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ABSTRACT Geographical differences in mortality from cardiovascular disease and chronic bronchitis
within England and Wales are closely related to past differences in infant mortality. This paper
examines the separate relations of mortality during 1968-78 with neonatal and post-neonatal
mortality during 1911-25. These divisions of infant mortality are indicators of the intrauterine and
early postnatal environments respectively. Stroke is related to neonatal mortality and therefore to the
intrauterine environment. Prenatal determinants of blood pressure levels may be one mechanism
underlying this. Bronchitis is related to postnatal mortality and therefore to the postnatal
environment. This may reflect the long term effects of lower respiratory tract infection in early
childhood. Ischaemic heart disease is related to both neonatal and post-neonatal mortality and
therefore to the intrauterine and postnatal environments. The links may include blood pressure and
as yet unknown processes established in early postnatal life.

Within England and Wales there is a close relation
between geographical differences in mortality from
cardiovascular disease and differences in infant
mortality 70 and more years ago.' A similar relation
between current cardiovascular mortality and past
infant mortality has been shown within three other
countries: in the 20 counties of Norway,2 in east and
west Finland,3 and in 17 registration states within the
United States of America.4
The data from England and Wales are based on the

largest numbers of deaths. They allow detailed
examination based on the 212 local authority areas
into which the country was formerly divided, and they
allow analyses for ischaemic heart disease and stroke
separately. The completeness and detail of infant
mortality records from 1911 onwards enable
examination of the relations with infant mortality at
different ages and from different causes. In particular
they distinguish neonatal mortality (deaths before 1
month of age) from post-neonatal mortality (deaths
from 1 month to 1 year).

Findings in Norway and Finland were interpreted
as evidence that adverse living conditions during
childhood, for example housing and recurrent
infection, increased the risk of ischaemic heart
disease.23 The study in the USA found a closer
relation with infant mortality from diarrhoeal disease
than from other causes.4 In our first analysis we found

that whereas the geographical correlations of
cardiovascular disease with previous neonatal and
post-neonatal mortality rates were similar when
expressed as correlation coefficients, the position of
the 15 London boroughs on the scattergram suggested
a more consistent relation with neonatal mortality.'
London has low cardiovascular mortality and had low
neonatal mortality but high post-neonatal mortality in
the past.

Seventy years ago most neonatal deaths occurred
within a week of birth and depended mainly on
prenatal rather than postnatal influences.5 This
pointer to a relation with the intrauterine environment
is reinforced by the relation between cardiovascular
disease and past maternal mortality, a relation which
is especially strong for stroke.6
We present here an analysis which discriminates

more closely between the geographical relations of
cardiovascular disease with past neonatal and pos-
neonatal mortality. The findings are contrasted with
those for chronic bronchitis, where the geographical
distribution is closely related to past variations in
post-neonatal mortality from respiratory infection
and is therefore determined by the postnatal
environment.7 Lower respiratory tract infections in
infancy and early childhood are a known risk factor
for chronic bronchitis.
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Methods

Numbers of neonatal deaths and of post-neonatal
deaths in different areas of England and Wales were
published from 1911 onwards.8 We calculated rates
per 1000 births for 1911-25. During this time there
were 436 087 neonatal deaths and 668 115
postneonatal deaths.
The Office of Population Censuses and Surveys

made available extracts from all death certificates in
England and Wales during 1968-78, the period
covered by the eighth revision of the International
Classification of Diseases (ICD).9 Our analysis is
based on mortality at ages 35-74. Sex specific rates
were based on data from the 1971 census and were
expressed as standardised mortality ratios (SMRs).
Stroke was defined as ICD 431-438, which is
cerebrovascular disease other than subarachnoid
haemorrhage. Ischaemic heart disease was defined as
ICD 410-414 and chronic bronchitis as ICD 490-492.
We analysed mortality in the 212 local authority

areas used by the Registrar General since 1911 -that
is, 80 county boroughs (larger towns), 15 London
boroughs, 59 urban areas (metropolitan boroughs and
urban districts) within counties, and 58 rural areas. We
ordered the areas according to neonatal mortality
during 1911-25 and derived five groups of 42 or 43
areas with increasing mortality. We similarly derived
five groups with increasing post-neonatal mortality. In
this way mortality at ages 35-74 was examined within
a grid of 25 cells.

Results

Table 1 shows the numbers of areas of England and
Wales within each neonatal and post-neonatal
mortality group. Neonatal mortality rose from 30 per
1000 births in group 1 to 44 in group 5. Post-neonatal
mortality rose from 32 per 1000 in group 1 to 73 in
group 5. Most areas were on the diagonal of the grid.

Table I Division of the 212 areas of England and Wales
according to neonatal and post-neonatal mortality during
1911-25.

Post neonatal mortality Neonatal
lowest highest deaths per
1 2 3 4 5 1000 births

Neonatal mortality
I lowest 21 11 5 4 1 30
2 11 16 9 5 2 33
3 8 11 14 5 4 36
4 0 5 11 18 9 39
5 highest 2 0 3 11 26 44
Post-neonatal
deaths per
1000 births 32 40 50 61 73
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Areas with low neonatal but high post-neonatal
mortality were mostly in London but included the
county boroughs of Chester and Great Yarmouth.
Areas with high neonatal but low post-neonatal rates
were scattered through the north and west and
included the rural areas ofAnglesey, Northumberland
and Staffordshire.

Table 2 shows mortality from stroke, ischaemic
heart disease and chronic bronchitis within the grid
defined in table 1. Within any of the five bands of
post-neonatal mortality, standardised mortality ratios
for stroke increased sharply with increasing neonatal

Table 2 Death ratesftom stroke, ischaemic heart disease and
chronic bronchitis (SMRs, ages 35-74, both sexes, 1968-78)
in the 212 areas ofEnglandand Wales groupedby neonataland
post-neonatal mortality (1911-25).

Post-neonatal mortality

lowest 1 2 3 4 5 highest

Stroke
Neonatal
mortality I lowest 85 81 79 78 79

2 86 90 98 74 76
3 102 100 104 104 104
4 - 108 110 115 117
5 highest 124 - 121 123 117

Ischaemic heart disease
Neonatal
mortality I lowest 84 89 91 88 98

2 85 93 95 88 91
3 86 94 99 106 113
4 - 98 109 111 115
5 highest 83 - 114 119 116

Chronic bronchitis
Neonatal
mortality I lowest 67 78 106 115 161

2 64 84 85 104 126
3 69 65 89 88 151
4 - 91 99 120 142
5 highest 41 - 108 123 144

mortality. There was no independent trend in stroke
mortality with post-neonatal mortality. Mortality
from ischaemic heart disease had similar but separate
trends with neonatjl and post-neonatal mortality.
Mortality from chronic bronchitis showed a steep
increase with increasing post-neonatal mortality, but
no independent trend with neonatal mortality.

Discussion

This analysis shows that mortality from
cardiovascular disease and chronic bronchitis has
different geographical relations with past differences
in the intrauterine and early postnatal environments,
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Early origins of cardiovascular disease and chronic bronchitis

as indicated by the distribution of neonatal and
post-neonatal mortality in England and Wales during
1911-25. Stroke is related to the intrauterine
environment; chronic bronchitis is related to the
postnatal environment; and ischaemic heart disease is
related to both.
The median year of birth of people dying before 75

years of age during 1968-78, the years included in our
analysis, is around 1905. The data on infant mortality
are for 1911-25 and do not exactly correspond with
this. Data published before 1911, however, do now
allow such a detailed geographical analysis. The
distributions of neonatal and post-neonatal mortality
changed little throughout 1911-25, despite a fall in the
rates, and there is no reason to think that they differed
much from those in the previous decade.
We have suggested that blood pressure is one link

between an adverse intrauterine environment and the
risk of cardiovascular disease.6 In two large national
samples of people in Britain, one comprising adults
age 36 years and the other children aged 10, blood
pressure was inversely related to birth weight.'0 In the
past most neonatal deaths in Britain occurred during
the first week after birth and were attributed to
prematurity or low birth weight.5 The geographical
distribution of maternal mortality, from causes other
than puerperal fever, was closely similar to neonatal
mortality. Poor physique of the mothers was clearly
implicated as a cause of high maternal mortality, and
was itself a result of poor nutrition and impaired
growth of young girls." The aggregation of high
perinatal mortality, low birth weight and poor
maternal physique in certain areas of the country was
first shown in national surveys during 1910-30, and
has been repeatedly confirmed in perinatal surveys
since the second world war.'2 The magnitude of past
differences in birth weight is illustrated by the birth
weight distribution of babies born in maternity
hospitals in Preston and London around 1930. In
Preston, which had high neonatal and maternal
mortality, mean birth weight was 289 grams below
that in London, which had low mortality (unpublished
data).
A number of mechanisms could link an adverse

intrauterine environment, reduced fetal growth and
higher blood pressure. Pressure in the fetal circulation
could be elevated as a method ofmaintaining placental
perfusion, and the elevated pressures may persist after
birth.'3 Retardation of intrauterine growth may lead
to accelerated postnatal growth accompanied by an
accelerated increase in blood pressure.'4

There is considerable evidence linking serious or
recurrent lower respiratory tract infection before the
age of 2 years with increased risk ofchronic bronchitis
in adult life, though the mechanism underlying this
association is not understood.'5 16 Part of this

evidence comes from the remarkably close and specific
geographical relation between past infant mortality
from bronchitis or pneumonia and current mortality
from chronic bronchitis in England and Wales.7
The distribution of ischaemic heart disease

correlates more closely with past infant respiratory
mortality than with other leading causes of post-
neonatal death. ' A pulmonary lesion could be the link
between an adverse early postnatal environment and
risk of ischaemic heart disease. A reduced forced
expiratory volume in middle life is associated with an
increased risk of myocardial infarction.'7 Failure of
long term "programming" of lipid metabolism during
infancy, as a result of infant feeding, is another
possible link between infancy and ischaemic heart
disease for which there is increasing evidence in
experimental animals.'8

Mortality from stroke has fallen in Britain over the
past 40 years.7 This is consistent with past
improvements in the intrauterine environment, as a
result of improved maternal physique. Bronchitis
mortality has also fallen, in keeping with past
improvements in housing and reduction of
overcrowding. Ischaemic heart disease mortality,
however, has risen steeply. It may therefore have two
groups of causes, one acting through the mother and
in infancy, and associated with poor living standards,
the other acting in later life, and associated with
affluence.
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D J P Barker, MRC Environmental Epidemiology
Unit, University of Southampton, Southampton
General Hospital, Southampton S09 4XY, UK.
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