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There is general acceptance that weight gain in
infants is a sensitive measure of health and on this
account, both in welfare clinic practice and in the
private practice of paediatrics, it is usual to keep
a record of infants' weights. This record is com-
pared with a table of mean values which is commonly
presented as a graph covering the first year. The
origin of these graphs is seldom if ever disclosed and
reference to current paediatric literature is sin-
gularly uninformative on present-day weight stan-
dards of British infants. For this reason, and
because it has already been shown (Thomson, 1954)
that the mean weight of 6-month-old infants has
increased appreciably when compared with the
mean weight of infants of over 30 years ago, an
enquiry into weight gain in infants at the present
time was felt to be justified.

Method
In general, enquiries of this nature take one of

two forms; they may be longitudinal or latitudinal.
In the former method the same infants are observed
at predetermined ages throughout the year. This
method is difficult to carry out, and while it has the
merit of always making observations of the same
infant, this very merit is subject to the objection that
observations made at one age may merely be pro-
jected to influence observations made at a later age.
An example of this influence is demonstrated in
Fig. 1 which shows how the mean birth weight of
various groups of infants determines the mean weight
of the group at the end of a year. This is no new
observation; it was made by Camerer (1893) and
recently repeated by Parfit (1951).

In the present enquiry a longitudinal approach
was attempted, but the wastage of observations was
so great that the method was abandoned and a
latitudinal approach adopted.

In this method the infant population of one clinic
were sampled at predetermined age periods through-
out the year. The sampling ages decided upon
were: 2 weeks ± 2 days; 4, 8, 12, 16, 20 and 24 weeks

all 4 3 days; 28, 32 and 36 weeks all _ 5 days and
40, 44, 48 and 52 weeks all ± 7 days. The effect of
allowing a greater range of age with increasing age
of the infant is negligible; for example, the 52 weeks
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1~7 days male group has a mean age of 51 weeks
6-42 days with a standard deviation of 3-54 days;
moreover, as will be shown later, variation of weight
gain diniinishes with increasing age. Further, as
the trend is for more and more mothers to cease
attending the clinic as the infant grows older, the
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WEIGHT GAIN IN INFANTS
TABLE I

MEAN BIRTH WEIGHTS AND WEIGHT GAIN OF MALE AND FEMALE SINGLETON
INFANTS OF FIRST PREGNANCIES

Birth Weight (oz.) Weight Gain (oz.)
Age Number
(wk.) Male Female Male Female

M. 1 F. Mean S.D. Mean S.D. Mean S.D. Mean S.D.

2 106 109 119-37 14-96 114-79 14-51 1-53 7-29 1-58 6-76
4 190 196 118-6 15-42 115-7 15-06 17-29 10-49 15-88 9 75
8 182 168 117-7 14-84 116-33 14-42 49 37 17-12 44-78 14-65
12 150 147 117-6 15-52 116-34 14-22 81-04 18 83 70-675 19-73
16 146 121 117-0 13-82 115-56 14-29 104-82 21*74 95 45 22-79
20 142 118 117-65 13-69 116-9 14-79 126-1 24-5 114-78 25-53
24 137 127 117-93 14-01 115-5 14-4 147-39 25-4 134 4 26-55
28 126 113 116-45 13-81 115-12 14-84 168-10 28-73 153-02 29-46
32 126 115 115-5 13-1 116-13 14-74 184-86 29-33 167-9 30-87
36 110 102 115-55 13-72 115-35 14-03 197-9 27-41 182-5 33-2
40 140 124 117-03 13-75 117-2 13 96 210-68 28-53 192-68 33-67
44 125 121 116-5 13-68 118-37 14-375 224-48 31-45 205-26 36-24
48 146 114 117-07 13-06 118-0 14-14 237-65 36-24 217-4 37-82
52 111 130 117-01 12-43 117-5 15-55 246-3 36-4 224-3 34-19

greater age range towards the end of the year
permits of a more rapid accumulation of data than
would otherwise be possible.

Source of Material
The observations were made on infants who were

born in the Simpson Memorial Maternity Pavilion
of the Royal Infirmary, Edinburgh, and an accurate
record of birth weight is available. They attended
the infant welfare clinic in the same hospital. In an
effort to exclude the prematurely and postmaturely
born, the enquiry was confined to infants within a
birth weight range of over 51 lb. to 91 lb. Only
singleton legitimate infants were considered. Fur-
ther, because the mean birth weight of first-born
infants is less than the mean birth weight of sub-
sequent infants (McKeown and Gibson, 1951) only
infants resulting from first pregnancies are dealt
with. The naked infants were weighed on a beam-
balance by pupil-midwives who were supervised by
me. The infants were drawn from social classes III,
IV and V. In each sex age group there were more
than 100 observations.

Results
The weights were taken to the last complete ounce

and from the data obtained the mean birth weights
and the mean weight gains with their respective
standard deviations for each sex at each age period
were calculated (Table 1, Fig. 2).

Discussion
Influence of Sex. It has long been recognized

that the pattern of mean weight gain is influenced
by sex and that throughout the first year the male
mean weight gain is greater than the female (Faber,

1920; Hojer, 1925; Hill and Magee, 1938; Lewis-
Faning and Milligan, 1944; Schiotz and Berghoff,
1928; Norval, Kennedy and Berkson, 1951; Parfit,
1951). The present investigation confirms that this
occurs when the observations are restricted to full-
time singleton infants of first pregnancies and
disagrees with the contrary findings of Bayley and
Davis (1935). The extent of the difference between
the sexes may be gauged by noting that the male
mean weight gain at 26 weeks, 157 6 oz., is not
attained by the female until three weeks later, and
that the female mean weight gain at 52 weeks,
224-3 oz., has already been attained by the male
eight weeks previously. Thus, there is justification
for the separate recording and assessment of male
and female gains.

Despite the differing patterns of weight gain by
the sexes, they possess two things in common.
First, one-quarter, one-half and three-quarters of
the mean weight gain for the year in both sexes is
achieved at the same age, namely, 10 weeks, 19-20
weeks and 32 weeks. A similar deduction can be
drawn from the data presented by Parfit (1951).
The approximation is not so close when the data of
Norval et al. (1951) are considered. This may be
explained by the different composition of the group
of infants on the one hand and the relation of their
observations to insufficiently precise age points on
the other. The second point of similarity concerns
the variability of the weight gain. This declines with
increasing age (Fig. 3). (Variability is measured by
stating the standard deviation as a percentage of the
mean and calling it the coefficient of variation.)

Correlation of Birth Weight and Weight Gain. The
correlation coefficients between the observed birth
weights and weight gains were calculated and are
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ARCHIVES OF DISEASE IN CHILDHOOD

and by Parfit (1951); it also has the support of
Herdan (1954). At the same time, it must be
pointed out that from the age of 4 weeks onwards in
males and 20 weeks onwards in females, the correla-
tion coefficients which have been obtained are not

MA8LE significant. As for the observations which are

significant-there are two male and six female ones-
the degree of association found is low. That this
degree of association, though statistically significant,
is of doubtful validity is shown by a consideration of
part of a separate, as yet unpublished study, con-

cerned with infant weight gain in breast- and bottle-
FEMALE fed infants. Included in this study are 40 pairs of

healthy first-born singleton female infants, the pairs
being matched to the same ounce of birth weight.
One of each pair was wholly bottle fed and the other
wholly breast fed. At 16 weeks before mixed feeding
was begun the weight gain was assessed. The result-
ing data are presented in Table 2. These show that,
while the mean weight gain with standard deviation
of the breast- and bottle-fed groups are similar and
approximate to the same data for 16-week-old female
infants in Table I, the correlation coefficients between
birth weight and weight increment are of no statistical
significance. This is so whether the two groups are
considered separately or jointly. In general, then,
the present investigation suggests very strongly that
there is no true association between birth weight and
post-natal weight gain. In this conclusion one is
supported by the observations of Norval et al. (1951)

20 28 36 44 52 and Parfit (1951). The support given by Herdan
(1954) is slightly qualified, but this qualification may

bight gain in the firstyear. well be occasioned by the inclusion of prematurely
and postmaturely born infants in his investigation

Fig. 4. They display one and the absence of differentiation between the sexes.

that with two exceptions they The absence of an association between birth
,ter. This suggests that in all weight and postnatal weight gain has a practical
sexes, infants of great birth application, since it follows that, if we desire to
infants of low birth weight. compare the progress of different infants with each

If this may be obtained from other, it is truly the progress, that is, the post-natal
which illustrates a slight con- weight gains, which we must compare and not
tf weight for infants of the high progress plus birth weights. Further, if a common
oveight groups. This observa- measuring rod of such progress is to be used it must
ton legitimate infants confirms be derived from records of post-natal weight gain
n made by Norval et al. (1951) as has been done in Table 1 and Fig. 2. In short,

TABLE 2
WEIGHT GAIN IN 40 MATCHED PAIRS OF FEMALE SINGLETON FIRSTBORN INFANTS

Birth Weight (oz.) Weight Gain (oz.) at 16 weeks Coefficient
Number of

Mean S.D. Mean S.D. Correlation

40 (breast fed) .. .. 111375 13 * 80 96- 75 22 78 -0 23

40 (bottle fed) .. .. ,, ,, 96-48 20-65 -0-01

Combined groups 96 61 21-73 -0-11
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WEIGHT GAIN IN INFANTS

it is recommended that where clinics use a graphical
method of recording progress, the universally used
method of recording infant weight should be aban-
doned and the graph begun at zero on the birthday
so that only gains and losses of weight are recorded
thereafter.

-....o.

- ''
.- .. . 4-

I

.: . .

The idea that birth weight controls post-natal
weight is of long standing and the statement that
an infant doubles the birth weight by 5 months of
age and trebles it at a year is to be heard in both lay
and paediatric circles. Such statements are also
to be found in paediatric literature and may be

read in standard paediatric textbooks.
Were such a statement true, the correla-
tion coefficients would have been
uniformly positive. The lines ofweight
shown in Fig. 1 would have diverged
and not converged while the coefficient
of variation of weight gain would have

remained much the same throughout
the year.

In the course of human growth

through infancy and childhood there is
a progressive diminution of the co-
efficient of variation of weight gain.
This is a biological phenomenon and

- is in harmony with the absence of a

relationship between birth weight and
postnatal gain.

'~., We may well ask, What is the origin
of the statement? It is probably due
to a failure to appreciate one of the

fundamental characteristics of the
statistical approach, namely, that a

;-- population' of observations may
acquire characteristics which are not

possessed by the individual observa-
tions which make up that population.
In the case of infant weight in the
present investigation, if sex differentia-
tion is discarded, it can be seen from
Table 1 that the mean weight at 52
weeks is approximately three times the
mean birth weight. That, however, is
quite different from saying that the

individuals in the 52-week group are

individually three times their respective
birth weights. It can also be pointed
out that sex influence alone is enough to

disprove the statement, since in the

TABLE 3
MEAN WEIGHT GAINS AT 52 WEEKS COMPARED

Mean Weight Gain (oz.)
Mean Birth Weight (oz.)

11-12 Months 52 Weeks

Males Females Males Females Males Females

Norval et al. (1951) 121-6 116-8 236-8 216-0

Parfit (1951) . . . 122*3 118*3 247 6 226-3

Present investigation 117*01 117*5 246- 3 224 3

.jj
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ARCHIVES OF DISEASE IN CHILDHOOD
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Liry no difference reservation in mind the publications of Norval et al.
ights ofmales and (1951) and Parfit (1951) may be considered. Refer-
s shown between ence to Table 3 shows that the mean weight gain at
ains. 52 weeks reported in the present enquiry approxi-

mates closely to the mean weight gains calculated
from the data in the aforementioned publications.
It is possible to select from Parfit's publication data

7/ referable to the same birth weight range as that of
the present investigation and this has been done
in Table 3.
Such close approximations suggest that the mean

weight gains disclosed by the present investigation
are reasonable and reliable. In view, therefore, of
the very considerable social changes which have
taken place during the first half of the century it is
of great interest to compare the mean weight gains
of the present enquiry with the weight gains of
a generation ago.
Although it is ever to be regretted that in their

comprehensive enquiry into heights and weights of
infants and children, Paton and Findlay (1926) did
not include information concerning birth weight,
their publication does serve as a basis for comparison
if one will accept mean total weight for that purpose
(Table 4). Because of the increase in weight of
52-week-old infants shown in Table 4 the following
condensation from Paton and Findlay is worth

@ SIGN/F/CANrT0 ~~~~noting:

'The study was made upon the populations of the
,,___________________________ ,,slums of the three Scottish towns-Glasgow, Edin-
24 12 20 28 36 44 52 burgh and Dundee . . ., but the danger of concen-

AGE (weeks) trating on families living in the worst conditions was

`50. 4.-Birth weight and weight gain correlation,
guarded against and largely obviated by the random
selection of families through the child welfare
centres. The mothers attending the centres in

mount of the Weight Gain. It is a matter of Glasgow and Dundee were of a poorer class than
and interest the

those attending the two centres in Edinburgh atLportance ana mterest to compare the mean which records were made. These two centres were

rain in the present enquiry with the mean attended largely by a superior working class and in
rains reported by other observers. There the case of one of the centres by large numbers of the
ever no publications which deal exclusively wives of artisans in addition to those of labourers.
er * * In Edinburgh the centres were preventative rather
gleton legitimate infants born of first preg- than curative so that a greater proportion of the

and differentiated by sex. With this babies were in a good state of health; the amount of

TABLE 4
CONTRAST OF INFANTS' MEAN BODY WEIGHT

Mean Body Weight (oz.) Mean Body Weight (oz.) Mean Body Weight (oz.) Mean Body Weight (oz.)
Author at 3 Months at 6 Months at 9 Months at 12 Months

Male Female Male Female Male Female Male Female

Paton and Findlay
Glasgow .179 0 169-0 239-0 219 0 276 5 256-0 312-0 285 0
Dundee .187 0 171*5 240-5 227*0 281*0 264 0 293 0 279 0
Edinburgh 178 0 157 0 228 0 215-5 273-0 263 0 317.0 303 0

Present Inquiry
Edinburgh 198*6 187*0 276-0 256*0 327*7 309*9 363 * 3 341*8

Parfit
Oxford .209 4 1946 273-2 260 9 331 5 306 4 369 9 344 6
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WEIGHT GAIN IN INFANTS 327
free milk distributed at the two centres in Edinburgh
was practically negligible.'

The difference between the weights recorded by
Paton and Findlay and those now recorded are
eloquent testimony to the vast improvement which
has occurred in the welfare of infants.

In view of this change it was thought worth com-
paring the mean weight gains now reported with the
expected mean weight gain shown on the graph
record used in infant welfare clinics. For this
purpose a copy of the infant welfare weight graph
record was obtained from four local authorities.
The expected mean weight gain shown upon them
was calculated by deducting the given mean birth
weight from the given 52 weeks' mean weight.
Since these graphs do not differentiate between the
sexes, in order to make a comparison the mean
weight gain of the present enquiry was calculated
without differentiation for sex (Table 5).

TABLE 5
RESULTS OF PRESENT-DAY PRO-FORMA INFANT CLINIC

WEIGHT CHARTS COMPARED WITH PRESENT
INVESTIGATION

Local Mean Birth Mean Weight Weight
Authority Weight at 52 Weeks Gain

(oz.) (oz.) (oz.)

Number I .. 112 0 317 0 205 0
2 .. 112-0 317 0 205-0
3 .. 116-0 320-0 204 0
4 .. 120-0 340 0 220-0

Present
investigation 117*3 351*7 234-4

From mere inspection of the cards of local
authorities numbers 1 and 2, it is plain that the
card in use is a copy of a record which appears in
Paton and Findlay (1926), Appendix 1. It is part
of a 'schedule which was prepared for the carrying
out of the investigation in child welfare centres' and
is not the result of Paton and Findlay's investigation.

Local authority number 3 is Edinburgh and the
record in use today was prepared by the late Dr.
T. Y. Finlay as a result of his own investigation
(Finlay, 1924) when between 1919 and 1923 he
collaborated with Paton and Findlay. It is a valid
comparison with the results now reported from the
same city. Such comparison shows that the mean
weight at 52 weeks, undifferentiated for sex, is
today 30 oz. greater.

In the case of authority number 4 the expected
weight gain at 52 weeks, though below that shown
in the present investigation, is 1 lb. greater than that
expected by local authorities numbers 1, 2 and 3.

The lay-out of the card of local authority number 4
is superior and may well be of recent origin for on
it provision is made for recording tuberculin skin
tests and vaccination by B.C.G. From these
observations it may be said that the weight progress
of the vast majority of infants in Scotland who
attend infant welfare clinics is recorded on cards
which are outmoded.

Summary
From 1,737 observations on males and 1,605

observations on females, the weight gain at four-
weekly intervals during the first year of life has been
calculated. The observations were made on legiti-
mate, singleton, first pregnancy infants whose birth
weights were within the range of over 5j lb. to 9j lb.

Sex exerts an influence upon the pattern of weight
gain.

Apart from a doubtful and slight relationship in
the early weeks of life, the correlation coefficients
between birth weight and postnatal weight gain
were not of statistical significance. They were
almost uniformly negative.
The prevalent idea that birth weight is doubled

and trebled at certain ages is examined and shown
to be untenable.

Evidence is offered to show that there is a strong
tendency for infants of lesser birth weight to gain
weight more rapidly than infants of greater birth
weight.

It is suggested that the customary method of
recording infant weight should be abandoned and
only gains and losses recorded from birth.
From a comparison of the infant weights reported

by Paton and Findlay (1926) with those of the
present investigation, an increase in the mean body
weight of male and female infants of the order of
2 lb. is found. It is suggested that the graph weight
cards in use in local authority infant welfare clinics
are largely outmoded.
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