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the valve replaced, and low mortality rates for elective valve
reoperations in a particular clinic may be additional factors
that tip the balance in favour of prophylactic replacement of
the artificial valve. Prophylactic reoperation should,
however, be considered in patients with a large 70&deg;CC mitral
prosthesis and young patients with a large 60&deg;CC mitral
valve.
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Breast milk and subsequent intelligence quotient in
children born preterm

There is considerable controversy over whether
nutrition in early life has a long-term influence on
neurodevelopment. We have shown previously that,
in preterm infants, mother’s choice to provide breast
milk was associated with higher developmental
scores at 18 months. We now report data on

intelligence quotient (IQ) in the same children seen
at 7&frac12;-8 years.

IQ was assessed in 300 children with an

abbreviated version of the Weschler Intelligence
Scale for Children (revised Anglicised). Children
who had consumed mother’s milk in the early weeks
of life had a significantly higher IQ at 7&frac12;-8 years than
did those who received no maternal milk. An 8&middot;3
point advantage (over half a standard deviation) in
IQ remained even after adjustment for differences
between groups in mother’s education and social
class (p<0&middot;0001). This advantage was associated
with being fed mother’s milk by tube rather than with
the process of breastfeeding. There was a dose-
response relation between the proportion of
mother’s milk in the diet and subsequent IQ. Children
whose mothers chose to provide milk but failed to do
so had the same IQ as those whose mothers elected
not to provide breast milk.

Although these results could be explained by
differences between groups in parenting skills or

genetic potential (even after adjustment for social
and educational factors), our data point to a

beneficial effect of human milk on neuro-

development.

Introduction

Several investigators have proposed that breastfed infants
may be advantaged in their subsequent development and
intelligence quotient (IQ),t-6 although this suggestion has
been questioned.7 In some studies the advantage was found
after adjustment for differences between breastfed and
formula-fed babies with respect to social class or parental
educational statuS.S,6 In a 1946 birth cohort6 in which
breastfed babies had an advantage in later IQ, there may not
have been the bias towards higher socioeconomic and
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educational status among breastfeeding mothers that is seen
nowadays. One interpretation of these findings is that
human milk is beneficial to development. However, the
decision to breastfeed may equally be a manifestation of the
desire to be a good parent and "positive health behaviour",8
both of which may influence the child’s development.
Whether such parental factors can be adequately adjusted
for in statistical models comparing breastfed and bottle-fed
infants is uncertain. However, since infants cannot be
assigned randomly to breast or formula feeding, the

hypothesis that breast milk has a favourable effect on

neurodevelopment can only be tested by seeking an
advantage for infants fed breast milk in a wide range of
circumstances.

Premature babies are a special subgroup in this regard.
They are born at a stage of rapid brain growth, and there is
evidence that early diet influences later, performance on
developmental tests.9,10 Dietary management in these babies
is strictly controlled and monitored. Such infants are fed
milk by tube, so it is possible to examine outcome in relation
to the consumption of breast milk itself rather than to the
process of breastfeeding. We have previously reported,’ in
our dietary study on 926 preterm infants, that mother’s
choice to provide breast milk was associated with higher
developmental scores at 18 months post term, even after
adjustment for a wide range of potentially confounding
factors. We now report data on intelligence quotient (IQ) in
the first 300 children seen at 71z -8 years.

Children and methods

Babies under 1850 g at birth, admitted to the special-care baby
units in Cambridge, Ipswich, Kings Lynn, Norwich, and Sheffield
between January, 1982, and March, 1985, were entered into four
parallel trials of preterm infant feeding, details of which are

published elsewhere.lo,l1 Mothers chose whether or not to provide
breast milk for their infant within 72 hours of delivery. Here, in an
interim analysis, we have examined how mother’s milk feeding
related to IQ at 7z’-8 years. We collected information about family
structure, social class, mother’s education, pregnancy, labour,
delivery, and the neonatal period.

Social class was coded with the Registrar General’s classification
based on occupation of the income-providing parent or on father’s
occupation if both parents were earning, and with class III
subdivided into non-manual and manual. Mother’s education was
coded as follows: no educational qualifications (1); up to four passes
for the certificate of secondary education (CSE) (2); any general
certificate of education (GCE) at ordinary (0) level or more than
four CSEs (3); any GCE at advanced (A) level (4); and degree or
higher professional qualification (5). Birth rank was defined as the
child’s birth order in the surviving children of the family, with
infants from multiple births being assigned equal rank. Mode of
delivery was categorised as caesarean or vaginal.

Overall, 300 children were studied, representing a 96% follow-
up rate of 313 survivors. Those not seen were principally children of
US Air Force personnel who had returned to the USA; when these
are excluded, follow-up rate of survivors was 99% (300/303). We
assessed IQ with the Weschler Intelligence Scale for Children
(revised Anglicised version: WISC-R UK).12 Because of the
extensive additional data collected at this follow-up, we had to use
one of the abbreviated versions of the WISC-R, with five

subtests-namely, similarities, arithmetic and vocabulary (verbal
scale), and block design and object assembly (performance scale).
The overall WISC-R IQ assessed from these five subscales has
a correlation coefficient with the full scale WISC-R IQ of
over 0 96.

Statistical analyses used were Student’s t test, chi-square test, and
multiple regression. The variables used in the regression models
(see below) were those that we had shown previously5 to be related
to mental development at 18 months that could potentially

TABLE I-DEMOGRAPHIC CHARACTERISTICS OF THE STUDY

POPULATION

*p<005.tp<0 001.
:t:GCE 0 levels or above (see text).

confound the relation between early dietary choice and later

neurodevelopmental outcome. Social class and mother’s education
were grouped to give a linear relation with the WISC scores.

Results

Demographic characteristics of the children whose
mothers chose not to provide breast milk (group I) and those
who chose to do so (group II) are shown in table I. There
were more baby boys in group II than in group I, as shown
previously.14 As expected, there were more mothers with
degrees/higher professional qualifications and families in
social class I or II in group II. The two groups were well
matched with respect to birthweight, gestation, need for
ventilation, days in the study (days until discharge or
attainment of 2000 g body weight), and time to establish full
enteral feeds. The groups were also matched for the use of
diets other than breast milk: the proportions fed on preterm
formula, mature pasteurised donor drip breast milk, and
term formula were 51 % (n = 46), 31% (28), and 18% (16),
respectively, in group I infants and 50% (105), 31% (65),
and 19% (40) in group II infants, who were given these
supplements in volumes according to mother’s success at
producing milk. The distribution of diets between the two
groups was similar because of the experimental design in the
randomised part of the trials;10,11 this similarity would
reduce to a minimum any differences in outcome between

groups I and II that could be accounted for by diets other
than mother’s milk. (Performance of children previously fed
on donor breast milk will be published elsewhere.)

Table 11 shows the unadjusted verbal, performance, and
IQ scores in children in the two groups. Group II children
had a highly significant advantage over group I children.
Babies in group II were then divided into those whose
mothers did (193) or did not (17) succeed in providing any
breast milk. The mean IQ of children in these two subsets
were compared with that of children in group I. Children
whose mothers chose to provide breast milk, but failed to do
so (group IIa), had subsequent IQ scores similar to group I
children, and in both instances these scores were

TABLE II-IQ AT 7}-8 YEARS IN THE TWO GROUPS
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TABLE III-ADJUSTED ADVANTAGE IN WISC IQ SCORES FOR

GROUP II BABIES

*All 210 babies in group 11 (compared with 90 m group 1) )
tp < 0 001, tp 0-0001
&sect;193 babies from group II who received breast milk (compared with mfants from
group I, plus those from group I who received no breast milk, n = 107)
CI = confidence interval

significantly lower than in babies whose mothers were
successful in providing their milk (group IIb).

Group Mean (SE) /0
I (n=90) 92-8 (1-6)
IIa (n = 17) 94-8(4-6)
lib (n= 193) 103-7(1-1)
Group I vs group Ila p=NS, group I vs group lib p<0 001, group Ila vs
group Ilb p=O 02

There was no significant difference in the proportion of
group IIa and group lIb mothers in social class 1/11 (31 %
[601193] vs 24% [4/17] compared with 10% in group I).
Similarly, there was no difference in the proportion of such
mothers who had at least some GCE 0 levels (52%
[101/193] vs 41% [7/17], compared with 24% in group I).
Regression analysis was used to adjust for confounding

factors. As independent variables, we used the factors that at
our 18 months follow-ups were related to developmental
scores that might confound the comparison of WISC IQ
scores between groups. These factors included social class
and mother’s education, birthweight, gestational age, birth
rank, days of ventilation required, the child’s sex, and
mother’s age. Of these, only social class, mother’s education,
days of ventilation, and infant’s sex were related to later IQ
(see below). After adjustment for these factors there were
highly significant advantages for infants in group II with
respect to verbal scale, performance scale, and overall IQ
(table III). These advantages were slightly greater for infants
in group II who actually received mother’s milk, with an 8-3
point advantage in overall IQ (table ill). Of the five factors
that were related to IQ at 7 t-8 years, early mother’s milk
feeding was the most significant (table IV).

Subsidiary analyses
To explore further a dose-response relation between

mother’s milk and subsequent advantage with respect to IQ,
a separate analysis was done on babies whose mothers chose
to provide their milk. When the proportion of the diet
consumed as mother’s milk during hospital stay was

regressed against IQ, while adjusting for the potentially

TABLE IV-FACTORS RELATING TO IQ AT 7-8 YEARS

’Registrar General’s social class recorded as 4 categories soci class I or N, social I
class III non-manual, social class III manual, social class IV or V
tMotheiseducationcodedona5-pomtscalefroml 1 (no educational qualifications)
to 5 (degree or higher professional qualification)
CI = confidence interval

confounding factors listed above, there was a significant
linear relation (p < 0’05)---a finding that was greatest for the
verbal scale (p < 0-01), with a 9-0 point advantage (95%
confidence interval [CI] 6-6, 12-4) for babies consuming
100% mother’s milk over those consuming none.

Nevertheless, many clinical factors could have influenced
the proportion or volume of mother’s milk consumed, and it
is not certain that these could be adjusted for adequately;
hence, precise qualification of the dose-response relation
would be unrealistic.

In hospital, infants who were given breast milk were fed
principally by nasogastric tube. However, a small

proportion of the infants (35/300) went home breastfeeding.
Could the observed advantage in IQ for the infants fed
breast milk have been related to breastfeeding (and
associated parental behaviours) rather than to the breast
milk itself? In a attempt to address this question we did a
further regression analysis comparing children in groups I
and II, but excluding the 35 children in group I I who were
still breastfeeding on discharge. The children in group II
continued to have a highly significant advantage of 7-5
points (95% CI 3-5, 11-5; p < 0001).
We explored the possibility that the developmental

advantage seen with mother’s milk feeding might be
different within individual social class or maternal education
bands by testing for interactions between diet and social
class or mother’s education. Such interactions were not
found. For instance, there was no evidence that high social
class or education diminished the relation between

breastfeeding and IQ.

Discussion
We have shown that preterm babies whose mothers

provided breast milk had a substantial advantage in

subsequent IQ at 72--8 years over those who did not receive
mother’s milk, even after adjustment for a wide range of
factors that might have confounded this comparison.
Indeed, consumption of mothers’ milk was more

significantly related to later IQ than to any other factor.
Furthermore, among babies whose mothers chose to

provide breast milk, there was a significant dose-response
relation between the proportion of mothers’ milk consumed
and later IQ, which persisted after adjustment for potential
confounding.
Could there be other reasons for our findings? We

acknowledge that social class and mother’s education are
factors that may not be satisfactory measures of parenting
skills and positive health behaviour .5,8 Such parental
attributes could have been associated with the mother’s
choice to provide breast milk and might also have
contributed to or perhaps accounted for the advantage in IQ
that we observed. If this had been so, however, our data
would show that for any social class or level of maternal

education, choosing to provide breast milk was a proxy for
parental behaviours that conferred a benefit of more than
half a standard deviation of IQ (SD 15-16 points).
Therefore, we might have expected to find an association
between mothers who chose to provide their milk but failed
to do so and at least some benefit in subsequent IQ in the
child. On the contrary, we found that the IQ of children in
this category was virtually identical to that in children whose
mothers chose not to provide milk at all. Additionally, our
data did not support the argument that the observed

advantage in IQ for children whose mothers chose to
provide breast milk was due to the interaction between
mother and child fostered by the process of suckling, since
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this IQ advantage was seen even in babies who only received
mothers milk by nasogastric tube while they were in hospital.
We cannot exclude the possibility that our fmdings can

still be explained by differences in parental behaviour or
genetic potential between the groups, even after adjustment
for social and educational factors. Nevertheless, our data are
also consistent with the hypothesis that breast milk could
have a beneficial effect on neurodevelopment. It is

noteworthy that the benefit that we have seen in the present
study is larger than that observed in studies of children born
at term. Mothers who provided breast milk for our

premature babies might be regarded as an especially
motivated and tenacious subgroup, conferring a greater
advantage to their children. However, this notion, which has
been suggested previously,5,8 is not consistent with our

finding that the overall proportion of mothers (around 70%)
who planned to provide their milk 48-72 hours after delivery
(as stipulated in this study) was similar to our local figures
(unpublished) for breastfeeding in term infants from
48-72 hours onwards. Alternatively, preterm babies may be
especially sensitive to their early nutrition,9’ since we found
previously1O that meeting their special nutrient needs with
preterm rather than standard formula led to a major
neurodevelopmental benefit. Perhaps inclusion of maternal
milk in the diet of this sensitive group confers substantial,
additional advantage for cognitive development.

Various criteria that support the hypothesised causal role
of breast milk in promoting neurodevelopment have been
satisfied: these include a strong correlation after adjustment
for confounding factors, consistency of the observation in
several studies conducted in term and preterm infants under
different test conditions, a temporal relation, and, as we have
shown here, evidence of a dose-response relation. It is

important also that this hypothesis should be supported by
experimental evidence; moreover, it should be plausible and
consistent with the known biology of breast milk. We now
have some experimental evidence (unpublished) from our
randomised trials suggesting that the shortfall in

developmental scores of preterm infants at 18 months who
were fed term rather than preterm formula1O was not nearly
so pronounced when they were fed donor breast milk rather
than preterm formula. This finding suggests that human
milk might contain factors that compensate for its poor (for
preterm infants) nutrient density. With regard to the

biological plausibility of the hypothesis, human milk
contains various factors that might affect nervous system
development. For example, long-chain lipids,15 which are
not present in formulas, are important for the structural
development of the nervous system (eg, docosahexanoic acid
[22:6co-3], which is accumulated in large amounts in the
developing brain and retina). Human milk also contains
numerous hormones and trophic factors15,17 that might
influence brain growth and maturation. Work is needed to
explore further whether the advantage in intelligence seen
with human milk feeding is due to coincidental parenting or
genetic factors or, rather, to factors in human milk itself,
which would have important implications for neonatal care
and for infant nutritional policy.
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From The Lancet

Nor any drop

The Queen has been pleased to appoint a Commission for the
purpose of ascertaining what supply of unpolluted and wholesome
water can be obtained by collecting and storing water in the high
grounds of England and Wales, either by the aid of natural lakes or
by artificial reservoirs, at a sufficient elevation for the supply of the
large towns; and to report, firstly, which of such sources are best
suited for the supply of the metropolis and its suburbs; and,
secondly, how the supply from the remaining sources may be most
beneficially distributed among the principal towns. The water
supply of the metropolis and of the chief towns of England is, of all
the questions which most nearly concern the public health, that
which demands the chiefest attention. Thoughtful men have long
foreseen that the present sources of supply, at all times unequal of
the sanitary requirements of London and the chief provincial towns,
would sooner or later prove altogether insufficient in quantity; while
an increasing deterioration in quality, where the source is a stream
passing through a thickly-peopled district, as the upper waters of
the Thames, has awakened the gravest anxiety. In the metropolis all
the evils arising from an insufficient water-supply are illustrated at
the present moment on the hugest scale; and the flimsiness of our
safeguards against the increasing or accidental pollution of the
principal sources was shown with startling clearness by the recent
explosion of epidemic cholera in its eastern districts. So far as the
bulk of the poorer population of London is concerned, our existing
apparently magnificent arrangement for the storage and
distribution of water is a gigantic sham.... What is true of the water
supply of the metropolis is true also, more or less, of that of almost
every great town of England. The cardinal evils are defectiveness in
quality and deficiency in quantity; and both, as a rule, arise from the
nature of the sources from which the supply is obtained. The evils
augment in proportion as the populations increase; and recent
legislation goes but a short way to meet them.

(Jan 5, 1867)


