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Summary: In larger mammals natural selection has led
to reduction of litter size and prolongation of the

period of gestation. Even in human pregnancy, which is
normally single, gestation is prolonged beyond the time
when the growth of most fetuses can be fully supported.
This conclusion is based on comparison of prenatal and
postnatal growth rates. The lengthening of pregnancy
may be related to the selective advantages of maturity at
birth, particularly, in man, the development of immunity
to infectious disease.
Verbal reasoning scores recorded in the 11-plus exami-

nation provide no evidence that the retarded prenatal
growth associated with prolongation of gestation affects
measured intelligence. There are considerable score
differences in a general population of births in relation to
birth weight and duration of gestation; but, like the
larger differences related to maternal age and order of
birth, they are not found in sibs. Still more suggestive is
the finding that twins raised singly from birth have
scores higher than twins raised together and little lower
than those of single births. This indicates that even the
pronounced retardation of fetal growth which occurs in
twin pregnancy has little effect on verbal reasoning, the
large differences between twins and single births being
due to postnatal experience.

Introduction

There can be few more striking observations in mammalian
physiology than the wide variation between species in the
relation of fetal to maternal weight. The variation is consider-
able in respect of mean fetal weight; it is even more conspic-
uous when account is taken of differences in litter size by use
of total litter weight. For example, the birth weight of the
offspring of the polar bear is about 0.3% of the weight of the
adult female; the corresponding figures for litters of the labor-
atory mouse and guinea-pig are respectively 45% and 60%.
Estimates for most other mammals, including man (6%), fall
between these extremes.

Leitch, Hytten, and Billewicz (1959) showed that this vari-
ation is related to maternal size; in general, the larger mam-
mals give birth to young of relatively lower weight. Again
there are exceptions-for example, the horse (9%) and cow
(6%) have higher birth weight/matemal weight ratios than
the smaller black bear (2%). But when mammals are grouped
according to size the trends are quite regular (Table I).

Further light is thrown on these observations by consider-
ation of duration of gestation and litter size. The trends are

again consistent in the grouped data; wih -increasing mater-

*Teale lecture. of the Royal College of Physicians of London delivered
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nal size the duration of gestation increases and the number
of young decreases (Table II).

Against this background it is possible to attempt a few gen-
eralizations. Larger mammals developed from smaller mam-
mals as a result of selective advantages associated with
increasing size in certain environments. Increased size is
associated with longer life, with longer reproductive life,
and with prolongation of the period of gestation. With in-
creasing duration of gestation the number in the litter is
reduced; so too is the ratio of fetal to maternal weight. Finally,
with increasing size of mammals the trend is towards increasing
maturity at birth. Table III summarizes in broad terms
differences in the experience of small and large mammals.

TABLE I.-Relation Between Maternal Weight and Litter Weight in
Mammals

Maternal Weight (g.)
(a)

Mean Litter

Weight (g.)I
(b) L

(b)
- x 100

(a)
_.

Less than 100 .10 35
100- 100 21

1,000- 500 13
10,000- 4,000 9

100,000- 19,000 5
1,000,000 and over .740,000 3

TABLE IT.-Relation Between Materal Weight, Duration of Gestation,
and Litter Size in Mammals

Mean Duration Mean
Maternal Weight (g.) of Gestation Litter Size

(Days)
Less than 100 .. 26 5-0loo- 60 4-5

1,000- 80 3-8
10,000- 190 14

100,000- 250 2 3
1,000,000 and over ... 370 1-0

_ _ ___ ____~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE III.-Reproductive Patterns in Small and Large Mammals

SmaU Lrg
Mammals Mmal

Duration of life ..
Duration of gestation ..
Litter size
Litter weight relative to maternal weight
Maturity of newborn ..

Short
Short
Large
High

Immature

Long
Low
SMet
LO

More mature

These generalizations raise many issues, but in the present
context it will be possible to focus on only one of them:
the significance of reduction of litter size.

Significance of Reduction of Litter Size
The continued existence of -many -small mammals .with

large litters indicates that in some ensrironments the balance
oi advantages does not. favour reduction of litter size. But in
other environments, and- particularly those in which larger
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mammals evolved, selection has led to a smaller number of
fetuses, in primates usually to one.

Some influences which favour small litters are fairly
obvious-for example, the difficulty for arboreal and aquatic
mammals of caring for multiple offspring. Another influence,
and in the present context a particularly significant one, is
the environment to which the young are exposed at birth; in
certain conditions it must be an advantage for the newborn to
be more mature, or at least relatively less immature.

In most mammals which have been investigated birth
weight is inversely related to litter size. This relationship is
well illustrated in human multiple pregnancy, where the low
birth weight is attributable partly to early parturition and
partly to retardation of fetal growth (McKeown and Record,
1952). On this evidence, which is consistent with observations
on many other species, it seems permissible to conclude (a)
that in man and certain other mammals selection has
favoured the single and relatively more mature fetus, and (b)
that this trend has been associated with, and perhaps may be
said to have required, prolongation of the period of gestation.

In the light of these conclusions it is understandable
that an increase in the number of fetuses above the number
characteristic of a species leads to retardation of fetal growth
and early delivery, This, however, does not explain the retarda-
tion of fetal growth observed during the last weeks of
human single pregnancy.

The retardation which results in the sigmoid character of
the curve representing prenatal growth is not due to slowing
down of growth determined by the genes of the fetus, for
after adaptation to the postnatal environment the newborn
infant resumes approximately the rate of growth shown dur-
ing the period of linear fetal growth between 30 and 36
weeks' gestation (Fig. 1). The genetically determined retarda-
tion does not occur until between three and six months after
birth (McKeown and Record, 1953).
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FIG. 1.-Model of prenatal and postnatal growth.

These observations raise two questions: Why should the
single fetus be retained in the uterus beyond the time when
its growth can be fully supported? and Does the child experi-
ence any ill-effects in postnatal life in consequence of
retarded prenatal growth?
The answer to the first question must presumably be

sought in the significance of increased maturity in natural
selection. During man's evolution mortality was high immedi-
ately after birth and a majority, probably a large majority, of
live-born individuals died without reproducing. In such cir-
cumstances any increase in maturity would oonfer advantages
in natural selection which, as already noted, contributed to
the reduction of litter size. Even in the case of the single
fetus prolongation of pregnancy beyond the period of
maximal fetal growth might be expected if any associated
disadvantages were more than offset by the advantages
of increased maturity at birth.
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In recent times, and particularly during the present century
when the large majority of live-born children survive and
reproduce, the balance of advantages may have changed. But
in so short a period there has not been time for adaptation, and
the number of fetuses and duration of gestation are presuma-
bly as they emerged from man's evolution in very different
circumstances. The second question arises: Does the child ex-
perience any ill-effects in postnatal life in consequence of
retarded prenatal growth? This question is the starting point
for the discussion which follows.

Various indices might be used to investigate possible influ-
ences of prenatal development-for example, postnatal growth,
adult size, fertility, morbidity, and age at death. The present
examiination relies on an estimate of intelligence, assessed in a
large population of schoolchildren in the 11-plus examination.
The data comprise verbal reasoning scores for about 50,000
Birmingham children born in the period 1 January 1950 to 1
September 1954. The methods and results were described fully
by Record, McKeown, and Edwards (1969a, 1969b, 1970).

Influence of Birth Weight and Duration of Gestation
At the outset it is essential to recognize the difficulties

which beset investigation of human prenatal growth. Consecu-
tive observations on the size of representative fetuses at
different stages of development are not available, and ideas
concerning growth rates are necessarily based on mean birth
weights for different periods of gestation. In this approach it
is assumed that fetuses delivered spontaneously are represen-
tative of those in the uterus at the same time, an assumption
not inoonsistent with experimental and clinical evidence but
also without convincing support. Moreover, the familiar sig-
moid curve based on mean birth weights clearly cannot be
considered to correspond to the growth of an individual fetus,
since it results from amalgamation of a number of different
patterns of growth, only some of which would show evidence
of retardation.

Ideally, to assess the possible influence of retardation of
fetal growth it would be desirable to oompare the intelligence
of children delivered spontaneously after a period of retarda-
tion with that of identical children delivered artificially before
retardation had begun. Needless to say, such evidence is not
available and is unlikely to become available. The most that
can be attempted is an assessment of intelligence of children
with different birth weights and durations of gestation.

Little attention has hitherto been given to the significance
of duration of gestations, but there have been several examina-
tions of the relation of birth weight to intelligence. There is
so far little evidence that these two variables are related,
except in the case of the subnormal (Barker, 1966) and
children with associated physical disabilities or very low
weights (Drillien, 1964).

Investigation of the significance of birth weight and dura-
tion of gestation is complicated by the relation of measured
intelligence to sex and birth rank. Mean verbal reasoning
scores are a little higher for female than for male children,
and since birth weights are lower it is clearly essential to intro-
duce a correction when data for the sexes are amalgamated.
Also,. scores decrease and birth weights increase with increas-
ing birth rank, and the inverse relationship again makes
adjustment necessary. (The relation of verbal reasoning scores
to birth rank is considered more fully below.)

Birth Weight

The association between measuired intelligence and birth
weight after standardization for sex and birth rank is shown
in Fig. 2. From the lowest (under 2 kg.) to the highest values
(4.5 kg. and over) verbal reasoning scores increase regularly

64 11 July 1970 Measured Intelligence-McKeown
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FIG. 2.-Verbal reasoning scores according to birth weight.

with increasing weight. The figure is based on all births, and
hence makes no allowance for the possible influence of dura-
tion of gestation. For births of the same duration of gestation,
at least after 38 weeks, however, the results are consistent;
scores are positively correlated with birth weight. Even in a
large population of children the numbers are not large
enough to justify a firm conclusion about the relation of
measured intelligence to weight at gestations of less than 38
weeks.
The main difficulty in interpretation of the association be-

tween birth weight and intelligence is uncertainty whether the
differences are mainly within families or between families.
Birth weight is well known to be related to social class; so
too is measured intelligence. In these circumstances the class
variation might reflect birth weight differences within fami-
lies; or the birth weight variation (in verbal reasoning scores)
might reflect differences between families, associated with
social class.

Possibly the only means of resolving this issue is to exam-
ine the index of intelligence according to birth weight within
the same families. Here, however, there is the difficulty that
birth weight differences between sibs are usually small, and
where they are large there must be reservations about the
comparability of the sibs on other grounds. Nevertheless,
the sib evidence is of value, particularly in assessing the
significance of small or moderate weight differences.

Score differences for 2,863 sib pairs, given in Table IV,
leave little doubt that if birth weight differences are below
1.5 kg. the effect on the score is trivial. Where the difference
in weight is greater the number of pairs is inevitably small;
but so far as it goes the evidence suggests that, though
greater, the score differences are still not large (1-5).

TABLE IV.-Difference Between Verbal Reasoning Scores of Heavier
and Lighter Sibs

Difference in Birth Weight (kg.)

0 5 -- 1-0- 1-5 and over

Difference in mean V.R. scores (heavier -lighter) 0-3 0-4 1-5
No. of sib pairs .2,312 518 33

The relatively small effect on verbal reasoning scores
associated with weight differences within the same families
suggests that the considerable differences observed in a
general population of births (Fig. 2) are due mainly to
differences between families. To what extent such differences
are determined by birth weight remains an open question.
But the evidence assembled by Record et al. (1969b) is'con-
sistent with previous reports in suggesting that the influence
,of birth weight on measured intelligence is very small, except
possibly at very low weights. And at such levels the effect of

weight cannot be distinguished confidently from other handi-
caps, whether recognized or unrecognized, associated with
low birth weight.

Duration of Gestation

The distribution of verbal reasoning scores according to
duration of gestation is ridge-shaped, being highest for births
delivered between 38 and 41 weeks, and lower for those deliv-
ered earlier or later than this time (Fig. 3). The figure is
based on all births, but the same general relationship between
scores and gestation exists when attention is restricted to
births of the same weight.
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FIG. 3.-Verbal reasoning scores according to duration of gestation.

The sib data are needed to distinguish differences within
families from those between families. A comparison of scores
of sibs whose gestations were of intermediate length (38-41
weeks) with those which were shorter (under 38) or longer
(42 and over) is shown in Table V. In both cases the
differences between scores are quite trivial.

TABLE V.-Difference Between Verbal Reasoning Scores of Sibs with
Different Durations of Gestation

Duration of Gestation
(Weeks)

Mean Difference in
V.R. Score V.R. Score

38-41 97.5
Under 38.. 01

38-41 .. ..
42 and over

970 03
967 0

The considerable difference between this result based on
sibs and that based on all children (Fig. 3) might again be
explained by the complex relationship between families. For
example, it might be attributable to a correlation between
social class and duration of gestatiorL Record et al. (1969b),
however, suggested a simpler explanation which may account
largely, or even wholly, for the relationship between
measured intelligence and gestation in a general population of
children. They examined mean scores of children born at 40-
41 weeks according to the duration of gestation of their sibs.
The distribution was ridge-shaped, values being highest for
children whose sibs wemre delivered during 38-41 weeks and
lower for those whose sibs were born earlier or later.

It is difficult to explain this association except as an arti-
fact from errors in reporting the onset of pregnancy. But if
short and long durations are more prone to error, as seems
probable, identification of children according tlo the duration
of gestation of their sibs may be, in effect, identification
according to the intelligence of their mothers (on the not un-
reasonable assumption that the less intelligent mothers are

MIICAL JOURNAL 65
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more likely to be mistaken about the dates of their last
menstrual periods). If this interpretation is correct, variation
in verbal reasoning scores according to gestation between
families, as within families, may be quite trivial.
The evidence so far discussed suggests that in single preg-

nancy measured intelligence bears little relation to birth
weight or duration of gestation, except possibly at very low
weights where there must be doubt about the "normality" of
the births and at short and long durations of gestation where
the accuracy of the estimates is in question. A much more
exacting test of this conclusion can be applied in twin
pregnancy, where, by comparison with single pregnancy, the
retardation of fetal growth and reduction of the period of
gestation are extreme.
Mean verbal reasoning scores of twins are 95.7 (compared

with 100.1 for single births) and in general they show the
same relationship to birth weight and duration of gestation as
scores of single births. Nevertheless, there are considerable
score differences between twin and single births of the same
weight.
The matter can be investigated by comparison of the scores

of the heavier and lighter twins of the same pairs (Table VI).

TABLE VI.-Difference Between Verbal Reasoning Scores of Heavier
and Lighter Co-twins

Birth Weight Difference (kg.)
Total

<0 2 0-2- 0-45 0 7- 0 9+

Mean V.R. score:
Heavier .95-9 94-9 96-1 98-9 99-4 96-1
Lighter .1 95-4 94-6 95-6 95-8 96-0 95-3

Difference .05 0 3 0 5 3-1 3-4 08
I(328) (258) (156) (71) (44) (857)

As in the case of the comparison between sibs, the score
differences are very small, except where weight differences are
considerable (more than 0-7 kg).

Postnatal Influences
The evidence that within families (or, in the case of twins,

within the same pairs) verbal reasoning scores bear little rela-
tionship to birth weight or duration of gestation suggests that,
in single pregnancy at least, measured intelligence is little
affected by retardation of fetal growth. It also suggests that
the relationship between intelligence and birth weight
observed in a general population of births (Fig. 2) must be
attributed to differences between rather than within families.
These conclusions are considerably strengthened by evidence
that the large differences between families are due to postnatal
rather than prenatal influences (Record et al., 1969a).
Verbal reasoning scores according to maternal age and

birth order for three social groups, classified according to
father's occupation, are shown in Fig. 4. Within each group
the scores increase with increasing age and decrease with
increasing birth rank; between groups the scores increase
consistently from C (the least favourable) to A (the most
favourable).
The differences between the social groups are clearly due

to differences between families, leaving open for the moment
whether they are due to prenatal or postnatal influences.
The results shown in Table VII suggest that the differences
within each social group are also not mainly determined by
variation within families. For while the difference according
to birth rank in the general population of births is considerable,
differences between sibs are small. Moreover sib differences
increase as social circumstances become less favourable, which
suggests that the association with birth rank is largely of
postnatal origin.
The most convincing evidence of the importance of the

postnatal environment in determining measured intelligence

BRITISH
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FIG. 4.-Verbal reasoning scores according to maternal age, birth rank,
and social group.

was provided by twin data (Record et al., 1970). The material
included 962 pairs in which both twins took the 11-plus
examination and 148 pairs in which only one twin was
examined, the co-twin having been stillborn or having died
within the first month after birth. Mean verbal reasoning
scores were 95-2 if both were examined and 98-8 if only one.
The latter score is only 0-7 lower than the corresponding
figure for single births.
The observation that in spite of considerable differences in

prenatal growth rates and durations of gestation there are
only small differences between verbal reasoning scores of
single births and twins whose co-twin died before or soon
after birth provides good grounds for two conclusions. The
first is that the retardation of fetal growth in single and twin
pregnancy has little influence on measured intelligence
assessed at age 11. The second conclusion is that the striking
associations in a general population of births between
measured intelligence and such variables as birth weight,
duration of gestation, maternal age, and birth rank are due
to postnatal influences where they are not (as in the case of
duration of gestation) the result of artifact.

TABLE VII.-Difference in Verbal Reasoning Scores of Children of
Different Birth Ranks

Birth Ranks Compared 33,516 Children* 5,054 Sib Pairs

l with 2 .29 1-5
2 with 3 .3.7 0 9
3with 4 274 with 5 f27 05

Standardized for maternal age.

Discussion

On grounds discussed above, it was suggested that in single
as in multiple pregnancy the human fetus is commonly
retained in the uterus beyond the period when its growth can
be fully supported. Though there is no direct evidence, this
seems the most acceptable interpretation of the sigmoid curve
representing prenatal growth, and of the observation that soon
after birth the child resumes about the same rate of growth as
between 30 and 36 weeks' gestation, when growth is maximal.
There is no reason to suppose that the growth of all fetuses

is retarded. In normal single pregnancy the main determinants
are birth rank, sex, and parental size, and by reference to
these influences it is possible to specify circumstances in
which restrictions on growth may or may not be expected.
They are likely for firstborn males with a small mother and
large father (a combination of influences which maximizes

66 11 July 1970
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fetal capacity for growth and minimizes maternal ability to
support it) and unlikely for later-born females with a large
mother and small father (a combination which reverses the
major influences). In respect of the probability of retarded
growth, most normal single fetuses fall between these
extremes.
An explanation of a duration of pregnancy beyond the

period of maximal rate of fetal growth must presumably be
sought in the advantages in natural selection of maturity at
birth. It seems clear that in large mammals, including
primates, selection has favoured reduction of litter size and
prolongation of pregnancy. And even when there is only one
fetus it may still be an advantage for it to be retained in the
uterus if in consequence it is better fitted to meet the risks of
death encountered after birth. At least during the later part of
man's evolution the risks from infectious disease were for-
midable, and the development of immunity may have been
among the most important reasons for prolongation of gesta-
tion length. There is little doubt that though the child is not
mature in the sense that the hare and foal are mature at birth,
as judged by ability to care for themselves in the postnatal
environment, nevertheless it is somewhat better equipped
immunologically at 40 than at 36 weeks.
The evidence discussed above suggests that the retardation

of fetal growth in single pregnancy, and even the more pro-
nounced retardation in twin pregnancy, have little influence
on intelligence as measured in the 11-plus examination. This
conclusion is based on the very small differences in verbal
reasoning scores between sibs of different weights and dura-
tions of gestation, and still more convincingly on the observa-
tion that twins whose co-twins do not survive beyond one

month after birth perform almost as well as single births,
whereas when both twins survive the results are substantially
lower (Record et al., 1970). This finding overcomes many dif-
ficulties in interpretation, and since variation due to birth
weight and duration of gestation, maternal age and birth
rank, type of twinning and order of birth can be eliminated,
it can hardly be explained except as a result of differences in
postnatal experience between single and paired twins.
The data also threw light on the prolonged debate concern-

ing the interpretation of the relation between measured
intelligence and family size, which led to the conclusion that
intelligence was declining. This relation is due mainly to a
difference between rather than within families and cannot be
dismissed as a result of a familial association between intelli-
gence and birth rank. Nevertheless, all the evidence, including
particularly the experience of single and paired twins, points to
a postnatal rather than a congenital explanation for the
observed variation.
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Diagnosis of Pulmonary Embolism. A Correlative Study of the Clinical,
Scan, and Angiographic Findings

KATTADIYIL P. POULOSE,* M.D.; RICHARD C. REBA,t M.D.; DAVID L. GILDAY,4 M.D.
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Summary: Seventy-one patients with suspected pul-
monary embolism had both pulmonary scans and

angiograms. Clinically it was impossible to predict the
absence or presence of subsequent angiographic evidence
of pulmonary embolism in the individual patient. In 24
patients the scans showed defects that were believed to
indicate a high probability of pulmonary embolism-
namely, perfusion defects that corresponded to specific
anatomical segments of the lung together with normal
chest radiographs or radiographs suggestive of pulmonary
embolism. Specific angiographic evidence of pulmonary
embolism was found in 18 (75%) of these patients. Dif-
fuse, patchy, and non-segmental perfusion defects were
seen in 28 patients. Only seven (25%) of this group had
angiographic abnormalities specific for embolism. In 12
patients with normal lung scans none showed subsequent
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Institutions, Baltimore, Maryland, U.S.A.
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5 Associate Professor, Division of Nuclear Medicine, Johns Hopkins
Medical Institutions, Baltimore, Maryland, U.S.A.
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evidence of embolism by angiography. It is concluded
firstly that lung scanning is a sensitive screening proce-
dure for pulmonary embolism and, secondly, that segmen-
tal perfusion defects are highly suggestive of pulmonary
embolism.

Introduction
Pulmonary embolism is an exceedingly common and often
lethal disease (Soloff and Rodman, 1967). In. unselected
necropsy cases an incidence of 51-64% was reported by several
authors (Freiman et al., 1965; Morrell and Dunnill, 1968).
The symptoms of massive pulmonary embolism are acute,
severe, and very striking, but in many patients symptoms may
be slight or even absent and diagnosis is difficult. When pul-
monary embolism is not immediately fatal, spontaneous reso-
lution is the rule rather than the exception, so that most
patients recover. The correct diagnosis of pulmonary embo-
lism is becoming important because of the effectiveness of
anticoagulant therapy and the potential effectiveness of the
new thrombolytic agents, such as urokinase and streptokinase.
Two relatively recent diagnostic procedures-selective pul-

monary arteriography and lung scanning-have assumed
progressively increasing importance in the management of
patients suspected of pulmonary embolism.
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