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Calcium intake in the first five days of life in the
low birthweight infant
Effects of calcium supplements

M. MOYA AND E. DOMItNECH
From the Department ofPaediatrics, Hospital General y Clinico, Tenerife

SUMMARY Sixteen low birthweight infants were allocated to two groups. Both groups 1 and 2
received a formula with Ca/PO4 ratio of 1 21. Group 2 infants received a supplement of 800 mg/kg
per day of Ca and Mg lactate, and the daily Ca, Mg, and P04 levels were measured. Calcium
intakes (mg/kg per day) were, comparing groups 2 and 1: 82 v. 33 on the 1st day; 133 v. 45 on 2nd;
170 v. 56 on 3rd; 224 v. 72 on 4th; 263 v. 88 on 5th. Magnesium intake (mg/kg per day) was 4 9
v. 3-8 on the 1st day; 8-3 v. 5*3 on 2nd; 9-8 v. 6 5 on 3rd; 15-5 v. 8-3 on 4th; 16-0 v. 10 0 on
5th. Phosphate intake was similar in both groups. Mineral content of vomits and regurgitations
showed more Ca than P, with a ratio of 1: 68. Comparing the two groups, in the supplemented
infants, serum Ca rose from the 3rd day by an amount which was related to Ca intake: serum Mg
was lower from the 4th day and was negatively correlated with Ca intake.

Early neonatal hypocalcaemia (ENH) is a clinical
condition (Tsang and Oh, 1970) experienced by
most preterm infants in the first 24-48 hours of life,
which can give rise to serious complications-such as
heart failure (Troughton and Singh, 1972) and other
cardiac disorders (Colletti et al., 1974; Domenech
et al., 1976), and to difficulties in management
(Volpe, 1973; Weiss et al., 1975), or, at a later stage,
to mental disturbances (Forfar, 1974), or dental
defects (Purvis et al., 1973; Stimmler et al., 1973).

Pathogenesis remains obscure. Among factors
which may be involved are hypoparathyroidism
(Anast et al., 1972; David and Anast, 1974), dis-
orders of, or lack of, vitamin D (Hillman and
Haddad, 1974), and hypercalcitonism (Hillman et
al., 1977), but there is no evidence of their direct
implication in the production of this disorder of
homeostasis. Some perinatal events may predispose
to ENH (Bergman, 1974; Tsang et al., 1976).
Alimentary factors are important: e.g. calcium/
phosphate ratios and the quality and quantity of fat
(Southgate et al., 1969; Barltrop and Oppe, 1970,
1973).
Balance experiments allow the rate of mineral gain

by the neonate to be measured, but for obvious
reasons it is necessary to start after the 5th day of
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life (Widdowson, 1965; Day et al., 1975). Because
ENH occurs before this time, and in view of the
placental Ca transfer rate, it seems important to
quantify the total intake of Ca, P, and Mg in this
early period of life.
The purpose of the investigation was to find out

whether supplements ofCa and Mg to the diets oflow
birthweight infants would increase their serum Ca.

Patients and methods

Sixteen neonates of low birthweight were studied.
They were between 34 and 38 weeks' gestation,
determined by the mothers' last menstrual period
and the scoring method of Dubowitz, and between
1420 and 2470 g. They were assigned to two groups.
Mean birthweight, gestation, height, and Apgar
scores were not significantly different in the two
groups.

Group 1 (9 infants). These received a formula with
lactose and normal total fat content, but partially
substituted by vegetable fat. The mineral content is
shown in the Table. Ca:P ratio measured by us, is
near the lower limit given by the Committee on
Nutrition of the American Academy of Pediatrics
(1976).
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Table Mineral content of the basic formula
Content According to label Results of analysis*
(mg/100 ml) (n = 45)
Ca 49 55-32 i 0-16
Mg 4.76 6-32 ± 004
P04 39.20 45-55 + 0-08
Ca/PO4 ratio 1.25 1*21 t 0-002

*Mean ±SEM.

Group 2 (7 infants). These received the same formula
but supplemented with 800 mg/kg per day Ca lactate
containing 13.5 mg Ca and 0.45 mg Mg element in
each 100 mg of the salt, divided in 7 doses and mixed
with each feed.

In both groups feeding was started between the
first 6 and 12 hours of life and with a schedule rising
from 50 kcal/kg (0 21 MJ/kg) on the 1st day to 120
kcal/kg (0- 50 MJ/kg) on the 5th. Energy intake was
calculated from manufacturer's data.
The concentrations of Ca, Mg, and P in the diet

were measured by taking an aliquot of each feed.
They were dried and ashed at 450°C and then
dissolved in HCI. Ca and Mg were measured by
atomic absorption spectrophotometer, and P by the
method of Fiske and Subbarow. Vomits and regur-

gitations were collected on ashless filter paper

(Whatman no. 541), processed in the same way, and
subtracted from intake.
Blood samples were obtained daily before the

first feed in the morning.
Informed parental consent was obtained. All

figures appearing in the text are expressed as mean
±SEM. Comparison of means was made by
Student's t test.

Results

Because results were not significantly different in
appropriate-for-gestation age (AGA) and small-for-
gestational age (SGA) infants, comparisons were
made only between groups 1 and 2.

Mineral intake. In group 1 Ca intake was 33 3
mg/kg per day on 1st day, rising to 88 ± 2 mg/kg
per day on day 5. In group 2 Ca intake was 82 ± 17
mg/kg per day on 1st day, rising to 263 ± 19 mg/kg
per day on day 5.
K There was a parallel rise in P intake in both
groups and no significant differences between
them. On the 5th day P intake was 73 ± 2 in
group 1 infants and 82 ± 5 in group 2.

After the 1st day there were differences in Mg
intakes between the two groups. Throughout the 5
days, Mgintakeperday(3-8 ±0*3to 16.0 ± 1-0
mg/kg per day) was within the wide range of the

Mg supplied by most milk formulae, although the
Mg intake of group 2 was in the upper part of the
range.

Plasma minerals concentration. The Figure shows
that serum total Ca began to rise significantly from
the 3rd day with a rising trend in group 2, reaching
9.25 ± 0.19 v. 7 *77 ± 0.35 mg/100 ml on the 5th
day. Levels of significance are shown. Two days
after the supplementation ended, total serum Ca in
group 2 was 8*70 ± 0-26 mg/100 ml. At the 7th
day of life, for group 1, this figure was 8*25 ± 035
mg/100 ml.
Serum P (Figure) showed little change in either

group, with an initial and final mean of 5*6 and 5*5
mg/100 ml in group 1; and 4 - 52 and 5.27 in group 2.
Serum Mg showed higher values in group 1 from
the 4th day. On the 1st day the lower level of group 1
was owing to the presence of two babies with hypo-
magnesaemia (0.9 and 11 mg/100 ml). Apart from
these, all values were above the accepted lower limit
for adults (1 .4 mg/100 ml).

Correlations. Correlations were sought between all
variables analysed, including weight and gestational
age. None was significant, except calcaemia and Ca
intake (r = 0*55; P<0.01), and magnesaemia and
Mg intake (r = 0 54; P<0.01), the first day values
having been excluded because of their known higher
values. A negative correlation between serum Mg
level and Ca intake (r = -0.81; P<0.001) was
noted in group 2.

Discussion

The incidence ofENH even in babies born of mothers
not at risk for this complication raises the point that
Ca is among a number of elements which should
normally accumulate in the last trimester of preg-
nancy. If the placental pump ceases there are two
mechanisms available for maintaining Ca homeo-
stasis-via the external nutrients supply or from
bone resorption. Three considerations are pertinent
to neonatal Ca regulation: (1) placental supply,
(2) bone Ca reservoir, and (3) alimentary supply.
According to Shaw (1973, 1976) the placental
transfer at term is about 150 mg/kg per day, and this
is because an active transport mechanism (Armstrong
et al., 1970) maintains a higher cord blood Ca level,
10.36 + 0-11 mg/100 ml, than that of venous
maternal blood, 9.58 i 0.10 (n = 12; P<0.001)
(Moya and Domenech, 1976). A large proportion
of the plasma Ca is ionised (Delivoria-Papadopoulos
et al., 1967) and these high levels in the fetus
stimulate calcitonin and inhibit parathormone
secretion producing conditions favourable to the
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accelerating Ca accumulation during the last
trimester of pregnancy (Pitkin, 1975).

After delivery the placental Ca flow is abruptly
interrupted and the fetal situation is maintained
by means of some degree of parathyroid inertia
and some hypercalcitonism (Bergman et al., 1974;
David and Anast, 1974; Hillman et al., 1977);
Ca homeostasis should then depend on osseous
mobilisation or on exogenous supply. Bone contribu-
tion is limited in the neonatal period, because Ca
reserves are considerably smaller in the newborn,
0.71 % of body weight (Stearns, 1939), than at
older ages, 1-6% of body weight (Walser, 1961).
These reserves may be reduced by a restriction of
dietary Ca by the pregnant mother, at least in the rat
(Moya and Vento, 1976), although there is no exact
parallel with humans, since in rats blood Ca levels
do not fall despite the low Ca content of the diet.
Local food habits, with poor Ca supply or with
natural chelants for this cation may aggravate this
situation in the pregnant woman through maternal
hypocalcaemia (Watney et al., 1971). Moreover
the skeleton of a baby born prematurely, in contrast
to what occurs in the same period of intrauterine
life, fails to mineralise significantly within the first
28 days of extrauterine life (McIntosh et al., 1977).a

Concerning alimentary supply we have seen how
with a rather generous caloric schedule and a

conventional formula, the actual Ca intake in the

first 5 days was 32, 45, 55, 71, and 87 mg/kg, and
with an appropriate Ca/PO4 ratio. In a previous
series of infants (Moya and Domenech, 1976), we
observed a negative Ca and Mg balance in one baby
because of a tendency to regurgitate. In the first day
the loss was 4 mg/kg Ca and 1 *4 mg/kg Mg.
In the present study the mineral content of vomits
and regurgitations was measured. In group 1 the
total Ca regurgitated was higher than P, thus the
daily Ca/P ratio in this regurgitated material was
greater than in the feed formula, 1 .68, 1.66, 1.61,
1 .97, 1.34. In group 2 this ratio was higher, because
the P regurgitated was kept at the same level as in
group 1-2 90, 1.85, 2*51, 1*95, 3*05. Despite its
addition, the Mg content in the regurgitated material
of this group was not as high. The number of vomits
and regurgitations did not differ significantly in
either group.

This study was designed to examine the effective-
ness of supplementing Ca intake to prevent early
neonatal hypocalcaemia. In group 2 only one baby
suffered from hypocalcaemia and on the first day.
By contrast, in group 1, 5 out of the 9 infants had a
serum Ca<7 mg/100 ml at least in one sample,
needing oral or parenteral Ca administration. Serum
Mg reflected the extra Ca intake, with lower levels
at the end of the study, and we found 3 cases of
symptomless hypomagnesaemia (<1.4 mg/100 ml)
all of which subsided spontaneously. Competition of
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divalent cations in the absorbing process carried out
by the enterocyte may explain this-a hypothesis in
keeping with the negative correlation found between
serum Mg level and Ca intake.
We have shown that on a conventional formula

the infants in this study had received 87 mg/kg per
day of Ca by day 5. As a fetus of 36 weeks' gestation
may receive placentally 150 mg/kg per day, the
conventional formula would appear to provide too
little Ca. When infants received supplements of Ca
lactate, a Ca intake of 150 mg/kg per day was
achieved between the 2nd and 3rd day of life, and
these infants exhibited significantly higher levels of
serum Ca on (lays 4 and 5. As there was no change in
the plasma P, these data suggest that a useful
amount of the additional Ca was absorbed.
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