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Abstract
To test the hypothesis that relative
pancreatic dysfunction is a determinant
of catch up growth in small for gesta-
tional age (SGA) babies, 47 such babies
(median gestation 38 weeks; range 27-41)
and 41 appropriate for gestational age
(AGA) babies matched for sex, race,
and gestational age were recruited.
Anthropometry was performed within 48
hours of birth and at 6 months. Faecal
chymotrypsin activities were measured
at 0-2 days, 14 days, 6 weeks and 6
months. At 6 months 30 SGA infants and
25 AGA infants were remeasured. In each
group, median stool chymotrypsin activi-
ties doubled between 0-2 days and 6
months (9.0-25.5 IU/g SGA group;
11*6-25*3 IU/g AGA group). SGA babies
had significantly lower chymotrypsin
activities at 14 days (10.9 U/g) than AGA
babies (15.5 U/g). In the SGA group faecal
chymotrypsin activities at 0-2 days were
strongly correlated with both catch up
weight and with catch up length when
corrected for the effects ofbirthweight.
These data show that impaired pan-

creatic exocrine function at birth is associ-
ated with severe intrauterine malnutrition
and with impaired catch up growth during
the first 6 months oflife.
(Arch Dis Child 1995; 73: F158-F161)
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Animal models of fetal malnutrition in utero
have shown impaired pancreatic exocrine
function in the resulting growth retarded
neonate. 1-3 We have recently shown that pan-
creatic exocrine function in humans is
impaired in preterm infants who have
intrauterine growth retardation (IUGR)4;
evidence of depressed pancreatic exocrine
function was still present at 4 weeks of age.

In some infants with IUGR catch up growth
may be suboptimal.5 We therefore considered
whether inadequate catch up growth could be
related to relative pancreatic insufficiency. We
sought an association between poor catch up
growth in the first 6 months of life and early
depression of pancreatic exocrine function.
To perform serial, non-invasive measurements
of pancreatic function we used faecal
chymotrypsin as a previously validated index.6

Methods
Forty seven consecutive small for gestational

age (SGA) babies, each weighing less than the
third centile7 8 and born at Birmingham
Maternity Hospital, were recruited (median
gestation 38 weeks; range 27-41 weeks).

Forty two appropriate for gestational age
(AGA) babies who weighed more than the
10th centile were recruited. These were the
next babies born who matched the sex, race,
and gestation of the previously recruited SGA
babies (median gestation 39 weeks; range
29-41 weeks).
For both groups of infants, data were

collected on parental occupations, marital
status, smoking habits, maternal booking in
weight and weight at 34 weeks' gestational age
from the antenatal record. The maternal
weight gain over this period was calculated. At
the six month visit, parental recall of the
infant's nutritional history was recorded. The
differences between the groups' characteristics
are summarised in table 1.

FAECAL CHYMOTRYPSIN ACTIVITY
Single stool samples were collected from each
subject at the following times: within the first
48 hours of birth, at 14 days, 6 weeks and at 6
months of age. In 87% the first sample was
meconium. The samples were frozen at -30°C
within three days of collection and were
analysed for stool chymotrypsin activity using a
colorimetric method. Details of the procedure
and performance data for the method have
been published elsewhere.9

ANTHROPOMETRY
The following anthropometric data were
collected within the first 48 hours and at 6
months: weight, length, head circumference
mid arm circumference (MAC) and triceps
skinfold thickness. Weight was measured on
analogue scales on the labour ward by the
attendant midwives. The coefficient of varia-
tion (CV) for midwife interobserver error was
0 75%. All the remaining measurements were

Table 1 Differences between smallfor gestational age and
appropriate for gestational age groups

SGA AGA P<

Smoking (/) 54 15 0-01
Median duration of breast feeding (weeks) 2 12 0-05
Maternal weight gain during the first 34
weeks (kg) 7-6 10-1 0-05

Median maternal weight 34 weeks (kg) 66-1 69-1 0 05
Median maternal booking weight (kg) 55-6 60-6 NS*
Median maternal booking weight (kg) 55-6 60-6 NS*
Median social group 3-5 3 NSt
Married (%) 65 76 NSt
Non-white (0/o) 28 15 NSt

*Mann Whitney; P>0 05. tX2 test; P>0 05.
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Figure 1 Relative weight gain between birth and 6
months in the AGA and SGA groups. The horizontal line
in each box denotes the median, the limits of the box the
25th and 75th centiles, and the bars denote the range.

made by a single researcher (SW). Weight at 6
months was measured using Seca digital scales
(CV 0-34%). Length was measured using a
Harpenden infantometer (CV 0-62%). Head
circumference was measured at the maximum
circumference using a paper tape measure (CV
0-86%). The mid arm circumference was
measured at the midpoint between the supra-
scapular spine and the tip ofthe olecranon (CV
2-1%). The triceps skinfold thickness was
taken as the average of three measurements
using a Holtain skin calliper taken in the same
position as the mid arm circumference (CV
8-2%). The following variables of nutritional
status were calculated: ponderal index
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Figure 2 Stool chymotrypsin activity by postnatal age in the SGA andAGA groups. The
horizontal line in each box denotes the median, the limits of the box the 25th and 75th
centiles, and the bars denote the range.

Table 2 Comparison of catch up growth (change in SD
scorefrom birth to 6 months) between SGA andAGA
groups

Gestational Catch up Standard P value
age (SD) error difference

Weight catch SGA 1-3 0-19 P<0-0001
up AGA 0 0 0-19

Length catch SGA -0 3 0-23 P<0-0001
up AGA -1-4 0-19

Head
circumference SGA 0 9 0-20 P<0 05
catch up AGA 0-2 0-16

(weight/length3), body mass index (weight/
length2), MAC:HC ratio and its z-score.

STATISTICAL ANALYSES
Differences between the SGA and AGA group
stool chymotrypsin activities at the various ages
of collection were confirmed using the Mann-
Whitney U test. In order to compare babies
born at different gestations and of different
sexes the anthropometric data were converted
to standard deviation scores (z-score) using the
Castlemead Growth program and Gairdner
Pearson data which are based on published
studies.8 1012 Using the measurements at birth
and at 6 months, catch up growth was defined
as the change in z-score for a particular variable
over this period. This was calculated for weight,
length, and head circumference. Differences
between the two groups for catch up growth
were tested using Student's t test.

Within the SGA and AGA groups multiple
regression analysis was used on both the
anthropometric data and the stool chymo-
trypsin data, to identify those factors present at
birth which were predictive of subsequent
growth. This also allowed the effects of
confounding variables to be analysed. Stool
chymotrypsin activities were converted to
square roots to normalise their distribution.

Results
Of the 47 SGA infants recruited, 30 attended
for anthropometry at 6 months or were
measured at home and therefore data are pre-
sented on these 30 subjects. Similarly, 25 of
the 42 AGA infants who were recruited were
measured at 6 months.
As expected the SGA group showed sub-

stantially greater catch up growth than that of
the control AGA group (P<0 0001 for weight
and length, P<0 05 for head circumference).
Mean catch up weight gain in the SGA group
was 1-3 standard deviations, compared with
0-0 in the control group (fig 1 and table 2).
There was no association between catch up
growth and duration of breast feeding.

FAECAL CHYMOTRYPSIN ACTIVITIES (fig 2)
When subject and control data were pooled,
median faecal chymotrypsin activity more than
doubled between birth (10>3 IU/g) and 6
months (25*3 IU/g). Activity was lower in the
SGA group during the first two weeks (8-9 IU
at birth, 10 9 at two weeks v 11*6 IU and 15-5
LU in the AGA group). This difference
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between the SGA and AGA groups became
large and significant (P<0 01) by 14 days
when the AGA group's stool chymotrypsin
activity had increased substantially from that at
birth. However, at 6 weeks and 6 months,
when catch up growth was occurring, there
was no significant difference in chymotrypsin
activity between the groups.
The most important independent predictor

of catch up growth for weight in the SGA
group was the stool chymotrypsin activity in
the first 2 days of life (r=0-41, P<0 05). The
greater the chymotrypsin activity the greater
the catch up growth and conversely catch up
growth tended to be impaired in those whose
first stool chymotrypsin activities were the
lowest. The babies with the lowest birthweight
standard deviation score, however, had a
tendency to have both lower first 48 hour stool
chymotrypsin activities and increased catch up
growth. The effect of birth size on catch up
growth therefore confounded the relation
between catch up growth and the first stool
chymotrypsin activity. When birth size was
controlled for, catch up growth was even more
closely related to the first 48 hour stool chymo-
trypsin activity (partial correlation; r=0-62;
P=0 001 for weight; r=0-38, P=0 07 for
length). Multiple regression analysis showed
that of the variables measured at birth, stool
chymotrypsin activity was the most important
independent predictor of catch up growth.
Birth skinfold thickness standard deviation
score was more closely correlated with catch
up weight gain but was less independent of
other anthropometric variables (table 3). The
partial correlation coefficient of birth skinfold
thickness and catch up weight corrected for
birthweight was -0-61, P=0-002.

Although there was a good correlation
between the first 48 hours stool chymotrypsin
activity and catch up growth, there was no
similar correlation with subsequent stool
chymotrypsin activities at 14 days, 6 weeks,
and 6 months.

PREDICTORS OF RELATIVE WEIGHT GAIN OTHER
THAN STOOL CHYMOTRYPSIN
The other independent predictor of the
amount of catch up growth in the SGA group
was skinfold thickness at birth (r=-0-69,
P<0 001). There was a modest association
between catch up growth and birth ponderal
index in the SGA group (r=-0-36, P=0'06),
but this was not independent of birthweight
as a predictor of catch up growth. There was

Table 3 Correlation of variables recorded at birth and catch up weight gain in smallfor
gestational age group

Correlation

Variable r Value P value

0-2 Day stool chymotrypsin activity (uncorrected) 0-41 0-045
Birthweight -040 0 03
0-2 Day stool chymotrypsin activity corrected for birthweight 0-620-001
Triceps skinfold thickness -0-69 0-001
Ponderal index (weight/length') -0-36 0-06
Body mass index (weight/length2) -0*2 0*3
Mid arm circumference (MAC) -009 0-6
MAC: head circumference ratio -0-17 0 4
Average parental height z-score 0-12 0-6

no significant association between mode of
feeding and catch up growth in the SGA
group.

Discussion
We have shown that there are postnatal
changes in stool chymotrypsin activity over the
first 6 months of life in SGA and AGA babies.
The results were consistent with intraduodenal
intubation studies of protease activity'3 and
confirm stool chymotrypsin activity as a useful
measure of pancreatic exocrine function. Stool
chymotrypsin activity more than doubled over
the first 6 months of life from 10 U to 25 U
and this paralleled the results of studies of
intraluminal chymotrypsin activities.'4

Stool chymotrypsin activity was lower in
SGA babies than in controls in the first 2 weeks
but recovered by 6 weeks and remained similar
to that of the AGA group at 6 months. This
was consistent with a previous study of stool
chymotrypsin activity which showed signifi-
cantly lower stool chymotrypsin activity in
SGA premature infants. However, in that
group of premature babies the depression of
stool chymotrypsin activity persisted for four
weeks.4 Similar findings have also been made
on animal models of intrauterine malnutri-
tion2 3 and early postnatal malnutrition' where
reduced concentrations of pancreatic enzymes,
including proteases, have been demonstrated.
As expected, the SGA babies showed signifi-

cantly greater catch up in weight than the AGA
babies in the first 6 months of life. This inter-
val was chosen on the basis of the work of
Davies et al 5 which showed that catch up in
weight was most rapid in the first 6 months of
life.

In SGA babies there was a strong correlation
between the first 48 hour stool chymotrypsin
activity and subsequent catch up growth. This
was especially apparent when birthweight was
controlled for. This would suggest that infants
who had sustained greater intrauterine mal-
nutrition, which was sufficiently severe to have
long term sequelae on growth, had impaired
pancreatic exocrine function at birth compared
with infants who had less severe intrauterine
conditions. An even closer correlation would
have been expected if we had studied babies
who had all had true intrauterine growth
retardation. In fact, we would expect that
within our population of SGA neonates there
would have been a proportion who were small
but normally nourished. The hypothesis that
failure of catch up growth is causally related to
pancreatic exocrine function is not supported
by the data: there was no correlation between
catch up growth and post-perinatal stool chy-
motrypsin activity in the SGA group.
Most AGA babies will have enjoyed a

favourable intrauterine environment, and post-
natal changes in centiles or standard deviations
are therefore more likely to be attributable to
postnatal than intrauterine factors. It was
therefore not surprising that first day stool
chymotrypsin activity was not correlated with
relative weight gain in the AGA group.

There was no close correlation between
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catch up growth in either group and maternal
weight at booking, at 34 weeks' gestation, or
with maternal weight gain over that period.
The relation of catch up growth to the tri-

ceps skinfold thickness suggests that this may
be a useful tool for a measurement of the
degree of intrauterine growth retardation.
Ponderal index, body mass index, and mid arm
circumference, and its ratio with the head
circumference, were poor predictors of catch
up growth. They were no better than body-
weight z-score and thus their use to indicate
intrauterine growth retardation in SGA and
AGA infants must be questioned.'5-'8

These issues are of added interest because
there is now increasing evidence of disturbed
endocrine, as well as exocrine, pancreatic func-
tion in growth retarded infants.'9 This may
have important implications for carbohydrate
intolerance in adult life.20 Studies at birth in
IUGR infants have shown reduced insulin con-
centrations2l and insulin:glucose concentra-
tion ratios.22 Premature IUGR infants also
have impaired glucose tolerance.23 In animal
models of IUGR an impairment of fetal
glucose transport in peripheral tissues com-
pared with brain has been demonstrated: this
may be the basis of differential organ growth in
IUGR.22 There is considerable debate about
the association between IUGR, weight gain in
infancy, and subsequent health as an
adult.24-27 In particular, IUGR and poor
weight gain in the first year may be associated
with maturity onset diabetes and mortality
from ischaemic heart disease in later years.
Faecal chymotrypsin activity at birth may
therefore be an indicator of IUGR and be a
predictor, not only of catch up growth, but also
of morbidity in adult life.
We conclude that the ability ofIUGR babies

to show catch up growth is correlated with
evidence of pancreatic exocrine ftunction in
utero, but that this is unlikely to be a causal
relation.
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