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Fetal origins of adult hypertension

Our studies into the relation be-
tween fetal and infant life and adult
hypertension started because of
the limited ability of known risk
factors to predict the occurrence of
cardiovascular disease in both pop-
ulations and individuals. Globally
cardiovascular disease is associated
with affluence, yet in England and
Wales death rates from cardiovas-
cular disease are highest in areas of
the country which have indicators
of low socio-economic status!. In
individuals, hypertension and high
plasma cholesterol concentrations
increase an individual’s risk of
ischaemic heart disease, but for a
non-smoking man in the lowest
risk groups of cholesterol and
blood pressure, the commonest
cause of death is still coronary
heart disease?. One possible ex-
planation is that the causes of
cardiovascular disease begin to
operate not in adult life, but in fetal
life and infancy.

Our first studies were geogra-
phical. Records of infant mortality
dating from the beginning of the
century allowed recent death rates
in the 212 local authority areas of
England and Wales to be compared
with infant mortality rates in the
same places 60 or more years ago.
The correlation between past
infant mortality and recent mor-
tality from cardiovascular disease
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(r=0.73) was strikingly close?. In-
fant mortality is, of course, no
more than a general indicator of
early adverse environmental con-
ditions. But such a strong relation
is suggestive that some aspect of
poor living conditions in early life
determines risk of cardiovascular
disease. However, maps and area
statistics only tell us about places,
not people. To test our hypothesis
further we needed to study indivi-
duals.

From 1911 onwards, every baby
born in the county of Hertfordshire
(a rural and relatively affluent
county just north of London) was
weighed at birth, visited periodical-
ly by a health visitor during infancy,
and weighed again at one year of
age. Records of these visits have
survived, so that it is possible to
trace, through the National Health
Service Central Registry, men and
women who were born 60 and
more years ago, and to relate their
weight at birth and one year of age,
to the later occurrence of iliness
and death, and to levels of known
risk factors for cardiovascular
disease. The first study in Hert-
fordshire was of death rates from
cardiovascular disease in 6500 men,
born in the eastern part of the
country between 1911-30. Among
men who weighed 18 pounds
(8.2kg) or less at one year of age,
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death rates from ischaemic heart
disease were almost three times
higher than among those who
weighed 27 pounds (12.3kg) or
more (Table 1) In subsequent stu-
dies similar relations were found
for women*, and for men born in a
different part of the country>.
Studies of death rates have limited
information on individuals. Could
it be, for instance, that the relation
between birthweight and death
from cardiovascular disease was
confounded by adult obesity? To
examine these issues further we
have undertaken follow up studies
of individuals who are still alive. In
addition to those in Hertfordshire®,
we have studied people in Preston’
and Sheffield, cities in the indus-
trial north of England, where
detailed maternity records have
been preserved.

In all three follow up studies, and
in a national cohort study®, those
who weighed less at birth had
raised blood pressure as adults.
Amongst 59 to 70 year old men in
Hertfordshire, for example, systol-
ic blood pressure fell from a mean
of 169 mmHg in those who weigh-
ed five and a half pounds (2.5kg)
at birth to 162mmHg in those
who weighed 9 and a half pounds
(43kg) or more (Table2). As
would be expected, blood pressure
was higher in people who were



Weight at one year
(pounds)

<18
~20
-22
-24
-26
227

Total )

SMR: lschaem'
heart disease

Table 1. Standardised mortality ratios (SMR) for ischaemic heart disease
according to weight at one year in 6500 men born during 1911-30. (Num-

bers of deaths: Hertfordshire).

Birthweight (pounds)f .

~55
-6.5
-75
-85
-9.5
>9.5

Total

Table 2. Mean systolic blood pressure (mmHg) in men aged 59 to 70 years.
(Number of people: Hertfordshire), * overall standard deviation 24 mmHg.

currently obese (measured by body
mass index: weight/height?), but
men who had lower birthweight
tended to have higher systolic pres-
sure at any level of current body
mass. The relation between birth-
weight and blood pressure was
independent of current alcohol
intake and smoking habit and was
seen at all levels of social class (a
measure of socio-economic status).
Furthermore, in Hertfordshire,
where weight at one year was also
available, higher blood pressure
was associated only with lower
birthweight, and not with lower
weight at one year®. This suggests
that the critical period for blood
pressure development is in fetal
life, not infancy.

High blood pressure was not con-
fined to those adults who as babies
had had clinically defined intra-
uterine growth retardation, such as
birthweight <2.5 kg: indeed, in the
older populations few of these
babies would have survived. Rath-
er blood pressure fell progressively
across the whole range of birth-
weights. This was seen in both
sexes and for systolic and diastolic
pressures, although the differences
were stronger for systolic pressure.
From the studies in Preston’ and
Sheffield (C. Martyn unpublished),
where duration of gestation was
also recorded, we know that the
inverse relation between birth-
weight and blood pressure was
independent of gestation. Thus it is
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poor fetal growth, rather than pre-
maturity, which is associated with
higher blood pressure in adult life.
However, birthweight is a crude
measure of fetal growth, including
length, head size and fatness. Ani-
mal experiments have shown that
the timing of adverse events, for
instance undernutrition in preg-
nancy, many influence body pro-
portions at birth®. Undernutrition
in early gestation tends to produce
a small but normally proportioned
baby, so called “symmetrically”
small. The fetus may also enlarge
the placenta as an adaptive me-
chanism. Undernutrition in late
gestation may have profound
effects on body proportions, for
instance a baby who is thin, with
less effect on absolute birthweight
or placental weight. Thus the study
of body proportions at birth may
give further insights into the timing
which underlies the relation be-
tween birthweight and subsequent
blood pressure.

In the Preston maternity records
detailed measurements of the
baby’s size at birth were recorded,
along with the placental weight.
Men and women with high blood
pressure tended to be those who
had been thin at birth, with below
average weight but above average
length!'. High pressures were also
found amongst those who had large
placentas at birth, especially if the
placenta was large relative to the
birthweight (Table 3)7. Thus signs
of poor fetal growth in both early
and late gestation were associated
with higher blood pressure in adult
life.

Although cardiovascular disease
and hypertension are not disorders
of childhood, there are important
reasons for studying the relation
between fetal growth and sub-
sequent blood pressure in children.
Firstly, demonstration of an inverse
relation between birthweight and
subsequent blood pressure in child-
ren would show that impaired fetal
growth is still associated with later
effects. Thus, the studies of adults
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-1.0 ~1.25
isz (26) 154 (13)
147 (16) - 151  (54)
L1144 (20) 148 (77)
133 (B . 148 (27)
147(68)" - 149 (171)

Table 3. Mean systolic blood pressure (mmHg) of men and women aged
46 to 54 years according to birthweight and placental weight. (Number of

Placental weight (pounds)

-1.5 >1.5 All

153 (5) 206 (1) 154  (45)
150 .(28) 166 (8) 151 (106)
145 (45) 160(27) 149 (169)
147 (42) 154 (54). 149 (129)
147 (120) 157 (90) 150 * (449)

people: Preston), *overall standard deviation men 20 mmHg, women

23 mmHg.

index at birth (kg/m?)

Systolic pressure

107 (81)
106 (90)
105 (99)
103 89)
105* (359)

Table 4. Mean systolic blood pressure (mmHg) of 4 year old children,
according to ponderal index at birth. (Number of children: Salisbury),

* overall standard deviation 10 mmHg.

described above would have
important implications for current
and future public health, rather
than simply reflecting an historical
phenomenon. If the relations were
visible in children then prospective
studies, using modern measure-
ments of fetal growth, such as ultra-
sound scanning, would be feasible.
Lastly, if the relation between
lower birthweight and higher blood
pressure were present in children,
this would remove the possibility
that the association in adults was
due only to confounding factors in
adult lifestyle, which were related
both to adult hypertension and
lower birthweight.

A relation between lower birth-
weight and higher blood pressure
has now been demonstrated in
eight studies of children in Britain
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and elsewhere® 2-18, This relation
is independent of the childs cur-
rent size, which is itself a powerful
predictor of childhood blood pres-
sure’. In general systolic pressure
rises by 1 to 2mmHg for every
kilogram decrease in birthweight.
Tracking of blood pressure, (the
persistence of rank order of an
individual from one time to the
next), has been repeatedly ob-
served in studies of children and
adults®. This suggests that at least
some components of both hyper-
tension and the population dis-
tribution of blood pressure are
established early in life. In one
study of children detailed measure-
ments of size at birth were also
available . Thinness at birth (mea-
sured by ponderal index: weight/
height?) was associated with higher

blood pressure at 4 years (Table 4),
paralleling the relation seen in
adults. However, four studies of
teenagers have shown only weak
associations between birthweight
and blood pressure!® -2, This is
perhaps explained by the fact that
tracking is perturbed during the
period of rapid growth in adoles-
cence?.

The changes in mean blood pressu-
re between one group of size at
birth and another, all within the
normal range of fetal growth, may
seem small of those used to dealing
with hypertensive patients, or with
severely growth retarded babies.
However there are two important
points to note on the size of the
effects which have been described.
Firstly, the differences in blood
pressure associated with birth-
weight are large compared with
those associated with the adult
environment, of which salt has
received much attention. A recent
cross-cultural study in 52 centres
concluded that lowering the daily
intake of sodium from 170 mmol
to 70mmol corresponded to a
2 mmHg reduction in systolic pres-
sure®. This is a small effect com-
pared to the difference in systolic
pressures across the range of
birthweights in the Hertfordshire
and Preston studies.

Secondly, small potential shifts in
the population distribution of
blood pressure may have large
effects on disease. Prevention of
blood pressure related disorders
focuses on two strategies. One
relies on the treatment of individu-
als at very high risk i.e. those with
hypertension. A considerable fall
in blood pressure must be achieved
to reduce an individual’s risk, and
such individuals form only a small
proportion of the population. The
second strategy reduces the mean
blood pressure of the population,
thereby decreasing the risk of all
individuals by a small amount. Of
the two strategies the second has
the greater potential to decrease
the burden of disease in the whole



population. For instance, it has

been calculated that a reduction in
the mean population blood pres-
sure of adults in England and
Wales of 2 to 3 mmHg would have
the same effect on reducing hyper-
tension-associated deaths as all
anti-hypertensive treatment cur-
rently prescribed?,

What, then, of the mechanisms
which underlie the relations be-
tween early growth and adult blood
pressure? We have hypothesized
that hypertension arises from fetal
adaptations to an adverse environ-
ment in utero. In adapting to an
adverse environment, to sub-
optimal nutrition in particular, the
growth of some fetal organs and
tissues, including the liver and pan-
creas, is constrained while that of
others, including the brain, may be
spared!®. Numerous animal experi-
ments have shown that poor nutri-
tion during periods of rapid growth
in early life may permanently
change the structure and physiolo-
gy of a range of organs and tissues.
This phenomenon is known as pro-
gramming. For instance, female
rats were given diets with differing
protein content before and through-
out pregnancy?. The diets were
suboptimal rather than grossly
deficient. Normal feeding was
restored after birth and the off-
spring were allowed to develop
normally. As would be expected
the rats on lower protein diets had
lower weight gain during preg-
nancy. Nine weeks after birth,
offspring of all three groups fed on
a low protein diet had significantly
higher systolic pressure than the
offspring of those on a normal 18
per cent protein intake. These dif-
ferences persisted to 21 weeks, by
which time the rats were mature.
These observations illustrate how
impaired nutrient supply during
fetal development may have signi-
ficant physiological consequences
in later life, without major effects
on birth size.

Although there is a wealth of evi-
dence in animals that maternal

nutrition programmes longterm
physiology and metabolism, little is
known in humans. However our
data do provide some support for
the hypothesis of programming of
blood pressure in utero. The differ-
ences in systolic pressure among
children who were of low and high
birthweight are seen from the early
years of life but are small compar-
ed to those seen in adults’. During
adult life, those differences are
increased so that the biggest dif-
ferences are seen in the oldest sub-
jects. An interpretation of these
findings is that blood pressure is
initially raised in utero and there-
after a magnifying process may
progressively amplify the differen-
ce throughout life. The existence of
initiating and amplification mecha-
nisms was first proposed by Fol-
kow?. It is clear that amplification
occurs in secondary hypertension:
in patients with phaeochromo-
cytoma, Conn’s syndrome or renal
artery stenosis, hypertension can
persist even after the primary
(initiating) cause, the tumour or
stenosis is removed %,

We hypothesize that essential
hypertension is programmed in
utero, possibly as a consequence of
impaired maternal nutrition. This
initiation process is followed by
an amplification mechanism, with
other postnatal influences acting to
modify the risk initiated pre-natally.
This explanation does not imply
that the environment and indivi-
dual behaviour in adult life are
unimportant, although it may limit
the potential for therapeutic inter-
vention. If we accept this hypothe-
sis there are major implications for
public health. Primary prevention
of hypertension may be possible.
The gulf between this theoretical
possibility and improved health is
wide. To bridge that gulf we will
need not only a greater under-
standing of the mechanisms which
underly the associations between
fetal growth and adult blood pres-
sure, but also a fundamental shift
in preventive strategies, from pro-

grammes addressing adult lifestyle
and screening for treatable hyper-
tension, to the health of mothers
and babies.

References

1 Barker DJP, Osmond C. Infant
mortality, childhood nutrition, and
ischaemic heart disease in England
and Wales. Lancet 1986; i:1077-
1081.

2 Rose G. Sick individuals and sick
populations. Int J Epidemiol 1985;
14:32-38.

3 Barker DJP, Winter PD, Osmond
C, Margetts B, Simmonds SJ.
Weight in infancy and death from
ischaemic heart disease. Lancet
1989; ii:577-580.

4 Osmond C, Barker DJP. Winter
PD, Fall CHD, Simmonds SJ. Early
growth and death from cardiovas-
cular disease in women. Br Med J
1993; 307:1519-1524.

5 Barker DJFE, Osmond C, Simmonds
SJ, Wield GA. The relation of head
circumference and thinness at birth
to death from cardiovascular dis-
ease in adult life. Br Med J 1993;
306:422 -426.

6 Hales CN, Barker DJF, Clark PMS,
et al. Fetal and infant growth
and impaired glucose tolerance at
aged 64. Br Med J 1991; 303:1019-
1022.

7 Barker DJP, Bull AR, Osmond C,
Simmonds SJ. Fetal and placental
size and risk of hypertension in
adult life. Br Med J 1990;
301:259-262.

8 Wadsworth MEJ, Cripps HA, Mid-
winter RE, Colley JRT. Blood pres-
sure in a national birth cohort at the
age of 36 related to social and fami-
lial factors, smoking, and body
mass. Br Med J 1985; 207:1534 ~
1538.

9 Law CM, de Swiet M, Osmond C, et
al. Initiation of hypertension in
utero and its amplification through-
out life. Br Med J 1993; 306:24-27.

10 Barker DJP, Gluckman PD, God-
frey KM, Harding JE, Owens JA,
Robinson JS. Fetal nutrition and

355



11

12

13

14

15

16

17

S0z Praventivmed 1995; 40: 352356

cardiovascular disease in adult life.
Lancet 1993; 341:938 -941.

Barker DJF, Godfrey KM, Osmond
C, Bull A. The relation of fetal
length, ponderal index and head
circumference to blood pressure
and the risk of hypertension in
aduit life. Paed Perinat Epidemiol
1992; 6:35-44.

Simpson A, Mortimer JG, Silva PA,
Spears G, Williams S. In: Onesti G,
Kim KE, eds. Hypertension in the
young and old. New York: Grune
and Stratton, 1981:153 -163.

Cater J, Gill N. The follow-up
study: medical aspects. In: Illsey R,
Mitchell RG, eds. Low birthweight,
a medical, psychological and social
study. Chichester: Wiley, 1984:
191-205.

Whincup PH, Cook DG, Shaper
AG. Early influences on blood
pressure: a study of children aged
5-7 years. Br Med J 1989; 299:
587-591.

Law CM, Barker DJP, Bull AR,
Osmond C. Maternal and fetal
influences on blood pressure. Arch
Dis Child 1991; 66:1291-1295.
Whincup PH, Cook D, Papacosta
O. Do maternal and intrauterine
factors influence blood pressure in
childhood? Arch Dis Child 1992;
67:1423-1429.

Barker DJB, Osmond C,Golding I,
Kuh D, Wadsworth MEJ. Growth

356

18

19

20

21

22

23

in utero, blood pressure in child-
hood and adult life, and mortality
from cardiovascular disease. Br
Med J 1989; 298:564 - 567.
Williams S, St George IM, Silva PA.
Intrauterine growth retardation
and blood pressure at age seven
and eighteen. J Clin Epidemiol
1992; 45:1257-1273.

Voors AW, Webber LS, Frerichs
RR, Berenson GS. Body height and
body mass as determinants of basal
blood pressure in children - the
Bogalusa heart study. Am J Epi-
demiol 1977; 106:101-108.
Labarthe D, Eissen M, Varas C.
Childhood precursors of high blood
pressure and elevated cholesterol.
Annual Review of Public Health
1991; 12:519-541.

Macintyre S, Watt G, West B, Ecob
R. Correlates of blood pressure in
15 year olds in the West of Scot-
land. J Epidemiol Comm Health
1991; 45:143-147.

Seidman DS, Laor A, Gale R, Ste-
venson DK, Mashiach S, Canon
YL. Birthweight, current body
weight and blood pressure in late
adolescence. Br Med J 1991;
302:1235-1237.

Mattes JWA, Lewis PA, Davies DF,
Bethel JA. Relation between birth-
weight at term and systolic blood
pressure in adolescence. Br Med J
1994; 308:1074-1077.

24

25

26

27

28

Lever A, Harrap S. Essential hyper-
tension: a disorder of growth with
origins in childhood. J Hyperten
1992; 10:101-120.

Intersalt Cooperative Research
Group. Intersalt: an international
study of electrolyte excretion and
blood pressure. Results for 24 hour
urinary sodium and potassium
excretion. Br Med J 1988; 297:
319-328.

Rose G. Strategy of prevention:
lessons from cardiovascular dis-
ease. Br Med J 1981; 282:1847~
1851.

Langley SC, Jackson AA. Increased
systolic blood pressure in adult rats
induced by fetal exposure to mater-
nal low protein diets. Clin Sci 1994;
86:217-222.

Folkow B. Cardiovascular struc-
tural adaptation: its role in the
initiation and maintenance of pri-
mary hypertension. Clin Sci 1978;
55:3-22(S).

Address for correspondence

Catherine Law

MRC Environmental Epidemiology
Unit

Southampton General Hospital
Southampton

SO16 6YD/UK



