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Abstract

asthma in children.

4 017 children with asthma up to 1999.

common in females than males.

admission for asthma in the child in later life.

Background: There is much interest in the possibility that perinatal factors may influence the risk of disease in
later life. We investigated the influence of maternal and perinatal factors on subsequent hospital admission for

Methods: Analysis of data from the Oxford record linkage study (ORLS) to generate a retrospective cohort of
248 612 records of births between 1970 and 1989, with follow-up to records of subsequent hospital admission for

Results: Univariate analysis showed significant associations between an increased risk of admission for asthma and
later years of birth (reflecting the increase in asthma in the 1970s and 1980s), low social class, asthma in the
mother, unmarried mothers, maternal smoking in pregnancy, subsequent births compared with first-born, male sex,
low birth weight, short gestational age, caesarean delivery, forceps delivery and not being breastfed. Multivariate
analysis, identifying each risk factor that had a significant effect independently of other risk factors, confirmed
associations with maternal asthma (odds ratio (OR) 3.1, 95% confidence interval 2.7-3.6), male sex (versus female,
1.8, 1.7-2.0), low birth weight (1000-2999 g versus 3000-3999 g, 1.2, 1.1-1.3), maternal smoking (1.1, 1.0-1.3) and
delivery by caesarean section (1.2; 1.0-1.3). In those first admitted with asthma under two years old, there were
associations with having siblings (e.g. second child compared with first-born, OR 1.3, 1.0-1.7) and short gestational
age (24-37 weeks versus 38-41 weeks, 1.6, 1.2-2.2). Multivariate analysis confined to those admitted with asthma
aged six years or more, showed associations with maternal asthma (OR 3.8, 3.1-4.7), age of mother (under 25
versus 25-34 at birth, OR 1.16, 1.03-1.31; over 35 versus 25-34, OR 14, 1.1-1.7); high social class was protective (1
and 2, compared with 3, 0.72; 0.63-0.82). Hospital admission for asthma in people aged over six was more common
in males than females (1.4; 1.2-1.5); but, by the teenage years, the sex ratio reversed and admission was more

Conclusion: Several maternal characteristics and perinatal factors are associated with an elevated risk of hospital

Background

Asthma is characterised by widespread reversible nar-
rowing of the bronchioles leading to dyspnoea, cough
and wheezing. In some cases it may be brought on by
exposure to a particular, identified allergen but in many
cases there is no single identified causal factor. Much is
still unknown about its aetiology or about factors
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associated with susceptibility to it. With high prevalence
of asthma across the developed world [1], there is a con-
tinued need for research into potential risk factors.

Previously documented risk factors for asthma include
maternal asthma [2,3], maternal smoking, [2,4] low birth
weight and short gestational age [2,5-7]. It has also been
suggested that caesarean delivery may increase the risk
[8], and that breastfeeding may reduce the risk, of
asthma in the child [9]. Studies into the risk of asthma
associated with some other perinatal factors and mater-
nal characteristics have been inconclusive.
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The aims of this study were to investigate associations
between maternal and perinatal risk factors and the sub-
sequent hospitalisation for asthma in the child. We used
record linkage data from a large geographically defined
English population. We report findings for 4 017 chil-
dren with a history of hospital admission or day case
care for asthma, compared with 244 595 children with
no such history.

Methods

We used the dataset of the Oxford record linkage study
(ORLS). The ORLS includes hospital inpatient records
(including admissions for inpatient day case care) in an
area of South East England. Standard data collection -
data very similar to the Hospital Episode Statistics col-
lected elsewhere in England - was undertaken in two
health districts of Oxfordshire and West Berkshire from
1963 to 1999 (population 0.9 million in 1999) and, from
1975 to 1999, it covered a further four adjacent districts
(total population 1.9 million). A specialist data collection
system for maternity - used as the basis of this study -
covered all births in National Health Service (NHS) hos-
pitals in Oxfordshire and West Berkshire from 1970
to 1989.

The maternity data from 1970-1989 were abstracted
from maternity records by clerical staff who were
trained by senior medical staff at the ORLS. The
records of each mother and her baby were routinely
linked by the use of unique numbers for each mother
and each baby that were assigned to both the baby’s
and the mother’s record. Detailed data collection on
maternities in the ORLS area stopped in 1989 follow-
ing government reforms to increase the uniformity of
NHS data collection systems. Data collection for gen-
eral hospital admissions in the ORLS area continued
but, with further changes to NHS information systems
in 1999, it is not possible to link pre- and post-1999
ORLS data.

We identified cases of asthma in children and their
mothers, from hospital admission records, using ICD
(International Classification of Diseases) codes 493 in
the 8™ and 9" revisions, and J45 and J46 in ICD-10.
We analysed the data for children of all ages together;
and we also subdivided the analysis by age into those
who were first admitted with asthma under the age of 2
years, first admitted aged 2-10 years and aged over 11
years. We studied those first admitted under 2 years
separately because a diagnosis of asthma made in this
age group is sometimes less certain than that made in
older children; and because possible influences of peri-
natal factors on true asthma may be more evident in
those diagnosed young. We studied those aged 11 and
over because, given that there are only ten years of ‘fol-
low up’ for the youngest children, we wanted to be sure
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that differences in duration of ‘follow up’ had little or
no effect in our findings. They did not, and so for brev-
ity we do not present findings separately on those aged
11 and over.

The variable ‘social class’ is occupation-based social
class. It was coded, at the original time of data collec-
tion and coding, based on the occupation of the head of
household (for a child), the occupation of the patient if
an adult male, the occupation of the husband of a mar-
ried woman, or the woman’s own occupation if a single
woman. This was the standard practice used at the time
in the English national decennial census run by the
Office of Population Censuses and Surveys (OPCS). The
ORLS staff collected the data in the same way and
coded occupational data and its associated social class
according to the occupational coding manual of the
OPCS. The standard social classes have the summary
terminology of: I Professional, II Managerial, III Skilled
manual and non-manual workers, IV Partly skilled,
V Unskilled. Thus, in socio-demographic status, they
range from I at the top of the hierarchy to V at the
bottom.

There were 253 021 pregnancies with a maternity
record in the ORLS from 1970-1989. Of these, we
excluded 985 that were recorded as having ended in
abortion, 1 560 stillbirths and 1 566 neonatal deaths.
We also excluded 289 maternities in which the birth
weight was recorded as less than 1000 grams because
many of these records had implausibly low values and/
or considerable missing data for some of the other vari-
ables. After applying these exclusion criteria, there were
248 612 children in the study population.

Initial analyses were undertaken on fine groupings of
the maternal and perinatal variables and, following scru-
tiny, broader groupings - as shown in the tables - were
selected for further analysis. Some of the variables -
maternal smoking, social class and breastfeeding - were
not recorded in the first five years covered by this study.

The significance of univariate associations was tested
using chi-square tests. When using logistic regression
for multivariate modelling, all variables that were signifi-
cant (p < 0.05) in the univariate analysis were included
in the initial model and the variables that were not sig-
nificant were removed. In further modelling, each vari-
able that was not significant in univariate analysis was
re-introduced, one at a time, into the model. The pur-
pose of this was to test whether any variable, not signifi-
cant in univariate analysis, became so when modelled
with the other significant variables.

Approval for the research programme of the Unit of
Health-Care Epidemiology using the anonymised dataset
of the Oxford Record Linkage Study has been obtained
from the Central and South Bristol Research Ethics
Committee (04/Q2006/176).
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Table 1 Number of children admitted for asthma based
on age at admission and sex.

Age at asthma admission Male Female Total
0-1 374 161 535
2-10 1838 955 2793
1+ 304 385 689
Total 2516 1501 4017
Results

There were 248 612 births in the study. Of these, 4 017
children had a subsequent hospital admission or hospi-
tal-based day case care for asthma. Of the 4 017, 535
(13.3%) had a record of first admission aged under two
years of age, 2 793 (69.5%) at 2-10 and 689 (17.2%) at
the age of 11 or over (Table 1). 62.6% of those with
asthma were males (Table 1).

The cumulative incidence of hospitalised asthma, over-
all, was 1.62% of all children; and the cumulative inci-
dence by the age of ten years was 1.34%. Asthma was
more common in children born in later birth cohorts.
The percentages of children with asthma aged 2 or less,
in each successive five-year period from 1970-4 to 1985-
9, were 0.03%, 0.07%, 0.21% and 0.55%. The respective
percentages for asthma aged 2 and over, in the four con-
secutive periods, were 1.07%, 1.47%, 1.69% and 1.43%.

Incidence of hospitalised asthma associated with each
factor: Table 2

Maternal asthma was a risk factor for asthma in the
child in both broad age groups: 9% of the children with
asthma under 2, 8% of those aged 2 and over, and 2%
with no record of asthma, had mothers with a record of
hospital admission for asthma (Table 2). Low social
class, unmarried motherhood, maternal smoking in
pregnancy, short gestational age, low birth weight, cae-
sarean delivery, and male sex were all significant predic-
tors of asthma in the child, both in those with a first
admission aged under 2 and in those first admitted at
an older age (Table 2). A significant but modest effect
was also found for maternal age (slightly elevated for
children of mothers aged under 25 or aged 35 and
over). Details of the risk factors in the individual age
groups are shown in Table 2. Factors significantly asso-
ciated with asthma, but only in those under 2, were
being first-born (which was protective: 36% of those
with an admission for asthma under 2 were first born,
compared with 41% of those aged 2 or over and 42% of
those without asthma); forceps delivery; and being
breastfed at the time of leaving hospital. Maternal age
and Apgar 1 were significantly associated with asthma
in those aged 2 and over but not in those younger.
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In addition, to address the issue that there may be
greater diagnostic uncertainty with a diagnosis of
asthma in people aged under 6 years than at 6 and over,
we analysed the risk factors in those aged 6 and over at
hospital admission. Risk factors in people admitted at 6
and over (see Additional file 2) were similar to those in
people admitted at age 2 and over. Factors significantly
associated with asthma in people aged 6 and over, in
univariate analysis, were maternal asthma, maternal age
(asthma less common in children of mothers aged 25-34
than mothers who were younger or older), low social
class, maternal smoking in pregnancy, short gestational
age, caesarean delivery and male sex.

Many of the perinatal factors were themselves inter-
related (e.g. maternal age, social class, maternal smok-
ing, birth weight). In the multivariate model (Table 3),
the factors that were associated with a high risk of
asthma, after taking account of all other significant fac-
tors in the model (which included year of birth), were
maternal asthma (OR 3.1; 95% confidence interval 2.7-
3.6; Table 3), male sex (1.8; 1.7-2.0), and low birth
weight (1000-2999 g versus 3000-3999 g, 1.2; 1.1-1.3);
and high social class was protective (1 and 2, compared
with 3, 0.8; 0.7-0.9). Each of these effects was stronger
in those first admitted when under 2 years of age than
in those who were older. Factors associated with asthma
but only in those under 2 years were maternal smoking
during pregnancy (1.35 1.04-1.74), short gestational age
after allowing for low birth weight (24-37 weeks versus
38-41 wks, 1.6; 1.2-2.2), and previous children (e.g. 1
versus 0, 1.3; 1.0-1.7). Caesarean section was signifi-
cantly associated with asthma overall, in multivariate
analysis, but was not significant in either age group indi-
vidually. The division into age groups does, of course,
reduce the numbers and therefore the statistical power
in each individual age group.

In the multivariate model for children admitted to
hospital with asthma when aged 6 or older, the factors
associated with a high risk of asthma were similar to
those for the overall model: significant associations were
found with maternal asthma (OR 3.8; 3.1-4.7), age of
mother (under 25 at birth, compared with 25-34 at
birth, OR 1.16; 1.03-1.31; over 35 at birth, compared
with 25-34 at birth, OR 1.4; 1.1-1.7); and high social
class was protective (1 and 2, compared with 3, 0.7; 0.6-
0.8). Hospital admissions for asthma in people aged over
six was more common in males than females (1.4; 1.2-
1.5); but, by the teenage years, the sex ratio reversed
(Table 1) and admission was more common in females
than males.

Discussion
A major strength of this analysis is that it was underta-
ken in a large, defined population that covered over 30
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Table 2 Percentage distribution of values of each factor in each group of children, with chi-square tests of association

% of each group of children Chi? (df), with p value below
All asthma Asthma, aged 0-1 Asthma, aged 2+ No asthma All Asthma Asthma
(N = 4017) (N = 535) (N = 3482) (N = 244595) asthma aged 0-1 aged 2+
Maternal asthma:
No 920 91.0 922 97.6 495.6(1) 96.2(1) 409.1(1)
Yes 8.0 9.0 7.8 24 0.0001 <0.0001 0.0001
Total 100 100 100 100
Year of birth:
1970-1974 189 4.1 211 279 2004(3) 4979 (3) 94.1(3)
1975-1979 217 7.7 238 22.7 <0.0001 <0.0001 0.0001
1980-1984 284 232 29.2 24.2
1985-1989 310 65.0 258 252
Total 100 100 100 100
Maternal age:
14-24 373 385 371 348 11.8(2) 40 (2) 10.2(2)
25-34 55.0 553 549 576 0.003 0.14 0.006
35-49 77 6.2 8.0 76
Total 100 100 100 100
Social class:
[+ 1l 302 29.7 302 359 48.6(2) 7402) 41.5(2)
Il 482 481 482 455 <0.0001 0.025 0.0001
IV +V 216 222 216 186
Total 100 100 100 100
Marital status:
Married 88.0 794 894 90.4 25.3(1) 74.0(1) 4.3(1)
Not married 120 20.6 10.6 96 <0.0001 0.0001 0.04
Total 100 100 100 100
Parity of mother:
0 40.5 355 41.2 420 14.0(4) 24.2(4) 4.65(4)
1 354 353 353 359 0.007 <0.0001 033
2 153 16.8 15.1 14.5
3 59 86 55 49
4+ 29 3.6 29 27
Total 100 100 100 100
Maternal smoking:
No 71.7 63.3 734 76.5 34.9(1) 46.0(1) 11.7(1)
Yes 283 36.7 266 235 0.0001 0.0001 0.0006

Total 100 100 100 100
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Table 2: Percentage distribution of values of each factor in each group of children, with chi-square tests of association
(Continued)

Gestational age (wks):

24-37 12.8 18.0 12.1 10.1 43.2(3) 332 (2 133(2)
38-41 774 70.7 783 804 0.0001 0.0001 0.001
42-47 9.8 1.3 9.6 9.5

Total 100 100 100 100

Birth weight:

1000-2999 271 320 26.3 236 27402) 225 (2) 16.1(2)
3000-3999 64.4 61.8 64.8 679 0.0001 0.0001 0.0003
4000-5499 85 6.2 89 85

Total 100 100 100 100

Caesarean delivery:

No 91.0 89.8 91.2 926 14.1(1) 5.7(1) 9.7(1)
Yes 9.0 10.2 8.8 74 0.0002 0.02 0.002
Total 100 100 100 100

Forceps delivery:

No 88.2 934 874 86.9 59(1) 18.5(1) 1.0(1)
Yes 118 6.6 126 13.1 0.01 0.0001 033
Total 100 100 100 100

Apgar 1:

1-5 84 93 8.2 9.5 94(2) 2.1Q2) 8.5(2)
6-8 303 313 30.2 2848 0.01 035 0.01
9-10 96.1 594 616 62.5

Total 100 100 100 100

Number of babies in

birth delivery:

Singleton 98.1 97.6 982 97.8 1.7(1) 0.2(1) 2.9(1)
Multiple birth 19 24 18 22 0.19 0.68 0.09
Total 100 100 100 100

Sex of baby:

Female 324 30.1 385 488 205.9(1) 74.6(1) 1455
Male 674 69.9 61.5 51.2 <0.0001 0.0001 0.0001
Total 100 100 100 100

Breastfed or not:

Not breastfed 326 416 309 30.2 8.1(1) 29.7(1) 0.6(1)
Breastfed 674 584 69.1 69.8 0.004 0.0001 046
Total 100 100 100 100

Missing values: maternal asthma none missing; year of birth none; mother’s age 7 (0.2% of cases; social class 869 (27.6%*); marital status 8 (0.2%); parity 2
(0.05%); maternal smoking 1278 (31.8%*); gestational age 558 (13.9%); birth weight 114 (2.8%); caesarean section 114 (2.8%); forceps 114 (2.8%); Apgar 1 1164
(29.0%%); number of babies none missing; sex none; breastfeeding 961 (23.9%%). * = data item not collected in the first five years covered by the study. Numbers
on which the percentages are based are given in additional files (see Additional file 1).
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Table 3 Results of multivariate model of best fit, derived through logistic regression, showing odds ratios (OR) with
95% confidence intervals, for the factors with significant and independent effects on the likelihood of developing

asthma.
All asthma Aged 0-1 at asthma admission Aged 2+ at asthma admission
Characteristics OR 95% C.I. OR 95% C.I. OR 95% C.l
Maternal asthma No 1.00 - 1.00 - 1.00 -
Yes 3.1 2.67-3.63 3.89 2.71-557 3.07 2.61-3.60
Social class 1-2 0.81 0.74-0.89 0.76 0.58-0.98 0.81 0.74-0.89
3 1.00 - 1.00 - 1.00 -
4-5 1.07 0.96-1.20 1.09 0.82-147 1.04 094-1.16
Sex Female 1.00 - 1.00 - 1.00 -
Male 1.82 1.66-1.99 2.08 1.64-2.65 153 141-1.66
Birth weight (qg) 1000-2999 1.20 1.09-1.33 142 1.08-1.86 121 1.10-1.33
3000-3999 1.00 1.00 1.00 -
4000-5499 1.01 0.87-1.17 0.88 0.58-1.34 1.06 092-1.22
Gestation age (wks) 24-37 - - 1.59 1.15-2.20 - -
38-41 - - 1.00 - - -
42-47 - - 1.28 0.89-1.83 - -
Smoking No 1.00 - 1.00 - - -
Yes 113 1.02-1.25 1.35 1.04-1.74 - -
Parity 0 - - 1.00 - - -
1 1.34 1.03-1.74
2 1.38 0.99-1.93
3 2.19 1.42-338
4+ - - 2.01 1.07-3.76 - -
Caesarean No 1.00 - - - - -
Yes 1.18 1.02-1.34 - - - -

All variables that were significant (p < 0.05) in the univariate analysis (see Table 2) were included in the initial model and the variables that were not significant
were removed. In further modelling, each variable that was not significant in univariate analysis was re-introduced, one at a time, into the model. The purpose of
this was to test whether any variable, not significant in univariate analysis, became so when modelled with the other significant variables.

years of data collection and almost a quarter of a million
births. Another important strength is that information
about perinatal risk factors and about the main outcome
measure - asthma in the child - were originally recorded
and collected independently of one another. They were
subsequently brought together by record linkage. This
means that data about each risk factor could not have
been influenced by the presence or absence of the out-
come measure. The study is therefore not subject to
potential biases, such as interviewer and recall bias, that
can affect interview-based case control studies. We also

hope that the addition of this large study to the litera-
ture will be helpful to future researchers, interested in
summarising studies on perinatal factors and asthma,
who may seek data for meta-analysis.

Our age groups are those at first admission; and it is
likely that some of the first admissions at older ages
were for children who already had asthma, without hos-
pitalisation, at a younger age. We were not able to iden-
tify data about resident children who may have been
admitted to hospital outside the ORLS area or about
children who were admitted with asthma after moving
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home to outside the ORLS area. Another limitation of
our data is that it is confined to hospital admission and
day case care for asthma. In general, this means that
our findings are likely to be relevant to those whose
asthma is severe enough to warrant hospital admission
at least once. The possibility of bias through selective
referral to hospital must also be considered. It is possi-
ble, for example, that some of the effects shown by us
are associations with thresholds for admission for
asthma as well as (or instead of) associations with
asthma itself. However, our findings are generally similar
to those reported recently in a large record linkage
study from Finland that was not confined to hospitalisa-
tion data [2]. In the Finnish study, children and mothers
with asthma were identified from prescription data for
anti-asthmatic drugs rather than from hospital records.
They reported on children with asthma under the age of
3 years. Comparing their findings with ours on children
under 2, the Finnish study showed an odds ratio for
maternal asthma of 3.41 (ours was 3.89), that 64% of the
children with asthma were male (our figure was 63%),
an odds ratio with maternal smoking in pregnancy of
1.35 (ours was 1.33), and both they and we found an
association between elevated rates of asthma and birth
by caesarian section, and a protective association with
being first-born, normal gestational age and normal
vaginal delivery.

The finding on maternal asthma adds to the evidence
that there is a familial predisposition to asthma in chil-
dren of those with asthma [2,3,10]. It is possible that
maternal asthma may lead to reduced oxygenation of the
foetus during development, which in turn may affect
asthma development in the child [11]. It is also likely, of
course, that some of the familial association reflects
genetic factors affecting asthma risk. It is conceivable
that mothers with asthma may be more likely than others
to seek hospital admission for children with symptoms of
asthma though, whilst this might have affected our study,
it could not have influenced the Finnish result [2]. Shared
environmental factors between mother and child would
also play a role in the family association.

Our finding on the risk of maternal smoking for
asthma in young children is consistent with similar stu-
dies performed in Finland and Sweden [2,12]. Most stu-
dies [4,10,13] but not all [14] have reported maternal
smoking as a risk factor for childhood asthma. Our data
only cover smoking in pregnancy. We cannot distinguish
between any effect on the foetus and any effect on the
child of mothers whose smoking continued after birth.

The increase in asthma across the birth cohorts of the
1970s and 1980s adds further weight to the now well
established evidence that the incidence of asthma
increased in children from the 1970s through the 1980s
[15].
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An association with low birth weight has been
reported in most previous studies on perinatal risk fac-
tors for asthma [2,4,5,10,16]. Most previous studies have
found low birth weight and/or short gestational age to
be risk factors for asthma [2,4,5,7,10,12,16].

The reporting of an effect of older siblings on the risk
of asthma varies from study to study. We found an
increased risk of asthma in young children with older
siblings (using parity of the mother as a proxy for hav-
ing older siblings), as have others [2,12,17].

Our study adds to the evidence that there may be a
link between caesarean delivery and an increased risk of
asthma in young children [8]. Although we cannot dis-
tinguish between planned and emergency caesarean sec-
tion, both were associated with a higher risk of asthma
in children under the age of three in the Finnish study
[2]. Caesarean delivery has been shown to alter and
delay the development of certain intestinal bacterial
flora, compared to vaginal delivery. This may affect the
risk of atopic disease in children by altering immune
development [8,18]. Delayed removal of amniotic fluid
from the lungs of babies born by caesarean delivery, as
compared with removal in the course of vaginal delivery,
may also be important [18]. The possibility that caesar-
ian section may increase the risk of asthma in young
children, if confirmed, is a reason for discouraging cae-
sarian section unless clinically necessary.

Admission for asthma was less common in children
in high social class families than in others. We cannot
distinguish between a direct association between class
and asthma or whether children in higher social classes
are less likely than others to be admitted to hospital
with similar severity of symptoms. However, the differ-
ence found was between social classes 1 and 2, on the
one hand, and 3, 4 and 5, on the other; and social
class 3 is a large group of the population (45% of all
children in Table 2). Any decision to admit a child for
social reasons, when a child with similar symptoms
would normally be treated at home, is likely to be
associated with a greater extreme of low socio-eco-
nomic status than that of a typical social class 3 (or 4)
family. We incline to the interpretation that severe
asthma may indeed have been a little less common in
social classes 1 and 2.

The negative association we found between breast-
feeding and subsequent asthma in very young children
did not remain significant after multivariate analysis.
Although a meta-analysis has reported a decreased
risk of asthma in young children who were exclusively
breastfed for the first 3 months of life [9], the evi-
dence does not seem conclusive [19,20]. The effect of
breastfeeding remains uncertain and is likely to
depend on duration of breastfeeding which we could
not identify.
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Conclusions

Our study adds to the evidence that the following fac-
tors have significant and independent effects on the risk
of asthma: maternal asthma, male sex in childhood, low
birth weight and short gestational age, maternal smok-
ing, delivery by caesarean section, and having older sib-
lings. The study also demonstrates the utility of using
routinely collected health data, with data linkage, for
studying potential perinatal risk factors for diseases in
the child.

Additional file 1: Number of asthma cases by age at admission (0-1,
and 2+). Numbers on which the percentages in Table 2 are based

Click here for file

[ http://www.biomedcentral.com/content/supplementary/1471-2466-10-
14-51.D0C]

Additional file 2: Percentage distribution of values of each factor in
children aged 6 or older at hospital admission for asthma, with chi-
square tests of association. Percentage distribution of values of each
factor in children aged 6 or older at hospital admission for asthma.

Click here for file

[ http://www.biomedcentral.com/content/supplementary/1471-2466-10-
14-52.00C]
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