489

ORIGINAL ARTICLE

Effects of daily variation in outdoor particulates and
ambient acid species in normal and asthmatic children

D J Ward, K T Roberts, N Jones, R M Harrison, J G Ayres, S Hussain, S Walters

See end of article for
authors’ affiliations

Correspondence to:
Professor J G Ayres,
Department of Respiratory
Medicine, Birmingham
Heartlands Hospital,
Bordesley Green East,
Birmingham B9 5SS, UK;

ayresj@heartsol.wmids.nhs.uk

Thorax 2002;57:489-502

Background: Evidence suggests that the respiratory health of children may be adversely affected by
daily variation in outdoor pollutants, particularly ozone and particulates. However, data from the UK
are sparse and the contribution of different particulate fractions and acid species, together with the
identification of those individuals most at risk, are not clear.

Methods: One hundred and sixty two 9 year old children were enrolled from two inner city locations
and recorded daily symptoms and twice daily peak expiratory flow (PEF) over 8 week periods in the
winter and summer. Their results were analysed with daily pollutant levels at appropriate lags using
regression models which corrected for trends, weather, pollen, and autocorrelation.

Results: Pollutant levels were generally low, especially in the summer. Multiple statistically significant
associations were noted between health outcomes and pollutant concentrations, but no consistent pat-
terns in identified effects were apparent between pollutants, lags, direction of observed effect, or loca-
tion. There was no evidence to suggest that subgroups with atopy or pre-existing wheeze are more
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sensitive to pollutant effects.

health, even below current regional standards.' In chil-

dren, short term falls in lung function and increases in
respiratory symptoms have been related to daily variations in
pollutant levels, including the mass concentration of
particulates.”’ Children with pre-existing respiratory disease
may be more sensitive to such effects,”’ although this
observation may not translate simply to “asthma severity”.®
However, a recent European multicentre study of asthmatic
children (Pollutant Effects on Asthmatic Children in Europe
(PEACE)) failed to detect any consistent association between
air pollutants and short term health effects, despite the wide
range of climatic conditions and pollutant mixes encountered
across the sites.”

The characteristics of particles responsible for their specific
health effects are not known. Measures of particle acidity have
been shown to produce similar health outcome relationships
to particle mass measures.® One study has suggested that hos-
pital admissions may be most closely related to particle acid-
ity, sulphate content (SO,*) and small size,” but other studies
report adverse effects of particulates in the absence of signifi-
cant acidity.” Levels of individual acid and anion species,
including nitrate (NO,"), nitric acid (HNO,), and ammonium
(NH,"), have also shown significant, albeit small, relationships
with short term adverse respiratory health outcomes."

This study aimed to characterise potential short term
adverse respiratory effects of outdoor air pollutants on UK
urban primary school children with and without chronic res-
piratory symptoms or an atopic phenotype. In addition, the
study considered whether any such effects were more closely
related to PM,; than to PM, (mass concentration of
particulates with mean aerodynamic diameter <2.5 um and
10 wm, respectively) and to concentrations of individual acid
and anion species than to particulate mass measures.

ﬁir pollution is generally recognised to affect human

METHODS
A time series “panel” study design was used" with two 8 week
monitoring periods representing winter (13 January-10

Conclusion: These data do not suggest that adverse health outcomes are associated with daily varia-
tion in health effects. No evidence was found to indicate that particulates or individual acid and anion
species are more closely related to adverse health outcomes than other pollutants.

March 1997) and summer (19 May-14 July 1997) conditions.
Subjects were recruited from five primary schools in two
urban locations—Birmingham, a major city in the English
Midlands, and Sandwell, a large urban area contiguous with
Birmingham—which were analysed separately. The schools
selected were close to major motorways and congested city
arterial roads. Study approval was obtained from the East Bir-
mingham research and ethics committee.

Panel recruitment and monitoring
The panel comprised 9 year old children enrolled during Sep-
tember 1996. After giving written consent, parents completed
a questionnaire detailing their child’s respiratory symptoms,
atopic illnesses, and relevant housing factors. Subjects were
divided into subgroups on the basis of reported wheezing in
the previous 12 months in the absence of a respiratory tract
infection. Baseline spirometric tests and skin testing to
common allergens (cat, dog, grass, trees, house dust mite, and
cockroach) were performed. Children were considered atopic
on the basis of at least one positive skin test (mean weal
diameter at least 3 mm greater than negative control).
Children and teachers were instructed in peak expiratory
flow (PEF) measurement and all subjects were issued with a
PEF meter (Vitalograph Ltd, UK). The highest of three PEF
readings at morning registration (08.45-09.00 hours) and at
the end of the school day (15.30-15.45 hours) were recorded.
At weekends parents were asked to ensure a reading at break-
fast time and in mid-afternoon. Subjects were required to
record medication taken each day and to respond to the
following five questions:

® “Did you cough today?”

® “Were you ill today?”

® “Were you short of breath (SOB) today?”

® “Did you wake up last night with a cough or wheeze?”

® “Did you wheeze today?”
Diary cards were issued and collected weekly and inspected
immediately for errors or omissions. Data were entered onto a
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Table 1 Characteristics of the 162 panel members (all aged 9 years by September 1996), of whom 39 (24%) were
defined as having suffered recent wheezing on the basis of a parental report on questionnaire

Subgroup without
Birmingham children Sandwell children Subgroup with recent recent wheezing
(n=104) (n=58) wheezing (n=39) (n=123)

Sex

Sl 52 (50%) 24 (41%) 14 (36%) 62 (50%)

Boys 52 (50%) 34 (59%) 25 (64%) 61 (50%)
Ethnicity*

ISC 9 (9%) 2 (3% 4 (10%) 7 (6%)

Black 7 (7%) 2 (3% 4 (10%) 5 (4%)

White 88 (85%) 51 (88%) 30 (77%) 109 (89%)

Other 0 (0%) 1 (2%) 0 (0%) 1(1%)
Parental report of respiratory symptoms

Wheezing ever 34 (33%) 23 (40%) 34 (87%) 23 (19%)

Wheezing in past 12 months 23 (22%) 16 (28%) 39 (100%) 0 (0%)

Diagnosed asthma 24 (23%) 20 (34%) 28 (72%) 16 (13%)

Nocturnal cough in past 12 months 27 (26%) 20 (34%) 21 (54%) 26 (21%)
Housing factors

=1 household smoker 53 (51%) 27 (47 %) 17 (44%) 63 (52%)

Furry pets 72(69%) 35 (60%) 23 (59%) 84 (69%)

Gas cooking 85 (82%) 37 (64%) 31 (79%) 91 (75%)

Gais fire use 74 (71%) 40 (69%) 27 (69%) 87 (71%)

Damp housing (reported) 14 (13%) 6 (10%) 9 (23%) 11 (9%)
Baseline investigations

Atopic (=1 positive skin test) 27 (26%) 23 (40%) 19 (49%) 31 (25%)

Mean (SD) % predicted FEV, 98 (12.5) 98 (10.5) 96 (14.2) 99 (12.5)

Mean (SD) % predicted FVC 89 (13.3) 89 (13.8) 86 (15.4] 90 (12.8)
ISC=Indian subcontinent.
*Total less than 162 as no response given in two cases.

spreadsheet by optical character recognition scanning (DRS
Infotech, Milton Keynes, UK). Prior to analysis, PEF record-
ings were corrected for non-linear errors of the meters using
an equation derived from the response of a sample of meters
to a servo-controlled pump.*

Environmental monitoring

The five schools were near existing background urban air pol-
lution monitoring stations, either as part of the National
Automatic Urban and Rural Network or provided by local gov-
ernment. These stations measure nitrogen oxides (NO,, NO,
NO,), sulphur dioxide (SO,), ozone, carbon monoxide (CO),
and PM,, as hourly averages. Measurements of PM,, and PM,
used TEOM instruments equipped with 2.5 um cyclone inserts
operated at 50°C."” At two sites denuders enabled measure-
ment of ammonia (NH,) and acid gases (SO,, hydrochloric
acid (HCl), and HNO,), chloride (Cl"), NO,, and NH,".""”
Measurements of SO,”, NO,, and Cl” were made by standard
ion chromatographic methods, and of aerosol strong acid (H")
by aqueous extraction and determination of pH according to
the method of Koutrakis and coworkers." The samples were
collected daily and stored under refrigeration for batch analy-
sis.

The University of Birmingham Weather Service and the
Pollen Research Unit, Worcester provided daily maximum,
mean and minimum temperatures, mean relative humidity,
barometric pressure, wind speed, and summer pollen counts.

Statistical analysis

Analysis of data followed the methodology developed for the
PEACE study.” Subjects who failed to record data on more
than 22 days in each period (40%) were excluded because of
inadequate data collection. The first two days of all PEF
records were ignored to reduce potential training effects, and
each subject’s PEF record was transformed into daily
deviations from their individual mean PEF for morning and
afternoon separately. PEF data were analysed as the daily
mean of individual deviations (APEF), weighted according to
the number of reporting children that day. Symptom data
were analysed as the daily proportion of subjects reporting
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each symptom (% prevalent symptoms) or reporting a new
episode of each symptom (% incident symptoms). For each
day the denominator was defined as the number of children
recording both morning and afternoon PEF.

Putative associations between environmental variables and
health outcomes were initially explored using bivariate corre-
lation (Pearson’s correlation coefficient, r) and considered lags
of 0-3 days and a 7 day prior mean. Final results were calcu-
lated using a linear regression approach for APEF and logistic
regression for symptoms. Final effect estimates were then
derived from B (regression) coefficients in models accounting
for relevant confounding factors. For each outcome, terms
correcting for trend, weather elements, autocorrelation within
the model residuals, and a dummy variable indicating school-
days (versus weekends and holidays) were included. For APEF,
linear and square root trend terms were considered for inclu-
sion to adjust for lung growth and potential training effects.
For symptoms, linear, quadratic and higher order polynomial
trend terms were considered.” Weather and summer pollen
variables were considered for inclusion at the lag resulting in
the strongest association to the health outcome. The a priori
hypothesis required linear trend, a temperature term, and a
term correcting for first order autocorrelation to be included.
Other trend and weather terms were included on the basis of
examining the residual variance and goodness of fit (%)
statistics. Terms correcting for higher order autocorrelation
were included on the basis of visually examining the autocor-
relation and partial autocorrelation functions of the model
residuals. For comparability, both Birmingham and Sandwell
models were required to contain the same terms, albeit at dif-
ferent lags for weather variables. Pooled results for the entire
panel could then be derived for APEF and symptom outcomes
by combing the effect estimate from each location after
weighting by the inverse of its variance.

In addition to considering each panel as a whole, subgroups
based on atopic status and a history of recent wheezing were
analysed with the main pollutants of interest using the mod-
els identified for the whole panel to determine whether these
children were at increased risk of adverse health effects.” In
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Figure 1
Birmingham only shown).

addition to examining effect sizes in these groups, compari-
sons were also made with results from the remaining panel
members.

RESULTS

Panel recruitment

Consent was obtained in 162 of 264 eligible children (table 1).
Four children were lost to the panel before the summer period.
The subgroup with a history of recent wheezing comprised 39
subjects; sleep disturbance was reported in 13 of these (33%)
and wheezing severe enough to limit speech in five (13%). No
significant differences in the proportion of children with a
history of recent wheezing were found between schools or
sexes.

No differences in baseline spirometric subgroups based on a
history of recent wheezing were recorded. Children with a
such a history were significantly more likely to be labelled
atopic than those without recent wheezing and were more
likely to show specific reactions to house dust mite allergen,
tree pollen, and cat dander (p<0.05).

o

1 6 1M 16 21 26 31 36 41 46 51 56
Day

Selected time plots of APEF, symptoms and pollutants for the winter (A, C) and summer (B, D) monitoring periods (data for

Data collection from subjects

Morning PEF records were available for a median of 140/162
subjects in winter (87% response, range 106-159) and 126/158
in summer (79% response, range 93-142). In general,
symptoms were more frequently recorded in the winter than
the summer (fig 1), the most frequently reported symptom
being cough. Inadequate data collection resulted in the exclu-
sion of 14 and 20 children, respectively, from the winter and
summer periods. Direct questioning determined whether a
child possessed anti-asthma medication, but individual
dosages were poorly recorded so these data were discarded.

Environmental results

Wintertime pollutant levels were unexceptional and PM,,
exceeded 40 ug/m’ on only four occasions (table 2 and fig 1).
Such peaks were associated with increased oxides of nitrogen
and SO,. A modest increase in ozone was seen in March. Poor
weather meant that summer pollutant levels were generally
low. PM,, exceeded 40 pg/m’ only in the final week (fig 1), asso-
ciated with increased oxides of nitrogen. Acid and anion
concentrations were especially low as conditions for their
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Table 2 Median (range) of environmental variables for the winter (13 January-10
March 1997) and summer (19 May-14 July 1997) monitoring periods

Environmental variable Winter Summer

NO, (ppb) 18.0 (4-35) 13.3 (3-29)
Ozone (ppb) 13.0 (2-33) 22.0 (10-41)
PMo (pg/m’) 21.5 (8-46) 18.7 (7-38)
PM, s (pg/m’) 12.7 (4-37) 12.3 (5-28)

SO, (ppb) 5.4 (2-18) 4.7 (2-10)

H* (ng/m?) 8.6 (<12.7)* 6.3 (<7.6)*

Cr (pg/m?) 3.0 (0.9-7.3) 0.8 (0.3-5.1)
HCl (pg/m?) 0.3 (0.0-1.7) 0.3 (0.0-1.0)
HNO, (pg/m) 0.5 (0.2-2.2) 1.1 (0.4-3.8)
NH, (pg/m’) 5.6 (0.9-23.8) 4.2 (0.6-8.8)
NH, " (pg/m’) 2.0 (0.2-15.5) 2.5 (0.5-7.1)
NO;~ (pg/m’) 3.6 (0.1-29.9) 3.5(0.7-13.2)
SO (pg/m’) 2.4 (0.8-14.9) 3.8(1.1-7.8)
Minimum temperature (°C) 2.5 (-3.5-8.1) 9.4 (2.1-14.1)
Mean temperature (°C) 5.5(-1.0-9.9) 13.4 (8.1-19.1)
Maximum temperature (°C) 8.6 (1.5-13.3) 17.9 (10.6-25.5)
Relative humidity (%] 84 (67-96) 74 (47-92)
Barometric pressure (hPa/mb) 956 (923-977) 952 (926-966)
Wind speed (mph) 8 (2-18) 6 (3-15)

Levels indicate the 24 hour mean unless indicated otherwise and pollutant data averaged across up to five
sites.

*Median of days where levels exceeded the detectable limit, but most days (39/56 winter and 47/56
summer) were below this limit of approximately 5 ng/m?.

formation were unfavourable. Aerosol strong acidity (H") levels
were detectable on only 17 winter and 9 summer days and were
therefore not analysed.

Multiple cross correlations were seen between pollutants
for both the winter and summer periods. Very strong positive
correlations between winter time PM,, and PM,; (r=0.93)
were accompanied by similar relationships to NO, and, in the

negative direction, to ozone. These associations were especially
strong for PM,, (r=0.88 and r=-0.83, respectively). Weaker
associations were noted with SO,. Most individual acid and
anion species also showed a strong degree of positive correla-
tion with each other and the particulate mass measures (PM,
more than PM,;). However, CI, HCl, HNO, and, to a lesser
extent, H" were poorly associated with each other (except CI°

Table 3 Results of the final models for the entire panel during the winter period: estimated effect size (change in APEF
(I/min) or symptom odds per pollutant rise across interquartile range) and 95% confidence intervals (Cl) for mass
concentration of particulates and gaseous pollutants
Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
PM,o (eg/m’): size of interquartile range 11.8
APEF
Morning
Effect size 0.38 -0.24 0.32 -0.12 0.79
Upper 95% Cl 2.24 1.60 2.55 1.83 6.09
Lower 95% ClI -1.41 —2.23 -1.88 -2.12 -4.47
Afternoon
Effect size 0.63 -0.12 -0.35 -1.65 -2.23
Upper 95% Cl 2.64 1.94 1.73 0.25 3.69
Lower 95% Cl -1.29 -2.12 -2.47 -3.64 -8.11
Prevalent symptoms
Cough
Effect size 0.90 0.93 0.96 0.92 1.06
Upper 95% CI 1.02 1.07 1.13 1.07 1.57
Lower 95% CI 0.79 0.80 0.83 0.79 0.72
Il
Effect size 1.08* 1.01 1.07 1.06 1.28*
Upper 95% CI 1.17 1.09 1.17 1.15 1.60
Lower 95% Cl 1.00 0.93 0.98 0.98 1.01
SOB
Effect size 1.00 0.99 1.00 0.99 0.93
Upper 95% Cl 1.12 1.08 1.12 1.08 1.22
Lower 95% ClI 0.91 0.90 0.90 0.89 0.71
Wake
Effect size 0.99 1.02 1.00 0.96 1.02
Upper 95% Cl 1.09 1.13 1.12 1.07 1.33
Lower 95% Cl 0.90 0.93 0.90 0.88 0.78
Wheeze
Effect size 0.93 0.87* 0.87* 0.98 0.91
Upper 95% Cl 1.05 0.96 0.99 1.12 1.28
Lower 95% ClI 0.83 0.78 0.77 0.87 0.65
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Table 3 continued

Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
PM, 5 (ug/m?): size of interquartile range 12.3
APEF
Morning
Effect size 0.80 0.62 -0.86 -2.47 -4.07
Upper 95% Cl 3.67 3.54 2.47 0.36 2.42
Lower 95% ClI -1.97 -2.22 -4.32 -5.30 -10.60
Afternoon
Effect size 0.95 -0.99 -1.60 -3.45* 1.00
Upper 95% Cl 4.23 2.72 2.01 -0.25 13.56
Lower 95% CI -2.22 -4.69 -5.18 -6.53 -11.47
Prevalent symptoms
Cough
Effect size 0.98 0.95 1.02 1.01 1.31
Upper 95% Cl 1.18 1.17 1.24 1.23 2.09
Lower 95% ClI 0.80 0.77 0.83 0.83 0.82
Il
Effect size 1.17* 1.07 1.16* 1.01 1.57*
Upper 95% Cl 1.32 1.23 1.35 1.16 2.13
Lower 95% ClI 1.05 0.95 1.01 0.90 1.15
SOB
Effect size 1.07 0.98 0.96 0.91 0.82
Upper 95% CI 1.24 1.13 1.13 1.07 1.18
Lower 95% CI 0.94 0.84 0.82 0.79 0.58
Wake
Effect size 1.10 1.05 0.98 0.94 0.93
Upper 95% Cl 1.26 1.22 1.13 1.09 1.32
Lower 95% Cl 0.96 0.90 0.83 0.81 0.66
Wheeze
Effect size 0.98 0.90 1.00 1.13 1.02
Upper 95% Cl 1.16 1.05 1.20 1.35 1.57
Lower 95% ClI 0.83 0.75 0.83 0.95 0.68
NO, (ppb): size of interquartile range 13.6
APEF
Morning
Effect size -0.81 0.08 -0.54 -1.49 -6.10
Upper 95% Cl 2.01 2.95 2.60 1.63 2.53
Lower 95% ClI -3.66 -2.71 -3.93 -4.47 -14.91
Afternoon
Effect size 0.26 -1.76 -0.27 -1.63 1.80
Upper 95% CI 3.31 0.96 2.82 1.41 13.20
Lower 95% ClI -2.71 -4.61 -3.39 -4.61 -9.49
Prevalent symptoms
Cough
Effect size 0.85 1.00 1.12 1.09 1.41
Upper 95% Cl 1.05 1.27 1.40 1.35 2.67
Lower 95% ClI 0.68 0.79 0.90 0.89 0.76
Il
Effect size 1.12 0.96 1.04 1.00 1.17
Upper 95% Cl 1.26 1.08 1.20 1.15 1.80
Lower 95% ClI 0.99 0.85 0.92 0.89 0.78
SOB
Effect size 1.05 0.95 0.95 0.92 0.56*
Upper 95% Cl 1.21 1.09 1.09 1.08 0.91
Lower 95% ClI 0.91 0.83 0.80 0.78 0.35
Wake
Effect size 1.08 1.00 0.96 0.92 0.66
Upper 95% ClI 1.24 1.15 1.09 1.07 1.05
Lower 95% ClI 0.95 0.87 0.83 0.80 0.42
Wheeze
Effect size 0.85 0.91 0.85 1.08 0.83
Upper 95% CI 1.01 1.07 1.01 1.31 1.50
Lower 95% CI 0.73 0.77 0.72 0.91 0.46
Ozone (ppb): size of interquartile range 21.5
APEF
Morning
Effect size 3.10 1.23 2.28 4.00 17.53*
Upper 95% Cl 8.26 6.11 7.42 8.91 28.52
Lower 95% Cl -1.94 -3.66 -2.80 -0.86 6.56
Afternoon
Effect size -0.43 1.25 1.85 3.23 0.28
Upper 95% Cl 4.41 5.55 6.28 7.74 9.79
Lower 95% ClI -5.38 -3.01 -2.37 -1.29 -9.03
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Table 3 continued
Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
Prevalent symptoms
Cough
Effect size 1.44* 1.12 1.16 1.02 0.88
Upper 95% CI 2.05 1.59 1.62 1.40 1.81
Lower 95% Cl 1.00 0.77 0.84 0.74 0.42
Il
Effect size 0.91 1.32* 1.04 1.02 1.53
Upper 95% Cl 1.12 1.62 1.29 1.27 2.53
Lower 95% Cl 0.74 1.09 0.84 0.84 0.94
SOB
Effect size 1.00 1.21 1.27 1.24 2.79*
Upper 95% Cl 1.27 1.53 1.62 1.59 4.95
Lower 95% Cl 0.77 0.94 0.98 0.96 1.56
Wake
Effect size 1.00 1.09 1.24 1.24 1.97*
Upper 95% Cl 1.27 1.37 1.56 1.56 3.50
Lower 95% Cl 0.79 0.86 0.96 0.98 1.12
Wheeze
Effect size 1.40* 1.35 1.37* 0.83 1.59
Upper 95% Cl 1.84 1.77 1.84 1.09 3.31
Lower 95% ClI 1.06 1.00 1.02 0.61 0.77
SO, (ppb): size of interquartile range 4.0
APEF
Morning
Effect size -0.60 0.08 -0.16 0.27 -1.15
Upper 95% Cl 1.32 1.86 1.64 2.09 3.74
Lower 95% Cl -2.51 -1.67 -1.99 -1.51 -6.09
Afternoon
Effect size -0.32 -0.88 -0.76 -0.20 -1.19
Upper 95% Cl 2.04 1.10 1.25 1.63 6.46
Lower 95% Cl -2.71 -2.87 -2.79 -2.07 -8.88
Prevalent symptoms
Cough
Effect size 0.92 1.00 1.05 1.03 0.81
Upper 95% CI 1.05 1.15 1.19 1.17 1.15
Lower 95% CI 0.81 0.87 0.92 0.90 0.58
Il
Effect size 1.09* 1.03 1.07 0.98 1.32*
Upper 95% CI 1.18 1.1 1.17 1.06 1.64
Lower 95% CI 1.01 0.95 0.99 0.90 1.06
SOB
Effect size 1.02 1.00 0.98 0.97 0.81
Upper 95% CI 1.13 1.09 1.08 1.07 1.03
Lower 95% Cl 0.93 0.90 0.89 0.89 0.63
Wake
Effect size 1.00 1.05 1.06 0.94 0.87
Upper 95% Cl 1.10 1.15 1.16 1.04 1.10
Lower 95% Cl 0.91 0.96 0.96 0.87 0.68
Wheeze
Effect size 0.96 0.96 0.95 1.01 0.91
Upper 95% Cl 1.07 1.07 1.06 1.13 1.23
Lower 95% Cl 0.85 0.86 0.85 0.90 0.69
*p<0.05 for t fest to determine probability that effect size different from zero (PEF) or 1 (symptom odds).

and HCl) and other pollutants. A similar pattern of association
was noted in the summer, although the values of r were gen-
crally lower. However, in the summer, levels of HNO, were cor-
related with those for the particulate mass measures (PM,,
r=0.77; PM,,, r=0.81) and NO, (r=0.65).

Particulate levels were similar between the two locations,
particularly in the case of PM,,, consistent with its long
atmospheric lifetime (winter PM,,, r=0.80). Measured com-
ponents of the particulate matter (SO,”, NO,, NH,*, Cl') were
reasonably correlated between the two sites (r=0.63-0.93),
while the gaseous acid and anions (HCl, HNO,, NH,) showed a
lower degree of correlation (r=0.12-0.73).

Identification of regression models

For APEF, square root trend terms were included as this
improved model fit for the Birmingham panel. Similarly,
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quadratic trend terms were included in symptom models as
model fit was generally improved for both panels. Minimum
temperature was included in all models, although variations
were seen in the lag chosen. The closest association between
wintertime APEF, prevalent symptoms, and minimum tem-
perature was seen for the 7 day prior mean. In contrast, inci-
dent symptoms were most clearly associated with the same
day’s minimum temperature (except Birmingham illness and
wheeze models which included the 7 day prior mean). The
majority of summer outcomes were most closely associated
with the same or previous day’s minimum temperature, except
incident and prevalent illness for which models also included
the 7 day mean. Additionally, inclusion of relative humidity
improved model fit for winter APEF and prevalent symptoms,
but not other meteorological variables or summer pollen
count.
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Table 4  Results of the final models for the entire panel during the winter period: estimated effect size (change in APEF
(I/min) or symptom odds per pollutant rise across interquartile range) and 95% confidence intervals (Cl) for mass
concentration of particulates and gaseous pollutants

Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
HNO; (ug/m’): size of interquartile range 0.4
APEF
Morning
Effect size -1.16 -1.07 -0.21 -1.03 -1.78
Upper 95% Cl 0.36 0.37 1.35 0.44 1.89
Lower 95% ClI -2.67 -2.50 -1.77 -2.51 -5.45
Afternoon
Effect size -0.35 0.87 0.41 -0.87 -0.27
Upper 95% ClI 1.24 2.31 1.96 0.62 6.34
Lower 95% ClI -1.94 -0.57 -1.13 -2.36 -6.87
Prevalent symptoms
Cough
Effect size 1.04 1.05 1.05 0.90* 1.14
Upper 95% ClI 1.16 1.16 1.16 1.00 1.54
Lower 95% ClI 0.93 0.95 0.94 0.81 0.84
1l
Effect size 0.97 0.96 1.01 1.02 1.09
Upper 95% ClI 1.04 1.03 1.07 1.09 1.32
Lower 95% ClI 0.91 0.90 0.94 0.95 0.90
SOB
Effect size 0.97 0.9* 0.91* 1.00 0.79*
Upper 95% ClI 1.05 0.97 0.98 1.08 0.99
Lower 95% ClI 0.90 0.83 0.84 0.92 0.63
Wake
Effect size 0.96 0.90* 0.90* 1.02 0.78*
Upper 95% ClI 1.04 0.97 0.98 1.10 0.96
Lower 95% ClI 0.89 0.83 0.84 0.94 0.63
Wheeze
Effect size 1.00 0.98 0.89* 0.97 0.76*
Upper 95% ClI 1.10 1.07 0.98 1.07 0.99
Lower 95% ClI 0.91 0.89 0.82 0.88 0.58
SO (ug/m’): size of interquartile range 4.8
APEF
Morning
Effect size -1.75 -0.91 -0.62 -1.82 -3.22
Upper 95% Cl 0.50 1.62 1.91 0.64 1.58
Lower 95% ClI -4.00 -3.44 -3.16 -4.27 -8.03
Afternoon
Effect size 0.99 0.79 -1.89 -1.73 -1.96
Upper 95% ClI 3.55 4.00 1.21 1.23 9.42
Lower 95% ClI -1.58 -2.42 -4.99 -4.69 -13.35
Prevalent symptoms
Cough
Effect size 1.01 1.02 0.99 0.86 0.78
Upper 95% ClI 1.20 1.24 1.20 1.05 1.14
Lower 95% Cl 0.84 0.85 0.82 0.71 0.53
1l
Effect size 1.06 1.15* 1.14* 1.04 1.30*
Upper 95% ClI 1.17 1.28 1.28 1.18 1.66
Lower 95% ClI 0.96 1.03 1.00 0.92 1.00
SOB
Effect size 0.96 0.98 0.94 0.93 0.80
Upper 95% ClI 1.07 1.12 1.07 1.08 1.07
Lower 95% ClI 0.85 0.86 0.82 0.81 0.59
Wake
Effect size 0.97 1.01 1.00 0.93 0.79
Upper 95% ClI 1.08 1.15 1.14 1.07 1.05
Lower 95% ClI 0.87 0.89 0.88 0.82 0.59
Wheeze
Effect size 1.00 0.96 0.88 1.12 0.83
Upper 95% Cl 1.15 1.13 1.04 1.32 1.20
Lower 95% ClI 0.87 0.82 0.75 0.95 0.58
NO;™ (g/m’): size of interquartile range 6.7
APEF
Morning
Effect size -2.08* -0.64 0.71 -1.38 -0.92
Upper 95% Cl -0.15 1.59 3.11 0.84 3.47
Lower 95% ClI -4.02 -2.87 -1.69 -3.61 =532
Afternoon
Effect size 0.24 -0.72 -1.37 -2.54 0.21
Upper 95% ClI 2.38 2.43 2.38 0.66 8.11
Lower 95% ClI -1.89 -3.87 =5.11 -5.74 ~7.67
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Table 4 continued

Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
Prevalent symptoms
Cough
Effect size 0.92 0.91 0.99 0.87 0.71*
Upper 95% Cl 1.07 1.07 117 1.03 0.97
Lower 95% Cl 0.80 0.77 0.83 0.73 0.52
Il
Effect size 1.05 1.11* 1.13* 1.13* 1.13
Upper 95% Cl 1.14 1.22 1.26 1.26 1.38
Lower 95% Cl 0.97 1.01 1.01 1.01 0.92
SOB
Effect size 0.99 1.01 0.93 0.98 0.85
Upper 95% Cl 1.10 1.13 1.05 1.13 1.08
Lower 95% Cl 0.90 0.90 0.82 0.86 0.67
Wake
Effect size 0.98 1.05 0.99 0.99 0.84
Upper 95% Cl 1.08 1.16 1.12 1.12 1.05
Lower 95% Cl 0.89 0.94 0.88 0.87 0.67
Wheeze
Effect size 0.98 1.00 0.89 1.11 0.80
Upper 95% Cl 1.10 1.14 1.03 1.30 1.07
Lower 95% CI 0.87 0.87 0.77 0.95 0.61

*p<0.05 [t test) to determine probability that effect size different from zero (PEF) or 1 (symptom odds).

Table 5 Results of the final models for the entire panel during the summer period: estimated effect size (change in APEF
(I/min) or symptom odds per pollutant rise across interquartile range) and 95% confidence intervals (Cl) for mass
concentration of particulates and gaseous pollutants

Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
PM,, (ug/m’): size of interquartile range 9.0
APEF
Morning
Effect size -1.56 -0.10 0.90 3.36* 1.24
Upper 95% Cl 0.68 2,88 3.36 5.61 6.29
Lower 95% CI -3.81 -2.53 -1.56 1.12 -3.82
Afternoon
Effect size -1.28 -1.56 -0.15 -0.05 -0.85
Upper 95% Cl 0.67 0.41 1.85 2.03 3.40
Lower 95% ClI -3.23 -3.54 -2.15 -2.13 -5.09
Prevalent symptoms
Cough
Effect size 1.13* 1.04 0.96 0.89* 0.86
Upper 95% Cl 1.23 1.14 1.05 0.96 1.07
Lower 95% ClI 1.05 0.95 0.88 0.82 0.71
Il
Effect size 1.01 0.97 0.96 0.97 0.96
Upper 95% Cl 1.13 1.11 1.08 1.10 1.41
Lower 95% ClI 0.89 0.85 0.84 0.86 0.65
SOB
Effect size 0.98 1.06 1.00 0.96 1.27
Upper 95% Cl 1.14 1.25 1.16 1.11 1.78
Lower 95% Cl 0.85 0.91 0.86 0.82 0.91
Wake
Effect size 0.92 0.75* 0.91 0.92 1.24
Upper 95% Cl 1.10 0.91 1.10 1.08 2.05
Lower 95% Cl 0.77 0.62 0.74 0.78 0.75
Wheeze
Effect size 0.96 0.90 0.88 0.82* 0.95
Upper 95% ClI 1.14 1.06 1.05 0.96 1.53
Lower 95% CI 0.83 0.76 0.74 0.69 0.59
PM, 5 (ug/m’): size of interquartile range 6.3
APEF
Morning
Effect size -1.49 0.21 2.5* 3.41* 3.90
Upper 95% Cl 0.67 2.55 4.72 5.44 10.33
Lower 95% ClI -3.65 =212 0.28 1.40 -2.53
Afternoon
Effect size -0.49 -0.78 0.57 0.16 -0.08
Upper 95% Cl 1.45 1.16 2.49 217 5.27
Lower 95% Cl -2.43 -2.72 -1.35 -1.85 -5.43
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Table 5 continued
Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
Prevalent symptoms
Cough
Effect size 1.13* 1.04 0.94 0.89* 0.81
Upper 95% Cl 1.22 1.13 1.02 0.96 1.06
Lower 95% Cl 1.04 0.94 0.87 0.82 0.62
Il
Effect size 1.02 1.00 0.96 0.97 0.68
Upper 95% CI 1.13 1.13 1.07 1.09 1.13
Lower 95% Cl 0.91 0.89 0.85 0.86 0.41
SOB
Effect size 1.04 1.08 0.97 0.93 1.16
Upper 95% Cl 1.20 1.25 1.13 1.08 1.77
Lower 95% ClI 0.90 0.93 0.84 0.81 0.76
Wake
Effect size 0.93 0.81* 0.91 0.97 1.04
Upper 95% Cl 1.10 0.98 1.09 1.13 1.90
Lower 95% ClI 0.78 0.67 0.77 0.83 0.57
Wheeze
Effect size 1.02 0.98 0.87 0.85* 0.96
Upper 95% Cl 1.19 1.16 1.02 0.99 1.81
Lower 95% ClI 0.88 0.84 0.74 0.72 0.51
NO, (ppb): size of interquartile range 7.0
APEF
Morning
Effect size 0.46 1.20 1.87* 1.54 0.91
Upper 95% Cl 2.33 3.09 3.68 G883 473
Lower 95% ClI -1.42 -0.70 0.06 -0.26 -2.90
Afternoon
Effect size -0.77 -0.67 -0.02 0.08 1.21
Upper 95% Cl 0.76 0.87 1.55 1.73 4.33
Lower 95% Cl =231 -2.20 -1.58 -1.55 -1.91
Prevalent symptoms
Cough
Effect size 1.09* 0.98 0.93* 0.94 0.87
Upper 95% Cl 1.17 1.06 1.00 1.01 1.04
Lower 95% CI 1.01 0.91 0.87 0.87 0.74
Il
Effect size 1.01 0.99 0.95 0.96 0.78
Upper 95% Cl 1.12 1.10 1.07 1.08 1.09
Lower 95% ClI 0.91 0.89 0.84 0.85 0.56
SOB
Effect size 1.1 1.04 1.02 0.99 1.14
Upper 95% Cl 1.24 1.18 1.15 1.11 1.46
Lower 95% Cl 0.99 0.93 0.91 0.89 0.89
Wake
Effect size 0.99 0.87 0.98 0.96 0.99
Upper 95% Cl 1.17 1.01 1.13 1.1 1.42
Lower 95% Cl 0.83 0.74 0.85 0.84 0.70
Wheeze
Effect size 0.97 0.91 0.89 0.89 0.93
Upper 95% Cl 1.10 1.03 1.04 1.04 1.39
Lower 95% ClI 0.85 0.80 0.77 0.76 0.62
Ozone (ppb): size of interquartile range 10.2
APEF
Morning
Effect size -1.61 -2.39 -3.42* -2.51 -5.66*
Upper 95% Cl 1.01 0.34 -0.72 0.20 -0.09
Lower 95% CI -4.24 =5.11 -6.12 -5.23 -11.21
Afternoon
Effect size -0.13 -2.32 -0.12 2.02 -0.14
Upper 95% Cl 2.40 0.04 2.40 4.38 5.04
Lower 95% CI -2.66 -4.68 -2.64 -0.34 -5.34
Prevalent symptoms
Cough
Effect size 0.99 1.07 1.05 1.02 0.95
Upper 95% Cl 1.08 1.18 1.16 1.13 1.19
Lower 95% ClI 0.89 0.97 0.96 0.93 0.76
Il
Effect size 0.91 1.08 1.11 1.11 1.16
Upper 95% Cl 1.05 1.29 1.29 1.27 1.60
Lower 95% ClI 0.79 0.91 0.95 0.96 0.85
SOB
Effect size 1.02 1.04 1.07 1.16 1.35
Upper 95% Cl 1.22 1.24 1.27 1.38 1.94
Lower 95% CI 0.85 0.87 0.91 0.98 0.95
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Table 5 continued
Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
Wake
Effect size 0.98 0.98 0.90 0.96 1.18
Upper 95% Cl 1.19 1.18 1.08 1.18 1.87
Lower 95% Cl 0.81 0.81 0.75 0.79 0.75
Wheeze
Effect size 0.83* 0.8* 0.83* 0.88 0.88
Upper 95% Cl 0.98 0.93 1.00 1.06 1.38
Lower 95% Cl 0.71 0.69 0.70 0.74 0.57
SO, (ppb): size of interquartile range 2.2
APEF
Morning
Effect size 0.91 0.29 0.95 2.7* 6.83*
Upper 95% Cl 2.78 2.14 2.82 4.38 12.69
Lower 95% CI -0.95 -1.56 -0.92 1.03 0.98
Afternoon
Effect size -0.89 -0.02 -0.41 0.02 -2.48
Upper 95% Cl 0.83 1.65 1.24 1.61 2.59
Lower 95% ClI -2.61 -1.68 -2.05 -1.58 -7.56
Prevalent symptoms
Cough
Effect size 1.08* 1.04 1.02 0.98 0.96
Upper 95% Cl 1.15 1.11 1.09 1.05 1.22
Lower 95% CI 1.02 0.97 0.95 0.91 0.75
Il
Effect size 1.05 1.02 1.00 0.94 1.07
Upper 95% Cl 1.14 1.12 1.10 1.02 1.47
Lower 95% ClI 0.96 0.94 0.92 0.86 0.78
SOB
Effect size 0.98 1.00 1.02 0.92 0.92
Upper 95% CI 1.10 1.13 1.16 1.05 1.36
Lower 95% CI 0.87 0.89 0.90 0.81 0.62
Wake
Effect size 1.00 1.02 0.95 0.94 1.13
Upper 95% Cl 1.14 1.16 1.08 1.06 1.88
Lower 95% ClI 0.87 0.89 0.84 0.83 0.67
Wheeze
Effect size 1.05 1.00 1.06 0.94 0.90
Upper 95% Cl 1.19 1.13 1.20 1.07 1.33
Lower 95% Cl 0.92 0.88 0.94 0.83 0.60
*p<0.05 [t test) to determine probability that effect size different from zero (PEF) or 1 (symptom odds).

Table 6 Results of the final models for the entire panel during the summer period: estimated effect size (change in APEF
(I/min) or symptom odds per pollutant rise across interquartile range) and 95% confidence intervals (Cl) for mass
concentration of particulates and gaseous pollutants
Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
HNO; (ug/m’): size of interquartile range 1.3
APEF
Morning
Effect size -1.09 0.53 0.72 2.26* -0.59
Upper 95% Cl 1.07 2.81 3.06 4.43 6.14
Lower 95% ClI -3.26 -1.74 -1.62 0.08 -7.31
Afternoon
Effect size -0.08 -0.72 0.36 -1.92 -4.67
Upper 95% Cl 1.97 1.40 2.49 0.17 0.96
Lower 95% ClI -2.14 -2.84 -1.77 -4.01 -10.29
Prevalent symptoms
Cough
Effect size 1.09* 1.01 0.94 0.89* 0.66*
Upper 95% Cl 1.19 1.1 1.03 0.97 0.88
Lower 95% ClI 1.00 0.92 0.86 0.82 0.49
Il
Effect size 0.92 0.98 0.95 1.04 0.79
Upper 95% Cl 1.04 1.12 1.08 1.18 1.34
Lower 95% ClI 0.83 0.86 0.83 0.92 0.46
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Table 6 continued

Lag
Pollutant 0 1 day 2 days 3 days 7 day mean
SOB
Effect size 1.04 1.01 0.99 0.95 1.02
Upper 95% Cl 1.21 1.18 1.15 1.10 1.61
Lower 95% ClI 0.90 0.86 0.85 0.82 0.65
Wake
Effect size 0.83* 0.76* 0.94 0.89 0.93
Upper 95% Cl 0.99 0.92 1.12 1.05 1.73
Lower 95% ClI 0.69 0.62 0.78 0.75 0.50
Wheeze
Effect size 0.93 0.87 0.87 0.7* 0.71
Upper 95% Cl 1.09 1.02 1.04 0.82 1.20
Lower 95% ClI 0.80 0.74 0.73 0.60 0.43
SO% (ug/m’): size of interquartile range 3.1
APEF
Morning
Effect size -0.72 -1.69 1.35 3.38* 2.98
Upper 95% Cl 1.82 0.90 3.97 572 10.13
Lower 95% ClI =827 -4.28 -1.27 1.03 -4.17
Afternoon
Effect size -0.32 0.84 -0.08 -0.25 -2.20
Upper 95% Cl 2.17 3.30 2.44 2.19 5.12
Lower 95% ClI -2.81 -1.63 -2.61 -2.69 -9.51
Prevalent symptoms
Cough
Effect size 1.08 1.03 0.97 0.9* 0.73*
Upper 95% ClI 1.20 1.15 1.07 0.99 0.97
Lower 95% ClI 0.98 0.93 0.88 0.82 0.54
11
Effect size 0.98 0.97 1.01 0.95 0.72
Upper 95% CI 1.11 1.12 1.16 1.09 1.12
Lower 95% ClI 0.86 0.84 0.88 0.84 0.46
SOB
Effect size 0.95 1.07 1.04 0.94 0.58
Upper 95% ClI 1.14 1.28 1.24 1.12 1.04
Lower 95% CI 0.80 0.89 0.87 0.80 0.33
Wake
Effect size 0.95 0.81* 0.93 0.87 0.77
Upper 95% Cl 1.16 0.99 1.13 1.05 1.48
Lower 95% ClI 0.78 0.67 0.76 0.72 0.41
Wheeze
Effect size 0.97 1.09 1.00 0.81* 1.30
Upper 95% Cl 1.17 1.32 1.22 0.97 2.50
Lower 95% ClI 0.80 0.89 0.82 0.69 0.68
NO;™ (ug/m’): size of interquartile range 3.7
APEF
Morning
Effect size -0.80 0.68 1.42 2.54* 1.74
Upper 95% Cl 1.15 2.67 3.58 4.59 6.13
Lower 95% ClI -2.74 -1.31 -0.73 0.48 -2.66
Afternoon
Effect size -0.72 -0.59 -0.33 0.66 0.47
Upper 95% Cl 1.03 1.18 1.45 2.58 4.29
Lower 95% ClI -2.47 -2.36 -2.11 -1.26 -3.36
Prevalent symptoms
Cough
Effect size 1.05 1.01 0.95 0.89* 0.81*
Upper 95% Cl 1.13 1.10 1.03 0.96 0.97
Lower 95% ClI 0.97 0.93 0.88 0.83 0.68
1l
Effect size 0.97 0.98 0.95 0.94 0.74
Upper 95% Cl 1.09 1.10 1.06 1.05 1.03
Lower 95% ClI 0.87 0.87 0.85 0.85 0.54
SOB
Effect size 1.04 1.12 1.04 0.90 1.06
Upper 95% ClI 1.18 1.28 1.20 1.03 1.43
Lower 95% CI 0.90 0.98 0.90 0.79 0.78
Wake
Effect size 0.94 0.86 0.94 0.92 0.95
Upper 95% CI 1.09 1.01 1.11 1.07 1.47
Lower 95% ClI 0.80 0.72 0.79 0.79 0.62
Wheeze
Effect size 1.01 0.96 0.95 0.87 1.04
Upper 95% Cl 1.17 1.1 1.10 1.01 1.60
Lower 95% ClI 0.87 0.83 0.82 0.75 0.67

*p<0.05 [t test) to determine probability that effect size different from zero (PEF) or 1 (symptom odds).
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morning APEF (I/min)

Table 7 Analysis of subgroups based on atopic status (Birmingham n=27, Sandwell n=23) and parental history of
recent wheezing (Birmingham n=23, Sandwell n=16) subgroups. Results are only shown for selected pollutants and

Subgroup with atopy or history of recent

wheezing Subgroup without atopy or history of wheezing  Difference
between
Pollutant Lag (days)  Effect sizet 95% ClI Effect sizet 95% ClI subgroups
Subgroups based on atopic status:
PM,o 0 -0.088 -0.403 to 0.226 0.086 -0.285 to 0.456
1 -0.105 -0.407 t0 0.198 0.008 -0.363 to 0.379
2 0.118 -0.220 to 0.456 -0.014 -0.439 10 0.412
8 -0.034 -0.363 to 0.295 -0.005 -0.399 t0 0.388
PM, 5 0 -0.072 -0.527 10 0.383 0.126 -0.413 to 0.666
1 -0.271 -0.701 to 0.159 0.193 -0.340t0 0.728
2 0.127 -0.354 to 0.608 -0.170 -0.788 to 0.447
8 0.055 -0.391 to 0.501 -0.314 -0.84610 0.216
HNO, 0 3.506 -4.273 to 11.285 -5.964 -15.195 to 3.266 p<0.05
1 -0.445 -8.083t07.192 -3.866 -12.741 t0 5.010
2 -7.616* -14.989 to -0.242 2.588 -6.644 10 11.819 p<0.05
3 3.240 -4.568 1o 11.048 -5.384 -14.498 t0 3.730
SO» 0 0.200 -0.7551t0 1.156 -0.613 -1.714 10 0.488
1 -0.219 -1.318 10 0.881 -0.174 -1.423 to 1.075
2 -0.431 -1.526 to 0.664 0.006 -1.243 t0 1.253
3 1.200* 0.095 102.305 -1.080 -2.308 10 0.148 p<0.05
NO, 0 -0.036 -0.627 to 0.555 -0.434 -1.116 t0 0.248
1 0.142 -0.573 to 0.857 -0.201 -1.002 to 0.600
2 0.000 -0.760 to 0.759 0.154 -0.703 to 1.010
3 0.689 -0.061 to 1.439 -0.605 -1.422 10 0.210 p<0.05
Subgroups based on parental history of recent wheezing:
PM,o 0 0.072 -0.069 t0 0.212 0.019 -0.23510 0.273
1 0.094 -0.045 t0 0.233 -0.065 -0.324 10 0.193
2 0.013 -0.139 10 0.166 0.031 -0.267 t0 0.330
3 -0.044 -0.189 t0 0.102 -0.005 -0.276 to 0.265
PM, 5 0 0.187 -0.008 to 0.382 0.026 -0.341 t0 0.395
1 -0.006 -0.207 t0 0.195 0.068 -0.307 to 0.444
2 -0.011 -0.226 t0 0.204 -0.099 -0.535t0 0.335
3 -0.037 -0.228 10 0.154 -0.252 -0.615t00.110
HNO, 0 1.005 -2.115104.124 -4.324 -10.556 to 1.907
1 -2.266 -5.135 10 0.603 -2.982 -8.869 to 2.904
2 -1.835 -4.775to 1.105 -0.157 -6.499 to 6.183
3 -0.442 -3.366 to 2.481 -3.445 -9.496 to 2.607
SO~ 0 0.457* 0.003 t0 0.910 -0.622 -1.37910 0.136 p<0.05
1 0.078 -0.503 to 0.660 -0.272 -1.147 to 0.602
2 -0.102 -0.656 to 0.452 -0.138 -1.005 to 0.728
3 0.002 -0.609 to 0.613 -0.496 -1.359 to 0.367
NO;- 0 0.228 -0.054 10 0.511 -0.482* -0.952 10 -0.012 p<0.05
1 0.476* 0.060 to 0.892 -0.276 -0.846to 0.294 p<0.05
2 0.196 -0.202 to 0.594 0.078 -0.520 to 0.675
3 0.083 -0.321 to 0.487 -0.298 -0.864 to 0.268

*Effect estimate significantly different from zero (p<0.05).
tEffect size=APEF per pg/m? increase in pollutant.

In general, first order autocorrelation terms were adequate
to remove autoregressive effects from the model residuals, but
winter SOB and summer morning APEF required additional
higher order terms.

Pollutant effects on health outcomes

Statistically significant associations between pollutants and
APEF or respiratory symptoms were seen in both winter
(tables 3 and 4) and summer (tables 5 and 6). However, there
were no consistent changes, either adverse or otherwise, in
any symptom or lung function index when the total panel was
considered. Results for incident symptoms and the acid and
anion species HCl, CI', NH,* and NH, are not shown for brev-
ity. No pattern in the nature of the pollutants or the lag of
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greatest measured effect were noted and, in particular, there
were no consistent responses to ozone or particles as PM,, or
PM

25"

Analysis of subgroups based on atopic status or history
of recent wheezing

The results do not indicate that children with atopy or a
history of recent wheezing are more susceptible to the short
term respiratory health effects of air pollutants. Few
statistically significant results were noted and the results are
presented for winter morning APEF only (table 7). However,
no pattern between pollutants, their lags, or apparent
direction of measured effect are evident for any of the health
outcomes studied, nor is there any apparent consistency
between the two locations.
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DISCUSSION

This study provides little evidence for a relationship between
the measured pollutants and daily changes in health
outcomes after correction for the confounding effects of
weather, trends in the data, and autocorrelation. In particular,
there is no suggestion that PM,, provides a better index of
short term health effects than PM,,, and that individual acid or
anion species were more closely associated with such effects
than particulate mass measures. In epidemiological studies
involving multiple comparisons it is important not to overem-
phasise individual “significant” results, but rather to attempt
to identify clear consistent patterns. In this study no such
consistency in pollutant, lag, or location was noted.

The identification of particulate health effects where aerosol
strong acidity is very low’ has focused attention away from
acid species generally, and these compounds have not been
regarded as important in the UK since the Clean Air Act. In
this study, aerosol strong acidity was virtually undetectable
and no relationships with acid or basic species, gas or aerosol,
were found, although concentrations were low. Sulphate has
been regarded by some authors as a surrogate for the mass
concentration of fine particulates" and, in situations of high
aerosol strong acidity, has been found to be more strongly
related to respiratory admissions and some symptoms than
PM measures.” ** In contrast, low levels of aerosol strong acid-
ity were reported in a wintertime Dutch panel of children
which identified small effects of PM,, NO,, SO,, NO,, and
HNO, (but not SO,) on lung function," although only short
lags were considered. The effects of SO, and SO,” on
respiratory symptoms were also reported.

Our findings are consistent with those from the PEACE
study in which urban and rural panels of 6-12 year old
children with a history of recent night time cough or wheeze
were monitored across 14 centres for at least two winter
months.” Measures of fine particulate levels and acid species
were omitted from this study and few statistically significant
associations were found overall, despite a wide range of
pollutant and climatic experiences. The authors identified a
number of possibilities for these negative findings. Firstly,
overall panel effect estimates could potentially be biased by a
subgroup within the panel with a different pattern of
response. In the PEACE study children with diagnosed asthma
taking respiratory medication showed a positive relationship
between PEF and pollutant levels, although bronchodilator
use was not related to pollutants.” In our study, subgroup
analyses revealed no consistent effects of pollutants on PEF or
respiratory symptoms in children with a previous history of
wheezing or atopy. Other authors report contrasting findings;
a study of Dutch adults demonstrated that airway “lability”,
expressed as PEF variability or bronchial hyperresponsiveness
(BHR), predicted susceptibility to pollutant effects® and, in
Dutch children, “allergy”, in addition to BHR, has been impli-
cated in susceptibility to increased PM,,, NO,, and SO,.* It has
been suggested that, in susceptible subjects, pollutants may
act as “potentiators”, increasing the effects of other factors
such as allergens which could influence lung function.” How-
ever, such a relationship could potentially be reversed by the
action of bronchodilating medication so that the inclusion of
children with diagnosed asthma in an epidemiological study
of air pollutants may obscure any real relationships or lead to
the paradoxical result of high pollutant levels associated with
better health outcomes. This could occur if those with asthma
modify their behaviour on high pollutant days, either by the
use of bronchodilating drugs’ or by staying indoors and
reducing activity.

Selecting individuals with a history of recent wheezing on
the basis of a questionnaire may also result in a heterogeneous
group. In contrast to our symptomatic subgroup, selected on
the basis of recent wheezing only, most centres in the PEACE
study included children with nocturnal cough alone. Such
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children were in the majority in many panels and had a lower
prevalence of atopy, higher MMEF, and lower day to day PEF
variability” and could have responded differently to air
pollutants.*

Unmeasured confounders which vary across a suitable time
course—for example, respiratory tract infections—could also
be important, although fever has proved to be a relatively
insensitive surrogate marker for this.” In our study the daily
prevalence of school absence (or days’ data missing if at
weekends) said to be due to illness (excluding accidental
injury) was used as an imperfect measure of such infections
and was not found to be associated with daily pollutant levels.
Data missing from an individual’s record due to ill health
could weaken the apparent effect of pollutants if the missed
days included illness precipitated or exacerbated by air pollu-
tion. The validity of the health outcome measures where chil-
dren record their own data is not known and misclassification
arising in this area could weaken any apparent effects of pol-
lutants. Invented, misread, or inadequate PEF values can occur
and these have been shown to increase with time.” Less is
known about the validity and accuracy of symptom responses,
but these may reduce with waning interest. In addition, the
low prevalence of symptom reporting, particularly in the
summer, may also have reduced the sensitivity of our study.

The number of subjects enrolled in this study was greater
than in some widely reported panel studies that have shown
an association between PM,, and decrements in PEF in this
age group.” However, these studies have exclusively exam-
ined populations selected on the basis of existing respiratory
symptoms or asthma. In addition, in all these cases pollutant
levels were greater than seen in this study where, in general,
pollutant levels were modest in winter, though not unrepre-
sentative of the UK, and very low in summer. It may therefore
be that this study had insufficient power to detect effects in an
unselected cohort of children.

In conclusion, this study does not provide evidence for day
to day respiratory health effects of pollutants, including
particulates and individual acid and anion species, in a panel
of UK inner city primary schoolchildren or subgroups with
atopy or pre-existing wheeze. However, only short term effects
were considered so these results do not preclude an effect of
very fine particulates or acid species on longer term changes in
lung function, symptoms, or lung development. Previous
authors have suggested that short term pollutant effects occur
without threshold. We believe that, if such effects exist, they
are likely to be marginal at these observed pollutant
concentrations. It is likely that the complexity of adequately
dealing with both intraindividual and interindividual variabil-
ity, in addition to quantitatively small associations between
population average responses and pollutants, may be beyond
the modelling approach adopted by the PEACE study. Further
work should concentrate on more homogeneous groups
thought to be at high risk of adverse effects and attempt to
improve the validity of health status monitoring.

ACKNOWLEDGEMENTS

This study was funded by the Department of Health, UK. The authors
acknowledge the assistance of Dr G McGregor, Department of
Geography, University of Birmingham, Dr John Middleton, Sandwell
Health Authority, Sandwell Environmental Services, and the Pollen
Research Unit, WCHE, Worcester, and thank the teachers and pupils of
the five participating junior schools from Birmingham (Bromford
Road, Ward End and Firs) and Sandwell (Springfield and Perryfields).

Authors’ dffiliations

D J Ward, N Jones, R M Harrison, S Hussain, S Walters, Institute of
Public and Environmental Health, University of Birmingham, Edgbaston,
Birmingham B15 2TT, UK

K T Roberts, J G Ayres, Department of Respiratory Medicine,
Birmingham Heartlands Hospital, Bordesley Green East, Birmingham
B9 5SS, UK

www.thoraxjnl.com


http://thorax.bmj.com

502

REFERENCES

N

w

IS

(@]

N O

fee]

Brunekreef B, Dockery DW, Krzyzanowski G. Epidemiologic studies on
shortterm effects of low levels of major ambient air pollution components.
Environ Health Perspect 1995;103(Suppl 2):3-13.

Roemer W, Hoek G, Brunekreef B. Effect of ambient winter air pollution
on respiratory health of children with chronic respiratory symptoms. Am
Rev Respir Dis 1993;147:118-24.

Pope CA, Dockery DW, Spengler D, et al. Respiratory health and PM,,
pollution. A daily time series analysis. Am Rev Respir Dis
1991;144:668-74.

Neas LM, Dockery DW, Koutrakis P, et al. The association of ambient
air pollution with twice daily peak expiratory flow rate measurements in
children. Am J Epidemiol 1995;141:111-22.

Pope CA, Dockery DW. Acute health effects of PM,, pollution on
symptomatic and asymptomatic children. Am Rev Respir Dis
1992;145:1123-8.

Hiltermann TJ, Stolk J, Van der Zee SC, et al. Asthma severity and
susceptibility to air pollution. Eur Respir J 1998;11:686-93.

Roemer W, Hoek G, Brunekreef B, et al. Daily variations in air pollution
and respiratory health in a multicentre study: the PEACE project. Pollution
effects on asthmatic children in Europe. Eur Respir J 1998;12:1354-61.
Lebowitz MD. Epidemiological studies of the respiratory effects of air
pollution. Eur Respir J 1996;9:1029-54.

Thurston GD, Ito K, Hayes CG, et al. Respiratory hospital admissions
and summertime haze air pollution in Toronto, Ontario: consideration of
the role of acid aerosols. Environ Res 1994;65:271-90.

Hoek G, Brunekreef B. Effects of low-level winter air pollution
concentrations on respiratory health of Dutch children. Environ Res
1994;64:136-50.

Brunekreef B, Hoek G, Roemer W, et al. Panel studies for investigating
the acute health effects of air pollution. Eur Respir Rev 1998;8:131-4.
Ward DJ, Miller MR, Walters S, et al. Impact of correcting peak flow for
non-linear errors on air pollutant effect estimates from a panel study. Eur
Respir J 2000;15:137-40.

Airborne Particles Expert Group. Source apportionment of airborne
particulate matter in the United Kingdom. London: Stationery Office,
1999.

www.thoraxjnl.com

14

15

20

2

22

23

24

25

Ward, Roberts, Jones, et al

Harrison RM, Kitto AM-N. Field intercomparison of filter pack and
denuder sampling methods for reactive gases and particulate pollutants.
Atmos Environ 1990;24A:2633-40.

Koutrakis P, Thompson KM, Wolfson JM, et al. Determination of aerosol
strong acidity losses due fo interactions of collected particles: results from
laboratory and field studies. Afmos Environ 1992;26A:987-95.
Koutrakis P, Wolfson JM, Spengler JD. An improved method for
measurement of aerosol acidity: results from a nine month study in St
Louis, MO, and Kingston, TN. Atmos Environ 1988;22:157-63.
Roemer W, Hoek G, Brunekreef B, ef al. Effects of shortterm changes in
urban air pollution on the respiratory health of children with chronic
respiratory symptoms: the PEACE project: Introduction. Eur Respir Rev
1998;8:4-11.

Roemer W, Clench-Aas J, Englert N, et al. Inhomogeneity in response to
air pollution in European children (PEACE project). Occup Environ Med
1999,56:86-92.

Committee on the Medical Effects of Air Pollutants, Department of
Health. Non-biological particles and health. London: HMSO, 1995.
Ostro BD, Lipsett M, Wiener MB, et al. Asthmatic responses to airborne
acid aerosols. Am J Public Health 1991;81:694-702.

Boezen M, Schouten J, Rijcken B, et al. Peak expiratory flow variability,
bronchial responsiveness, and susceptibility to ambient air pollution in
adults. Am J Respir Crit Care Med 1998;158:1848-54.

Boezen HM, Van der Zee SC, Postma DS, et al. Effects of ambient air
pollution on upper and lower respiratory symptoms and peak expiratory
flow in children. Lancet 1999;353:874-8.

Rusznak C, Devalia JL, Davies RJ. The airway response of asthmatic
subjects to inhaled allergen after exposure to pollutants. Thorax
1996;51:1105-8.

Timonen KL, Pekkanen J, Korppi M, et al. Prevalence and characteristics
of children with chronic respiratory symptoms in eastern Finland. Eur
Respir J 1995;8:1155-60.

Redline S, Wright EC, Kattan M, et al. Shortterm compliance with peak
flow monitoring: results from a study of inner city children with asthma.
Pediatr Pulmonol 1996;21:203-10.


http://thorax.bmj.com

