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Hospital admission rates for asthma and
respiratory disease in the West Midlands:
their relationship to air pollution levels

S Walters, M Phupinyokul, J Ayres

Abstract
Background-A study was undertaken to
determine the relationship between hos-
pital admissions for asthma and all re-
spiratory conditions in electoral wards in
the West Midlands and ambient levels of
smoke, sulphur dioxide, and nitrogen
dioxide, and to establish whether the
relationship is independent of social dep-
rivation and ethnicity, and is different for
young children and older individuals.
Methods - Data on hospital admissions for
acute respiratory conditions were obtained
by electoral ward from the West Midlands
Regional Health Authority Information
Department Korner inpatient data in-
cluding asthma (ICD 493) and all acute
respiratory disease (466, 480-486, 490-496)
for the period April 1988 to March 1990.
The population for each electoral ward,
percentage of ward population that was
from non-white ethnic groups, and Town-
send deprivation score were all calculated
from 1991 census information. Data on
smoke and sulphur dioxide (SO2) levels
were obtained for 24 wards in
Birmingham, Coventry, Wolverhampton,
Dudley, Stafford, and Burton-on-Trent,
and on nitrogen dioxide (NO2) levels from
39 wards in the same local authority areas.
All were background urban sites and most
participated in the Warren Spring national
quality control programme for SO2 and
smoke monitoring. Indirect age-sex stand-
ardised hospitalisation rates (SHR) for all
respiratory conditions and asthma were
calculated using the 1991 rates for the West
Midlands RHA as the standard. Multi-
variate regression models were used to
assess the relationship between individual
pollutants and the SHR. The Townsend
score and percentage of the population
from non-white ethnic groups were in-
cluded in all models to adjust for ethnicity
and socioeconomic deprivation.
Results -The SHR for asthma varied al-
most fourfold across the region, and all
respiratory SHR showed more than three
fold variation. Bivariate regression reveal-
ed both Townsend score and percentage
of non-white individuals to be associated
with SHR for asthma and all respiratory
conditions at all ages, but not for children
under 5 years. NO2 was associated with
hospital admission rates for all ages in-
cluding children under 5. SO2 and smoke

were not associated with hospital ad-
missions. Multivariate analysis including
Townsend score and percentage of non-
white subjects in the model revealed that
NO2 was associated with hospital ad-
mission rates for all respiratory conditions
only for children under 5. The Townsend
score was associated with SHR for all re-
spiratory conditions, and both the Town-
send score and percentage of non-white
subjects were associated with SHR for
asthma in children under 5 in two ofthree
models. The association between SHR for
asthma and percentage of non-white sub-
jects was negative.
Conclusions - Socioeconomic deprivation,
as measured by the Townsend score, is a
significant predictor ofhospital admission
rates for respiratory disease in older in-
dividuals, and both the percentage ofnon-
white subjects and the Townsend score are
significant predictors of hospital ad-
mission rates for asthma in children. After
correction for socioeconomic deprivation
and ethnicity, background urban NO2
levels in the ward of residence are sig-
nificantly associated with standardised
hospital admission rates for all respiratory
disease in children under 5. This may rep-
resent a causal effect of NO2 on the re-
spiratory health of children, or the effect
of confounding factors not corrected by
use of the Townsend score.
(Thorax 1995;50:948-954)
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Interest in the health effects of air pollution
has increased in recent years in the United
Kingdom. This interest concerns both the acute
health effects of air pollution in causing reduced
lung function or exacerbation of existing re-
spiratory conditions, and the long term effects
of air pollution in causing a higher prevalence
of respiratory illness among people living in
polluted areas.

Hospital admissions among children for
asthma and other respiratory conditions have
been rising in the West Midlands, with higher
rates occurring in urban areas.' This trend has
been observed in other parts of the United
Kingdom2 and abroad.3 Although studies vary
in the definition of asthma employed, pre-
valence of asthma in children has been es-
timated at up to 1 2%,4 withup to 25% reporting
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a history of wheeze.5 In adults the cumulative
prevalence of wheeze has been estimated as up
to 7%.6 In the West Midlands over 1% of all
boys and 05% of all girls under 5 are admitted
to hospital each year with an asthma attack.'
The high prevalence of, and rising hospital
admission rates for, asthma raise the question as
to whether this might be related to air pollution
levels.

Previous studies in the United Kingdom have
suggested that the prevalence of respiratory
symptoms might be related to ambient air pol-
lution levels. In a series ofcross sectional studies
in Sheffield schoolchildren the prevalence of
respiratory tract symptoms was associated
with the ambient levels ofsulphur dioxide (SO2)
and smoke in the area of residence.7 This effect
was no longer apparent five years later when
the levels of particulates had fallen markedly.8
The UK National Study of Health and Growth
showed the prevalence ofrespiratory symptoms
to be associated with ambient smoke pollution
levels in the area ofresidence,9 but an associated
longitudinal study showed no change in pre-
valence of respiratory symptoms with falls in
air pollution over time.'0 Other studies noticed
differences between urban and rural en-
vironments in prevalence of respiratory symp-
toms in children of manual workers." A
difficulty with many cross sectional studies has
been the low power because of relatively few
participating areas, and difficulty in controlling
for other potential causative factors such as
cigarette smoking.
Another important series of studies has been

the Six Cities Study from the USA. The first
study showed that the prevalence of cough
in children was associated with measures of
particulates, SO2, and sulphate, but there was
no association within the cities and no effect
on lung function.'2 A subsequent study which
measured fractionated particulates confirmed
the findings of the original study: cough, bron-
chitis, and chest illness were all associated with
all measures of particulates, but not hay fever,
wheezing, or asthma. Again, no effects were
seen on lung function in the children, and there
were indications that acid aerosols might be
important determinants ofsymptoms. '3 Studies
on the prevalence of respiratory symptoms in
children have confirmed that, in cross sectional
studies, respiratory symptoms, but not lung
function, tend to be associated with levels of
SO2, particulates, or both.""'6 One study in
Canada has suggested that very low levels of
outdoor SO2, NO2, and sulphate may be as-
sociated with small but significant reductions
in lung function in children.'7

It is more difficult to determine the effects
of air pollution on the prevalence of respiratory
disease in adults due to the potential con-
founding effects of socioeconomic status,
smoking, and occupational exposure. A series
of studies in non-smoking Seventh Day Ad-
ventists in California examined the prevalence
of respiratory symptoms in groups with differ-
ent pollution exposures. Although particulates,
SO2, NO2, oxidants, nitrates, and sulphates
were measured, only total suspended par-
ticulates (TSP) showed a significant association

with the prevalence of respiratory symptoms
at relatively high levels of exposure (200 ,ug/
m').1 19' Lung function in lifetime non-smoking
young adults was also associated with ambient
particulate levels in theUS National Health and
Nutrition Survey, although no other pollutants
were measured.20 Hospital admission rates in
Utah were significantly associated with levels
of PM,0 (particulates with a diameter below
10 im), and fell markedly when the steel mill
which was the source of most PM10 was closed
for a period of time.2' Outdoor NO2 was found
to be significantly associated with the duration
of recorded respiratory symptoms in children
in Switzerland, although the incidence of re-
spiratory episodes was associated with par-
ticulate levels.22 In another Swiss study,
outdoor NO2 levels were associated with pre-
valence of recorded respiratory symptoms in
preschool children, even after adjustment for
tobacco smoke exposure and indoor NO2
levels.23 Both particulates and NO2 levels were
found to be associated with post-neonatal re-
spiratory mortality in the Czech republic in a
recent study.24

Published evidence suggests that air pol-
lution, and particularly ambient levels of par-
ticulates and possibly nitrogen dioxide, are
associated with the prevalence of respiratory
symptoms, although the evidence that these
pollutants affect lung function is less con-
clusive, as is the evidence that reductions in
pollution levels result in a fall in the prevalence
of respiratory disease. Nevertheless, there is
good evidence that acute health effects related
to air pollution levels can occur, and ex-
perimental evidence that SO2,25 oxides of
nitrogen,26 and ozone27 can act as broncho-
constrictors or lower the threshold to other
constrictor agents" in asthmatic subjects. It is
therefore reasonable to suggest that hospital
admission rates for respiratory diseases and
asthma may differ between areas with different
levels of air pollution. Although levels of par-
ticulate pollution and S02 have been falling
since the 1950s, both nationally29 and locally
(Appleby R, personal communication), the
sources of composition of urban air pollution
have changed, with increasing proportions
coming from motor vehicle emissions and with
rising levels of emissions of hydrocarbons and
oxides of nitrogen.28
There have been no recent studies in the UK

relating hospital admission rates for respiratory
diseases to ambient pollution levels, par-
ticularly at current low levels of particulates
and S02, and relatively high levels ofNO2. Nor
have there been any studies of small ad-
ministrative areas. This study was undertaken
to see whether local variations in ambient air
pollution levels in urban areas of the West
Midlands were associated with differences in
hospital admission rates, and whether these
differences were independent ofsocioeconomic
deprivation, ethnicity, and other potential con-
founding factors.

Methods
DATA SOURCES
Data on hospital admissions for residents of

949

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.50.9.948 on 1 S

eptem
ber 1995. D

ow
nloaded from

 

http://thorax.bmj.com/


Walters, Phupinyokul, Ayres

Birmingham, Dudley, Wolverhampton, Cov-
entry, Stafford, and Burton were obtained by
electoral ward from the West Midlands
Regional Health Authority Information De-
partment for the two year period April 1988
to March 1990. This covered hospital ad-
missions for asthma (ICD-9 code 493) and all
acute respiratory conditions (ICD-9 codes 466,
480-486 and 490-496). Population data, in-
cluding the percentage of the population from
non-white ethnic groups, were obtained for all
electoral wards. Townsend30 scores for each
electoral ward, also based on the 1991 census,
were calculated and supplied by the West Mid-
lands Regional Health Authority Information
Department. The use of Townsend scores as a
method of adjusting for socioeconomic dep-
rivation is discussed fully below.

Air pollution data were obtained by request
from the Environmental Health Departments
of local authorities in the West Midlands. Bir-
mingham and Coventry city councils, Wol-
verhampton and Dudley metropolitan district
councils, and Stafford and Burton district
councils all supplied information. Data on
smoke and SO2 were provided for 24 sites in
total, of which 18 were included in national
quality control networks or had an equivalent
degree of quality control applied. All meas-
urements of SO2 were made by the hydrogen
peroxide absorption method,3' and particulates
were measured by the British black smoke
method.3' All sites were background urban sites
- that is, they were not close to a kerbside or
major industrial source - and were therefore
designed to reflect exposures for the general
population. All sites were maintained as part
of routine monitoring networks and none was
specifically established for this study. The Brit-
ish black smoke method is likely to under-
estimate total particulate load, particularly in
cities, because coloured particulates may con-
stitute a variable minority oftotal particulates.32
In urban areas a high proportion of measured
smoke comes from diesel exhaust emissions.33
It is recognised that this study may have un-
derestimated particulate load to a variable ex-
tent between localities, depending on local
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Figure 1 Standard hospitalisation ratios (with confidence intervals) for all respiratory
conditions for electoral wards in the study.

sources of black smoke, but the monitoring
method used was the only one available at
the time of the study. Nitrogen dioxide was
measured using diffusion tubes.34 All of these
were placed at urban background sites to meas-
ure four week average nitrogen dioxide levels.
Data were available for a total of 39 such sites.
The quality control of these measurements was
less standardised than for SO2 and smoke meas-
urements, and most of the measurements and
quality control were performed by local council
departments. Only six wards contained moni-
toring stations for all three pollutants. In-
terpolation of results for electoral wards which
did not contain a monitoring station was not
possible in the absence ofemissions inventories,
because many wards contain industrial point
sources or major roads, and because of the
relatively large distances between the moni-
toring stations. This was likely to produce gross
levels of error in the interpolated estimates in
the absence of confirmatory information, and
the study was felt to be sufficiently powerful
without this additional source of error.

DATA ANALYSIS
Age-sex standardised hospitalisation ratios
(SHRs) were calculated by the indirect method
for all electoral wards in the study. The ref-
erence rates used in the calculation were hos-
pital admission rates for asthma and all
respiratory conditions for the West Midlands
Regional Health Authority in 1991. This was
used because of the relative accuracy of the
1991 census population information compared
with intercensal estimates for 1989 or 1990.
95% confidence intervals were calculated using
the formula:

SHR+ 1 96V(observed/expected x 100

Use of the large sample approximation was
justified because total observed admissions for
asthma and all respiratory disease were large
(between 20 and 500).
Two year mean levels of smoke, SO2, and

NO2 were calculated for each electoral ward in
the study - that is, each ward which contained
a monitoring station. The relationship between
SHR and mean levels of pollutants was then
investigated by bivariate and multivariate re-
gression. Bivariate regression was carried out
to determine the relationship between these
pollutants, hospital admissions, ethnicity, and
Townsend scores. This was performed for chil-
dren under 5 and for people of all ages. Chil-
dren under 5 were studied separately because
they consitute the group in whom hospital
admission rates for asthma are highest, and in
whom the rates are rising most quickly. They
also represent a group more likely to stay within
a short distance of their home address during
the day, and therefore are less affected by
different exposure as a result of commuting
long distances to work or school. It was not
possible to separate out other age groups be-
cause of the small numbers of admissions in
these groups.

Multiple least squares regression models
were then constructed for Townsend score and
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Figure 2 Standard hospitalisation ratios (with confidence intervals) for asthma for
electoral wards in the study.

Table 1 Results of bivariate regression analysis between standardised hospitalisation rate
(SHR) for asthma and respiratory diseases, ambient pollution levels, percentage non-
white subjects, and Townsend scores

Independent variable All ages Children <5 years

All respiratory Asthma All respiratory Asthma

Townsend
x coefficient 5-78 4-20 2-25 1-66
p value <0-0001 <0-0001 NS NS
R12 0 55 0 33 0 05 0 04
Smoke
x coefficient 0-83 0-18 2-49 0-17
p value NS NS NS NS
R12 0-01 0-001 0 05 0 0004
Sulphur dioxide
x coefficient -0-68 0 073 -1-63 0 117
p value NS NS NS NS
R12 0 03 0 0005 0 07 0 0005

Nitrogen dioxide
x coefficient 2 61 2-38 2 36 1-63
p value <0-001 <0 001 <0 005 <0 05
R2 0-28 0-26 0-20 0 12
Percentage non-white
x coefficient 0-89 0-84 0 09 0 03
p value <0 0005 <0 005 NS NS
R2 0022 0-22 0.001 0-002

each pollutant in turn. Ethnicity was added
to these models to allow for any additional
independent effect. Partial x coefficients, p

values and summary R2 values were calculated.

Results
STANDARDISED HOSPITALISATION RATIOS (SHR)
The SHR values for asthma and respiratory

disease, together with confidence limits, are

presented for electoral wards in the study in
figs 1 and 2.

RELATIONSHIP BETWEEN HOSPITAL ADMISSIONS
AND AIR POLLUTION
Results of bivariate regression analysis between
SHR, each pollutant, ethnicity, and Townsend
score are given in table 1. There were significant
relationships between both the Townsend score

and ethnicity and hospital admissions at all
ages for asthma and all respiratory conditions,
but not for children under 5. Levels of NO2 in
the ward of residence were significantly as-

sociated with hospital admissions for asthma
and all respiratory diseases at all ages, and
specifically for children under 5.
The results of multivariate analysis between

SHR, Townsend score, and percentage ofnon-
white subjects with each pollutant included in
turn in the model are given in table 2. These
results show that at all ages the Townsend
score, but none ofthe pollutants, is a significant
predictor of hospital admission rates for all
respiratory conditions. The Townsend score is
also a significant predictor of hospital ad-
mission rates for asthma when NO2, but not
other pollutants, are included in the model.
For children under 5 the Townsend score is not
a significant determinant of hospital admission
rates for all respiratory conditions. However,
in this group both the Townsend score and the
percentage of non-white subjects were sig-
nificant independent predictors of hospital ad-
mission rates for asthma in models which
included smoke or SO2, but not in models
which included NO2. NO2 is significantly as-

sociated with SHR for respiratory admissions
in children under 5, and this association is
independent of the Townsend score and the
percentage of non-white subjects. NO2 is not
significantly associated with SHR for asthma.
No other pollutants showed significant as-

sociation with SHR for asthma or all respiratory
conditions after adjusting for the Townsend
score and ethnicity.
Over the range of measured levels of NO2,

a 30 ,ug/m3 increase in the two year mean NO2
level in an electoral ward might be expected to
increase SHR for all respiratory conditions by
63%.
A scatter plot showing the significant re-

lationship between NO2 and SHR for re-

spiratory disease in children under 5 is shown
in fig 3.

Table 2 Results of multivariate analysis between standardised hospitalisation rate (SHR) for asthma and respiratory disease, ambient pollution levels,
ethnicity and Townsend scores

All ages Children under 5 years

All respiratory Asthma All respiratory Asthma

Pollutant Townsend % non-white Pollutant Townsend % non-white Pollutant Townsend % non-white Pollutant Townsend % non-white

Smoke
x coefficient 0-58 5-68 -0-58 0-15 2-00 0 3 2-02 5-19 -1-09 -0-32 5-98 -1-49
p values NS 0-0001 NS NS NS NS NS NS NS NS <0-01 <0-01
SO2
x coefficient -0-64 5-51 0-006 -0 99 1-97 0-32 4-99 -1-18 -1-00 1-17 6-59 -1-7
p values NS 0-0001 NS NS NS NS NS NS NS NS <0 005 <0 005
NO2
x coefficient 0 9 5-65 -0-11 1-01 3-11 0 34 2-2 1-7 -0 37 1-35 1-18 -0-1
p values NS 0-0001 NS NS <0 05 NS <0 05 NS NS NS NS NS
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Figure 3 Scatter plot of standardised hospitalisation ratio for respiratory diseases it
children under five years versus two year ambient NO2 levels in 39 electoral wards;
West Midlands, 1988-90.

Discussion
This study has shown that socioeconomic
rivation, as measured by the Townsend ;

is strongly associated with age-sex SHE
all respiratory conditions. Both the Towi
score and ethnicity are significantly an

dependently associated with the SHI
asthma in children. Although significar
sociations were shown between ambient
levels and SHR, these only remained signi
in the case ofSHR for all respiratory cond
in children under 5 after adjustment for 'I
send score and ethnicity; the SHR for as
showed a weaker association which di(
reach significance.
These findings raise a number of que

relating to the relative importance of effe
socioeconomic deprivation, ethnicity, ar
pollution levels on hospital admission
for respiratory diseases, the use of hc
admissions as an index ofrespiratory mort
and the potential role of other confou
factors. The observations of an associatic
tween NO2 levels and SHR for respirator
ease in children under 5 may thus be d
chance, confounding, or a genuine effe
the prevalence of respiratory illness suffic
severe to warrant hospital admission.
We have long been aware of the link be

socioeconomic deprivation and ill he
which affects mortality, morbidity and s

use, although perhaps not equally. A nm
of indices of socioeconomic deprivation
been developed to allow health data and
information to be interpreted in the li~
socioeconomic circumstances. Those us
connection with health services are most
monly the Jarman 8 score'6 and the Tow
score.'0 The former is a measure of pre
of groups at risk of deprivation and wz
signed to measure potential workload fo
eral practitioners in an urban area. The
attempts to measure directly material
rivation, and includes four variables re
to employment, car ownership,
occupation, and overcrowding. The Tow
score has been shown to be closely asso

with mortality in a number of studies.'0

recent review for the West Midlands Regional
Health Authority the Townsend score was
found to be very closely associated with SHRs

* by electoral ward for all hospital conditions,38
to reflect more closely hospital admission rates
than other indices of deprivation,l to show
negative associations with hospital admission
rates in those conditions in which it would be
expected - for example, breast cancer,' and to
be closely associated with SHRs for respiratory
conditions."9
There are some potential drawbacks to the

use ofthe Townsend score. The use of electoral
wards as administrative areas on which the

50 Townsend score is calculated means that an
electoral ward with an extremely poor estate at
one end and affluent areas at the other would
give a Townsend score which does not ad-

in the equately reflect the level of deprivation of
people in some parts of the ward. It can also
be argued that it does not adequately reflect
deprivation in rural areas because of its in-
clusion of car ownership - poor people in rural

dep- areas without a car may be much more deprived
score, than in urban areas with plentiful public trans-
Zs for port. In the context of this study this is less
nsend relevant, since all wards were urban or sub-
Ld in- urban. Nevertheless, we believe the use of the
k for Townsend score is the best practicable method
at as- of correction for socioeconomic deprivation
NO2 available in the West Midlands at present.

ficant We also know that socioeconomic dep-
litions rivation is closely associated with other po-
Pown- tential confounding factors for the prevalence
sthma of respiratory disease, such as poor housing
d not quality,404' cigarette smoking (active and pass-

ive),42-44 and other environmental determinants
stions of health. Although we might expect cigarette
cts of smoking prevalence to increase with increased
id air socioeconomic deprivation and thus be as-
rates sociated with the Townsend score, this may

)spital not provide adequate correction for smoking
bidity, prevalence or other potential confounding fac-
nding tors such as occupational exposure.
)n be- For children the Townsend score is a rel-
ry dis- atively poor predictor ofSHR for all respiratory
lue to conditions, but it is a strong positive predictor
ct on of SHR for asthma. The proportion of the
:iently population from non-white ethnic groups was

also a strong independent negative predictor of
tween SHR for asthma in two of our three models.
alth,35 This suggests that SHR for asthma tends to be
ervice highest in deprived electoral wards with a low
inber proportion of the population from non-white
have ethnic groups. A negative association between
other ethnicity and hospital admissions for asthma
ght of may reflect lower prevalence of asthma, re-
sed in duced severity of asthma, or reduced use of or
com- access to hospital services.
nsend This study could not take into account the
!sence possibility that hospital admission rates are
as de- different in different non-white ethnic groups
tr gen- because of the small numbers from different
latter ethnic groups resident in some electoral wards,
dep- which meant a composite index had to be used.

~lating There may also be difficulties in assuming
)wner- that the ambient levels of pollutants in an
rnsend electoral ward are a reflection of exposure of
ociated the population of that ward. People frequently
37 In a commute long distances and may spend much

n
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of their lives exposed to very different con-
centrations of pollutant. In addition, indoor
air may be contaminated with a variety of
pollutants, particularly NO2, which has been
shown at least in some studies to be associated
with a prevalence of respiratory symptoms.45
Preschool children tend to remain closer to
home, and the fact that significant associations
between the SHR and outdoor NO2 meas-
urements were found in this study only in this
group suggests that population movements may
be an important source of error for exposure
estimation in an ecological study of this kind.
Levels of NO2 may also vary within electoral
wards with respect to local sources such as
major roads, resulting in uneven exposure
across the ward.
The admission of patients to hospital, even

for emergency conditions, is a complex process
involving a series of factors other than just the
clinical status of the patient and severity of
symptoms. It is a chain of social and be-
havioural decisions which may be influenced
by many factors. Social circumstances may lead
patients from one part of the West Midlands
to seek help in an emergency from a hospital
whilst others might turn to primary care ser-
vices, and this will affect subsequent hospital
admission rates. The availability of services,
distance from the hospital, availability of trans-
port, and hospital admissions policies may also
play an important part in hospital admissions,
although all wards in this study were in urban
areas with good transport links and relatively
close to acute hospitals. Hospital admissions
represent the extreme end of the spectrum
of respiratory morbidity that may be due to
environmental factors, but the division between
hospital admission, use ofprimary care services,
and self treatment is not influenced by clinical
status alone, and therefore hospital admission
rates, even when adjusted for socioeconomic
deprivation, may not reflect the true pattern of
respiratory morbidity within an electoral ward.

Finally, some of the differences in recorded
hospital admission rates may be due to differ-
ences in hospital information and diagnostic
coding systems, particularly for wards whose
patients attend different hospitals. This has
been minimised by including all respiratory
diagnoses as well as asthma in the analysis, but
there may still be differences in the proportions
ofadmissions with no recorded diagnosis. Like-
wise, differences in recorded pollution levels
may be due to slight methodological differences
between local authorities in siting of stations
and data collection. These differences have
been minimised as far as possible by selecting
sites employing high levels of quality control,
including those in a national air pollution moni-
toring network, but some differences may still
exist. If systematic differences between ad-
ministrative areas exist for both hospital in-
formation systems and air pollution measure-
ments, this introduces the possibility of bias.

This study has found an independent as-
sociation between NO2 levels and hospital
admission rates for all respiratory diseases in
children under 5. These findings are consistent

with those fom Switzerland23 where outdoor
NO2 levels were associated with prevalence of
respiratory symptoms, and a study from Japan
where changing prevalence ofrespiratory symp-
toms in atopic children was associated with
NO2 levels.46 A study from Germany also
showed an association between NO2 and re-
ported cases of croup.47 However, most
studies of prevalence of respiratory symptoms
have shown associations with levels of
particulates'2 3 and not NO2. The absence of
a positive finding in this study may be due
to the methodological difficulties mentioned
above, or to the very low levels of particulates
in the area studied, representing a threshold
effect. The acute effects ofNO2 on respiratory
function have produced equivocal results in the
literature. Some studies have shown effects of
NO2 on lung function4849 and on bronchial
reactivity,505' whilst others have not.5253 There
is some suggestion that the young may be more
susceptible than older subjects,54 which would
be consistent with our findings. It is possible
that NO2 affects hospital admissions for acute
respiratory exacerbations through its reported
effects on susceptibility to respiratory viral in-
fection,55 although this association is not proven
in humans. This might explain the significant
association with SHR for all respiratory con-
ditions, which includes infections, but not
asthma. The findings of this study with respect
to hospital admission rates for respiratory ill-
ness in children and NO2 levels are thus bio-
logically plausible and consistent with other
studies.

This study has shown that socioeconomic
status as measured by the Townsend score is
an important predictor of hospital admission
rates for acute respiratory disease, that ethnicity
is an important independent predictor of hos-
pital admission rates for asthma in children
under 5, and that in children under 5 the
SHR for respiratory diseases is significantly
associated with ambient outdoor NO2 levels
after adjustment for both socioeconomic status
and ethnicity. It is therefore possible that am-
bient NO2 levels could affect either prevalence
or severity of asthma in children. However,
because of the methodological difficulties as-
sociated with the use ofroutinely collected data
in an ecological study of this kind, further
confirmatory studies of the potential health
effects of air pollution in the UK are required.
These should include assessment of potential
confounding factors for respiratory disease,
such as smoking, occupation and housing qual-
ity, as well as assessment of indoor pollution
exposure and personal pollution exposure. Fur-
ther research is needed to determine the po-
tential effects of NO2 and other pollutants on
the respiratory health of individuals, and par-
ticularly young children.
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