
we suggest treatment with 2000 IU/d of vitamin D3, or with 50,000 IU of vitamin 
D3 once weekly for 6wk to achieve a blood level of 25(OH)D above 30 ng/ml,                                
followed by maintenance therapy of 400-1000 IU/d. 
 
•                For children aged 1–18 yr who are vitamin D deficient, we suggest      
                 treatment with 2000 IU/d of vitaminD3 for at least 6 wk or with 50,000 
IU of vitamin D2 once a week for at least 6 wk to achieve a blood level of 25(OH)D 
above 30 ng/ml, followed by maintenance therapy of 600-1000 IU/d. 
 
•             In obese patients, patients with malabsorption syndromes, and patients on  
               medications affecting vitamin D metabolism, we suggest a higher dose                               
               (2 to 3 times higher; at least 6000–10,000 IU/d) of vitamin D to treat     
                vitamin D deficiency to maintain a 25(OH)D level above 30 ng/ml,                                                       
               followed by maintenance therapy of 3000–6000 IU/d. 



Treatment is based on the administration of vitamin D  
 
•2000 IU/day in patients aged < 1 year,  
•3000–6000 IU/day in patients aged 1 to 12 years   
•6000 IU/day in patients > 12 years 
 
and  
 
calcium  
(30–75 mg/kg/day  
of elemental calcium  
in 3 divided doses)  
 
Vitamin D metabolites and their analogs (calcifediol, alfacalcidol, calcitriol, 
and dihydrotachysterol) are not recommended for routine treatment                      
of nutritional rickets. 

Treatment of Nutritional Rickets 

Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

for a minimum  
of 3 months  

starting at a higher dose and weaning down to 
the lower end of the range over 2–4 weeks  
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•6000 IU/day in patients > 12 years 
 
and  
 
calcium  
(30–75 mg/kg/day  
of elemental calcium  
in 3 divided doses)  
 
Vitamin D metabolites and their analogs (calcifediol, alfacalcidol, calcitriol, 
and dihydrotachysterol) are not recommended for routine treatment                      
of nutritional rickets. 

Treatment of Nutritional Rickets 

Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

for a minimum  
of 3 months  

starting at a higher dose and weaning down to 
the lower end of the range over 2–4 weeks  

•Calcium should be administered intravenously in presence of acute, 
symptomatic hypocalcaemia.  
 
•Calcium supplementation is important to prevent “hungry-bone” syndrome 
(hypocalcemia secondary to an increase in bone mineralization                                           
as PTH levels normalize during vitamin D treatment). 



Treatment of Nutritional Rickets 

Saggese et al. Italian Journal of Pediatrics (2018) 44:51 

Daily administration of vitamin D is preferred in infants.  
 
Intermittent administration of vitamin D may be considered                      
in children and adolescents with poor compliance with daily treatment  
(i.e. 50,000 IU weekly for 6–8 consecutive weeks or 100,000 IU monthly                
for 3–4 consecutive months). 
  
We recommend against the administration of a single large dose                 
of vitamin D > 300,000 IU. 
  
After rickets healing, we recommend to continue vitamin D supplementation 
according to age (400–1000 IU/day in the first year of life and 
600–1000 IU/day from 1 to 18 years). 



Vitamin D Treatment Strategies 

Several studies demonstrated that for every 100 IU vitamin D3 
supplementation administered on a daily basis for ≥ 4 months, 
25OHD levels rise by 0.5–1 ng/ml 
                                 Vieth, R. Am. J. Clin. Nutr. 1999;69:842–856 
                                 Heaney, R.P. Am. J. Clin.Nutr. 2003;77:204–210  
 
 
Thus, to increase a patient’s 25OHD level from 20 to 30 ng/ml,  
 

 
the supplementation would need to be                       

1000–2000 IU/day. 



Vitamin D Treatment Strategies 

Several studies demonstrated that for every 100 IU vitamin D3 
supplementation administered on a daily basis for ≥ 4 months, 
25OHD levels rise by 0.5–1 ng/ml 
                                 Vieth, R. Am. J. Clin. Nutr. 1999;69:842–856 
                                 Heaney, R.P. Am. J. Clin.Nutr. 2003;77:204–210  
 
 
Thus, to increase a patient’s 25OHD level from 20 to 30 ng/ml,  
 

 
the supplementation would need to be                       

1000–2000 IU/day. 
Toxicity due to vitamin D supplementation has not been 
observed at doses less than 10.000 IU/day. 
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Vitamin D status is a key determinant of bone & muscle 
health during infancy, childhood and adolescence.  
 
 
 
Nutritional rickets cases are still reported and resurrecting,  
thus adequate strategies to prevent vitamin D deficiency  
are needed.  
 
 
Moreover, the recently suggested role  
of vitamin D in the development of other  
non-skeletal diseases, particularly its effect  
on immune function & regulation, reinforced  
the interest in the promotion of an adequate  
vitamin D status during pediatric ages. 
 

Conclusions 



 
Vitamin D supplementation should  
be recommended at the dose                                                                                                  
of 400 IU in all infants  
in the first year of life,  
independently of the  
type of feeding, and in the                                                                                            
subseqent pediatric age groups                                                                                         
at the dose of 600 IU/day. 
 
Supplementation should be  
further individualized  
in terms of regimen and  
duration on the basis  
of the presence  
of risk factors  
for vitamin D  
deficiency.  

Conclusions 



Supplementation beyond the first year  
of life should be considred also for the  
prevention of osteomalacia/osteoporosis  
in adults since bone mass acquisition  
is maximal during the pediatric ages  
and continue to increase into   
the third decade of life. 
 
 
 

 
Thus a failure to reach optimal  
skeletal characteristics by puberty  
and early adulthood represents  
a risk factor for unhealthy bones  
later in life 

Conclusions 

Andamento dei livelli di massa ossea durante la vita.  
Uno stile di vita non ottimale interferisce con 
l’acquisizione del picco di massa ossea, aumentando il 
rischio di sviluppare osteoporosi in età adulta 



Thank you 
for your 
attention ! 


