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The pre-natal environment may modify the state
of development of the child at birth by influencing
the rate or duration of pre-natal growth. Size of
litter, for example, has a substantial effect on both,
for in multiple pregnancy foetal growth is retarded
during the last weeks of gestation, and onset of
labour is earlier than in single pregnancy (McKeown
and Record, 1952). Parity also influences the rate of
foetal growth, which is greater in later born than in
first born (McKeown and Record, 1953), but it
has only a small effect on duration of gestation
(Karn and Penrose, 1951). Maternal age has little
influence on rate of growth, and none on duration of
gestation when a correction is introduced for length
of cycle (Gibson and Dougray, 1953).
These environmental influences are modified after

birth. They may be removed, as in the case of the
gross pre-natal handicaps associated with multiple
pregnancy, or turned in another direction, as in the
case of the differences related to birth order (the
pre-natal environment favours later born; the
post-natal environment favours first born). Post-
natal growth therefore reflects both:

(a) the influence of the pre-natal environment on the
state of development at birth,

(b) the changes in environment whichappearafterbirth.
We here examine the influence of duration of

gestation, birth rank and maternal age on post-natal
development, using as indices of development the
weight and length of the child. Data were recorded
in respect of all children (1,327) born between
April 1, 1949, and March 31, 1950, whose mothers
were domiciled in the County Borough ofSmethwick.
The weight and length of each child were measured
at birth, and at 3, 6, 9, 12, and 24 months after birth.
The analysis which follows is based on 334 boys and
307 girls for whom data were complete, and whose
post-natal measurements were all recorded within
3 weeks of each quarter.

Total correlations of infantweight and heightwith:
(a) duration of gestation,
(b) birth rank,
(c) maternal age

are given in the Appendix. Partial correlations are
also given in each case after correcting for the
effects of the other two variables and the heights of
both parents.

DURATION OF GESTATION
It is of course well known that birth weight

increases with duration of gestation, correlation
between the two variables being about 0 4 (Karn
and Penrose, 1951).

It has been shown by Lowe and Gibson (1953)
that the correlation between infant weight and
gestation changes after birth, and that at the third
birthday there was no obvious association between
the two variables. Indeed there was a small negative
correlation when a correction was introduced for
birth weight and birth rank.
The data given separately for boys and girls in the

Appendix confirm and extend these observations.
At birth there are substantial correlations between
infant weight and length and duration of gestation;
the correlations decrease after birth. Figs 1 and 2
(opposite) respectively show partial correlations,
holding constant parental height, birth rank, and
maternal age, between:

(a) infant weight and duration of gestation,
(b) infant length and duration of gestation.

The marked association between these variables
at birth changes rapidly after birth, and the influence
of gestation on weight and length is trivial by the
end of the second year.

This result suggests that for births delivered
within a few weeks of term, length of time spent in
the uterus has little bearing on subsequent develop-
ment (of which weight and length are fairly reliable
indices). Indeed, since individuals delivered after
short gestation are smaller than average at birth, the
fact that they are very nearly of average size at 2
years after birth suggests that for a time at least they
grow more rapidly than individuals delivered after
long gestation.
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FIG. I.-Correlation between infant weight and duration of gestation,
corrected for parental height, birth rank, and maternal age.

BIRTH RANK
It is now well established that birth weight

increases with birth rank. This association is not
due to variation in duration of gestation (indeed
there is a slight negative correlation between gesta-
tion and birth rank), and must therefore be attributed
to an increase in rate of foetal growth with birth
order. It has recently been shown (McKeown and
Record, 1953) that a difference in rate of growth
between first and later born appears at about
36-37 weeks gestation; it may be explained largely,
though not entirely, by the observation that placentae

0 3 b 9 12 24
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FIG. 2.-Correlation between infant length and duration of gestation,
corrected for parental height, birth rank, and maternal age.

of later born are larger than those of first born.
The influence of birth rank on post-natal growth

was previously examined by Paton and Findlay
(1926). They noted that the positive correlation
between weight and birth rank fell after birth, and
that by the end of the first year there was a substan-
tial negative correlation.
Our own data (see Appendix) are consistent with

this report. Figs 3 and 4 respectively give partial
correlations, holding constant parental height,
gestation, and maternal age, between:

(a) weight and birth rank,
(b) length and birth rank.
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FIG. 3.-Correlation between infant weight and birth rank, corrected FIG. 4.-Correlation between infant length and birth rank, corrected
for parental height, matemal age, and duration of gestation. for parental height, maternal age, and duration of gestation.
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The positive correlations established at birth are
rapidly eliminated, and at 2 years there are negative
correlations in each case.
The association between birth rank and pre-natal

growth has been discussed elsewhere (McKeown
and Record, 1953). The most plausible explanation
of the negative correlation which is rapidly estab-
lished after birth is the association between social
and economic circumstances and place in family.
In general, first born children are more favourably
placed than later born, both because well-to-do
parents tend to have small families, and because
poor parents are better off at birth of their first
children. The post-natal handicaps experienced by
later born children are also reflected in an increase
in infant mortality with increasing birth rank
(Gibson and McKeown, 1952).
A comparison between first and later born in a

population of births is limited in so far as it does not
permit us to express an opinion about the influence of
birth rank on growth within the same family. (It
seems evident that this influence must vary according
to the matter under examination, and the social and

economic circumstances of the family.) This
problem was considered by Bowles (1932) and
Howells (1948), who compared the stature of
younger children with that of older sibs. In both
cases the comparisons were made in adult life, and
they are somewhat inconclusive because no allow-
ance was made for the fact that at the time of
examination later born were younger than first
born, and might not have completed their growth.

MATERNAL AGE
Of the three variables here considered in relation

to growth, maternal age is perhaps the least interest-
ing. As already noted, it has virtually no influence
on birth weight. But the post-natal environment is
related to age, for the reason that in general well-to-
do mothers have their children at a somewhat later
age than poor mothers.

Correlations between:
(a) weight and age,
(b) length and age (see Appendix, below)

are somewhat irregular, but they appear to increase
slightly after birth, and to be positive at 2 years.

APPENDIX

Age Coefficient of Total Correlation Coefficient of Partial Correlation Variables held Constant in
Correlated Variables (mths) Computing Partial

Males Females Males Females Correlation

0 0-37 0-36 0-36 0 34
Weight of infant and 3 0-19 0-29 0-17 0-27 Heights of father and
duration of gestation 6 0-15 0-21 0-13 0-20 mother, birth rank.

9 0*09 0*18 0*08 0-16 and age of mother
12 0-06 0-150I05 0-13
24 0 03 0.11 0 01 0 09

0 0-35 0 30 0 34 0-28
Length of infant and 3 0-22 0-31 0-19 0-28 Heights of father and
duration of gestation 6 0*19 0-22 0*17 0 20 mother, birth rank,

9 0*14 0-21 0*12 0-18 and age of mother
12 0 10 0 16 0-08 0 13
24 0 03 0 16 0-01 0 13

0 0 17 0*07 0-16 0-06
Weight of infant 3 008 005 003 006 Heights of father and
and birth rank 6 -0-03 -0 01 -0-09 -0-02 mother, duration of

9 -0 09 -0-08 -0-13 -0-06 gestation, and age of
12 -0-14 -0-11 -0-17 -0-11 mother
24 -0 14 -0-12 -0 17 -0-14

0 0-06 0 10 -0-01 0-14
Length of infant 3 0-13 0-02 0-07 003 Heights of father and
and birth rank 6 006 -006 -0*01 -006 mother, duration of

9 -008 -009 -011 -007 gestation, and age of
12 -0l11 -0-23 -0-17 -0-17 mother
24 -0-17 -0-24 -0-21 -0-22

0 0-08 005 -0-06 0-03
Weight of infant 3 0 10 0-00 003 -0*01 Heights of father and
and age of mother 6 0 09 0 00 0-10 0-02 mother, duration of

9 0-04 -0-07 0-08 -0-02 gestation, and birth
12 0.01 -0*04 0-08 0 04 rank
24 0 00 -0-02 0-07 0 07

0 0-11 0-00 0-07 -0-05
Length of infant 3 0 14 0*00 0-05 0-01 Heights of father and
and age of mother 6 0-13 -0.01 0-08 005 mother, duration of

9 0-02 -0*04 0*04 0-02 gestation, and birth
12 0-07 -015 0-12 -0-02 rank.
24 0-02 -0-12 0.10 0 03

Standard Error 0-06 0-06 0-06 0-06
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(1) The association of rate of post-natal growth
(as indicated by weight and length) at birth, and at
3, 6, 9, 12, and 24 months after birth with duration
of gestation, birth rank, and maternal age is examined
in 334 boys and 307 girls.

(2) Positive correlations at birth between weight
and duration of gestation, and between length and
duration of gestation, decrease after birth, and by the
end of the second year the influence of gestation
period is trivial.

(3) Positive correlations at birth between weight
and birth rank, and between length and birth rank,
are rapidly eliminated after birth, and at 2 years there
are negative correlations in each case.

(4) At birth maternal age has virtually no influence
on weight and length. Correlations between these
variables after birth are somewhat irregular, but

appear to increase slightly and to be positive at
2 years.

We are indebted to Miss Ida Giles, Miss Eileen Gibson,
Mrs. Laurie Leaver, and Mrs. Barbara Lowe, who
recorded most of the observations at home and in clinics.
The research was assisted by a grant from the
Birmingham Students' Social Services Fund.
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