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Metabolic adaptation in small for gestational age

infants

JM Hawdon, M P Ward Platt

Abstract
Hypoglycaemia has long been recognised
as a feature of the failure of metabolic
adaptation in infants who are small for
gestational age (SGA). This study exam-
ined the process of metabolic adaptation
by measuring, longitudinally, the concen-
trations of metabolic fuels and substrates
in 33 SGA infants in the first post-
natal week, and relating these to cross
sectional data in 218 infants of appropri-
ate weight for gestational age (AGA).
SGA term infants had higher mean

blood lactate concentrations than AGA
term infants at delivery (2*98 v
2*10 mmol/1) and in the first few postnatal
hours (3.05 v 1-91 mmoVIl). Subsequently,
although there were no differences in
blood glucose concentrations, SGA term
infants had lower mean ketone body
concentrations (for example day 2: 0 07 v
0-41 mmol/1), and failed to mount a
ketogenic response to low blood glucose
concentrations. At birth, SGA preterm
infants had lower mean blood glucose
concentrations than AGA preterm infants
(3.17 v 4*16 mmol/1), but there were few
postnatal metabolic differences between
the two groups. Mean blood glucose
concentrations did not differ between
AGA and SGA preterm infants. For vari-
ables that differed between the groups,
multiple regression analysis suggested
that both the degree and asymmetry of
growth retardation were related to the
severity of the metabolic abnormalities.
These data suggest that, although there

are early metabolic differences between
SGA and AGA infants, it is possible that
current clinical management is effective
in preventing subsequent hypoglycaemia.
This is important because of the failure
of SGA infants to mount a ketogenic
response.
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It has long been known that small for gesta-
tion age (SGA) infants are less able to achieve
the metabolic adaptation required of them at
birth and are at risk of hypoglycaemia.' 2 It
appears that the degree of growth retardation
and relative body proportions of the infant
affect vulnerability.3-5 Hyperglycaemia has
also been described in SGA infants.6

It is now known that some metabolic
effects of intrauterine growth retardation may
be evident antenatally, such as by hypoxia,

acidosis, hyperlactataemia, and hypogly-
caemia.7-10 The postnatal metabolic problems
of SGA infants have been reviewed by
Usher,1' Mestyan,'2 Jones and Roberton,13
and Hay,14 who suggested that the increased
risk of hypoglycaemia may be secondary to
increased glucose utilisation (partly because of
the disproportionately high brain weight),
hormonal or enzymatic imbalance resulting in
failure of gluconeogenesis, reduced stores of
fat and glycogen, and inability to mobilise fat
stores and oxidise fatty acids to ketone bodies.

These studies of postnatal metabolic events
were performed at a time when intravenous
and enteral feeding policies were less liberal
than at present. The adequate provision of
enteral and parenteral energy may counteract
the metabolic difficulties of SGA infants so
that hypoglycaemia is not seen.
The purpose of the present study was to

investigate whether SGA infants exhibited any
differences in metabolic adaptation compared
with infants who were of appropriate weight
for gestational age (AGA) when exposed to
present feeding policies (which encourage
early and frequent milk feeds and intravenous
glucose supplementation if adequate enteral
feed volumes are not tolerated). We compared
the metabolic changes seen after birth in a
group of healthy AGA infants and a group of
SGA infants to investigate whether failure of
metabolic adaptation was seen in the SGA
group, first, at birth, and second, after the
commencement of enteral and intravenous
feeding, and whether hypoglycaemia was the
only biochemical evidence of failure of
metabolic adaptation.

Subjects and methods
Thirty three singleton infants, of mixed gesta-
tional age, who were suspected antenatally of
being SGA, and who had birth weights below
the 10th centile, were studied longitudinally.
Prefeed blood samples were taken once a day
for the first postnatal week (SGA infants).
Reference data were obtained from cross
sectional studies of 62 preterm and 156 term
singleton infants, less than 1 week old, who
had birth weights above the 10th centile
(AGA infants) 5. Infants were excluded if they
were non-white, had major congenital abnor-
malities, or were clinically unstable at the time
of study, for example, if they were hypoxic,
acidotic, or hypotensive.

Conditions during blood sampling, sam-
pling techniques, and biochemical analyses
were as described previously.'5

Details of maternal obstetric history,
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Metabolic adaptation in smallfor gestational age infants

presence of fetal distress (thick meconium in
the liquor amnii, or cardiotocography
evidence - loss of beat to beat variability or

type 11 decelerations), and method of delivery
were recorded. Maternal obstetric problems
included hypertension, prolonged rupture of
membranes, haemorrhage and infection dur-
ing pregnancy, and mechanical problems at
delivery. Each infant's birth weight, head
circumference, and mid-arm circumference
were recorded on the day of birth. A birth-
weight SD score was calculated, which repre-

sented the number of SDs by which the
infant's birth weight differed from the mean

for gestational age. Birthweight centile charts
used were those previously derived from
Newcastle births.'6 Similarly, SD scores for
mid-arm circumference:head circumference
ratio (MAC:HC) were found using data
obtained by Sasanow et al.17

Data were analysed using the SPSS-X
package. Pearson correlation coefficients were

used to define interrelationships between sub-
strates, and X2 and t tests were used to com-

pare groups of infants. Because aspects of
metabolic adaptation have previously been
found to differ for term and preterm infants,15
these groups underwent separate analyses.
Total gluconeogenic substrate, ketone body,
and non-esterified fatty acid concentrations
had log normal distributions, therefore logio
values for these concentrations were used for
statistical analysis, and the means presented
are geometric means. Multiple regression
analysis was used to identify factors associated
with any metabolic abnormalities. To avoid
the confounding effect of repeated values for
the SGA group, which was studied longi-
tudinally, multiple regression analysis was

performed for values taken on individual
postnatal days.

Ethical approval for the study was granted
by the ethics committee of Newcastle Health
Authority. Informed consent was obtained
from parents for the inclusion of each baby in
the study, and as far as possible sampling was

coordinated with clinically necessary tests.

Results
Table 1 shows the magnitude of differences
between the SGA and AGA groups. The only
parameter for which a significant difference
did not exist was head circumference for the
preterm group. Considering SGA and AGA
infants together, there was a highly significant
relationship between birthweight SD score

and MAC:HC SD score (term infants:
rO0-70, p<0001; preterm infants: rO=074,
p<OOOl; all infants: rO=071, p<0001). This

suggests that the SGA infants studied had
true intrauterine grown retardation, with
sparing of head growth. For preterm infants
only, there were significant relationships
between maternal height and both birthweight
and MAC:HC SD scores (r=0-28, p<005;
r=-035, p<001, respectively), but this was not
found for term infants.

Maternal, obstetric, and perinatal charac-
teristics are summarised in table 2. Few
differences were found between the groups,
but term SGA infants were more likely than
term AGA infants to have had clinical
evidence of fetal distress. However, cord pH
values did not differ between the groups.
Although there was a strong correlation
between cord pH and lactate concentrations
for all infants (r=-0 50, p<0001), among all
the infants studied (AGA and SGA), those
with fetal distress did not have significantly
lower cord pH than those without fetal
distress, but cord lactate concentration was
significantly higher (3 55 v 2-29 mmol/l,
p<0-01) (fig 1).

Table 2 Maternal, obstetic, and perinatalfactors
Term Pretern
SGA AGA SGA AGA
(n=22) (n=156) (n=11) (n=62)

Mean mother's
height (cm) 160 159 159 162

Mothers smoking (%) 8 (36) 40 (26) 7 (64) 27 (44)
Problems in
pregnancy (%)
(other than SGA) 7 (32) 30 (19) 10 (91) 44 (71)

Problems with labour (%) 1 (5) 6 (4) 0 (0) 12 (19)
Delivery (%):

Vaginal:normal 13 (59) 70 (45) 2 (18) 36 (58)t
Caesarean section 6 (27) 86 (55) 8 (73) 26 (42)t
Other 3 (14) 0 (0) 1 (9) 0 (0)

Fetal distress (%) 9 (41) 19( 12)** 4 (36) 16 (26)
Cord pH 7-31 7-34 7-31 7-31
IPPV required at

birth (%) 3 (14) 7 (4) 5 (45) 35 (56)
IPPV=intermittent positive pressure ventilation.
x2 significant differences between SGA and AGA infants;
** p<0-Ol; t preterm infants, vaginal delivery v caesarean
section: p<0-05.
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Figure 1 Distribution of cord lactate concentrations for
AGA and SGA infants.

Table I Demographic details of infants studied

Term Preterm
SGA (n=22) AGA (n=156) SE difference SGA (n=li) AGA (n=62) SE difference

Median (range) gestation in weeks 38 (37-40) 39 (37-42) 34 (28-35) 31 (25-36)
M:F 9:13 83:73 7:4 39.23
Mean (range) birth weight in g 2178 (1700-2600) 3410 (2575-4565) 61 1320 (668-1870) 1726 (830-3203) 144
Mean SD score -2-50 0 45 0-16 -3-41 0-04 0-27
Mean HC/cm 32-0 35-0 0-2 28-4 29-5 0-8
Mean MAC/cm 8-4 10-7 0-2 6-6 7-5 0 3
Mean MAC:HC 0-26 0-31 0-01 0-23 0-25 0-01
Mean MAC:HC SD score -1-52 1-48 0-42 -2-31 0 70 0 57
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Significantly more preterm SGA infants
than preterm AGA infants were born by
caesarean section, reflecting a high degree of
obstetric concern.

For all infants, there were significantly
lower mean birth weight SD and MAC:HC
SD scores for infants of smoking mothers than
for infants whose mothers did not smoke
(-034 v 0O08, p<0 05; 0-52 v 110, p<005).

In the first few postnatal days, term SGA
infants received more frequent feeds, and
higher intakes of milk, intravenous glucose
and energy than AGA infants, reflecting the
feed and fluid regimens presently in use
for such babies. On day 2, preterm SGA
infants had higher intravenous glucose intakes
than preterm AGA infants, and on day 5,
SGA babies had higher milk intakes than
AGA babies. These differences are shown in
table 3.

Significant differences between the groups,
in terms of blood metabolite concentrations
are shown in table 4. Figure 2 demonstrates

Table 3 Mean between feed interval and daily intakes of energy, milk, and intravenous
10% glucose that differ significantly (p<0-05) between SGA andAGA infants

Term Preterm
SGA AGA SE SGA AGA SE
(n=22) (n=156) difference (n= 1) (n=62) difference

12-24 hours:
Intravenous glucose (ml/kg/day) 29 0 10

Day 2:
Interval (min) 153 252 20
Milk (ml/kg/day) 126 66 15
Energy (kJ/kg/day) 443 234 50
Intravenous glucose (ml/kg/day) 114 70 14

Day 3:
Interval (min) 176 235 22
Energy (kJ/kg/day) 489 368 54

Day 4:
Interval (min) 172 217 20

Day 5:
Milk (ml/kg/day) 104 49 25

the distribution of serial blood glucose con-
centrations. Compared with AGA infants,15
SGA infants (term or preterm) did not have
lower mean blood glucose concentrations in
the first postnatal week, and being SGA did
not increase the risk of having low
(<2-6 mmol/1) or high (>10 mmol/l) blood
glucose concentrations after the first postnatal
day. However, preterm SGA infants had sig-
nificantly lower mean cord blood glucose
concentration than AGA infants, 4/11
preterm SGA infants had cord glucose con-
centrations <3 mmol/l, while no AGA infant
had a cord concentration this low. Multiple
regression analysis with the following inde-
pendent variables - birth weight, birthweight
SD score, MAC:HC, MAC:HC SD score,
and gestation - demonstrated that birth-
weight SD score was the only variable that
correlated significantly with preterm babies'
cord glucose concentrations (B =0'22, SE
B=0-09, p=0.031).

For term SGA infants, concentrations of
lactate and other gluconeogenic precursors
were high at birth and in the first six postnatal
hours. Multiple regression analysis with the
following independent variables - birth
weight, birthweight SD score, MAC:HC,
MAC:HC SD score, and gestation - demon-
strated that the MAC:HC ratio was most sig-
nificantly associated with these concentrations
(cord lactate, B=-0-29, SE B=0-08, p<0-001;
cord total gluconeogenic substrate, B=-0 32,
SE B=0O08, p<0 001; <6 hours lactate,
B=-0 48, SE B=008, p<0-001; <6 hours total
gluconeogenic substrate, B=-0-52, SE B=0-09,

Term infants

Table 4 Mean blood concentrations of intermediary metabolites (mmoUl) that differ
significantly (p<0 05) between SGA andAGA infants

Term
SGA AGA SE
(n=22) (n=156) difference

Cord:
Glucose
Lactate
Non-esterified fatty acid

< 12 hours:
Lactate
Total gluconeogenic substrate
Lactate:pyruvate ratio

12-24 hours:
Glycerol
Ketone body

Day 2:
Lactate
Pyruvate
Glycerol
Total gluconeogenic substrate
Ketone body

Day 3:
Glucose
Lactate
Pyruvate
Alanine
Glycerol
Total gluconeogenic substrate
Lactate:pyruvate ratio
Ketone body
Non-esterified fatty acid

Day 4:
Lactate
Pyruvate

Day 5:
Lactate
Pyruvate
Alanine
Total gluconeogenic substrate

Day 6:
Lactate
Pyruvate
Total gluconeogenic substrate

2-98 2-10 0-46
0-21 0-10 0-10

3-05 1-91
3-23 2-37
34 27

0 45
0 50
3

0-13 0-20 0-02
0-06 0-24 0-01

0-06 0 09 0-01
0-12 0-17 0-01
1-78 2-22 0-24
0 07 0-41 0-01

4-03
1-14
0 04
0-26
0 09
1-45
33
0-07
0-19

3.39
1-46
0-07
0-21
0-16
1-83
23
0 43
0 47
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Figure 2 Distribution of blood glucose concentrations in
term and preterm SGA infants.
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Metabolic adaptation in small for gestational age infants

<0001) (fig 3). However, concentrations of with the following independent variables -
ctate and total gluconeogenic substrate were birth weight, birthweight SD score,
-rsistently lower than those of AGA term MAC:HC, MAC:HC SD score, and gestation
fants from the second postnatal day. For - demonstrated that birthweight SD score
-eterm SGA infants, high blood lactate and was the only variable to be significantly associ-
tal gluconeogenic substrate concentrations ated with cord plasma non-esterified fatty acid
-rsisted up to the fourth postnatal day. concentration (B=-008, SE B=003, p<001).
At birth, term SGA infants had higher con- For all term infants (AGA and SGA) on the
ntrations of non-esterified fatty acids than first postnatal day, a positive correlation was
GA infants but similar concentrations of found between ketone bodies and glucose
tone bodies. Multiple regression analysis concentrations (r=035, p<001). Multiple
10 regression analysis confirmed that this rela-

tionship was independent of potentially con-

8 * * founding variables, namely, birth weight,
* birthweight SD score, MAC:HC, MAC:HC

* SD score, and gestation.
6- .00 After 24 hours, concentrations of ketone

* bodies were lower for SGA infants, and there
4- was no rise on the second and third postnatal

l b days. On the second and third postnatal days
2 .S an inverse relationship existed between ketone

2 body and glucose concentrations for AGA
term infants,15 but this relationship was not

0- .found for SGA term infants. Figure 4 shows
-6 -4 -2 0 2c 4 6 the relationship between ketone bodies andMAC:HC SD score glucose concentrations for preterm AGA,

gure 3 Relationship between total gluconeogenic sub- term AGA, and term SGA infants (more than
ate (TGS) concentration and MAC:HC SD score for
mAGA and SGA infants <6 hours old. 1 day old), and demonstrates that SGA term

Term AGA infants, like AGA preterm infants, failed to
i0 mount a ketone body response at low blood

glucose concentrations. For all SGA and AGA
term infants on day 2, independently of blood

1 * glucose concentration, daily milk feed volume,
*- %*;8 S interval between feeds, size (birth weight,

* *.0-oA birthweight SD score, MAC:HC, MAC:HC
eg. s *SD score) and gestation, babies receiving the

01 .. .t xt)r@ @ @ .'*.* most energy, per unit body weight, had the
lowest ketone body concentrations (B=-5-85,

* * SE B=1-78, p<0001) (fig 5). However, on
001 2 day 3, of these independent variables,

4 526 7 MAC:HC SD score was the only variable to

Preterm AGA be significantly associated with non-esterified
10- fatty acid concentration (B=012, SE B=0-05,

p=0026, and birthweight SD score was the
only variable to be significantly associated

1 with ketone body concentration (B=016, SE
. B=006, p=001 1).

Like AGA preterm infants, SGA preterm
01 * . infants had low ketone body concentrations

* .. * * throughout the first postnatal week. On day 2
* : g . . . there was a positive relationship between

ketone body concentration and daily intake of01 enteral feed, which was independent of other
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Figure 4 Relationship between ketone body and glucose
concentrations in term and preterm AGA and term SGA
infants.

Figure 5 Relationship between energy intake and ketone
body concentration for term AGA and SGA infants on the
second postnatal day.

P'
la(
pe
in:
pr
to
pe

ce
A(
ke

0
E
E
U)

I-

Fi;e,
stn
ten

0
E
E

0
.0
0
C
0
a)

0
E
E

~0
00

c
00a)

Z-E
E

~0
0

0
C
0
a)1

265

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.68.3_S

pec_N
o.262 on 1 M

arch 1993. D
ow

nloaded from
 

http://adc.bmj.com/


Hawdon, Ward Platt

0-1 ^

E
E

"0 0 01 -
0
.0

0

0.001-

0

0
0

0

0 20 40 60 80 100
Enteral feed (ml/kg/day)

Figure 6 Relationship between ketone body concentration
and enteralfeed volume in preterm AGA and SGA infants
on the second postnatal day.

variables, namely birth weight, birthweight
SD score, MAC:HC, MAC:HC SD score,

gestation, daily milk feed volume, interval
between feeds, intravenous glucose intake,
and total energy intake (B=13-08, SE B=3-30,
p<001) (fig 6).

Discussion
This study has demonstrated that SGA infants
had concentrations of metabolic fuels in the
early neonatal period that differed signifi-
cantly, when compared with those of SGA
infants, and these differences in metabolism
were not confined to blood glucose concentra-
tions. In clinical terms, these results suggest
that adequate parenteral and enteral supplies
of energy are critical to SGA babies and that
early enteral feeding is beneficial. This lends
support to the work of Aynsley-Green et al,18
who proposed that early enteral feeding was
associated with the maturation of the gut hor-
mone response. In addition, the immaturity of
the metabolic response to low blood glucose
concentration, demonstrated in the present
study, may help to explain the findings
of Lucas et al that prolonged moderate
hypoglycaemia had adverse effects on neuro-

developmental outcome.19
The exclusion of infants with other poten-

tially confounding problems, the lack of
differences in obstetric factors between
groups, and the separate analysis of data from
term and preterm infants have enabled the
comparison of SGA and AGA groups. The
fact that SGA infants had significantly lower
MAC:HC ratios and MAC:HC SD scores

suggests that asymmetrical growth retardation
occurred, with sparing of head growth.
An increased incidence of fetal distress

(demonstrated by cardiotocography and
meconium staining of liquor) was found for
term SGA infants, but not for preterm SGA
infants, when compared with their AGA
counterparts. This may have been because of
the small number in the preterm SGA group,
or because fetal distress was more common in
AGA preterm infants, or it may reflect the
number of SGA infants born by elective
caesarean section, so pre-empting the occur-

rence of fetal distress. Although cord blood
pH was not significantly different in SGA and
AGA infants, there was other metabolic

evidence that SGA infants had undergone
some perinatal stress: term SGA infants had
higher cord blood concentrations of non-
esterified fatty acid and lactate, and these high
levels persisted in the first six postnatal hours
(see below). Although these infants mounted
a poor ketogenic response to hypoglycaemia
after the first postnatal day, the fact that, as
for AGA infants, there was a positive relation-
ship between glucose and ketone body con-
centrations on the first postnatal day suggests
that SGA infants demonstrated an appropri-
ate metabolic response to the stress of
delivery. The finding on multiple regression
analysis of the relationship between the
degree of growth retardation and raised non-
esterified fatty acids, total gluconeogenic
substrate, and lactate concentrations provides
further evidence of antenatal stress in growth
retarded fetuses.

In contrast, the finding of low cord glucose
concentrations in SGA preterm infants, which
were correlated with the degree of growth
retardation, is in accordance with the work of
Soothill et al3' Smith et al,9 and Economides
and Nicolaides,'0 and suggests that, for
preterm infants in this study, intrauterine
growth retardation was contributing to
metabolic stress in utero.
The finding that infants with clinical

evidence of fetal distress did not have signifi-
cantly lower cord pH values than infants
without fetal distress, but had significantly
higher cord blood lactate concentrations, sug-
gests that blood lactate may be a more sensi-
tive marker for fetal distress than cord pH.
This calls into question the results of studies
which suggest that the principal risk factor for
adverse neonatal outcome is cord pH.20
The differences found between enteral and

intravenous intakes for term SGA and AGA
infants probably reflected the additional clini-
cal and nursing attention the former received.
In contrast, the lack of differences between
preterm AGA and SGA infants may be the
result of the close attention paid to the nutri-
tion of all preterm babies, irrespective of their
relative size, with uniform policies of early
enteral feeding.

There was evidence that the feeding
regimens used were effective in maintaining
adequate blood glucose concentrations in the
SGA infants studied. On each day, the mean
blood glucose concentrations were not signifi-
cantly different for SGA and normal infants.

This is in accord with a recent study by
Heck and Erenberg,2' and in contrast to older
studies that have found low fasting blood
glucose concentrations in SGA infants22-24
and a high prevalence of hypoglycaemia.6 25
These differences in findings are likely
to reflect evolutionary changes in clinical
management.

There are other aspects of metabolic adap-
tation that appear to have been affected by
intrauterine growth retardation. Low fatty
acid and ketone body concentrations have
previously been described for SGA infants on
the first postnatal day.22 26 This is not surpris-
ing in the light of our findings that low ketone

I .--.-I . |
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body concentrations are normally found for
AGA infants at this age.15 Our studies are the
first to describe changes in ketone body con-

centrations with postnatal age in SGA infants.
AGA term infants (more than 1 day old)

demonstrated counterregulatory ability by
responding to low blood glucose concentra-
tions with increased ketone bodies, particu-
larly high ketone body concentrations being
found for 2-3 day old infants.i5 SGA infants
had significantly lower ketone body concen-

trations than normal infants up to 4 days of
age. Taken in isolation, this finding might
have been interpreted as demonstrating the
suppressive effect on ketone body production
of high glucose concentrations. However, the
multiple regression analysis findings suggest
that blood glucose concentration was a less
important factor determining ketone body
concentrations than the degree of growth
retardation, and the lack of the normal rela-
tionship between ketone body and glucose
concentrations for term SGA babies strongly
suggests that there was a failure of counter-
regulatory ketogenesis. This may have been
secondary to an inability to mobilise non-

esterified fatty acids from adipose tissue, to a

failure of P oxidation of fatty acids, or to a

combination of both these factors. The pat-
tern was similar for SGA term babies, 1 day
old AGA babies, and preterm babies, which
suggests that SGA infants have a persistent
immaturity of metabolic response. As with
AGA preterm babies,15 it appears that enteral
feeding of preterm SGA babies may improve
ketogenic ability, giving rise to the unexpected
positive relationship between enteral feed
intake and ketone body concentration. This
relationship may reflect the provision in milk
of fatty acids or of carnitine, which may

enhance fatty acid metabolism in the liver, or

a stimulatory effect, via gut hormone secre-

tion, on the hormones and enzymes involved
in fatty acid mobilisation and ketogenesis.

High concentrations of gluconeogenic pre-

cursors have been reported in studies of SGA
infants on the first postnatal day, especially for
those who become hypoglycaemic.22 26-28
These studies did not report the subsequent
changes in substrate concentrations after the
first postnatal day, however, or examine the
influence of other factors. Although our data
also suggest that gluconeogenesis may have
been deficient in SGA infants in the immedi-
ate postnatal period, with an accumulation of
gluconeogenic precursors, we failed to find a

negative relationship between glucose and
total gluconeogenic substrate concentrations.
This may be because total gluconeogenic sub-
strate concentrations reflect both the pro-
cesses of release, under the influence of stress
hormones, and of utilisation. The high con-

centrations of gluconeogenic precursors, seen

in the present study in the early postnatal
period, may have arisen from their release in
response to perinatal stress, mediated by the
effects of hormones such as catecholamines.
After the first postnatal day, these precursor
concentrations were low for term SGA
infants, which may reflect the adequate

provision of energy, enterally or intravenously,
so that gluconeogenic precursor release was
not stimulated. Turnover studies would be
required to elucidate the relationship of
substrate utilisation with respect to absolute
concentrations.

Previous studies have examined the ability
of the MAC:HC ratio to predict metabolic
abnormalities in SGA infants.5 However, there
are no data regarding the effects of both body
size and asymmetry of growth retardation of
fuels other than glucose. In the present study,
the multiple regression analysis findings indi-
cate that both degree of growth retardation, as
measured by birthweight SD score, and asym-
metry of growth retardation, as measured by
MAC:HC, separately affected aspects of
postnatal metabolic adaptation. The degree
of growth retardation, at term, was the
most important determinant of relatively high
non-esterified fatty acid concentrations at
birth and low ketone body concentrations on
the third postnatal day. The more asymmetri-
cal babies, at term, had higher total gluco-
neogenic substrate at birth and lower non-
esterified fatty acids on the third postnatal
day. The effects of clinical management in the
form of provision of energy, however, over-
rode these factors on the second postnatal
day. For preterm babies, more severe growth
retardation was associated with lower cord
blood glucose concentrations. We did not
find the MAC:HC ratio correlated with blood
glucose concentrations at birth, or during the
early postnatal period, and suggest that to
consider only the effect of brain:body size on
glucose concentrations is too simplistic.

This study has demonstrated that changes
in blood glucose concentrations provide an
inadequate description of the process of
metabolic adaptation in SGA infants.
The patterns of metabolic adaptation seen

in SGA term infants, with failure of ketogene-
sis and accumulation of gluconeogenic pre-
cursors, were similar to, but more prolonged
than those seen in healthy preterm infants;
SGA and AGA preterm infants were found to
have few significant differences in terms of
metabolic adaptation. The process by which
preterm and SGA babies eventually acquire
mature metabolic responses, and the long
term clinical implications of these metabolic
differences will only be found by case-control
follow up studies. In addition, the role of
enteral feeding, and of dietary components
such as carnitine, warrant further study.
The failure to utilise gluconeogenic precur-

sors and the failure of ketogenesis are
reminders that these SGA infants, especially
when very wasted, were unable to respond to
low blood glucose concentrations, and these
deficiencies persisted for almost all of the first
postnatal week. Attention to early enteral and
intravenous nutrition of these infants resulted
in maintenance of normoglycaemia for the
majority of infants. Efforts must continue to
prevent severe intrauterine growth retardation
and to seek effective means of promoting
metabolic adaptation in these infants once
they are born.
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