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Metabolic and endocrine events at the time of the
first feed of human milk in preterm and term infants
A. LUCAS, S. R. BLOOM, AND A. AYNSLEY-GREEN

From the University Department ofPaediatrics, Oxford, and Hammersmith Hospital

SUMMARY The first feed of breast milk given to a group of 12 term infants was previously shown to
increase the levels of blood glucose and plasma insulin, growth hormone (GH), gastrin, and entero-
glucagon. We have now studied the effects of the first feed of breast milk in two similar groups of
preterm infants, to compare the results with those obtained for the term infant. One group of 8
preterm infants received a bolus (2 * 5 ml/kg) of breast milk via a nasogastric tube; the other group

of 5 infants received a continuous intragastric infusion (2 5 ml/kg per hour) of breast milk. No
change occurred in the concentrations of blood glucose, lactate, pyruvate, or ketone bodies, or in
plasma insulin, GH, pancreatic glucagon, or enteroglucagon in either the 'bolus fed' or the 'infusion
fed' group of preterm infants. Thus the marked metabolic and endocrine changes in term infants
after the first feed do not occur in pieterm infants with standard methods of feeding.

We have shown previously that term babies suffering
from moderately severe respiratory distress show
an increase in blood glucose, associated with a rise
in plasma insulin, growth hormone (GH), gastrin,
and enteroglucagon after the first feed (Aynsley-
Green et al., 1977). This suggests that digestion and
absorption, as well as several hormone systems, are
functionally active at birth in the term infant.
To define the metabolic and endocrine effects of

standard feeding practices in the preterm infant, we
measured blood levels of several metabolites and
hormones before and after the first feed of breast
milk in a group of infants fed by an intragastric bolus,
and before and during the first feed in a group of
infants fed by continuous intragastric infusion.

Patients and feeding procedure

Patients. 15 preterm infants were studied with the
approval of the ethical committee. The infants had
been admitted to the special care baby unit because
of prematurity. All had weights appropriate for
gestational age. All had umbilical catheters in situ
for clinical monitoring purposes. They were nursed
either in incubators at environmental temperatures
appropriate for their gestation and weight (Hey and
Katz, 1970), or under radiant heaters with skin
temperature servo controlled to 36.5 °C. At the time
of the study no baby had a rectal temperature
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below 36'C. In all arterial pH was >7.20 through-
out the study. Pao2 was maintained between 60 and
90 mmHg (8 and 12 kPa). One baby required
resuscitation for apnoea 15 minutes after the
first feed and was excluded from the study. The
clinical condition of the remaining 14 infants did not
change during the study. The infants were randomly
divided into two groups, one receiving a bolus of
breast milk and the other a continuous intragastric
infusion of breast milk.

In the bolus fed group, 8 infants were studied.
The mean birthweight was 1290 g (range 960 to
1740 g), and the mean gestational age from maternal
dates and paediatric assessment (Farr score) was
30 weeks (range 28 to 33 weeks). All 8 babies had
respiratory distress, 7 requiring oxygen via a head
box, one requiring assisted ventilation via an
endotracheal tube.

In the infusion fed group, 6 infants were initially
studied, but one infant was excluded because he
regurgitated his feed. The mean birthweight of the
remaining 5 infants was 1520 g (range 1100 to
1770 g) and a mean gestational age of 30 weeks
(range 28 to 32 weeks). 3 of the 5 babies had respira-
tory distress, requiring continuous positive airways
pressure through an endotracheal tube. The 2 other
infants had no respiratory problems.

Feeding procedure. The first feed was given between
3 and 6 hours of age. None ofthe infants had received
intravenous dextrose. A nasogastric tube was inserted
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into the stomach and the contents aspirated 30
minutes before the feed. The bolus fed infants
received 2.5 ml/kg pooled boiled mature breast
milk given by gravity for a 3-5-minute period via the
nasogastric tube with the infant lying on the right
side. Infusion fed infants received breast milk at a
constant infusion rate of 2.5 ml/kg per hour via the
nasogastric tube using a syringe pump.

After 55 minutes, the end of the study period, the
stomach contents were aspirated and in no case was
more than 25% of the original feed volume found to
be present.

Sampling and methods

Blood samples were taken from the arterial catheter
before the feed as described previously (Aynsley-
Green et al., 1977) and, in the bolus fed group,
at 5, 25, and 55 minutes after the feed: in the infusion
fed group, samples were drawn at 25 and 55 minutes
after the start of the infusion. Samples were assayed
for blood glucose, lactate, pyruvate, D-3-hydroxy-
butyrate, acetoacetate, plasma insulin, GH, pan-
creatic glucagon, and enteroglucagon (Aynsley-Green
et al., 1977). Results were assessed for statistical
significance by means of Student's t tests.

Results

Blood glucose and other metabolites. The mean

(±SEM) fasting blood glucose concentration in the
bolus fed group was 3-93 ± 0-45 mmol/l (70-81 ±
8-11 mg/100 ml) and in the infusion fed group
3.08 + 0-62 mmol/l (55-50 ± 11-17 mg/100 ml).
In neither group was there a significant change in
level with feeding. Fig. 1 shows, for comparison,
the changes in blood glucose seen previously
in term infants.
The mean fasting blood lactate and pyruvate

concentrations were, for bolus fed infants, 1 98 ±
0 31 mmol/l (17.83 ± 27.9 mg/100 ml) and 0 12 ±
0-01 mmol/l (1.06 ± 1-09 mg/100 ml) respec-
tively, and for infusion fed infants, 2-12 ± 1 -00

mmol/l (19±9 mg/100 ml) and 0-18±0-06
mmol/I (1-6 ± 0-53 mg/100 ml) respectively. These
levels did not change with feeding. Table 1 shows
the lactate and pyruvate levels with feeding in pre-
term babies, compared with the levels in term babies
studied previously.
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Fig. 1 Change in blood glucose after first feed of
breast milk in term andpreterm infants. Term infants
were fed a 5 ml/kg bolus: preterm infants were fed either
a 2-5 ml/kg bolus or a continuous intragastric infusion
of 2 - 5 ml/kg per hour.

Table 1 Lactate and pyruvate concentrations before and after the first feed (+SEM)
Infants Time (minutes)

0 5 25 55

Term
Bolus fed (n = 12) Lactate (mmol/1) 2.37 ± 0 71 1.73 ± 0 34 2-02 ± 0-43 1.80 ±031

Pyruvate (mmol/1) 0.20 ± 0.04 0.17 ± 0.02 0.17 i 003 0.17 i 0.03
Preterm
Bolus fed (n = 8) Lactate (mmol/1) 1.98 i 0.31 2.22 ± 0-38 2.34 0 40 1.90 ± 0.42

Pyruvate (mmol/1) 0-12 ± 0-01 0-12 ± 0-02 0-13i 003 0 13± 002
Infusion fed (n = 5) Lactate (mmol/1) 2.12 ± 1.00 - 1.84 0-99 1.67 ± 0.76

Pyruvate (mmol/1) 0.18 ± 0.06 - 018 006 0 20 ±006
Conversion: SI to traditional units-Lactate: 1 mmol/l s9 mg/100 ml. Pyruvate: 1 mmol/I ms8*8 mg/100 ml.
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The mean fasting acetoacetate level in preterm
babies before the first feed was 0-06 i 0*01 mmol/l
in the bolus fed group and 0*06± 0-01 mmol/l
in the infusion fed group. There was no significant
change with feeding in the two groups (Table 2).
The mean fasting D-3-hydroxybutyrate levels from

6 of the premature infants studied before the first
feed were 0 *36 ±0*02. The levels were not measured
during feeding.

Fig. 2 shows the mean fasting levels of acetoace-
tate, D-3-hydroxybutyrate, and total ketones of all

Table 2 Acetoacetate concentrations before and after
the first feed (± SEM)

Infants Time (minutes)

0 5 25 55

Term
Bolus fed 0.13 0.15 0-14 0-15
(n = 12) ±0-02 ±0-04 ±0O03 ±0-02
(mmol/l)

Preterm
Bolus fed 0-06 0-06 0.07 0 09
(n = 8) ±O-01 ±0-02 ±0-03 ±004
(mmol/1)
Infusion
fed (n = 5) 0.06 - 0-06 0-06
(mmol/1) ±0-01 ±0t01 ±0-02
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the infants studied, compared with the levels des-
cribed previously in term infants before the first
feed: preterm infants had significantly lower ketone
levels than term infants.

Plasma hormones. Mean basal plasma insulin con-
centration was 4.99 ± 1 08 mU/I in the bolus fed
group and 3*64± 1*22 mU/I in the infusion fed
group. These levels did not change significantly
(by the paired t test) with feeding in either group.
However, comparison of the mean values from the
two groups shows that, although there was no signi-
ficant difference in basal insulin levels, the infusion
fed group had a significantly lower insulin level
(P<0 .005) by 55 minutes than the bolus fed group.
Fig. 3 compares plasma insulin levels with feeding in
preterm babies with those found previously in term
babies.
Plasma GH and enteroglucagon levels are avail-

able only in bolus fed preterm infants. Mean fasting
plasma GH level was 27-7 ± 5.7 ,g/l and, in
contrast to term infants previously studied, there
was no change in concentrations with feeding
although the basal levels were higher in preterm
infants (Fig. 4). Mean fasting enteroglucagon level
was 160 ± 70 pg/ml (equivalent) and did not change
with feeding, whereas term infants previously studied
showed a rise in enteroglucagon 25 and 55 minutes
after a feed (Table 3).
Mean fasting pancreatic glucagon concentrations

were 34*3 ± 10-4 pmol/l in the bolus fed preterm
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Fig. 2 Comparison ofbasal blood ketone values in
term andpreterm babies at 3-6 hours ofage (just
before first feed).
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Fig. 3 Change in plasma insulin after first feed of
breast milk in term and preterm infants. Term infants
were fed a 5 ml/kg bolus: preterm infants were fed
either a 2.5 ml/kg bolus or a continuous
intragastric infusion of 2*5 ml/kg per hour.
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infants and 38.4 ± 10-3 pmol/l in the infusion fed
group. In neither group did the level change with
feeding, and in this respect the preterm resembles
the term infant (Table 4).

Discussion

There is little information on the metabolic and
endocrine effects of conventional feeding practices
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Fig. 4 Change in plasma growth hormone after first
feed of breast milk in term and preterm infants. Term
infants were fed a 5 ml/kg bolus, preterm infants a
2-5 ml/kg bolus.

Table 3 Plasma enteroglucagon concentrations
(pg/ml equivalent) before and after thefirstfeed (±i SEM)
Bolus fed Time (minutes)
infants

0 5 25 55

Term 145±30 243±51 258±50 305±65
(n=11) NS P<0-05 P<0-05

Preterm 160±70 155±62 157±67 139±51
(n= 7) NS NS NS

Table 4 Plasma pancreatic glucagon (pmol/l)
concentrations before and after the first feed (+ SEM)
Preterm Time (minutes)
infants

0 5 25 55

Bolus fed 34-4±10-4 26-444-0 37-3±11-4 40-4±11-5
(n= 7) NS NS NS

Infusion fed 38 4±10*3 - 37 4±8*4 46 0±14*3
(n=5) NS NS

in newborn infants. In our unit infants requiring
intensive care are usually fed on the first day of life
with 60 ml/kg per day breast milk. Infants approach-
ing term are fed 2-hourly (5 ml/kg per feed) whereas
preterm infants are fed hourly, either with a bolus of
breast milk (2-5 ml/kg per feed) or with an intra-
gastric infusion of milk at the rate of 2 - 5 ml/kg per
hour. The purpose of this paper is to examine the
metabolic and endocrine consequences of these
standard feeding regimens for preterm infants and
compare the results with those previously observed
by us in sick term infants.

Blood glucose and other intermediary metabolites. It
is not clear why the glycaemic response to the first
feed of breast milk in term infants is not seen in
either bolus fed or infusion fed preterm infants. In
no case was more than 25% of the original feed
volume aspirated from the stomach at the end of the
study, so that gastric pooling is an unlikely cause.
Failure of intestinal absorption is a more likely
explanation, although a further possibility is that
the glycaemic effect of feeding was counterbalanced
by peripheral glucose uptake in these particular
preterm infants. Alternatively, the small feed volume
given to preterm infants (2*5 ml/kg) compared with
term infants (5 ml/kg) could account for the dif-
ference in response. If this is the case, then some
important questions are raised concerning con-
ventional feeding practices for preterm infants
(see below).

It is interesting that no difference was found in the
basal levels of blood glucose in term and preterm
infants at this stage in view of the findings ef Corn-
blath and Reisner (1965) who showed lower levels in
preterm infants.

Although many of the preterm infants in this
study were suffering from conditions likely to cause
hypoxia, mean blood lactate levels and lactate/
pyruvate ratios were not raised, suggesting adequate
tissue oxygenation. The levels were similar to those
found in the term infants.

There was no change in ketone body concentra-
tions (acetoacetate) with feeding in the preterm baby.
However, basal levels of ketones were substantially
lower than those reported in the term baby (Aynsley-
Green et al., 1977). In newborn infants free fatty
acids rise after birth as a result of increased lipolysis
(Persson and Gentz, 1966). In turn, these fatty acids
are in part metabolised to ketones which rapidly
reach very high levels in the first few days of life
(Melichar et al., 1965; Persson and Gentz, 1966).
Ketone bodies have been demonstrated to be impor-
tant substrates for cerebral metabolism and are
actively taken up by the neonatal brain (Hawkins et
al., 1971; Kraus et al.. 1974: Settergren et al.,
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1976). Melichar et al. (1967) have reported higher
rates of lipolytic activity and higher levels of ketones
in preterm infants than in term infants in the first 12
hours of life. In view of these findings it is surprising
that in the preterm infants we studied, at 3-6 hours
age, the ketones were so much lower than in the
term infants that we had studied previously at this
age. Our findings are difficult to interpret in the
absence of data on free fatty acids, but imply either
increased ketone consumption or decreased keto-
genic ability. If the latter is the case, it is possible
that ip certain preterm babies lipolytic activity lags
for a few hours before accelerating and exceeding
the rate of lipolysis in the term baby; thus the pre-
term baby might, for a few hours after birth, be at
greater risk than the term baby in terms of providing
substrates for brain metabolism.

Plasma hormones. Several investigators have studied
the effect of pharmacological stimuli on the release
of pancreatic islet cell hormones and of GH in
preterm infants (Reitano et al., 1971; Ponte et al.,
1972; Falorni et al., 1975a, b): however, the
hormonal effects of the physiological stimulus
of an enteral feed given to the preterm infant has
received little attention. In this study the insulin
response to enteral feeding, seen in term infants,
was not found in preterm infants. This could have
been owing to a failure to increase blood glucose.
Pancreatic glucagon did not change with the first
feed and in this respect the preterm infant resembles
the term infant.
The lack of enteroglucagon response in the pre-

term infant, despite the presence of foodstuff in the
lumen of the small bowel (which has been demon-
strated to be a stimulus to enteroglucagon release:
Bottger et al., 1973; Holst et al., 1976), contrasts
with the marked rise in enteroglucagon seen in term
infants after the first feed. This difference between
term and preterm infants may be dose related
(because of the smaller feed volume given to pre-
term infants), or due to a functional immaturity of
gastrointestinal hormone release in preterm infants.

Fasting plasma GH levels at 3-6 hours of age,
were higher in preterm infants than in the term
infants, and in contrast to the latter, the levels were
unaffected by the first feed. Higher levels of GH in
preterm infants than in term infants have been
reported by Cornblath et al. (1965), but only after 48
hours of age. The lack of increase after feeding could
again be owing to a failure to increase blood glucose.

Conclusion

The clinical and physiological significance of the
lack of glycaemic and hormonal effects of the first

feed in preterm infants is unknown. Further studies
are needed to define both the development of feeding
responses in these infants, and the stage at which they
respond to enteral feeding in a similar way to term
infants. The absent metabolic responses in preterm
infants may represent either physiological differences
between term and preterm infants or, alternatively,
the differences may relate to the smaller feed volumes
given to preterm infants. If the latter is the case,
then it needs to be determined if the small volume,
frequent feeding regimens, conventionally used with
such infants, fail to cause the phasic metabolic and
hormone changes which can be expected during
physiological feeding and fasting in term infants. It
is possible that the preterm infant's ability to adapt
to extrauterine nutrition may be affected by the
failure of conventional feeding practices to induce
cyclical metabolic and endocrine changes.
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