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мсопΥ ǇǊƛƳŀ ŎƻƳǇŀǊǎŀ ŘŜƭ ǘŜǊƳƛƴŜ άricketsέ



End of 19th centuryςfirst decadesof 20th century
Treatment of ricketsςMeidling Hospital, Wien

Outdoor treatment 
in the shadow

Outdoor treatment 
in the sun

(Ricketsbeforethe discoveryof Vitamin5Φ hΩRiordanJL et al, Sept2014)



End of 19th centuryςfirst decadesof 20th century

Prevetionof rickets

Cod liver oil



Edward Mellanby intuì il ruolo dei 
fattori dietetici ƴŜƭƭΩŜȊƛƻǇŀǘƻƎŜƴŜǎƛ 
del rachitismo. Alimenti άΧ ricchi di 
vitamina AέΣ ŎƻƳŜ ƭΩƻƭƛƻ Řƛ ŦŜƎŀǘƻ Řƛ 
merluzzoΣ ŎƻƴǘŜƴŜǾŀƴƻ ǳƴ άfattore 
ŀƴǘƛǊŀŎƘƛǘƛŎƻέ.

1919

1921 ElmerMcCollumidentificò questo 
fattore antirachitico come una nuova 
vitamina liposolubile, la quarta fino ad 
allora scoperta e per questo chiamata 
vitamina D. 

End of 19th centuryςfirst decadesof 20th century
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D2, D3
DBP (vitamin D biding protein)D2, D3

Vitamin D endocrine system

(Holick. NEJM 2007)
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Vitamin D status in children and adolescents 
(Dept. of Pediatrics, University of Pisa, n = 652, 2-21 yrs)

( SaggeseG.etal Eur J Ped2013)

Inverse 
relationship

betweenPTH 
and 25-OH-D 

levelsNo hyperPTHin the 
individualswith 

25-OH-D >30 ng/ml

Wepropose > 30 ng/ml asάsufficientέΣ нл-30 ng/ml as
άinsufficientέ ŀƴŘ ғ нл ƴƎκƳƭ asάdeficientέ нр-OH-D levels. 



PTH as a functional indicator of vitamin D sufficiency in children
(n = 1,370; M=51%; age 1-16 yrs; supplemented 55%; Canada 43.4° N)

(MaguireJL et al, Feb2014)

A nonlinearrelationshipwasfound
between25-OH-D and PTH, with a 

25-OH-D plateau at 107 nmol/L (40 
ng/ml, p< .001) above which PTH is 

minimized in young children

25-hydroxyvitamin D levels 
higher than currently 

recommended for young
children may be required to 

minimize PTH.



Vitamin D status (25-OH-D, ng/ml) in pediatricage
AuthorΩǎ proposedcut-off

Author Year Country n Age
Severe 

deficiency
DeficiencyInsufficiencySufficiency

Maguire, JAMA pediatrics 2013 Canada (Toronto) 1 898 1-5 - < 10 - > 30
Dong, Pediatrics 2010 USA 559 14-18 - < 20 21-29 > 30
Ganji, J Nutr 2012 USA (NHANES) 10 197 2-19 - - - > 30
Gordon, ArchPediatrAdolescMed 2008 USA 365 0,6-2,0 < 8 < 20 20-30 > 30
Kumar, Pediatrics 2009 USA (NHANES) 6 275 1-21 - < 15 15-29 > 30
Mansbach, Pediatrics 2009 USA (NHANES) 3 951 1-11 - < 20 20-30 > 30
Saintonge, Pediatrics 2009 USA (NHANES III) 2 692 12-19 - < 20 - -
Karalius, J PediatrEndocrinolMetab 2014 USA (NHANES) 2 877 6-18 - < 12 < 16 > 20
Flores, Nutrition 2013 Mexico 1 025 2-12 < 8 8.0-19.9 20.0-29.9 > 30
Santos, BMC Ped 2012 Brazil 234 7-18 - < 20 20-29 > 30
González-Gross, Br J Nutr 2012 Europe 1 006 12,5-17,5 < 11 11-20 20-30 > 30
Absoud, PlosOne 2001 Great Britain 1 102 4-18 - < 10 10-20 -
Hill, British Journal of Nutrition 2008 Ireland 1 015 12-15 < 10 < 20 - > 20
Andersen, Eur J ClinNutr 2013 Denmark 54 11-13 - < 10 - > 20
Vierucci, Eur J Pediatr 2013 Italy 652 2-21 < 10 < 20 20-30 > 30
Rodríguez-Rodríguez, Minerva Pediatr 2011 Spain 102 9-13 < 12 < 20 - -
Djennane, OsteoporInt 2014 Algeria 435 5-15 - < 20 - > 20
Akman, PediatricsInt 2011 Turkey 849 1-16 - < 20 20-30 > 30
Zhu, BMC Public Health 2012 China 6 008 0,1-16 < 10 < 20 20-30 > 30
Kim, Public HealthNutr 2012 Korea 2 062 10-18 - < 11 < 20 > 30
Lee, Public HealthNutr 2013 Korea 1 510 12-18 - < 20 - -
Nam, Public HealthNutr 2012 Korea(KNHANES) 1 504 12-18 - - < 20 > 20
Han, PediatrGastroenterolHepatol
Nutr

2013 Korea 397 7-15 - - < 30 > 30

Houghton, Am J ClinNutr 2010 New Zealand 193 12-22 - < 10 < 20 -



Determining Vitamin D status: comparison between available assays

ÅHigh-performance liquid chromatography (HPLC, Tandem 
Mass)
ÅRadioimmunoassay (RIA) 
ÅChemiluminescentimmunoassay(CLIA)

There are substantial inter-assay differences between common 
commercially available assays for assessing vitamin D status.

N = 204

Age: 57.5 Ñ9.7 yr

A single individual might be deemed deficient or sufficient, 
depending on the laboratory where the blood is tested. 

Meanserum25-OH-D byassay
Cumulative proportion of subjects classified as insufficient (25-OH-D < 20 

ng/ml) by assay

(Snellman G et al. Plos One 2010)
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adolescents

Dept. of Pediatrics, Universityof Pisa (n = 652*, 2-21 yrs)

p=0.02

n = 652 n = 369n = 283

(25-OH-D < 20 ng/ml)

(25-OH-D: 20-30 ng/ml)

(25-OH-5 җ ол ƴƎκƳƭύ

62 patients (9.5%) had

severe vitamin D deficiency 

(25-OH-D < 10 ng/ml)

*Not supplementedin the     
yearprecedingthe study

,SaggeseG, et al. 2013



UDINE (46ÁN)

n = 93 (0.2-18 

years)

25-OH-D (ng/ml):

< 20    54.8%
VERONA (45ÁN)

n = 59 (9-12 years)
25-OH-D (ng/ml):

Å< 20 42.4%
Å20-30 45.8%

VERONA (45ÁN)
n = 192 (0-18 years)
25-OH-D (ng/ml):

< 11       6.2%

Prevalenceof hypovitaminosisD in Italy

(Marrone G et al. Eur J Nutr 2011)

(Chinellato I et al. Eur Respir J 2011)

PARMA (44ÁN)
n = 270 (12-21 years)

25-OH-D (ng/ml):

Å< 20 19.3%
Å20-30 36.3%

(Lippi G et al. AgingClinExpRes2012 )

(Lippi G et al. CMAJ 2007)

PADOVA (45ÁN)

n = 58 (1.1-15.3 years)

25-OH-D (ng/ml):

Å< 20 50.0%

Å20-30 27.0%
(MazzoleniS et al. Int J PediatrEndocr2012 )

PISA (43ÁN)

n = 652 (2-21 years)

25-OH-D (ng/ml):

Å< 20 45.7%

Å20-30 33.7%

ROMA (42ÁN)
HELENA study

n = 104 (12.6-17.4 
years)

25-OH-D (ng/ml):

< 20 26.4%(González-Gross M et al. Br J Nutr 2012;)(VierucciF et al. Eur J Pediatr2013)

NOVARA (45ÁN)

n = 62 (newborns)

25-OH-D (ng/ml):

75.6% < 20 ng/ml
(Cadario F et al. Ital J Pediatr 2013)

FIRENZE (43ÁN)
n = 679 (0-18 years)
25-OH-D (ng/ml):

Å< 20       55.4%
Å20-30 33.3%

(Stagi  S et al. Italian J Pediatr In press)

PALERMO (37ÁN)
n = 80 (4,6-16,0 years)

25-OH-D (ng/ml):

< 20 40%
20-30 35%

(Ciresiet al.)



Prevalenceof hypovitaminosisD aroundthe world 

Studiesadopting30 ng/ml ascut-off of normality
(% of subjectswith Vitamin D levelsbelow 30 ng/ml :  insufficient+ deficient)

Europe, n = 1 006 (12.5-17.5 years)

80%
(Gonzales-Gross,  Br J Nutr 2012)

Brazil, n = 234 (7-18 years)

91%
(Santos, BMC Ped2012)

USA, n = 9 045 (12-19 years)

75 - 79%
(NHANES 1994-98, 2001-06, J Nutr 2012)

Korea, n = 2 062 (10 ς18 years)

96%
(Kim, PublHealthNutr 2013)

China, n = 6 008 (0.1-16 years)

94% 6-12 years, 100% 12-16 years
(Zhu, BMC Public Health2012)

USA, n = 6 275 (1-21 years)

61%
(NHANES 2001-04, Pediatrics2009)

USA, n = 3 951 (1-11 years)

95%
(NHANES 2001-06, Pediatrics2009)

Algeria, n = 435 (5-15 years)

58% (September) ς65% (March)

(Djennane,  OsteoporosInt 2014)

Lebanon, n = 231 (0-18 years)

84% 
(Hoteit, Metabolism2014)



90 - 95%

5 - 10%

Ipovitaminosi D. Fattori di rischio



Contenuto di vitamina D (UI/100 g) nei più comuni alimenti

ωLatte vaccino intero 3 - 40 / L

ωYogurt 89

ωEmmenthal 44

ωParmigiano 28

ωBurro 35

ωMargarina fortificata 60 / 
cucchiaio

ωFegato di manzo 40 - 70

ωCarne di maiale 40 - 50

ωDentice, merluzzo, orata, palombo,           300 - 1500

sogliola, trota, salmone, aringhe



VAllattamento al seno esclusivo, senza 

supplementazione

VAdolescenza

VObesità

VEsposizione solare

ridotta o inefficiente

Ålatitudine

Åstagione

Åstile di vita

Åcreme solari

Åabbigliamento (abitudini 

culturali)

Åetnia 

Ipovitaminosi D: fattori di rischio



23.5ÁN

23.5ÁS

66.5ÁN

Latitudine e sintesi cutanea di vitamina D

(Arabi A et al. Nat Rev Endocrinol 2010)
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(SaggeseG et al. It J Ped1992)

Photosynthesisof pre-vitaminD3 from 7-dehydrocholesterol

duringthe year, in vitro,in Pisa (latitude 43ÁN)

During winter and early spring adequate vitamin D status 
can be assured by body vitamin D stores or supplementation



Sunexposureand vitaminD status

é Exposure of arms and legs for 5 to 30

minutes (depending on time of day, season,

latitude, and skin pigmentation) twice a week

is often adequate.
(Holick MF.  2007)



ωPediatriciansshould inform parents on the risks related to UVR

exposition.

ωCƘƛƭŘǊŜƴΩǎoutdoor activities should be planned to minimize peak-

intensity midday sun (10AM to 4PM). Infants younger than 6

monthsshouldbe kept out of direct sunlight.

ωShade,clothingandbroad rimmed hatsare the bestsunprotection

measuresfor infants. Sunscreensshouldbe applied to areasof the

skinnot protectedby clothing(SPF>15, appliedevery2 hrs).

(Pediatrics, 2012)



( Gilaberte Y et al. 2014)

Sun exposure outside of peak sun times (10:00 AM to 
3:00 PM in the spring, summer, and fall) has a limited 
impact on the cutaneoussynthesis of vitamin D



(Nature 2011)



northern USA (45ÁN) 

Everydayoutdoor exposurefor children with skin type III and skin type IV rarely
providestheir minimum vitamin D3 needs(~ 600 IU/day), and children with skin
type V maynevermeet their minimumdaily vitamin Dneeds.

Solar UV doses of young Americans and vitamin Dproduction

(GodarDE et al. EnvironmentalHealthPerspectives2012)



Fattori di rischio di ipovitaminosi D
in età pediatrica

VAllattamento al seno esclusivo, senza 

supplementazione

VAdolescenza

VObesità

VEsposizione solare

ridotta o inefficiente

ÅLatitudine

ÅStagione

ÅStile di vita

ÅCrema solare

ÅAbbigliamento (abitudini 

culturali)

ÅEtnia 



Antirachitic activity of breastmilk

ng / L                  IU / L

Vitamin D               57.0 + 12         2.3 + 0.5

25-OH-D            239.8 + 30.9    47.9 + 6.2

Total antirachiticactivity - 50.2 + 6.7

(Saggese G. et al. Riv Ped 39: 81, 1989)



Vitamin D status: breastfeeding vsformula feeding
(Department of Pediatrics, University of Pisa)

46 unweanedinfants
(1 ς7 months)

Å25-OH-D levels were 
significantly different 
according to 
supplementation and 
type of feeding.

ÅExclusively breastfed 
infants are at higher 
risk of vitamin D 
deficiency.

Breastfed
not supplemented

Formula fed
without additional
supplementatiom

p<0.0004

Supplemented
independently

of type of feeding

9.4 Ñ7.7 

20.7 Ñ5.0. 

38.5 Ñ15.3 



Rickets in a High Social Class of Renaissance Italy: 
the Medici children

Exploration of the Medici Chapels in the Basilica of San Lorenzo in Florence

Burials of 9 juvenile members of 
the Medici family 

(16thς17th centuries).

(Giuffra V. et al. Int. J. Osteoarcheol2013)
(Watson T, Nature News 2013)

Don Filippino, son of Joan of Austria: antero-posterior 
X-ray projection of the skull (increased biparietal
diameter, high frontal bone and frontal bossing
, wide coronal suture), deformed tibia and fibula

prolonged breastfeeding

Documentary sources & 
13C and 15N bone collagen analysis

Þ

weaning around 2 years old



Fattori di rischio di ipovitaminosi D
in età pediatrica

VAllattamento al seno esclusivo, senza 

supplementazione

VAdolescenza

VObesità

VEsposizione solare

ridotta o inefficiente

ÅLatitudine

ÅStagione

ÅStile di vita

ÅCrema solare

ÅAbbigliamento (abitudini 

culturali)

ÅEtnia non caucasica
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(25-OH-5 җ ол ƴƎκƳƭύ

(VierucciF, SaggeseG. et al. Eur J Ped2013)



VitaminD status duringadolescence

(Hill TR et al, Br J Nutr 2008)

36%
(N = 1,015)

(Saintonge S et al, Pediatrics 2009)

14%
(N = 2,955)

Deficiency:  25-OH-D < 20 ng/ml

54.7%
(N = 2,062)

(Kim SH et al, Publ Health Nutr 2012)

(Santos BR et al, BMC Pediatrics 2012)

36.3%
(N = 234)

49.9%
(N = 427)(Vierucci F, Del Pistoia M, Fanos M, Erba P, Saggese G. Ital J Pediatr Jun 

2014)

Prevalenceof hypovitaminosisD and predictorsof vitamin
D status in Italian healthyadolescents

Riskfactorsfor hypovitaminosisD 

duringadolescence

ω Lifestyle: reduced sun exposure due to sedentary lifestyle (excessive

computeruse,TV),reducedtime spentoutdoor

ω Obesity

ω Chronicdiseases

ω Increaseddemandfor calciumandphosphorusfor growth
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Clinical presentation of Vitamin D deficiency 
(25-OH-D < 20 ng/ml) in children and adolescents 

In older children and adolescents, low vitamin D levels 
mostly result in nonspecific subtle complaints.

(TorunE et al. JPEM 2015)

1-3 yrs 4-6 yrs 7-11 yrs 12-17 yrs



ÅVitamin D deficiency is highly prevalent in overweight and
obesechildren.

ÅThe particularly high prevalencein severelyobesesuggests
that targeted screeningand treatment guidanceis needed.

Prevalence of vitamin D deficiency among overweight and obese

US children (NHANES 2003-2006).n. 12.292 (6-18 yrs)

(Pediatrics, 2013)
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Vitamin D skeletal actions

üRickets

üBonemassacquisition



(RauchF, EndocrDev, 2003)

RICKETS

Rickets

Control

Mineralized
bone

Unmineralized
osteoid



Polso e mano Arti inferiori

Rachitismo
Lesioni radiologiche



RACHITISMO

Solco di Harrison



"Braccialetto" e "Caviglia rachiticañRA



18 cm8 cm

Congenitalricketsin a term newborn

(Tuoni C. et al. Medico e Bambino 2011)

ÅMehdi : 25-OH-D: 9 ng/ml

ÅMother : 25-OH-D: 8 ng/ml

ÅMedhi: born at term from cesarean
section, Algerianorigin (veiledmother).

ÅWideanterior andposterior fontanelle.

ÅPlatibasia,rachitic rosary.

ÅVeiledmother

ÅNovit. Dsupplem. in pregnancy

ÅConceivedin winter



(MunnsC.F. et al. J ClinEndocrinolMetab, dec2015)

Nutritional rickets (NR), secondary to vitamin D
deficiencyand/or dietary calciumdeficiency,remainsa
significant global, public health problem despite the
availability of supplementation and numerous
published guidelines for its prevention. This is
concerningbecauseNRcanhavea major impact on the
health of infants, children, and adolescents, with
ramificationsthat persistinto adulthood.



Vitamin D skeletal actions

üRickets

üBonemassacquisition



(Saggese G. et al, Min Pediatr 1986)
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Radialbonemineral density duringchildhoodand 
adolescence

measuredby single-photon absorptiometry(SPA)



Changesin bonemass with age

(Cooper C. 1990)

Males

Females

PEAK BONE MASS



Picco di massa ossea

L'acquisizione di un ottimale picco di
massaossea rappresenta uno dei fattori
più importanti per la prevenzione
ŘŜƭƭΩƻǎǘŜƻǇƻǊƻǎƛ.

Significato clinico

"Livello più elevato di massa ossea 
raggiungibile durante la vita come 
risultato di una crescita normaleέ



Physical

activity

Geneticfactors

Nutritional

factors

Calcium

ACQUISITION
OF

BONE MASS

Vitamin D



The effect of maternal vitamin D concentration on fetal bone

ÅFetus from vitamin D sufficient mothers have higher
femur volume.

ÅMaternal vitamin D concentrations are significant
predictors of femoral volume.

(Ioannou C et al. JCEM Nov 2012)

Ån. 357 pregnant women

Åfetal 3D ultrasound and maternal 

25-OH-D levels were assessed at 

34 wk
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