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Abstract
The eVect of diet on pancreatic exocrine
function, measured by faecal chymot-
rypsin activity (FCA), was studied longi-
tudinally in three groups of small for
gestational age (SGA) infants in the first
six months of life. The three groups com-
prised breastfed infants (group B), those
randomly allocated to receive a standard
infant formula (group S), or the same for-
mula supplemented with nucleotides
(group N). The three groups did not diVer
in their birthweight or gestational age.
Nucleotide supplementation of infant for-
mula improves catchup growth in SGA
infants but whether this is due to eVects on
the gastrointestinal mucosa or the exo-
crine pancreas is not known.
There were no diVerences in FCA at

study entry but by one month group B had
significantly lower values than the other
groups, and this was maintained at 2, 4,
and 6 months. Groups N and S did not dif-
fer significantly at any time point.
Nucleotide supplementation of infant

formula does not influence pancreatic
exocrine function and its eVect on growth
is unlikely, therefore, to be mediated
through the pancreas. This study shows
that breast feeding is associated with lower
FCA which may be related to the lower
protein content of human milk. Reliable
interpretation of FCA in young infants
requires information about their diet.
(Arch Dis Child 1997;76:F201–F202)

Keywords: chymotrypsin; small for gestational age;
nucleotides; breast feeding; formula feed

Pancreatic exocrine function is influenced by
fetal nutrition. Studies in several animal species
have shown impaired function and reduced size
of the pancreas following experimentally
induced1 or naturally occurring2 intrauterine
growth retardation (IUGR). Duodenal juice
obtained from small for gestational age (SGA)
human infants shows negative correlations
between lipase and trypsin activities and the
degree of IUGR.3 A reliable index of pancreatic
exocrine function in the human infant is faecal
chymotrypsin activity (FCA): it is non-invasive
and relatively inexpensive to measure.4 FCA is
significantly lower in SGA infants compared
with appropriately grown controls,5 and soon
after birth strongly correlates with catchup
growth over the first six months of life,6 which
provides further evidence for impaired pancre-
atic exocrine function being associated with
intrauterine malnutrition and reduced catchup
growth.

Little has been published on how pancreatic
exocrine function might be aVected by postna-
tal diet. One cross-sectional study found
significantly lower FCA in breastfed infants
compared with those fed on standard infant
formula milk.7 We have already shown that
nucleotide supplementation of infant formula
improves catchup growth in SGA infants and
suggested this may be due to trophic eVects of
nucleotides on intestinal mucosa damaged by
intrauterine malnutrition.8 However, this im-
proved growth may also be mediated through a
beneficial eVect of nucleotides on exocrine
function of the pancreas, an endodermal
derivative of the upper gastrointestinal tract. To
test this hypothesis and to learn more about the
eVects of postnatal diet on pancreatic exocrine
function following prenatal growth retardation,
we studied longitudinally the eVects of three
diVerent diets (human milk, standard infant
formula, and nucleotide supplemented for-
mula) on FCA in SGA infants over the first 6
months of life.

Methods
Infants were recruited to the study over 18
months from four maternity units in South
Wales. Inclusion criteria were: gestational age
greater than or equal to 37 weeks; birthweight
below the 5th centile for length of gestation,
allowing for maternal height, birth order, and
sex9; and singleton pregnancy. Infants with a
major congenital or chromosomal anomaly
were excluded.
Recruitment took place within seven days of

birth. Infants of mothers deciding not to breast
feed were randomly allocated to receive either a
standard infant formula (group S) or the same
formula supplemented with the five mono-
phosphate nucleotides in concentrations simi-
lar to those reported in human milk (group N).
Infants who were breastfed were followed up
and included as group B if breast feeding con-
tinued for at least one month.
Faecal samples were collected at study entry

(between 2 and 7 days of age) and then at 1, 2,
4 and 6 months of age. Samples were frozen at
−20°C within 72 hours of collection and FCA
analysed in batches using a commercially avail-
able kit (Chymo, Boehringer Mannheim) and
an automated spectrophotometer. Chymot-
rypsin liberates a chromogenic product (p-
nitroaniline) from a synthetic tetrapeptide sub-
strate. Each sample was analysed in triplicate
and the mean value used for analysis. The
assays were performed by staV who were not
aware of the infants’ diet. FCA values were
converted to square roots to normalise their
distributions. DiVerences between the three
groups at each time point were analysed by
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analysis of variance (ANOVA), and diVerences
between pairs of the three groups using the
Bonferroni method.

Results
Samples were analysed on two or more
occasions from 35 infants in group N, 31
infants in group S, and 32 infants in group B.
The three groups did not diVer significantly in
their birthweight, gestational age, nor in the
ages when solid food was introduced (table 1).
Table 2 gives the number of samples analysed
at each time point for each group. The large
dropout from group B was largely as a result of
infants being changed from breast to formula
feeding during the study period. These infants
did not diVer from those remaining in the study
in their initial FCA.
For reasons of clarity figure 1 shows the

median FCA before transformation to square
roots at each time point for the three groups.
After transformation there were no significant
diVerences between the FCA in the three
groups at study entry, but by one month group
B had significantly lower FCA than the two
formula-fed groups (ANOVA P=0.006), diVer-
ences that persisted at 2 months (P<0.0001), 4
months (P=0.008), and 6 months (P=0.025).
At no time point were there significant
diVerences between groups N and S.

Discussion
SGA infants are a heterogenous group but fetal
undernutrition is an important cause of their
small size. Among infants in this subgroup,
early postnatal catchup growth is a recognised
and important feature.10 However, fetal under-
nutrition is also associated with impaired
structure2 and function11 of the small intestinal
mucosa, and of pancreatic exocrine function,3

both of which may limit catchup growth. We
have already shown that nucleotide supple-
mentation of infant formula improved catchup
growth and suggested that this was likely to be
due to trophic eVects on the intestinal mucosa.8

The possibility that absorption of nucleotides
might also enhance pancreatic exocrine func-
tion needs to be considered as this might be an
alternative explanation for the observed im-
provement in catchup growth.

Nucleotide supplementation does not seem
to aVect pancreatic exocrine function meas-
ured by FCA. This indirectly supports our pre-
vious hypothesis that the improved catchup
growth with nucleotide supplementation is
more likely to be mediated through trophic
eVects on the intestinal mucosa.
Our study confirms that breastfed infants

have lower FCA values than those fed with
formula,7 emphasising the importance of con-
sidering diet when interpreting FCA in young
infants. The true protein content of human
milk is lower than previously thought,12 and
certainly lower than that in standard infant for-
mula. With the protein content of the diet
influencing pancreatic exocrine function,13 we
speculate this to be the reason for the lower
FCA in breastfed infants.

We gratefully acknowledge the technical expertise of Heather
Wheatley in performing the assays.
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Table 1 Characteristics of study infants

Group N
(n=35)

Group S
(n=31)

Group B
(n=32)

Mean (SD) gestational age (weeks) 38.4 (1.2) 39.1 (1.4) 38.6 (1.1)
Mean (SD) birthweight (g) 2332 (243) 2395 (225) 2352 (246)
Mean (SD) age at introduction of solid
foods (weeks) 14.1 (3.9) 12.0 (2.6) 14.1 (4.1)

Group N: nucleotide supplemented formula; group S: standard infant formula; group B:
breastfed.

Table 2 Numbers of samples collected from infants in three
feed groups at diVerent time points

Age Group N Group S Group B

< 1 week 33 26 29
1 month 30 23 21
2 months 22 22 24
4 months 19 17 11
6 months 14 15 11

Figure 1 Median FCA (IU/g faeces) in the first 5 months
in three diVerent feed groups.
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