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Do maternal and intrauterine factors influence
blood pressure in childhood?
P H Whincup, D G Cook, 0 Papacosta

Abstract
It has been proposed that maternal health and
nutrition may be important in the development
of adult cardiovascular risk, and that blood
pressure may be an important intermediate
step in this process. To examine the relevance
of this hypothesis in contemporary British
children, the relationships of several maternal
factors to blood pressure were studied in
3360 children of European origin aged 5-7
years. Maternal age, height, and body mass
index were all positively related to blood
pressure in childhood but these relationships
were abolished once the child's body build
was taken into account. Maternal social class,
educational attainment, and history ofsmoking
in pregnancy showed no relationship with
blood pressure in childhood. Parity showed an
inverse association with blood pressure, but
this appeared to be due to an association
between total sibship size and blood pressure,
suggesting a postnatal rather than a prenatal
origin. Blood pressure was higher in children
whose mothers had a history of high blood
pressure but this association was no stronger
than that for paternal history. Both birth
weight and gestational age were inversely
related to blood pressure at 5-7 years. The
association between birth weight and blood
pressure was attenuated by standardisation
for gestational age, and the relationships
between birth weight and blood pressure were
similar in preterm and full term infants.
No specific associations between blood

pressure and the maternal factors studied
have been observed in this population. Hypo-
theses relating maternal factors to cardiovas-
cular risk need to specify the timing and
nature oftheir effects more precisely. Although
the relationship between birth weight and
blood pressure is not fully understood, it
appears to reflect size at birth rather than fetal
growth rate.
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Barker has argued that factors acting in early
life may be important in the development of
hypertension and cardiovascular disease in adult
life.' The environment in fetal and infant life,
which is strongly influenced by maternal health
and especially by maternal nutrition, may be
particularly important.' 2 While the links
between fetal and infant experience and adult
cardiovascular risk are incompletely understood,
it has been suggested that failure of fetal growth
may play an important part.' The demonstration
of an inverse association between birth weight

and blood pressure both in childhood 7 and in
adults6 8 9 has suggested that blood pressure is
likely to be an important link between early
influences and later cardiovascular risk. It has
been postulated that this hypothesis may account
for both the secular trends in cardiovascular
disease observed in Great Britain over the past
50 years'0 and for the current patterns of
geographical variation in cardiovascular
mortality.' 1-12 As the public health implications
of the hypothesis principally concern the health
and nutrition of mothers and their infants, it is
important to understand the extent to which
these early influences are relevant in the present
generation of children.

In this report, two aspects of the hypothesis
are examined in a contemporary group of chil-
dren. The first is the relationship between
indicators of maternal health (particularly those
related to maternal nutrition) and blood pres-
sure in childhood. The indicators of maternal
health considered include age, height and body
mass index, social factors (including social class,
age of completion of full time education), smok-
ing in pregnancy, parity, and a history of high
blood pressure. Among these, maternal height
is likely to reflect childhood influences, 13
including nutrition, 14 while maternal social
factors are strongly related to dietary intake of
both macronutrients and micronutrients during
pregnancy. 15 The second aspect ofthe hypothesis
examined is the relation between birth weight
and blood pressure and, in particular, the
suggestion6 8 9 that fetal growth rate may play a
central part in this relationship.

Subjects and methods
SAMPLING PROCEDURES
The study was carried out in 10 towns in
England and Wales, five with exceptionally
high adult cardiovascular mortality rates
(Wigan, Burnley, Rochdale, Port Talbot, and
Rhondda) and five with exceptionally low
cardiovascular mortality rates (Esher, Leather-
head, Chelmsford, Bath, and Tunbridge Wells).
The selection of these towns has been described
in detail elsewhere. 16 Within each town, a
sample of 10 primary schools, stratified by
religious denomination and, in the case of
county primary schools, by size and location,
was selected. Any school unable to take part was
replaced by the school matching most closely in
denomination, size, and location. Within each
school, two classes of children aged between 5 0
and 7 5 years were randomly selected to provide
a sample of 50-60 children who were invited to
participate. The validation of this sampling
method has been described. "
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SURVEY PROCEDURES
All measurements were made between January
and July 1990 by a team of four trained nurse

observers working in pairs. Standardised pro-
cedures were used throughout. Children, in
groups of four, rested for a period of at least
5 minutes before the measurements described
below were carried out, with subjects dressed in
light clothing without shoes. Height was

measured to the last complete millimetre using
either a Holtain electronic stadiometer or a

CMS portable stadiometer. Weight was measured
to the last complete 0-1 kg with a Soehnle digital
electronic weighing scale. Blood pressure was

measured with the child seated and the arm

supported at chest level. Two blood pressure
measurements were made 1 minute apart in the
right arm, using the Dinamap 1846SX automated
oscillometric blood pressure recorder
(Critikon).'8 '9 All measurements were made
with the child cuff size (bladder dimensions
15-5 x 8 cm), ensuring that the cuff width to arm
circumference ratio of 40-50% recommended
by the American Heart Association20 was met
for 79% of the study population. Ethnic group
was assessed on the basis of the child's appear-
ance.

QUESTIONNAIRE
A self administered questionnaire sent to the
parents of all participants on the day of exam-

ination was used to provide information on

maternal and intrauterine factors. Maternal age
was determined from the mother's year of birth,
and refers to her age at the time of the child's
birth. Maternal weight and height were recorded.
Maternal social class was determined from the
mother's present or most recent occupation,
classified using the 1980 manual of the Office of
Population Censuses and Surveys. Maternal
education was assessed by asking the age at
which full time education had been completed.
Cigarette smoking in pregnancy, including the
number of cigarettes smoked, was recorded.
Mothers were asked to record the dates of birth
of all older and younger siblings of the child
examined; the number of older children formed
the basis for assessment of parity. Inquiry was

made as to whether mothers had ever had their
blood pressure measured, and whether they had
ever been told that their blood pressure was

high. A similar question was asked of fathers.
Mothers were asked to record birth weight as

accurately as possible. Whether the delivery was
early or late and, if so, by how many weeks, was
used to determine gestational age.

STATISTICAL METHODS
Age, height, and body mass index in mothers,
and gestational age and birth weight in children,
have been treated as continuous variables in
regression analyses, but have been grouped in
fifths for presentation in figures and tables.

Age, height, body mass index, and blood
pressure in children have been treated as

continuous variables. Maternal social class and
age of completion of education have been
treated as class variables; the significance of

relationships with blood pressure has been
based on tests for linear trend. The number of
older siblings (parity) and younger siblings has
also been treated as class variables; older sibling
numbers of three or more and younger sibling
numbers of two or more have been grouped
throughout. Cigarette smoking in pregnancy
and parental history of high blood pressure have
been treated as 0/1 variables. All results have
been standardised for small differences in blood
pressure measurement between observers. In
this study population age, sex, height, and body
mass index were all independently related to
blood pressure. Standardisation for age, sex
and, where appropriate, height or body mass
index or both, have been carried out using
standard linear regression techniques.

Results
The results are based on 3360 European children
(67% response rate) who both took part in the
measurement survey and for whom parental
questionnaires were returned. Analyses of
maternal factors have been restricted to children
living with their natural mothers (n= 3307);
analyses of intrauterine factors are restricted to
singleton births (n=3259). Analyses of parental
history of high blood pressure have been restric-
ted to those subjects whose parents reported
having had a blood pressure measurement
made at some time (3215 mothers, 2310
fathers). Results are presented for systolic
pressure throughout. Relationships for diastolic
pressure are consistent with, but weaker than,
those for systolic.

MATERNAL FACTORS FOR BLOOD PRESSURE
Maternal age, height, and body mass index
The relationships between maternal age, height,
and body mass index and systolic blood pressure
in children are presented in the figure. In a
model standardised only for age and sex, all
three variables show strongly positive, and
statistically significant, associations with systo-
lic blood pressure, which are largely indepen-
dent of one another. However, in these chil-
dren, height is correlated both with maternal
age (r=0- 13) and with maternal height (r=0-33)
while body mass index is correlated with mater-
nal body mass index (r=0-18); both of these
factors are strongly associated with blood pres-
sure in childhood. When the relationships
between maternal age and blood pressure and
maternal height and blood pressure are standar-
dised for the effect of the child's height (in
addition to age and sex), these associations are
effectively abolished (figure). Similarly, when
the relationship between maternal body mass
index and blood pressure is standardised for the
effect of the child's body mass index, this as-
sociation is also removed (figure).

Maternal social factors, smoking in pregnancy,
parity and blood pressure
The relationships between maternal social
class, age at completion of full time education
and smoking in pregnancy are presented in
table 1. Neither maternal social class nor age at
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Table I Maternal factors and systolic blood pressure in
children

No of Systolic blood
children pressure

(mm Hg)

,----i---t- --4 -------I
p values:
Adjusted for age + sex = 0-02
Adjusted for age + sex,= 0-31

height
I I I~~~ I I

15 18 21 24 27 30
Maternal age (years)

Adjustment: x age sex & age sex height

B

Maternal social class:
I 37
II 717
IIINM 1143
IIIM 240
IV 655
V 150

106-1 (1-7)
103-8 (0 4)
104-3 (0 3)
104-1 (07)
103-4 (0-4)
104-1 (09)

Maternal full time education completed:
-16 years 1863 103-7 (0-3)
17-20 years 890 104-4 (0-4)
21 years + 439 103-6 (0-5)

Maternal smoking in pregnancy:.
33 36 39 ~~~Yes 870 103-5 (0 2)

No 2390 104-0 (0 4)

Parity:
0 1534 104-5 (03)
1 1131 103-4 (03)
2 415 102-4 (0 5)
3+ 154 103-5 (09)

Maternal history of high blood pressure:
Yes 1167 105-0 (0 3)
No 2048 103-1 (0 2)

Paternal history of high blood pressure:
Yes 288 106-0 (0-6)
No 2022 103-8 (0-2)

Test for trend
p=0 30

Test for trend
p=0-62

Test for difference
p=0-29

Test for trend
p=O-001

Test for difference
p<0-0001

Test for difference
p=O-001

Figures are means (SE). All analyses are standardised for age and
sex. Analyses are based on 3307 subjects with natural mothers,
for whom a social class could be allocated in 2942, a level of
educational attainment in 3192, a smoking status in pregnancy in
3260, and a parity in 3234. Analyses of parental history of high
blood pressure are restricted to 3215 mothers and 2310 fathers
who reported having had their blood pressure measured.

51 154 157 160 163 166 169 172 175 Hg higher than those whose mothers were
Maternal height (cm) parity 2. It is important, however, to consider

whether this association is really dependent on
parity, or whether it reflects the number of

C older siblings on which the measure of parity is
based. One way of approaching this question is
to examine whether there is any relationship
between the number of younger siblings and
blood pressure. This relationship is examined
for each number of older siblings in the columns

I 1 of table 2. Mean blood pressure tends to fall
4, with increasing numbers of younger siblings;

the effect is most consistent in the largest cells,
towards the top, left hand corner of the table.
To assess the strength of the independent

| 1 Adus !oragpvalues: relationships between younger sibling numbers,
Adjusted for age + sex,_ 0-00 older sibling numbers and blood pressure, a

BMIf+ 028 multiple linear regression analysis including the
* a * I two factors, together with age and sex, was

6 18 20 22 24 26 28 30 32 carried out. The linear regression coefficients
Maternal body mass index (kg/m2) (representing the difference in systolic blood

Adjustment: x age sex A age sex BMI pressure for a single change in sibling numbers)
iternal age, (B) height, (C) body mass index (BMI), and systolic blood pressure in are very similar both for older siblings (- Ill
l. Results are mean and 95% confidence intervals. mm Hg; SE 0-24 mm Hg) and for younger

siblings (-1-29 mm Hg; SE 0-30 mm Hg).
Results are also consistent for diastolic pressure.

completion of full time education showed a con- These findings suggest that the associations are
sistent relationship with blood pressure in child- dependent on the total number of siblings,
hood, a finding which is unchanged by using rather than on parity. As numbers of both
the same measures for the father or head of younger and older siblings are related to blood
household (data not presented). Maternal smok- pressure levels in childhood, this association is
ing in pregnancy also shows no relationship to likely to reflect a postnatal, rather than a
blood pressure in childhood. Parity, in contrast, prenatal, effect.
shows an inverse, graded relationship with
blood pressure, which is consistent in all groups
except the small 3+ group (table 1). Firstborn
children have mean systolic pressures 2-1 mm

Maternal history of high blood pressure
Table 1 presents the relationship between a
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Table 2 Older siblings, younger siblings, and systolic blood pressure

Older siblings

O 1 2 3+

Younger siblings 0 105-4(0-5) 104-3(0-4) 1032(0-6) 104-7(1-0)
1 104-3 (0 4) 101-4 (0 6) 99-7 (1-2) 99-6 (2-1)
2+ 103-8(07) 101-9(1-4) 101 5(28) 102-6(40)

Figures are mean (SE) systolic blood pressures (mm Hg). Analyses are standardised for age and sex
and are based on 3234 subjects with complete data on older and younger siblings.

maternal history of high blood pressure and
childhood blood pressure. Mean blood pressure
levels are significantly higher in subjects with a
maternal history of high blood pressure than in
those without. Whether or not maternal high
blood pressure was observed during the preg-
nancy of the child examined, makes little
difference to the outcome (data not presented).
The overall differences in systolic blood pressure,
however, between mothers with and without a
history of high blood pressure ([9 mm Hg,
95% confidence intervals [1 to 2-7 mm Hg) are
very similar to those for a paternal history of
high blood pressure (2-2 mm Hg, 95% confi-
dence intervals 0 9 to 3 5 mm Hg).

BIRTH WEIGHT, GESTATIONAL AGE, AND
BLOOD PRESSURE
To examine the relationships between birth
weight, gestational age, and blood pressure in
childhood, it is necessary to standardise results,
not only for age and sex, but also for current
body build.7 In this study population, height is

Table 3 Birth weight, gestational age, and systolic blood
pressure

No of Systolic blood
children pressure (mm Hg)

Birth weight (g):
765-2950 659 1047 (04)

2951-3230 633 104-7 (04)
3231-3460 608 104-3 (04)
3461-3740 683 103-5 (0 4)
3741-4880 603 102-0 (04)

p value (linear regression) <0-0001

Gestational age (weeks):
28-30 13 107-8 (2 7)
31-33 23 105-5 (2-0)
34-36 114 104-0 (09)
37-39 757 104-6 (0-4)
40-42 2105 103-4 (0-2)
43-44 47 104-5 (1-4)

p value (linear regression) <0-0001

Figures are mean (SE). Analyses are standardised for age, sex,
height, and body mass index and are based on 3259 singleton
births, of whom birth weights are available for 3186 subjects and
gestational age for 3061 subjects.

Table 4 Birth weight, gestational age, and systolic blood pressure

Systolic blood pressure (mm Hg)

r SE p

Separate analyses:
Birth weight -2-05 033 -6-16 <00001
Gestational age -0-35 0 09 -3*95 <0 0001

Multiple regression analyses:
Birth weight -1 90 0-42 -4-54 <0 0001
Gestational age -0 06 0 11 -0 57 0 57

Units of regression coefficients are mm Hg/kg or mm Hg/week throughout. All analyses are
standardised for age, sex, height, and body mass index and are based on 3061 subjects with complete
data on birth weight and gestational age.

correlated both with birth weight (r=0- 18) and
to a lesser extent gestational age (r=005);
similar associations are also observed for body
mass index (r=0-21 and r=0 05 respectively).
Table 3 presents the relationships between birth
weight, gestational age and blood pressure,
standardised for height and body mass index.
Both of these factors show highly significant
inverse relationships with systolic blood pres-
sure. There is a mean difference in systolic
blood pressure of 2-7 mm Hg between the
highest and lowest birthweight groups and a
mean difference of 4 3 mm Hg between children
born at 28-30 weeks and those born at 40-42
weeks. These relationships are not affected by
adjustment for parity or number of siblings, or
by adjustment for parental history of high blood
pressure.

Other investigators examining the association
between birth weight and blood pressure have
suggested that fetal growth rate may play an
important part.8 9 To examine the extent to
which fetal growth rate is responsible for the
relationship between birth weight and blood
pressure, the relationship has been examined
separately in preterm births (36 weeks or
earlier) and term births (37 weeks or later). The
rationale for such an analysis is that whereas
variation in birth weight in preterm infants is
strongly related to variation in gestational age
(r2=0 49), variation in birth weight at term,
although still related to gestational age, is much
less strongly so (r2=0 10). Variation in fetal
growth rate therefore plays a more important
part in variation in birth weight at term than in
preterm infants. If the association between birth
weight and blood pressure is explained by fetal
growth rate, it would be expected that the
relation between birth weight and blood pressure
would be stronger in term births than preterm
births. However, the coefficients for the regres-
sion of systolic blood pressure on birth weight
are very similar in preterm infants (-1-84 mm
Hg/kg, 95% confidence interval -0-38 to -3 30
mm Hg) and in term infants (-2-06 mm Hg/kg,
95% confidence interval -1 22 to -2-90 mm
Hg). These results provide no strong evidence
of a difference in regression slopes between
preterm and term infants for systolic pressure
(p=080); a similar pattern is seen for diastolic
pressure (p=0 57).
A more precise method of examining the

importance of fetal growth rate is to examine
whether standardisation of the relation between
birth weight and blood pressure, for the effect
of gestational age, increases the strength of the
relationship (table 4). Standardisation for gesta-
tional age weakens, not strengthens, the associa-
tion between birth weight and systolic blood
pressure, while the association between gesta-
tional age and blood pressure disappears. These
results suggest that birth weight, rather than a
measure of fetal growth rate, is the factor most
importantly related to blood pressure in this
context.

Discussion
This study has examined the relationship
between a group of maternal and intrauterine
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factors and blood pressure in a population of
children from 10 towns in England and Wales
with widely differing adult cardiovascular
mortality rates. Although maternal age, height,
and body mass index were related to blood
pressure, none of these remained so after stan-
dardisation for current body build of the child.
Neither maternal social class, educational
attainment, nor smoking in pregnancy showed
any relationship with blood pressure in child-
hood. Parity (based on the number of older sibl-
ings) was inversely related to blood pressure.
The number of younger siblings showed an
inverse association of similar strength, suggest-
ing that number of siblings, rather than parity,
was the important factor in this context. While a
maternal history of high blood pressure was
associated with a higher blood pressure level in
childhood, the strength of this association was
no greater than that for a paternal history of
high blood pressure. Both birth weight and ges-
tational age were inversely related to blood
pressure once the effect of current body build
was taken into account. The association
between birth weight and blood pressure was
similar for preterm and term infants. Moreover,
standardisation for gestational age did not
appear to increase the strength of the association
between birth weight and blood pressure.

MATERNAL FACTORS AND CHILDHOOD BLOOD
PRESSURE
Relationships between maternal factors and
childhood blood pressure have been examined in
several previous studies. Weak associations
between maternal age and blood pressure have
been described in an earlier study of 5-7 year
olds7 and in a study of 0-20 year olds.2' No
important association between maternal height
and blood pressure in 10 year olds was observed
in the 1970 British Births Survey.6 In the
present study, the effects of maternal age and
height were abolished by adjustment for child-
hood height, while the effect of maternal body
mass index was abolished by adjustment for
childhood body mass index. The precise reason
for these observations in uncertain. One possi-
bility is that the associations between these
maternal factors and blood pressure are con-
founded by childhood body size, and that they
are of no importance. A second possibility is
that childhood body build represents an inter-
mediate step on a causal pathway relating
maternal factors and childhood blood pressure.
The results of our study do not allow us
to distinguish between these possibilities.
However, we have also examined the associa-
tions between paternal age, height, and body
mass index and childhood blood pressure,
which are very similar to those for maternal
factors (data not presented). Thus, even if these
maternal factors are related to childhood blood
pressure, the results do not provide strong evi-
dence for a specific maternal effect rather than a
general parental effect.
No consistent relationship was observed

between maternal social factors and blood
pressure at 5-7 years. While several studies
have provided evidence ofa relationship between
social class and blood pressure in British adults,

with lower mean blood pressures in non-manual
occupational groups,22 23 few studies have
reported a relationship between social class and
blood pressure in British children. Beresford
and Holland observed a 4 mm Hg gradient in
systolic pressure across paternal social class
groups in 472 children aged 5-8 years,24 and
Law et al recently reported that blood pressures
were lower in social classes I and II in 405 chil-
dren aged 4 years.25 Both our present study
and an earlier study in 5-7 year olds failed to
demonstrate an association between maternal
social factors and blood pressure.7 The absence
of associations in these studies is not simply due
to the use of specifically maternal measures of
social class (rather than one based on paternal
social class), or to the use of a specifically occu-
pational measure of social class (rather than one
based on housing tenure or car ownership).
These findings are consistent with those of
MacIntyre and West, who observed that the
absence of an association between social class
and blood pressure in adolescents was not
simply an artefact resulting from the use of an
occupational social class measure.26
The inverse relationships between numbers

of older siblings, numbers of young siblings and
blood pressure are broadly consistent with the
findings of our earlier study.7 Other investi-
gators, however, have not confirmed this obser-
vation,21 25 although an association between the
absence of siblings and high blood pressure has
recently been reported in adults.27 The associa-
tion between older sibling numbers and child-
hood blood pressure could, in theory, be
explained by a prenatal, maternal effect related
to parity. However, the findings of the present
study (suggesting that associations both older
and younger siblingnumbers are equally strongly
related to childhood blood pressure) strongly
imply that the association is likely to be
postnatal and that a specific maternal effect is
unlikely.
The assessment of parental blood pressure

status is based on an extremely crude measures.
The association between a maternal history of
high blood pressure and blood pressure in
childhood is consistent with earlier reports
based on direct measurement of maternal blood
pressure.24 25 In this study, the association
between a maternal history of high blood
pressure and childhood blood pressure was of a
similar strength to that of paternal history. As
both of these parental measures are equally
crude, this comparison should be valid even if
weak. Moreover, the findings are consistent
with the results of earlier studies, based on
measurement of parental blood pressures,
which observed associations with childhood
blood pressure which were of similar strength
for both maternal and paternal influences.24 28
Although one recent study has suggested that
maternal blood pressure may be more important
than paternal blood pressure,25 the differences
between maternal and paternal relationships in
that study did not approach statistical signifi-
cance. Strong support for a specific association
between the blood pressures of mothers and
their offspring, independent of that observed
for fathers, appears to be lacking at present.
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BIRTH WEIGHT, GESTATIONAL AGE, AND BLOOD
PRESSURE
Several studies have observed inverse associa-
tions between birth weight and blood pressure,
both in childhood"7 and in adulthood,6 8 9
although this has not been a universal finding.29
The magnitude of the association observed in
this study is similar to that of our earlier study7
and that of Law et al in 4 year olds25 but
stronger than that reported in 10 year olds fromn
the 1970 British Births Survey.6 This discre-
pancy may be explained by the large number of
observers and the rounding of blood pressure
values in the latter study. In the British Births
Survey, no association between gestational age
and blood pressure was observed. However, the
effect of standardisation for current body build,
as used in the current study, was not described,
however.

IMPLICATIONS FOR HYPOTHESES EMPHASISING
THE IMPORTANCE OF EARLY LIFE INFLUENCES IN
THE DEVELOPMENT OF ADULT CARDIOVASCULAR
DISEASE
Maternalfactors
No evidence has been observed in this study
population to suggest the presence of specific
relationships between maternal factors and
blood pressure in childhood. These findings do
not invalidate the general hypothesis that early
influences, particulary maternal influences,
may affect the risk of cardiovascular disease.
The maternal measures reported here are
possibly too crude, although the range of
maternal heights and social circumstances is
wide, despite the absence of children from inner
cities in the sample. Blood pressure is
possibly not the important mechanism relating
maternal influences to adult cardiovascular risk;
other pathways, including impaired glucose
tolerance, have recently been suggested.2 30 It is
also conceivable that early influences act by long
term programming2 and therefore, no appreci-
able effects on blood pressure are to be expected
in childhood. The findings emphasise that the
study of early influences on cardiovascular risk
in the present generation of children requires
the development of more specific hypotheses for
testing. In particular, the maternal factors that
are important, and the nature and timing of
their influence on offspring, need to be specified
with greater precision. One example of this
greater specificity has been the recent suggestion

Table 5 Studies relating weight and blood pressure at birth

Author Reference No of subjects Association

Term infants:
Moss et al 31 74 Positive
Kitterman et al 32 45 Positive
Lee et al 33 257 Positive
Schachter et al 34 392 None
de Swiet et al 35 1740 Positive

Preterm infants:
Holland and Young 36 15 Positive
Goodman et al 37 28 Positive
Moss et al 31 26 Positive
Levison et al 38 21 Positive

Low birthweight infants:
Versmold et al 39 16 Positive

Studies included in this list include those in which blood pressuires were measuired within sevcn
davs of hirth.

that maternal anaemia may be related to blood
pressure in offspring.25 Although preliminary
results are encouraging,25 however, the hypo-
thesis requires further exploration and substan-
tiation.

Birth weight and blood pressure
In the earlier descriptions of the inverse rela-
tionship between birth weight and subsequent
blood pressure, two general explanations for the
associations have been put forward. Some
authors have suggested that the relationship
reflects a direct effect of intrauterine factors on
the developing fetal cardiovascular system' 9
whereas others have suggested that the relation-
ship is essentially due to the postnatal sequelae
of low birth weight, particularly rapid postnatal
growth (catch-up growth).5 Explanations in the
first group include the suggestion of Gennser et
al that the placental changes in intrauterine
growth retardation lead to resetting of blood
pressure regulation8 and Barker et al's sugges-
tion that the processes responsible for fetal
growth retardation may result in long term
changes in arterial structure and compliance.9
The first of these explanations implies that
blood pressure in low birth weight infants is
likely to be higher by the time of birth. Those
studies, however, that have measured blood
pressure at, or shortly after, birth have gene-
rally observed a positive, not an inverse, rela-
tion between weight and blood pressure at that
time (table 5), which argues strongly against the
suggestion of Gennser et al. A common feature
of both the intrauterine explanations is the
importance accorded to retardation of intra-
uterine growth. The analyses described in this
report have examined the possibility that fetal
growth rate, rather than birth weight, is related
to blood pressure. First, the relationship
between birth weight and blood pressure has
been examined in preterm and term infants, in
which the contribution of fetal growth rate to
differences in birth weight differs. Second, the
effect of standardisation for gestational age on
the relationship between birth weight and blood
pressure has been examined. The results of both
analyses suggest that birth weight, rather than
birth weight for gestational age (a measure of
fetal growth rate) is important. Interpretation of
these findings must be cautious, first because
birth weight and gestational age are strongly
correlated (r=0-58) and also because measure-
ment of gestational age is liable to error, more so
when based on recall after several years. A
comparison of gestational age data collected by
maternal recall at 9-11 years in 851 subjects
shows a high level of agreement with data from
birth records (mean difference 0-20 weeks, SD
1-3 weeks) (PH Whincup, unpublished data).
Moreover, the demonstration of a relationship
between birth weight and recalled gestational
age again suggests that the gestational age data
are at least partially valid. The results, therefore,
provide no support for the earlier contention
that fetal growth rate is important in explaining
the association between birth weight and blood
pressure.8 9 The biological significance of the
observations remains uncertain, however. The
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findings do not resolve the question of whether
the explanation for the association is prenatal or
postnatal. They suggest that, if prenatal, the
explanation must account for a relationship that
is similar both in prematurity and growth
retardation, conditions that are distinct in many
aspects of their aetiology40 and clinical features.4'
If the explanation is a postnatal one, the
observations also cast uncertainty on the impor-
tance of early catch-up growth,' which is more
marked in preterm infants than in those with
intrauterine growth retardation.42
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