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Heaney RP, Dowell MS, Hale CA, Bendich A 2003 Calcium absorption varies
within the reference range for serum 25-hydroxyvitamin D. ] Am Coll Nutr
22:142-146

BACKGROUND:

Calcium absorption is generally considered to be impaired under conditions of vitamin D deficiency, but
the vitamin D status that fully normalizes absorption is not known for humans.

OBJECTIVE:

To quantify calcium absorption at two levels of vitamin D repletion, using pharmacokinetic methods and
commercially marketed calcium supplements.

DESIGN:

Two experiments performed in the spring of the year, one year apart. In the first, in which participants
were pretreated with 25-hydroxyvitamin D (250HD), mean serum 250HD concentration was 86.5
nmol/L; and in the other, with no pretreatment, mean serum concentration was 50.2 nmol/L. Participants
received 500 mg oral calcium loads as a part of a standard low calcium breakfast. A low calcium lunch was
provided at mid-day. Blood was obtained fasting and at frequent intervals for 10 to 12 hours thereafter.
METHODS:

Relative calcium absorption at the two 250HD concentrations was estimated from the area under the
curve (AUC) for the load-induced increment in serum total calcium.

RESULTS:

AUC(9) (/- SEM), was 3.63 mg hr/dL +/- 0.234 in participants pretreated with 250HD and 2.20 +/- 0.240
in those not pretreated (P < 0.001). In brief, absorption was 65% higher at serum 250HD levels averaging
86.5 nmol/L than at levels averaging 50 nmol/L (both values within the nominal reference range for this
analyte).

CONCLUSIONS:

Despite the fact that the mean serum 250HD level in the experiment without supplementation was

within the current reference ranges, CalCium absorptive performance at 50
nmol/L was significantly reduced relative to that at a mean
250HD level of 86 anI/L. Thus, individuals with serum 25-hydroxyvitamin D levels at

the low end of the current reference ranges may not be getting the full benefit from their calcium intake
e conclude that the lower end of the current reference range is set too low.




CUT-OFF: PREVALENZA DI OSTEOMALACIA

IOM e ES

Nessuna evidenza per 250HD >30 ng/ml
2.5% dei pazienti con 250HD < 20 ng/ml

Studi bioptici sulle fratture di femore: 0-37%

Priemel M et al. JBMR 2009
Lips P. Endocr Rev 2001
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An Inflection Point of Serum 25-Hydroxyvitamin
D for Maximal Suppression of Parathyroid
Hormone Is Not Evident from Multi-Site Pooled
Data in Children and Adolescents’?
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Relationships among Vitamin D Levels, Parathyroid
Hormone, and Calcium Absorption in Young Adolescents
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Supplementation with 1000 IU vitamin D/d leads to parathyroid
hormone suppression, but not increased fractional calcium
absorption, in 4-8-y-old children: a double-blind randomized
controlled trial’™

Conclusions: Vitamin D; supplementation at 1000 IU/d increases
25(OH)D and decreases parathyroid hormone in children with av-
erage vitamin D intakes below the dietary recommendations of
the Institute of Medicine. However, no significant effects of this
change on calcium absorption occurred. This trial was registered at
clinicaltrials.gov as NCT 00868738. Am J Clin Nutr 2013:97:
217-23.

A Randomized Trial of Vitamin D; Supplementation
in Children: Dose-Response Effects on Vitamin D
Metabolites and Calcium Absorption

Conclusion: Large increases in serum 25(OH)D with vitamin D5 supplementation did not increase
calcium absorption in healthy children living at 2 different latitudes. Supplementation with 400
lU/d was sufficient to maintain wintertime 25(OH)D concentrations in healthy black, but not white,
children. (J Clin Endocrinol Metab 98: 4816-4825, 2013) :




PTH, pg/mi

Vierucci F, et al EurJ Ped 2013

Vitamin D status and predictors of hypovitaminosis D
in Italian children and adolescents: a cross-sectional study
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Vitamin D in childhood and adolescence: an expert
position statement

Giuseppe Saggese' - Francesco Vierucci® - Annemieke M. Boot” -
Justyna Czech-Kowalska® - Giovanna Weber” » Carlos A. Camargo Jr® - Eric Mallet’ -
Margherita Fanos' - Nick J. Shaw® - Michael F. Holick”

We propose > 30 ng/ml as “sufficient’,
20-30 ng/ml as ‘insufficient”
and < 20 ng/ml as “deficient” 25-OH-D /evels.

EurJ Pediatr 2015 -
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EPIDEMIOLOGIA

Eur J Pediatr

Table 1  Recent epidemiological studies assessing vitamin D status in children and adolescents

First author Year Country Latitude n Age <50 nmol/L  50-74.9 nmol/L =75 nmol/LL Reference
Absoud M 2011 UK 53-59°N 1,102 4-18 years 35% - — [3]
Sioen 1 2012 Belgium 51:.1°N 357 4-11 years 58 % 40 % 2 %% [79]
Vierucci F 2013 Italy 43-44° N 652 2-21 years 46 % 34 % 20 % [89]
Gonzales Gross M 2012 Europe Multicenter study 1,006 12.5-17.5 years 42 % 39 % 19 % [39]
Dong Y 2010 USA 33°N 559 14-18 years 29 % 28 % 43 % [30]
Kumar J 2009 USA NHANES 01-04 6,275 1-21 years 9 %" 61 % 30 % [59]
Mansbach M 2009 USA NHANES 01-06 3,951 1-11 years 18 % 51 % 31 % [65]
Maguire JL 2013 Canada 434° N 1.898 1-5 years 6 % 24 % 70 % [64]
Santos BR 2012 Brazil 25-30° S 234 7-18 years 36 % 54 % 10 % [78]
Kim SH 2012 South Korea 34-38°N 2,062 10-18 years 68 % 28 % 4% [57]
Poopedi MA 2011  South Africa 26°S 385 10 years 7% 19 % 74 % [72]

———

“Cutoff: <37.5 nmol/L (<15 ng/mL)
® Cutoff: 37.5-72.5 nmol/L (15-29 ng/mL)

Saggese G et al. EurJ Ped 2015
Consensus VD SIPPS 2015




75,6-97,9%
71,7-81,1%

79,5-82,8%:
88,7%

IPOVITAMINOSI D

Consensus VD SIPPS 2015



Stagione del prelievo, esposizione solare, uso di filtri solari
Eta

Etnia

BMI

Circonferenza vita, circonferenza fianchi

Eta gestazionale, peso alla nascita, stagione di nascita

Profilassi materna durante la gravidanza

Consensus VD SIPPS 2015




FATTORI DI RISCHIO

/ Fattori geografici/ambientali \

» Latitudine: minore é la latitudine, maggiore ¢ la sintesi
di vitamina D

» Stagione: minima o nulla sintesi di vitamina D nel
periodo invernale

» Ora del giorno. massima sintesi di vitamina D intorno
alle ore 12.00

% '\..f‘-_? - - H ) ’ H H o ) o 2
A g » Altitudine: maggiore e l'altitudine, maggiore ¢ la sintesi
A cutanea di vitamina D
L R » Inquinamento atmosferico J

Holick, New Engl J Med, 2007.







FATTORI DI RISCHIO

-~
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Fattori individuali\

Colore della pelle: gli individui di pelle scura necessitano di un
tempo 5-10 volte piu lungo di esposizione solare rispetto agli
individui di pelle chiara per raggiungere gli stessi valori di vitamina
D

Superficie corporea esposta al sole

Filtri solari: SPF 8 | sintesi del 92.5%, SPF 15 | sintesi del 99%

Eta | 7-deidrocolesterolo cutaneo

BMI: Tessuto adiposo = sede corporea principale di deposito della
vitamina D - ridotta disponibilita di vitamina D nei soggetti obesi.

Holick, New EnglJ Med, 2007.




Nel giovane adulto é stato
calcolato che in primavera,
estate ed autunno é sufficiente
I'esposizione delle braccia e
delle gambe, due volte alla
settimana, per 5-15 minuti, tra
le ore 10:00 e le 15:00, per
ottenere valori di 25(OH)D in
grado di prevenire un deficit di
vitamina D nei fototipi cutanei
Il elll

Holick, Am J Clin Nutr, 2004.




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

American Academy [fZe
of Pediatrics '

DEDICATED TO THE HEALTH OF ALL CHILDREN"

* Pediatricians should inform parents on the risks related to UVR
exposition.

* Children’s outdoor activities should be planned to minimize peak-
intensity midday sun (10AM to 4PM). Infants younger than 6
months should be kept out of direct sunlight.

* Shade, clothing and broad rimmed hats are the best sun protection
measures for infants. Sunscreens should be applied to areas of the

skin not protected by clothing (SPF > 15, applied every 2 hrs).

Pediatrics 2012




Solar UV Doses of Young Americans and Vitamin D; Production

1,400

W Skin type Il In northern USA (45°N)

1,200 # Skin type i  minimum recommended
i A Skintype IV . . .

& Skintype V daily dose of vitamin D3
~ 1,000 (600 IU/day) is made by
< skin type II, Il and IV
S children only during the
o summer
E 500 e optimal dose of 2 1,200
& IU/day is not made during
= any season, regardless of

skin type, except by a small
= subset of skin type I

children during the
summer

Summer Fall Winter Spring

Everyday outdoor exposure for children with skin type Ill and skin type IV rarely provides their
minimum vitamin D3 needs (~ 600 IU/day), and children with skin type V may never meet their
minimum daily vitamin D needs

Godar DE et al. Environmental Health Perspectives 2012




High Prevalence of Vitamin D Deficiency in
Native versus Migrant Mothers and
Newborns in the North of Ttaly: A Call to Act
with a Stronger Prevention Program

o Ifalian *  Migrant
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Vitamin D status and predictors of hypovitaminosis D
in Italian children and adolescents: a cross-sectional study
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Vitamin D Deficiency in Children with a Chronic lliness-
Seasonal and Age-Related Variations in Serum 25-
hydroxy Vitamin D Concentrations

S-25-OHD

1004 T [ [ = 80
o 807 £ 50.1-79.9
T 37.5-50
S 604 i
F e 1 Table 3. Variation in mean serum 25-hydroxyvitamin D
2  40- concentration (nmol/L) in each age group according to
QE_ 1 season™.

204 77

0- Age group (y) N Winter Spring Summer Autumn P’

0-2 216 6.1-10 10.1-15 15.1-18
Age groups, y

0-2.0 129 70 75 80 71 0.518
2.1-60 185 63 62 73 63 0.175

g i i : . . |6.1-100 229 53 50 67 58 <0.001
Figure 1. The prevalence of deficient, insufficien

and optimal vitamin D status in each age group d
2010.

10.1-15.0 473 45 46 57 52 <20.001
15.1-18.0 319 44 42 57 49 <0.001
Total 1335 51 51 63 55 <20.001

*winter = December to February, spring =March to May, summer =June to
August, autumn = September to November.
*Analysis of covariance (ANCOVA) adjusted for calendar year.

Holmund S et al. PlosOne 2013 doi:10.1371/journal.pone.0060856.t003




Prevalence of hypovitaminosis D and predictors
of vitamin D status in Italian healthy adolescents

Table 2 Serum 25-OH-D levels and vitamin D status related to presumed risk factors for hypovitaminosis D

n/total (%)

25-OH-D, nmol/L P n/total (%) n/total (%) n/total (%) p
Wesilani(range) N adire  lhdficensy | afcency
Gender
Male 213/427 (500) 483 (10.0; 174.7) 0438 111/213 (52.1) 62/213 (29.1) 40/213 (18.8) 0.366
Female 214/427 (50.0) 504 (8.1; 174.3) 102/214 (47.7) 76/214 (35.5) 36/214 (16.8)
Residence
Urban 238/427 (55.7) 480 (10.8; 174.7) 0481 124/238 (52.1) 73/238 (30.7) 41/238 (17.2) 0.583
Rural 189/427 (443)  50.7 (8.1; 144.8) 89/189 (47.1) 65/189 (34.4) 35/189 (18.5)
Season of blood withdrawal
Winter (Jan - Mar) 138/427 (32.3) 418 (8.1, 100.9) <0.0001 84/138 (60.9) 38/138 (27.5) 16/138 (11.6) <0.0001
Spring (Apr — Jun) 110/427 (25.8) 476 (12.1;122.3) 63/110 (57.3) 36/110 (32.7) 11/110 (10.0)
Summer (Jul - Sep) 62/427 (14.5) 63.7 (10.8; 174.3) 21/62 (33.9) 19/62 (30.6) 22/62 (35.5)
Fall (Oct - Dec) 117/427 (27.4) 55.7 (12.0; 174.7) 45/117 (385) 45/117 (38.5) 28/117 (23.0)
Ethnicity
White 410/427 (96.0) 506 (10.0; 174.7) <0.0001 198/410 (48.3) 137/410 (334) 75/410 (18.3) 0.005
Non-white 17/427 (4.0) 28.2 (8.1; 86.2) 15/17 (88.2) 1/17 (59) 1/17 (59)

Vierucci F, et al ItJ Pediatr 2014




Vitamin D levels in a paediatric population of normal weight
and obese subjects

Table 1 Auxological and binchemical parameters {mean £+ SEM)

of the population all together (TP) and subdivided in normal weight ;
(W), sl B sobjdcts (OF) Bellone S, et al J Endocrinol Invest 2014

NW 0B TP
No 113 EES 557
M/F H&/45 219/225 325/232
PE/P 50/63 2020242 216/341
Age (years) 135 £ 02 10.6 £ 0.2 112 40:1
Weight (kg) 517+13 582+10 569+ 08
Weight percentile 4.6 + 2.2° 929 + 0.5* 795+ 1.0
Height (cm) 161.5 £ 1.4 144.9 £ 0.8 148.2 £ 0.8
Height percentile 706 £24" 738+ 13"  732% 11
BMI (kghn:} 19.4 4 1,2 268 + 0.2 254 4+ 0.2
BMI percentile IIE207 955505 82510 [ow 25(0OH)D; levels are associated with total adiposity,
Waist (cm) 745408 880406 8554 0.6 ; " : ;
it e SEELEE  §i LR metabolic syndrome, and hypertension in Caucasian children

[Viemn D 273 £12 21806 23203 | and adolescents

Pacifico L, et al EurJ Endocrinol 20117

Table 2 Age-, gender-, and Tanner stage-adjusted correlation coefficients between 25(OH)D; concentrations and
variables measured in the study participants.

All cases Overweight/obese Normal weight

SDS-BMI —0.2343 —0.176" —0.073
Waist circumference (cm) —0.274° —0.189" —0.080

o)) =0 T83° =0 185" =0, T68"
Diastolic blood pressure (mmHg) —-0.102 0.080 —0.085
Total cholesterol (mg/dl) —0.022 —0.059 —0.039
HDL-cholesterol (mg/dl) 0.1421 0.127 0.050
Triglycerides (mg/dl) —0.124* —0.053 —0.119
Fasting glucose (mmol/l) —0.1711 —0.134* —~0.125
Insulin (mU/1) —0.285% —0.2211 —0.227
HOMA-IR values —-0.275% —0.220" —0.228*
Carotid IMT (mm) —0.072 —0.081 —0.045

FMD (%) 0.041 0.110 0.095




Come si valuta lo stato vitaminico
D di un individuo?

Lo stato vitaminico D si valuta con il
dosaggio della 25-idrossivitamina D
[25(0OH)D], il metabolita epatico del-
la vitamina D.

Quali livelli di 25(OH)D definisco-
no la sufficienza di vitamina D?
Livelli di 25(0OH)D > 30 ng/ml defini-
scono uno stato vitaminico D suffi-
ciente.

CONCLUSIONI

Quali livelli di 25(OH)D definisco-
no un quadro di insufficienza di
vitamina D?

Livelli di 25(OH)D compresi tra 20 e
29 ng/ml definiscono uno stato di
insufficienza di vitamina D.

Quali livelli di 25(OH)D definisco-
no un quadro di deficit di vitami-
na D?

Si definisce deficit di vitamina D la
presenza di livelli di 25(0OH)D < 20

ng/ml. Si definisce, inoltre, un de-
ficit grave la presenza di livelli di
25(0OH)D < 10 ng/ml; sotto di tale
soglia & frequente la possibilita di
sviluppare rachitismo carenziale.

Che cosa si intende con il termine
ipovitaminosi D?

Il termine ipovitaminosi D compren-
de sia la condizione di deficit che di
insufficienza e si definisce in presen-
za di livelli di 25(0OH)D < 30 ng/ml.




Qual é la prevalenza di ipovitamino-
si D in eta pediatricain Italia?

Gli studi epidemiologici disponibili
evidenziano unelevata prevalenza di
ipovitaminosi D (superiore al 50%) su
tutto il territorio italiano durante le va-
rie epoche dell’eta pediatrica (tabella 2

pag.166). Gli adolescenti sono partico-
larmente a rischio di ipovitaminosi D.

Quali fattori influenzano lo stato vi-
taminico D in Italia?

Nei neonati lo stato vitaminico D & in-
fluenzato dall'etnia, dalla stagione di na-

CONCLUSIONI

scita e dall'eventuale profilassi materna
durante la gravidanza. Nei bambini e
negli adolescenti lo stato vitaminico D
e influenzato dall'etnia, dalla stagione in
cui viene effettuata la valutazione dello
stato vitaminico D, dallindice di massa
corporea e dall'esposizione solare.
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