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Fat in the newborn

In 1972 I received the improbable message that
Douglas Gairdner wanted my advice. Our only
previous contact had been on editorial matters, with
me in the supplicant role, although I must nearly
have met him in a different supplicant role while I
waited for his niece to emerge from 19 Adams Road
in March 1959. But it was far from clear to me what
a research fellow had to offer him. Nevertheless, the
request was pursued, he really did seem to want to
see me and, what was more, it was the mountain
that was going to do the moving.

Eventually he arrived at the Institute of Child
Health bursting with the youthful vigour most of
us never had, brandishing an Ogden's tobacco tin
full of stubby little needles, a sight odd enough for
any narcotic investigator. It was these that were the
cause of his problem because his latest research
interest, which had to do with body fat, was being
frustrated by his inability to obtain samples of
adipose tissue from little babies through these fine
needles. Being the man he is, he had sought help
from the literature and may well be the only reader
of my MD thesis in the Cambridge University
library. At all events I was able to give him some of
my 3-inch FG 12 Bell and Croyden specials and,
needless to say, he never looked back.
Between 1975 and 1977 Douglas published 3

papers on body fat in infancy.1' 23 The first and the
last, respectively on the composition of body fat in
infants and on the assessment of total body fat, were
incidental to the most important of this triad, which
was entitled 'Size of adipose cells in infancy'. At the
time the number of infants that had been studied
was extremely small. Data were available on older
children, but information on the earliest and perhaps
most important part of the adipose cell size and
number story was lacking. Douglas's contribution
focused on cell size, which is what one actually ob-
serves and measures, and that, as will be seen, was
a seminal influence.

Natural history of adipose cell development

Fat cells become recognisable in the human fetus
only in the last trimester of pregnancy but there are
few data on cell size in preterm infants and Douglas's
are probably the best. At between 25 and 30 weeks
of gestation the mean adipose cell diameter is
between 30 and 50 tm and this increases to 50 to
80,m by term2. Site-to-site differences were apparent

from the earliest time of sampling and gluteal
samples regularly contained bigger fat cells than
samples taken from the abdominal wall. This
discrepancy increases as children get bigger so that
the site from which adipose cells are taken is of
considerable importance.4
During the first year of life adipose cell diameter

continues to increase and by one year of age gluteal
fat cells are about 100 V±m in diameter.5 As Douglas
presciently remarked in a 'strictly tentative con-
clusion', the increase in body fat in the first year of
life seems to be largely accounted for by a 5-fold
increase in adipose cell volume.6 Fat cell number
does not change during this time in normal children
and fat cell size does not change afterwards, so that
by 18 months the gluteal fat cell diameter is the same
as in normal adults.7 It is now generally agreed that
growth of body fat in normal persons is accom-
modated by increases in the size of fat cells during
infancy and by increases in their numbers afterwards.
While it has been known for some time that fat

cells once acquired cannot be lost, the idea that new
fat cells can be formed at any time is a relatively
new one89 but one which is becoming increasingly
clear.10 The fact that really huge fat cells are not
found in the very obese adult strongly suggests that
there is a maximum fat cell size, and that when this
size is reached, adipose cell replication begins." The
postulated critical size could change with age but the
concept of size being the trigger to cell replication
rather nicely explains the observations made on
adipose cell numbers in normal infants described
above and in pathological situations later in child-
hood and adult life.12

Changes in skinfold thickness and body fat with age

Many authors have been intrigued by the rapidity of
the increase in skinfold thicknesses in infancy
because it is so odd that suddenly at one year of age
they stop increasing and indeed decrease in normal
subjects. Surprisingly, it was not until 1973 that
some data became available in England13 which
were incorporated into standard charts,14 although
Sweden was well ahead in this field.'5 Values at
birth'6 are of little value asanindicationofmaturity,17
but the description of their increase is now fairly
well established for our population. It is worth
pointing out that what applies in one country may
not necessarily apply elsewhere; the pattern is quite
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different in Berlin, for example,18 and comparisons
can be made only with great caution.
As an isolated measurement, skinfold thickness is

of limited value, but to translate skinfold measure-
ments into terms of total body fat is a useful exercise
clinically. This has been done in adults'9 and now
that accurate methods for determining body fat are
becoming available there are indications that skin-
fold thicknesses more accurately measure body fat
in adults than do measures of body density.20 In
children the methodological problems of densito-
metry are considerable: heavy water21 and 40K7 have
been used as references for the calculation of lean
body mass against which to compare skinfold
thicknesses, but neither method is very satisfactory
because there is so little evidence about the water
and potassium content of the lean body mass in
children.

In infants, whom we knew to be wetter, extra-
polation from childhood values may give very
dubious results, so Dauncey et al. used a geo-
metrical method of calculating body fatness in
infants.3 Their formula stands up well to refined
techniques of measuring body fatness, such as
using xenon.22 For practical purposes we can
assume that a combination of skinfold thickness
measurements gives a good indication of body
fatness in infants23 and I do not think that any
serious study on nutrition in children in 1979 can
afford to omit the measurement of skinfold thick-
ness. Weight and weight-for-height indices are
indirect measurements of nutritional status and are
unreliable as indicators of body fatness in child-
ren24'25 and adults.20 26'27 We would be better
without them.

Determinants of body fatness in infancy

Knowledge about the determinants of fatness is
sparse both in children and adults. One of the
classical ways of looking at genetic and environ-
mental contributions to the determination of a
characteristic is to compare monozygotic with
dizygotic twins, but it seems likely that in body
fatness this model has served us badly. Studies of
both normal28 and obese29 twins have suggested a
strong genetic contribution to body fatness, but
placing reliability upon differences between twins
depends on monozygotic and dizygotic twins being
treated alike. If like-twins are treated more alike
just because they look alike, a spuriously high cor-
relation will be generated between them and the
reverse could apply to dizygotic twins. There is
evidence to suggest that identical twin pairs share
more environmental factors in common than non-
identical twins.30'31 This has almost certainly

affected the calculations on determinants of body
fat. Hawk and Brook showed that siblings resemble
each other hardly at all, while monozygotic twins
resemble each other closely, and dizygotic twins are
intermediate.32 Neither we, nor Mueller and
Titcombe found midparent-offspring correlations to
be higher than individual parent-offspring cor-
relations, which one would certainly expect in a
genetically-determined characteristic.33 At the time
of writing the balance of evidence suggests that
body fatness is largely determined by environ-
mental factors.

These data are extremely hard to obtain and are
not yet available for infants. The fact that fatter
mothers have fatter babies34 would fit with any
theory of determination of body fatness and I am
inclined to think that what Hawk and Brook
showed for adults is likely to apply in infancy.32

Implications

With body fatness contributing significantly to the
major risk factors for arteriosclerosis (hypertension,
reduced glucose tolerance, carbohydrate induced
hyperlipidaemia, lack of exercise), although it is not
now itself considered a risk factor,35 much interest
has arisen about whether body fatness tracks. Do
fat babies stay fat? Are the seeds of adult fatness
sown in childhood?

It has been difficult to answer such questions, not
least because people will weigh babies rather than
measure how fat they are. This is bound to cause
problems, since weight is mainly determined by
height and overfeeding before weaning increases
height.36 I accept that babies whose weights reach
the 90th centile during the first 6 months may have
an increased risk of obesity later37 and that famine
in infancy may 'protect' against obesity,38 but to
argue from these huge retrospective studies that
weight gain in infancy is the major determinant of
body fatness in childhood is not supported by the
facts obtained from measurements of skinfold
thickness.39 Nor do our recent data suggest that
body fatness tracks reliably into adult life either for
individuals of normal fatness or for those whose
skinfold thicknesses in childhood were above the
75th centile.40

It is important to note that a number of skinfolds
need to be measured to express opinions about
changes in body fatness over a number of years,
because fat distribution changes markedly with
advancing age as the Table shows. A combination of
skinfold thicknesses gives the best indication of body
fatness19 and the least between-observer error.41'42
Our family data support the idea that body fat-

ness is largely environmentally determined at all
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Table Percentage increases in skinfold thickness with
age (6-70 years)

Males Females

Triceps 50 150
Biceps 25 66
Subscapular 250 233
Suprailiac 400 220

Data from Hawk (1978).31

ages and our longitudinal data suggest that some
individuals carry with them into adult life the
habits of their childhood, while others, left to their
own devices, do not.

Conclusion

Body fat appears in infants through the accumulation
of fat in already existing fat cells. Overfeeding causes
fat cell hypertrophy which is probably the trigger
for fat cell replication at any time of life. Some
periods of rapid change could be more sensitive in
this respect than others. Once formed, fat cells
persist, but neither their size nor their number has
been shown to determine levels of fatness. Fatness
in adults and children appears to be largely en-
vironmentally determined. Evidence that childhood
skinfold thicknesses predict well from values in
infancy or adult values from childhood ones is
lacking. Obesity is bad for adults and children, but
greatness cannot be said to be thrust upon them.
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