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Placental weight, birth measurements, and blood
pressure at age 8 years
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Abstract
Objective-To examine relationships be-
tween blood pressure during childhood
and both placental weight and body size at
birth, in an Australian population.
Design-A follow up study of a birth
cohort, undertaken when cohort members
were aged 8 years.
Setting-Adelaide, South Australia.
Subjects-830 children born in the Queen
Victoria Hospital in Adelaide, South Aus-
tralia, during 1975-6.
Main outcome measures-Systolic and
diastolic blood pressure measured when
the children were aged 8 years.
Results-Blood pressure at 8 years was
positively related to placental weight and
inversely related to birth weight, after
adjusting for the child's current weight.
For diastolic pressure there was a de-
crease of 1.0mm Hg for each 1 kg increase
in birth weight (95% confidence interval
(CI) = -0.4 to 2.4) and an increase of 0.7
mm Hg for each 100 g increase in placen-
tal weight (95% CI = 0.1 to 1.3). Diastolic
pressure was also inversely related to
chest circumference at birth, indepen-
dently ofplacental weight, with a decrease
of 0.3 mm Hg for each 1 cm increase in
chest circumference (95% CI = 0.2 to 0.5).
Conclusions-These findings are further
evidence that birth characteristics, in-
dicative of fetal growth patterns, are
related to blood pressure in later life.
(Arch Dis Child 1996;74:538-541)
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Low birth weight has been related to raised
blood pressure in later life in a number of study
populations. The association was first shown in
a British national cohort aged 36 years 1 2 and
was subsequently reported for a group of
Swedish army recruits. Three follow up stud-
ies of middle aged men and women who were

born in three different parts of Britain have
confirmed the finding and demonstrated that it
is independent of current body size and
lifestyle factors such as smoking habit and
alcohol intake. 4 5 A number of studies of chil-
dren have also provided evidence of this
relationship. 4 6 7

In several studies an association between
birth weight and later blood pressure has not
been apparent, however. Findings among teen-
agers have been mixed, 8`11 possibly due to the

disruptive effects of rapid growth during
adolescence on blood pressure patterns. 12 No
association was found among a group of
children living in Britain, aged approximately 8
years, but they were all born before term and
had low birth weights. 13 In a small group of
Jamaican children, blood pressure at 10 to 12
years was not related to birth weight, but was
inversely related to the skinfold thickness of the
mother during pregnancy. 14 Likewise, among
children of rural Gambia, an association
between blood pressure and birth weight was
absent but relationships with mother's weight
during pregnancy were present. 15 These latter
results may point to more fundamental factors,
such as maternal nutrition, which may underlie
the relationship between birth weight and
blood pressure seen elsewhere.

Birth weight is only a summary measure of
growth in utero and further indications of
intrauterine growth can be obtained from other
features of the baby at birth, such as its length
and fatness, and from the weight of the
placenta. Relationships between blood pres-
sure and placental weight have been examined
in two recent studies. The first was a follow up
study of individuals born between 1935 and
1944 in Preston, England, undertaken by
Barker and colleagues. 16 17 Among 449 men
and women aged around 50 years, raised blood
pressure was associated with the combination
ofhigh placental weight and relatively low birth
weight more strongly than it was to birth
weight alone.Weaker evidence of the same pat-
tern was found among 4 year old children from
Salisbury, England. 7 (In one other study
concerning a group of children from Dunedin,
New Zealand, findings were inconsistent. 10
However, the series of comparison groups cre-
ated and the comparisons reported do not
enable assessment of the overall relationship in
that sample.)
The studies in Preston and Salisbury also

showed that blood pressure was related to body
proportions at birth, with individuals who were
characterised by relative thinness or shortness
at birth having a greater likelihood of high
blood pressure than those who were normally
proportioned at birth. These relationships were
independent of current body size and, remark-
ably, in the Preston group blood pressure was
related to the body dimensions measured some
50 years earlier more strongly than it was to
any current measurement.
We report a study of 830 children born at

term in a hospital in Adelaide, South Australia,
for whom details of body size and placental
weight were recorded. Measurements of blood
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Table 1 Characteristics of the sample

Variable No Mean (SD)

Birth weight (g) 775 3392 (534)
Placental weight (g) 774 564 (113)
Length at birth (cm) 694 50.1 (2.1)
Head circumference at birth (cm) 694 34.6 (1.5)
Chest circumference at birth (cm) 694 33.9 (2.0)
Weight at 8 years (kg) 827 30.6 (6.1)
Height at 8 years (cm) 828 133.5 (6.2)
Systolic blood pressure at 8 years (mm Hg) 829 101.6 (11.3)
Diastolic blood pressure at 8 years (mm Hg) 825 61.2 (8.7)

pressure were made when the children were

aged 8 years and we analysed these in relation
to placental weight and birth measurements.

Subjects and methods
A follow up study of children born at term
during 1975-6 in the Queen Victoria Hospital,
Adelaide, South Australia, was conducted
when the children reached 8 years of age. Two
thousand children had been sequentially se-

lected at birth for measurement of cord serum

lipids and these formed the group eligible for
inclusion in the follow up study. Full details of
the follow up procedures are given elsewhere. 18

Briefly, around the time of their 8th birthday a

total of 1347 children were able to be traced
and were still living. After being contacted, the
families of 856 of these children (64%) agreed
to participate in the follow up study. Almost
half of the families that declined involvement
did not live in the Adelaide metropolitan area.

For the present analysis the 13 pairs of twins
were excluded, leaving a total of 830 children.
The children attended the Adelaide Chil-

dren's Hospital during 1984-5 for the follow
up examination. Weight was measured to the
nearest 100 g using beam balance scales, with
the child lightly clothed but shoeless. Height
was measured to the nearest cm using a

Harpenden stadiometer. Blood pressure was

measured in the right arm with the child lying
down, using a standard mercury sphygmoma-
nometer and a cuff size appropriate to the cir-
cumference of the arm. '9 Diastolic pressure
was read at the 4th Korotkoff phase. Two mea-

surements were made of both systolic and
diastolic pressure, with a 10 minute interval
between the readings.

Information relating to the births of the chil-
dren was obtained from records held by the
Queen Victoria Hospital. Details abstracted
included birth weight, crown-heel length, head
circumference, chest circumference, and pla-
cental weight. The placentas had been weighed
untrimmed and without blood being ex-

pressed. Chest circumference was measured at
the level of the nipples.
We used multiple linear regression and tabu-

lation of group means to examine relationships
between measurements made at birth and
blood pressure at age 8, as follows. The average
of the two readings made of systolic and
diastolic pressure, respectively, were used in
the analyses. All measurements of placental
weight and body size at birth, size at 8 years,
and blood pressure were used as continuous
variables in multiple regression. All relation-
ships were investigated using multiple linear

regression; partial regression coefficients and
their 95% confidence intervals (CIs) are
reported. For clarity of presentation, we have
shown the results as tables of mean values of
blood pressure within groups. For each vari-
able, the groups were formed on the basis of
tertiles, so that approximately a third of the
sample fell into each group.

Results
Among the 830 children studied, there were
437 boys and 393 girls. Characteristics of the
sample at birth and at 8 years are presented in
table 1. Birth information was retrieved for 778
(94%) of the children, although it was not
complete in all cases. No records could be
found for the remaining 52 children. Each part
of the following analysis was carried out using
those children who had valid data for all
variables in that particular model.
The distribution of birth weight for the

group of children studied (summarised in table
1) is very similar to that for all singleton babies
born at term in South Australia during 1981
(mean (SD) 3387( 557) g), which was the first
year for which statewide birth statistics were
compiled; the statewide distribution of birth
weight has been stable from 1981 to 1994 (A
Chan, personal communication, 21 August
1995).
In the study sample, the mean (SD) systolic

pressure for boys was 101(11) mm Hg while
that for girls was 102(12) mm Hg. For both
boys and girls, the mean (SD) diastolic
pressure was 61(9) mm Hg. Including the
child's sex had no effect on any of the
regression models, so we did not adjust for this
variable.

Blood pressure was strongly related to
current weight. Systolic pressure rose by 0.6
mm Hg and diastolic pressure by 0.4 mm Hg
for each 1 kg increase in current weight. Rela-
tionships with height and body mass index
were weaker and the addition of either variable
to weight in a linear regression model did not
explain a larger fraction of the variance in
blood pressure. We therefore adjusted only for
current weight in all subsequent analyses.

Birth weight alone was not related to blood
pressure. Placental weight alone was not
related to systolic pressure. There was a
positive but not statistically significant relation-
ship between placental weight and diastolic
pressure.
The simultaneous effects of placental weight

and birth weight on blood pressure were exam-
ined by multiple regression. At any birth
weight, blood pressure tended to rise with
increasing placental weight. At any placental
weight, blood pressure tended to fall with
increasing birth weight. Therefore, the highest
blood pressures were found among those chil-
dren who had the largest placentas and the
lowest birth weights, and vice versa. For
diastolic pressure, there was an increase of 0.7
mm Hg for each 100 g increase in placental
weight (95% CI = 0.1 to 1.3) and a decrease of
1.0 mm Hg for each 1 kg increase in birth
weight (95% CI = -0.4 to 2.4). For systolic
pressure the pattern was similar but not statis-
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Table 2 Mean systolic pressure (mm Hg) at age 8years according to birth weight and
placental weight groups, adjustedfor current weight; numbers in each cell are shown in
parentheses

Birth weight (g) Placental weight (g)

S 500 501- 600 > 600 Total

S 3200 101.4 (162) 102.3 (71) 103.0 (23) 102.2
3201 - 3600 100.8 (75) 101.7 (107) 102.4 (63) 101.6
> 3600 99.7 (20) 100.5 (78) 101.3 (175) 100.5

Total 100.6 101.5 102.2

Table 3 Mean diastolic pressure (mm Hg) at age 8years according to birth weight and
placental weight groups, adjustedfor current weight; numbers in each cell are shown in
parentheses

Birth weight (g) Placental weight (g)

S 500 501 - 600 > 600 Total

6 3200 60.9 (162) 61.5 (71) 63.1 (23) 61.8
3201 - 3600 60.4 (75) 61.0 (107) 62.6 (63) 61.3
> 3600 59.0 (20) 59.6 (78) 61.2 (175) 59.9

Total 60.1 60.7 62.3

Table 4 Mean systolic pressure (mm Hg) at age 8 years according to placental weight
and head circumference groups, adjustedfor current weight; numbers in each cell are shown
in parentheses

Head Placental weight (g)
circumference (cm)

S 500 501- 600 > 600 Total

<- 33 101.2 (56) 101.8 (40) 102.3 (19) 101.8
34-35 101.0 (128) 101.6 (134) 102.1 (102) 101.6
¢ 36 100.3 (25) 100.9 (67) 101.4 (119) 100.9

Total 100.9 101.4 102.0

Table S Mean diastolic pressure (mm Hg) at age 8years according to placental weight
and chest circumference groups, adjustedfor current weight; numbers in each cell are shown
in parentheses

Chest Placental weight (g)
circumference (cm)

< 500 501- 600 > 600 Total

S 33 60.8 (124) 61.3 (93) 62.3 (40) 61.5
34 60.4 (58) 60.8 (86) 61.9 (72) 61.0
¢ 35 59.9 (27) 60.3 (62) 61.4 (128) 60.5

Total 60.3 60.8 61.9

tically significant: an increase of 0.3 mm Hg for
each 100 g increase in placental weight (95%
CI = -0.5 to 1.1) and a decrease of 1.3 mm Hg
for each 1 kg increase in birth weight (95% CI
= -0.5 to 3.1). Tables 2 and 3 illustrate these
results by presenting the mean systolic and
diastolic pressures for children grouped ac-

cording to approximate thirds of placental
weight and birth weight.
We investigated relationships between blood

pressure and other birth measurements in
combination with placental weight. The birth
measurements considered were head circum-
ference, chest circumference, crown-heel
length, the ratio of head circumference to
length, and ponderal index (the ratio of birth
weight to length cubed). For systolic pressure,
the strongest relationship was with head
circumference, with a decrease of 0.5 mm Hg
for each 1 cm increase in head circumference
(95% CI = -0.1 to 1.1). This pattern of results
is illustrated in table 4, which gives mean

systolic pressure for children grouped accord-
ing to approximate thirds of placental weight

and head circumference. There was no evi-
dence of any other patterns of association.

Diastolic pressure was associated with chest
circumference independently of placental
weight. At any placental weight, blood pressure
tended to fall with increasing chest circumfer-
ence, with a decrease of 0.3 mm Hg for each
one cm increase in chest circumference (95%
CI = 0.2 to 0.5). At any chest circumference,
blood pressure tended to rise with increasing
placental weight, with an increase of 0.7 mm
Hg per 100 g increase in placental weight
(95% CI = 0.1 to 1.3). This pattern of results
is illustrated in table 5, which gives mean dias-
tolic pressure for children grouped according
to approximate thirds of placental weight and
chest circumference. There was no evidence of
any other patterns of association.

Discussion
In a group of 8 year old Australian children,
born at term, we found that systolic and
diastolic blood pressures were related to
placental weight and size at birth. The children
were selected only through having been born in
a particular hospital during a certain period of
time (1975-6). The birth weight distribution
of the children studied was very similar to the
corresponding statewide distribution for the
nearest year for which statewide data were
available (1981). Over the period for which it
has been documented (1981-94), the state-
wide birth weight distribution has remained
stable. Thus the group of children who partici-
pated in the follow up study appear to be a rep-
resentative sample in terms of birth weight.
Moreover, our analyses are based on within-
sample comparisons. The results will therefore
not be subject to bias unless the relationships
between blood pressure and measurements
made at birth are systematically different for
children not included in the study, which
seems unlikely.
That blood pressure is inversely related to

birth weight and, simultaneously, positively
associated with placental weight has been
demonstrated in two studies in Britain. 16
in those studies, we found that the highest
blood pressures were observed among indi-
viduals who had a large placenta in relation to
their birth weight. Barker and his colleagues
have speculated that maternal nutrition under-
lies this relationship. 20 Support for this view
comes from recent work in experimental
animals. In previously well fed sheep, moderate
undernutrition in mid-pregnancy has been
found to stimulate placental growth. 21 22 In
late pregnancy, a brief period of undernutrition
has been related to increased fetal blood
pressure after the mother's diet was restored to
normal. 23 In rats, reduced intake of protein has
been shown to promote placental growth and
constrain fetal growth. 24 Follow up of pups
showed that all offspring from mothers on diets
comprising 6-12% protein had significantly
raised blood pressure. 25 Thus the initiating
event in hypertension can occur prenatally. 12 26

Raised blood pressure has repeatedly been
shown to be related to smallness at birth,
although this finding is not universal. In our
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data the relationship with birth weight
emerged only after adjustment for placental
weight. Previous studies that did not find asso-
ciations between birth weight and blood
pressure did not take placental weight into
account.

Birth weight is a summary measure of fetal
growth and does not distinguish differences in
head size, length, or fatness. Barker and his
colleagues have shown that two other pheno-
typic groups of babies, not necessarily of low
birth weight, are prone to develop raised blood
pressure. 16 One group comprises babies that
are disproportionately thin and the other,
babies that are disproportionately short. These
birth phenotypes are thought to reflect differ-
ent patterns of impaired growth in utero. 20 In
our study, raised diastolic pressure was associ-
ated with small chest circumference and this
result again implicates thinness at birth in sub-
sequent increase of blood pressure.
At present, the mechanisms underlying the

relationship between retarded fetal growth and
raised blood pressure are not clear, and their
elucidation requires further work in animals
and humans. It has been suggested that the
relationship between blood pressure and fetal
growth is progressively amplified throughout
life. ' We plan to revisit the members of our
study group, who are now approaching 20
years of age, and take further blood pressure
measurements to test this.
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Health and Medical Research Council of Australia and the
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Australia.
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