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Assessment
of bone
growth and growth and 
mineralisation
d i th  during the 
fetal lifef f



Factors influencin
i li ti  d

3a3a--PhysiologicalPhysiological changeschanges

• Adequate protein supply. 

mineralisation dur

Adequate protein supply. 
• High Ca and P supplies.
• Hormonal environment: 
maternal Vit D status, low PT
high oestrogen.

• Physical activity  

• In utero modeling is

• Physical activity. 
• Genes
• In utero, modeling is
remodeling. Remodeling pr
the fetal life in relatiothe feta fe n re at o
hypercalcemia and the
secretion.

g bone growth and 
i  th  f t l lifring the fetal life

TH, 

largely predominant tolargely predominant to
ocess is suppressed during
on to the relative fetalon to the re at e feta
suppression of the PTH
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Fetal acFetal ac
(mg/k

Calcium 12

Phosphorus 7

Magnesium 3

or preterm infants
balances Bone mineralisation Conclusion
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Fetal Vit D status
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Fetal Ca Acc

Pl
Transplacental flux

In uteroFetal Ca Acc
In ute
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retion

Bone
retion
ro

a  growth and 
modeling

BMDvBMD

0 194*GA + 3 89 SD O 86 106 O 617

BMC / area 1.5

Mean ± SD

y= 0.194*GA + 3.89; SD=O.86; n=106; r=O.617      

Gestational age (weeks)
28 30 32 34 36 38 40 42
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P t t l h

• Limited mineral supply due 

Postnatal changes
minera

• Limited mineral supply due 
to GI absorption (oral) or Ca 
solubility (parenteral).

• Predominant influence of 
bone strength and tissue 
t istrain.

• Postnatal Vit D status and 
PTH surge  PTH surge. 

• Remodeling process in bone 
metabolism increasing bone metabolism increasing bone 
turnover.

or preterm infants
balances Bone mineralisation Conclusion

 i  b  th d s in bone growth and 
ralisation
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C l i  i t t th id h  [PTH(1 84)

C l i PTH(1 8

Calcium, intact parathyroid hormone [PTH(1–84)
binding protein (DBP) concentrations in cord ser
15 preterm infants1 Salle BL & al AJCN 2000;7

Calcium PTH(1–8

mmol/L pmol/L

Cord serum 2.24 ± 0.09 11 ± 3

Day 1 1.94 ± 0.042 66 ± 112

Day 2 1.85 ± 0.052 87 ± 112

Day 5 2.22 ± 0.05 67 ± 92

Day 10 2.45 ± 0.06 23 ± 4

Day 30 2 44 ± 0 05 38 ± 7Day 30 2.44 ± 0.05 38 ± 7

1 ± SEM. The infants' mean birth weight was 1
31 7 0 5 k  S um DBP s m su d b   d31.7 ± 0.5 wk. Serum DBP was measured by a rad

2Significantly different from cord serum, P < 0.0
followed by Scheffe F test).

or preterm infants
balances Bone mineralisation Conclusion

)]  b t i l PTH ( PTH)  d it i D 

84) PTH DBP

)], carboxy terminal PTH (cPTH), and vitamin D 
rum and at days 1, 2, 5, 10, and 30 after birth in
71:1317S

84) cPTH DBP

pmol/L µ mol/L

48 ± 8 4.43 ± 0.37
2 125 ± 152 4.40 ± 0.34
2 168 ± 52 4.96 ± 0.23

152 ± 162 6.21 ± 0.262

69 ± 6 6.03 ± 0.302

80 ± 11 5 16 ± 0 2380 ± 11 5.16 ± 0.23

578 ± 78 g and their mean gestational age was 
di limmun diffusi n ss  (65)dialimmunodiffusion assay (65).

05 (one-factor ANOVA for repeated measures 
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N l t t l hNormal postnatal ch
section of the fe

F Rauch  E Schoeneau ArchF Rauch, E Schoeneau Arch

The increase of Ca turnover could

or preterm infants
balances Bone mineralisation Conclusion

h  i  th   hanges in the cross 
emoral diaphysis
h Dis Child FN 2002:86;F82 85h Dis Child FN 2002:86;F82-85

d reduce the nutritional needs ?
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Physiological change in

GI or Parenteral supply
Post natalPostnatally

GI or Parenteral supply

60 90 /k

Plasma
Pool60‐90 mg/kg Pool

The increase of Ca turnover could

or preterm infants
balances Bone mineralisation Conclusion

n mineral requirements

Bone
remodeling

y

a 
growth and 
modeling

remodeling

vBMD = or

d reduce the nutritional needs ?

vBMD = or



Calcium & Phosphorus Physiolo

Ca P & AA in Parenteral Nutrition
• Calcium :  Phosphore & AA directly 
Available for metabolism.Available  for metabolism.
• Calcium & Phosphorus content are limited
due to their poor  solubility 

Calcium
Phosphorus
P téiP téi

Blood  Pool
Calcium :      50% Cai (biologically active)

40% bound to protein
10% complexed with org/inorg ac
Régul : PTH ↗ vit D ↗ calcitonin ↘ProtéinesProtéines Régul : PTH ↗, vit D ↗, calcitonin ↘

Phosphore :  2/3 organic phosphorus
1/3  inorganic phosphorus
Regul : PTH ↘, vit D ↗, FGF23 ↘ 

ogy in Parenteral Nutrition

Mineralization
As hydroxyapatite
[C (PO4) (OH) ][Ca10(PO4)6(OH)2]

Ca/P Ratio =  1.66 mmol/mmol
= 2.15 mg/mg

Phosphaturia
Major  mechanism of regulation. 
Related to the Renal Phosphorus 
load: >1.6 mmol/L

Urinary excretion

load: 1.6 mmol/L
PTH ↗ FGF23 ↗

Calciuria
Related to a relative P deficit for

LBM Retention
Around 10 mg of Phosphorus for 1 g

Related to a relative P deficit for 
bone mineralization

Around 10 mg of Phosphorus for 1 g 
of protein (AA) retention
Nitrogen/P Ratio = 15/1



Reference value for Phosphate serum c

Ca, P and Vit D requirements ,fo

concentration according to age

or preterm infants

Colantonio & alColantonio & al
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R l ti hi b t i ti fRelationship between urinary excretion of 
phosphorus and serum phosphate level 

(n=198) in preterm infants.
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R l ti hi b t i ti f l i d

35

Relationship between urinary excretion of calcium and
urinary excretion of phosphorus in preterm infants 
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aly observed in preterm infants with a phosphorus excretion 
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POSTNATAL CALCIUM AND PHOSPHORUS ME

More aggressive nutrition may induc
in VLBW in

Ca, P and Vit D requirements ,fo

MINERAL AND VITAMIN D INTAKE

CA/P Molar ratio = 1.6

Calcemia PhosphoreSuppl P

Calciuria PhosphatuSuppl P

Suppl P

ETABOLISM IN PRETERM INFANTS RELATED TO 

ce a new metabolic  syndrome 
fants
or preterm infants

E V. Christmann & al 2013 In Press

emia S Alk Ph

Suppl P

uria
% urinary P ret% urinary P ret
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Early hypophosphatemia in preterm
parenteral nutrition. Brener D J Perin

Objective: to evaluate the prevalence o
first week of life in preterm infants rece
nutrition

Method: 61 neonates below 1250 g bir
Hospital Italiano de Buenos Aires hypo
sP <4 mg dl−1). 

Result: hypophosphatemia was observ
was 2.52 mg/ dl; CI 2.18‐2.86 (P<0.001
were smaller with an increase in sepsiwere smaller with an increase in  sepsi
ventilation.

or preterm infants
balances Bone mineralisation Conclusion

infants receiving aggressive
natol. 2015 Sep;35(9):712‐5

of hypophosphatemia during the 
eiving aggressive parenteral

rth weight consecutively born at 
phosphatemia was defined as a 

ved in 91% (CI 82‐97%). The mean sP
). Severe hypophosphatemia (<2 m/ dl) 
s vasoactive drugs and mechanicals, vasoactive drugs and mechanical 
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Composition of the parenteral
solution /100ml

• Glucose (g) 12
• AA(g) 2 7• AA(g) 2.7
• Na (mEq) 1.6
• K (mEq)    1.5

Cl (mEq) 2 0                 • Cl (mEq) 2.0                 
• Ca (mg) 72
• P (mg)               55
• Mg (mg)            4
• Zn (mg) O.1
• Kcal 60Kcal 60

or preterm infants
balances Bone mineralisation Conclusion

Metabolic  balances

(mg/kg*d)

Ca intake 100 ± 23

       

Ca intake 100 ± 23

P intake 76 ± 18

       Ca ur. 5.6 ± 4.7

P ur. 18  ± 14

Ca retention 94 ± 20 (94%)

P retention 58 ± 17 (76%)( )
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Ca & P intakes:
Parenteral

• Ca and P supplies are ne
life in VLBW infants on P

• In parenteral solution, o
close to 1/1 or slightly<1

• Phosphorus need can be
the Ca intakes provided by

/P need = Ca intake / 2.15 + 

or preterm infants

nutrition

ecessary from the first day of 
PN

optimal molar Ca/P ratio is 

e estimated from the AA and 
y the parenteral solution:     
(AA intake – 1.3) * 0.8 * 12.3



Ca, P, Mg and Vit D requirement

Magnesium in parenteral nuMagnesium in parenteral nu

1. In 2013, 14 case reports of hypermagn1. In 2013, 14 case reports of hypermagn
infants on parenteral nutrition providin
mmol/kg*d, in the range of the recom
levels in the 14 infants ranged from 1 0levels in the 14 infants ranged from 1.0
or serious adverse events. Kreissl A JPE

2 sMg were compared to adult reference2. sMg were compared to adult reference
reference levels are not well defined.

3 Nevertheless the RTU parenteral solut3. Nevertheless the RTU parenteral solut
2013

ts ,for preterm infants

utrition in VLBW infantsutrition in VLBW infants

nesemia have been reported in VLBWnesemia have been  reported in VLBW 
ng a maximum Mg intake of 0.55 
mended values. Serum magnesium 
025 to 1 5 mmol/l without any symptoms025 to 1.5 mmol/l without any symptoms 
EN 2016

e levels (0 6 to 1 05 mmol/L) as preterme levels (0.6 to 1.05 mmol/L) as preterm 

ion was retrieve from the market EMAion was retrieve from the market. EMA 



sMg levels in VLBW infants on 

Ca, P, Mg and Vit D requirement

Review of sMg in VLBW infants on parent
concentrations were related to Mg int
conc Ibuprofen or indomethacin treat

g

conc, Ibuprofen or indomethacin treat
supplementation, gestational age and

Rigo & al 2016
submitted

Parenteral nutrition

ts ,for preterm infants

teral nutrition showed that sMg
take, renal immaturity (sCreatinine
tment) antenatal Mgtment), antenatal Mg 
 postnatal age.



Population, timing n Estimated m
Healthy newborns without

meta-analysis of magnesium conc

Healthy newborns without
magnesium supplementation
during pregnancy, at birth

2642

Healthy newborns without
magnesium supplementation
during pregnancy, first week

928

Very-low-birth-weight newborns 
receiving parenteral solution, 393g p ,
first week

Rigo & al 2016 submitted

mean and reference interval Mean (95% CI)

centrations in newborns (mmol/L)

0.76 (0.52, 0.99)

0.87 (0.50, 1.23)

0.97 (0.55, 1.38)( , )

Colantonio, 
Caliper study
Clin Chem 2012

0.12wks 3wks1wk
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Magnesium recommendationMagnesium recommendation

1. Early provision of Mg is safe in Standa
according to volumeaccording to volume.

2. Optimal intake range between 0.15 t

3. Specific reference values for preterm
laboratories

4. sMg survey needs to be included in t
VLBW infants

5. Additional controls are requested in c
treatment, transitory renal failure.

ts ,for preterm infants

in PN for VLBW infants in PN for VLBW infants

ardized PN providing a progressive intake 

o 0.30 mmmol/kg*d

m and neonate need to be provide by 

he biological survey of parenterally fed 

case of prenatal Mg administration, PDA 



Calcium & Phosphorus Physiolog
preterm

Absorption
Calcium : About 50‐60%

Proximal IntestinProximal Intestin 
Vit‐D, Ionisation (low pH) ↗

Phosphore : About 90%
Duod., jéjunum > iléon, colon
Less Vit‐D related

Calcium

Blood  Pool
Calcium : 50% Cai (biologically active)

40% bound to protein
10% complexed with en org/inorg ac
Régul : PTH↗ vit D↗ calcitonin↘Calcium

Phosphorus
ProtéinesProtéines

Régul : PTH ↗, vit D ↗, calcitonin ↘
Phosphore :  2/3 organic phosphorus

1/3  inorganic phosphorus
Regul : PTH ↘, vit D ↗, FGF23 ↘

gy during enteral nutrition in the 
m infants

Mineralization

As hydroxyapatite  
[C (PO4) (OH) ][Ca10(PO4)6(OH)2]

Ca/P Ratio = 2.15

PhosphaturiaPhosphaturia
Main  mecanism of regulation. 
Related to the Renal 
Phosphorus load: >1.6 mmol/L

PTH↗ FGF23↗PTH ↗ FGF23 ↗

Calciuria

Related to a relative P deficit 
for bone mineralization

LBM Retention

Around 10 mg of Phosphorus
for 1 g of protein retention

Nitrogen/P Ratio = 15/1
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HM and HMF

Calcium absorption and retention in pre
with human milk fortifie

HM and HMF
CALCIUM
(mg/kg/d)

n=36 n=22 n=2
(mg g )
Intake 56 86 138

Stool 21 26 56

Absorption 35 59 82

Urine 7 6 5

Retention 28 53 77
Net 
absorption(%) 64 69 60absorption(%)

In human milk groups, Ca absorption and retention are
where it reaches rapidly a plateau due 

or preterm infants
balances Bone mineralisation Conclusion

Preterm formulas

eterm infants fed human milk without or 
er,  and preterm formulas 

Preterm formulas

23 n=31 n=37 n=27 n=20

8 81 101 135 166

6 40 47 73 103

2 41 54 62 63

2 3 5 5

7 39 51 57 58

0 50 54 46 38

e related to intakes by contrast to formula groups, 
 to a decrease in net absorption (%).
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Ph h b ti  d t tPhosphorus absorption and retent
milk without or with human milk

HM and HMF
PHOSPHORUS 
(mg/kg/d) n=36 n=22 n=2
Intake 40 56 85
Stool 3 4 6
Absorption 37 52 79
Urine 8 6 19
Retention 29 46 60
Net absorption % 92 92 93

In human milk groups, P absorption and rete
formula groups, where absorption and retentio

in net P abso

or preterm infants
balances Bone mineralisation Conclusion

ti i  t i f t  f d htion in preterm infants fed human
fortifier, and preterm formulas 

Preterm formulas

23 n=31 n=37 n=27 n=20

5 59 69 86 95
7 5 13 34

9 53 63 73 60
9 14 18 22 9
0 38 45 51 51
3 89 92 85 63

ention are related to intakes by contrast to 
on reaches rapidly a plateau due to a decrease
orption (%).
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R l ti nship b t n ph sph s t n

90

Relationship between phosphorus reten
retentions, and the results of phosphor
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SD=8,1;r=0,79

or preterm infants
balances Bone mineralisation Conclusion

nti n stim t d f m nit n nd l i m ntion estimated from nitrogen and calcium 
rus balances in preterm infants (n=198)

0 50 60 70 80 90

Ca ret /2 1 + N ret /15 (g/kg*d)Ca re t./2,1 +  N re t./15 (g/kg*d)

*estimated retention (g/kg*d) + 4,53; 
79; p<0,00001



More aggressive nutrition may induc
in VLBW in
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O ti l C d P i t k i
Ca & P intakes:

Enteral N

• Optimal Ca and P intakes is 
absorption rate

• Absorption rate is higher wAbsorption rate is higher w
• With PTF absorption rate is 
treatment.

• In enteral nutrition, optima
prot/ energy ratio increase

/ f• In PTF with a P/E ratio of 3.6
mg/100 kcal, optimal Ca/P rat

ce a new metabolic  syndrome 
fants
or preterm infants

fi tl l t d t th C d P

Nutrition

firstly related to the Ca and P 

ith HM than with PTFith HM than with PTF
highly influenced by heat 

l molar Ca/P ratio decrease when 

/ f6g/100 kcal a Ca content of 140 
tio is 1.6 ‐1.7
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• Postnatal retention differs from the fe

Conclusions: Calcium

standard for preterm infants.
• Postnatal acceleration of bone tu

requirements.
• A métabolisable Calcium supply of 70 t

(minimal osteopenia, no fracture risk).
• Highly availlable Ca salts need to be us• Highly availlable Ca salts need to be us

High mineral supplies, increasing feca
abdominal disconform and NEC in preter

• In preterm infants the relative osIn preterm infants, the relative os
mineralization is similar to pubertal mi
acceleration of growth followed by relat

• Recommendations: 70 to 90 mg 1 75 toRecommendations: 70 to 90 mg, 1.75 to
120 to 140 mg, 3.0 to

or preterm infants
balances Bone mineralisation Conclusion

etal accretion which could not be the gold

rnover could reduce the nutritional

o 90 mg/kg*d is safe for pretem infants

se to reduce the Ca content of formulasse to reduce the Ca content of formulas.
al excretion, could promote hard stool,
rm infants.
steopenia followed by a catch up ofsteopenia followed by a catch up of
neral changes reduction of BMD at the
tive catch up.
o 2 25 mmol/kg*d in Parenteral Nutritiono 2.25 mmol/kg d in Parenteral Nutrition.
o 3.5 mmol/kg*d in Enteral Nutrition.
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• Postnatal retention differs from the fe

Conclusions: Phosphorus

standard for preterm infants.
• Postnatal acceleration of bone tu

requirements.
• Phosphorus supply need to cover the

deposition. A small excess is necessary t
• Highly available P salts need to be use t• Highly available P salts need to be use t
• Optimal CA/P ratio for formulas can't b

Ca absorption rate and nitrogen retentio
• Plasma and urinary P need to be monitor

or preterm infants
balances Bone mineralisation Conclusion

etal accretion which could not be the gold

rnover could reduce the nutritional

e Ca deposition as well as the protein
to control net acid excretion.
to reduce the mineral content of formulato reduce the mineral content of formula.
be a fixed ratio but is related to expected
on (protein energy ratio).
ed to evaluate the adequacy of P supply.



Serum total 25-hydroxyvitamin D [25(OH)D] a
concentrations as a function of age in 15 prete

Birth weight: 1578 ± 78 g; gestational age: 3Birth weight: 1578 ± 78 g; gestational age: 3
µg) /d) from birth. *,**,***Significantly differe
< 0.001. 

and 1,25-dihydroxyvitamin D [1,25(OH)2D] 
erm infants

31 7 ± 0 5 wk; vitamin D intake 1000 IU (25 31.7 ± 0.5 wk; vitamin D intake 1000 IU (25 
rent from cord serum:*P < 0.05, **P < 0.01, ***P 

Salle BL 2000
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b

A Comparison of 3 Vitamin D Dosing Reg
Randomized Controlled Trial Fort P et al J o

Objective :  To determine the optimal dose of vitamin
sufficiency in extremely low gestational age newborns 

Study design: 100 infants <28 wks GAn were randomi
to placebo (n = 36), 200 IU (n = 34), and 800 IU/d (n = 
30)vit D intakes The primary outcomes were s25OHD a
d28.
Result : s25OHD deficient (<20 ng/mL) was 67% at birtResult : s25OHD deficient (<20 ng/mL)  was 67% at birt
At d28, s25OHD deficiency (<20 ng/mL) was 41%
in the placebo group, 16% in the 200 IU group, and 0%
the 800 IU group (P = .2).  Median s25OHD increase 

d k daccording to vit D intakes and PNA

There was no evidence of biochemical or t clinicThere was no evidence of biochemical or t clinic
contrast, a trend toward fewer infants with late
receiving steroids for BPD were observed. Sugg

or preterm infants
balances Bone mineralisation Conclusion

gimens in Extremely Preterm Infants: A 
of Pediatrics 2016;174:132‐8

 D supplementation to achieve biochemical vitamin D
in a masked randomized controlled trial.

zed 

t 

thth. 

% in 

cal over toxicity in the 800 IU group Bycal over toxicity in the 800 IU group. By 
e onset sepsis, on oxygen at 28 days or 
esting the need for additional studies
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• Vitamin D deficiency is frequently obs

Conclusions: Vitamin D

the cord blood.
• Vitamin D status could play a significant
• Vitamin D has also several non-calcitrop• Vitamin D has also several non-calcitrop

preterm infants.
• A daily supply of 200 to 400 IU appear

concentration in preterm and late preteconcentration in preterm and late prete
• By contrast, a daily supply of 800 to 100

without adverse effects.
• Further studies are request to evaluate

in ELBW infants during the first 3 mon
calcitropic functions of Vit D in VLBW in

or preterm infants
balances Bone mineralisation Conclusion

served in mother during gestation and in

t role in fetal bone mineralization.
pic functions which could be beneficial forpic functions which could be beneficial for

rs to be limited to restore optimal plasma
rm infantsrm infants.
0O IU improves the plasma concentration

the vitamin D status according to intakes
ths of life, and the potential role of non-
nfants
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B i  f th  ESPGHAN iBasis of the ESPGHAN revise
requir

1 Previous recommendations a1. Previous recommendations a
accretion.

2. Physiological changes in bone
stimulation of the remodeling
reduction in bone mineral dens

3 Mineral balances show limite3. Mineral balances show limite
gastrointestinal track in prete

4. Improvement in Ca bioavailabp
increase Ca retention and abol

5. Spontaneous early catch up of
months of lifemonths of life.

or preterm infants
balances Bone mineralisation Conclusion

d d ti  f  i l ed recommendations for mineral 
rements
are based on fetal mineralare based on fetal mineral

e metabolism at birth, with a
process inducing a spontaneous
ity.

ed absorptive capability of theed absorptive capability of the
rm infants.
ility reduce fecal Ca excretion,y
ish spontaneous fracture.
f mineralization during the first
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ESPGHAN
2010

Calcium, phosphorus et 

2010

/kg/j /100 kcal

Ca (mg)
ELBW‐ ELBW

‐ VLBW
120‐140 110‐130

P (mg)
‐ ELBW
‐ VLBW

60‐90 55‐80

Vit D (IU/j) 800‐1000
‐ LBW(IU/100 kcal)
‐ VLBW

Considering that a calcium retention level ranging fr
mineralization  and decreases the risk of fracture, an
mg/100 kcal) of highly bioavailable calcium salts and
phosphate is recommended.      ESPGHAN 2010

or preterm infants
balances Bone mineralisation Conclusion

Tsang 
2005

Klein 
2002

ESPGHAN 
1987

vitamin D requirements

2005 2002 1987

/100 kcal /100 kcal /100 kcal

77 200
123‐185 70‐140

77‐200
67‐169

82‐109 55‐80
46‐127
40‐108

115‐364
100‐308

rom 60 to 90 mg *kg‐1 *day‐1 ensures appropriate 
n intake from 120 to 140mg *kg‐1*day‐1 (110–130 
d 60 to 90mg  kg1  day1 (55–80 mg/100 kcal) of 
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14

Pre- & postnatal time course of volumetri
(713 measurements in 4
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ic bone mineral density (BMAD) with DEXA
494 infants; Rigo J 2005)

term reference at birth n=106
m reference up to 1 year n=165 p y
m: growth up to 2 months n=97
00g: growth up to discharge n=108
erm: follow up n=18

56 64 72 80 88

ptional age (wks)
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Relationship between DEXA
15
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BMC / area 1.5

y= 0.194*GA + 3.89; 

m
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7
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A vBMD and gestational age

SD=O.86; n=106; r=O.617      

l age (weeks)
34 36 38 40 42
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Relationship between S
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SOS and gestational age

D= ± 95.4; n=146; r= 0.398      

34 36 38 40 42 44

nal age (wks)
34 36 38 40 42 44
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Neonatal Ca P D

h l i E l l d C ihypocalcemia ‐Early: related to Ca in
first day 
‐Late: related to Vit D 

deficiencypro

Hypercalcemia: related to P deficiencHypercalcemia: related to P deficienc
adapt Ca/P ratio

H h h i T P 95% lHypophosphatemia: TrP>95%, relate
the first day, ad

Preterm osteopenia – light:relative p
to postnatal ad

– severe with rissevere with ris
Ca, P and  Vit D
parenteral and

isorders

k  id C f hntakeprovide Ca from the 

deficiency, not to PTH 
vide Vit D + Ca from the first day

cyprovide P from the first daycyprovide P from the first day, 

d P d fi i  id P fd to P deficiency  provide P from 
dapt Ca/P ratio

hysiological phenomena in relation  
daptation
k of fracture: inadaptation of thek of fracture: inadaptation of the 
D intake. Prevented by actual 
d enteral recommendation



Interval references of sP connc in newborn infants

Rigo J1999Colantonio & al


