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Abstract
Objective: To establish whether fetal growth rate (as
distinct from size at birth) is associated with mortality
from ischaemic heart disease.
Design: Cohort study based on uniquely detailed
obstetric records with 97% follow up over the entire
life course and linkage to census data in adult life.
Subjects: All 14 611 babies delivered at the Uppsala
Academic Hospital, Sweden, during 1915-29 followed
up to end of 1995.
Main outcome measures: Mortality from ischaemic
heart disease and other causes.
Results: Cardiovascular disease showed an inverse
association with birth weight for both men and
women, although this was significant only for men. In
men a 1000 g increase in birth weight was associated
with a proportional reduction in the rate of ischaemic
heart disease of 0.77 (95% confidence interval 0.67 to
0.90). Adjustment for socioeconomic circumstances at
birth and in adult life led to slight attenuation of this
effect. Relative to the lowest fourth of birth weight for
gestational age, mortality from ischaemic heart
disease in men in the second, third, and fourth fourths
was 0.81 (0.66 to 0.98), 0.63 (0.50 to 0.78), and 0.67
(0.54 to 0.82), respectively. The inclusion of birth
weight per se and birth weight for gestational age in
the same model strengthened the association with
birth weight for gestational age but removed the
association with birth weight.
Conclusion: This study provides by far the most
persuasive evidence of a real association between size
at birth and mortality from ischaemic heart disease in
men, which cannot be explained by methodological
artefact or socioeconomic confounding. It strongly
suggests that it is variation in fetal growth rate rather
than size at birth that is aetiologically important.

Introduction
In 1989 the first of a series of papers was published
from a cohort study of men and women born in Hert-
fordshire in the 1920s and 1930s which suggested that
cardiovascular disease, ischaemic heart disease in
particular, was inversely associated with birth weight.1 2

Since then this association has been confirmed in
cohorts studies from a range of countries,3–7 as
reviewed elsewhere.8 Only one study, from Gothen-
burg, failed to find evidence of an inverse association.9

Selection bias has been a major concern of critics
who have questioned the validity of these findings.10 11

In the Hertfordshire study, for example, results are
based on the follow up of less than half of all those who
made up the original birth cohort. A second concern is
that the association between size at birth and mortality
in adult life may be due to socioeconomic

confounding.10–12 Reduced size at birth may simply be a
marker for poor maternal socioeconomic circum-
stances that predict relative deprivation of the
offspring in adult life, which leads in turn to an
increased risk of ischaemic heart disease. Only two
previous studies have explicitly examined this issue.5 6

The quality and completeness of the information
on size at birth in previous studies varies and is not
optimal in any. Most use historical obstetric records as
the source of information on size at birth, although two
used self reported birth weights.5 6 Ponderal index has
been analysed in only two studies, both of which found
it to be inversely associated with cardiovascular
mortality.3 7

Only three studies have included data on
gestational age, each using it simply to restrict analyses
to term births.3 6 7 There has been no systematic
attempt to examine whether it is the rate of fetal
growth that underlies the association of size at birth
with cardiovascular mortality.

We report the results of an almost complete follow
up in a cohort of all people born in Uppsala Academic
Hospital in 1915-29. It contains within it 600 subjects
who were part of the smaller Uppsala study of 50 year
old men.13–16 This new cohort has almost complete data
on a wide range of dimensions at birth, gestational age,
and maternal characteristics. It contains extensive
information on socioeconomic circumstances of adult
study members. Because of these unique features our
analyses have been able to deal with all of the
important shortcomings of previous studies.

Methods
The historical cohort was based on all 14 611 births in
Uppsala Academic Hospital in 1915-29. Of these, 6690
were to women resident in the city of Uppsala and
4001 were to women from parishes less than 20 km
from Uppsala. The remainder were births to women
living further away, many from places with direct rail
links to Uppsala. The cohort covers over 75% of all
births in 1915-29 to residents of Uppsala city and 50%
of all births to residents of parishes < 20 km from
Uppsala.

Data abstracted
Sequentially numbered obstetric records for each
delivery during this period have been kept in bound
volumes. Key variables abstracted included maternal
parity, age, marital status, date of last menstrual period,
birth weight, birth length, placental weight, child’s sex,
and multiplicity. Complete information on all these
variables was available for 96% of subjects. Parental
occupation was used to allocate each birth to one of
seven social classes,17 plus a residual group for those
for whom parental occupation was not stated (3%).
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Follow up entailed tracing each subject through the
statutory system of parish archives that recorded all
births, deaths, and changes in residence. For almost all
of those surviving until the early 1950s we found per-
sonal identity numbers that were introduced around
this time. Information on deaths and emigrations held
on computerised data files from this point onwards
were linked to study members by using this number.

Underlying cause of death was available from
nationally collated and centrally coded computerised
data from 1952. These data were coded according to the
revision of the international classification of diseases in
force at the time of death. To ensure that cause of death
categories were relatively homogenous, cause specific
analyses were restricted to deaths occurring after the
introduction in Sweden of ICD-7 (international
classification of diseases, 7th revision) in 1958.

Information on access to cars, marital status, occu-
pation, education, and income was obtained from the
1960 and 1970 censuses. Of those known to be alive on
the date of each census, more than 99% were success-
fully linked. Analyses in which we controlled for these
socioeconomic factors were thus restricted to deaths
occurring after the 1970 census.

Statistical analysis
We used Cox’s proportional hazards model in the
STATA statistical package to analyse the mortality
data.18 Subjects exited from risk on their date of first
emigration, death, or end of follow up (31 December
1995), whichever was soonest. In all models the time
dimension was defined as age. Three periods of birth
were included (1915-9, 1920-4, and 1925-9). Birth
weight (recorded to the nearest 10 g with some
heaping at 50 g and 100 g) was classified into four cat-
egories with the same cut offs as used in our previous

work on blood pressure and birth weight.13 Ponderal
index was calculated in units of kg/m3, with birth
length recorded to the nearest cm. Gestational age in
days was calculated by using date of last menstrual
period. Birth weight for gestational age for each subject
was defined as a sex specific z score calculated for each
week of gestation for the 99% of births with gestations
of 30 weeks or more. Z scores were not calculated for
births with shorter gestations because of statistical
imprecision arising from small numbers. Trend tests
for birth weight, birth weight for gestational age, and
ponderal index were calculated on the basis of the con-
tinuous variables. Significance was defined as P < 0.05.

Results
Records were identified for 14 611 deliveries that had
occurred from 1915 to 1929 in the Uppsala Academic
Hospital, of which 418 were stillbirths. Of the live births,
14 026 were singletons; 382 (2.7%) children could not be
traced; and 911 died in their first year of life. Of the total
number of traced live singleton births 7012 were male
and 6351 female. Among the traced births the perinatal
mortality in the cohort was 50 per 1000 live births and
stillbirths, and the neonatal and postneonatal rates were
30 and 36 per 1000 live births, respectively. Of the
13 282 subjects surviving to the age of 1 year, by the end
of follow up (31 December 1995) 197 had emigrated,
4087 had died, and 8616 were still alive. The perinatal
characteristics of the singleton live born traced subjects
are shown in table 1 along with the characteristics of
those who survived to age 1, 15, and 65 years.

The association of birth weight with mortality at
different ages is shown in table 2. The powerful associ-
ation between low birth weight and infant mortality
was evident for both sexes. A more continuous inverse
association of mortality across the four birthweight
categories was evident in children (ages 1-14 years). No
systematic association was apparent at working ages,
while at age >65 years among men there was a sugges-
tion of a reverse J shaped association of birth weight
with mortality.

The proportional changes in adult mortality from
specific causes of death associated with an increase in
birth weight of 1000 g are shown in table 3. Mortality
from all neoplasms increased slightly with birth weight,
although this was not significant. For all other causes,
except respiratory disease, mortality decreased as birth

Table 1 Perinatal characteristics of singleton, live born, traced children born at
Uppsala Academic Hospital 1915-29 at birth and at age 1, 15, and 65 years. Numbers
in parentheses are number of subjects

Characteristic Birth Age 1 year Age 15 years Age 65 years

Mean birth weight (g) 3429 (13 363) 3460 (12 537) 3463 (12 062) 3461 (9 967)

Proportion (%) <2500 g 4.7 3.3 3.2 3.2

Median gestation (days) 280 (12 997) 281 (12 194) 281 (11 738) 281 (9 706)

Proportion (%) born <37
weeks’ gestation

8.6 7.3 7.2 7.1

Mean birth length (cm) 50.7 (13 328) 50.9 (12 502) 50.9 (12 027) 50.8 (9 939)

Mean ponderal index (kg/m3) 26.1 (13 321) 26.2 (12 501) 26.2 (12 062) 26.3 (9 938)

Table 2 Rate ratios (95% confidence interval) for all cause mortality 1915-95 by birth weight, sex, and age at risk for all traced
singleton live births delivered at Uppsala Academic Hospital, 1915-29

Age at risk
(years)

Birth weight

P value
for trend

< 3250 g 3250-3749 g 3750-4249 g >4250 g

No of
deaths

Rate ratio
(95% CI)

No of
deaths

Rate ratio
(95% CI)

No of
deaths

Rate ratio
(95% CI)

No of
deaths

Rate ratio
(95% CI)

Males

<1 259 1.00 114 0.31 (0.25 to 0.39) 78 0.35 (0.27 to 0.45) 30 0.45 (0.31 to 0.65) < 0.001

1-14 81 1.00 102 0.85 (0.64 to 1.14) 45 0.62 (0.43 to 0.89) 12 0.54 (0.30 to 1.00) < 0.001

15-64 348 1.00 491 0.94 (0.82 to 1.08) 310 0.98 (0.84 to 1.15) 96 1.00 (0.81 to 1.26) 0.933

>65 299 1.00 412 0.89 (0.77 to 1.03) 226 0.82 (0.69 to 0.97) 75 0.90 (0.70 to 1.15) 0.005

Females

<1 216 1.00 86 0.37 (0.29 to 0.47) 35 0.32 (0.22 to 0.45) 8 0.33 (0.16 to 0.66) < 0.001

1-14 98 1.00 72 0.64 (0.47 to 0.87) 35 0.67 (0.46 to 0.99) 7 0.58 (0.27 to 1.25) 0.003

15-64 243 1.00 286 1.04 (0.87 to 1.23) 128 0.99 (0.80 to 1.22) 33 1.13 (0.78 to 1.62) 0.958

>65 204 1.00 236 0.99 (0.82 to 1.19) 102 0.93 (0.73 to 1.18) 27 0.98 (0.65 to 1.47) 0.586
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weight increased. The largest proportional effects
among men and women were for ischaemic heart dis-
ease and cerebrovascular disease, although only
ischaemic heart disease among men showed a
significant association.

The subjects born to parents in the manual social
classes and those born to single mothers had increased
rates of infant mortality and reduced size at birth.19

Mortality from ischaemic heart disease showed signifi-
cant associations (P < 0.05) with occupational status at
the 1960 census, duration of education and individual
earned income at the 1970 census, and household car
ownership at the 1960 and 1970 censuses; mortality
increased as occupational status, educational level,
income, and car ownership declined (not shown).
Adjustment for socioeconomic circumstances at birth
and in adult life led to only a small reduction in the
strength of the association between birth weight and
mortality from ischaemic heart disease, which
remained significant (table 4).

Birth weight is a function of gestational age at
delivery and of fetal growth rate. In our data gestational
age itself was not associated with mortality from
ischaemic heart disease (not shown). Table 5 shows the
strength of the association of mortality from ischaemic
heart disease and fetal growth rate (measured as birth
weight for gestational age z scores) and compares it
with the strength of association with birth weight per
se. To make the effects comparable we analysed fourths
of birth weight and birth weight for gestational age.

The crude effects of birth weight and birth weight for
gestational age were broadly similar, and both were
highly significant (table 5).We were able, however, to
separate the effect of birth weight per se from that of
fetal growth rate by adjusting each for the effect of the
other. When we did this, as shown in the final column of
table 5, the effect of birth weight on mortality from

ischaemic heart disease was almost entirely eliminated,
while the effect of birth weight for gestational age was
slightly strengthened. We therefore concluded that it is
rate of fetal growth that underlies the association of birth
weight with mortality from ischaemic heart disease.

Ponderal index (kg/m3) showed a significant
inverse association with mortality from ischaemic heart
disease in men (P = 0.002). Among traced singleton
births, the rate ratio relative to those with a ponderal
index of < 25 was 0.86 (95% confidence interval 0.72
to 1.04), 0.73 (0.59 to 0.90), and 0.76 (0.59 to 1.00) for
ponderal index categories of 25.0-26.9, 27.0-28.9, and
>29.0, respectively. After simultaneous adjustment for
birth weight for gestational age, however, the effect of
ponderal index was much attenuated and no longer
significant (P = 0.19). The adjusted rate ratios relative to
the lowest category of ponderal index were 0.93 (0.77
to 1.13), 0.83 (0.66 to 1.05), and 0.90 (0.68 to 1.20).

Table 3 Mortality 1958-95 associated with 1000 g increase in birth weight by cause of death for all traced singleton live births
delivered at Uppsala Academic Hospital, 1915-29

Cause of death ICD-9 code

Men Women

No of deaths Rate ratio* (95% CI) No of deaths Rate ratio* (95% CI)

All causes 0-999 2069 0.92 (0.84 to 1.00) 1129 0.95 (0.84 to 1.07)

All neoplasms 140-208; 238.4; 289.8 599 1.13 (0.96 to 1.33) 480 1.04 (0.87 to 1.24)

Circulatory disease: 390-459 938 0.80 (0.71 to 0.91) 375 0.85 (0.70 to 1.05)

Ischaemic heart disease 410-414 679 0.77 (0.67 to 0.90) 187 0.83 (0.62 to 1.10)

Cerebrovascular disease 430-438 113 0.71 (0.49 to 1.03) 105 0.84 (0.57 to 1.24)

Respiratory disease 460-519 89 1.25 (0.83 to 1.90) 44 1.25 (0.69 to 2.27)

Accidents and violence 800-999 178 0.98 (0.74 to 1.32) 73 0.89 (0.57 to 1.41)

Other causes Remainder 265 0.79 (0.63 to 1.01) 157 0.88 (0.64 to 1.20)

*Adjusted for period of birth as a three-level categorical variable (1915-9, 1920-4, 1925-9).

Table 4 Rate ratios (95% confidence interval) for mortality from ischaemic heart disease 1970-95 by birth weight adjusted for
socioeconomic circumstances for all traced singleton live male births at Uppsala Academic Hospital, 1915-29

Adjustments*

Birth weight

P value for
trend

Rate ratios per 1000 g
increase in birth weight

<3250 g
(n=202†)

3250-3749 g
(n=261†)

3750-4249 g
(n=120†)

>4250 g
(n=39†)

Crude 1.00 0.83 (0.69 to 1.00) 0.65 (0.52 to 0.81) 0.69 (0.49 to 0.97) 0.001 0.77 (0.66 to 0.90)

At birth‡ 1.00 0.85 (0.71 to 1.02) 0.67 (0.53 to 0.84) 0.72 (0.51 to 1.02) 0.005 0.80 (0.68 to 0.93)

At 1960 and 1970 census§ 1.00 0.86 (0.72 to 1.04) 0.67 (0.53 to 0.84) 0.72 (0.51 to 1.01) 0.006 0.80 (0.69 to 0.94)

At birth‡ and 1960 and 1970 census§ 1.00 0.87 (0.72 to 1.04) 0.68 (0.54 to 0.86) 0.74 (0.53 to 1.05) 0.012 0.82 (0.70 to 0.96)

*All rate ratios adjusted for period of birth as a three-level categorical variable (1915-9, 1920-4, 1925-9).
†Number of deaths from ischaemic heart disease.
‡Maternal marital status, parental social class.
§Occupational status at 1960 census; duration of education and earned income at 1970 census plus household car ownership at 1960 and 1970 censuses.

Table 5 Rate ratios* (95% confidence interval) for mortality from ischaemic heart
disease 1958-95 by fourths of birth weight and birth weight for gestational age for all
traced singleton live male births at Uppsala Academic Hospital, 1915-29

Fourth
(No of deaths)

Mean birth
weight (g)

Range of birth
weight (g)

Crude rate ratio
(95% CI)

Mutually adjusted rate
ratio (95% CI)

Birth weight

1st (n=203) 2899 1080 to 3210 1.00 1.00

2nd (n=173) 3381 3220 to 3530 0.83 (0.67 to 1.01) 0.98 (0.76 to 1.27)

3rd (n=152) 3686 3535 to 3850 0.73 (0.59 to 0.90) 1.05 (0.75 to 1.46)

4th (n=133) 4161 3855 to 5300 0.68 (0.54 to 0.84) 0.98 (0.63 to 1.52)

P value for trend 0.001 0.164

Birth weight for gestational age

1st (n=207) 2949 1080 to 3530 1.00 1.00

2nd (n=183) 3380 2230 to 3790 0.81 (0.66 to 0.98) 0.80 (0.62 to 1.04)

3rd (n=127) 3664 2700 to 4050 0.63 (0.50 to 0.78) 0.61 (0.43 to 0.86)

4th (n=144) 4113 3040 to 5300 0.67 (0.54 to 0.82) 0.67 (0.43 to 1.02)

P value for trend < 0.001 0.003

*Adjusted for period of birth as a three-level categorical variable (1915-9, 1920-4, 1925-9).
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There was no evidence of any association of placental
weight with mortality from ischaemic heart disease
(not shown).

Discussion
We have confirmed that among men mortality from
ischaemic heart disease declines as birth weight
increases. Similar inverse associations were evident
among women and for mortality from cerebrovascular
disease in both sexes, although these associations were
not significant. Other causes of death showed less pro-
nounced inverse or weak positive associations with
birth weight.

Strengths of data
A unique strength of our evidence from Uppsala is that
we have been able to observe the mortality of members
of a well defined cohort from birth to old age. The
striking stability of the perinatal characteristics of
survivors of the cohort at different ages shows that
there has not been any substantial differential loss to
the cohort as follow up progressed. The associations
we have described cannot thus be explained by some
sort of selection bias as has been suggested for studies
with less complete follow up.10 11

We have shown clearly that the association of birth
weight with mortality varies with age. As would be
expected, babies weighing less than 3250 g have particu-
larly high mortality in the first year of life. In childhood,
mortality declines progressively across the entire range
of birth weight. We have failed to find any other data in
the literature from developed countries on this striking
association, and we are currently exploring this
phenomenon in more detail. In adult life the association
of all cause mortality with birth weight is far weaker.

Our data on socioeconomic circumstances come
from three points—at birth and at the 1960 and 1970
censuses—and cover many different dimensions of
socioeconomic position. With respect to ischaemic
heart disease, our results are consistent with those
reported from Caerphilly5 20 and the United States
nurses health study,6 which found that the effect of
birth weight on incident coronary disease and myocar-
dial infarction persisted after socioeconomic adjust-
ment. We found a small attenuation of effect after
adjustment for socioeconomic circumstances at birth
and in adult life, confirming that socioeconomic
confounding cannot explain the major part of the
association between size at birth and mortality from
ischaemic heart disease.

Other studies
Only three other studies have included information on
gestational age. In the Sheffield study this was available
for only 822 (51%) men,3 while in the United States
nurses cohort subjects were asked only whether or not
they were born at full term or 2 or more weeks prema-
turely.6 The Finnish7 and United States nurses cohorts6

both restricted analyses to term births. In contrast, the
Uppsala birth cohort study is the first to have complete
data on gestational age, which allowed analysis of the
effect of growth rate on later mortality as distinct from
weight at birth. Our results provide for the first time
direct evidence that mortality from ischaemic heart

disease is associated fetal growth rate (measured as birth
weight for gestational age) rather than with size at birth.

The Sheffield3 and Helsinki7 studies found that pon-
deral index at birth was inversely associated with risk of
ischaemic heart disease. We also found such an inverse
association. Our data suggest, however, that this
association is largely explained by confounding with
birth weight for gestational age as had already been sug-
gested.11 This ties in with the perinatal literature that
suggests that disproportionality at birth has limited
aetiological importance once the severity of intrauterine
growth retardation is taken into account.21 22

The determinants of variation in fetal growth rate
are numerous and include factors such as maternal
height, weight, parity, and age as well as paternal height.23

How far maternal nutritional status underlies the varia-
tions in fetal growth rate observed in our cohort is not
possible to assess. In a relatively well nourished popula-
tion, however, such as our Swedish cohort, maternal
nutrition before or during pregnancy is not thought to
explain much of the variation in fetal growth rate.23 24

In summary, these data provide the most compelling
evidence to date that there is a real association between
size at birth and risk of ischaemic heart disease in men
that cannot be accounted for by methodological
shortcomings or confounding with socioeconomic
factors. Most importantly, we have shown for the first
time that it is variations in fetal growth rate rather than
birth weight or ponderal index that underlie these long
term consequences of circumstances in utero.
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a central contribution to this study; Neela Shah, who undertook
early analyses of the preliminary data; and Professor Gunilla
Lindmark for advice on the use of the obstetric records.
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Key messages

+ Adult mortality from ischaemic heart disease
increases as size at birth declines

+ This association cannot be explained by artefact
including selection bias or socioeconomic
confounding

+ The effect of size at birth (birth weight,
ponderal index) is explained by the more
fundamental association of reduced fetal
growth rate with increased mortality from
ischaemic heart disease

+ The relevant determinants of fetal growth rate
that drive this association have yet to be
identified
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Deprivation and emergency admissions for cancers of
colorectum, lung, and breast in south east England:
ecological study
Allyson M Pollock, Neil Vickers

Abstract
Objectives: To examine the relation between
deprivation and acute emergency admissions for
cancers of the colon, rectum, lung, and breast in south
east England.
Design: Ecological analysis with data from hospital
episode statistics and 1991 census.
Setting: North and South Thames Regional Health
Authorities (population about 14 million), divided
into 10 aggregations of 31 470 census enumeration
districts (median population 462).
Subjects: 146 639 admissions relating to 76 552
patients aged < 100 years on admission, resident in
the Thames regions, admitted between 1 April 1992
and 31 March 1995.
Results: Residents living in deprived areas were more
likely to be admitted as emergencies and has ordinary
inpatient admissions and less likely to be admitted as
day cases. Adjusted odds of ordinary admissions from
the most deprived tenth occurring as emergencies
(relative to admissions from the most affluent tenth)
were 2.29 (95% confidence interval 2.09 to 2.52) for
colorectal cancer, 2.20 (1.99 to 2.43) for lung cancer,
and 2.41 (2.17 to 2.67) for female breast cancer;
adjusted odds of admissions as day cases were 0.70
(0.64 to 0.76), 0.50 (0.44 to 0.56), and 0.56 (0.50 to

0.62), respectively. Patients from deprived areas with
lung or breast cancers were less likely to be recorded
as having surgical interventions. Adjusted odds of
patients from the most deprived tenth receiving
surgery were 0.88 (0.78 to 1.00), 0.58 (0.48 to 0.70),
and 0.63 (0.56 to 0.71), respectively. Admissions for
colorectal cancer from the most deprived areas were
less likely to be to hospitals admitting 100 or more
new patients a year; the opposite held true for breast
cancer admissions. No association was found for lung
cancer admissions.
Conclusions: Earlier diagnostic and referral
procedures in primary care in deprived areas are
required if there are to be significant reductions in
mortality from these cancers. A national information
strategy is required to ensure the continued
availability of population based data on NHS patients
and to mandate standardised datasets from the
private sector. Rationalisation of acute services,
hospital mergers, and plans for bed closures must
take into account the increased healthcare needs and
inequities in access to treatment and care of residents
in areas with high levels of deprivation. Health
authorities and primary care groups should
re-examine their purchasing intentions, service
reviews, and monitoring arrangements in the light of
these findings.
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