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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



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 
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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.
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Vitamin D content in some foodsVitamin 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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fatty fish are 
rarely eaten
 by children



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.
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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).



courtesy of Prof. Michele Miraglia del Giudice



•Furthermore, regulation of 1α-hydroxylase (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-musclesp
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Resurrection of vitamin D deficiency and rickets. Holick MF. J Clin Invest. 2006;116(8):2062-72.
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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

The lack of vitamin D 
results in: 

•hypocalcemia 

and 

•hypophosphatemia

hyperparathyroidism 

sufficient to cause rickets

its own actions 
on bone and cartilage. 



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.



•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. 

Peak height velocity and peak bone 
mineral content (BMC) gain 
in boys and girls.

•Bone mass is acquired relatively slowly
throughout childhood.

•With the onset of puberty and the 
adolescent growth spurt in height, 
bone mineral accretion (accrescimento) is rapid, 
reaching a peak shortly after peak height 
gain.

•For total body bone mineral, the peak bone 
mineral accretion rate occurs at 12.5 ± 0.90 
years in girls and 14.1 ± 0.95 years in boys        
       of European ancestry



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.



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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Overview of vitamin D and its interactions with cells of 
the immune system. Muehleisen B, JACI 2013;131:324-9.

IL-10



Prenatal vitamin D status and respiratory 
and allergic outcomes in childhood: 

A meta-analysis of observational studies.
Pacheco-González RM,  Pediatr Allergy Immunol. 2018;29(3):243-253. 

OR of respiratory tract infections 

In subjects with the highest 
vs the lowest category 

of prenatal 25(OH)D levels

1.0 –

0.5 –

0.0 

0.64

systematic searches for 
observational studies published 
until May 2017 using defined 
keywords on vitamin D and
health outcomes, including 
respiratory tract infections 
(RTIs), wheeze, asthma, atopic 
eczema, allergic rhinitis, 
allergic sensitization, 
and lung function.

34 articles included



Vitamin D Status at the Time of Hospitalization for 
Bronchiolitis and Its Association with Disease Severity.

Vo P, J Pediatr. 2018 Dec;203:416-422.e1. 

•The median age of hospitalized 
infants was 3.2 months (IQR 1.6-6.0). 

•The median total 25(OH)D was 26.5 
ng/mL (IQR 18.0-33.1); 

•298 (29%) infants had total 
25(OH)D <20 ng/mL (deficiency) .

17-center prospective 
cohort study of 1016 US 
infants <12 months old 
hospitalized with 
bronchiolitis. 

total 25(OH)D levels, 
and bioavailable                 
       and free 25(OH)D. 

Bronchiolitis severity by 
requirement for intensive 
care and hospital               
     length-of-stay (LOS).



Vitamin D Status at the Time of Hospitalization for 
Bronchiolitis and Its Association with Disease Severity.

Vo P, J Pediatr. 2018 Dec;203:416-422.e1. 

compared with infants with total 25(OH)D ≥30 ng/mL
in infants with total 25(OH)D <20 ng/mL aOR of 

2.0 –

1.0 –

0.0 

1.72
(95% CI 1.12-2.64)

requiring 
intensive 

care 

longer LOS 

1.39
(95% CI 1.17-1.65)

17-center prospective 
cohort study of 1016 US 
infants <12 months old 
hospitalized with 
bronchiolitis. 

total 25(OH)D levels, 
and bioavailable                 
       and free 25(OH)D. 

Bronchiolitis severity by 
requirement for intensive 
care and hospital               
      length-of-stay (LOS).



Association between serum 25-hydroxyvitamin D level and 
upper respiratory tract infection in the Third National 

Health and Nutrition Examination Survey. 
Ginde AA Arch Intern Med. 2009;169:384-90.

30 –

20 –

10 –

 0

24%

% patients with recent URTI

25(OH)D level ng/mL
< 10 10-<30

20%

≥30

17%

P<0.001 for trend

OR=1.36
OR=1.24

OR=1.0

 Vitamin D levels in 
18883 participants        
     ≥12 years in the 
Third National Health 
and Nutrition 
Examination Survey in 
the USA;

 Symptoms suggestive 
of an URTI in the 
preceding few days.



Children with lower respiratory tract infections and 
serum 25-hydroxyvitamin D3 levels: A case–control study

López AV,  Pediatr Pulmonol 2016;51:1080-1087

OR 
for vitamin D <20 ng/ml 

In cases 
vs controls

2.4
p=0.02

2.5 –

2.0 –

1.5 –

1.0 –

0.5 –

0.0 –

A case–control study of            
70 children ages 3–60 months 
from the Guatemala City 
metropolitan area,              
hospitalized with                      
community-acquired pneumonia.

 113 controls from the well-
baby/care immunization clinics. 



Vitamin D Promotes Pneumococcal Killing and Modulates 
Inflammatory Responses in Primary Human Neutrophils.

Subramanian K, J Innate Immun. 2017;9(4):375-386
vitamin D 

upregulated pattern recognition receptors, TLR2,                                           
                             
  and  NOD2, 
induced the antimicrobial human neutrophil peptides                                       
                     
  (HNP1-3) and LL-37, 

 increased killing of pneumococci 
Vitamin D supplementation of serum 
from patients with bacterial respiratory       
   tract infections enhanced neutrophil 
killing. 



Vitamin D and respiratory tract infections: A systematic 
review and meta-analysis of randomized controlled trials. 

Bergman P,  PLoS One 2013;8:e65835

0.51

vitamin D supplemented in

OR  for respiratory 
tract infection

1.0 –

0.5 –

0.0  daily doses    vs     bolus doses 

0.86

P=0.01

meta-analysis of        
     11 placebo-
controlled studies 

5660 patients 
included



Randomized trial of vitamin D supplementation to 
prevent seasonal influenza A in schoolchildren. 

Urashima M,  Am J Clin Nutr 2010;91:1255–1260.

RR for asthma attacks
1.0 –

0.5 –

  0

0.17
P=0.006

in asthmatic children who had 
been vitamin D supplemented 

Vitamin D(3) supplements 
(1200 IU/d) (n= 167) or 
placebo (n= 167)                     
         in schoolchildren

From December 2008 
through March 2009

incidence of influenza A, 
diagnosed with influenza 
antigen testing with a 
nasopharyngeal swab 
specimen.



Relationship between serum 25-hydroxyvitamin D and 
pulmonary function in the Third National Health and 

Nutrition Examination Survey. 
Black PN, Chest 2005;128:3792–3798.

a cross-sectional 
survey of 14,091 people 
> 20 years        of age, 

spirometry, and 
serum 25-hydroxy 
vitamin D levels

Mean increase for the highest quintile 
of serum 25-hydroxy vitamin D level                
              (>85.7 nmol/L – 34 ng/mL) compared 

with the lowest quintile (<40.4 nmol/L - 16 
ng/mL).

200 –

150 –

100 –

 50 –

  0

+ 
172mL

FVC FEV1

+ 
126mLp<0.0001
p<0.0001



0.5

1.0 –

0.5 –

0.0 

Vitamin D over the first decade and 
susceptibility to childhood allergy and asthma 

Hollams EM, J Allergy Clin Immunol 2017;139:472-81

OR for sensitization 
at age 2 yrs

with every 10 nmol/L increase 
in 25(OH) D concentration

+ 4 ng/mL

A high-risk birth cohort.

Plasma 25(OH)D 
concentrations at 
birth and at the ages of 
0.5, 1, 2, 3, 4, 5, 10 years 

8 years follow – up.



2.5
3.0 –

2.0 –

1.0 –

0.0 

Vitamin D over the first decade and 
susceptibility to childhood allergy and asthma 

Hollams EM, J Allergy Clin Immunol 2017;139:472-81

OR for sensitization 
at age 10 yrs

with each additional  25 OH D 
deficient (< 50 nmol/L) 
(< 20ng/mL) follow up 

A high-risk birth cohort.

Plasma 25(OH)D 
concentrations at 
birth and at the ages of 
0.5, 1, 2, 3, 4, 5, 10 years 

8 years follow – up.



Efficacy of high-dose vitamin D in pediatric asthma:      
        a systematic review and meta-analysis.

Pojsupap S, J Asthma. 2015;52(4):382-90. 

5 studies that met study 
eligibility and assessed final 
data synthesis. 

The median trial size was       
    48 participants (range 17-
430)  

The average daily dose of 
cholecalciferol ranged from 
500 to 2000 IU/day. 

0.41

1.0 –

0.5 –

0.0 

RR for 
asthma exacerbation

in asthmatics who had been 
vitamin D supplemented 



Vitamin D serum concentration
modified from G Paul AJRCCM 2012;185:124 

Lung maturity
& development

Viral
infections

Steroid
resposiveness Atopy

Asthma morbidity

Lung
 Function 

exacerbations Healthcare
utilization



The different layers of the epidermis, and the functions 
within those layers regulated by VDR and its coactivators

Bikle DD. Vitamin D metabolism and function in the skin.
Mol Cell Endocrinol. 2011;347(1-2):80-9. 



Randomized trial of vitamin D supplementation for 
winter-related atopic dermatitis in children.

Camargo CA Jr,  J Allergy Clin Immunol. 2014;134(4):831-835.

average % change from
the baseline EASI score

-00 

-10 –

-20 –

-30 –

-16%

-29%

p=0.02

Vitamin D

Placebo

104 Mongolian                     
children  with                         
   winter-related AD 
(age 2-17 yrs)

AD score 10 to 72 using 
the Eczema Area and 
Severity Index (EASI) 

oral cholecalciferol              
  (1000 IU/day) versus 
placebo for 1 month.



Vitamins A and D are Potent Inhibitors of 
Cutaneous Lymphocyte-Associated Antigen Expression  

Yamanaka  JACI 2008;121:148
NORMAL T CELLS WERE CULTURED WITH VITAMIN D OR VITAMIN A

 

CLA expression levels were reduced 
with 1nM 1,25D(3) whereas 

cholecalciferol, an inactive precursor  
of vitamin D, had no effect * P<0.05

CLA expression levels were also 
decreased with 100 pM RA, 1 nM 
retinal and 1µM retinol. * P<0.05

X



OR for sensitization 
to food allergens 

Vitamin D deficiency 
(<20.0 ng/mL)

5.0 –

4.0 –

3.0 –

2.0 –

1.0 –

0.0 

5.0
especially to milk 

(OR 10.4)
 

and 

wheat 
(OR 4.2)

The link between serum vitamin D level, sensitization      
     to food allergens, and the severity of atopic 

dermatitis 
in infancy. Baek JH, J Pediatr. 2014;165(4):849-54.

226 infants with atopic 
dermatitis or food allergy

serum 25-hydroxyvitamin D 
(25[OH]D) and sIgE levels             
     to common or suspected           
                 food allergens 

serum 25(OH)D category levels: 
                               <20.0 ng/mL 
(deficiency),
20.0-29.0 ng/mL (insufficiency),   
                                            ≥ 30.0 
ng/mL (sufficiency)



Vitamin D in Autoimmunity: Molecular Mechanisms 
and Therapeutic Potential.

Dankers W, Front Immunol. 2017 Jan 20;7:697. 

•An important extra-skeletal effect of vitamin D                                             
                                 is the modulation of the immune system. 

•In the context of autoimmune diseases, this is                                             
      illustrated by correlations of vitamin D status and                                     
                       genetic polymorphisms in the vitamin D receptor                       
                                       with the incidence and severity of the disease.

•In recent years, several clinical trials have been                                             
     performed to investigate the therapeutic value of vitamin D                       
                in multiple sclerosis, rheumatoid arthritis, Crohn's disease,     
                           type I diabetes, systemic lupus erythematosus, and 
coeliac disease.
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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



The lower defined threshold value for bone health 
(25OHD ≥ 20 ng/mL [50 nmol/L]),
Holick MF,  J Clin Endocrinol Metab 2011;96:1911–30
Rosen CJ, J Clin Endocrinol Metab 2012;97:1146–52.

Serum level of 25OHD 30–40 ng/mL 
(75–100 nmol/L) has been suggested as                                  
          a lower threshold of an optimal serum level 
for the immune effects of vitamin D.
Vieth R, Am J Clin Nut 2007;85:649–50.
Bischoff-Ferrari HA, Am J Clin Nut 2006; 84:18–28.

More than one-third of the population worldwide may have levels 
of vitamin D < 20 ng/mL (50 nmol/L). Hilger J. British J Nut 2014;111:23–
45.

Vitamin D levels optimal for overall health. 
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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



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%



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 Caucasians

Africans
North Africans

Indians
Others

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 Caucasians

Africans
North Africans

Indians
Others

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
y

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. 

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



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



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.
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 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



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

1.16

DRANK MILK 
LESS THAN 

ONCE A WEEK

OLDER GIRLS

 5 –

 4 –

 3 –

 2 –

 1 –

   0

1.6

4.9

1.9

OBESE

21.9

1.9

BLACK >4 HOURS OF 
TELEVISION 
VIDEO OR 

COMPUTER/DAY

0.4
VITAMIN D 
SUPPLEMEN-

TATION

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

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



DEFICIT DI VITAMINA D
fattori di rischio

Saggese G et al. Ital J Pediatr. 2018
 

Allattamento 
al seno
senza 

supplementazione

Asma
Dermatite

Atopica
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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



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 
supplementation9.0 –

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: 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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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 



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 

•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).
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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





Vitamin D and mortality: Individual participant data 
meta-analysis of standardized 25-hydroxyvitamin D 
in 26916 individuals from a European consortium.

Gaksch M, PLoS One. 2017;12(2):e0170791. 
Dose-response trend of hazard ratios 

of death from all causes 
by standardized 25-hydroxyvitamin D.26,916 study 

participants (median age 
61.6 years, 58% females) 
with a median 25(OH)D 
concentration of 53.8 
nmol/L. 

During a median     
follow-up time                  
   of 10.5 years,               
6802 persons died. 



Thank you
for your
attention !
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