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Treatmentof rickets¢ Meidling Hospital, Wien
(Ricketsbefore the discoveryof Vitamin 5 ® RibrdanJLet al, Sept2014)
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Outdoor treatment Outdoor treatment
in the shadglow in the sun



Emnd «f B9 eentury ¢ first decattesof 20™ century
Prevetionof rickets
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Endl of 159 century ¢ first decatlesof 20" century

1919 EdwardMellanbyintui il ruolo dei
fattori dieteticiy St £ QST A 2 LJ
del rachitisma Alimenti a Xicchi di
vitamina A £ Q2028 A2 RA
merluzz& O2Yy (1 Syfatdrey 2
F VOANI.OKAUGAOZE "

1921 ElmerMcCollumidentifico questo
fattore antirachiticocome unanuova !
vitamina liposolubile la quarta fino ad
allora scoperta e per guesto chiamata ="
vitamina D \




Proc. Nat. Acad. Sci. USA
Vol. 68, No. 4, pp. 803-804, April 1971

Identification of 1,25-Dihydroxycholecalciferol, a Form
of Vitamin D3 Metabolically Active in the Intestine

M. F. HOLICK, H. K. SCHNOES, AND H. F. DeELUCA*

Department of Biochemistry, University of Wisconsin, Madison, Wis. 53706
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Vitamin D endecrinesgystem
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\ Blood calcium and phosphorus 0 .
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Vitamin [Dsstatusninlchildremand adetescents
(Dept. of Pediatrics, University of Pisa, n = 6522yrs)
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PTiHzas adfunciienah thdicatarf of tvitaimin 4o fsuffiaigney:inléhildren
(n = 1,370 M=51%; age-16 yrs; supplemented 55%; Canada 43M)

25-Hydroxyvitamin D level, nmol/L, mean (SD) 86 (28)
25-Hydroxyvitamin D level <50 nmol/L, No. (%) 88 (6)
25-Hydroxyvitamin D level <75 nmol/L, No. (%) 508 (37)
Parathyroid hormaone level, pmol/L, mean (5D) 2.67 (1.18)

A nonlinearrelationshipwasfound
between25-OHD and PTHyith a
25-OHD plateau at 20/mmol/L (40
ng/ml, p< .001pbove which PTH is
minimized in young children

25-hydroxyvitamin D levels
higher than currently
recommended for young
children may be required to
minimize PTH

3.51

2.51

JAMA Pediatrics

(Maguire JLet al, Feb2014
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Vitamin D status((250H-D, mg/ml) impediatric age
AuthorQ proposedecut-off

Author Year| Country n Age Sgyere DeficiencyinsufficiencySufficiency
deficiency ! 1 1

Maguire, JAMApediatrics 2013 | Canada (Toronto) 1898 15 - <10 - > 30
Dong Pediatrics 2010 USA 559 14-18 - <20 21-29 > 30
Ganiji JNutr 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) 6275 1-21 - <15 1529 > 30
Mansbach Pediatrics 2009 | USA (NHANES) 3951 1-11 - <20 20-30 > 30
Saintonge Pediatrics 2009 | USA (NHANES III) 2 692 12-19 - <20 - -

Karalius JPediatrEndocrinolMetab 2014 | USA (NHANES) 2877 6-18 - <12 <16 > 20
Flores,Nutrition 2013 Mexico 1025 2-12 <8 8.0-19.9 20.029.9 > 30
Santos, BM®ed 2012 Brazil 234 7-18 - <20 20-29 > 30
GonzalezGross Br Nutr 2012 Europe 1006 (12,5175 <11 11-20 20-30 > 30
Absoud PlosOne 2001 GreatBritain 1102 4-18 - <10 10-20 -

Hill, British Journal of Nutrition 2008 Ireland 1015 12-15 <10 <20 - > 20
Andersen, Eur ClinNutr 2013 Denmark 54 11-13 - <10 - > 20
Vieruccj Eur Pediatr 2013 Italy 652 2-21 <10 <20 20-30 > 30
RodriguezRodriguezMinervaPediatr | 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 Publi¢tdealth 2012 China 6 008 0,1-16 <10 <20 20-30 > 30
Kim, PublidHealth Nutr 2012 Korea 2 062 10-18 - <11 <20 > 30
Lee, PublitHealth Nutr 2013 Korea 1510 12-18 - <20 - -

Nam, PublicHealth Nutr 2012 | Korea(KNHANES) 1504 12-18 - - <20 > 20
:33 Pediatr GastroenterolHepatol 2013 Korea 397 715 i i <30 > 30
Houghton, Am IlinNutr 2010 New Zealand 193 12-22 - <10 <20 -




Determining Witamin[bDs staisis: cempansarnebetweenavailableassa
AHigh-performance liquid chromatography (HPLC, Tandem

Mass)
ARadioimmunoassay (RIA)
AChemiluminescenimmunoassay(CLIA)

Meanserum25-OHD by assay

100+
95+
904
854
80+
757
70+
651
60+

25hydroxyvitamin D (nmol/L )

55+
50+
45+

404

HPLC

RIA

clIA

N = 204
Age: 57.3N9.7 yr

Cumulative proportion of subjects classified as insufficierOBED < 20
ng/ml) by assay

Cumulative proportion (%:)

100

80+

60

40+

204

0_

0 50 100 150 200
25hydroxyvitamin D (nmol/L )

There are substantial inteassay differences between common
commercially available assays for assessing vitamin D status.

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

(Snellman G et al. Plos One 201
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Vitamin D statusitntalian childremand

*Not supplementedin the
yearprecedingthe study

O Deficiency (25-OHD < 20 ng/m
O Insufficiency25-0HD: 2630 ng/r
O Sufficiency (250H5 x o n

62 patients (9.5%) had
severe vitamin D deficiency
(25-OHD < 10 ng/ml)

adolescents
Dept of Pediatrics Universityof Pisa (n #652*, 2-21 yrs)
p=0.02

45.9 40,3 50,1

23 6 35,0 -
! 32,5
20,5 2l 17,4

Entire sample Children Adolescents
n = 652 n = 283 n = 369

,Saggesés,etal. 2013



Previélenceof hypovitaminosisD in litaly

NOVARA(4AN) UDINE (44N)

n = 62(newborns) n=93(0.2-18
25-OHD (ng/ml): e years)
75..6%< 20 ng/ml 25-OHD (ng/ml):
(Cadario F et al. Ital J Pediatr 2013) " < 2(()3 t5I4E 8%),( 11
., arrone Get al. eur JNutr
VERONAAS ;
A1) PADOVAA(4AN)

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

A<20 42.4%
A2030 45.8%

(Chinellato | et al. Eur Respir J 2011)

VERONA4YS)
n =192(0-18 years)

25-OHD (ng/ml):

<11 6.2%

(Lippi G et al. CMAJ 200

n =58(1.1-15.3 years)
25-OHD (ng/ml):
A<20 50.0%
A 2030 27.0%

(MazzoleniSet al. Int JPediatrEndocr2012

PARNA(4AN)
n=270(12-21 years)
25-OHD (ng/ml):
A <20 19.3%
A 2030 36.3%

»

, . PISA(AAN) Lippi Get al. AgingClinExpRes2012 )
REN n = 652(2-21 years ALLE d ;
n = 6790-18 years) A2-21 years) PALERNMO(G) ROWMIA((42N)
25-OHD (ng/ml): n =80(4,6-16,0years) HELENA stud
25-OHD (ng/ml): ' - y
A<20 554%  A<20 45.7% <20 40% " ‘;(ear's) |
A20-30 33.3%  A2030 33.7% 2030  35% 25.0HD (ng/ml):

(Stagi S et al. Italian J Pediatr In pre&grucciFet al. Eur J Pediatr2013) (Ciresiet al.) (GonzéalezGross M et al. Br J Nutr 2012



Prevéleneceof hypovitaminoesisD around the world

Studiesadopting 30 ng/mlascut-off of normality
(%of subjectswith Vitamin D levelsbelow 30 ng/ml : insufficient + deficient)
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Contenute diwttaminacD (U/200 )g)aei pitb comuiii almer

wLatte vaccino intero
wYogurt
wEmmenthal
wParmigiano

wBurro

wMargarina fortificata
cucchiaio

wkFegato di manzo

wCarne di maiale

wDentice, merluzzo, orata, palombo,
sogliola, trota, salmone, aringhe

3-40/L
89

44
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35

60 /

40- 70
40-50
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Ipovitaminosi D: fattori di risdiito
— Alatitudine
Astagione

V Esposizienesiolare | Astile divita

ridotta o inefficiente | Acreme solari
Aabbigliamento (abitudini
culturali)
_ Aetnia

V Allattamento al senocestitisb/aesemza

supplementazioRe
V Adolescenza

V Obestia




Latitudine e sintesi cutanea di vitamina D

e

Europe and Central Asia
(developing countries 24)

Middle East and
North Africa
(developing ..
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and Caribbean .
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Insufficient
at least one month

(Arabi A et al. Nat Rev Endocrinol 2010)



Photesynthesi®f pre-vitamin D3 from 7-dehydhochotesterol
duringthe year in vitrojn Pisa/latitude 43AN)

Pre-vit. D5, photosynthesis %

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

(SaggeseGet al. It IPed1992)



Sunexposureand vitamin D status

The NEW ENGLAND JOURNAL [.1_]‘" MEDICINE

¢ 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)




Policy Statement—-Ultraviolet Radiation: A Hazard to  American Academy
Children and Adolescents

w Pediatriciansshould inform parents on the risks related to UVR

exposition

WCK A f R ouBslgbx&Etivities should be plannedto minimize peak
iIntensity midday sun (10AM to 4PM). Infants younger than 6
months shouldbe kept out of direct sunlight

w Shade clothing and broad rimmed hats are the best sunprotection
measuresfor infants. Sunscreenshouldbe appliedto areasof the
skinnot protected by clothing (SPF 15, appliedevery 2 hrs).

(Pediatrics 2012)
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£l 5n Protection in Children: Realities and Challenges
DOYMA
(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 thecutaneoussynthesis of vitamin D

Key Point

It does not appear to be healthful practice to rely
on sun exposure as the essential source of vitamin D in
children.

o R . :
gAY



The vitamin D-lemma
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Selar W\VddesesfofoyoungrAiresicansdanthwitamipréduction
northern USA (4BN)

1,400

W Skin type |l
& Skin type lll
1.200 A Skintype IV
@ Skin type V
~ 1,000
T
=
= 800
L]
(=]
=]
'E 600
=
£
400
200
0
Summer Fall Winter Spring

Everydayoutdoor exposurefor children with skin type Ill and skin type IV rarely
providestheir minimum vitamin D3 needs(~ 600 IU/day), and children with skin
type V. may nevermeettheir minimum daily vitamin D needs

(GodarDEet al. EnvironmentalHealth Perspective2012)



Fattori di rischtodii tpevitaminesbD
in eta pediatrica

v Esxuwsizione sclore

riclottiy o inejyiciente

V Allattamento al senocestitisi/aesemza
supplemerntazione

v Apolescenzr

v Olesitc



Antirachitic activity of breast milk

ng/L UL
Vitamin D 57.0+12 2.30.5
25-OHD 239.8+30.9 47.96.2
Total antirachitic activity - 50.2+6.7

(Saggese G. et al. Riv Ped 39: 81, 198



Vitamin [Dsstatush breastteeding formula feeding
(DepartmentofrlRediatecs) niversity ot BHisa)

1<0.0004 38.5N15.3
46 unweanedinfants ] ‘
(1 ¢ 7 months) .

A 250OHD levels were 4 _
significantly different 5 *
according to § 7 20.7N 5.0. .
supplementation and & _ 2 9.4N7.7 _
type of feeding. ? I

N .

A Exclusively breastfed 10-
infants are at higher .
risk of vitamin D ’ -
deficiency L

Formulafed Breastfed Supplemented

withhout additional net supplemented independently
supplementatiom of type of feeding



RicketsiinaaiHighSodialaclasskeh Renaissanoe Ite
the Medici ahilthen

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

Burials of 9 juvenile members of
the Medici family
(16th¢17th centuries).

E (¢)

Documentary sources &
13C and>N bone collagen analysi
)

weaning around?2,yearslald
prolonged lbreastieeiding

JJ

Don Filippino, somf Joanof Austria: antero-posteric
X-ray projection of the skull (increasebiparietal
diameter, high frontal bone and frontabossing

, wide coronal suture), deformed tibia and fibule

(Giuffra V. et al. Int. J.OsteoarcheoR013)
(Watson T, Nature News 2013)



Fattori di rischtodii tpevitaminesbD
in eta pediatrica

v Espwsizione sclore

riclottiy o inejyiciente

7

v Allatarn

(15

nto 6l sene esclusivo, senza
supplementezione

V Adoleseenaza

V Obesita




100

80

60

40

20

Vitamin D status nitalian childrenand
adolesecents

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

p:0.0/

45,9 40,3 \ 50,1
eficiency (25OHD < 20 ng/ml]
O Insufficiency25-OHD: 2030 ng/m
350 O Sufficiency (250H5 X o n

33,6 32,5

20,5 2l 17,4

Entire sample Children Adolescents
n =652 n =283 n = 369

(VierucciF,Saggeses. et al. Eur Ped2013)



Vitamin D statusduring adolescence
Deficiency. 250HD < 20 ng/ml

Vitamin D status and its determmants in adolescents from the Northern 36%
[+ ot oA

( msdéactorﬁ@r hypovitaminosid

I during adolescence

I

1w Lifestyle reduced sun exposure due to sedentary lifestyle (excessive
f computeruse, TV),reducedtime spentoutdoor

I w Obesity
(
, W Chronicdiseases

( .
w Increaseddemandfor calciumand phosphorusfor growth
Vitamin D deticiency In girls from South Brazil:

) 36.3%
a cross-sectional study on prevalence and R
association with vitamin D receptor gene variants
(Santos BR et al, BMC Pediatrics 2012)
Prevalenceof hypovitaminosisD andpredictorsof vitamin 49 9%

D status inltalian healthy adolescents

(Vierucci F, Del Pistoia M, Fanos M, Erba P, Saggese G. Ital J Pediatr Jun (N =427)
2014)



1,25-dihydroxyVitamin D levels
INn children and adolescents

100 T *
90 T ‘

*
80 T | 25/1,25 |
T | 4501 25/1 25

0T 450/1

50 +
40 + |
30 T 25/1,25 |

20 T 850/1 25/1,25
1000/1

1,25 (OH),D, pg/ml

10 T

20 days - 2 2-11 11 - 17 Adults
Years

* p <0.001 vsA1 years and adults
(Saggese G et al. Riv Ital Ped, 1986)



Clmicalppresentationof Vdtamin @ cdeticiency
(25-OHD <220npg/iml)rinlchildre arandl adetescent

Clinical findings 1-3 yrs 4-6 yrs 7-11 yrs 12-17 yrs
(n=118) n (%) (n=103) n (%) (n=193) n (%) (n=129) n (%)
Low weight gain (failure to thrive) 70 @ 20(10.4) 0 (0)
Muscle weakness 79 @ 30 (15.5) 1(0.8)
Head deformity (frontal bossing) 1(1) - 0(0)
Enlarged fontanel - - -
Rachitic rosary - - -
Harrison groove - - -
Respiratory infections and atelectasis 28(23.7) 9(8.7) 4(2.1) -
Enlargement of wrist and ankles 35(29.7) - - -
Bowing of tibia and femur 20(16.9) - - -
Leg pain 4(3.4) 30 (29.1) 110(57) 34 (26.4)
Seizures 4(3.4) - - -
Chest pain - 2(1.9) 54 (28) 71 (55
Obesity - 6(5.8) 60 (31) 82(63)

In olderchildren and adolescentsow vitamin D levels
mostly resultin nonspecific subtle complaints

(TorunEet al. JPEM 2015



Prevalence of vitamin D-deficiency,amaong overwearsitd abese
UScchildren (NHANES2e€@H06).n. 12.292(6-18 yir9

%0 . .
: (Petitatites 220313)
S 70 -
g 49%
£
£
8 50 -
> 34%
£ 4. 29% (32-36)
3 (27-31) T
c 21% 1
L 30 - T
g (20-22) T
& 20 - 1
o
10 -
0 T T I
Healthy-Weight Overweight Obese Severely Obese
n=7728 n=2086 n=1897 n=581

Avitamin D deficiencyis highly prevalent in overweight and
obesechildren

AThe particularly high prevalencein severelyobese suggests
that targeted screeningand treatment guidanceis needed
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Vitamin [Dskeletal-actions
i Rickets

i Bonemassacquisition



~Unmineralized
osteoid

Mineralized

Control
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=

OMMG 2004

(RauchF,EndocrDey, 2003)
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Congenttalrickets in aterm newborn

AMedhi: born at term from cesarean
section Algerianorigin (veiled mother).

AWide anterior and posterior fontanelle.

APlatibasia rachiticrosary.

A Veiled mother
A No vit. D supplem in pregnancy
A Conceivedn winter

A Mehdi: 25-OHD: 9 ng/ml
A Meother : 25-OHD : 8 ng/ml

(Tuoni Cet al. Medicoe Bambino 2011)



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

Global Consensus Recommendations on Prevention
and Management of Nutritional Rickets

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
concerningbecauseNRcan have a major impact on the
health of Infants, children, and adolescents, with
ramificationsthat persistinto adulthood.

(MunnsC.Fet al. JClinEndocrinoMetab, dec2015)




Vitamin [Dskeletal-actions

i Bonemassacquisition



Radlidlbone mineral density during childhood and
adolescenee
measuretby singlephoton abseorpiiometry (SF24)

0,8 ~  mmales © females

2-3 4-5 6-7 8-9 10-1112-1314-1516-1718-19
Years

BMD, g/cn?

o
w
|

o
N
|

(Saggese G. et al, Min Pediatr



Changesn bone masswith age

PEAK BONE MASS

o 4

Males

— "

Females

Bone Mass
(Arbitrary Units)
(X ]

0 | | | | |
10 18 20 30 40 50 60 70 80

Age (years)

(Cooper C. 1990)



Piccoddinrmassa«nssea

"Livello piu elevato di massa ossea
raggiungibile durante la vita come
risultato di una crescita normale

Significato clinico

L'acquisizione di un ottimale picco d
massaossearappresenta uno dei fattori
piu Iimportanti per la prevenzione
RSttt Q2a.0S2LJ2NRaA
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The effect of maternal vitamin D concentration on fetal bone
An. 357 pregnant women

Afetal 3D ultrasound and maternal E
25-OH-D levels were assessed at E(D
34 wk S

©
(¢D]
7
-
2
(qv]
(¢D]
=
)
°
>
5
5
. L < 30 > 30

25-OH-D (ng/ml)
AFetus from vitamin D sufficient mothers have higher
femur volume.

AMaternal vitamin D concentrations are significant
predictors of femoral volume.

(loannou C et al. JCEM Nov 2012)



