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Summary 

Twenty-six low birthweight infants with no differences in the 
neonatal status were allocated into three groups. Group A (10 
infants), Group B (8 infants), and C (8 infants) received formulae 
with 2.4, 1.6, and 4.1 Calcium/Phosphate (Ca/Pi) ratio respec- 
tively. Formula C was supplemented with calcium lactate 800 mg/ 
kg/day, which yielded 12.7 + 0.4 mg of Ca and 0.04 + 0.002 mg of 
Mg per each 100 mg of salt (mean f S.D.). The osmolality of the 
C formula before its administration was 361 + 52 mOsm/kg. 
Balances (mean + S.D.) from the first feeding up to a period of 3 
days were obtained. The intestinal product before any feeding 
contained: Ca, 1.3 + 0.6 mg/kg; Mg, 2.9 2 1.5 mg/kg, and Pi, 1.5 
2 2.3 mg/kg. Calcium intake (mg/kg/day) was 89.7 f 13.8 for 
formula A, 71.1 + 12.5 for formula B, and 156.8 + 19.8 for formula 
C. Their net retention (mg/kg/day) was 50.8 + 15.9, 39.3 + 12.8 
( P  < 0.05), and 105.2 f 21.9 ( P  < 0.001) respectively. 

Net retention of Pi was comparable in the three groups (A, B 
and C) ranging 24.7-25.7 mg/kg/day. Small variations in intake 
are finely compensated by parallel urinary excretion (range 6.3- 
12.8 mg/kg/day). 

Magnesium absorption did not show differences among the 
three formulae. The evolution of plasmatic values for magnesium 
was fairly normal in the three groups. Phosphatemia was signifi- 
cantly ( P  < 0.01) lower in group A (lowest Pi containing formula) 
on the 3rd day. Patients on formula B (smaller Ca content) showed 
a mean blood calcium of 7.9 mg/dl, which was significantly lower 
than in the other groups. In two instances, blood calcium was 
lower than 6.9 mg/dl (Z = 6.32; P < 0.05). Net retention of 
calcium correlates~positively with Ca/Pi ratio (r = 0.82) and with 
absolute Ca intake (r = 0.84). Calcium lactate supplementation 
did not modify acid base equilibrium, lactatemia nor digestive 
tolerance. 

Speculation 

To prevent demineralization in the early postnatal period of 
preterm babies, the net retention of calcium could be improved 
more effectively by adding a calcium supplement to the formula 
rather than by decreasing its Pi content, even though both proce- 
dures lead to a comparable Ca/Pi quotient. 

If postnatal growth of the preterm infant parallels that in utero, 
then calcium intake should be sufficient to achieve a retention 
equivalent to that provided by the placenta; however, reality has 
demonstrated that this is a delusion (12, 20, 29). The reduction in 
calcium supply after birth leads, apart from early hypocalcemia, 
to two abnormal conditions recently reevaluated. First, the pres- 
ence of a late rickets when the birthweight of the very low 
birthweight infant doubles. Although thisYcondition had  been 
classically known, Kulkarni et al. (17) reported a 13% incidence of 

rickets in babies weighing less of 1.5 kg and receiving 500 IU of 
vitamin D from the 10th day of life onwards. Second, a reduced 
calcium supply after birth can lead to a decreased bone mineral- 
ization after birth (32). The preterm infant needs 10 days to equal 
the bone mineral content he had at birth, as estimated by photon 
absorptiometry (19). 

Nevertheless, blood calcium is maintained after the first days of 
life, at least since the use of new milk formulae has become 
general. But in the first 2-3 days of life, early neonatal hypocal- 
cemia has an increased occurrence and gives rise to early (35, 36) 
and late (13, 24, 28) complications. 

The mechanism for the neonatal reduction of calcium gain is 
still unclear. Hormonal studies (7, 9, 25, 26, 27) are not well 
defined as of yet and more investigation is required. Further 
research is also needed concerning polar metabolites of vitamin D 
in neonatal period (32). 

The next point is to decide the best way to ensure a retention 
similar to that provided by the placenta. Supplementation with 
calcium lactate has two main effects: it prevents early neonatal 
hypocalcemia (20) and it improves the net retention of calcium, 
not only in the late neonatal period (8, 21) but also in the first 3 
days of life (22). 

The purpose of the present work is to assess whether calcium 
supplementation by itself during the first 3 days of life increases 
the net retention of calcium more effectively than would otherwise 
be obtained by an elevated Ca/Pi value of formulae. 

PATIENTS, MATERIAL, AND METHODS. 

Twenty-six low birthweight infants with no clinical problems 
born in the hospital between December 1978 and June 1980, were 
allocated into three groups according to the different Ca/Pi ratio 
of the formula. Their gestational age was assessed both by the last 
menstrual period of the mother and the Dubowitz method (10). 

It ranged from 32-39 wk. Birthweights were between 1.9-2.4 
kg. Gestational age, birthweight, and age at balance scratch did 
not differ in the variance analysis among the three groups (Table 
1). Both formulae were in agreement with ESPGAN's recommen- 
dations (6). According to the label, formula A (10% dilution) 
contains: protein, 1.6 g/dl (76.1% whey protein) and fat, 2.4 g/dl 
(53.3% saturated fatty acids). Formula B (10% dilution ) contains: 
protein, 1.45 g/dl (55% whey protein) and fat, 2.8 g/dl (50.0% 
saturated fats). Estimated caloric intake for formula A, B and C 
respectively was, on the first day: 50.5 + 10.6, 36.6 zk 4.2, and 33.8 
+ 6.4 kcal/kg. On the second day it was 54.0 + 11.4, 50.6 + 9.8, 
and 51.3 f 10.2 kcal/kg and on the third day: 67.4 f 7.5, 61.8 + 
6.7, and 65.3 zk 12.3 kcal/kg. None of the formulae were supple- 
mented with vitamin D. The mineral content (Table 2) yielded 
significant differences in the Ca/Pi ratio, which was always within 
or above the range of 1.1-2 (5) and 1.2-2 (6) previously estab- 
lished. Group A (10 infants) received a formula with Ca/Pi 
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quotient of 2.4. Group B (8 infants) received a formula with a 1.6 
ratio, and Group C (8 infants) received formula B, which was 
supplemented with 800 mg/kg/day of calcium lactate giving a 
final calcium/phosphate ratio of 4.1. The differences in magne- 
sium content of the reconstructed formulae are based on the 
presence of magnesium in the lactate salt. It was measured in eight 
instances, giving values, (when referred to 100 mg of salt) of 12.75 
f 0.35 rng for calcium, and 0.04 f 0.002 mg for magnesium. This 
accounts for an extra supply of magnesium of 0.032 mg/ml when 
using formula C, as shown in Table 2. Because supplementation 
implies a rise in osmolality, calcium enriched formula has an 
increased osmolality. Nevertheless, it remains at the same level as 
in formula A when administered at 14% concentration, that is to 
say to a newborn older than 5 days. 

Table 1. Neonatal status and hours of life when balances are 
started 

- - 

No. Gesta- 
tional Birth Balance 

age weight scratch 
Formula AGA SGA Total (wk) (kt?) (h) 

A 8 2 10 36.7 + 2.3' 2.2 + 0.2 11.4 + 2.9 
B 5 3 8 36.0 + 2.6 2.1 + 0.2 10.8 + 3.2 
C 7 1 8 36.3 + 1.5 2.2 & 0.2 10.6 + 3.2 
F (Snedecor) N S NS N S 

I Mean + S.E. 

Table 2. Mineral content and osmolalit of formula immediately 
before feeding Y 

Formula Ca Mg Pi Osm Ca/Pi 
0 (mg/ml) (mg/ml) (mg/ml) (mOs/kg) ratio 

A 0.83 + 0.1 1' 0.09 + 0.01 0.35 + 0.04' 266.5 f 28 2.40 
B 0.73 + 0.1 l4 0.08 + 0.024 0.44 + 0.05 285 + 35.4" 1.66 
C 1.70 + 0.35 0.1 1 + 0.01 0.41 + 0.03 361 + 52 4.15 

' n  = 78; mean f S.D. 
' P < 0.01 between A and B. 
P < 0.01 between B and C. 
P < 0.001 between B and C. 

Methods. The balance technique (37) used (Fig. 1) was modified 
as follows: in the 6-12 h after birth and after performing the 
feeding test (5% glucose in demineralized water), a first formula, 
marked with red carmine was administered. From that moment 
on, 3 days of complete balance were counted. A new red carmine 
was then given to signal the end of balance. An aliquot part from 
each feeding, all stools, urine and regurgitations between the two 
red markers were collected. Vomitus and regurgitations were 
collected on a double disc of paper Wathman 541. In all cases 
values in urine were added to the fecal excretion because of their 
low content in calcium and magnesium. The marker's excretion 
time was measured at the beginning and at the end of balance. 
The time was considerably shorter in the latter case. The analysis 
of the fecal production from birth to the beginning of balance will 
be commented on later; however, it should be stated that daily 
weight was carefully recorded, being equal to or greater than that 
previously reported (1 8). 

Aliquots from the diet, vomitus, regurgitations and faeces were 
dried and ashed at 450°C for 36 h, then redissolved in HCl. Urines 
were processed directly without ashing. Calcium and magnesium 
were measured by atomic absorption spectrophotometry. Phos- 
phate was measured by Fiske and Subbarow's method. Blood pH, 
Pco2 and tco2 were measured by means of a Radiometer appa- 
ratus. Lactate was measured by LDH (fully enzymatic) assay (15). 
Blood samples were drawn daily before the first morning feeding. 
Parental consent was obtained in all cases. All figures appearing 
in the text are expressed as mean -+ S.D. Comparison of means 
was made by Student's t test. Linear and exponential curve fitting 
were performed. Discrete variable comparison test were used. 

RESULTS 

Results were not significantly different in appropriate-for-ges- 
tational age (AGA) and small-for-gestational age (SGA) infants, 
so comparisons were made only among groups A, B and C. 

Meconium. The intestinal product, which exists before any 
feeding is initiated, needs (Table 3) considerably more time to be 
excreted (20 h) than faeces originated from food intake as meas- 
ured from the 3rd day (1 1 h). Whole meconium weight is 7 g/kg 
of body weight. The mineral content of the meconium is quite 
different from that of transitional or mature stools. Similar figures 
were observed in the first meconial stools of eight full term healthy 

Transition 
& Feeding test 

Full balance 

~ - - , d  Carmine time 
excretion 

+Red 
Marker 

6-12 h 1st 2nd 3rd 4 th 
1 1 1 I DAY O F  

BALANCE 

-meconim -* *4-collecting period of faeces -&* 
Red 

Stool 

Fig. I. Immediate neonatal balance. Immediately after the first feeding, urine and regurgitations are collected for a 72-h period. A sample is also 
taken from each bottle in order to quantify absorption. 
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newborns. According to these data, the recollection of the first 
stained meconium perhaps need not be so important. 

Regurgitation. In all our previous experience (21, 22), we have 
studied Ca/Pi ratio of vomitus and regurgitations. In the present 
groups, (Fig. 2) the Ca/Pi ratio of the regurgitated product (2nd 
column) for babies on regular formulae is slightly higher but not 
significantly, being 2.88 and 2.53 for A and B formulae respec- 
tively versus 2.40 and 1.66 of the original formula fed. In the group 
with supplemented formula, the ratio is almost similar (3.72). The 
number of vomitus and regurgitations did not increase signifi- 
cantly in the supplemented groip (X2 = 0.22, not significant). 

Urines. The output increased progressively throughout the 3 
days. Considering the 26 babies all together, the volume of urine 
was 22.2 f 8.6 ml/kg/lst day; 25.4 f 12.5 ml/kg/2nd day and 
29.8 f 7.1 ml/kg/3rd day. Group A showed an excretion of Ca, 
0.29 f 0.08 mg/kg/day; Mg, 0.06 + 0.01 mg/kg/day, and Pi, 6.9 
f 2.0 mg/kg/day. In group B the excretion values were as follows: 
Ca, 0.16 + 0.04 mg/kg/day; Mg, 0.05 + 0.003 mg/kg/day, and Pi, 
12.8 f 4.4 mg/kg/day and in group C: Ca, 0.54 f 0.23 mg/kg/ 
day; Mg, 0.12 f 0.07 mg/kg/day, and Pi, 6.3 f 2.7 mg/kg/day. 
All these figures were included in the excretion amounts in the 
balance diagrams because of their small quantity. 

Table 3. Mineral content of meconium before it mixes with food 
residues' 

Full term 
All babies control 

n = 27 n = 8 

Excretion time (h) 20.8 + 8.6 11.2 + 6.3 
Weight (g/kg) 6.9 + 3.3 7.2 + 2.8 
Ca (mg/kg) 1.3 + 0.6 0.96 k 0.74 
Mg (mg/kg) 2.9 + 1.5 3.27 + 2.66 
Pi (mdke) 1.5 + 2.3 1.18 + 0.54 

' Mear, f S.D. 

Ca/Pi 
Ratio 

Intake and excretion of calcium, phosphate and magnesium. 
Balances of calcium and phosphate are represented in Figure 3. 
As shown in the first column block, intake differs significantly in 
the three groups being considerably higher in the supplemented 
group. The figures for formula A, B and C were 89.7 f 13.8, 71.1 
* 12.5, and 156.8 f 19.8 mg/kg/day, respectively. Despite the fact 
that excretion shows significant differences it does not parallel 
intake; therefore, the net retention differs significantly. The re- 
tained amounts for calcium in formula A, B and C were 50.8 f 
15.9, 39.3 f 12.8, and 105.2 f 21.9 mg/kg/day respectively, 
corresponding to an average absorption of 56.6%, 55.3% and 67%. 
No baby fed on three formulae showed negative calcium balances. 
The net Pi retention was 24.7 f 3.6, 25.7 f 3.9, and 25.0 f 3.6 
mg/kg/day, respectively. 

Regarding magnesium balances (Fig. 4) (the diagram has been 
magnified 10 times), a smaller retention (expressed in mg/kg/day) 
is observed in formula B (4.6 f 1.8) than in both formulae A (5.6 
f 2.3) and C (6.2 + 2. I), though it is not significant. 

Number and appearance of faeces did not differ in the supple- 
mented group from the others. Weight differences between sup- 
plemented and nonsupplemented groups were not significant (t 
= 1.22). Their weight were: 6.23 +. 2.1, 6.76 f 2.40, and 7.96 + 
1.76 g/kg/day for groups A, B and C respectively. 

Plasma measurements. Mineral concentration (Fig. 5). Magne- 
sium evolution during the 3 days was fairly normal in all patients. 
Phosphatemia followed a more interesting sequence. On the third 
day, Group A (lowest Pi content formula) showed significantly 
lower values, 5.4 versus 6.5 mg/dl in group B ( P  < 0.01). The 
sinus of the line plotted for calcemia on the 2nd day was related 
not to phosphatemia ( r  = 0.1) but with decreased calcium intake, 
as will be discussed later. Patients on formula B developed hypo- 
calcemia in two instances (Ca < 6.9 mg/dl), which according to a 
paired alternative is probably significant (Z = 6.32; P < 0.05). 

In six babies belonging to group C, acid base equilibrium and 
lactatemia were assessed before and after the supplementation 
with calcium lactate was carried out. Values of tco2 were 21.8 f 

FORMULAE 

Fig. 2. Calcium/phosphate ratio in regurgitated material. The first column refer to Ca/Pi ratio of formula and the second one to that of the 
regurgitated material. Numbers inside columns stand for analyzed samples. 
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FORMULAE 

Ca/Pi ratio 

A 2.4 

B 1.6 

C 4.2 

INTAKE 
160 

mg/kg/day 140 

20 

EXCRETION 

mg/kg/day 
4 0 

60 

a Net retention + S D  

I I 

_ _ -  -- A B C -.. 
L - *  * ..~ -.- 

B 1 
A C 

CALCIUM PHOSPHATE 

Fig. 3. Calcium and phosphate balances. Shaded area inside columns (above abscisa) represents net retention in the three formulae. 

Fig. 4. Magnesium balance. Shaded area inside columns (above abscisa) represents net retention in the three formulae. 

INTAKE 

2.4 mmole/liter and 21.9 + 3.0 mmole/liter respectively. Lactic 
acid values, before and after, were 2.6 f 0.7 mmole/liter and 2.8 
+ 0.8 mmole/liter, respectively. All these values, according to the 
paired t test, do not reveal significant differences. 

T 
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According to present knowledge (12,29), in the last trimester of 
gestation the amount of calcium transferred to the fetus is nearly 
20 g, with an exponential gain that varies from 50 mg/day at the 
20th wk of gestation to 330 mg/day at the 35th wk. This amount, 

at least in other mammals, is guaranteed provided the mother has 
not depleted her bone calcium stock, despite wide variations in 
calcemia (4). Therefore, a shorter gestation implies lesser min- 
eralization of the fetal bones. Once the premature baby is born, 
placental supply is sharply cut off. Calcium normally needed 
depends now exclusively on the alimentary supply. Bone calcium 
reservoir can buffer the acute lack temporarily, but with conse- 
quences that will be analyzed later. 

The amount of calcium retained from ingestion can be assessed 
by the balance technique. Some criticism has arisen against this 
procedure, but the bias error is more likely to occur if trace 
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Fig. 5. Plasma concentrations in the first 3 days of life. Each point represents mean -+ S.D. 

elements are studied during prolonged periods of time (16). Pro- 
cedures based on photon absorptiometry have been experimented 
with in newborns (19). But as it occurs with neutron activation 
techniques (31), they are far from becoming part of the clinical 
routines. Taking into account the well known pitfalls, the conven- 
tional balance study (37) offers valuable information, even from 
the time of birth; thus, the net calcium retention figures obtained 
in the immediate neonatal period are, depending on the formulae 
they had been receiving, 5 1 mg/kg/day for formula A, 39 mg/kg/ 
day for formula B, and 105 mg/kg/day for formula C. In a 
previous study (21), when B formula was used in similar babies 
who were 2 wk or older, the figures were almost doubled namely, 
202 (5 1.9% of the intake) and 69 (40.8% of the intake) mg/kg/day 
depending on whether formula was supplemented or not. 

This neonatal rate of retention during the first days of life is 
less than that which other preterm newborns will retain a few days 
later according to another study using similar formulae (29, 30). 
This decrease in net retention needs further investigation. A 
deficiency in 1,a-hydroxylation (33), with low levels of 1,25 
(OH)ZDB or an excess in the activity of the 24,25 hydroxylase (14), 
could account for this reduction (23). Another possibility is the 
secretion of calcium from the body into the gut which could 
account for 4-150 mg/day. This is a particularly important prob- 
lem since true intestinal calcium absorption is almost constant in 
premature babies despite a wide range of calcium intake (2, 34). 
In that sense, it is worthwhile to consider a slightly higher Ca/Pi 
ratio in the regurgitated material when compared to the original 
formula. This may be due to some optimization of the ratio in the 
stomach. Recently it has been demonstrated (33) that in the first 
few days of life 1,25 (OH)2D3 increases along with calcium in the 
diet. According to the results obtained in the present work, net 
retention of inorganic phosphate and magnesium are considerably 
reduced in the first 3 days of life when compared to those of the 
second wk. But apart from these considerations, the higher reten- 
tion of calcium after the first days of life may be attributed to a 
higher intake of milk which increases roughly from 60 to 150-200 
ml/kg/dav. 

, '2. J 

Another aspect related to calcium supplementation is that the 

retained amount, 105 mg/kg/day, is closer to that supplied by the 
placenta, without noticeable side effects. The number of vomitus 
and/or regurgitations did not increase with the supplements nor 
did the weight of the stools. tco2, and lactatemia values were 
unchanged. After a 3 days administration of calcium lactate at a 
rate of 800 mg/kg/day, no hypercalcemia was noticed in the 
supplemented groups, the highest figure being 10.1 mg/dl. One 
thing also seems evident: the increased positiveness of calcium 
balance does not interfere with magnesium retention. Balance of 
inorganic phosphate deserves special comment because of its 
efficient handling by the kidney. Phosphate intake is higher in the 
group with formula B although not significant. But net retention 
remains much the same because of its greater urine excretion. As 
Barltrop et al. (2) pointed out, the level of Pi intake seems to play 
no special role in phosphate retention, unless figures twice as great 
as those of the present work were used. This is due to passive 
urinary excretion, which is determined by the differences between 
intake and retention. It is worth noting that the group on the 
highest phosphate intake showed the least calcium excretion. As 
it now stands, it is possible to state that hypocalcemia is a 
precocious manifestatibn of a more severe problem: deminerali- 
zation. 

In Figure 6, when the three groups are considered, it can be 
seen that a higher Ca/Pi ratio provides a better retention of Ca. 
From a ratio of 2 onwards, retention becomes lineal; thus it would 
seem advisable to recommend this minimum in proprietary for- 
mulae. Other aspects related to this problem are worth considering. 
When correlating net retention with absolute calcium intake, the 
coefficient (r = 0.84) is similar to that of the Ca/Pi ratio (r = 

0.82). When compared to absolute Pi intake, the correlation is 
negative, although far from being significant. 

On the basis of the present data, the importance classically 
attributed to the Ca/Pi ratio in increasing retention should be 
reconsidered in favor of the total intake of calcium, which is 
particularly interesting in the first 3 days of life because the same 
results have been obtained in older neonates with a very accurate 
technique (2). 

A review of data from Eck et al. (1 1) shows that mineralization, 
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Fig. 6. Relationship between calcium retention with respect to (clockwise) formula's Ca/Pi  ratio, calcium intake and phosphate intake. All values 
obtained from the three groups are considered. 

as measured by conventional x-ray techniques, appears to be 
greater when using cow's instead of human milk on preterm 
babies. More recent studies (1, 8, 29) using milk formulae show a 
net retention averaging 30-70 mg/kg/day on premature babies, 
who would otherwise be receiving 150 mg/kg/day via placental 
transfer. Thus, a large calcium shortage can be expected. 

We measured the cortical index using a simple technique (3) in 
five premature AGA babies at birth, at two and at 6 wk of age. 
We found results to fit perfectly in a curve with a negative 
exponent. Steichen et al. (32) demonstrated that as long as a daily 
calcium intake of 220-250 mg/kg could be maintained, extrauter- 
ine bone mineralization would be comparable to that intrauterine. 
These values are considerably higher than those normally 
achieved in the preterm although they are quite feasible in the full 
term babies due to a greater oral intake (19, 21). 

There is a real challange, when trying to increase net retention 
of calcium in preterm babies. Whether this can be accomplished 
through an augmented oral intake or by facilitating its intestinal 
absorption or by reducing endogenous excretion remains to be 
elucidated. 
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