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Birth weight and body mass index in childhood,
adolescence, and adulthood as predictors of blood
pressure at age 36

F J Holland, 0 Stark, A E Ades, C S Peckham

Abstract
Study objective-The purpose of this study
was to investigate the relation between blood
pressure at age 36, and birth weight and body
mass index (BMI) in childhood, adolescence
and adulthood.
Design-Prospective longitudinal survey
over a period of 36 years in England,
Scotland, and Wales.
Participants-A nationally representative
sample consisting of 3332 men and women
born in one week in March 1946. Altogether
82% of these subjects had complete data for
the present analysis.
Main results-There was an inverse linear
relation between birth weight and blood
pressure at age 36. The relation between BMI
and blood pressure at age 36 was initially
inverse and became increasingly positive
throughout life. Weight gain in childhood was
positively associated with adult blood pressure,
although less important than weight change in
later life. The associations between blood
pressure and birth weight, and blood pressure
and adult BMI were independent, and together
they accounted for no more than 4% of the
variation in adult blood pressure. Both low
birth weight (birth weight s2-5kg) and high
BMI at age 36 (BMI >30kg/m2) were associated
with hypertension (>140/9OmmHg), but the per
cent population risk of hypertension
attributable to low birth weight was less than
5%, and to high BMI less than 12%.
Conclusions-Low birth weight and high
BMI at age 36 were independently related to
high blood pressure. A reduction in the per-
centage oflow birthweight babies born in the
fourth decade ofthis century would only have
a negligible effect on the incidence of adult
hypertension 30-40 years later.
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High blood pressure is a major risk factor for
cardiovascular diseases' i and a leading cause of
morbidity and mortality among adults in indus-
trialised countries. Increased blood pressure is
associated with obesity5 but the underlying
mechanisms are not understood.' It has been
suggested that obesity in childhood may be an

important predisposing factor in the development
of adult hypertension.7 This hypothesis is based
on observations that children who are overweight
have higher childhood blood pressure.7 '8 Low
birth weight has also been linked to high blood
pressure in adulthood. 12
The Medical Research Council National Sur-

vey ofHealth and Development (NSHD) provides

a unique opportunity to study the link between
weight in childhood and adult blood pressure. The
survey began at birth and over a period of 36 years
measurements of height and weight at various
ages' '14 and blood pressure at 36 years"' have
been obtained. An earlier report') showed that
birth weight, body mass index (BMI) at 36 years,
social class and education, father's death from
cardiovascular illness, and cigarette smoking were
associated with adult blood pressure. This study
investigates the association between blood
pressure at 36 years and BMI in infancy,
childhood, adolescence, and adulthood.

Subjects and methods
SULD)Y POPUIATION
The NSHD began as a study of the birth of all
children born in one week in England, Wales, and
Scotland in March 1946.1' The follow up sample
comprises all legitimate, single births to wives of
non-manual and agricultural workers and one in
four of all other legitimate single births, a total of
5362 individuals. Contacts during childhood were
made at intervals of two years or less and at longer
intervals (maximum of seven years) in adult life.
At age 36 years 3332 study members were suc-
cessfully interviewed and measured in their
homes. The adult study group is considered to be a
representative sample of those of this age resident
in Britain since birth."

Heights and weights were measured by health
visitors at ages 2 and 4 years and by school doctors
or nurses at ages 6, 7, 11, and 14 years. At 36 years,
measurements of height and weight were carried
out by specially trained nurses while at ages 20 and
26 these were selfreported. All data were edited, as
described in earlier publications. 1 3 14

Systolic and diastolic blood pressures were
measured by nurses at age 36 years using the
Hawkesley random zero sphygmomanometer."
Readings were taken twice in 99.4'S, of the popula-
tion visited, using correction factors to adjust for
arm circumference. The second reading was used
in these analyses.

STIlATISIICAL METHODS
Birth weight was expressed as a standard deviation
score (BW-SDS). Mean SDS was calculated for
11 birth weight groups. Low birth weight
(-2-5kg) infants formed one group while the
remainder were stratified into 1 Oths of the
BW SDS distribution (these were of unequal size
because birth weight was recorded to the nearest

quarter of a pound).
For each subject BMI (kg/m2) was calculated at

each age and a standard deviation score (BMI
SDS) was computed separately for men and
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women using the LMS method'7 based on a
national survey in France. 18 Mean BMI-SDS was
obtained for the following age bands: 4, 6, and 7
(childhood), 1 1 and 14 (adolescence), 20 and 26
(early adulthood), and age 36 years (adulthood).
This minimised the exclusion of subjects with
missing data at some ages. For the four age bands
mean SDS was calculated for each decile of the
BMI-SDS distribution.
Mean blood pressure was calculated for each

BW-SDS group, and BMI-SDS group at the later
age bands. Then, for each age band, mean blood
pressure was plotted against mean SDS within
each decile. Blood pressure was also regressed
against BW-SDS and BMI-SDS treated as con-
tinuous variables; linear and orthogonal quadratic
effect estimates were recorded.

In longitudinal analyses, BW-SDS and BMI-
SDS at age 36 were entered in a multiple
regression model. The effect ofbody mass change
was also investigated by regressing SDS change
from birth to age 36 and change between adjacent
age bands.
The relative risk and population attributable

risk, and positive predictive value of low birth
weight (<2-5kg) and high BMI (>30kg/M2) at age
36 on high blood pressure (> 140/90 mmHg) at 36
years was estimated.

Results
Figures 1 and 2 'show the mean systolic and
diastolic blood pressures at age 36 years in relation
to BW-SDS group and BMI-SDS group between
childhood and adulthood, restricted to those indi-
viduals with BW-SDS and BMI-SDS at each age
band (1356 men and 1359 women). In men, low
birth weight (<2-5kg) was associated with higher
blood pressure. At age 36 years the picture was
reversed with higher BMI associated with higher
blood pressure. Between childhood, adolescence,

and adulthood the initially inverse linear
relationship became increasingly positive. In
women, low birth weight was not asssociated with
high blood pressure at age 36, though overall, the
same inverse relation was observed as with men.
The linear relation between BMI and blood
presssure at age 36 was already positive in
childhood and became stronger with age. Super-
imposed on this was a U-shaped relationship. As
can be seen from the regression coefficients for the
quadratic terms, this became increasingly marked
with age.

Tables I and II include only subjects with
complete data at birth, age bands 4, 6, 7 and 11,
14, and age 36 (1421 men and 1409 women).
Table I gives the results of regression models in
which BW-SDS and BMI-SDS at 36 were used,
separately or together, to predict blood pressure at
age 36. The regression coefficients and their
standard errors, when both variables are included
were very similar to those obtained when the
variables were entered separately. This shows that
the associations which birth weight and BMI at 36
have with blood pressure are independent of each
other. The percentage of variation explained in
models with both factors ranged from 0 4% to
4-0%. There was no statistical interaction between
birth weight and BMI at age 36.

In further analyses (not shown), BMI at 36 and
birth weight remained independently associated
with blood pressure after controlling for each of
the following: father's social class at age 4, and at
age 36, alcohol consumption, region of examin-
ation, and social class.
Table II shows that a unit change in SDS

between birth and age 36 years was associated with
a 1-5 (95% confidence interval (CI) 0 9, 2-1)
mmHg rise in systolic blood pressure in men and
1-3 (95% CI 0-7, 1 9) mmHg rise in women. The
table also gives coefficients for a second model
which includes covariates for SDS changes from

Figure 1: Mean systolic
and diastolic blood pressure
at age 36 in 1356 men,
against nmean standard
deviation score (SDS) for
birth weight and BMI
within 10 equal-sized SDS
bands. The birth weight
distribution has an
additional group
comprising those with birth
weight <2 5 kg. Linear
and quadratic estinmated
regression coefficients (95%
CI).
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Figure 2: Mean systolic
anid diastolic blood pressure
at age 36 in 1359 womiieni,
against mean standard
deviation score (SDS) for
birth zveight and BMI
within 10 eqzual-sized SDS
banids. The birth zveight
distribuition has an
additional group
comzprising those zvith birth
weight <2 5 kg. Linear
and quiadratic estimated
regression coefficients (95%
CI)
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birth to childhood, childhood to adolescence, and
adolescence to age 36. In men the effect of weight
change between birth and childhood was less than
the effect of change between childhood and ado-
lescence and those who gained weight in early
adulthood were at more risk of increased systolic
and diastolic pressure (table II). In women the
relation with timing ofchange was much less clear,
although it remained positive at all ages but weak
for diastolic pressure. For both models the per-
centage of variation explained was small,
ranging from 0-4%S to 4-4%Yo.
Table III includes subjects with measurements

at birth and age 36 (1611 men and 1620 women).
The criterion used for low birth weight was
<2-5 kg and >30 kg/M2 for high BMI at 36, and
>140/90 mmHg for high blood pressure. The
relative risk of high blood pressure associated with
low birth weight was 2-4 in men and 1-4 in
women. However, low birth weight had poor
predictive value for high blood pressure at age
36 less than 9% for both sexes. Further, the
percentage population risk of high blood pressure
attributable to low birth weight was only 4 6% in
men and 2 5%S, in women. High BMI at age 36 has
a higher relative risk, and superior predictive
value. When 13 men and 22 women with blood
pressure <140/90 mmHg who were being treated
for hypertension at age 36 were included in the
high blood pressure category, very similar though

slightly lower
parameters.

estimates were obtained for these

Discussion
The study confirmed that low birth weight and
high adult weight adjusted for height were associ-
ated with high blood pressure at age 36 years.
These findings are consistent with other
studies.5 9 12 These effects were independent of
each other and are in agreement with earlier work
on this cohort and another study.'(
Our study adds to previous work by examining

the effect ofweight in childhood, adolescence, and
early adulthood and the influence of weight
change between age bands on adult blood
pressure. Standardisation of BMI for age allowed
substantial differences in age at interview to be
taken into account. A complex picture emerged:
the cross sectional analyses at the different ages
showed that the linear relation between weight
and adult blood pressure changed from negative to
positive as the child grew older. There were also
marked U-shaped trends where both high and low
body mass were asociated with higher adult blood
pressure than was moderate BMI. This
relationship, which to our knowledge has not been
observed before was stronger in women. A pos-
sible explanation could be the more extreme types
ofbody composition found in women than in men.

Table I Estimated
regression coefficients (95%
confidence interval) of
blood pressuire at age 36
against birth zweight stand-
ard deviation score

(BW-SDS) anid body
mlass index (BMI-SDS)

at age 36 anid percentage
of varianice explained

Each variable alone

B1W (SDS
Males (n=142 1):
Svstolic-Regression coefficient -1 1 (-2 0, -0 3)

of variance explained 0 5
Diastolic-Regression coefficient -0 5 (-12, 02)

'%, of variance explained 0 1

Females (n=1409):
Systolic-Regression coefficient -11 (-2 0, -0 3)

', of variance explained 0 5
Diastolic-Regression coefficient -0 3 (-1 0, 0 4)

'6, of variance explained 0 1

Botlh variables i)l MO

13MI S8)S at age 36 BW' S1)S

1 5 (0 8, 2 2)
1.1
293 (1 7, 2-9)
3s7

-1 4 (-2 2, -0 5)

-0 8 (-1 5, -0(1)

1 3 (0(5, 2-2) -12 (-2-1, -0A4)
0(6
0(8 (()1, 1 5)-034 (-l 0, 0 3)
() 3

Alel
BAIl *S1) at age 36

16 (0.9, 24)
1 8

2 4 (1 8, 3*0)
-1)

1 4 (0-6, 2 3)
1-2

08 (01, 15)
0)4
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Tabl/ II Esti'Mated
r.egressi)ol coefficienlts (95)
coljiidence interal.) of
blood pressure at agc 36
cigainst overall stanidard
deviationl S(oe (<SDS)
zveigrt chanige betzween
birtlh anld age 36 Years,
anid against chlanige
betzveen adjacent age bands

Perzio(d

Males (n=1421):
Birth >age 36 vears
o,f vXariance explained

Birth >childhood
Childhood >adolescence
Adolescence >age 36 xears

of variance explained
Females (n=1409):
Birth >age 36 sears

of variance explained
Birth >childhood
Childhood >adolescence
Adolescence >age 36 years

of variance explained

Sx stolic Diastolic
slope slope

1-5 (0 9, 2-1)
1 8
0 7 (0, 1A4)
1 4 (05, 2-3)
2 8 (19, 3-6)
3 1

1 7 (1-2, 2 2)
32

1 0 (0 4, 1-6)
1-7 (09, 24)
2-7 (2-1, 3A4)
4.4

13 (07, 19) 06 (01, 1 1)
1 2 0 4
1-4 (0 7, 2 1)
1 0 (0, 2-0)
1 4 (04, 24)
12-

05 (0, 11)
03 (-05, 1-1)
1 0 (0 2, 1-7)
0-5

Our results support the hypothesis suggested by
the Muscatine study that weight gain in early
childhood increases the risk of high adult blood
pressure 9 particularly in men. We found that those
who gained weight in early adult life were at greater
risk of high adult blood pressure.
As the associations of low birth weight and high

adult BMI with
independent, it follov
between these two p
with high adult blooc
these, of the three car
birth weight, high adi
is not possible to d
salient determinants
More variance in

by BMI for men,
pressure. Among X
pressure was better
research comparing
pressure as a predict
morbidity have
results.2 3 20

Risk of high adult 1
overweight adults th
The percentage po°
pressure (> 140/90 mi
birth weight under 2'
for BMI over 30 kg/
Altematively, one car
blood pressure of a s

distribution. For exa

data, a 900g increase i
required to increase
by 2 mmHg in 36 yeai
five longitudinal stud
this rise in blood press
30% fall in all-cause n
The 1946 birth co

with subjects born du
ing period which (

Results obtained frc

Table III High blood pr-essoirte at age 36 ini relation to

mtlass inldex (BAII) at 36

Mlales (n=161 1):

weight (kg)

BMlI age 36 (kg m2)

Femalcs (n=1620):
weight (kg)

age (kg in)

Jlloodi pressure at

age 3?6 (nmnHg)
>140 90

<2

>2-5

110 14(31

>2

<30 1458

wholly applicable to later populations. Since then
there has been a marked increase in survival oflow
birth weight babies and a secular trend in higher
birth weight,22 and overweight and obese adults,23
which could modify the relationship between
weight and blood pressure. Improvements in other
factors not examined here such as general stand-
ard of living, changes in eating habits and physical
activity have also changed during the last 45 years.
As there are many health risks associated with

overweight and obesity attempts to reduce the
prevalence, especially at young ages, need to be
encouraged. In agreement with a recent report,24
we conclude that weight control programmes in
adolescence and adulthood have an important role
in preventing adult hypertension.

We thank Dr M E J Wadsworth and Dr C Power for their
comments.
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