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Chapter1 Study data

1.1 Study population

Daily health, air quality and weather data were collected for the years 1998-2001 in
five cities in Australia (Brisbane, Canberra, Melbourne, Perth and Sydney) and two
cities in New Zealand (Auckland, Christchurch) (Figure 1.1). These cities covered
53% of the Australian population and 44% of the New Zealand population, for a total
population of just under 12 million people (Table 1.1). Volume 3: Appendix 1 contains
a full set of summary statistics for health, air pollutant and weather data in each city.
The median income and population data were supplied by the Australian Bureau of
Statistics and Statistics New Zealand.

Figure 1.1: Location of Australian and New Zealand cities used in the analysis

Brisbane

Perth

P2 \‘\h? anberra

Melbourne, S

Table 1.1: Summary statistics for demographic data by city (years 1998-2001)

Auckland Brisbane Canberra Christchurch Melbourne Perth Sydney
Demographic data
Total population 1,158,891 1,627,535 311,518 316,224 3,366,542 1,339,993 3,997,321
Median weekly 400-499  300-399  500-599 300-399 400-499 300399  400-499
individual income $
Percentage of
population <15 yrs % 229 21.0 21.2 19.3 19.8 20.7 20.2
Percentage of 10.0 11.0 8.3 13.7 12.1 11.3 11.9

population >65 yrs %

1.2 Health outcomes

Health data were collected from state government health departments in Australia
and the New Zealand Health Information Service (Ministry of Health) in New
Zealand. The definition of the study regions for the collection of health data for
Brisbane, Canberra, Melbourne and Perth came from the Australian Bureau of
Statistics (ABS) statistical division (SD), but for Sydney the SD was modified to
exclude areas that were not considered to be represented by the air quality
monitoring network. For the New Zealand cities, the study regions were defined
using the Statistics New Zealand divisions for the Auckland and Christchurch
regions.
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Disease groups were classified according to the International Classification of
Diseases 9t Revision [ICD-9] (for the period January 1998-June 1998) and 10t
revision [ICD-10] categories (for the period July 1998-December 2001). The
following categories for cardiovascular admissions were examined in this study:
cardiac, ischemic heart disease, stroke, arrhythmia, cardiac failure and myocardial
infarction. The respiratory disease groups considered included total respiratory
disease, asthma, chronic obstructive pulmonary disease and pneumonia and acute
bronchitis (see Table 1.2 for the ICD codes).

Table 1.2: ICD-9 and ICD-10 codes for admission and mortality outcomes

ICD-9 ICD-10

Admissions

Cardiac 390-429 100-152,197.0,197.1, 198.1

Ischemic heart disease 410-413 120, 121, 122, 124, 125.2

Stroke 430-438 160-166, 167 (excluding 167.0, 167.3), 168
(excluding 168.0), 169, G45 (excluding G45.3),
G46

Arrhythmia 427 146-149

Cardiac failure 428 150

Myocardial infarction 410 121, 122

Total respiratory disease 460-519 J00-J99 (excluding J95.4 to J95.9), R09.1, R09.8

Asthma 493 J45, J46, ]44.8

Chronic obstructive 490-492, 494-496 J40-J44, 147, J67

pulmonary disease

Pneumonia and acute 466, 480-486 J12-J17,J18.0, J18.1, J18.8, J18.9, J20, J21

bronchitis

Mortality

Total mortality all <800 A-R, Z35.5,735.8

Cardiovascular mortality 390-459 100-199 (excluding 167.3, 168.0, 188, 197.8, 197.9,
198.0), G45 (excluding G45.3), G46, M30, M31,
R58

Respiratory mortality 460-519 J00-J99 (excluding J95.4 to ]95.9), R09.1, R09.8

1.21 Hospital admissions

Both respiratory and cardiovascular admissions were considered.

Emergency

attendances, scheduled admissions, transfers from other hospitals and admissions
arranged through a general practitioner were excluded to minimise the delay and
level of uncertainty associated with the period between onset of symptoms and day
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of admission to hospital. Summary statistics on cardiovascular hospital admissions
and respiratory hospital admissions are given in Table 1.3 and Table 1.4, respectively.

Responses to air pollution are age-dependent, and accordingly all analyses were
stratified by age group. The age groups used were: less than one year of age, 1-4
years, 5-14 years, 15-64 years and greater or equal to 65 years. Asthma admissions in
the first age group were not considered due to difficulties in accurate diagnosis of the
condition in this age group.

Table 1.3: Summary statistics for cardiovascular admission rates per million
population - by city and age group (years 1998-2001)

Auckland  Brisbane Canberra Christchurch Melbourne Perth Sydney

Daily admissions: mean (range)

Total cardiovascular

allages  30.0 (453) 28.0 (1346) 37.9(0,109)  36.6 (6,79) 24.2(1337) 26.8 (10,44) 23.3 (14,36)
15-64yrs 11.5(331)  93(219) 17.6(0,67)  102(032) 77(14) 79(1,17) 7.7 (3,14)
65+yrs  181(435) 186(833) 20.0(061)  262(0,60) 163 (828) 18.8(6,35) 155 (7,26)

Cardiac

allages  21.6(244) 21.6(937) 248(064) 255(0,63) 17.1(9,29) 19.7(635) 17.1(9,26)
15-64yrs  8.6(1,24)  75(1,17)  10.5(0,42) 7.3 (0,28) 55(1,11)  6.0(014) 5.9 (2,11)
65+yrs  12.8(227)  14.0(529) 14.1(045) 181(044) 11.5(521) 13.7(3,27) 11.1(5.20)

Ischemic heart disease

allages  11.0(0,28) 12.1(423) 10.8(042)  148(041) 89415 10.1(219) 8.0 (414)
15-64yrs  45(0,14)  45(0,11)  4.8(0,26) 4.5 (0,19) 3.2 (1,6) 3.4 (0,9) 3.1(0,7)
65+ yrs 6.5(0,18)  7.6(1,18)  6.1(0,26) 104 (0,35) 57 (211) 67(1,15)  4.9(2,10)

Stroke

all ages 51(0,13) 4.2 (0,10) 3.6 (0,22) 7.4 (0,32) 4.6 (1,10) 4.3 (0,12) 4.1 (1,9)
15-64yrs  1.6(0,7) 0.9 (0,6) 1.0 (0,10) 1.8 (0,13) 1.1 (0,3) 1.0 (0,5) 1.0 (0,3)
65+ yrs 3.5(0,10) 3.2(0,9) 2.6 (0,16) 5.5 (0,22) 35(1,10)  3.4(0,9) 3.1(1,7)

Arrhythmia

allages 4.6 (013)  3.5(0,10)  4.5(0,19) 4.0 (0,22) 29(08)  33(09) 3.2(1,7)
15-64yrs 2.0 (0,9) 1.3 (0,6) 2.0 (0,19) 1.3 (0,13) 1.0 (0,4) 1.1 (0,6) 1.2 (0,4)
65+ yrs 25(0,9) 2.1(0,7) 2.5 (0,16) 2.7 (0,16) 1.8 (0,5) 2.2(0,7) 1.9 (0,5)

Cardiac failure

allages  3.5(0,11)  3.7(0,12)  2.8(0,16) 4.1(0,22) 37(19)  42(013)  3.4(1,10)
15-64yrs 0.8 (0,5) 0.5 (0,3) 0.4 (0,6) 0.4 (0,9) 0.5 (0,3) 0.5 (0,4) 0.4 (0,2)
65+yrs  27(0,10)  32(0,10)  2.3(0,13) 3.7 (0,22) 33(L7) 37(012)  29(0,9)

Myocardial infarction

allages  3.8(0,13)  3.8(0,10)  2.5(0,19) 6.5 (0,28) 31(L,7)  37(011)  28(L6)
15-64yrs  1.5(0,7) 1.4 (0,5) 1.2 (0,10) 1.8 (0,13) 1.2 (0,4) 1.3 (0,5) 1.1(0,3)
65+ yrs 23 (0,9 2.4 (0,7) 1.4 (0,13) 4.7 (0,25) 1.9 (0,6) 2.4 (0,9) 1.7 (0,4)
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Table 1.4: Summary statistics for respiratory admission rates per million

population - by city and age group (years 1998-2001)

Auckland Brisbane Canberra Christchurch Melbourne Perth Sydney
Daily admissions: mean (range)
Total respiratory
allages  30.1(484) 23.8(762) 27.8(0,87) 36.7(0,114) 20.7(8,39) 24.6(7,60) 23.3(1047)
0 yrs 4.6 (0,29) 2.1(0,9) 2.1(0,22) 4.8 (0,28) 14(06)  24(016)  2.1(0,10)
1-4 yrs 47(019)  42(012)  4.9(0,22) 8.1 (0,35) 31(0,9)  47(013)  45(0,13)
5-14yrs 2.1 (0,11) 2.1(0,9) 3.8 (0,32) 3.1(0,22) 1.6 (0,7)  2.3(0,10) 2.1(0,9)
15-64yrs 103(1,28)  75(1,23)  10.0(048)  98(063)  64(1,14) 63 (1,18) 6.4 (215)
65+ yrs 8.4 (1,25) 7.9 (1,23) 6.9 (0,29) 109 (051) 82(219) 89 (1,24) 8.1 (2,21)
Asthma
allages  55(0,18)  6.1(023)  4.3(0,26) 6.7(038)  47(015  56(0,16) 5.9 (1,20)
1-4 yrs 1.6 (0,8) 1.6 (0,7) 1.4 (0,13) 2.3 (0,19) 1.3 (0,6) 1.9 (0,8) 1.9 (0,10)
5-14yrs  1.0(0,7) 1.3 (0,7) 1.0 (0,16) 1.3 (0,13) 0.9 (0,7) 1.3 (0,7) 1.2 (0,8)
15-64yrs  26(011)  25(0,11)  1.3(0,13) 2.5 (0,22) 1.9(06)  1.7(0,10) 2.1(0,7)
65+ yrs 0.3 (0.3) 0.6 (0,4) 0.5 (0,6) 0.4 (0,6) 0.6 (0,3) 0.6 (0,5) 0.6 (0,3)
COPD*
allages  5.0(0,19)  45(014)  3.5(0,19) 76(038)  42(0,10)  4.9(0,15) 4.4 (1,11)
15-64 yrs 1.6 (0,8) 1.1 (0,5) 0.7 (0,10) 2.3(0,22) 0.9 (0,5) 0.9 (0,5) 1.0 (0,5)
65+yrs 34015 34012  2.7(0,16) 5.3 (0,35) 31(0,8  40(012)  3.4(0,10)
Pneumonia and acute bronchitis
allages  11.8(047) 6.8(1,24)  71(039)  103(047) 6.6(1,16) 6.6(025 6.7 (1,20)
0 yrs 3.6 (0,25) 1.4 (0,7) 1.3 (0,19) 2.8 (0,28) 09(06)  1.5(0,14) 1.4 (0,8)
1-4 yrs 1.9 (0,13) 1.0 (0,5) 1.3 (0,16) 1.6 (0,16) 0.6 (0,3) 0.9 (0,7) 1.0 (0,5)
15-64yrs 2.7 (0,12) 1.7 (0,6) 1.7 (0,13) 2.0 (0,16) 1.7 (0,5) 1.5(0,7) 1.4 (0,5)
65+yrs  31(012)  25(013)  2.3(0,16) 3.5 (0,25) 3.2(0,9) 2.4 (0,9) 2.5(0,8)

* COPD=Chronic obstructive pulmonary disease

1.2.2 Mortality

Mortality outcomes considered were: all-cause mortality excluding accidental and
other external causes of death, total cardiovascular mortality and total respiratory
mortality (Table 1.5). All analyses were stratified by the age groups 15-64 years, 65-
74 and greater or equal to 75 years.
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Table 1.5: Summary statistics for mortality rates per million population - by city
and age group (years 1998-2001)

Auckland  Brisbane Canberra Christchurch Melbourne  Perth Sydney

Daily mortality: mean (range)

Total all cause*

All ages 159 (442) 154 (6,34) 10.7(0,77) 21.3(0,63) 16.5(527) 15.0(4,30) 14.2(8,23)
15-64 yrs 3.2 (0,10) 2.7 (0,9) 2.4 (0,19) 3.1(0,16) 2.6 (0,6) 2.5(0,9) 2.4 (1,5)

65+ yrs 12.4 (3,36) 12.5(4,29) 8.1(0,61) 18.0 (0,57) 13.6 (4,23) 123 (4,27) 11.6 (5,20)
Respiratory

All ages 1.4 (0,8) 1.3(0,7) 0.8 (0,13) 1.9 (0,13) 1.4 (0,4) 1.3 (0,6) 1.3 (0,5)

15-64 yrs 0.1 (0,3) 0.1(0,2) 0.1 (0,6) 0.2 (0,6) 0.1(0,1) 0.1(0,1) 0.1 (0,2)

65+ yrs 1.3 (0,8) 1.2 (0,6) 0.7 (0,10) 1.7 (0,13) 1.3 (0,4) 1.2 (0,5) 1.2 (0,4)

Cardiovascular

All ages 6.7 (1,18) 6.8 (1,23) 4.3 (0,32) 9.7 (0,44) 6.6 (312) 59(0,13) 6.2(212)
15-64 yrs 0.9 (0,4) 0.7 (0,4) 0.6 (0,6) 0.9 (0,13) 0.6 (0,3) 0.6 (0,3) 0.6 (0,2)

65+ yrs 5.7 (0,16) 6.0 (1,23) 3.7 (0,32) 8.8 (0,44) 6.0(211) 53(013) 55(212)

“Total all cause mortality excluding accidental other external causes of death

1.3 Air quality variables

The major air pollutants considered are the gases — nitrogen dioxide (NO2), ozone
(Os3) and carbon monoxide (CO) — and particles or particulate matter (PM). Most of
these pollutants are the products of combustion processes (such as motor vehicle
engines, industrial operations, home heating) and are emitted directly into the
atmosphere (such as NO,, CO and some PM). These pollutants may be general
indicators of mobile-source emissions, including particles from mobile sources,
rather than direct toxic agents.

Other (secondary) pollutants can be formed in the atmosphere by chemical
interactions among pollutants emitted into the atmosphere and normal atmospheric
constituents (for example, in photochemical smog production, which produces more
ozone, and PM such as secondary nitrates and sulfates). A summary of the major air
pollutants and their sources is shown in Table 1.6, and a summary of the types of
health effects associated with air pollution exposure is shown in Table 1.7.
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Table 1.6: Air pollutants used here and their sources

Pollutant Source

Nitrogen oxides (NO, NO») Combination of nitrogen and oxygen during high temperature
combustion

Dust, particulates, soot Combustion and mining processes, land clearing

Ozone (O3) Formed in the atmosphere through photochemical reactions of

nitrogen oxides and hydrocarbons emitted from motor
vehicles and industry

Carbon monoxide (CO) Combustion, particularly motor vehicles

Table 1.7: Health effects and populations “at risk”

Pollutant Health effects Population at risk
Nitrogen dioxide ~ Hospital admissions for respiratory disease; Sufferers of respiratory disease, such
decreases in lung function as children with asthma; those with

recent viral infection

Particulates Mortality due to cardiovascular and respiratory  Elderly people with respiratory and
diseases; hospital admissions due to respiratory  cardiovascular diseases; people with
disease; decreases in lung function respiratory diseases, such as children

with asthma

Ozone Mortality due to respiratory and cardiovascular  Elderly people; people with

diseases; hospital admissions due to respiratory  respiratory diseases
diseases; decreases in lung function

Carbon Increase in illness due to ischemic heart People with ischemic heart
monoxide diseases conditions

The pollutants considered were PMz5 (ug.m=3), PMyo (ng.m3), nitrogen dioxide (NO)
(ppb), ozone (Os) (ppb), and carbon monoxide (CO) (ppm). A range of pollutant
averaging periods were selected based on the National Environment Protection
Measure (NEPM) reporting requirements: daily 24-hour averages for PM»5, PMio and
NOy; daily 1-hour maxima for NO; and Os; daily average 8-hour maxima for CO and
Os; and a daily average 4-hour maxima for Os. Air quality data were provided by
the environmental protection agency in each jurisdiction. Selection of sites was
determined by each state in consultation with the relevant environment authorities.
Individual sites were included based on the representativeness of each site of the
daily outdoor air quality in that city. The air pollutant indicator used for analysis
was calculated by averaging data from the selected sites within each city network.

The number of monitors used for the city average of each individual pollutant varied
among and within cities (Table 1.8). Some air pollutants were unavailable in some
cities, and in some cases where an air pollutant was measured it was unavailable on
a daily basis. For example, where hi-volume samplers were used, particulate
readings were only available every sixth day. The latter included PMio and PM>5 in
Auckland and PMjo in Canberra.
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Table 1.8: Number of monitors included in the average for each pollutant in each

city

NO, cO O3 PMyo PMy5
Auckland 2 3 0 6* 1
Brisbane 7 1 7 4 1
Canberra 1 1 0 1* 0
Christchurch 1 2 0 2 0
Melbourne 8 3 8 4 2
Perth 5 3 3 1 2
Sydney 13 4 12 11 3

“hi-vol data (recorded once every six days)

The number of air quality monitoring sites included in the network average for each
city was one (Canberra), three (Christchurch), five (Perth), eight (Auckland, Brisbane,
Melbourne) and thirteen (Sydney). The number of monitors used for the network
average of each individual pollutant varied within each city: for example, there was
an average of six monitors for NO in each city, and an average of 2.7 monitors for
CO. In general, the more sites used in a network average, the more representative the
measure of the exposure of the population in that city. Summary statistics for air
pollutant data are given in Table 1.9 for each city. See Table 6.2.1 for details of the
numbers of observations available for each air pollutant, within each city.

14 Meteorological variables

Daily temperature, dew point temperature, relative humidity, barometric pressure
and rainfall were collected from the Australian Bureau of Meteorology and from the
New Zealand National Climate Database. Summary statistics for weather variables
in each city are given in Table 1.9.
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Table 1.9: Summary statistics for daily air pollutant and weather data (years 1998-

2001)
Auckland Brisbane Canberra Christchurch Melbourne Perth Sydney
mean mean mean mean mean mean mean
(range) (range) (range) (range) (range) (range) (range)
Daily pollutant levels
24h PM;;5 (ug.m-3) 11.0° 9.7 - - 8.9 8.1 9.4
(2.1-37.6) (3.2-122.8) (2.8-43.3) (1.7-29.3) (2.4-82.1)
Number of monitors 1 1 0 0 2 2 3
24h PMyp (pg.m-3) 18.8 16.5 - 20.6 16.6 16.5 16.6
(3.2-101.4) (3.8-50.2) (1.3-156.3) (3.1-71.1) (4.4-68.9) (3.7-104.7)
Number of monitors 6 4 0 2 4 1 11
1h NO: (ppb) 19.1 17.3 17.9 15.7 23.2 21.3 22.6
(4.2-86.3) (4-44.1) (0-53.7) (1.2-54.6) (4.4-62.5) (4.4-48) (5.2-51.4)
24h NO; (ppb) 10.2 7.6 7.0 7.1 11.7 9.0 11.5
(1.7-28.9) (1.4-19.1) (0-22.5) (0.2-24.5) (2-29.5) (2-23.3) (2.5-24.5)
Number of monitors 2 7 1 1 8 5 13
8h CO (ppm) 21 1.7 0.9 0.5 1.0 1.0 0.8
(0.2-7.9) (0-7) (0-5.8) (0-5.4) (0.1-8) (0.1-4) (0-4.5)
Number of monitors 3 1 1 2 3 3 4
1h Os (ppb) - 315 - - 23.8 33.6 31.7
(7-92.3) (1.7-85.4) (13-85) (3.2-126.7)
4h Os (ppb) - 28.9 - - 21.8 31.3 28.9
(5.4-75.2) (1.3-73.1) (10.6-72.8)  (2.2-105.1)
8h Os (ppb) - 25.5 - - 19.0 28.5 24.9
(3.7-58.4) (0.8-63) (8-64) (1.4-86.8)
Number of monitors 0 7 0 0 8 3 12
Weather
Temperature (°C) 15.7 20.0 13.7 11.6 15.3 18.2 17.8
(6.3-24.1) (9.5-30.4) (1-28) (0-27.2) (5.9-31.8) (8.2-32.3) (8.5-30.1)
Relative humidity (%) 79.1 724 69.9 75.9 68.7 67.8 70.6
(52.1-100) (29.3-96.3) (24.1-97) (31-99) (25.1-95.5) (28-98.5) (26.3-97.1)

* There were no TEOM data available for Auckland for the study period, the PM data available for Auckland was

hi-vol data recorded once every six days.

1.5 Validation of air quality and meteorological variables

A strict data preparation protocol was followed to maximise the validity of the data
used for analysis. All data including morbidity, mortality, pollutant and weather
data underwent extensive screening and manipulation. A thorough examination of
each variable was conducted using time-series plots and univariate statistics before
that variable was considered eligible for the analysis. Any unusual events, outliers
or strange patterns in the data were discussed with the suppliers of the data and
resolved, which in some cases led to the resupply of the data due to errors in its
extraction. Final data sets were prepared for each city that included all validated

data.
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1.6 Correlations among air quality and meteorological variables
1.6.1 Overall

Correlations among pollutants and meteorological variables were calculated using
the Pearson correlation coefficient. Correlations theoretically range between 1 and -
1, where 1 indicates perfect positive correlation, 0 indicates no correlation, and -1
indicates perfect negative correlation. Correlations above an absolute value of 0.8
indicate a strong correlation, those between 0.4 and 0.8 indicate a moderate
correlation, and those between 0.2 and 0.4 indicate a weak correlation. Tests of
significance establish that a correlation is, or is not, different from zero, within the
bounds of chance; they do not establish that a correlation is large or that the
association is causative.

As in many other cities, the results showed usually moderate to weak (but
statistically significant) correlations between some pollutants, the exception generally
being PM»s and PMiy, as the former is usually a significant component of the latter
(Table 1.10). There are also moderate to weak (but often statistically significant)
correlations between pollutant concentrations and weather variables such as
temperature and humidity.  Correlations between ozone concentrations and
temperature are as expected, because photochemical smog production occurs in the
higher temperature periods.

Monitored results for ozone for Auckland and Canberra were considered

problematical by the agencies concerned so these were not used.

Table 1.10: Correlation matrix of air pollutants (average 24-hour) and weather
variables by city 2

(A) Auckland

Relative humidity (RH) PMio NO» CO
Temp (°C) -0.17 -0.21 -0.66 -0.50
RH (%) -0.02b 0.29 0.22
PMyo 0.25 0.38
NO» 0.53

(B) Brisbane

RH PMzs PMio NO, CO O;
Temp 0.15 -0.07b 0.01 -0.60 -0.31 0.12
RH -0.05b -0.26 0.05 0.24 -0.25
PMzs 0.67 0.34 0.20 0.32
PMio 0.36 0.21 0.40
NO» 0.64 0.11
CO -0.10

(C) Canberra

RH PMyo NO; CcO
Temp -0.57 -0.34 -0.28 -0.58
RH 0.20 0.28 0.42
PMio 0.59 0.76
NO, 0.55
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(D) Christchurch

RH PMyg NO;, o
Temp -0.49 -0.46 -0.55 -0.58
RH 0.09b 0.10 0.16
PMyo 0.57 0.88
NO, 0.69
(E) Melbourne

RH PM,5 PMiy NO; CO O3
Temp -0.66 -0.04b 0.35 -0.28 -0.40 0.68
RH 0.15 -0.27 0.31 0.37 -0.57
PM; 5 0.77 0.68 0.61 -0.02
PMio 0.38 0.27 0.27
NO, 0.68 -0.15
CO -0.36
(F) Perth

RH PMy s PMjo NO, CO O3
Temp -0.62 0.08b 0.34 -0.32 -0.31 0.37
RH 0.03b -0.22 0.26 0.39 -0.23
PMa5 0.78 0.51 0.54 0.25
PMio 0.21 0.30 0.32
NO» 0.73 0.18
CO 0.02
(G) Sydney

RH PMy5 PMio NO, CO Os
Temp -0.05b 0.05b 0.34 -0.35 -0.44 0.56
RH 0.02b -0.07 0.16 0.18 -0.37
PMas 0.86 0.45 0.40 0.30
PMio 0.29 0.22 0.45
NO» 0.70 -0.08
CO -0.33

@ All coefficients statistically significant at p=0.0001 unless indicated
b Not statistically significant
RH=Relative humidity, Temp=temperature, PM=particulate matter,

NOy=nitrogen dioxide, CO=carbon monoxide, O3=0zone

Table 1.10 shows that where moderate correlation does occur between the pollutants
they arise for pollutants connected to similar human combustion emission sources,

such as motor vehicle exhausts.

Correlated pollutants might therefore serve as

indicators of particles from mobile sources rather than as direct toxic agents. This
point is examined in more detail in the summary and discussion section of this

document.

These correlations are often moderate in magnitude but suggest that it may be
difficult to identify the independent contribution of individual pollutants to any
association with health outcomes.
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1.6.2 By season

Correlation between pollutants for warm and cool seasons are expected to differ.
Photochemical smog events in summer lead to increases in ozone and NO; at the
same time (but not the same place in the region). Significant additional combustion
sources, such as fires for home heating (especially in Christchurch) occur in winter.
Exhaust emissions from motor vehicles are higher in winter because of ‘cold starts’.

The correlation between pollutants is usually above 0.5 (especially in the cool
periods), and in the range 0.5 - 0.7 all year round in all cities (Table 1.11).

Table 1.11: Correlations between 8-hour CO and 24-hour NO; by city and season

City All year Cool period Warm period
Auckland 0.53 0.47 0.39
Brisbane 0.64 0.64 0.54
Canberra 0.55 0.52 0.52
Christchurch 0.69 0.65 0.57
Melbourne 0.68 0.65 0.71
Perth 0.73 0.67 0.73
Sydney 0.70 0.65 0.73

It is clear that the correlations between particles and the gases CO and NO; are
strongest in winter (Table 1.12), and it is noted the emission sources are very similar
then (motor vehicle exhausts, home fires) for those with positive correlations, i.e.
particles, particularly PMzs, and the gases CO and NO..

Table 1.12: Correlations between average 24-hour PMz5 and PM;o and maximum 8-
hour CO and average 24-hour NO;, by city and season

City All Cool Warm All Cool Warm
year period period year period period
NO; NO, NO, cO cO coO

Auckland

PMjo 0.25 0.37 0.04 0.38 0.49 0.05
Brisbane

PM,;5 0.34 0.44 0.18 0.20 0.24 0.09

PMio 0.36 0.33 0.23 0.21 0.17 0.16
Canberra

PMjo 0.59 0.62 0.47 0.76 0.82 0.32
Christchurch

PMio 0.57 0.57 0.20 0.88 0.89 0.39
Melbourne

PM;;5 0.68 0.77 0.62 0.61 0.71 0.47

PMio 0.38 0.66 0.43 0.27 0.55 0.25
Perth

PM,;5 0.51 0.65 0.46 0.54 0.66 0.47

PMio 0.21 0.36 0.30 0.30 0.52 0.30
Sydney

PM;;5 0.45 0.73 0.35 0.40 0.62 0.32

PMio 0.29 0.62 0.30 0.22 0.48 0.26
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Correlations between ozone and other pollutant concentrations are generally only
positive in the warm period and not in the cool period (Table 1.13). During
photochemical smog events (a feature of the warm season), the concentrations of
ozone, particles (especially PMz5) and NO; increase (Table 1.13). The exception is
Brisbane with its wet summers and high sunshine winters when “cool” period smog
events are possible. Perth and Melbourne, with their hot dry summers and cold wet
winters, show the cool and warm period differences most strongly.

Table 1.13: Correlations between average 24-hour PM;5, PMyo, NO;, maximum 8-
hour CO and temperature and maximum 8-hour O3, by city and season

City All year Cool period Warm period
O3 O3 (03
Brisbane
PM_;5 0.32 0.42 0.39
PMio 0.40 0.28 0.48
NO. 0.11 -0.11 0.26
co -0.10 -0.20 -0.05
Temperature 0.12 0.41 0.23
Melbourne
PM;;5 -0.02 -0.51 0.43
PMio 0.27 -0.30 0.39
NO; -0.15 -0.62 0.52
co -0.36 -0.56 0.29
Temperature 0.68 0.46 0.73
Perth
PM;5 0.25 -0.07 0.48
PMjo 0.32 0.14 0.39
NO; 0.18 -0.19 0.52
co 0.02 -0.19 0.29
Temperature 0.37 0.17 0.54
Sydney
PM,;5 0.30 -0.16 0.54
PMio 0.45 0.04 0.59
NO. -0.08 -0.30 0.33
co -0.33 -0.57 0.13
Temperature 0.56 0.51 0.57

The correlation between ozone and temperature would be expected to be strongest in
the warm periods as well, as it is shown for Melbourne and Perth. The results for
Brisbane show the influence of wet summers, and Sydney shows a similar correlation
for both periods.

The magnitude of these correlations indicate that it may be difficult to use multi-
pollutant models to separate associations found for different air pollutants and
health outcomes, especially in the warm period. This is particularly the case for
Melbourne and Perth, the two cities where the relationship between the particles and
gases in summer is the strongest.

The correlations between CO and ozone in the warm period are weaker than those

between other pollutants and ozone (Table 1.13), as might be expected given CO
concentrations are not affected by photochemical smog production.
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1.7 Standardising effect estimates

In regression models the effect of an air pollutant on a health outcome is measured
as an increase in the effect (for example, risk of death) per unit of the pollutant in
question; for example one unit of PM»;5 (1 pg.m-2) or one unit of PMy (1 pg.m=3). A
change of 1 unit of PM>5 does not represent the same increment as 1 unit of PMjo, in
comparison to the range of exposure of the respective variables: Brisbane daily PMzs
levels ranged from 3.2 to 122.8 pg.m3 while PMyo levels ranged from 3.8 to 50.2 pg.m-
3 ozone varies from 7 to 92.3 ppb (Table 1.9). Similar problems arise in comparing
effects of particles (per 1 ng.m3) with effects of gases (per 1 ppb, for example). In
addition, because a single unit increment is small in comparison with the range, the
corresponding health increment may be small and appear insignificant even though
it is statistically significant.

The solution to this is to standardise the effect estimates to represent a comparable
(large) change across the distribution of the air pollutant. The measure chosen as the
standardised increment in the air pollutant is the inter-quartile range (IQR). The IQR
is the difference between the 25t and 75th percentile cut-offs for that pollutant. It can
be thought of as the difference in air pollution levels for a moderately bad day (only
25 per cent of days have higher levels) and a moderately good day (only 25% of days
have lower levels) for that pollutant. Effectively, IQR represents the change in air
pollution in moving from the middle of the lower half of the distribution to the
middle of the upper half of the distribution.

The same IQRs were used across cities to standardise the results by city also. For
each pollutant, the standard IQR was estimated by taking the mean IQR across cities.
The mean IQRs used are shown in Table 1.14.

Table 1.14 also interprets the IQRs, giving the percentages they represent of the mean
over all available cities (Table 1.9), the inter-city range in means (difference between
highest and lowest city mean), and the national standard, where relevant. With the
exception of 8-hour CO, the IQRs represent about a shift of 30-40% in the mean
concentration, and an amount one to two times the inter-city range. They represent
7.5t015.2 % of the national standard.

Table 1.14: Mean inter-quartile range (IQR) for each pollutant

Pollutant IQR Unit IQR as % of Inter-city range as %  IQR as % of standard
mean over cities of IQR

24-hour PM3 5 3.8 pg.m3 413 76.3 15.2%
24-hour PMyg 7.5 pg.m-3 449 54.7 15.0%
24-hour NO, 51 ppb 31.0 92.2

1-hour NO» 9.0 ppb 429 83.3 7.5%

8-hour CO 0.86 ppm 116 186.0 9.6%

8-hour O; 8.8 ppb 36.7 108.0

4-hour O3 9.1 ppb 36.4 104.4 11.4%

1-hour O; 9.8 ppb 35.0 100.0 9.8%
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1.8 Reporting of results
The magnitude of effect estimates are reported in two ways:

a) The average or mean increase (%) in daily health outcomes counts per unit
increase in pollutant concentration, e.g. per 1 ppb increase in ozone.

b) The average or mean increase (%) in daily health outcomes counts that would
be expected to occur when the air pollution concentrations increase by an
amount equal to the IQR for the pollutant (e.g. by 3.8 ug.m3 in PM>s).

For example, the estimated per cent increase in all cardiac hospital admissions per
day for adults in the age group, 65 years and greater, per unit increase in pollutant
concentration are: 0.6% per 1ppb of 24-hour average NO,, 3.3% per 1 ppm of
maximum 8-hour CO, and 0.5% per 1 pg.m3 of 24-hour average PM»5. The results
might suggest that CO is much more important than the other two pollutants in
terms of cardiac admissions. Using IQRs from Table 1.14 we see that the estimated
per cent increase in cardiac admissions per day, per IQR increase is 0.6%x5.1 =3.1% ,
3.3%%0.86 = 2.8%, 0.5%x%3.8 = 1.9% for 24-hour average NO,, maximum 8-hour CO,
and 24-hour average PMzs respectively. Thus, 24-hour average NO: actually has the
largest effect, and the strengths of the effects are more similar than the per-unit
effects suggest.

An additional consideration in interpreting effect estimates is the meaning of an IQR
change, in terms of the current pattern of air pollution. Is it plausible that an air
pollutant concentration could change by that amount? Do different cities have
different concentrations to the extent of an IQR? For example, the IQR for 24-hour
average PM:5 is 3.8 ng.m3, or about 41% of the observed mean (Table 1.14). Thus, if
mean PM: s levels were to increase by 41%, on average, we would predict an increase
of 1.9% in daily cardiac admissions in the elderly. Mean 24-hour average PM;5 vary
from 8.1 (Perth) to 11.0 (Auckland) a difference equal to 76% of the IQR.

Uncertainty in the estimates

Effect estimates are based on data collected over a given time, in a finite number of
places. In considering how well these represent effects generally over all similarly
exposed populations at any time, we need to quantify the uncertainty in the
estimates. These will depend on the number of observed events; for example,
estimates based on Perth data will be less precise than estimates based on Sydney
data.

Uncertainty in the estimates is incorporated using 95% confidence intervals. These
are ranges around the point estimates of effects, constructed according to statistical
principles so that the range has a 95% probability of including the 'true' value of the
effect, given that our observed effect is assumed to contain a component of error.

For example, in Figure 1.2, the plots show the estimated relative risks of all cause
death (middle cross-bars of each vertical line) associated with a 1 ppb increase in
exposure to NOa. A relative risk of 1 represents no increase in mortality counts, a
relative risk of 1.01 represents a predicted 1% increase in mortality counts if NO>
concentrations went up by 1 ppb; for example, Figure 1.2 also shows the 95%
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confidence intervals (the upper and lower cross-bars of the vertical lines) for these
relative risks. The confidence intervals for the larger cities, Sydney and Melbourne,
are much narrower than those for Canberra and Christchurch, for instance, reflecting
greater confidence in these estimates. Given that the 95% confidence intervals for the
estimates for Brisbane and Sydney exclude the value 1, corresponding to zero
increase, it is conventional to conclude that the findings are consistent with a 'true'
association between the pollutant and mortality. Conversely, the confidence
intervals for Canberra, Christchurch, and Perth include the value 1, and it would be
concluded that this is consistent with a 'true' relative risk of 1, corresponding to zero
increase.

Figure 1.2: City specific and meta-analysis relative risks (and 95% confidence
intervals) for an increase in total daily mortality for adults (aged 75 years and
greater) associated with a 1 ppb increase in 1-hour maximum NO; (lag 0-1)
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Confidence intervals also assist in interpreting differences between results for
different outcomes. For example, the mean estimate for the per cent increase in total
mortality counts of adults in the age group 75 years and greater, perl ppb increase in
maximum 1-hour NO; levels, is 0.2% with a 95% CI of (0.1-0.8%), while it is 0.4% (0.1-
0.8%) for respiratory mortality for the same age group (Table 1.15). The confidence
interval for increases in respiratory mortality is as wide as the one for all cause
mortality, because of the lower number of events, despite the greater effect size,
suggesting that imprecision in the estimates is a plausible explanation of the
observed difference.

Figure 1.2 shows the combined (meta-analysis) estimate. It has a relatively narrow
confidence interval, as it is based on all cities combined and therefore has less
uncertainty, showing the advantage of meta-analysis. We note that the 95%
confidence interval just excludes 1, indicating the overall association between
mortality and 1-hour maximum NO: (lagl) to be significant. One disadvantage of
meta-analysis is that it suppresses among-city variation. This is measured by the I2
statistic which show the variability among estimates compared to within estimates.
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Table 1.15: Significant increases in mortality (and 95% confidence intervals)
associated with maximum 1-hour NO: (lags 0-1) for all seven cities (case-crossover
meta-analysis)

Health outcome Age group Per unit I2
(years) % increase (95% CI) statistic

Respiratory 75+ 0.4 (0.1,0.8) 0.0

Total all cause 75+ 0.2 (0.0,0.3) 46.5

Statistical significance of effects

Two types of significance tests are used. The first deals with the primary purpose of
the analysis: to determine whether there is evidence of a pollutant-health outcome
relationship, whether in an individual city or in the pooled data for all cities. These
can be derived from standard regression model analyses and are based upon an
estimate and its standard error. A virtually equivalent ascertainment of significance
can be obtained by identifying whether the 95% confidence interval includes (not
significant) or excludes (significant) the null value.

Secondly, we usually want to determine whether observed variation among cities
exceeds that expected by chance. Here we carry out a test of heterogeneity, again
derived from a regression model which includes a city by health effect factor. The
seven cities in this study differ in size by an order of magnitude. The two small
cities, Canberra and Christchurch, will therefore have the least precision for all the
city-specific associations. Due to this lack of precision, the statistical test for
heterogeneity of the city-specific associations will be sensitive mainly to the five
larger cities and so attention should be focused on these in terms of addressing
explanations.

Magnitude of effects vs statistical significance

In much scientific literature, statistical tests of significance are needed and/or
expected before a 'finding' can be claimed. Their role is to eliminate chance (within
limits) as an explanation for an observed association. They do not identify whether
an association is large or important from a clinical or public health point of view.
They do not establish causality. This report places some emphasis on significance, in
its role of eliminating chance findings. This is particularly important when large
numbers of associations are examined: if 5% is used as the cut-off for statistical
significance (the usual practice), then if 100 independent tests are performed it would
be expected that 5 would be false positives (declaring an association significant when
it is not).

Negative (non-significant) findings may be important, but usually only when the
study has had sufficient power to detect an effect whose magnitude is of interest.
They may only indicate that the study has insufficient power to detect the effect, or
that other factors may have attenuated a 'real' effect.
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However, effect estimates, with confidence intervals, are also important to present,
with some scrutiny of the consistency of patterns when one is dealing with a large set
of results. An added complication for the present study is the relatively high
correlation among pollutants, which means that some statistical tests and point
estimates of effects are themselves correlated, with some redundancy of information.

It would be scientifically difficult to claim a positive finding without calculating and
presenting P-values for significance, no matter what the consistency of effect
estimates (the appearance of which may be driven by correlations among pollutants).
The use of significance tests in this report reflects that reality.

So the approach used in this report is two-fold: first significance tests are used to
evaluate the role of chance. As well, the pattern of effect estimates and their
confidence intervals is presented and considered. Effect estimates are declared
significant using the conventional 5% level of significance, without adjustment
downwards for multiple comparisons. Given the large number of tests performed
and the practice of adjusting P-values for multiple comparisons this is probably over-
inclusive.
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Chapter 2 Nitrogen dioxide

Nitrogen dioxide is monitored in all the cities under study here: Auckland (2
monitors), Brisbane (7 monitors), Canberra (1 monitor), Christchurch (1 monitor),
Melbourne (8 monitors), Perth (5 monitors), and Sydney (13 monitors). As the
number of monitors used in each city ranges from 1 to 13, the representativeness of
the network varies. The project team used the data supplied by the government
agencies in each city. Detailed results are supplied in Volume 3: Appendix 1.

The results are reported as the percentage increase in the daily health outcome data
for 1998 to 2001 either due to an increase in the daily maximum 1-hour
concentrations of NO,, or due to an increase in the 24-hour average concentrations of
NOa.

Summarised in Table 2.0.1 are the statistically significant meta-analysis estimates for
health impacts associated with NO.. Given are the associations for the short-term
exposure (an average of the NO, concentration on the same day as the health effect,
and the day before) to NO2 on morbidity and mortality health outcomes, for those
cases when the estimates for all cities in Australia and New Zealand can be
reasonably combined to derive such estimates. All individual city and meta-analysis
estimates for short-term associations are shown in Volume 3: Appendix A3.1.

Table 2.0.2 summarises the associations for long-term exposure (an average of the
NO: concentration on the same day as the health effect, and all forty-days before).
These results indicate there is no ‘harvesting’ effect in these results, with the long-
term effects showing larger impacts than the short-term effects. All individual city
and meta-analysis estimates for 40-day associations are shown in Volume 3: Appendix
A5.1.
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Table 2.0.1: Significant increases in morbidity and mortality (and 95% confidence
intervals) associated with a one-unit (ppb) increase in NO; (lags 0-1) for all seven

cities (case-crossover meta-analysis)

Health outcome Age group Averaging % Increase (95% I2
(years) period CI) statistic
Hospital admissions
All cardiovascular 15-64 24-h av. 0.3 (0.1,0.5) 0.0
1-h max. 0.1 (0.0,0.2) 0.0
65+ 24-h av. 0.6 (0.4,0.8) 18.4
1-h max. 0.3 (0.2,0.4) 3.5
Cardiac 15-64 24-h av. 0.4 (0.2,0.7) 0.0
65+ 24-h av 3.4(1.9,4.9) 54.1*
1-h max. 0.6 (0.4,0.9) 34.0
Ischemic heart disease 65+ 24-h av. 0.5 (0.2,0.8) 19.7
1-h max. 0.3 (0.2,0.4) 0.0
Myocardial infarction 65+ 24-h av. 0.8 (0.2,1.5) 38.2
1-h max. 0.4 (0.2,0.7) 19.7
Cardiac failure 15-64 24-h av. 0.9 (0.0,1.8) 0.0
65+ 24-h av. 1.3 (04,2.2) 61.3*
1-h max. 0.7 (0.4,1.0) 50.0
Arrhythmia 15-64 24-h av. 1.0 (0.4,1.5) 0.0
1-h max. 0.4 (0.1,0.7) 0.0
All respiratory 1-4 1-h max. 0.3 (0.1,0.5) 46.9
5-14 24-h av. 1.1(0.3,1.9) 54.0*
1-h max. 0.5(0.2,0.9) 52.0
15-64 1-h max. 0.1 (0.0,0.3) 0.0
Mortality
Cardiovascular All ages 1-h max. 0.2 (0.0,0.3) 0.0
75+ 1-h max. 0.2 (0.0,0.3) 14.3
Respiratory All ages 1-h max. 0.4 (0.1,0.7) 0.0
75+ 1-h max. 0.4 (0.1,0.8) 0.0
Total all cause All ages 1-h max. 0.2 (0.0,0.3) 51.5
0-74 1-h max. 0.2 (0.0,0.3) 0.0
75+ 1-h max. 0.2 (0.0,0.3) 46.5

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.0.2: Significant forty-day increases in mortality (and 95% confidence
intervals) associated with a one IQR increase in average 24-hour NO;

Mortality Age group Per unit IQR Per unit IQR
(years) % increase (95% CI) % increase (95% CI)

for 40 days for 0-1 days

Cardiovascular All ages 2.3 (1.1,3.5) 1.0 (-0.2,2.2)

Respiratory All ages 5.1 (2.4,7.9) 2.3 (-0.3,5.1)

Total all cause All ages 1.7 (0.9,2.5) 1.1(-0.2,2.4)

Volume 2 (19)



Only Australian cities

The results from the meta-analysis can sometimes indicate differences between the
countries. When the meta-analysis was conducted on only the five Australian cities,
there were sometimes significant results that did not occur when all seven cities
(including the two New Zealand cities) were considered. Shown in Table 2.0.3 are
the additional significant results when only the five Australian cities were
considered.

The results were also the same for all Australian cities.
Table 2.0.3: Significant increases in morbidity (and 95% confidence intervals)

associated with a one-unit (ppb) increase in NO; (lags 0-1) for all (5) Australian
cities - results only presented for those not identified in Table 2.0.1

Health outcome Age Averaging Per unit I2
group period % increase statistic
(years) (95% CI)

Hospital admissions

Cardiac failure 65+ 24-h av. 1.0 (0.8,1.3) 0.0
1-h max. 0.8 (0.6,1.1) 28.6

Respiratory <1 24-h av. 0.6 (0.3,0.9) 0.0
1-h max. 0.5 (0.2,0.8) 29.7

5-14 24-h av. 0.5 (0.2,0.8) 32.6

1-h max. 0.4 (0.1,0.8) 46.4

Asthma 1-4 24-h av. 0.4 (0.0,0.7) 123
1-h max. 0.3 (0.0,0.6) 0.0

15-64 24-h av. 0.3 (0.1,0.6) 6.1

Pneumonia & acute bronchitis <1 24-h av. 0.6 (0.3,1.0) 7.2

However, it is not possible in statistical analyses like these to identify any causes for
the increases; only significant associations can be noted. It is also possible that the
increases identified here with exposure to NO, may not be due to NO, but to other
pollutants which are correlated with NO; as they arise from the same emissions
source, such as motor vehicle exhausts.

When significant increases were found for exposure to outdoor concentrations of CO,
NO,, and particles, it was not possible to separate them (that is, the increases are not
additive, but may be referring to the same impact, such as from a mixture of air
pollutants from motor vehicle exhausts).
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21 Mortality
21.1 Short-term averages for air pollutants

Two different age groups were examined: all ages and 75 years and greater. Table
2.0.1 shows that the short-term averages (average of same day and day before: 0-1) of
outdoor concentrations of NO; are associated with significant increases in mortality
for all causes, and for cardiovascular and respiratory disease, but only for increases
in maximum 1-hour NO; concentrations. All individual city and meta-analysis
estimates for short-term associations with mortality are shown in Volume 3: Appendix
A3.1, Tables CM.30 to CM.38.

Typical significant mean increases in daily death counts (associated with a one-unit
increase of maximum 1-hour NO,, average lags 0-1) in different disease categories
were as follows:

* 0.2% increase in total mortality, and in mortality due to cardiovascular
disease, both for all ages and the age group 75 years and greater, and these
results are similar for all cities

* 0.4% increase in mortality due to respiratory disease, both for all ages and the
age group 75 years and greater, and these results are similar for all cities.

As deaths due to cardiovascular disease are often of the order of five times greater
than those due to respiratory disease, and deaths in all categories more than ten
times greater, then the largest increases in deaths are in the total deaths in the
elderly, half of which are due to cardiovascular disease, even though the per unit
increase is larger in the respiratory disease category.

The mortality impacts of NO» for the short term (average of same day as, and day
before, death) are shown in Figures 2.1.1 to 2.1.2 for total deaths (non-accidental, all
causes), deaths due to cardiovascular disease and deaths due to respiratory disease.
The results are shown for two age groups: all age groups and the oldest (75 years and
greater). It is clear that the larger impacts usually occur in the elderly, the frailer

group.

There are some differences between cities for associations between all total all cause
mortality and maximum 1-hour NO; (but not statistically significant, as confirmed by
the statistical test) with an average estimate positive. The results for Brisbane are the
reason for heterogeneity between the cities, with its estimate higher than the other
pollutants. The test for heterogeneity shows a p-value of 0.054. However, when
Brisbane is removed from the multi-city analysis, the pooled estimate remains
positive and significant, and there is no evidence to suggest there is a significant
decrease in the resulting estimate compared with that for all the cities (see Table
2.2.1). Therefore, the assumption that the pooled estimate can be applied to effects in
all cities is valid.
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Figure 2.1.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for mortality associated with a one-unit (ppb) increase in 24-hour NO:
(average lag 0-1)

Figure 2.1.1.A: Total all cause mortality
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Figure 2.1.2: City specific and meta-analysis relative risks (and 95% confidence
intervals) for mortality associated with a one-unit (ppb) increase in 1-hour NO:
(average lag 0-1)

Figure 2.1.2.A: Total all cause mortality
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Figure 2.1.2.B: Respiratory mortality
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Differences between cities can be seen in Figures 2.1.1 to 2.1.2. For cardiovascular
and respiratory mortality, there appears to be little difference in the results for the
cities, but Table 2.1.1 shows that, for total mortality, the increases are more
homogeneous (lower I-squared statistic), but lower when Brisbane is left out. Such a
result is apparent in Figure 2.1.1.A.

Table 2.1.1: Differences between cities using a leave-one-city-out sensitivity
analysis for total mortality (all ages) associated with an IQR increase in NO;
(average lag 0-1) (case-crossover meta-analysis)

1-hour NO, 24-hour NO,

City left out Inc  95%CI 2 | Inc  95%CI 12

Auckland 1.7 04,30 591* 1.3 -0.1,28 584*
Brisbane 1.0 03,18 00|06 -03,15 121
Canberra 1.7 04,29 586* 1.2 -03,26 60.6*
Christchurch 1.6 03,29 596*| 1.2 -03,26 60.7*
Melbourne 20 08,32 276|116 01,30 341
Perth 1.6 03,30 596*| 1.1 -04,26 61.3*
Sydney 1.5 00,29 543* 08 -0.7,24 504
Australian only | 1.7 03,32 673* 14 -02,3.0 66.0*
NZ only 1.0 -14,34 00 | -05 -3.1,22 0.0

Overall 16 04,27 515|111 -02,24 53.6*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.1.2 ‘Harvesting'?

Table 2.0.2 shows that the associations for the cumulative impacts of outdoor NO»
concentrations forty days prior to the health outcome are much higher than those for
short-term exposures. For example, a one-unit increase (ppb) in 24-hour average NO;
was associated with a significant mean increase in daily mortality of 1.7% (CI of 0.9%
to 2.5%) for all causes and all ages, compared to an insignificant increase of 0.2% (CI
of -0.0% to 0.5%) for short-term, and there is evidence that this difference is
significant. These results do not support the “harvesting” effect hypothesis.

The I-squared statistic indicates that the harvesting results are the same for all cities.

Table 2.1.2: Per cent changes (and 95% confidence interval) in total mortality (all
ages) over 40-day periods” associated with 24-hour NO»

24-hour NO,
City Inc 95%ClI
Auckland 1.7 -0.5, 4.0
Brisbane 2.7 0.7, 47
Canberra -3.0 79, 21
Christchurch 1.9 -1.2, 5.0
Melbourne 1.1 -3.6, 6.1
Perth 3.0 05, 5.6
Sydney 1.3 01, 25
I-squared (%) 0.0 - -
Meta-analysis 1.7 09, 25
Meta-analysis IQR 8.8 46, 13.0
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Table 2.1.3: Per cent changes (and 95% confidence interval) in respiratory mortality
(all ages) over 40-day periods” associated with 24-hour NO;

24-hour NO,
City Inc 95%ClI
Auckland 4.0 3.1, 115
Brisbane 8.0 1.3, 15.2
Canberra -2.0 -17.1, 16.0
Christchurch 1.9 =75, 123
Melbourne 11.7 -4.6, 30.9
Perth 74 -1.1, 16.6
Sydney 4.4 04, 86
I-squared (%) 0.0 - -
Meta-analysis 5.1 24, 79

Meta-analysis IQR 26.3 12.2, 407

Table 2.1.4: Per cent changes (and 95% confidence interval) in cardiovascular
mortality (all ages) over 40-day periods” associated with 24-hour NO;

24-hour NO»
City Inc 95%ClI
Auckland 1.4 -1.9, 49
Brisbane 3.4 0.3, 65
Canberra -1.8 -89, 58
Christchurch 2.2 2.0, 65
Melbourne 1.6 58, 95
Perth 3.6 05 78
Sydney 22 04, 4.0
I-squared (%) 0.0 - -
Meta-analysis 23 11, 35
Meta-analysis IQR 11.8 55 182

* Estimates from a random effects meta-analysis of cities using distributed lag models, individual city results are
shown for a one-unit increase in pollutant and meta-analysis results are shown for an inter-quartile range (IQR)
increase where indicated.

2.1.3 Seasonal differences

Separate analyses were carried out for the warm (November - April) and cool (May -
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). Individual city seasonal results
for mortality are shown in Volume 3: Appendix A3.4, Tables WC.30 to WC.38. Meta-
analysis and results from the leave-one-city-out analysis for mortality are shown in
Volume 3: Appendix A3.5, Tables WCL.30 to WCL.38.

In the seasonal analysis, no significant differences were found between the cities.
The differences found between the cool and warm periods can be summarised as

follows:

* the increases in mortality for all ages due to all causes, all cardiovascular disease,
and all respiratory disease, were only significant for the cool period

* the increases in mortality for adults aged 75 years and greater, due to all causes,
were only significant for the cool period.
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It might be expected that some pollutant effects may be different in different seasons.
For example, ozone peaks during the summer smog episodes in general (although
Brisbane may also have winter smog events). There do appear often to be larger
warm period impacts in Brisbane, and sometimes in the other cities, but there are
more likely to be larger impacts in the cool period, especially in Melbourne and
Christchurch.

Significant seasonal associations found between mortality and NO: for both cool and
warm seasons are shown in Table 2.1.5.

Table 2.1.5: Significant seasonal increases in mortality associated with an IQR
increase in NO: (average lag 0-1) (case-crossover meta-analysis)

Mortality (age group) 1-hour NO, 24-hour NO,
Inc 95%CI I2 Inc 95%CI I2
Cardiovascular (all ages) cool 1.7 0.0, 34 0.0 1.1 -0.7, 3.0 11.9
warm | 04 -14, 22 00 | -05 -2.6, 1.8 0.0
Respiratory (all ages) cool 43 07, 81 0.0 2.8 -0.7, 65 0.0
warm | 14 2.7, 5.7 0.0 -0.4 -7.0, 6.6 224
All cause (75+ years) cool 1.5 01, 29 0.0 1.1 -04, 2.7 12.5
warm | 1.6 -0.6, 4.0 496 | 08 -2.0, 3.6 454
All cause (all ages) cool 1.5 03, 27 10.3 0.9 -04, 23 26.1
warm | 1.1 -04, 2.7 322 | 04 -1.6, 2.5 40.5

22 Hospital admissions

Typical significant mean increases in daily counts for hospital admissions (associated
with a one-unit increase of maximum 1-hour NO») in different disease categories
were as follows:

» for adults aged 65 years and greater, there was an estimated 0.3% increase in
admissions for all cardiovascular disease, 0.6% increase for all cardiac disease,
0.3% increase for ischemic heart disease, 0.4% increase for myocardial infarction,
and 0.7% increase for cardiac failure

» for adults aged between 15 and 64 years, there was an estimated 0.4% increase in
admissions for arrhythmia, and 0.1% increase for all cardiovascular disease

» for all respiratory disease, there was an estimated 0.3% increase in admissions for
children in the age group 1 to 4 years, and 0.1% increase for the age group 15 to
64 years.

The statistical tests for heterogeneity indicated these results were the same
magnitude for all cities, with the possible exception of the results for cardiac failure.
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221 Hospital admissions due to cardiovascular disease

The following categories for cardiovascular admissions were examined in this study
(see Table 1.2 for the ICD codes):

= total cardiovascular disease
= stroke

= cardiac disease

= ischemic heart disease

* myocardial infarction

» cardiac failure

* arrhythmia.

In the following section, the associations between cardiac admissions for two age
groups (15-64 years, 65 years and greater) and ambient concentrations of NO; in the
short term (average of the same day and day before - lag [0,1]) are presented for
these health outcomes, and the daily maximum 1-hour and 24-hour average NO»
concentrations are used.

2.2.1.1 Cardiovascular disease

The associations with total cardiovascular admissions are shown in Figure 2.2.1 and
Figure 2.2.2. There are significant associations for both age groups, and there are no
significant differences between the city results.

Figure 2.2.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for total cardiovascular admissions (15-64 years) associated with a one-
unit increase in NO; (average lag 0-1)
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Figure 2.2.2: City specific and meta-analysis relative risks (and 95% confidence
intervals) for total cardiovascular admissions (65+ years) associated with a one-
unit increase in NO; (average lag 0-1)
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The results in Table 2.2.1 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis for the older age group. The associations are
statistically significant and positive for the Australian cities as a group, and for both
age groups.

Table 2.2.1: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiovascular admissions (65+ years) associated with an IQR increase
in NO; (average lag 0-1) (case-crossover meta-analysis)

1-hour NO> 24-hour NO;
City left out Inc 95%Cl I2 | Inc 95%CI 2
Auckland 24 17, 32 6.4 3.0 20, 41 30.9
Brisbane 25 1.7, 34 195 | 29 19, 4.0 30.1
Canberra 26 18, 34 108 | 31 21, 41 24.3
Christchurch 27 20, 34 0.0 32 24, 39 0.0
Melbourne 27 18, 3.7 115 | 3.0 1.8, 43 30.0
Perth 25 16, 34 183 | 28 20, 3.7 9.2
Sydney 23 15, 31 0.3 28 16, 41 28.7
Australianonly | 26 1.8, 33 0.0 32 24, 40 0.0
NZ only 15 -3.0, 6.1 76.6*| 0.7 -3.5, 5.0 63.2%
Overall 26 1.8, 33 3.5 3.0 21, 39 18.4

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
2.2.1.2 Stroke

The associations with hospital admissions due to stroke are shown in Figure 2.2.3
and Figure 2.2.4. There are no statistically significant associations and there are no
significant differences between the cities for maximum 1-hour NO; (confirmed by the
statistical tests).

For 24-hour average NO,, there are differences between the cities for the 15-64 years
age group (but not for the 65+ years age group), mainly due to Brisbane and
Canberra showing significant increases, but the multi-city estimates remain
insignificant when Canberra or Brisbane is removed and then there is no evidence of
heterogeneity. Therefore, the insignificant result is only applicable to Auckland,
Christchurch, Melbourne, Perth and Sydney.
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Figure 2.2.3: City specific and meta-analysis relative risks (and 95% confidence
intervals) for stroke admissions (15-64 years) associated with a one-unit increase in
NO:; (average lag 0-1)
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Figure 2.2.4: City specific and meta-analysis relative risks (and 95% confidence
intervals) for stroke admissions (65+ years) associated with a one-unit increase in
NO: (average lag 0-1)
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The results in Table 2.2.2 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis. The impacts are statistically significant for the (two)
New Zealand cities.

Table 2.2.2: Differences between cities using a leave-one-city-out sensitivity
analysis for stroke admissions (65+ years) associated with an IQR increase in NO;

(average lag 0-1)

1-hour NO;

City left out Inc 95%ClI 12

Auckland 0.5 -1.2, 21 0.0
Brisbane 1.8 -0.7, 4.3 459
Canberra 1.4 -0.8, 3.7 421
Christchurch 1.6 -0.7, 4.0 45.8
Melbourne 23 -0.1, 4.8 25.4
Perth 0.9 -1.2, 3.0 259
Sydney 2.3 -04, 5.0 38.5
Australian only | 0.6 -1.3,25 16.7
NZ only 54 0.6, 10.5 0.0
Overall 1.5 -0.6, 3.7 35.1
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2.2.1.3 Cardiac admissions

The associations with hospital admissions due to all cardiac disease are shown in
Figure 2.2.5 and Figure 2.2.6. There are significant associations for both age groups
(especially the older one). There is evidence of heterogeneity for the cities for the
results for 24-hour average NO> in the older age group but not for the younger age
group (confirmed by the statistical tests).

Figure 2.2.5: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac admissions (15-64 years) associated with a one-unit increase

in NO; (average lag 0-1)
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Figure 2.2.6: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac admissions (65+ years) associated with a one-unit increase in

NO:; (average lag 0-1)
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The results in Table 2.2.3 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis for the elderly group. It is clear the associations are
statistically significant and positive only for the Australian cities as a group (this
occurs for maximum 1-hour NO; and 24-hour average NO). The Christchurch
results in particular appear to differ from the others, and this accounts for the
heterogeneity found for 24-hour average NO: which also is apparent in Figure 2.2.6.
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Leaving Christchurch out of the multi-city analysis still leads to a pooled estimate
showing a significant increase (with no significant heterogeneity).

Table 2.2.3: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiac admissions (65+ years) associated with an IQR increase in NO;
(average lag 0-1)

1-hour NO; 24-hour NO,
City left out Inc 95%CI I2 Inc 95%CI 12
Auckland 29 16,41 449 | 3.6 21,52 54.1%
Brisbane 3.0 1.7,4.2 429 | 28 05,51 61.7%
Canberra 3.1 2.0,4.2 348 | 35 2.0,5.1 56.8*
Christchurch 33 25,42 00 | 4.0 3.0,5.0 74
Melbourne 2.7 12,42 450 | 2.6 0.2,5.2 61.6*
Perth 29 16,42 435 | 3.0 13,47 59.2%
Sydney 2.6 1.7,3.6 16 | 28 1.0, 4.7 55.0%
Australian only | 3.3 24,43 133 | 4.2 3.3,5.2 0.0
NZ only 0.9 -3.7,5.6 66.7% | -1.1 -6.6,4.8 65.7%
Overall 3.0 1.9, 4.0 340 | 34 1.9,49 54.1*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.2.1.4 Ischemic heart disease

The associations with hospital admissions due to ischemic heart disease are shown in
Figure 2.2.7 and Figure 2.2.8. There are significant associations for the older age
group and there is no evidence for heterogeneity between the results for the cities
(confirmed by the statistical tests).

Figure 2.2.7: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (15-64 years) associated with a one-unit increase in
NO: (average lag 0-1)
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Figure 2.2.8: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (65+ years) associated with a one-unit increase in
NO:; (average lag 0-1)
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The results in Table 2.2.4 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis for the elderly group.

Table 2.2.4: Differences between cities using a leave-one-city-out sensitivity
analysis for IHD admissions (65+ years) associated with an IQR increase in NO;
(average lag 0-1)

1-hour NO; 24-hour NO»

City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 2.6 14, 38 0.0 2.8 13, 44 14.2
Brisbane 2.6 14, 39 0.0 2.6 08, 44 31.1
Canberra 2.6 14, 38 0.0 2.6 1.0, 43 23.5
Christchurch 2.6 15, 38 0.0 2.7 1.3, 42 12.3
Melbourne 2.5 1.1, 4.0 0.0 2.2 0.0, 44 32.7
Perth 24 1.2, 37 0.0 2.2 09, 36 0.0
Sydney 22 0.8, 35 0.0 2.2 01, 42 30.7
Australian only (2.7 15, 4.0 0.0 3.0 1.6, 44 0.0
NZ only 0.8 2.7, 44 0.0 -1.0 49, 31 0.0
Overall 25 14, 37 0.0 25 1.0, 41 19.7

2.2.1.5 Myocardial infarction

The associations with hospital admissions due to myocardial infarction are shown in
Figure 2.2.9 and Figure 2.2.10. For the older age group, the overall impact is positive
(and statistically significant) and there is no evidence for heterogeneity between the
results for all the cities.
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Figure 2.2.9: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial infarction admissions (15-64 years) associated with a one-
unit increase in NO; (average lag 0-1)
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Figure 2.2.10: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial infarction admissions (65+ years) associated with a one-
unit increase in NO; (average lag 0-1)
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The results in Table 2.2.5 (all the results per inter-quartile range) show the effects of

leaving cities out of the analysis for the older age group.

Australia are positive (and statistically significant).

The associations in

Table 2.2.5: Differences between cities using a leave-one-city-out sensitivity
analysis for myocardial infarction admissions (65+ years) associated with an IQR

increase in NO; (average lag 0-1)

1-hour NO; 24-hour NO,

City left out Inc 95%CI 12 Inc 95%CI 12

Auckland 4.6 23,70 119 | 5.2 2.3,83 26.5
Brisbane 4.8 2.6,7.0 0.0 5.2 1.6,9.0 35.2
Canberra 3.9 1.3, 6.5 303 | 4.2 04,82 46.7
Christchurch 43 1.7, 6.9 270 | 4.4 04, 8.6 485
Melbourne 3.8 0.6,7.2 33.0 | 45 0.1,9.0 48.3
Perth 3.6 1.3,5.8 2.2 3.7 1.3, 6.1 0.0
Sydney 35 0.6, 6.5 252 | 4.2 -0.3, 8.8 47.3
Australian only | 4.8 23,74 188 | 5.4 1.6, 9.4 41.2
NZ only -0.4 -6.2, 5.7 0.0 | -01 -6.5, 6.7 0.0
Overall 41 1.7, 6.5 19.7 | 44 1.0, 8.0 38.2
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2.2.1.6 Cardiac failure

The associations with hospital admissions due to cardiac failure are shown in Figure
2.2.11 and Figure 2.2.12. There are significant associations for both age groups. There
is no evidence for heterogeneity between the results for both maximum 1-hour NO>
and for 24-hour NO:; for the younger age group. For the older age group there is
evidence for heterogeneity between the results for 24-hour average NO: due to the

results for Christchurch.

Figure 2.2.11: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (15-64 years) associated with a one-unit

increase in NO; (average lag 0-1)
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Figure 2.2.12: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (65+ years) associated with a one-unit

increase in NO; (average lag 0-1)
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Even in the largest city, Sydney, the mortality due to cardiac failure in the 15 to 64
year age group is only about 1.6 deaths per day. Interpretation of differing effects
must consider that early mortality from cardiac failure may have a much different

etiology from cardiac failure in later life.
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The results in Table 2.2.6 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis. The associations for the older age group are
positive (and statistically significant) for the Australian cities. Table 2.2.6 indicate
that leaving out Christchurch shows no evidence for heterogeneity in the results for
the remaining cities.

Table 2.2.6: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiac failure admissions (65+ years) associated with an IQR increase
in NO; (average lag 0-1)

1-hour NO, 24-hour NO,
City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 7.0 44, 9.6 458 18.3 3.8, 131 489
Brisbane 6.3 33, 94 57.9* 16.3 0.7, 123 67.6*
Canberra 6.0 3.3, 87 54.7* |62 13, 114 65.8*
Christchurch 6.9 45, 93 419 (85 56, 114 475
Melbourne 6.1 26, 97 56.8* |65 0.5, 128 66.9*
Perth 64 33, 95 56.9* 16.5 0.7, 125 67.8*
Sydney 5.4 32, 77 14.8 |58 05, 114 54.7*
Australianonly |75 53, 97 286 (93 74, 113 00
NZ only -01 -5.6, 5.7 0.0 23 -85, 43 3.5
Overall 6.3 3.7, 9.0 50.0 16.9 22, 11.8 61.3*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.2.1.7 Arrhythmia

The associations with hospital admissions due to arrhythmia are shown in Figure
2.2.13 and Figure 2.2.14. There are significant associations that are similar for all
cities (confirmed by the statistical tests) only for the 15-64 years age group.

Figure 2.2.13: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (15-64 years) associated with a one-unit
increase in NO; (average lag 0-1)
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Figure 2.2.14: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (65+ years) associated with a one-unit
increase in NO: (average lag 0-1)
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The results in Table 2.2.7 (all the results per inter-quartile range) show the effects of
leaving cities out of the analysis on the 15-64 years age group.

Table 2.2.7: Differences between cities using a leave-one-city-out sensitivity
analysis for arrhythmia admissions (15-64 years) associated with an IQR increase
in NO; (average lag 0-1)

1-hour NO; 24-hour NO»
City left out I 9% CI 12 |1 9% CI 12
Auckland 35 08, 64 0045 14, 77 00
Brisbane 29 0.2, 57 0.0 (46 1.6, 7.7 0.0
Canberra 3.7 11, 64 0.0 (5.2 22, 8.3 0.0
Christchurch 34 08, 6.1 0051 22, 81 0.0
Melbourne 3.5 04, 6.7 0.0 (5.2 1.5, 89 0.0
Perth 3.6 09, 64 0052 22, 83 0.0
Sydney 4.2 11, 74 0066 3.0 103 00
Australian only |3.4 0.7, 6.3 0.0 144 1.3, 7.6 0.0
NZ only 4.3 -25, 11.6 0.0 {100 1.7, 19.0 0.0

2.2.1.8 Seasonal differences

Separate analyses were carried out for the warm (November-April) and cool (May-
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). Individual city seasonal results
for cardiovascular admissions are shown in Volume 3: Appendix A3.4, Tables WC.1 to
WC.14. Meta-analysis and results from the leave-one-city-out analysis for
cardiovascular admissions are shown in Volume 3: Appendix A3.5, Tables WCL.1 to
WCL.14.

Significant seasonal associations found between cardiovascular admissions and NO»
for both cool and warm seasons are shown in Table 2.2.8.

There was generally no evidence for heterogeneity between results for the cities

when the pooled estimate was significant. The only exception was for cardiac
admissions in the elderly, and when the Christchurch results (much lower estimate)
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were removed, there was no evidence for heterogeneity between the results for the

remaining cities.

The differences found between the cool and warm periods can be summarised as

follows:

* the increases in hospital admissions due to all cardiovascular disease, cardiac
disease, arrhythmia and cardiac failure, were only significant in the cool periods
for adults aged between 15 and 64 years

* the increases in hospital admissions due to cardiac failure for adults aged 65

years or greater were only significant for the warm period.

Table 2.2.8: Significant seasonal increases in cardiovascular admissions associated
with an IQR increase in NO; (average lag 0-1) (case-crossover meta-analysis)

Admissions (age group) 1-hour NO, 24-hour NO,
Inc 95%Cl 12 Inc 95%Cl 12
Cardiac (15-64 yrs) cool 2.1 03, 38 0.0 3.2 1.5, 5.0 0.0
warm | 0.3 -1.4, 2.0 0.0 0.9 -1.3, 31 0.0
Cardiac (65+ yrs) cool 3.6 1.5, 5.7 57.6* 4.0 1.3, 6.7 59.1*
warm | 25 1.3, 38 0.0 2.8 12, 45 0.0
IHD (65+ yrs) cool 3.3 15, 52 0.0 3.3 14, 51 0.0
warm | 2.7 09, 4.6 0.0 2.4 -04, 5.2 24.2
Arrhythmia (15-64 yrs) cool 47 0.7, 88 0.0 55 1.5, 9.6 0.0
warm | 1.6 -2.2, 5.6 0.0 4.5 -27, 123 351
Cardiac failure (15-64 yrs) cool 5.2 -1.0, 11.9 0.0 6.8 0.6, 13.4 0.0
warm | 2.4 -3.8, 9.0 0.0 2.6 -5.3, 111 0.0
Cardiac failure (65+ yrs) cool 5.6 -1.3, 131 72.7% 6.8 -0.8, 149  69.7%
warm | 4.8 21, 7.6 0.0 6.2 2.8, 9.8 0.0
Myocardial infarction (65+ yrs) cool 3.8 0.7, 7.0 0.0 3.9 07, 71 0.0
warm | 4.0 06, 74 0.0 5.4 12, 9.8 0.0
Total cardiovascular (15-64 yrs) cool 1.6 -05, 3.8 439 25 0.6, 45 299
warm | 1.2 -0.3, 2.7 0.0 1.2 -0.6, 3.1 0.0
Total cardiovascular (65+ yrs) cool 3.3 1.7, 4.9 50.0 3.8 24, 53 37.3
warm | 2.0 09, 31 0.9 2.0 0.5, 35 12.1

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 95% level
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Hospital admissions due to respiratory disease

The respiratory disease groups considered included (see Table 1.2 for the ICD codes):

total respiratory disease

asthma

chronic obstructive pulmonary disease (COPD)
pneumonia and acute bronchitis.

Analyses for hospital admissions were stratified using the following age groups as
appropriate for the disease:

children
- less than one year of age
- 1-4years
- 5-14 years
adults
- 15-64 years

- 65 years and greater.

In the following section, the impacts from exposure to air pollutant in the short-term
(average of the same day and day before — lag [0,1]) are presented for these health
outcomes.

2.2.2.1 Total respiratory disease

The associations with hospital admissions for all respiratory disease for all age
groups are shown in Figures 2.2.15 to 2.2.19. The significant results for pooled
estimates can be summarised as follows:

there are overall positive associations between increases (statistically
significant) in admissions for children in the age group 1-4 years and
increases in maximum 1-hour NO,. There is no evidence of heterogeneity
between results for all the cities (as shown by the statistical tests)

there are overall positive associations between increases (statistically
significant) in admissions for children in the age group 5-14 years and
increases in maximum 1-hour NO; and 24-hour NO,. However, there is
evidence of heterogeneity between results for all the cities for 24-hour NO,
(as shown by the statistical tests) due to high results for Auckland (when
Auckland is removed, the pooled estimates for the increases in the remaining
cities are still positive and statistically significant)

there are overall positive increases (statistically significant for maximum 1-
hour NO,) for the 15-64 years age group. There is no evidence of
heterogeneity between results for all the cities (as shown by the statistical
tests).
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Figure 2.2.15: City specific and meta-analysis relative risks (and 95% confidence

intervals) for respiratory admissions (less than 1 year) associated with a one-unit
increase in NO: (average lag 0-1)
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Figure 2.2.16: City specific and meta-analysis relative risks (and 95% confidence

intervals) for respiratory admissions (1-4 years) associated with a one-unit increase
in NO; (average lag 0-1)
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Figure 2.2.17: City specific and meta-analysis relative risks (and 95% confidence

intervals) for respiratory admissions (5-14 years) associated with a one-unit
increase in NO: (average lag 0-1)
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Figure 2.2.18: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (15-64 years) associated with a one-unit
increase in NO: (average lag 0-1)
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Figure 2.2.19: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (65+ years) associated with a one-unit
increase in NO; (average lag 0-1)
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The results in Tables 2.2.9 to 2.2.13 (all the results per inter-quartile range) show the
effects of leaving cities out of the analyses. The results can be summarised as

follows:

there are positive overall (and statistically significant) increases in admissions
for children in the age groups less than 1 year and 1-4 years for Australian
cities for 24-hour NO; and maximum 1-hour NO,, and there is no evidence
of heterogeneity between results for the cities

for 24-hour NO; and the admissions for age groups less than 1 year, 1-4 years
and 5-14 years, removing the results for Auckland removes the heterogeneity
in the results (with the increase still positive and significant)

as well as contributing to the heterogeneity within infancy there is notable
heterogeneity in Auckland across age groups, with results ranging from
significantly negative to significantly positive.
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Table 2.2.9: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory admissions (0 years) associated with an IQR increase in
NO:; (average lag 0-1)

1-hour NO, 24-hour NO»
City left out Inc 95%CI 12 Inc  95%CI 12
Auckland 46 21, 71 135 |57 33, 81 0.0
Brisbane 21 23, 67 740 29 -18, 7.8 73.3*
Canberra 2.4 -1.7, 6.7 73.4* |3.3 -1.0, 79 72.7%
Christchurch 1.7 24, 61 737 24 -19, 69 71.6*
Melbourne 1.3 32 60 709* 26 21, 76 72.7*
Perth 26 -1.7, 71 71.9* (31 -15, 80 73.1*
Sydney 1.1 -31, 55 64.8* |20 -26, 68 63.0*
Australianonly |42 1.5, 7.1 29.7 |5.5 3.1, 8.0 0.0
NZ only -1.0 -128, 124 81.9* |0.7 -139, 179 85.2*
Overall 22  -16, 61 69.0* 31 -1.0, 73 679*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.10: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory admissions (1-4 years) associated with an IQR increase in
NO: (average lag 0-1)

1-hour NO, 24-hour NO»
City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 35 16, 54 309 (3.6 14, 59 36.0
Brisbane 23 01, 45 471 |16 -13, 47 503
Canberra 33 14, 52 379 [32 02 62 529*
Christchurch 28 06, 51 55.0* 25 -1.1, 62 64.2*
Melbourne 28 02, 55 52820 -20, 61 64.1*
Perth 24 00, 49 543*|1.8 -18 56 62.6*
Sydney 21  -03, 46 423 [21 -19, 63 64.7*
Australianonly (3.6 15, 57 422 (38 07, 69 465
NZ only 07 -47, 34 00 |23 -67, 22 00
Overall 28 07, 49 469 [24 -08, 57 57.7*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.11: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory admissions (5-14 years) associated with an IQR increase in
NO: (average lag 0-1)

1-hour NO, 24-hour NO,

City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 38 10, 67 380 (45 19, 73 158
Brisbane 53 19, 88 549* |66 19, 115 579*
Canberra 42 09, 75 545* |53 0.7, 101 59.1*
Christchurch 5.0 18, 84 57.3* |5.9 1.2, 108 61.7*
Melbourne 53 1.6, 92 524* |65 14, 118 56.4*
Perth 55 21, 89 517169 27, 112 500
Sydney 41 05, 78 502 |55 04, 109 58.0*
Australian only 4.0 11, 71 464 (44 14, 75 326
NZ only 6.7 53,203 683*| 12.7 14,253 461
Overall 4.7 1.6,79 52.0*| 5.8 1.7,10.1 54.0*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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Table 2.2.12: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory admissions (15-64 years) associated with an IQR increase
in NO; (average lag 0-1)

1-hour NO;, 24-hour NO,

City left out Inc 95%CI 12 Inc  95%CI 12
Auckland 1.6 04, 27 00 (1.8 05 30 00
Brisbane 12 01, 24 00 |08 -09, 26 401
Canberra 1.3 02, 24 0.0 09 -0.7, 26 405
Christchurch 14 03, 25 00 (11 -04, 27 331
Melbourne 1.2  -01, 25 0.0 0.5 -1.3, 2.3 24.8
Perth 1.2 00, 23 00 (08 -09 26 395
Sydney 15 02, 27 00 |07 -13, 28 402
Australian only (1.6 05 28 0.0 1.9 0.6, 3.2 0.0
NZ only -08 -37, 23 00 |33 -65 00 0.0
Overall 1.3 03, 24 00 (1.0 -05 25 286

Table 2.2.13: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory admissions (65+ years) associated with an IQR increase in
NO:; (average lag 0-1)

1-hour NO, 24-hour NO,

City left out Inc  95%CI 12 Inc  95%CI 12

Auckland 06 -13, 27 674* |05 -46, 59 79.2*
Brisbane 00 -19, 20 642* |-03 -53, 49 799*
Canberra 1.2 01, 24 12.8 |16 -0.7, 40 57.0*
Christchurch 03 -16, 22 684* |-0.8 -48, 35 77.3*
Melbourne 01 -23, 26 69.0f |-00 -53, 55 80.7*
Perth 07 -13, 28 652* (0.6 -45, 60 77.7*
Sydney 00 -22, 23 66.0 |-0.3 -54, 51 78.0*
Australian only (0.4 1.7, 2.6 73.3* |-0.8 -5.8, 45 80.3*
NZ only 02 31, 36 16 |33 -6.6, 143 81.9*
Overall 05 -13, 23 63.0* |02 -04, 47 769*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.2.2.2 Asthma

The associations with hospital admissions for asthma for selected age groups
(excluding the youngest, less than 1 year, where it is difficult to diagnose asthma) are
shown in Figures 2.2.20 to 2.2.23. There are significant associations between
increases in 24-hour NO; and increases in admissions for children in the age groups
5-14 years. However, there is evidence of heterogeneity between the results for the
cities (as shown by the statistical tests).
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Figure 2.2.20: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (1-4 years) associated with a one-unit increase in
NO; (average lag 0-1)
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Figure 2.2.21: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (5-14 years) associated with a one-unit increase in

NO:; (average lag 0-1)
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Figure 2.2.22: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (15-64 years) associated with a one-unit increase
in NO; (average lag 0-1)
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Figure 2.2.23: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (65+ years) associated with a one-unit increase in
NO: (average lag 0-1)
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The results in Tables 2.2.14 to 2.2.17 (all the results per inter-quartile range) show the
effects of leaving cities out of the analyses. The results can be summarised as follows:

there are positive overall (and statistically significant) increases in admissions
for children in the age group 1-4 years for Australian cities for both
maximum 1-hour NO; and 24-hour average NO; and there are no significant
differences between Australian cities

there are positive overall increases in admissions for children in the 5-14
years age group in New Zealand cities (and statistically significant)

there are positive overall increases in admissions for the age group 15-64
years for Australian cities (statistically significant for 24-hour NOy).

Table 2.2.14: Differences between cities using a leave-one-city-out sensitivity
analysis for asthma admissions (1-4 years) associated with an IQR increase in NO;
(average lag 0-1)

1-hour NO; 24-hour NO»
City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 3.0 0.7, 53 0.0 3.2 0.6, 5.8 0.0
Brisbane 2.0 -0.8, 49 254 |1.7 -14, 49 23.8
Canberra 2.7 -0.1, 5.6 30.4 (3.0 1.2, 72 419
Christchurch 2.1 -0.2, 45 8.2 2.3 20, 6.7 448
Melbourne 2.7 0.8, 64 353 (24 28, 78 46.0
Perth 2.1 -1.0, 5.2 31.2 |19 24, 64 402
Sydney 2.5 -1.1, 6.3 36.3 |29 22, 83 439
Australian only (2.7 04, 51 0.0 3.2 04, 6.1 12.3
NZ only 3.2 -13.5, 23.1 79.8* |-1.7 -14.6, 13.2 57.0*
Overall 25 -0.2, 52 235 |2.6 -1.3, 6.6 36.2

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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Table 2.2.15: Differences between cities using a leave-one-city-out sensitivity
analysis for asthma admissions (5-14 years) associated with an IQR increase in
NO:; (average lag 0-1)

1-hour NO; 24-hour NO»
City left out Inc  95%CI 12 Inc  95%CI 2
Auckland 2.1 26, 71 69.5% 143 -04, 93 55.3%
Brisbane 3.9 -1.0, 9.1 60.7* |7.7 22, 135 55.3*
Canberra 30 -21, 84 68.7* 159 -0.6, 12.8 68.0*
Christchurch 30 -20, 83 68.4* |57 -0.6, 124 67.6*
Melbourne 3.3 23, 91 61.0* |72 0.3, 14.6 59.3*
Perth 23 34, 82 702* |70 04, 140 66.0*
Sydney 04 -27, 37 00 |46 20, 11.6 489
Australian only |2.3 33, 83 74.2* 13.8 -1.3, 9.3 62.9*
NZ only 37 -63, 147 222 |184 6.7, 314 0.0
Overall 2.6 22, 76 64.2* 6.0 0.2, 121 61.9*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.16: Differences between cities using a leave-one-city-out sensitivity
analysis for asthma admissions (15-64 years) associated with an IQR increase in
NO: (average lag 0-1)

1-hour NO; 24-hour NO»

City left out Inc  95%CI 12 Inc  95%CI 2
Auckland 3.3 01, 6.6 475 (3.2 09, 55 0.0
Brisbane 3.3 22, 92 58.9* |24 -14, 6.2 38.9
Canberra 2.0 0.0, 41 0.0 2.1 -04, 4.6 13.5
Christchurch 32 -2.0, 87 59.1* |21 -14, 57 401
Melbourne 2.8 29, 88 52.7* |1.1 2.0, 43 13.7
Perth 3.1 24, 90 59.3* 2.1 -1.5, 59 402
Sydney 3.4 -1.8, 88 55.9* |2.4 -1.7, 6.6 37.0
Australian only (4.4 -1.2, 103 575* |31 0.7, 5.6 6.1
NZ only 23 -8.0, 38 0.0 33 96, 34 0.0
Overall 2.7 -1.2, 6.8 51.2* |2.2 -0.6, 5.1 28.3

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.17: Differences between cities using a leave-one-city-out sensitivity
analysis for asthma admissions (65+ years) associated with an IQR increase in NO;
(average lag 0-1)

1-hour NO; 24-hour NO,

City left out Inc  95%CI 12 Inc  95%CI 12

Auckland -01 -39, 37 0.0 01 -41, 42 0.0
Brisbane 06 -45, 34 0.0 05 -47, 38 0.0
Canberra 02 -39, 36 0.0 01 -41, 41 0.0
Christchurch -02 -38, 37 00 02 -41, 4.0 0.0
Melbourne 1.6 -61, 3.1 0.0 23 73, 29 0.0
Perth 0.2 3.7, 43 0.0 0.5 37, 4.8 0.0
Sydney 14 31, 6.1 0.0 07 -42, 59 0.0
Australianonly |-0.1 -39, 3.8 0.0 0.0 -41, 4.2 0.0
NZ only -08 -16.3, 17.7 0.0 -49 215, 153 0.0
Overall 02 -38, 36 0.0 02 -42, 39 0.0

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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2.2.2.3 Chronic obstructive pulmonary disease (COPD)

The associations with hospital admissions for COPD for adults (15-64 years age
group, and 65 years and greater age group) are shown in Figure 2.2.24 and 2.2.25
(there are few events of COPD for children). There were no statistically significant

results for the pooled estimates.

Figure 2.2.24: City specific and meta-analysis relative risks (and 95% confidence
intervals) for COPD admissions (15-64 years) associated with a one-unit increase

in NO; (average lag 0-1)
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Figure 2.2.25: City specific and meta-analysis relative risks (and 95% confidence
intervals) for COPD admissions (65+ years) associated with a one-unit increase in

NO:; (average lag 0-1)
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The results in Tables 2.2.18 to 2.2.19 (all the results per inter-quartile range) show the
effects of leaving cities out of the analyses. There were no statistically significant

results in leaving out any cities.
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Table 2.2.18: Differences between cities using a leave-one-city-out sensitivity
analysis for COPD admissions (15-64 years) associated with an IQR increase in
NO: (average lag 0-1)

1-hour NO, 24-hour NO,

City left out Inc  95%CI 12 Inc  95%Cl 2

Auckland 0.4 26, 34 0.0 1.9 -1.3, 52 0.0
Brisbane 0.7 2.2, 37 0.0 1.7 -14, 5.0 0.0
Canberra 0.9 20, 3.7 0.0 1.6 -1.5, 4.8 0.0
Christchurch 1.0 -1.8, 3.9 0.0 17 <14, 49 0.0
Melbourne 1.5 -19, 5.1 0.0 1.6 2.2, 56 0.0
Perth 0.4 25, 34 0.0 1.2 19, 44 0.0
Sydney -00 -33, 34 0.0 -01 -37, 3.6 0.0
Australian only (0.7 23, 3.8 0.0 2.3 -1.0, 5.6 0.0
NZ only 0.6 -10.1, 99 426 |-3.7 -11.3, 4.6 0.0
Overall 0.7 21, 35 0.0 14 -1.6, 4.6 0.0

Table 2.2.19: Differences between cities using a leave-one-city-out sensitivity
analysis for COPD admissions (65+ years) associated with an IQR increase in NO;
(average lag 0-1)

1-hour NO, 24-hour NO,

City left out Inc 95%CI 12 Inc 95%CI 12
Auckland 2.0 03, 44 424 24 -14, 6.3 45.8
Brisbane 1.1 -09, 32 23.1 0.8 -29, 47 474
Canberra 2.0 02, 42 38.0 24 01, 4.8 36.2
Christchurch 1.4 -0.9, 3.9 49.1 12 -21, 46 51.1*
Melbourne 1.3 1.7, 43 494 14 -33, 63 57.7%
Perth 24 02, 4.6 26.5 20 -23, 65 52.9%
Sydney 1.2 -1.6, 4.2 485 11 -34, 5.8 54.4*
Australian only |1.8 0.7, 45 527 [1.8 -2.1, 5.8 485
NZ only 0.3 -5.2, 6.0 13.6 23 91, 151 72.0*
Overall 1.6 -0.6, 3.9 40.6 16 -20, 54 494

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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2.2.2.4 Pneumonia and acute bronchitis

The associations with hospital admissions for pneumonia and acute bronchitis for all

age groups (except the 5-14 years group — data very small) are shown in Figures
2.2.26 t0 2.2.29. There are no statistically significant results for any pooled estimates.

Figure 2.2.26: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (0 years) associated with
a one-unit increase in NO; (average lag 0-1)
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Figure 2.2.27: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (1-4 years) associated
with a one-unit increase in NO; (average lag 0-1)
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Figure 2.2.28: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (15-64 years) associated
with a one-unit increase in NO; (average lag 0-1)
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Figure 2.2.29: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (65+ years) associated
with a one-unit increase in NO; (average lag 0-1)
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The results in Tables 2.2.20 to 2.2.23 (all the results per inter-quartile range) show the
effects of leaving cities out of the analyses. The results can be summarised as
follows:

* there are statistically significant positive increases in admissions for children
in the age group less than 1 year for Australian cities associated with 24-hour
NO, and there is no evidence for heterogeneity between the results.
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Table 2.2.20: Differences between cities using a leave-one-city-out sensitivity
analysis for pneumonia and acute bronchitis (0 years) associated with an IQR
increase in NO: (average lag 0-1)

1-hour NO, 24-hour NO»
City left out Inc  95%CI 12 Inc  95%CI 12
Auckland 47 06, 88 459 |61 31, 91 02
Brisbane 35 -16, 89 69.6* 3.8 -18 9.8 719*
Canberra 27 23, 79 723* |28 -25, 84 73.0*
Christchurch 20 29, 71 700%* |24 -26, 76 714*
Melbourne 15 34, 66 62.8* |20 34, 77 67.8*
Perth 37 -14, 90 678* (3.7 -19, 96 725*
Sydney 19 36, 78 67.6* |22 34, 81 68.8*
Australianonly 40 -03, 85 522* |57 25 90 72
NZ only 1.6 -13.3, 192 825* (1.2 -15.6, 21.4 83.2*
Overall 28 -18, 77 668% (32 -18 84 68.1*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.21: Differences between cities using a leave-one-city-out sensitivity
analysis for pneumonia and acute bronchitis (1-4 years) associated with an IQR
increase in NO; (average lag 0-1)

1-hour NO, 24-hour NO,

City left out Inc  95%CI 12 Inc  95%CI 12

Auckland 36 42, 121 639* |54 -19, 133 464
Brisbane 37 41, 122 641* (3.8 -28, 108 349
Canberra 57 25, 90 00 [49 14, 87 105
Christchurch 3.0 -38, 102 599* (3.7 -05 81 208
Melbourne 46 -34, 132 598* |55 -2.0, 135 456
Perth 3.0 44, 109 601* |43 -26, 11.7 435
Sydney 35 45, 121 625* |53 -23, 135 46.6
Australian only |2.1 -6.2, 112 67.4* |3.9 2.3, 105 359
NZ only 80 04, 162 0.0 (101 -75, 31.0 67.0*
Overall 41 -24, 11.0 571* |48 -1.0, 11.0 36.7

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 2.2.22: Differences between cities using a leave-one-city-out sensitivity
analysis for pneumonia and acute bronchitis (15-64 years) associated with an IQR
increase in NO; (average lag 0-1)

1-hour NO;, 24-hour NO,

City left out Inc  95%CI 12 |Inc  95%CI 12
Auckland 11 -12, 35 00 |17 -08 44 00
Brisbane 09 -5 33 27 |15 -0, 41 00
Canberra 08 -16, 31 54 |14 -11, 39 0.0
Christchurch 05 -17, 28 00 |11 -13, 36 00
Melbourne 1.3 -15 42 00 |15 -16, 47 00
Perth 01 -22, 24 00 |11 -14, 36 00
Sydney 05 -21, 32 38 |04 -24, 33 00
Australianonly |09 -15, 33 00 |16 -1.0, 42 0.0
NZ only 1.3 92, 13.0 522 (09 9.7, 127 40.6
Overall 07 -5 29 00 |13 -11, 3.7 00
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Table 2.2.23: Differences between cities using a leave-one-city-out sensitivity
analysis for pneumonia and acute bronchitis (65+ years) associated with an IQR
increase in NO: (average lag 0-1)

1-hour NO;, 24-hour NO,

City left out Inc 95%ClI 12 Inc  95%CI 12
Auckland -0.3 -47, 43 648 (01 -68, 7.5 71.1*
Brisbane -1.0 -49, 3.0 585* |-09 -74, 6.0 69.9*
Canberra 1.3 -0.5, 3.0 0.0 22 -00, 44 18.8
Christchurch -0.2 -44, 41 649* |-08 -69, 57 70.5*
Melbourne -0.5 53, 45 64.3* |-02 -72, 72 70.8*
Perth -0.2 -47, 44 643* |02 -6.6, 7.6 70.6*
Sydney -1.0 -5.3, 35 579* |-09 -76, 62 64.1*
Australian only |-0.6 -6.3, 55 71.7* |-11 -88, 7.2 75.8*
NZ only -0.4 -59, 54 0.0 14 -56, 9.0 22.8
Overall -0.2 -38, 3.6 581* (0.1 -56, 6.1 66.4*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.2.2.5 Seasonal differences

Separate analyses were carried out for the warm (November- April) and cool (May-
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). Individual city seasonal results
for respiratory admissions are shown in Volume 3: Appendix A3.4, Tables WC.15 to
WC.29. Meta-analysis and results from the leave-one-city-out analysis for respiratory
admissions are shown in Volume 3: Appendix A3.5, Tables WCL.15 to WCL.29.

Significant seasonal associations for respiratory admissions and NO: are shown in
Table 2.2.24, and there was no evidence of heterogeneity between the results for the
cities. The differences found between the cool and warm periods can be summarised
as follows:

* the increases in hospital admissions due to pneumonia and acute bronchitis
for children in the age group less than 1 year were significant in the warm
season for both maximum 1-hour NO; and 24-hour average NO;, and in the
age group 1 to 4 years, for the warm period (maximum 1-hour NO») and the
cool period (average 24-hour average NO»)

* the increases in hospital admissions due to all respiratory disease for children
aged between 1 and 4 years were significant for the cool period for both
maximum 1-hour NO; and 24-hour average NO»

* the increases in hospital admissions due to all respiratory disease and asthma

for children aged between 5 and 14 years were significant for the warm
period for both maximum 1-hour NO; and 24-hour average NOx.
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Table 2.2.24: Significant seasonal increases in respiratory admissions associated
with an IQR increase in NO: (average lag 0-1) (case-crossover meta-analysis)

Admissions (age group) 1-hour NO, 24-hour NO,
Inc 95%CI Inc 95%CI

Total respiratory (1-4 years)  cool |2.7 07, 48 22 02, 43

warm | 3.4 -1.6, 683* |24 -5.8, 114
Total respiratory (5-14 years) cool |5.7 -1.9, 140 |e6.0 -0.7, 13.0

warm | 8.6 4.0, 133 |9.6 3.3, 16.3
Asthma (5-14 years) cool |3.4 -51, 128 |70 -24, 173

warm | 7.5 1.6, 13.8 10.2 2.6, 18.4
Pneumonia + acute bronchitis cool |0.7 -45, 6.1 1.9 31, 7.0
(0 years) warm | 9.7 4.0, 15.7 199 2.7, 17.7
Pneumonia + acute bronchitis cool 52 0.9, 118 |45 0.6, 8.6
(1-4 years) warm | 5.9 01, 120 |51 22, 129

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

2.3 Single city results

There are often differences between the results for the cities, so combining the
estimates for all the cities would not be appropriate in all instances, whether in
combining the results for all cities or just combining results for all Australian cities.
Additional significant associations were found with short-term exposure to NO: in
some cities for the following categories of hospital admissions:

* stroke in adults aged 65 years or greater in Auckland
» stroke in adults aged between 15 and 64 years in Brisbane and Canberra
* myocardial infarction in adults aged between 15 and 64 years in Sydney
* asthma in children aged between 5 and 14 years in Auckland and Sydney

* COPD in adults aged 65 years or greater in Brisbane and Sydney

* pneumonia and acute bronchitis in children aged between 1 and 4 years in
Brisbane, Christchurch, Perth and Sydney

* pneumonia and acute bronchitis in adults aged 65 years or greater in Sydney

* all respiratory disease in adults aged 65 years or greater in Brisbane,

Christchurch and Sydney.

All individual city estimates for short-term associations are shown in Volume 3:

Appendix A3.1.
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Chapter 3 Carbon monoxide

Carbon monoxide (CO) is one of the air pollutants monitored on a daily basis in all
the cities under study here, but the number of air pollution monitors measuring
ambient outdoor air pollutant concentrations is different in each city. In Auckland
there are 3 monitors, Brisbane 1 monitor, Canberra 1 monitor, Christchurch 2
monitors, Melbourne 3 monitors, Perth 3 monitors and Sydney 4 monitors. As the
number of monitors used in each city ranges from 1 to 4, the representativeness of
the network varies. The project team used the data supplied by the government
agencies in each city. Detailed summary statistics for air pollutant data are supplied
in Volume 3: Appendix 1.

The results are reported as the percentage increase in the daily health outcome data
for 1998 to 2001 due to an increase in the daily maximum 8-hour concentrations of
CO.

Summarised in Table 3.0.1 are all the significant meta-analysis estimates for health
impacts associated with CO. Given are the associations for the short-term exposure
(an average of the CO concentration on the same day as the health effect, and the day
before) to CO on morbidity and mortality health outcomes. Table 3.0.2 summarises
the associations for long-term exposure (an average of the CO concentration on the
same day as the health effect, and all forty-days before).

Table 3.0.1: Significant increases in morbidity and mortality (and 95% confidence
intervals) associated with a one-unit (ppm) increase in maximum 8-hour CO (lags
0-1) for all seven cities (case-crossover meta-analysis)

Health outcome Age group % increase (95% 12
(years) CI) statistic

Hospital admissions

Cardiovascular 15-64 1.3 (0.3,2.4) 6.6
65+ 2.5(1.0,4.0) 69.5*
Cardiac 15-64 2.0 (0.6,3.3) 24.7
65+ 3.3(1.5,5.1) 73.5*
Ischemic heart disease 65+ 2.7 (1.1,44) 359
Myocardial infarction 65+ 3.3 (0.9,5.8) 21.3
Cardiac failure 15-64 49(0.7,9.1) 0.0
65+ 7.0 (41,10.1) 61.6*
Arrhythmia 15-64 2.9 (0.1,5.7) 5.6

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

It is clear from the analysis that the results for Sydney are different to other cities, the
increases being higher, as shown in Table 3.2.1 for cardiovascular admissions, Table
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3.2.3 for cardiac admissions, and Table 3.2.6 for cardiac failure (for example, Figure
3.2.6 shows this result quite clearly). However, even without Sydney in the analysis,
the increases are still significant for all the other cities combined with no evidence for
heterogeneity (see Table 3.2.1 for cardiovascular admissions, Table 3.2.3 for cardiac
admissions; Table 3.2.6 for cardiac failure).

The APHEA?2 project used the parameter — number of monitors — as an effect
modifier, and tests on the results for CO using this parameter (see Table 6.1.9) found
evidence to suggest there were differences in associations between cities that could
be linked to the different number of monitors used in each city, as the city with the
highest number of monitors, Sydney (with 4), shows the highest effect and is
different to the other cities. It could be expected that cities with more monitors
would likely have given a better estimate of the population exposure, and therefore
this effect modification due to the number of monitors would most likely be due to
an occurrence known as regression dilution (MacMahon 1990). In regression
dilution a true association appears stronger when the exposure is measured with
greater accuracy. It would be expected that, as the number of monitors increases, the
exposure estimate based on the number of monitors used should improve. It is
always a concern that cities with a small number of monitors may show
unexpectedly high (or low) results. The increases for the city with the largest
number of monitors (Sydney) is also notably the largest which, following MacMahon
(1990), may well reinforce the conclusion that this is a true association.

Similar tests for other different city characteristics (such as climate, elderly
population, and different average pollution levels) did not identify any additional
city characteristics that could explain differences between the results for different
cities.

Table 3.0.2: Comparison of significant forty-day increases in mortality (and 95%
confidence intervals) with short-term increases (average lags 0-1) associated with a
one-unit increase in maximum 8-hour CO

Health outcome Age group % increase % increase
(years) (95% CI) (95% CI)
40-day Av 0-1
Cardiovascular All ages 9.3 (3.0,16.1) 0.4 (-0.7, 1.5)
Respiratory All ages 32.4 (16.9,50.0) 14 (-1.3,4.2)
Total all cause All ages 11.0 (5.6,16.7) 0.6 (-0.1, 1.3)

Results for only Australian cities

When only the Australian cities were examined (Brisbane, Canberra, Melbourne,
Perth and Sydney), there were significant increases in all hospital admissions due to
myocardial infarction and ischemic heart disease in the adults aged between 15 and
64 years (see Table 3.0.3). There were also significant increases in hospital
admissions due to respiratory disease for children aged 1 to 4 years, and significant
increases in respiratory mortality for all ages.
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Table 3.0.3: Significant increases in morbidity and mortality (and 95% confidence
intervals) associated with maximum 8-hour CO (lags 0-1) for all (5) Australian
cities - results only presented for those not identified in Table 3.0.1

Health outcome Age IQR* 12
group % increase statistic
(years) (95% CI)

Hospital admissions

IHD 15-64 2.1(0.3,3.9) 24.2

Myocardial infarction 15-64 3.0(04,5.7) 0.0

Respiratory 1-4 1.5(0.1,2.9) 0.0

Mortality

Respiratory All ages 2.7 (0.3,5.2) 0.0
*0.9 ppm

However, it is not possible in statistical analyses like these to identify any causes for
the increases, only significant associations can be noted. It is possible that the
increases identified here with exposure to CO may not be due to CO, but to other
pollutants which are correlated with CO as they arise from the same emissions
source, such as motor vehicle exhausts.

3.1 Mortality
3.1.1 Short-term averages for air pollutants

The mortality impacts of CO for the short term (average of same day as, and day
before death) are shown in Figure 3.1.1 for total deaths (non-accidental, all causes),
deaths due to cardiovascular disease and deaths due to respiratory disease. The
results are shown for two age groups: all age groups and the oldest (75 years and
greater). The pooled estimates generally show positive increases in mortality
associated with increases in CO, but they are not significant.
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Figure 3.1.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for mortality associated with a one-unit increase in 8-hour CO (average
lag 0-1)
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Figure 3.1.1.B: Respiratory mortality
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Tables 3.1.1 to 3.1.3 show the impact of leaving out each city in turn from the analysis
for each health category for all ages. The results for significant pooled estimates may
be summarised as follows:

* the pooled estimates for Australian cities for respiratory mortality are
significant and positive, and there is no evidence of heterogeneity between
the results for the cities

» after removing Auckland, the pooled estimates for the remaining cities for all
cause mortality and respiratory mortality are significant and positive, and
there is no evidence of heterogeneity between the results for the cities.

Table 3.1.1: Differences between cities using a leave-one-city-out sensitivity
analysis for total mortality (all ages) associated with an IQR increase in CO

(average lag 0-1)

8-hour CO

City left out Inc 95%CI 2
Auckland 0.7 0.0, 1.4 0.0
Brisbane 0.4 -0.2, 1.1 0.0
Canberra 0.5 -0.1, 1.2 0.0
Christchurch 0.5 -0.2, 1.1 0.0
Melbourne 0.6 -0.2, 14 0.0
Perth 0.5 -0.1, 1.2 0.0
Sydney 0.3 -0.4, 1.0 0.0
Australian only 0.7 -0.0, 1.4 0.0
NZ only -0.0 -1.5, 1.5 234
Overall 0.5 -0.1, 1.1 0.0

Table 3.1.2: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory mortality (all ages) associated with an IQR increase in CO

(average lag 0-1)

8-hour CO

City left out Inc 95%ClI 12
Auckland 23 0.0, 4.6 0.0
Brisbane 0.7 -1.9, 3.4 28.4
Canberra 1.0 -1.6, 3.7 35.2
Christchurch 1.5 -1.2, 41 28.7
Melbourne -0.2 2.8, 2.5 0.0
Perth 1.0 -1.6, 3.7 35.0
Sydney 1.6 -1.0, 44 24.5
Australian only 27 0.3, 52 0.0
NZ only 27 -6.7, 1.6 0.0
Overall 1.2 -1.2, 3.6 22.3
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Table 3.1.3: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiovascular mortality (all ages) associated with an IQR increase in
CO (average lag 0-1)

8-hour CO

City left out Inc 95%CI 2

Auckland 0.3 -0.7, 1.3 0.0
Brisbane 0.6 -0.4, 1.7 0.0
Canberra 0.3 -0.6, 1.3 0.0
Christchurch 0.5 -0.5, 1.5 0.0
Melbourne 0.0 -1.2, 1.2 0.0
Perth 0.5 -0.5, 14 0.0
Sydney 0.2 -0.8, 1.3 0.0
Australian only 0.5 -0.6, 1.6 0.0
NZ only -0.0 -2.0, 2.0 0.0
Overall 0.4 -0.6, 1.3 0.0

3.1.2 ‘Harvesting'?

It is clear from Table 3.0.2 that the associations for the cumulative impacts of outdoor
CO concentrations forty days prior to the health outcome are much higher than those
for short-term exposures. For example, for all ages, the results show a one-ppm
increase in 8-hour CO is associated with significant mean increases in daily mortality
of:
* 11% for all causes (compared to an insignificant increase of 0.6% for short-
term), with a 95% confidence interval of 5.6% to 16.7%

* 9.3% for cardiovascular disease (an insignificant increase of 0.4% for short-
term), with a 95% confidence interval of 3.0% to 16.1%

» 324% for respiratory disease (an insignificant increase of 1.4% for short-
term), with a 95% confidence interval of 16.9% to 50%.

The uncertainty intervals are large, but the increases for the forty-day exposures are
significantly greater than those for the short-term exposures. These results do not
support the ‘harvesting’ hypothesis.

Although the I-squared statistic indicates that the harvesting results are the same for
all cities, the results for the individual cities are shown in Tables 3.1.4 to 3.1.6, and
these indicate that Brisbane and Sydney data are dominating the estimates for
Australian cities, and Christchurch for New Zealand cities. It is also noticeable that
the confidence intervals are very large.
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Table 3.1.4: Per cent changes (and 95% confidence interval) in total mortality (all
ages) over 40-day periods”associated with 8-hour CO

8-hour CO

City Inc 95%CI
Auckland 4.7 -4.4, 14.6
Brisbane 135 2.4, 25.8
Canberra -5.0 -25.9, 21.8
Christchurch 14.3 5.3, 24.0
Melbourne 5.4 0.2, 10.8
Perth 154 2.2, 36.3
Sydney 21.6 12.4, 31.6
I-squared (%) 54.0 - -
Meta-analysis 11.0 5.6, 16.7
Meta-analysis IQR 94 438, 14.3

Table 3.1.5: Per cent changes (and 95% confidence interval) in respiratory mortality
(all ages) over 40-day periods” associated with 8-hour CO

8-hour CO
City Inc 95%ClI
Auckland 5.1 -19.5, 37.4
Brisbane 67.1 214, 130.1
Canberra 10.9 -45.4, 125.3
Christchurch 26.9 -1.9, 64.1
Melbourne 25.2 6.5, 471
Perth 52.8 -10.5, 160.7
Sydney 59.7 23.0, 107.4
I-squared (%) 244 - -
Meta-analysis 324 16.9, 50.0

Meta-analysis IQR 27.9 14.6, 43.0

Table 3.1.6: Per cent changes (and 95% confidence interval) in cardiovascular
mortality (all ages) over 40-day periods™ associated with 8-hour CO

8-hour CO
City Inc 95%CI
Auckland 8.2 -4.7, 22.8
Brisbane 8.8 -6.5, 26.6
Canberra 12.5 -17.8, 53.9
Christchurch 6.6 -4.8, 194
Melbourne 1.4 -6.2, 9.7
Perth 12.2 -13.8, 46.1
Sydney 26.6 12.6, 42.4
I-squared (%) 38.5 - -
Meta-analysis 9.3 3.0, 16.1
Meta-analysis IQR 8.0 2.6, 13.8

* Estimates from a random effects meta-analysis of cities using distributed lag models, individual city
results are shown for a one-unit increase in pollutant and meta-analysis results are shown for an inter-
quartile range (IQR) increase where indicated.
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3.1.3 Seasonal differences

Separate analyses were carried out for the warm (November-April) and cool (May-
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). Individual city seasonal results
for mortality are shown in Volume 3: Appendix A3.4, Tables WC.30 to WC.38. Meta-
analysis and results from the leave-one-city-out analysis for mortality are shown in
Volume 3: Appendix A3.5, Tables WCL.30 to WCL.38.

In the seasonal analysis, no significant differences were found between the cities, and
there were no significant differences found between the cool and warm periods.

3.2 Hospital admissions
3.21 Hospital admissions due to cardiovascular disease

The following categories for cardiovascular admissions were examined in this study
(see Table 1.2 for the ICD codes):

» total cardiovascular disease

» stroke

» cardiac disease

* ischemic heart disease

* myocardial infarction

» cardiac failure

* arrhythmia.

In the following section, the associations between cardiac admissions for two age
groups (15-64 years, 65 years and greater) and ambient concentrations of daily
maximum 8-hour CO in the short term (average of the same day and day before - lag
[0,1]) are presented.

3.2.1.1 Cardiovascular disease

The associations with total cardiovascular admissions are shown in Figures 3.2.1 and
3.2.2. There are statistically significant positive increases for the pooled estimates for
both the 15-64 years age group, and for the older age group. There was no evidence
for heterogeneity between the results for the cities for the 15-64 years age group, but
there was for the older age group.
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Figure 3.2.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiovascular admissions (15-64 years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Figure 3.2.2: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiovascular admissions (65+ years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Table 3.2.1 shows the effects on the results of leaving cities out of the analysis, and
the significant estimates for the pooled estimates can be summarised as follows:

* the increases are statistically significant and positive for the Australian cities
as a group, and for both age groups, with the increases for Sydney being
significantly larger

* leaving Sydney out of the analysis removes any significant heterogeneity in
the results for the older group, with the pooled estimate for the increase in the
remaining cities both positive and significant.
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Table 3.2.1: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiovascular admissions associated with an IQR increase in CO
(average lag 0-1)

15-64 years 65+ years

City left out Inc 95%ClI 12 |Inc 95%CI 12
Auckland 1.1 -00, 22 199 |22 07, 37 74.6*
Brisbane 13 03, 23 89 |23 09, 38 71.9*
Canberra 11 01, 22 212 |23 10, 37 729*
Christchurch 1.3 03, 23 127 |25 1.2, 38 67.6*
Melbourne 15 04, 26 64 |22 07, 38 742*
Perth 12 01, 22 219 |19 06, 32 70.6*
Sydney 07 -02, 17 00 |17 07, 27 334
Australianonly |1.3 0.1, 25 288 |26 10, 42 73.7*
NZ only 1.0 -06, 28 0.0 |12 -05 3.0 501
Overall 12 03, 21 66 |22 09, 34 69.5*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
3.2.1.2 Stroke

The associations with hospital admissions due to stroke are shown in Figures 3.2.3
and 3.2.4. There are no significant impacts.

Figure 3.2.3: City specific and meta-analysis relative risks (and 95% confidence
intervals) for stroke admissions (15-64 years) associated with a one-unit increase in
8-hour CO (average lag 0-1)
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Figure 3.2.4: City specific and meta-analysis relative risks (and 95% confidence
intervals) for stroke admissions (65+ years) associated with a one-unit increase in
8-hour CO (average lag 0-1)
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Table 3.2.2 shows the effects on the results of leaving cities out of the analysis. No
significant pooled estimates were identified in this analysis.

Table 3.2.2: Differences between cities using a leave-one-city-out sensitivity
analysis for stroke admissions associated with an IQR increase in CO (average lag

0-1)

15-64 years 65+ years

City left out Inc 95%CI 12 |[Inc 95%CI 12

Auckland 07 -22, 36 13 (01 -14, 16 0.0
Brisbane 00 -33, 34 129 (01 -14, 16 0.0
Canberra 04 -28, 22 00 02 -13, 16 0.0
Christchurch 01 -32, 36 143 |04 -1.0, 20 0.0
Melbourne 02 -34, 40 146 (0.6 -11, 24 0.0
Perth 04 -21, 29 00 (00 -14, 15 0.0
Sydney 01 -33, 36 136 (01 -15 16 0.0
Australianonly |09 -3.6, 5.7 211 |04 -13, 20 0.0
NZ only -12 55 33 00 |-03 -30, 25 0.0
Overall 01 -24, 26 00 (02 -12, 16 0.0

3.2.1.3 Cardiac admissions

The associations with cardiac admissions are shown in Figures 3.2.5 and 3.2.6. There
are statistically significant positive increases for the pooled estimates for both the 15-
64 years age group, and for the older age group. There was no evidence for
heterogeneity between the results for the cities for the 15-64 years age group, but
there was for the older age group.

Figure 3.2.5: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac admissions (15-64 years) associated with a one-unit increase
in 8-hour CO (average lag 0-1)
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Figure 3.2.6: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac admissions (65+ years) associated with a one-unit increase in
8-hour CO (average lag 0-1)
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Table 3.2.3 shows the effects on the results of leaving cities out of the analysis, and
the significant estimates for the pooled estimates can be summarised as follows:

* the increases are statistically significant and positive for the Australian cities
as a group, and for both age groups

* leaving Sydney out of the analysis removes the heterogeneity in the results
for the older group, with the pooled estimate for the increase in the remaining
cities both positive and significant.

Table 3.2.3: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiac admissions associated with an IQR increase in CO (average lag
0-1)

15-64 years 65+ years
City left out Inc  95%ClI 12 |Inc  95%CI 12
Auckland 15 02, 29 330 (29 11, 47 77.7*
Brisbane 19 06, 32 297 |32 15 49 715*
Canberra 1.7 04, 31 372 |31 15, 47 76.1*
Christchurch 1.8 06, 31 305 (3.0 13, 48 765*
Melbourne 21 08, 35 156 (28 1.0, 47 77.8*
Perth 16 03, 29 342 (26 09, 42 76.3*
Sydney 1.1 00, 22 00 |22 12, 31 217
Australianonly (1.8 02, 33 415 |32 1.0, 53 80.8*
NZ only 1.7 -04, 3.8 10.0 20 06, 35 0.0
Overall 1.7 05 29 247 |28 13, 44 73.5*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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3.2.1.4 Ischemic heart disease

The associations with hospital admissions due to ischemic heart disease are shown in
Figures 3.2.7 and 3.2.8. There are statistically significant positive increases for the
pooled estimates for the older age group, and there was no evidence for
heterogeneity between the results for the cities.

Figure 3.2.7: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (15-64 years) associated with a one-unit increase in

8-hour CO (average lag 0-1)
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Figure 3.2.8: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (65+ years) associated with a one-unit increase in 8-

hour CO (average lag 0-1)
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Table 3.2.4 shows the effects on the results of leaving cities out of the analysis. It is
clear the associations are significant for the pooled estimate for the Australian cities
for both age groups, with the Sydney results causing the evidence found for

heterogeneity in the older group.
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Table 3.2.4: Differences between cities using a leave-one-city-out sensitivity
analysis for IHD admissions associated with an IQR increase in CO (average lag 0-

1)

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

15-64 years 65+ years

City left out Inc 95%CI 12 Inc 95%CI 12
Auckland 1.3 -1.3, 39 57723 06, 41 465
Brisbane 14 -12, 42 60.7*|126 09, 43 38.1
Canberra 1.6 -1.0, 42 61.3*(25 11, 39 345
Christchurch (23 08, 38 132 |26 1.0, 42 397
Melbourne 1.9 -08, 47 547*(23 05, 42 465
Perth 1.6 -1.0, 42 612*21 07, 3.6 374
Sydney 1.0 -12, 31 386 (1.9 08, 3.0 0.0
Australian 21 03, 39 242 |27 0.6, 48 514*
only

NZ only 06 -80, 75 859*|16 -04, 37 0.0
Overall 1.6 -06, 39 535123 09, 38 359

3.2.1.5 Myocardial infarction

The associations with hospital admissions due to myocardial infarction are shown in
Figures 3.2.9 and 3.2.10. There are statistically significant positive increases for the
pooled estimates for the older age group, and there was no evidence for
heterogeneity between the results for the cities.

Figure 3.2.9: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial admissions (15-64 years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Figure 3.2.10: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial admissions (65+ years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Table 3.2.5 shows the effects on the results of leaving cities out of the analysis. It is
clear the associations are significant for the pooled estimate for the Australian cities
for both age groups, with no evidence found for heterogeneity in either age group.

Table 3.2.5: Differences between cities using a leave-one-city-out sensitivity
analysis for myocardial infarction admissions associated with an IQR increase in
CO (average lag 0-1)

15-64 years 65+ years

City left out Inc 95%CI 12 Inc 95%CI 12

Auckland 21 -08 50 162 |34 15, 53 24
Brisbane 1.3 -16, 43 217 (3.0 05 56 335
Canberra 19 -08, 46 171 (27 06, 49 265
Christchurch 24 00, 49 00 (33 12, 55 159
Melbourne 12 -2.0, 45 208 (27 01, 54 319
Perth 20 -06, 46 136 |26 05, 48 253
Sydney 1.0 -14, 35 00 (23 04, 42 43
Australianonly (3.0 04, 57 00 |41 20, 61 00
NZ only 13 -56, 31 00 |-02 -34, 30 0.0
Overall 1.8 -0.7, 43 92 (29 08, 49 213

3.2.1.6 Cardiac failure

The associations with hospital admissions due to cardiac failure are shown in Figures
3.2.11 and 3.2.12. There are statistically significant positive increases for the pooled
estimates for both the age groups, but there was evidence for heterogeneity between
the results in the older age group.
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Figure 3.2.11: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (15-64 years) associated with a one-unit

increase in 8-hour CO (average lag 0-1)
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Figure 3.2.12: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (65+ years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Table 3.2.6 shows the effects on the results of leaving cities out of the analysis. It is
clear the associations are significant for the pooled estimate for the Australian cities
for the older age group, with the Sydney results causing significant heterogeneity.

Table 3.2.6: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiac failure admissions associated with an IQR increase in CO
(average lag 0-1)

15-64 years 65+ years

City left out Inc  95%CI 2 |Inc 95%CI 12
Auckland 39 -01, 80 0.0 |65 3.7, 93 653*
Brisbane 48 09, 88 00 |64 35 94 663*
Canberra 41 06, 78 0.0 |56 31, 82 64.1*
Christchurch 43 07, 81 00 |64 3.6, 93 659*
Melbourne 49 05, 95 00 |64 34, 95 63.6*
Perth 43 0.7, 80 00 |59 3.0 89 67.7*
Sydney 30 -08 70 00 |45 30, 61 0.0
Australianonly |41 -00, 84 0.0 |70 39, 102 69.7*
NZ only 44 -23, 116 0.0 1|34 02, 66 0.0
Overall 42 06, 78 00 |60 35 85 616"

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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3.2.1.7 Arrhythmia

The associations with hospital admissions due to arrhythmia are shown in Figures
3.2.13 and 3.2.14. There are statistically significant positive increases for the pooled
estimates for the age group 15-64 years, and no evidence for heterogeneity between

the results for the cities.

Figure 3.2.13: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (15-64 years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Figure 3.2.14: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (65+ years) associated with a one-unit
increase in 8-hour CO (average lag 0-1)
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Table 3.2.7 shows the effects on the results of leaving cities out of the analysis. No
new significant associations were found.
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Table 3.2.7: Differences between cities using a leave-one-city-out sensitivity
analysis for arrhythmia admissions associated with an IQR increase in CO
(average lag 0-1)

15-64 years 65+ years

City left out Inc  95%CI 12 |Inc  95%CI 12
Auckland 26 -05 58 211 |-05 -25 14 0.0
Brisbane 31 06, 56 00 (09 -10, 28 0.0
Canberra 28 05 52 00 |[-01 -21, 21 205
Christchurch |19 -05, 43 00 |00 -22, 23 253
Melbourne 26 -06, 6.0 207 |-00 -25 25 254
Perth 24 -04, 53 205 (03 -1.6, 23 129
Sydney 20 -07, 47 74 |00 -23, 24 256
Australianonly (1.8 -09, 45 0.0 |07 -27, 14 00
NZ only 49 -17, 119 51.7%25 -1.0, 61 0.0
Overall 25 01, 49 56 |01 -18 21 108

3.2.1.8 Seasonal differences

It might be expected that some pollutant effects may be different in different seasons.
For example, ozone peaks during the summer smog episodes in general (although
Brisbane may also have winter smog events), but there is no evidence to show that
this significantly affects CO concentrations. CO ambient concentrations should rise
during winter due to higher emissions (home heating, vehicle emissions). Shown in
Table 3.2.8 are the significant seasonal associations found between cardiovascular
admissions and maximum 8-hour CO. The differences found between pooled
estimates for the cool and warm periods can be summarised as follows:

» the increases in hospital admissions due to all cardiovascular disease, cardiac
disease, IHD and cardiac failure, were only significant in the cool periods for
adults aged 65 years or greater (and those aged between 15 and 64 years for
cardiac disease)

* the increases in hospital admissions due to myocardial infarction for adults aged
65 years or greater were significant for both the warm and cool periods

* there was evidence for heterogeneity between the cities arising from the results
for Sydney (as before).
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Table 3.2.8: Significant seasonal increases in cardiovascular admissions associated
with an IQR increase in CO (average lag 0-1) (case-crossover meta-analysis)

Admissions (age group) 8-hour CO
Inc 95%Cl 12
Cardiac (15-64 yrs) cool 1.9 0.1, 3.7 52.5*
warm | 2.2 -0.3, 4.7 0.3
Cardiac (65+ yrs) cool 3.3 1.9, 4.8 59.9*
warm | 1.2 -2.1, 4.6 53.2*
IHD (65+ yrs) cool 2.2 0.9, 3.6 17.4
warm | 3.2 -0.5, 7.1 31.7
Cardiac failure (65+ yrs) cool 6.3 4.5, 8.2 18.3
warm | 2.2 4.1, 8.8 499
Myocardial infarction (65+ yrs) cool 2.3 03, 4.4 0.0
warm | 7.3 1.2, 13.8 0.0
Total cardiovascular (65+ yrs) cool 2.6 1.4, 3.7 56.9*
warm | 1.0 -0.6, 2.7 0.0

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

3.2.2 Hospital admissions due to respiratory disease

The respiratory disease groups considered included (see Table 1.2 for the ICD codes):
* total respiratory disease
* asthma
* chronic obstructive pulmonary disease (COPD)
* pneumonia and acute bronchitis.

Analyses for hospital admissions were stratified using the following age groups:

» children
- less than one year of age
- 1-4 years
- 5-14 years
* adults
- 15-64 years

- 65 years and greater.

The associations between these health outcomes for these age groups and maximum
8-hour CO ambient concentrations in the short term (average of the same day and
day before - lag (0,1)) are presented in Volume 3: Appendix A3.1, Tables CM.15 to
CM.29. There were no significant associations for the pooled estimates for any age
groups.

3.3 Single city results

There are often differences between the results for the cities, so combining the
estimates for all the cities would not be appropriate in all instances, whether in
combining the results for all cities or just combining results for all Australian cities.
Additional significant associations were found with short-term exposure to CO in

some cities for the following categories of hospital admissions:

* myocardial infarction in adults aged between 15 and 64 years in Sydney
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* asthma in children aged between 1 and 4 years in Christchurch

* asthma in children aged between 5 and 14 years in Auckland

* all respiratory disease (especially pneumonia and acute bronchitis) in
children aged less than 1 year in Sydney

* all respiratory disease (especially pneumonia and acute bronchitis) in adults
aged 65 years and greater in Sydney

* all respiratory disease in children aged between 5 and 14 years in Auckland.

All individual city estimates for short-term associations are shown in Volume 3:
Appendix A3.1.
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Chapter 4 Particles

Particle concentrations are monitored in all the cities under study here, but not all
data sets can be used in the analyses carried out, and the concentrations need to be
monitored on a daily basis, something that does not happen in every city. Also, there
are three different measures of particle pollution used in Australian and New
Zealand cities:

* Nephelometry (light scattering by particles, bsp) - a measure of particles less
than 1-2 microns in diameter

* PM>s5 - measure of particles with diameters less than 2.5 microns using
TEOMS

* PMy - measure of particles with diameters less than 10 microns using
TEOMS.

This study concentrates on PMzs and PMyo, as bsp has previously only been used as
a surrogate for such measures for which there are NEPC standards (NEPC 1998).
These measures were not available on a daily basis in all the cities under study.
There are daily data sets for PMyj in five cities:

* Brisbane (4 monitors), Christchurch (2 monitors), Melbourne (4 monitors),
Perth (1 monitors) and Sydney (11 monitors).

There are daily data sets for PM.s in four cities:

* Brisbane (1 monitor), Melbourne (2 monitors), Perth (2 monitors) and Sydney
(4 monitors).

The project team used the data supplied by the government agencies in each city.
Detailed summary statistics for air pollutant data are supplied in Volume 3: Appendix
1. Essentially, the analyses for PMys are Australian studies. Christchurch has the
highest PMio concentrations in all the cities monitoring this pollutant.

The results are reported as the percentage increase in the daily health outcome data
for 1998 to 2001 either due to an increase in the 24-hour average concentrations of
PMs:s, or due to an increase in the 24-hour average concentrations of PMij.

The results in Table 4.0.1 show all the significant meta-analysis estimates for
increases in mortality and hospital admissions associated with increases in short-
term exposure to ambient particle concentrations (an average of the particle
concentration on the same day as the health effect, and the day before), for those
cases when the estimates for all cities in Australia and New Zealand can be
reasonably combined to derive such estimates.

It is clear from Table 4.0.1 that the short-term averages of outdoor concentrations of

particles are associated with significant increases in mortality for all causes, and for
cardiovascular and respiratory disease. There are also significant associations for
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both cardiovascular and respiratory hospital admissions. However, tests on the
results found no evidence to suggest there was heterogeneity in the associations for
the cities.

Table 4.0.1: Significant increases in mortality and morbidity (and 95% confidence
intervals) associated with a one-unit (ug.m-3) increase in particles (lags 0-1) for
meta-analysis®

Health outcome Age Particle Per Unit 12
group type** % Increase statistic
(years) (95% CI)
Mortality
Cardiovascular Allages  PMyo 0.2 (0.0,0.3) 27.1
PM5 0.4 (0.2,0.6) 0.0
75+ PM;yo 0.2 (0.0,0.4) 274
PMzs 0.5(0.2,0.7) 0.0
Respiratory 75+ PM;s 0.6 (0.0,1.1) 40.8
Total all cause Allages  PMas 0.2 (0.1,0.4) 40.8
75+ PM5 0.3 (0.1,0.5) 0.0

Hospital admissions

Total cardiovascular 65+ PM>s 0.3 (0.1,0.5) 51.9
Cardiac 65+ PMo 0.1 (0.0,0.3) 329
PMzs 0.5(0.3,0.7) 55.0
Ischemic heart disease 65+ PMas 0.4 (0.2,0.6) 3.6
Myocardial infarction 65+ PM;s 0.7 (0.3,1.1) 0.0
Cardiac failure 65+ PMio 0.4 (0.3,0.6) 0.0
PM5 0.9 (0.5,1.4) 58.6
Total respiratory 0 PMys 0.6 (0.3,1.0) 0.0
1-4 PMio 0.2 (0.1,0.4) 0.0
PM5 0.4 (0.2,0.7) 0.0
5-14 PMo 0.3 (0.0,0.5) 0.0
15-64 PM5 0.3 (0.0,0.6) 40.7
65+ PMys 0.4 (0.2,0.6) 0.0
Asthma 15-64 PM5 0.6 (0.2,0.9) 0.0
COPD 65+ PM5 0.4 (0.2,0.7) 0.0
Pneumonia & acute 0 PM;s 0.4 (0.0,0.9) 0.0
bronchitis
1-4 PMys 0.6 (0.0,1.2) 16.3
65+ PMig 0.2 (0.0,0.4) 0.0
PM5 0.5(0.2,0.8) 0.0

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
“PMio - Brisbane, Christchurch, Melbourne, Perth, Sydney; PM, 5 - Brisbane, Melbourne, Perth, Sydney
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Table 4.0.2 summarises the associations for long-term exposure (an average of the
particle concentration on the same day as the health effect, and all forty days before);
the uncertainty confidence intervals are large. The effect estimates for the forty-day
exposures are significantly lower than those for the short-term exposures for PMio
and cardiovascular mortality. For the other outcomes, there is no statistical
difference between the estimates for the two time periods.

Table 4.0.2: Significant forty-day increases in mortality (and 95% confidence
intervals) associated with a one-unit (ug.m-3) increase in 24-hour PM:5 and PMjy

Average lags 0-1 40 days

Health outcome Age Particle  Per unit Per unit
group type* % increase % increase
(years) (95% CI) (95% CI)
Cardiovascular Allages  PMy 0.2 (0.0,0.3) -0.9 (-1.7,-0.1)
PMz5 0.4 (0.2,0.6) -0.3 (-1.5,0.9)
75+ PM;o 0.2 (0.0,0.4) -1.0 (-1.9,-0.1)
PMaz5 0.5(0.2,0.7) -0.1 (-1.5,1.3)
Respiratory 75+ PM;5 0.6 (0.0,1.1) 3.0 (-4.6,11.2)
Total all cause All ages PMys 0.2 (0.1,0.4) 0.3 (-0.3,0.9)
75+ PM;s 0.3 (0.1,0.5) 04 (-1.2,21)

“PMjo - Brisbane, Christchurch, Melbourne, Perth, Sydney; PM, s - Brisbane, Melbourne, Perth, Sydney

4.1 Mortality
41.1 Short-term averages for air pollutants

Three different age groups were examined: all ages, 0-74 years, and 75 years and
greater. It is clear from Table 4.0.1 that:

* the 24-hour average concentrations of PMas are associated with significant
increases in mortality for the 75+ years age group due to all causes,
cardiovascular disease and respiratory disease, and there is no evidence of
heterogeneity between the results for the cities

* the 24-hour average PM»s concentrations are associated with significant
increases in mortality for the all ages group for total mortality and
cardiovascular mortality, and there is no evidence of heterogeneity between
the results for the cities

* there are also significant increases in mortality due to cardiovascular disease
(all ages, and 75+ years) associated with increases in 24-hour average PMo,
and there is no evidence of heterogeneity between the results for the cities.

The mortality impacts of particles (PMz5 and PMyo) for the short term (average of

same day as, and day before death) are shown in Figure 4.1.1 for total deaths (non-
accidental, all causes), deaths due to cardiovascular disease and deaths due to

Volume 2 (75)



respiratory disease. The results are shown for two age groups: all ages and the
oldest (75 years and greater).

Figure 4.1.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for mortality associated with a one-unit increase in particles (average lag

0-1)

Figure 4.1.1.A: Total all cause mortality (all ages)
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Figure 4.1.1.B: Total all cause mortality (75+ years)
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Figure 4.1.1.C: Respiratory mortality (all ages)
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Figure 4.1.1.D: Respiratory mortality (75+ years)
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Figure 4.1.1.E: Cardiovascular mortality (all ages)
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Figure 4.1.1.F: Cardiovascular mortality (75+ years)
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each city is removed in turn are

shown in Tables 4.1.1 to 4.1.6 for both particle measures for deaths due to
cardiovascular disease, deaths due to respiratory disease, and total deaths (non-

accidental, all causes), respectively.
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The results for PMys are generally similar, although Perth is clearly lower for

respiratory mortality (see also Figure 4.1.1).

For PMo the pooled estimates for the increases are only significant for cardiovascular
mortality. Brisbane and Sydney results appear to dominate in all categories. Perth
PMj results appear to be much lower and are negative (protective) for respiratory
mortality (see Figures 4.1.1C and 4.1.1D).

Table 4.1.1: Differences between cities using a leave-one-city-out sensitivity
analysis for total mortality (75+ years) associated with an IQR increase in particles

(average lag 0-1)

24-hour PM; 5

24-hour PMyg

City left out Inc  95%CI 12 Inc  95%CI 12
Brisbane 1.0 03, 18 00 |08 -02, 19 288
Christchurch - - - - 1.7 03, 3.7 77.3*
Melbourne 1.5 07, 23 0.0 21 0.5, 3.6 56.6*
Perth 1.1 05 18 00 (1.7 -01, 36 77.0¢
Sydney 1.0 02 18 00 |14 -05 34 757*
Overall 12 05 18 00 (15 -00, 31 69.9*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 4.1.2: Differences between cities using a leave-one-city-out sensitivity
analysis for total mortality (all ages) associated with an IQR increase in particles

(average lag 0-1)

24-hour PM2.5

24-hour PMyg

City left out Inc  95%CI 12 Inc  95%CI 12

Brisbane 07 -02, 16 448 |06 -0.7, 1.8 68.0*
Christchurch - - - - 1.3 -0.7, 33 86.5*
Melbourne 1.3 06, 19 00 (16 -01, 34 785*
Perth 1.0 02 18 511*|1.7 -01, 34 83.7*
Sydney 07 02, 16 445 |10 -1.0, 3.0 84.6*
Overall 09 02 16 408 |12 -03, 28 82.0*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 4.1.3: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory mortality (75+ years) associated with an IQR increase in

particles (average lag 0-1)

24-hour PM2.5

24-hour PMyg

City left out Inc  95%CI 12 Inc  95%CI 12
Brisbane 16 -08 41 00 |-01 -34, 33 304
Christchurch - - - - 1.0 -46, 69 61.3*
Melbourne 20 -06, 47 117 0.7 -50, 6.8 62.1*%
Perth 25 04, 46 00 |20 -07, 48 20
Sydney 20 -06, 47 116 |04 -52, 63 61.0*
Overall 21 01, 42 00 |09 27, 47 496

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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Table 4.1.4: Differences between cities using a leave-one-city-out sensitivity
analysis for respiratory mortality (all ages) associated with an IQR increase in
particles (average lag 0-1)

24-hour PM; 5 24-hour PMyg

City left out Inc  95%CI 12 Inc  95%CI 2
Brisbane 1.1 -10, 33 75 |-09 -58 43 66.5*
Christchurch - - - - 05 -65, 79 80.5*
Melbourne 14 -20, 48 470 |07 -63, 83 80.2*
Perth 23 05 41 00 |27 -03, 57 404
Sydney 1.6 -17, 50 446 |03 -6.6, 7.8 80.3*
Overall 1.8 -01, 38 205 |08 -45 64 740%

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Table 4.1.5: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiovascular mortality (75+ years) associated with an IQR increase
in particles (average lag 0-1)

24-hour PM; 5 24-hour PMyg

City left out Inc 95%CI 12 Inc 95%CI 12
Brisbane 1.7 06, 28 00 (1.3 01, 26 00
Christchurch - - - - 2.1 06, 37 260
Melbourne 1.7 0.6, 28 0.0 |21 03, 39 348
Perth 1.8 09, 28 00 (19 03, 36 419
Sydney 1.7 06, 28 00 |14 -03, 3.0 279
Overall 1.7 08, 27 00 (1.8 04, 32 274

Table 4.1.6: Differences between cities using a leave-one-city-out sensitivity
analysis for cardiovascular mortality (all ages) associated with an IQR increase in
particles (average lag 0-1)

24-hour PM; 5 24-hour PMyg

City left out Inc  95%CI 12 Inc  95%CI 12
Brisbane 1.5 06, 25 00 |11 -02, 24 303
Christchurch - - - - 1.8 06, 30 6.7
Melbourne 1.4 04, 24 00 |14 -03, 31 44.5
Perth 1.6 08, 24 00 |16 03, 29 314
Sydney 14 04, 24 00 1|09 -03, 22 95
Overall 15 07, 23 00 |14 02 26 271

4.1.2 ‘Harvesting’?

The concept of harvesting pertains to the phenomenon whereby an increase in air
pollution on a particular day brings forward the death of frail individuals expected
to die in the short term. Evidence of this can be found by examining whether there
is a short-term (few days) increase in deaths, followed by a compensating reduction
in mortality within the frail population over the succeeding period. This has been
proposed to occur particularly with particulate matter.

If harvesting occurs, therefore, we expect it to be most evident in the elderly in the

population, the 75 years and older age group. We thus compare the effect estimates
for the short-term to those derived from a distributed lag model, taken over 40 days.
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The purpose of the latter is to identify a negative or compensating effect of positive
effects of the former.

Figures 4.1.1.B, 4.1.1.D, and 4.1.1.F show that there are significant increases in all
cause mortality, respiratory mortality, and cardiovascular mortality in 75+ year olds
of around 0.3-0.5% per ng.m? of PMas. However, the 40-day distributed lag model
shows no evidence of a decline in mortality, all cause or specific, suggesting that
harvesting is not occurring for PM,s.

This contrasts with the results for PMio, for which we see short-term effects of
around 0.2% % per ng.m3 of PMyo for all cause and cardiovascular, with no effect
seen for respiratory deaths. The 40-day model for total mortality shows a small
negative effect (-0.3%, 95% CI (-4.7%, 4.3%)) with a wide confidence interval covering
zero effect (Table 4.1.7). This suggests the short-term increase might be
compensated for by a longer-term decrease. The wide confidence limits (due to the
large number of parameters incorporated in the 40-day model) do, however, make
interpretation difficult. For respiratory mortality and PMio, the question of
harvesting does not arise since the effect estimate for the short-term effect is virtually
zero: no short-term increase in deaths occurs. For cardiovascular mortality, the data
are somewhat more convincing. The 4-day model shows a decline of 1.0%, 95% CI (-
1.9%, -0.1%), which falls just short of significance, the confidence interval just
excluding zero effect. It is noteworthy that effect estimates are consistently negative
across all cities, except Christchurch. This suggests that the 0.5% short-term
mortality increase may be counterbalanced by a longer-term decrease.

Thus, it is concluded that there is some evidence for the ‘harvesting” hypothesis in
the results for PMyo and cardiovascular mortality. This may merit further detailed
analyses, although conclusions will inevitably be limited by the relatively small
numbers.

Although the I-squared statistic indicates that the harvesting results are the same for
all cities, the results for the individual cities are shown in Tables 4.1.7 to 4.1.9 for the
greater than 75 years age group for total mortality (all causes), respiratory mortality
and cardiovascular mortality, respectively.

Even though the estimate for Christchurch is significant and positive for total
mortality, the wide confidence intervals do not allow a differentiation of this estimate
from the short-term average.

Table 4.1.7: Per cent changes (and 95% confidence interval) in total mortality (75+
years) over 40-day periods”associated with particles

24-hour PM;5 24-hour PMyg
City Inc 95%CI Inc 95%ClI
Brisbane -0.9 2.2, 0.5 -0.5 -1.7, 0.6
Christchurch - - - 20.8 0.6, 449
Melbourne 3.1 2.7, 9.3 4.1 9.6, 1.6
Perth 2.6 -0.5, 5.8 -0.0 -1.6, 1.6
Sydney 0.3 -1.4, 2.1 1.1 -2.0, -0.1
I-squared (%) 459 - - 44.0 - -
Meta-analysis 04 -1.2, 2.1 -0.3 -4.7, 4.3
Meta-analysis IQR 1.7 4.4, 7.8 2.0 -35.0, 326
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Table 4.1.8: Per cent changes (and 95% confidence interval) in respiratory mortality
(75+ years) over 40-day periods” associated with particles

24-hour PMz5 24-hour PMyo
City Inc 95%CI Inc 95%CI
Brisbane -5.9 9.7, 2.0 2.3 -5.8, 1.3
Christchurch - - - 35.4 -20.7, 1314
Melbourne 134 -5.6, 36.2 -11.1 -26.0, 6.7
Perth 79 2.2, 19.1 2.1 -3.1, 75
Sydney 5.7 -0.1, 11.8 -0.9 -3.9, 22
I-squared (%) 81.2 - - 11.4 - -
Meta-analysis 3.0 -4.6, 11.2 -09 -3.5, 1.7
Meta-analysis IQR 11.2 <175, 422 -6.9 -26.1, 129

Table 4.1.9: Per cent changes (and 95% confidence interval) in cardiovascular
mortality (75+ years) over 40-day periods™ associated with particles

24-hour PMz5 24-hour PMyo
City Inc 95%CI Inc 95%ClI
Brisbane -0.3 2.2, 1.6 -0.7 24, 0.9
Christchurch - - - 11.0 -12.7, 411
Melbourne 0.8 -7.2, 9.5 -4.4 -12.0, 4.0
Perth 1.8 2.7, 6.4 -0.2 -2.5, 2.1
Sydney -0.5 -2.9, 2.0 -14 2.7, -0.0
I-squared (%) 0.0 - - 0.0 - -
Meta-analysis -0.1 -1.5, 1.3 -1.0 -1.9, -0.1
Meta-analysis IQR -0.5 5.7, 4.8 -7.5 -145, -04

* Estimates from a random effects meta-analysis of cities using distributed lag models, individual city
results are shown for a one-unit increase in pollutant and meta-analysis results are shown for an inter-
quartile range (IQR) increase where indicated.

The results in Table 4.1.10 show results for the total mortality outcome when each
city is left out in turn. As noted before, the PMo results for Christchurch dominate
the results for all cause mortality.

Table 4.1.10: Differences between cities using a leave-one-city-out sensitivity
analysis for 40-day changes in total mortality (75+ years) associated with an IQR

increase in particles

24-hour PM;5

24-hour PMyg

City left out | Inc 95%ClI 12 Inc  95%CI 12
Brisbane 4.0 -1.7, 10.1 1.7 4.7 -40.4, 84.0 57.1*
Christchurc | - - - - 5.6 -102, -0.7 0.0

h

Melbourne 1.1 54, 81 54.9* 7.7 312, 686 48.0
Perth -0.9 54, 3.8 19.9 36 412, 825 51.9*
Sydney 3.1 -6.2, 133 624* 5.8 -394, 847 51.6*

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
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4.1.3 Seasonal differences

Individual city seasonal results for mortality are shown in Volume 3: Appendix A3.4,
Tables WC.30 to WC.38. Meta-analysis and results from the leave-one-city-out
analysis for mortality are shown in Volume 3: Appendix A3.5, Tables WCL.30 to
WCL.38.

It might be expected that some pollutant effects may be different in different seasons,
For example, ozone peaks during the summer smog episodes in general (although
Brisbane may also have winter smog events) and this will lead to an increase in the
photochemical aerosol load. Ambient particle concentrations also rise during smog
events but there are many sources (home heating, vehicle emissions) that may also
peak during winter.

Table 4.1.11 shows the results in different warm and cool periods for the associations
of particle concentrations with cardiovascular, respiratory and total mortality:

» for both PMzs and PMy, there are only significant pooled estimates for the
cool periods

» for PMas in the cool period there are significant pooled estimates for the
associations with increases in respiratory mortality (75+ years), total mortality
(all ages, 75+ years), and cardiovascular mortality (all ages, 75+ years)

» for PMy in the cool period there are significant pooled estimates for the
associations with increases in total mortality (all ages, 75+ years) and
cardiovascular mortality (all ages, 75+ years).

Table 4.1.11: Significant seasonal increases in mortality associated with an IQR
increase in particles (average lag 0-1) (case-crossover meta-analysis)

24-hour PM;5 24-hour PMyp
Inc 95%ClI Inc 95%ClI
Total all cause (75+ yrs) cool 1.3 0.6, 21 2.0 09, 31
warm 0.2 21, 25 0.1 2.3, 27

Total all cause (all ages) cool |1.0 0.4, 1.7 1.6 0.3, 2.8
warm | 0.1 -20, 22 -0.0 -23, 24

Respiratory (75+ yrs) cool |24 0.0, 48 1.4 -1.8, 47
warm |-03 48, 43 -76 246, 133

Cardiovascular (75+ yrs)  cool 1.6 0.5, 2.7 2.2 0.6, 3.9
warm | 0.7 1.3, 27 -0.3 23, 1.8

Cardiovascular (all ages)  cool 1.4 04, 23 1.8 01, 3.6
warm | 0.5 -1.2, 23 -0.5 23, 13
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4.2 Hospital admissions
421 Hospital admissions due to cardiovascular disease

The following categories for cardiovascular admissions were examined in this study
(see Table 1.2 for the ICD codes):

= total cardiovascular disease
= stroke

= cardiac disease

»  ischemic heart disease

* myocardial infarction

» cardiac failure

* arrhythmia.

In the following sections, the associations between admissions for two age groups
(15-64 years, 65 years and greater) and ambient concentrations of 24-hour average
PM:5 and PMjyy in the short term (average of the same day and day before - lag [0,1])
are presented for these health outcomes.

4.2.1.1 Cardiovascular disease

The associations with total cardiovascular admissions are shown in Figures 4.2.1 and
42.2. There are only significant estimates for the pooled estimates for PMas, and
only then for the older age group with no evidence for heterogeneity between the
city results (confirmed by the statistical tests).

Figure 4.2.1: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiovascular admissions (15-64 years) associated with a one-unit
increase in particles (average lag 0-1)
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Figure 4.2.2: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiovascular admissions (65+ years) associated with a one-unit
increase in particles (average lag 0-1)
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4.2.1.2 Stroke
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The associations with hospital admissions due to stroke are shown in Volume 3:
Appendix A3.1, Tables CM.5 to CM.6. There were no significant associations.

4.2.1.3 Cardiac admissions

The associations with cardiac admissions are shown in Figures 4.2.3 and 4.2.4,
respectively. There are significant estimates for the pooled estimates for both PMzs
and PMyo only for the older age group, with no evidence for heterogeneity between
the city results (confirmed by the statistical tests).

Figure 4.2.3: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac admissions (15-64 years) associated with a one-unit increase
in particles (average lag 0-1)
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Figure 4.2.4: City specific and meta-analysis relative risks (and 95% confidence

intervals) for cardiac admissions (65+ years) associated with a one-unit increase in
particles (average lag 0-1)
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4.2.1.4 Ischemic heart disease

The associations with hospital admissions due to ischemic heart disease are shown in
Figures 4.2.5 and 4.2.6. There are significant estimates for the pooled estimates only
for PMz5 and then only for the older age group, with no evidence for heterogeneity
between the city results (confirmed by the statistical tests).

Figure 4.2.5: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (15-64 years) associated with a one-unit increase in
particles (average lag 0-1)
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Figure 4.2.6: City specific and meta-analysis relative risks (and 95% confidence
intervals) for IHD admissions (65+ years) associated with a one-unit increase in
particles (average lag 0-1)
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4.2.1.5 Myocardial infarction

The associations with hospital admissions due to myocardial infarction are shown in
Figures 4.2.7 and 4.2.8. There are significant estimates for the pooled estimates only
for PM25 and then only for the older age group, with no evidence for heterogeneity
between the city results (confirmed by the statistical tests).

Figure 4.2.7: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial infarction admissions (15-64 years) associated with a one-
unit increase in particles (average lag 0-1)
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Figure 4.2.8: City specific and meta-analysis relative risks (and 95% confidence
intervals) for myocardial infarction admissions (65+ years) associated with a one-
unit increase in particles (average lag 0-1)
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4.2.1.6 Cardiac failure

The impact of particles on hospital admissions due to cardiac failure for two age
groups (15-64 years, 65 years and greater) for the short term (lag 0-1) are shown in
Figures 4.2.9 and 4.2.10. There are significant estimates for the pooled estimates for
both PM»5 and PMyo only for the older age group, with no evidence for heterogeneity
between the city results (confirmed by the statistical tests).

Figure 4.2.9: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (15-64 years) associated with a one-unit
increase in particles (average lag 0-1)
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Figure 4.2.10: City specific and meta-analysis relative risks (and 95% confidence
intervals) for cardiac failure admissions (65+ years) associated with a one-unit

increase in particles (average lag 0-1)

24-hour PM>5 24-hour PMip
LB - L0 _

L0181
L0151 LOOS

1014 |
LO12 L8
L0101 S L0044 1
10081 T
LOOG | g L002|

041
ot L000 J

&

Relative risk
Relative risk

LOOG 0.9981

0.9081 1 4
0996 : . . : 0996

L0021 1
T .

& ¢ 5 5 & & A
'-\‘7\9 \*‘é{\ Qa& c-.“‘*f\& 19'3'\: & 4 s> \*9‘;\ Qf & && &
<+ + - @/" ¥ i Cﬂ‘{e .g\ i /

Q=T34 p—valie= 0054, |—esquared= 5567 | Q=39, p—vale= 0570, I—squared = (.07

Volume 2 (88)



4.2.1.7 Arrhythmia

The associations with hospital admissions due to arrhythmia are shown in Figures
4211 and 4.2.12. There are no significant associations.

Figure 4.2.11: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (15-64 years) associated with a one-unit
increase in particles (average lag 0-1)
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Figure 4.2.12: City specific and meta-analysis relative risks (and 95% confidence
intervals) for arrhythmia admissions (65+ years) associated with a one-unit
increase in particles (average lag 0-1)
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4.2.1.8 Seasonal differences

Separate analyses were carried out for the warm (November-April) and cool (May-
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). A complete set of individual
city seasonal results for cardiovascular admissions is shown in Volume 3: Appendix
A3.4, Tables WC.1 to WC.14. A complete set of meta-analysis results and results
from the leave-one-city-out analysis for cardiovascular admissions are shown in

Volume 3: Appendix A3.5, Tables WCL.1 to WCL.14.
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Table 4.2.1 shows the significant meta-analysis results for cool and warm periods,
and there are clearly significant cool period associations (especially for PM»5), and
often evidence for heterogeneity in the results. This heterogeneity is arising because
the Brisbane results are often showing a significant warm period association only.

Table 4.2.1: Significant seasonal increases in cardiovascular admissions associated
with an IQR increase in particles (average lag 0-1) (case-crossover meta-analysis)

Admissions (age group) 24-hour PM;5 24-hour PMyp
Inc 95%CI 12 Inc 95%CI 12
Cardiac (65+ yrs) cool 2.3 0.6, 4.0 81.5* 1.6 -03, 34 71.7%
warm 1.9 04, 43 71.8* 11 -1.1, 34 64.3*
IHD (65+ yrs) cool 1.8 04, 32 40.7 0.8 -14, 3.0 58.5
warm 1.7 06, 4.2 47.3 0.5 -1.9, 3.0 423
Cardiac failure (65+ yrs) cool 4.0 1.0, 7.0 78.3* 45 18, 7.2 47.6
warm 22 -03, 47 0.0 0.3 23, 3.0 0.0
Myocardial infarction (65+ yrs) cool 2.3 0.6, 41 0.0 0.1 25, 28 25.4
warm |22 -0.7, 52 0.0 0.5 25, 37 0.0
Total cardiovascular (65+ yrs) cool 1.8 03, 34 83.6% 1.2 -03, 27 69.0*
warm 15 -1.7, 4.8 86.7% -0.2 -2.3, 20 72.7*%

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

4.2.2 Hospital admissions due to respiratory disease
The respiratory disease groups considered included (see Table 1.2 for the ICD codes):

* total respiratory disease

* asthma

» chronic obstructive pulmonary disease (COPD)
* pneumonia and acute bronchitis.

The hospital admissions analyses were stratified by age groups as appropriate for the
diseases:

* children age groups
- less than one year of age
- 1-4 years
- 5-14 years

* 15-64 years

= greater or equal to 65 years.

The following sections present the associations between these health outcomes and
short-term (lag 0-1) ambient concentrations of average 24-hour PM,5 and PMj.
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4.2.2.1 Total respiratory disease

The associations with hospital admissions for all respiratory disease for all age
groups are shown in Figures 4.2.13 to 4.2.17. These results can be summarised as

follows:

* there are overall (statistically significant) increases in admissions for children
in the age groups less than 1 year, and 1-4 years, for both PM>5 and PMy,
with no evidence for heterogeneity between results for the cities (as shown by

the statistical tests)

» there are overall (statistically significant) increases in admissions for children
in the age groups 5-14 years for PMi,, with no evidence for heterogeneity

between results for the cities

* there are overall (statistically significant) increases for the adult age groups
(15-64 years, and 65 years and greater) for PM»5, with no evidence for

heterogeneity between results for the cities.

Figure 4.2.13: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (0 years) associated with a one-unit increase

in particles (average lag 0-1)
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Figure 4.2.14: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (1-4 years) associated with a one-unit increase

in particles (average lag 0-1)
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Figure 4.2.15: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (5-14 years) associated with a one-unit
increase in particles (average lag 0-1)
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Figure 4.2.16: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (15-64 years) associated with a one-unit
increase in particles (average lag 0-1)
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Figure 4.2.17: City specific and meta-analysis relative risks (and 95% confidence
intervals) for respiratory admissions (65+ years) associated with a one-unit
increase in particles (average lag 0-1)
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4.2.2.2 Asthma

The associations with hospital admissions for asthma for all age groups except the
youngest (less than 1 year, where it is difficult to diagnose asthma) are shown in
Figures 4.2.18 to 4.2.21. There are significant results found for the pooled estimates
only for PM,s5 and only for the 15-64 years age group, with no evidence for

heterogeneity between results for the cities.

Figure 4.2.18: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (1-4 years) associated with a one-unit increase in

particles (average lag 0-1)
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Figure 4.2.19: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (5-14 years) associated with a one-unit increase in

particles (average lag 0-1)
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Figure 4.2.20: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (15-64 years) associated with a one-unit increase
in particles (average lag 0-1)
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Figure 4.2.21: City specific and meta-analysis relative risks (and 95% confidence
intervals) for asthma admissions (65+ years) associated with a one-unit increase in
particles (average lag 0-1)
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4.2.2.3 Chronic obstructive pulmonary disease (COPD)

The associations with hospital admissions for COPD for adults:15-64 years age
group, and 65 years and greater age group, are shown in Figure 4.2.22 and 4.2.23
(there is little COPD in children). For PM»5 exposure, there were overall increases
for COPD admissions for the 65 years and greater age group (statistically significant).

Figure 4.2.22: City specific and meta-analysis relative risks (and 95% confidence
intervals) for COPD admissions (15-64 years) associated with a one-unit increase

in particles (average lag 0-1)
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Figure 4.2.23: City specific and meta-analysis relative risks (and 95% confidence
intervals) for COPD admissions (65+ years) associated with a one-unit increase in

particles (average lag 0-1)
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4.2.2.4 Pneumonia and acute bronchitis

The associations with hospital admissions for pneumonia and acute bronchitis for all
age groups except the 5-14 years group (events are very few) are shown in Figures
4.2.24 t0 4.2.27. These results can be summarised as follows:

* there are overall (statistically significant) increases in admissions for pre-
school children associated with PMzs, with no evidence for heterogeneity
between results for the cities (as shown by the statistical tests)

* there are overall positive (and statistically significant) increases on hospital
admissions for the elderly (65 years and greater age group) for exposure to
PM,s and PMi, with no evidence for heterogeneity between results for the

cities.

Figure 4.2.24: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (0 years) associated with

a one-unit increase in particles (average lag 0-1)
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Figure 4.2.25: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (1-4 years) associated
with a one-unit increase in particles (average lag 0-1)
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Figure 4.2.26: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (15-64 years) associated
with a one-unit increase in particles (average lag 0-1)
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Figure 4.2.27: City specific and meta-analysis relative risks (and 95% confidence
intervals) for pneumonia and acute bronchitis admissions (65+ years) associated
with a one-unit increase in particles (average lag 0-1)
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4.2.2.5 Seasonal differences

Separate analyses were carried out for the warm (November-April) and cool (May-
October) periods to identify if there are different effects in each period (due to
different emission patterns, atmospheric chemistry). A complete set of individual
city seasonal results for respiratory admissions are shown in Volume 3: Appendix
A3.4, Tables WC.15 to WC.29. A complete set of meta-analysis results and results
from the leave-one-city-out analysis for respiratory admissions are shown in Volume
3: Appendix A3.5, Tables WCL.15 to WCL.29.

Table 4.2.2 shows the meta-analysis results for cool and warm periods. There are
clearly significant cool period associations for PMas for asthma (15-64 years), COPD
(65+ years), pneumonia and acute bronchitis (65+ years), total respiratory (less than 1
year, 1-4 years, 15-64 years (also for PMyo), 65+ years). Also, there are significant
warm period increases for asthma (1-4 years) and total respiratory (1-4 years) (also
for PMyo).
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Table 4.2.2: Significant seasonal increases in respiratory admissions associated
with an IQR increase in particles (average lag 0-1) (case-crossover meta-analysis)

24-hour PMy5 24-hour PMyo
Inc 95%CI 12 Inc 95%ClI 12
Asthma (1-4 yrs) cool 06 -26, 14 0.0 09 36, 56 665

warm |35 00, 71 122 |28 -07, 63 00

Asthma (15-64 yrs) cool 24 07, 41 0.0 1.0 -18 39 309
warm |19 -11, 50 0.0 03 -49, 57 548

COPD (65+ yrs) cool 14 01, 26 00 -01 -18, 16 00
warm |07 -16, 32 0.0 -03 -47, 43 429

Pneumonia + acute bronchitis  cool 22 06, 39 208 |24 -05, 54 526
(65+ yrs) warm |[-04 -29, 23 0.0 -14 42, 14 00

Total respiratory (0 yrs) cool 1.8 02, 34 00 08 -1.0, 27 00
warm (28 -09, 67 00 08 -32, 51 00

Total respiratory (1-4 yrs) cool |11 -01, 23 00 06 -08 21 00
warm |30 08 52 00 |31 02, 60 275

Total respiratory (15-64 yrs) cool |13 03, 22 00 1.5 03, 28 00
warm |-02 -38, 36 695% |00 -27, 28 510

Total respiratory (65+ yrs) cool |14 04, 25 336 |09 -10, 28 631
warm (0.7 -08 23 00 |-02 -20, 16 117

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

4.3 Single city results

There are often differences between the results for the cities so combining the
estimates for all the cities would not be appropriate in all instances, whether in
combining the results for all cities or just combining results for all Australian cities.

Additional significant associations were found with short-term exposure to particles
in different cities for the following categories of mortality:

* respiratory mortality for all ages (PM25 and PMio) and adults aged 75 years
and greater (PMio) in Brisbane

* all cause mortality for both age groups in Brisbane and Sydney (PMio).

Additional significant associations were found with short-term exposure to particles
in some cities for the following categories of hospital admissions:

* arrhythmia in adults aged between 15 and 64 years in Christchurch (PMio)

» cardiovascular disease in adults aged 65 years and greater in Perth (PMio)

* asthma in children aged between 1 and 4 years in Christchurch (PMio)

* asthma in children aged between 5 and 14 years in Sydney (PMz5 and PMio)
* asthma in adults aged between 15 and 64 years in Melbourne (PMio)
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* chronic obstructive pulmonary disease in adults aged between 15 and 64
years in Sydney (PM>s) and Perth (PMas)

* pneumonia and acute bronchitis in children aged between 1 and 4 years in
Sydney (PMio)

* pneumonia and acute bronchitis in adults aged between 15 and 64 years in
Christchurch (PMo)

* all respiratory disease in children aged less than 1 year in Sydney (PMio)

* all respiratory disease in children aged between 5 and 14 years in Sydney
(PM25).

All individual city estimates for short-term associations are shown in Volume 3:
Appendix A3.1.

44 Bushfires

Bushfire information was not generally available for this study. However, it is
possible from published reports for Brisbane to identify days when bushfires were
reported during 1998 to 2001. Comparison between air pollutant levels for these
days and other days are shown in Figure 4.4.1 for bsp, PM25, PMio, NO,, CO and
ozone.

These figures show how bushfires seriously affect the higher records for daily
pollutant readings of PM and bsp. For PMi there is some overlap between results
with and without bushfire, but for bsp and PM:s the highest values are all bushfires,
and some values are extreme. This means the extra effect of bushfires can possibly
be unravelled from the usual pollutant effect for PMio, (because there are high
pollutant days with and without bushfires), but for PMs the highest values are
completely confounded with bushfires.

By contrast, the bushfire events do not necessarily coincide with peak values of NO,,
CO and ozone.
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Figure 4.4.1: Plots of selected Brisbane daily pollutants over time by bushfire
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The effect on the parameter estimates is shown in Tables 4.4.1 to 4.4.3, which show
three different models:

» the first model ignores the effect of bushfires (standard practice thus far);
* the second model includes an interaction between the pollutant and bushfires
* the third model includes a binary indicator term for bushfires.

Model 1 assumes there is a pollutant effect only, and that the extremes on bushfires
days are captured by this effect. Model 2 assumes that the effect of the pollutant is
different on bushfire days. Model 3 assumes an independent bushfire effect.

Table 4.4.1: Estimating the effect of different techniques for dealing with
bushfires using the case-crossover method and total mortality in Brisbane. Cells
show per cent mortality increase (and 95% confidence interval)

1. Ignore 2. Interaction 3. Indicator
Pollutant Pollutant Pollutant Interaction Pollutant Bushfire
1-hour PM;, st 0.4 (-0.0, 0.9) 0.2 (-1.0, 1.5) 0.2 (-1.0,1.4) 0.2 (-0.3,0.7) 8.7 (1.7,16.1)
24-hour PMyst 2.5(0.3,4.7) 1.0 (-2.2,4.2) 1.6 (-1.8,5.2) 1.4 (-1.0,3.8) 8.1(1.1,15.5)
1-hour PMot 1.6 (0.9, 2.3) 1.6 (0.7,2.4) 0.1 (-0.7,1.0) 1.5(0.7,2.2) 3.7 (-2.9,10.7)

110 unit increase

Table 4.4.2: Estimating the effect of different techniques for dealing with
bushfires using the case-crossover method and total respiratory mortality in
Brisbane. Cells show per cent mortality increase (and 95% confidence interval)

1. Ignore 2. Interaction 3. Indicator
Pollutant Pollutant Pollutant Interaction Pollutant Bushfire
1-hour PMzst 1.1 (-0.3,2.5) -1.0 (-4.9,3.1) 22(-1.7,6.2) 04 (-1.2,1.9) 30.9 (7.2, 59.9)
1-hour PMjot 1.8 (-04,4.2) 0.4(-2.3,3.2) 2.4 (-0.3,5.2) 0.6 (-1.9,3.1) 29.8 (5.9, 58.9)

110 unit increase

Table 4.4.3: Estimating the effect of different techniques for dealing with
bushfires using the case-crossover method and total cardiovascular mortality in
Brisbane. Cells show per cent mortality increase (and 95% confidence interval)

1. Ignore 2. Interaction 3. Indicator
Pollutant Pollutant Pollutant Interaction Pollutant Bushfire
1-hour PMast 0.5 (-0.2,1.2) -0.5(-2.3,1.4) 1.0 (-0.8, 2.8) 0.4 (-0.4,1.1) 42 (-5.7,15.1)
1-hour PMot 1.4(0.3,2.4) 1.1(-0.2,2.3) 0.5 (-0.8, 1.8) 1.3(0.2,2.4) 1.5 (-8.1,12.0)

110 unit increase

Using bushfire only (that is, no pollutants) results in an 8.7% increase in total
mortality on bushfire days, 95% CI: 1.7, 16.1%.

There seems to be an independent bushfire effect when considering PM,5 but not

PMyo for all cause mortality and cardiovascular mortality. For any PMio model,
adding an interaction or bushfire indicator does not change the pollutant effect by
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much (when compared to model 1). However, this is not the case for the results for
respiratory mortality. For PMas the pollutant effect decreases in models 2 and 3, and
the independent bushfire effect is, in some cases, very large.

To investigate the effects further an analysis was run with both pollutants and the
bushfire indicator. The results below show the per cent increase in mortality and
95% confidence interval (in brackets), and use 10-unit increase in 1-hour PM:
Bushfire 5.9 (-1.1, 13.4); PM25 -0.2 (-0.8, 0.4); PMio 1.4 (0.5, 2.3).

Figure 4.4.2 shows how non-linear the outcomes will be for PM in Brisbane,
especially for PMas.

Figure 4.4.2: Non-linearity of PM effect on total mortality in Brisbane using GAMs

(without bushfire indicator)
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The horizontal axis of Figure 4.4.2 covers the entire observed range of PM. It is
important to note that most data occur at the lower end of the range (<150 for PMio
and <125 for PM,5) — see the 'rug' plot just above the horizontal axis, which
indicates the density of observations — and this is responsible for the extremely wide
confidence limits in the right-hand part of the plots. The y-axis indexes the log
relative-risks centred on the mean exposure concentration.

Volume 2 (102)



Chapter 5 Ozone

Ozone exposure analysis has been included in this study since it has significant
health effects and is well recognised as an issue for many of the cities included.
However, ozone needs to be treated cautiously in the meta-analysis due to its
complex chemistry and the difficultly of obtaining representative exposure estimates
from the monitoring networks. In contrast to the other pollutants examined, ozone is
not emitted directly, but forms in the atmosphere from emitted precursors (oxides of
nitrogen and hydrocarbons play a major role). These react in the presence of light to
form ozone over a period of several hours. During this time, the peaks of ozone
concentration can move around the city and form in locations well away from the
emissions sources. This process and its complexities are very specific to the city.

Ozone is monitored in all the cities under study here except Christchurch: in
Auckland (with 2 monitors), in Brisbane (7 monitors), Canberra (1 monitor),
Melbourne (8 monitors), Perth (3 monitors) and Sydney (12 monitors). Therefore, the
representativeness of the network in some cities varies. For cities that have an
extensive and well-designed ozone monitoring system, the exposure results are
probably reasonably representative of the target population exposure (Sydney,
Melbourne and Brisbane).

However, for the other cities — particularly Auckland — the ozone network is sparse
and does not represent population exposure very well. Indeed, the Auckland
monitor can show low concentrations at times when ozone levels are high in other
parts of the city — and vice versa. The monitoring network in Auckland (and
possibly Canberra also) gives indicative concentrations rather than fully represent
population exposure. Thus a full meta-analysis of ozone across all of the cities may
be problematical.

The project team reviewed the data supplied by the government agencies in each city
and it was decided to only use the data for some Australian cities — Brisbane,
Melbourne, Perth, and Sydney.

Detailed summaries for ozone data in each city are shown in Volume 3: Appendix 1.
Results were derived for daily maximum 1-hour, 4-hour and 8-hour concentrations
for ozone (maxima derived for daytime period).

Given the most serious impacts of ozone occur during photochemical smog episodes,
usually in summer, we will concentrate on seasonal analyses. It is apparent that the
summer periods are important for cities such as Melbourne and Perth. Brisbane
usually has wet summers and warm dry winters, so seasonal variation in ozone is
not marked there. Sydney ozone patterns will probably have characteristics between
those of Brisbane and Melbourne/ Perth.

Summarised in Table 5.0.1 are all the significant pooled estimates for health impacts
associated with maximum 1-hour, 4-hour and 8-hour ozone concentrations. The
associations for the short-term exposure (an average of the ozone concentration on
the same day as the health effect, and the day before) with morbidity and mortality
health outcomes are presented for Brisbane, Melbourne, Perth and Sydney. As any
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significant associations for ozone are seasonal, with only warm periods contributing,
the methodology adopted here for estimating long-term associations (40 days
previous) cannot be used effectively, so long term estimates for ozone have not been
calculated here.

Table 5.0.1 also shows the results for pooling the estimates for mortality and
morbidity. It was found that there were significant pooled estimates for the
associations between increases in ozone concentrations and increases in:

* total all cause mortality, cardiovascular mortality and respiratory mortality
for all ages for all year, and there is no evidence of heterogeneity between
results for all cities

* total all cause mortality and cardiovascular mortality for all ages for the
warm season, and there is no evidence of heterogeneity between results for
all cities

* cardiovascular mortality for 75+ years age group for the warm season, and
there is no evidence of heterogeneity between results for all cities

» cardiovascular and respiratory mortality for 75+ years age group for all year,
and there is no evidence of heterogeneity between results for all cities

» all respiratory hospital admissions and asthma hospital admissions in the
child age group 1 to 4 years, for the warm period, and there is no evidence of

heterogeneity between results for all cities

» all respiratory admissions in the child age groups, 1 to 4 years for all year,
and there is no evidence of heterogeneity between results for all cities.
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Table 5.0.1: Significant increases in morbidity and mortality (and 95% confidence
intervals) associated with a one-ppb increase in ozone (lags 0-1) for meta-analyses
of the cities: Brisbane, Melbourne, Perth and Sydney

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95% CI 12 Inc 95% CI 12 Inc 95% CI 12
Mortality
Total all cause 75+ warm 0.1 -0.0, 0.2 305 (0.1 -0.0, 03 284 (0.2 -0.0, 03 29.2
all year (0.1 -0.0, 03 70.8* (0.1 -0.0, 03 71.8* (0.1 -0.0, 03 66.9*
Total all cause all ages warm |01 00, 02 00 |01 00, 02 00 (01 00, 02 00
all year [0.1 0.0, 02 60.5 (0.1 0.0, 03 61.0 (0.2 0.0, 03 55.6
Cardiovascular 75+ warm 0.2 0.0, 03 0.0 0.2 0.0, 04 0.0 0.2 0.0, 04 0.0
all year (0.2 0.0, 03 483 10.2 0.0, 04 483 10.3 0.0, 05 44.6
Cardiovascular all ages warm 0.1 -0.0, 0.2 0.0 0.1 -0.0, 03 0.0 0.2 0.0, 04 0.0
all year (0.2 01, 03 0.0 0.2 01, 03 0.0 0.3 01, 04 0.0
Respiratory 75+ allyear (03 00, 05 00 |03 00, 06 00 (03 00, 07 00
Respiratory all ages allyear |02 00, 04 00 (02 -00, 05 00 |03 -00, 06 0.0
Admissions
Respiratory-all 1-4 warm 04 0.2, 05 0.0 0.5 03, 0.6 0.0 0.6 04, 0.8 0.0
all year (0.2 0.0, 03 182 (0.2 0.0, 04 33.6 (0.2 -0.0, 05 53.3
Asthma 14 warm  |0.5 03, 0.7 0.0 0.6 0.3, 08 0.0 0.6 0.3, 09 0.0

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level
5.1 Correlation between ozone and other pollutants

Correlation between ozone and other pollutants is discussed earlier in this report,
while Table 1.13 shows how ozone concentrations are correlated with those for other
pollutants and weather variables.

It is notable that the results for particles, NO> and ozone are similar for respiratory
hospital admissions for children. An examination of the particle and NO:
associations in the cool and warm periods did sometimes show significant
differences between the two periods, with results often higher and significant for the
warm period.

5.2 Mortality

Table 5.0.1 shows the results for all the meta-analyses. The associations for all cause
(total) mortality outcomes for the short term (average of same day as, and day before
death) are shown in Tables 5.2.1 to 5.2.6 for deaths due to cardiovascular disease,
deaths due to respiratory disease, and for total deaths (non-accidental, all causes) for
each of the cities (Brisbane, Melbourne, Perth, Sydney). The results are presented
separately for the warm and cool periods. The statistical tests show there is no
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evidence for heterogeneity between the cities for outcomes for which there were
significant pooled estimates. (See Volume 3, Appendix A3.5, A3.6 for complete results.)

It might be expected that some pollutant effects may be different in different seasons.
For example, ozone peaks during the summer smog episodes in general (although
Brisbane may also have winter smog events). These warm and cool period results
are shown in Tables 5.2.

Table 5.2.1: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in total mortality (75+ years) associated with a one-ppb
increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.1 -0.3, 0.5 0.1 -0.3, 0.5 0.1 -0.4, 0.6
warm 0.2 -0.1, 0.4 0.2 -0.1, 0.5 0.3 -0.1, 0.6
Melbourne cool -0.4 -0.8, 0.0 -04 -0.7, 0.0 -0.2 -0.6, 0.1
warm -0.0 -0.2, 0.2 0.0 -0.2, 0.2 0.0 0.2, 0.3
Perth cool -0.1 -0.7, 0.5 -0.2 -0.9, 0.5 -0.2 -0.9, 0.4
warm -0.0 -0.3, 0.2 -0.1 -0.5, 0.3 -0.1 -0.6, 0.3
Sydney cool 0.1 -0.1, 0.4 0.1 -0.2, 04 0.1 -0.2, 0.4
warm 0.2 0.1, 0.3 0.2 0.1, 0.4 0.3 0.1, 0.5
Overall cool -0.0 -0.3, 0.2 -0.1 -0.3, 0.2 -0.0 -0.2, 0.2
warm 0.1 -0.0, 0.2 0.1 -0.0, 0.3 0.2 -0.0, 0.3
I-squared (%)  cool 43.1 - - 32.3 - - 0.0 - -
warm 30.5 - - 28.4 - - 29.2 - -

Table 5.2.2: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in total mortality (all ages) associated with a one-ppb
increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%ClI Inc 95%ClI Inc 95%Cl
Brisbane cool 0.2 -0.1, 0.5 0.2 -0.1, 0.6 0.2 -0.2, 0.7
warm 0.2 -0.0, 0.3 0.2 -0.0, 0.4 0.2 -0.0, 0.5
Melbourne cool -0.1 -0.4, 0.2 -0.1 -0.4, 0.2 -0.1 -0.4, 0.3
warm -0.0 -0.2, 0.2 0.0 -0.2, 0.2 0.0 -0.2, 0.2
Perth cool -0.0 -0.5, 0.5 -0.0 -0.6, 0.5 -0.0 -0.6, 0.5
warm 0.1 -0.2, 0.3 0.0 -0.2, 0.3 0.0 -0.3, 0.4
Sydney cool 0.1 -0.1, 0.3 0.1 -0.1, 0.3 0.0 -0.2, 0.3
warm 0.1 0.0, 0.2 0.1 0.0, 0.3 0.2 0.0, 0.3
Overall cool 0.1 -0.1, 0.2 0.1 -0.1, 0.2 0.0 -0.1, 0.2
warm 0.1 0.0, 0.2 0.1 0.0, 0.2 0.1 0.0, 0.2
I-squared (%)  cool 0.0 - - 0.0 - - 0.0 - -
warm 0.0 - - 0.0 - - 0.0 - -
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Table 5.2.3: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in respiratory mortality (75+ years) associated with a one-
ppb increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%ClI Inc 95%CI Inc 95%CI
Brisbane cool -0.2 -14, 1.0 -0.3 -1.7, 1.1 -04 2.0, 1.3
warm 0.8 -0.0, 1.6 0.9 -0.0, 1.9 1.3 0.1, 25
Melbourne cool 0.3 -0.9, 1.6 0.2 -1.0, 1.4 0.0 -1.2, 1.2
warm -0.2 -0.8, 0.5 -0.2 -0.9, 0.6 -0.2 -1.1, 0.8
Perth cool -0.3 -2.2, 1.6 -0.5 -2.5, 1.6 -0.7 2.7, 14
warm 0.7 04, 1.7 0.8 -0.5, 2.0 1.0 -0.5, 2.6
Sydney cool 0.6 -0.2, 1.3 0.6 -0.2, 14 0.6 -0.2, 15
warm 0.1 04, 0.5 0.1 -0.5, 0.7 0.1 -0.6, 0.8
Overall cool 0.3 -0.2, 0.9 0.3 -0.3, 0.8 0.2 -0.4, 0.8
warm 0.2 -0.2, 0.6 0.3 -0.2, 0.7 04 -0.2, 1.0
I-squared (%)  cool 0.0 - - 0.0 - - 0.0 - -
warm 28.7 - - 224 - - 36.3 - -

Table 5.2.4: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in respiratory mortality (all ages) associated with a one-ppb
increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.1 -0.9, 1.1 0.0 -1.1, 1.2 0.0 -14, 1.4
warm 0.3 -0.4, 1.0 0.3 -0.5, 1.1 0.5 -0.5, 15
Melbourne cool 0.3 -0.7, 14 0.2 -0.8, 1.2 0.1 -0.9, 1.2
warm -0.2 -0.8, 0.4 -0.2 -0.9, 0.4 -0.2 -1.0, 0.5
Perth cool -04 -2.0, 1.3 -0.6 -2.3, 1.1 -0.8 -2.6, 1.0
warm 0.2 -0.6, 1.1 0.3 -0.7, 14 0.4 -0.9, 1.7
Sydney cool 0.7 0.0, 1.3 0.7 -0.0, 1.3 0.7 -0.0, 14
warm 0.1 -0.3, 0.5 0.1 -0.4, 0.6 0.1 -0.5, 0.7
Overall cool 0.4 -0.1, 0.9 0.3 -0.1, 0.8 0.3 -0.2, 0.8
warm 0.1 -0.2, 0.3 0.1 -0.3, 0.4 0.1 -0.3, 0.5
I-squared (%)  cool 0.0 - - 0.0 - - 0.0 - -
warm 0.0 - - 0.0 - - 0.0 - -

Table 5.2.5: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in cardiovascular mortality (75+ years) associated with a one-
ppb increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.2 -0.3, 0.7 0.2 -04, 0.8 0.2 -0.5, 0.9
warm 0.0 -0.3, 0.3 0.0 -0.4, 04 0.1 -0.4, 0.6
Melbourne cool 04 -0.9, 0.2 -0.3 -0.9, 0.2 -0.2 -0.8, 0.3
warm 0.2 -0.1, 0.5 0.2 -0.1, 0.6 0.3 -0.1, 0.7
Perth cool -0.2 -1.1, 0.7 -0.2 -1.2, 0.8 -0.2 -1.1, 0.8
warm -0.1 -0.5, 04 -0.1 -0.6, 04 -0.2 -0.8, 0.5
Sydney cool 0.3 -0.0, 0.7 0.3 -0.1, 0.7 0.3 -0.2, 0.7
warm 0.2 0.0, 04 0.3 0.0, 0.5 0.3 0.0, 0.6
Overall cool 0.1 -0.2, 04 0.1 -0.2, 04 0.1 -0.2, 0.4
warm 0.2 0.0, 0.3 0.2 0.0, 04 0.2 0.0, 04
I-squared (%)  cool 34.3 - - 23.3 - - 0.0 - -
warm 0.0 - - 0.0 - - 0.0 - -
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Table 5.2.6: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in cardiovascular mortality (all ages) associated with a one-
ppb increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.1 -04, 0.5 0.0 -0.5, 0.6 0.1 -0.6, 0.7
warm -0.0 -0.3, 0.3 0.0 -0.3, 0.4 0.1 -0.4, 0.5
Melbourne cool -0.2 -0.7, 0.2 -0.2 -0.7, 0.3 -0.1 -0.6, 0.4
warm 0.2 -0.1, 0.4 0.2 -0.1, 0.5 0.3 -0.1, 0.6
Perth cool -0.0 -0.8, 0.8 0.1 -0.8, 0.9 0.2 -0.6, 1.1
warm 0.1 -0.3, 0.5 0.1 -0.3, 0.6 0.1 -0.5, 0.7
Sydney cool 0.2 -0.1, 0.5 0.2 -0.1, 0.5 0.2 -0.2, 0.5
warm 0.2 -0.0, 0.3 0.2 -0.0, 0.4 0.2 -0.0, 0.5
Overall cool 0.1 -0.1, 0.3 0.1 -0.2, 0.3 0.1 -0.2, 0.3
warm 0.1 -0.0, 0.2 0.1 -0.0, 0.3 0.2 0.0, 0.4
I-squared (%)  cool 0.0 - - 0.0 - - 0.0 - -
warm 0.0 - - 0.0 - - 0.0 - -
5.3 Hospital admissions

5.3.1 Cardiovascular disease

The health outcomes are as described earlier in this report. However, there were few
significant associations found between cardiovascular hospital admissions and ozone
in any single city results. There are no significant meta-analysis results.

5.3.2 Hospital admissions due to respiratory disease
The health outcomes are as described earlier in this report.

Tables 5.3.1 and 5.3.2 show that, in pooling the estimates for all four Australian cities,
there are significant increases in all respiratory and asthma admissions for the 1-4
years age group during the warm period, with no evidence for heterogeneity
between the cities. There are similar estimates for each ozone averaging period
used.

Table 5.3.1: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in respiratory admissions (1-4 years) associated with a one-
unit increase in ozone (average lag 0-1)

1-hour ozone 4-hour ozone 8-hour ozone
Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.2 -04, 0.8 0.3 -0.3, 1.0 0.5 -0.3, 1.3
warm 04 -0.0, 0.7 0.5 0.0, 0.9 0.6 0.1, 1.2
Melbourne cool -1.2 -1.9, -0.5 -1.2 -1.9, -0.5 -1.1 -1.8, -0.5
warm 0.3 -0.1, 0.7 04 -0.0, 0.9 0.5 -0.0, 1.0
Perth cool -0.3 -1.2, 0.5 -0.5 -1.4, 0.4 -0.5 -1.4, 0.4
warm 0.5 0.0, 1.0 0.6 0.0, 1.2 0.8 0.0, 1.5
Sydney cool -0.1 -0.4, 0.3 -0.1 -0.5, 0.3 -0.2 -0.6, 0.2
warm 0.4 0.2, 0.6 0.4 0.2, 0.7 0.6 0.3, 0.8
Overall cool -0.3 -0.8, 0.2 -0.4 -0.9, 0.2 -0.4 -0.9, 0.2
warm 04 0.2, 0.5 0.5 0.3, 0.6 0.6 04, 0.8
I-squared (%)  cool 707 - - 734 - - 69.7% - -
warm 0.0 - - 0.0 - - 0.0 - -

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 95% level
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Table 5.3.2: City specific and meta-analysis percentage increases (and 95%
confidence intervals) in asthma admissions (1-4 years) associated with a one-unit
increase in ozone (average lag 0-1)

1-hour ozone

4-hour ozone

8-hour ozone

Inc 95%CI Inc 95%CI Inc 95%CI
Brisbane cool 0.6 -0.3, 1.6 0.7 -04, 1.8 0.7 -0.6, 2.1
warm 0.6 0.1, 1.2 0.8 0.1, 14 0.8 -0.0, 17
Melbourne cool -15 -2.6, -04 -1.5 -2.6, 04 -1.3 24, -0.3
warm 0.3 -0.3, 0.8 04 -0.2, 1.0 0.3 -0.5, 1.0
Perth cool -0.0 -1.3, 1.3 -0.2 -1.6, 1.2 -0.2 -1.7, 1.2
warm 0.8 0.0, 1.5 0.9 0.0, 1.8 1.1 -0.0, 2.2
Sydney cool -04 -1.0, 0.2 -0.5 -1.1, 0.2 -0.6 -1.3, 0.2
warm 0.5 0.2, 0.8 0.5 0.2, 0.8 0.6 0.2, 1.0
Overall cool -0.3 -1.2, 0.5 -0.4 -1.3, 0.5 -0.4 -1.2, 0.3
warm 0.5 0.3, 0.7 0.6 0.3, 0.8 0.6 0.3, 0.9
I-squared (%)  cool 64.4* - - 60.9* - - 49.2 - -
warm 0.0 - - 0.0 - - 0.0 - -

* Statistical test shows there is evidence for heterogeneity (differences between cities) at 95% level
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Chapter 6 Summary and discussion of
results

In this chapter, we summarise the results for the study and discuss the interpretation
of such results for policy-makers. The detailed results for each pollutant and city are
given in previous chapters and in Volume 3 of the study report.

6.1 Pooled results for all the cities

The methodology used in this study required monitoring of the pollutant
concentrations on a daily basis, and this only occurred for the air pollutants, NO, and
CO, so it was only for these air pollutants that results could be pooled for all cities
and an overall mean estimate could be calculated. However, results could be
derived for smaller groupings of the cities for particles (as measured by PMas —
Brisbane, Melbourne, Perth, Sydney; as measured by PMiy — these cities and
Christchurch) and ozone (Brisbane, Melbourne, Perth, Sydney).

NO: is one of the air pollutants monitored on a daily basis in all the cities under
study; however, the number of air pollution monitors measuring ambient outdoor air
pollutant concentrations is different in each city. For NO; in Auckland there are 2
monitors, Brisbane 7 monitors, Canberra 1 monitor, Christchurch 1 monitor,
Melbourne 8 monitors, Perth 5 monitors, and Sydney 13 monitors. CO is also one of
the air pollutants monitored on a daily basis in all the cities under study, and the
number of air pollution monitors measuring ambient outdoor air pollutant
concentrations is different in each city. For CO in Auckland there are 3 monitors,
Brisbane 1 monitor, Canberra 1 monitor, Christchurch 2 monitors, Melbourne 3
monitors, Perth 3 monitors and Sydney 4 monitors.

We tested as to whether the results for all cities showed any statistical differences,
that is, whether all cities were showing increases or decreases, and whether these
changes were similar in magnitude, given the statistical uncertainty in the analyses.
If the results were not similar (that is, not homogeneous or heterogeneous), we
needed to examine why that might be the case, as in such instances the pooled
estimate would overestimate or underestimate the associations found.

6.1.1 Association with death counts

The significant meta-analysis results for the case-crossover analysis for mortality are
shown in Table 6.1.1 for all deaths and for the age group 75 years and greater (75+),
and for mortality categories of total all cause, deaths due to cardiovascular disease
and deaths due to respiratory disease. The results refer to associations between
mortality and pollutant concentrations averaged over the same day and the day
before (lags 0 to 1) to the day of the health outcome.

There are significant associations between NO, (1-hour maximum) and all health

outcomes for all cities in the study, and there is no evidence to suggest there is
heterogeneity in the results for the cities.
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For Brisbane, Christchurch, Melbourne, Perth, and Sydney, there are significant
associations between PMjo and all health outcomes for cardiovascular mortality, and
there is no evidence to suggest there is heterogeneity in the results for the cities.

For the four Australian cities (Brisbane, Melbourne, Perth, Sydney) it is clear that
there are significant associations for both PM»s and ozone (warm period) with all
health outcomes, and there is no evidence to suggest there is heterogeneity in the
results for the cities.

Table 6.1.1: Significant per cent changes in total deaths (and 95% confidence
interval) by age group due to air pollutant concentrations averaged over same day

and day before (lags0to 1) *

Total (all ages) 75 + years
Outcome (age group) Increase %* I-squared  Cities Increase %* I-squared
and pollutant (units) (95% CI) %t missing (95% CI) %t
Total all cause
24-hour average PM,5 (ng.m-3) 0.2 (0.1,0.4) 40.8 A,Ca,Ch 03(0.1,0.5) 0.0
Max 1-h average NO; (ppb) 0.2 (0.0, 0.3) 51.5 None 0.2 (0.0, 0.3) 46.5
Max 8-h av. O3 (ppb) 2(warm)1 0.1 (0.0, 0.2) 0 A, Ca, Ch
Cardiovascular mortality
24-hour average PM»;5 (ug.m3) 0.4 (0.2, 0.6) 0.0 A,Ca,Ch 05(02,0.7) 0.0
24-hour average PMjo (ug.m=3) 0.2 (0.0, 0.3) 271 A, Ca 0.2 (0.0,0.4) 274
Max 1-h average NO; (ppb) 0.2 (0.0,0.3) 0.0 None 0.2 (0.0, 0.3) 14.3
Max 8-h av. O3 (ppb)2 (warm)1 0.2 (0.0,0.4) 0.0 A,Ca,Ch 0.2(0.0,04) 0.0
Respiratory mortality
24-hour average PM»;5 (ug.m-3) A,Ca,Ch 0.6(0.0,1.1) 0.0
Max 1-h average NO; (ppb) 0.4 (0.1,0.7) 0.0 None 0.4 (0.1,0.8) 0.0

*Estimates from a random effects meta-analysis of cities shown per unit increase in pollutant

1 I-squared is the percentage of total variation in the estimated increase that is due to heterogeneity between cities
1 Warm period only

2Results similar for 1-h and 4-h ozone (except for cardiovascular)

Cl=confidence interval; ppb=parts per billion: A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M=
Melbourne; P=Perth; S=Sydney

The results for matching pollutants that have significant associations with mortality
outcomes are shown in Tables 6.1.2, 6.1.3 and 6.1.4 for cardiovascular, respiratory
and all cause mortality, respectively.

The results indicate that NO, confounds results for particles (both PMzs and PMyo)
and ozone, increases in mortality associated with increases in NO, cannot be added
to the increases arising from particles or ozone, as they may refer to similar events
and are therefore not additive. It is notable there is no confounding between particle
and ozone associations, nor between PMzs and PMyassociations.
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Table 6.1.2: Multi-pollutant models: statistically significant increases® in deaths
(all ages) for cardiovascular disease, and increases after matching for other
exposures (increase in events and 95% confidence intervals)

Single pollutant Matched exposure Increase 95% CI Cities
%* included
1-hour maximum O3 24-hour average PMio 29 0.9,49 B,M,P,S
24-hour average PM:5 3.5 22,48 B,M,P,S
1-hour maximum NO» 2.0 0.2,3.9 B,M,P,S
Unmatched 2.1 1.1,3.1 B,M,P,S
24-hour average PMio 1-hour maximum NO; 0.5 -1.6,2.5 B,Ch,M, P, S
Unmatched 1.4 0.2,2.6 B,Ch,M,P,S
24-hour average PMa5 24-hour average PMio 3.9 22,57 B,M,P,S
1-hour maximum NO» 0.4 -2.3,3.2 B,M,P,S
1-hour maximum O3 2.1 0.6,3.7 B,M,P,S
Unmatched 1.5 0.7,2.3 B,M,P,S

*Estimates from a random effects meta-analysis of cities shown per IQR increase in pollutant.
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.

Table 6.1.3: Multi-pollutant models: statistically significant increases” in deaths
(75+ years age group) for respiratory disease, and increases after matching for
other exposures (increase in events and 95% confidence intervals)

Single pollutant Matched exposure Increase %*  95% CI Cities included
24-hour average PMz 5 Max 1-h NO, -1.0 43,25 B,M,P,S
Unmatched 2.1 01,42 B,M,P,S

*Estimates from a random effects meta-analysis of cities shown per IQR increase in pollutant.
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.

Table 6.1.4: Multi-pollutant models: statistically significant increases” in deaths
(75+ years) for all cause mortality, and increases after matching for other exposures
(increase in events and 95% confidence intervals)

Single pollutant Matched exposure  Increase 95% CI Cities
%* included
24-hour average PM»; Max 1-h NO», 0.3 23,29 B,M,P,S
Unmatched 1.2 0.5,1.8 B,M,P,S

*Estimates from a random effects meta-analysis of cities shown per IQR increase in pollutant.
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.

The examination for possible ‘harvesting’ effects by including distributed lags for
pollutants up to 40 days prior to the death has found little evidence for such effects
(see Tables 6.1.5 and 6.1.7) when examining the gases CO and NO..

Table 6.1.5: Per cent changes in total deaths (and 95% confidence interval) by age
group over forty-day periods*

Outcome (age group) and 40-day: Lags 0 to 40
pollutant (units)

Change 95% CI 12
Total all cause (all ages)
24-hour average PM; 5 (ug.m) 1.0 (-1.2,3.3) 0.0
24-hour average PMjo (ng.m-=3) -4.0 (-18.4, 10.6) 29.6
24-hour average NO: (ppb) 8.8 (4.6,13.0) 0.0
8-hour average CO (ppm) 9.4 (4.8,14.3) 54.0

* Estimates from a random effects meta-analysis of cities using distributed lag models, shown for an inter-quartile
range increase in pollutant.
Cl=confidence interval, ppb=parts per billion, ppm=parts per million.
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Table 6.1.6: Per cent changes in respiratory deaths (and 95% confidence interval)
by age group over forty-day periods*

Outcome (age group) 40-day: Lags 0 to 40
and pollutant (units)

Change 95% CI 12
Respiratory deaths (all ages)
24-hour average PM»5 (ng.m=3) 9.5 (-13.3,33.7) 80.3
24-hour average PMjg (ng.m=3) -4.0 (-50.3, 45.4) 35.6
24-hour average NO; (ppb) 26.3 (12.2,40.7) 0.0
8-hour average CO (ppm) 27.9 (14.6, 43.0) 244

* Estimates from a random effects meta-analysis of cities using distributed lag models, shown for an inter-quartile
range increase in pollutant.
ClI=confidence interval, ppb=parts per billion, ppm=parts per million.

Table 6.1.7: Per cent changes in cardiovascular deaths (and 95% confidence
interval) by age group over forty-day periods*

Outcome (age group) 40-day: Lags 0 to 40
and pollutant (units)

Change 95% CI 12
Cardiovascular deaths (all ages)
24-hour average PM5 (ug.m-3) -1.1 (-5.6,3.4) 0.0
24-hour average PMyp (ng.m-3) -7.0 (-129,-09) 0.0
24-hour average NO: (ppb) 14.3 (6.9,21.8) 0.0
8-hour average CO (ppm) 9.2 (3.5,15.2) 19.0

* Estimates from a random effects meta-analysis of cities using distributed lag models, shown for an inter-quartile
range increase in pollutant.
Cl=confidence interval, ppb=parts per billion, ppm=parts per million.

6.1.1.1 Summary

In pooling the estimates for all seven cities, we found that increases in concentrations
of NOs are significantly associated with increases in death counts due to all causes,
cardiovascular disease and respiratory disease, often significantly, and there is no
evidence to suggest there is heterogeneity between the results for the cities.

In pooling the estimates for the Australian cities — Brisbane, Melbourne, Perth,
Sydney — we found that increases in particle concentrations (as measured by PMz5)
and ozone concentrations (warm period) are associated with increases in death
counts due to all causes, cardiovascular disease and respiratory disease, and most of
these increases are statistically significant (more for PM,5 than ozone). There is no
evidence to suggest there is heterogeneity in the results between the cities.

When NO:; is matched on particles and with ozone, there is confounding, indicating
that these results may be referring to common air pollution ‘events’, with the
pollutants being surrogates either for another pollutant, or for a pollutant ‘mix’.

Given there is no evidence to suggest there is heterogeneity in the results for the

cities used to derive the significant pooled estimates shown in Table 6.1.1, then these
estimates may be used to estimate the effect of pollution in each of the cities; that is:
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* the significant pooled estimates in Table 6.1.1 for the associations between
increases in maximum 1-hour NO» and increases in total all cause mortality,
cardiovascular mortality and respiratory mortality can be applied to all the
cities — Auckland, Brisbane, Canberra, Christchurch, Melbourne, Perth and
Sydney

* the significant pooled estimates in Table 6.1.1 for the associations between
increases in 24-hour average PMio and increases in cardiovascular mortality
can be applied to the cities Brisbane, Christchurch, Melbourne, Perth and
Sydney

* the significant pooled estimates in Table 6.1.1 for the associations between
increases in 24-hour average PM>;5 and ozone (warm period) and increases in
total all cause mortality, cardiovascular mortality and respiratory mortality,
can be applied to the cities Brisbane, Melbourne, Perth and Sydney.

6.1.2 Associations with hospital admissions

6.1.2.1 Cardiovascular admissions

The changes in daily cardiovascular hospital admissions are shown in Table 6.1.8
(the table also shows the estimated heterogeneity between cities):

* in the elderly (65 years and greater), stroke was the only disease category that
did not show a statistically significant association with a pollutant

* significant associations were found for all pollutants but O3

* the significant associations with arrhythmia were only found in the 15-64
years age group

* the other significant associations found in the 15-64 years group (cardiac and
cardiac failure disease categories) were also found in the elderly group.
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Table 6.1.8: Significant increases (per unit increase in pollutant concentration) in
cardiovascular hospital admissions in adults and the elderly using a meta-analysis
of case-crossover estimates (urban Australia and New Zealand, 1998-2001)

Disease Age Pollutant (units) Increase %1 12 Missing
category group (95% CI) %t cities
(years)
Arrhythmia 15-64 24-h NO; (ppb) 1.0 (0.4, 1.5) 0.0 None
Max 1-h NO; (ppb) 0.4 (0.1, 0.7) 0.0
Max 8-h CO (ppm) 29(0.1,5.7) 5.6 None
Cardiac 65+ 24-h PMy 5 (ug.m?3) 0.5(0.3,0.7) 55.0 A, Ca, Ch
24-h PMyp (ug.m3)  0.1(0.0,0.3) 329 A, Ca
24-h NO; (ppb) 0.6 (0.4, 0.9) 54.1* None
Max 1-h NOz (ppb) 0.3 (0.2, 0.4) 34.0 None
8-hour CO (ppm) 33(15,51) 73.5% None
15-64 24-hour NO; (ppb) 0.4 (0.2,0.7) 0.0 None
Max 8-h CO (ppm) 2.0 (0.6, 3.3) 24.7 None
Cardiac failure 65+ 24-h PM,5(ug.m3)  0.9(0.5,1.4) 58.6 A, Ca, Ch
24-h PMy (ug.m3) 0.4 (0.3, 0.6) 0.0 A, Ca
24-h NO; (ppb) 1.3 (04,2.2) 61.3* None
Max 1-h NO, (ppb) 0.7 (0.4, 1.0) 50.0 None
Max 8-h CO (ppm) 7.0 (4.1, 10.0) 61.6* None
15-64 24-h NOz (ppb) 0.9 (0.0, 1.8) 0.0 None
Max 8-h CO (ppm) 4.9(0.7,9.1) 0.0 None
IHD 65+ 24-h PMys (ng.m3) 0.4 (0.2,0.6) 3.6 A, Ca, Ch
24-h NO; (ppb) 0.5(0.2,0.8) 19.7 None
Max 1-h NO; (ppb) 0.3 (0.2, 0.4) 0.0 None
Max 8-h CO (ppm) 2.7 (1.1, 4.4) 359 None
Myocardial 65+ 24-h PMy 5 (ug.m3) 0.7 (0.3,1.1) 0.0 A, Ca, Ch
infarction 24-h NO; (ppb) 0.8 (0.2, 1.5) 38.2 None
Max 1-h NO; (ppb) 0.4 (0.2,0.7) 19.7 None
Max 8-h CO (ppm) 3.3 (0.9, 5.8) 21.3 None
Total 65+ 24-h PMys (ug.m3) 0.3 (0.1,0.5) 51.9 A, Ca, Ch
cardiovascular 24-h NO; (ppb) 0.6 (0.4, 0.8) 18.4 None
Max 1-h NOz (ppb) 0.3 (0.2, 0.4) 3.5 None
Max 8-h CO (ppm) 2.5 (1.0, 4.0) 69.5* None
15-64 24-h NO; (ppb) 0.3 (0.1, 0.5) 0.0 None
Max 1-h NO; (ppb) 0.1 (0.0, 0.2) 0.0 None
Max 8-h CO 1.3 (03,2.4) 6.6 None

1 Per cent increase in admissions per unit increase in pollutant concentration using the average over the current
and previous day

1 I-squared is the percentage of total variation in the estimated increase that is due to heterogeneity between cities
* Statistical test shows there is evidence for heterogeneity (differences between cities) at 5% level

Cl=confidence interval; A=Auckland; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth

For those pooled estimates where we found evidence for heterogeneity between
cities, we attempted to explain these differences by examining the association
between the city-specific effect estimates and city-specific variables (effect modifiers)
used in the European studies (APHEA?2). The statistically significant effect modifiers
found are shown in Table 6.1.9.

The APHEA2 project used the parameter — number of monitors — as an effect

modifier, and tests on the results for CO using this parameter found evidence (see
Table 6.1.9) to suggest there were differences in associations between cities that could

Volume 2 (115)



be linked to the different number of monitors used in each city (the city with the
highest number of monitors, Sydney, shows the highest effect and is different to the
other cities). This effect modification due to the number of monitors can be
interpreted using the regression dilution concept (MacMahon 1990). In regression
dilution a true association appears stronger when the exposure is measured with
greater accuracy. It would be expected that, as the number of monitors increases, the
exposure estimate based on the number of monitors used should improve. It is
always a concern that the average exposure estimated in cities with a small number
of monitors may lead to spurious results. It is reassuring that the increases for the
city with the largest number of monitors (Sydney) is so notably the largest which,
following MacMahon (1990), may well reinforce the conclusion that this is a true
association.

The effect of 24-hour PM>s showed a city-level association with rainfall for
arrhythmia, and humidity for cardiac admissions. To investigate this modification
further, the case-crossover models in each city with available PM,5 data (Brisbane,
Melbourne, Perth and Sydney) were re-run including an interaction term for 24-hour
PM:5 and rainfall. There was a negative interaction between rainfall and PM>5 in all
four cities, and in Sydney the association was highly statistically significant.

Tests for other different city characteristics, such as proportion of elderly in the city
population, and different average pollution levels, did identify city characteristics
that could explain differences between the results for different cities (see Table 6.1.9).
For cardiac failure, cities with a higher proportion of elderly in the city population
did show significantly higher PM, 5 associations, while for IHD, this occurred in cities
with lower average PM. 5 concentrations.

Table 6.1.9: City-level effect modifiers of the significant associations between
cardiovascular admissions and pollutants in the elderly

Disease Pollutant Effect # cities  p-value Interpretation
category modifier
Cardiac 8-hour CO # CO monitors 7 0.013 Greater association with CO in
cities with more monitors
24-hour PMzs  Humidity 4 0.023 Greater association with PMz5in
cities with less humidity
Cardiac 24-hour PMy5 Barometric 4 0.043 Greater association with PMy in
failure pressure cities with higher pressure
24-hour PM;5 % over 65 4 0.008 Greater association with PM;s5in
cities with an older population
IHD 8-hour CO # CO monitors 7 0.024 Greater association with CO in
cities with more monitors
24-hour PM;5 24-hour PM; 5 4 0.043 Greater association with PMy in
cities with lower average PMa5
levels
Myocardial 8-hour CO Humidity 7 0.026 Greater association with CO in
infarction cities with less humidity

Typical examples of the effects of matching the pollutants with significant
associations are shown in Tables 6.1.10 and 6.1.11.
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The results indicate that inclusion of CO in the model estimating effects for all the
cities confounds the significant associations for NO: (and the reverse, but not so
much).

The results indicate the inclusion of NO; in the model estimating effects for the cities
— Brisbane, Melbourne, Perth and Sydney — confounds the significant associations
for PM35, while the inclusion of CO also reduces the PM, 5 estimate, but not as much
as NO..

These results indicate it is highly probable that increases in cardiovascular hospital
admissions due to increases to NO,, CO and particles cannot be added together, as
they may often refer to similar air pollution events.

Table 6.1.10: Multi-pollutant models — statistically significant increases in
cardiovascular hospital admissions in the elderly (65 years or greater) and
increases after matching for other exposures (increase in events and 95%
confidence intervals)

Single pollutant Matched exposure Increase %* (95%  Cities
CI) included

Total cardiovascular

24-hour average NO» 8-hour average CO (max) 0.5 (-0.9, 1.9) All
Unmatched 3 0(21,3.9) All

24-hour average PMa5 24-hour average NO; 2(-1.7,2.2) B,M,P,S
8-h average CO (max) .0 (-0.2, 2 3) B,M,P,S
Unmatched .3 (0.6,2.0) B,M,P,S

8-hour average CO (max)  24-hour average NO, .6 (-0.0, 5 3) All
Unmatched 2(0.9,3.4) All

Cardiac

24-hour average NO» 8-haverage CO (max) .6 (-1.7, 3.0) All
Unmatched 4(1.9,4.9) All

24-hour average PMa5 24-hour average NO» 4 (-1.7,2.5) B,M,P,S
8-haverage CO (max) 2(0.0,24) B,M,P,S
Unmatched 9 (1.0,2.7) B,M,P,S

8-hour average CO (max)  24-hour average NO» 8(0.2,5.4) All
Unmatched 8(1.3,4.4) All

Myocardial infarction

24-h average PM>5 24-h average NO» 5(-1.3,4.4) B,M,P,S
8-h average CO (max) 4 (-0.6,5.4) B,M,P,S
Unmatched 7 (1.3,4.2) B,M,P,S

24-h average NO» 8-hour average CO (max) 9(-21,6.1) All
Unmatched 4 (1.0, 8.0) All

8-h average CO (max) 24-hour average NO» 3 (-4.0,9.1) All
Unmatched 2 9(0.8,4.9) All

* Per cent increase in admissions for an inter-quartile range (IQR) increase in pollutant using the average over the
current and previous day
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.
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Table 6.1.11: Multi-pollutant models — statistically significant increases in
cardiovascular hospital admissions in the 15-64 years age group and increases after
matching for other exposures (increase in events and 95% confidence intervals)

Single pollutant Matched exposure Increase %* Cities
(95% CI) included

Total cardiovascular

24-h average NO» 8-h average CO (max) -0.1 (-1.6,1.4) All
Unmatched 1.7 (0.6, 2.8) All

8-h average CO (max) 24-h average NO; 2.0 (-1.8,5.8) All
Unmatched 1.2(0.3,2.1) All

Cardiac failure

24-h average NO» 8-h average CO (max) 0.0 (-5.4, 5.8) All
Unmatched 4.6 (0.1,9.3) All

8-h average CO (max) 24-h average NO» 2.6 (-7.3,13.2) All
Unmatched 4.2 (0.6,7.8) All

Arrhythmia

24-h average NO» 8-h average CO (max) 3.8(0.3,7.5) All
Unmatched 51(22,81) All

8-h average CO (max) 24-h average NO» 2.5(-1.6,6.7) All
Unmatched 2.5(0.1, 4.9) All

* Per cent increase in admissions for an inter-quartile range (IQR) increase in pollutant using the average over the
current and previous day
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney

Figure 6.1.1 shows the estimated increase in cardiovascular admissions for adults
and the elderly associated with increases in CO concentrations.

Figure 6.1.1: Case-crossover relative risks and 95% confidence intervals by age
group for total cardiovascular admissions and CO (8h max, average lag 0-1)

Cardiovascular admissions 15-64 years Cardiovascular admissions 65+ years
L7 T Ly
L0G
L0

Relative rigk
Relative rigk

}
EE‘:; I [ 1 T { 2 } {
x| ] : | | }

0w i
0961 — . . : . . . 0961 — . . . : : :
SR P - . S e o o> e o & e
& & & & FH F 5 f & & & & FH F 5
& &, & & S & &, & & S
f & & & =2 ¥ o & =2
O . -,X»“'“ © ’ »X»e“
| Q= 64, p—value= 0377, |—squared = 6567 | |q,_m , p—value = DX, [ —squared = 6957 |

Volume 2 (118)



6.1.2.1.1 Summary

In pooling the estimates for all the cities, we found there is no evidence to suggest
there is heterogeneity between the results for the cities for the significant pooled
estimates for the following categories of cardiovascular hospital admissions (so the
pooled estimates can be applied to all the cities used in the analysis):

a)  The associations between increases in NO; (maximum 1-hour) and, for 15-
64 years age group, increases in total cardiovascular and arrhythmia
admissions; for the 65+ years age group, increases in cardiac, cardiac
failure, IHD, MI and total cardiovascular hospital admissions (these
pooled estimates in Table 6.1.8 can be applied to the cities — Auckland,
Brisbane, Canberra, Christchurch, Melbourne, Perth and Sydney).

b)  The associations between increases in NO» (24-hour average) and, for 15-
64 years age group, increases in cardiac, total cardiovascular, cardiac
failure, and arrhythmia admissions; for the 65+ years age group, increases
in IHD, MI and total cardiovascular hospital admissions (these pooled
estimates in Table 6.1.8 can be applied to the cities — Auckland, Brisbane,
Canberra, Christchurch, Melbourne, Perth and Sydney).

c¢) The associations between increases in CO (8-hour maximum) and
increases in arrhythmia admissions for 15-64 years age group and, for the
65+ years age group, increases in IHD and MI hospital admissions (these
pooled estimates in Table 6.1.8 can be applied to the cities — Auckland,
Brisbane, Canberra, Christchurch, Melbourne, Perth and Sydney).

d) The associations between increases in PMio (24-hour average) and, for the
65+ years age group, increases in all cardiac and cardiac failure hospital
admissions (these pooled estimates in Table 6.1.8 can be applied to the
cities — Brisbane, Christchurch, Melbourne, Perth and Sydney).

e) The associations between increases in PM»s (24-hour average) and, for the
65+ years age group, increases in IHD, MI and total cardiovascular
hospital admissions (these pooled estimates in Table 6.1.8 can be applied
to the cities — Brisbane, Melbourne, Perth and Sydney).

In pooling the estimates for the associations between increases in CO in all the cities
and cardiac and total cardiovascular hospital admissions for the 65+ years age group,
we found evidence to suggest there is heterogeneity in the results for the cities, due
to the high associations for Sydney. However, if we accept the regression dilution
concept, then the pooled estimates shown in Table 6.1.8 for associations between
increases in CO and increases in these health outcomes could well be applied to all
the cities — Auckland, Brisbane, Canberra, Christchurch, Melbourne, Perth and
Sydney.
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For the cases where there is evidence of heterogeneity (as shown in Table 6.1.8) we
suggest the following approach:

a)

Associations between increases in CO and increases in cardiac, total
cardiovascular, and cardiac failure hospital admissions for the 65+years age
group be based on the pooled estimates for the set of cities excluding Sydney
(per increase in IQR range of CO) in Tables 3.2.3, 3.2.1, and 3.2.6, respectively,
and could be applied to the cities - Auckland, Brisbane, Canberra,
Christchurch, Melbourne and Perth.

Associations between increases in 24-hour average NO. and increases in
cardiac and cardiac failure hospital admissions for the 65+ years age group be
based on the pooled estimates for the set of cities excluding Christchurch (per
increase in IQR range of NO») in Tables 2.2.3, 2.2.1 and 2.2.6, respectively, and
could be applied to the cities — Auckland, Brisbane, Canberra, Melbourne,
Perth and Sydney.
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6.1.2.2 Respiratory admissions

The changes in daily respiratory hospital admissions associated with increases in air
pollution concentrations are shown in Table 6.1.12. No significant associations
between CO and respiratory admissions were found, and ozone results for only the
warm period are shown.

Table 6.1.12: Significant increases in respiratory hospital admissions using a meta-
analysis of case-crossover estimates (urban Australia and New Zealand, 1998-2001)

Age group  Cities Pollutant (units) Increase %** 12
in years (95% CI) %t
Pneumonia & acute bronchitis
<1 B,M,P,S 24hr PMy5 (ug.m3) 0.4 (0.0,0.9 0
1-4 B,M,P,S 24hr PM,5 (ug.m-3) 0.6 (0.0,1.2) 16.3
65+ B,M,P,S 24hr PM,5 (ug.m-3) 0.5(0.2,0.8) 0.0
B,Ch,M, P, S 24hr PMyo (ug.m=3) 0.2 (0.0,0.4) 0.0
Respiratory admissions
<1 B,M,P,S 24hr PM35 (ug.m-3) 0.6 (0.3, 1.0) 0
1-4 B,M,P,S 24hr PMp5 (ug.m) 0.4 (0.2,0.7) 0
B,Ch, M, P,S 24hr PMjo (nug.m3) 0.2 (0.1,0.4) 0
All Max 1Th NO» (ppb) 0.3 (0.1, 0.5) 46.9
B,M,P,S Max 8-h Os (ppb) (warm)1 0.6 (0.4, 0.8) 0.0
5-14 B,Ch, M, P,S 24hr PMy (ng.m-3) 0.3 (0.0, 0.5) 0.0
All Max 1h NO; (ppb) 0.5(0.2,0.9) 52.0
All 24hr NO: (ppb) 1.1 (0.3,1.9) 54.0*
15-64 B,M,P,S 24hr PMy 5 (ng.m3) 0.3 (0.0, 0.6) 40.7
All Max 1h NO» (ppb) 0.1 (0.0, 0.3) 0.0
65+ B,M,P,S 24hr PMp5 (ug.m3) 0.4 (0.2, 0.6) 0.0
Asthma admissions
1-4 B,M,P,S Max 8-h Os (ppb) (warm)1 0.6 (0.3,0.9) 0.0
5-14 All 24hr NO; (ppb) 1.1(0.0,2.2) 61.9*
15-64 B,M,P,S 24hr PM,5 (ug.m-3) 0.6 (0.2,0.9) 0.0
COPD admissions
65+ years B,M,P,S 24hr PMy 5 (ug.m-3) 0.4 (0.2,0.7) 0.0

* Per cent increase in admissions per unit concentration increase in pollutant using the average over the current
and previous day

1 I-squared is the percentage of total variation in the estimated increase that is due to heterogeneity between cities
* Statistical test shows there is evidence for heterogeneity (differences between cities) at 95% level

1 results significant also for max 1h and max 4h ozone

Cl=confidence interval; A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth;
S=Sydney.

Matched pollutant models were run where significant increases were found with
more than one pollutant. Shown in Tables 6.1.13 and 6.1.14 are results from this
matched analysis for the child (<1, 1-4, 5-14 years) age groups and adult (15-64, 65+
years) age groups, respectively.
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Table 6.1.13: Multi-pollutant models — statistically significant increases in
respiratory hospital admissions in child (< 1, 1-4, 5-14 years) age groups and
increases after matching for other exposures (increase in events and 95%
confidence intervals)

Single pollutant Matched exposure Increase %* Cities included
(95% CI)

Age group 1-4 years

24-hour average PMig 1-hour maximum NO,  -0.0 (-2.1, 2.1) B,Ch,M, P, S
Unmatched 1.7 (0.5, 2.9)

24-h average PM:5 24-hour average PMjp 2.9 (0.2, 5.6) B,M,P,S
1-hour maximum NO,  -1.5(-3.2, 0.2)
1-hour maximum O; 2.0 (-0.6,4.8)
Unmatched 1.7 (0.7,2.7)

1-hour maximum Os 24-hour average PMio 23(-0.7,5.3) B,M,P,S
24-h average PM:s 5.0 (2.7,7.3)
1-hour maximum NO,  -1.1(-3.6, 1.4)
Unmatched 1.9 (0.5, 3.4)

Age group 5-14 years

24-hour average PMio 24-hour average NO» 1.2 (-1.8,4.4) B,Ch,M,P,S
Unmatched 1.9 (0.1, 3.8)

* Per cent increase in admissions for an IQR increase in pollutant using the average over the current and previous

day
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.

Table 6.1.14: Multi-pollutant models - statistically significant increases in
respiratory hospital admissions in adult (15-64, 65+ years) age groups and
increases after matching for other exposures (increase in events and 95%
confidence intervals)

Single pollutant Matched exposure Increase %* Cities included
(95% CI)

Age group 15-64 years

Asthma

24-hour average PM>5 24-hour average NO; 3.2(0.1, 6.3) B,M,P,S
Unmatched 2.2(0.7,3.6)

Total respiratory

24-hour average PM5 1-hour maximum NO, -0.2 (-2.1,1.8) B,M,P,S
Unmatched 1.1(0.0,2.1)

Age group 65+ years

COPD

24-hour average PMa5 24-hour average NO; 1.1 (-0.5,2.7) B,M,P,S
Unmatched 1.6 (0.6, 2.7)

Pneumonia & acute bronchitis

24-hour average PMig 24-hour average NO» 0.6 (-2.1,3.4) B,Ch,M, P, S
Unmatched 1.8 (0.3,3.4)

24-hour average PM;5 24-hour average NO» 2.0 (0.1, 3.9) B,M,P,S
24-hour average PMyo 3.7 (1.0, 6.5)
Unmatched 2.0(0.8,3.2)

Total respiratory

24-hour average PMz 5 24-hour average NO» 1.5(0.1, 2.9) B,M,P,S
Unmatched 1.6 (0.9, 2.3)

* Per cent increase in admissions for an IQR increase in pollutant using the average over the current and previous

day
A=Auckland; B=Brisbane; Ca=Canberra; Ch=Christchurch; M= Melbourne; P=Perth; S=Sydney.

The inclusion of NO; in the models estimating the associations between increases in
respiratory hospital admissions and increases in particles (both PM.s and PMo) and
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ozone, confounds the associations for both particles for all age groups (in both Tables
6.1.13 and 6.1.14) and ozone for children in the 5-14 years age group (in Table 6.1.13).
Sometimes this confounding is a small reduction (see Table 6.1.14 for pneumonia and

acute bronchitis), but it can be large (see results for age group 1-4 years in Table
6.1.13).

The results where ozone and particles (both PMz5 and PMio) are matched show little
confounding (Table 6.1.13). There is also little confounding between PM.5 and PMio
(see Tables 6.1.13 and 6.1.14).

The contrasting increases between cities are apparent in Figure 6.1.2, which shows

three of the significant meta-analysis increases for respiratory admissions (age
groups 0, 1-4 and 5-14 years).

Figure 6.1.2: Selected statistically significant increases in hospital respiratory
admissions in children, city-specific and meta-analysis estimates by age group:

a) Age group <12 months; 24-hour average PM:s (average lag 0-1)

Increase in admizsions (%)

b) Age group 1-4 years; 1-hour average NO; (average lag 0-1)
15

0

Increase in admissions (%)
|
o (=] o
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c) Age group 5-14 years; 1-hour average NO: (average lag 0-1)
n

15

0

o

Incresse in admissions (%)

The significant effects of pollutants were stratified by cool and warm seasons (Table
6.1.15), but only for child age groups where significant ozone associations were
identified. Clearly, the ozone significant associations occur in the warm period.
There is some evidence, shown in the results in Table 6.1.15, to indicate that there are
distinct warm period associations for particles and NO: but it is not as obvious as for
the ozone associations.

Table 6.1.15: Increases in hospital admissions in children stratified by cool and
warm seasons using a meta-analysis of case-crossover estimates (urban Australia

and New Zealand, 1998-2001)

Cool* Warm*
Age group  Pollutant (units) Increasef I-squaredf Increaset I-squaredi
in years (95% CI) % (95% CI) %
Pneumonia & acute bronchitis
<1 24hr PM; 5 (ug.m) 1.1 (-0.7, 3.0) 0 22(-3.1,7.8) 0
1-4 24hr PMz;5 (ug.m3) 2.0 (-0.4,4.5) 7.1 3.3 (-6.1,13.6) 58.4
Respiratory admissions
<1 24hr PMy5 (ug.m3) 1 8(0.2,3.4) 0 8 (-0.9,6.7) 0
1-4 24hr PM3 5 (ng.m=3) 1(-0.1,2.3) 0 .0(0.8,5.2) 0
1-4 24hr PMyo (ng.m-3) O 6 (-0.8,2.1) 0 .1 (0.2, 6.0 27.5
1-4 Thr NO; (ppb) 2.7 (0.7, 4.8) 0 4 (-1.6, 8.6) 68.3
1-4 1 hr O3 (ppb) -2.9(-7.8,2.3) 70.7 8(23,54) 0
1-4 4 hr O (ppb) -3.2 (-8.2,2.0) 73.4 3(2.7,6.1) 0
1-4 8 hr O3 (ppb) -3.1 (-8.0,2.0) 69.7 3(3.3,7.3) 0
5-14 24hr PMyo (ng.m=3) 2.1(-0.2,4.6) 0 9(-24,6.4) 51.1
5-14 1hr NO: (ppb) 5.7 (-1.9, 14.0) 73.7 .6 (4.0,13.3) 39.8
5-14 24hr NO; (ppb) 6.0 (-0.7,13.0) 66.0 .6(3.3,16.3) 37.6
Asthma admissions
1-4 1 hr O3 (ppb) -3.1(-10.9, 5.3) 64.4 0(28,7.2) 0
1-4 4 hr Os (ppb) -3.6 (-10.9,4.2) 60.9 3(29,7.8) 0
1-4 8 hr O3 (ppb) -3.8 (-10.0, 2.9) 49.2 5(2.7,8.5) 0
5-14 24hr NO; (ppb) 7.0 (-24,17.3) 66.8 0.2 (2.6,18.4) 49.2

* cool=May to October, warm=November to April
1 Per cent increase in admissions for an IQR increase in pollutant using the average over the current and previous

day

tI-squared is the percentage of total variation in the estimated increase that is due to heterogeneity between cities
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The only significant effect modification found was that cities with higher average
temperatures had greater increases in hospital respiratory admissions in the 1-4 year

age group.

6.1.2.2.1 Summary

In pooling the estimates for all the cities we found there is no evidence to suggest
there is heterogeneity in the results for the cities for the significant pooled estimates
for the following categories of respiratory hospital admissions (so the pooled
estimates can be applied to all the cities used in the analysis):

a) The associations between increases in NO» (maximum 1-hour) and for the age
groups — 1 to 4 years, 5 to 14 years and 15 to 64 years — increases in total
respiratory admissions (these pooled estimates in Table 6.1.12 can be applied
to the cities — Auckland, Brisbane, Canberra, Christchurch, Melbourne, Perth
and Sydney).

b) The associations between increases in PM»s (24-hour average) and increases
in total respiratory hospital admissions for the age groups — less than 1 year,
1 to 4 years, 15 to 64 years, and 65+ years; for increases in pneumonia and
acute bronchitis hospital admissions for age groups — less than 1 year, 1 to 4
years, and 65+ years; for increases in asthma hospital admissions for the 15 to
64 years age group; and for increases in COPD hospital admissions in the 65+
years age group (these pooled estimates in Table 6.1.12 can be applied to the
cities — Brisbane, Melbourne, Perth and Sydney).

c) The associations between increases in PMio (24-hour average) and increases in
total respiratory hospital admissions for the age groups 1 to 4 years and 5 to
14 years, and for increases in pneumonia and acute bronchitis hospital
admissions for the 65+ years age group (these pooled estimates in Table 6.1.12
can be applied to the cities -Brisbane, Christchurch, Melbourne, Perth and
Sydney).

d) The associations between increases in ozone (warm period) and increases in
total respiratory hospital admissions and asthma hospital admissions for the
1 to 4 years age group (these pooled estimates in Table 6.1.12 can be applied
to the cities — Brisbane, Melbourne, Perth and Sydney).

There is evidence of heterogeneity in the associations between increases in NO; (24-
hour average) and respiratory hospital admissions for the 5 to 14 years age group,
which does not occur for the Australian cities or when Auckland results are
removed.

There is also evidence of heterogeneity in the associations between increases in NO»

(24-hour average) and asthma hospital admissions for the 5 to 14 years age group,
but it is not clear how this might be removed.
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6.1.3 Comparisons with other multi-city and meta-analysis studies

The meta-analysis studies overseas for mortality have been for the US (NMMAPS:
Samet et al. 2000, 2003; Dominici et al. 2006) and European (APHEAZ2: Katsouyanni et
al. 2001, 2003). These results are compared with those found here in Table 6.1.16 for
PMio. Recently, three separate meta-analyses were carried out for ozone and
mortality (Bell et al. 2005; Ito et al. 2005; Levy et al. 2005), and these results are also
compared with those here (see Table 6.1.16).

Effect sizes for PM1o and ozone on all cause mortality found in the present study are
larger than those observed in both Europe and the US. Possible explanations for
these findings are considered under the usual epidemiological headings.

Chance: The overseas studies are large, providing estimates with narrow confidence
intervals. We have pointed out that the confidence intervals of the EPHC estimates
are much wider, and it is this imprecision that needs to be considered. If we assume
that the overseas estimate of 0.6/0.7% for the increase in total mortality per 10pug/m3
of PMyy is sufficiently precise as to be able to neglect the measurement error, we see
that this lies within the 95% confidence interval of (-0.5%, 3.7%) for the EPHC study
(the point estimate being 1.6%), albeit towards the lower end (Table 6.1.16). Thus,
the EPHC study cannot exclude a 'true' estimate of 1.6%, according to the usual
interpretation of confidence intervals. Thus, the PMjo findings could be explained
by the imprecision in the EPHC estimate. Similar considerations would apply to
hospital admissions (Table 6.1.17). Allowing for imprecision in the international
estimates reinforces this.

Similarly, the 95% confidence interval for the EPHC estimate of the ozone effect on
all cause mortality is (0.0, 2.1), with a point estimate of 1.1%. This also overlaps the
international estimates of 0.35%, 0.39% and 0.41%, and suggests the difference
between the EPHC and overseas findings may be attributable to chance.

Despite the above observations, it is of some concern that the differences observed
between EPHC estimates and those found overseas all favour a greater effect in the
Australasian data. This leads to consideration of possible biases.

Bias: It appears unlikely that methodological approaches could be a source of bias.
The EPHC study has closely followed the statistical techniques adopted by
international studies, and the close collaboration with Professor Joel Schwartz, as
well as the advice and access to programs used by other groups, has assured this. In
addition, we find similar results within the EPHC study for different approaches,
which, in any case, have been found to be robust. We also see consistent results
between EPH and the earlier Australian SPIRT Study (Tables 6.1.20, 6.1.21).

Measurement error can act to produce different observed estimates of effects.
Measurement error is the difference between the exposure as used in the analysis
and the actual exposure distribution in the population. Observed effect estimates
are attenuated if measurement error occurs and the amount of attenuation increases
with increasing error. If exposure in Australasian populations were somewhat more
homogeneous, and monitors carefully chosen to reflect usual exposure, then perhaps
the observed exposures may be better measures of actual exposure. This would
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apply if the population spent greater periods outdoors, where air pollution is
measured. Further comparison of monitoring procedures in both international and
the EPHC studies may be useful.

An additional consideration relates to dose response. If a plateau effect occurs,
effects are greater at lower doses than higher doses. This would be consistent with
the observation of lower concentrations of air pollutants in Australasian cities and
the observation of larger effects. Further analyses of the shape of dose-response
curves may elucidate this, but it may also be the case that the range of exposures is
not sufficient.

Confounding and effect modification: We have observed some evidence of inter-city
variability which may be attributed to different behavioural or other environmental
factors. These same factors may contribute to differences between Australasian and
overseas cities. Limited data are available to the present study to explore this.

Table 6.1.16: Comparison of EPHC results to results from overseas meta-analyses
for short-term increases in total mortality (all ages) associated with a 10-unit
increase in PMjo (ug.m-3) and ozone (ppb)

Pollutant  Units Studies Age group Increase %  95% CI
PMjo Per 10 pg.m?3 EPHC All ages 1.6 (-0.5,3.7)
APHEA2 a " 0.6 (0.4,0.8)
Schwartz 10 US cities b * 0.7 (0.5,0.8)
Ozone Per 10 ppb EPHC All ages 1.1 (0.0,2.1)
Per 10 ppb Bell et al. (2005) 0.35 (0.22,0.47)
Ito et al. (2005) 0.39 (0.26, 0.51)
Per 10 pg.m3  Levy et al. (2005) 0.21* (0.16, 0.26)

@ 29 European cities, average lags 0-1

b 10 US cities with daily monitoring for PMio

" Revised analyses - GAM with LOESS and stricter convergence criteria; HEI 2003
* equivalent to 0.41% increase per 10 ppb (Levy et al. 2005)

The other major multi-city studies overseas for hospital admissions have been for US
(NMMAPS) and European (APHEAZ?2) cities (HEI 2003; Le Tertre et al. 2002; Atkinson
et al. 2001). Most of these studies have published their results as increases in deaths
or hospital counts for each 10 pg.m=increase in PMio. The results comparing EPHC
and APHEA2 results are summarised in Table 6.1.17. The results here are showing
estimates for increases in cardiovascular and respiratory hospital admissions with
increases in PMjo. Again, confidence intervals for the EPHC estimates include those
for APHEA?2, despite the difference in point estimates, suggesting imprecision of the
EPHC estimates may be the explanation for this difference. However, for cardiac
admissions in the elderly, both EPHC and APHEA2 estimates are positive and
significant, and there is no evidence to suggest that there is any difference between
the results for this EPHC study and the APHEA2 studies.

Volume 2 (127)



Table 6.1.17: Comparison of EPHC results to results from overseas meta-analyses
for hospital admissions. Increases in health outcomes for a 10 ug.m- increase in
PMiygresults are shown for the average of lags 0 and 1 unless indicated

Outcome  Studies Age group Increase %  95% CI
CVD Cardiac EPHC 65+ 14 (0.2,2.6)
admissions APHEA2 a " 65+ 0.7 (0.4, 0.9)
IHD EPHC 65+ 0.6 (-0.9,2.0)
APHEA2a " 65+ 0.7 (03,1.2)
Respiratory Asthma EPHC 15-64 14 (-1.2,4.1)
admissions APHEA2 a” 15-64 1.0 (0.3,1.8)
Allresp.  EPHC 65+ 1.1 (-0.7, 3.0)
APHEA2a " 65+ 1.0 (0.7,1.3)

a 8 European cities - Le Tertre et al. 2002, Atkinson et al. 2001

" Revised analyses - GAM with LOESS and stricter convergence criteria; HEI 2003

In Table 6.1.18 we compare the case crossover results with the GAM models (also
discussed in Volume 1: Project description and methods used). Given the estimates and
the confidence intervals, there is no evidence to suggest that there is any difference
between the results using the different methods.

Table 6.1.18: Comparison of case-crossover and GAM results for EPHC study for a
one-unit increase in pollutant associated with selected health outcomes (average of

lags 0 and 1)
Outcome Pollutant Analysis Increase %
(95% CI)
Cardiac admissions (65+ years) 24-hour PMyo (ug.m3)  EPHC (case-crossover) 0.1 (0.0, 0.3)
EPHC (GAM) 0.1 (0.0,0.2)
IHD admissions (65+ years) 24-hour PMyg (ug.m3)  EPHC (case-crossover) 0.1(-0.1,0.2)
EPHC (GAM) 0.1(-0.1,0.3)
Respiratory mortality (all ages) 24-hour PMyo (ug.m3)  EPHC (case-crossover) 0.1 (-0.6, 0.8)
EPHC (GAM) 0.2 (-0.0,0.4)
Cardiovascular mortality (all ages)  24-hour PMyo (ug.m3)  EPHC (case-crossover) 0.2 (0.0, 0.3)
EPHC (GAM) 0.2 (-0.5,0.9)
Respiratory mortality (all ages) 8-hour Os (ppb) EPHC (case-crossover) 0.3 (-0.0, 0.6)
EPHC (GAM) 0.2 (-0.0, 0.5)
Cardiovascular mortality (all ages)  8-hour Os (ppb) EPHC (case-crossover) 0.3 (0.1, 0.4)
EPHC (GAM) 0.1 (-0.0, 0.3)
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6.1.4 Comparison between SPIRT and EPHC results

The results for the previous multi-city study for Brisbane, Melbourne, Perth and
Sydney (SPIRT study) for 1996 to 1999 (the SPIRT study) are compared with those
here (the EPHC study) in Tables 6.1.19, 6.1.20, and 6.1.21 for NO,, fine particles (as
measured by bsp), and ozone, respectively, for (0-1) averages (Simpson et al. 2001;
2005a; 2005b). It was noted from the selected estimates in Table 6.1.18 and in Volume
1: Project description and methods used, that there is reasonable agreement between the
results arising from case-crossover and GAM models; therefore, any differences
between our results here and the SPIRT results may not be due to different
modelling.

Given the confidence intervals, there is no evidence to suggest the estimates for the
EPHC and SPIRT studies are different for total mortality and cardiac admissions,
when the estimates are significant in both studies.

For respiratory admissions, there are clearly some differences between the SPIRT and
EPHC case-crossover results for bsp and respiratory admissions that may be due to
using case-crossover rather than GAM, especially for Melbourne and Perth. As
mentioned in Volume 1: Project description and methods used,, the methodology using
GAM in the SPIRT study used dummy variables for epidemics based on respiratory
admissions data. For the GAM analysis in the EPHC study, smoothers or splines
were used to represent epidemic periods, which could be several weeks, to avoid any
numerical problems in using dummy variables for such periods. It is usually
essential in GAM modelling, especially for respiratory health outcomes, to use such
controls to remove the autocorrelation in the data, otherwise autoregressive models
will be needed and much of any potential pollutant effect will be difficult to identify.
However, one problem in using such controls for respiratory admission health
outcomes in the GAM approach is that there will be over-correction, as the dummy
variables (based on respiratory admissions) are closely related to the respiratory
admissions data used as health outcomes. Such controls are not used for case-
crossover as the design allows for control for changes over several weeks, so this
problem should be avoided. If we had reliable data on actual epidemics, then these
could easily be included in the case-crossover model.

Also, for particles, we did not correct for any bushfire or control burn effects in the
EPHC study unlike the SPIRT study, and this may be a problem in Australian cities
especially for Melbourne and Perth (this is discussed elsewhere in this document).
The results obtained for adding corrections for bushfires in Brisbane (see Chapter 4)
indicate that the particle associations may be significantly reduced when this is done.
It is notable that there are fewer differences between the case-crossover and GAM
approaches for ozone and NO, (where the levels should be less sensitive to bushfire
or control burn effects — see the results in Chapter 4 for Brisbane).

Even with these differences in approach, the results for respiratory admissions, given
the estimates and confidence intervals, indicate that there is no evidence to suggest
the estimates for the EPHC and SPIRT studies are different, when both are
statistically significant.

It is clear that the pooled estimates for all outcomes for both SPIRT and EPHC
studies are more similar than for single cities.
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Table 6.1.19: Comparison of results from the EPHC study with the SPIRT study
for Brisbane, Melbourne, Perth and Sydney for a one-unit increase in NO: (average
of lags 0-1)

NO; (1-hour max.) NO; (24-hour av.)

EPHC study SPIRT study EPHC study SPIRT study

Increase % Increase % Increase % Increase %

(95% CI) (95% CI) (95% CI) (95% CI)
Total mortality all ages
Brisbane 0.5 (0.3,0.8)* 2(-0.1,0.4) 0.9 (0.3,1.4)* .1 (-0.3,0.5)
Melbourne 0.0 (-0.1,0.2) 0 1(-0.0,0.2) -0.0 (-0.3,0.2) .2(-0.1,0.4)
Perth 0.1 (-0.1,0.4) 0 2(-0.1,0.4) 0.2 (-0.4,0.7) .3 (-0.3,0.8)
Sydney 0.2 (0.1,0.4)* 1 (-0.0,0.2) 0.4 (0.1,0.7)* .3 (0.1,0.5)*
Meta-analysist 0.2 (0.0,0.3)* O 1(0.0,0.2)* 0.2 (-0.0,0.5) .2 (0.1,0.3)*
Respiratory admissions 65+ yrs
Brisbane 0.4 (0.0,0.8)* 0.3 (-0.1,0.7) 0.6 (-0.1,1.4) 0.1 (-0.6,0.8)
Melbourne 0.1 (-0.1,0.3) 0.2 (-0.0,0.4) 0.3 (-0.1,0.6) 0.2 (-0.1,0.6)
Perth -0.1 (-0.4,0.2) -0.4 (-0.7,-0.0)* -0.4 (-1.2,0.3) -1.3 (-2.0,-0.5)*
Sydney 0.2 (0.0,0.4)* 0.5 (0.3,0.7)* 0.5 (0.2,0.9)* 1.1 (0.8,1.5)*
Meta-analysist 0.1 (-0.1,0.3) 0.2 (0.1,0.4)* 0.0 (-0.8,0.9) 0.5 (0.3,0.7)*
Cardiac admissions 65+ yrs
Brisbane 0.3 (-0.0,0.6) 0.0 (-0.3,0.2) 0.7 (0.2,1.3)* .1 (-0.3,0.6)
Melbourne 0.4 (0.2,0.5)* 0.3 (0.2,0.4)* 0.8 (0.5,1.0)* .6 (0.4,0.8)*
Perth 0.3 (0.0,0.5)* 0.2 (-0.1,0.4) 1.0 (0.4,1.6)* .5 (-0.1,1.0)
Sydney 0.5 (0.3,0.7)* 0.5 (0.3,0.6)* 0.9 (0.6,1.2)* 9 (0.7,1.2)*
Meta-analysist 0.3 (0.2,0.4)* 0.3 (0.2,0.4)* 0.6 (0.4,0.9)* .6 (0.5,0.8)*

* Statistically significant
1 EPHC meta-analysis for five cities — Brisbane, Canberra, Melbourne, Perth Sydney (1998-2001); SPIRT
meta-analysis for four cities — Brisbane, Melbourne, Perth, Sydney (1996-1999)
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Table 6.1.20: Comparison of results from the EPHC study with the SPIRT study
for Brisbane, Melbourne, Perth and Sydney for a one-unit (104.m) increase in
average 24-hour bsp (average of lags 0-1)

EPHC study SPIRT study
case-crossover GAM
% increase % increase
(95% CI) (95% CI)
Total mortality all ages
Brisbane 16.2 (5.5,27.9)* 7.0 (-0.8,15.5)
Melbourne 0.8 (-2.7,4.4) 0.2(-3.54.1)
Perth -0.7 (-11.7,11.6) 4.8 (-4.5,15.1)
Sydney 6.7 (0.0,13.8)* 5.9 (0.9,11.1)*

Meta-analysist

3.3 (-3.9,11.0)

Respiratory admissions 65 + yrs

Brisbane
Melbourne
Perth

Sydney
Meta-analysist

17.1 (3.3,32.7)*
5.5 (0.4,10.8)*
3.6 (-10.8,20.4)
10.9 (2.5,20.0)
6.5 (-0.8,14.4)

Cardiac admissions 65+ yrs

Brisbane
Melbourne
Perth

Sydney
Meta-analysist

2.9 (-7.2,14.1)
9.6 (5.2,14.2)*
20,5 (6.9,35.9)
12.3 (4.9,20.2)*
9.8 (5.2,14.7)*

3.1 (0.4,5.9)

18.4 (4.6,34.0)*
0.7 (-7.5,6.6)
-19.4 (-29.9,-7.4)
20.8 (14.1,27.9)*
5.9 (1.0,11.0)*

3.1(-5.2,12.3)
10.4 (6.1,14.9)*
6.6 (-3.1,17.2)
12.7 (6.5,19.3)*
9.8 (6.6,13.0)*

* Statistically significant

1 EPHC meta-analysis for five cities — Brisbane, Canberra, Melbourne, Perth Sydney (1998-2001);
SPIRT meta-analysis for four cities — Brisbane, Melbourne, Perth, Sydney (1996-1999)

Table 6.1.21: Comparison of results from the EPHC study with the SPIRT study
for Brisbane, Melbourne, Perth and Sydney for a one-unit (ppb) increase in
maximum 1-hour O; (lag 0-1)

Total mortality all ages
Brisbane

Melbourne

Perth

Sydney

Meta-analysist

EPHC study
case-crossover

SPIRT study
GAM

% Increase (95% CI)

% Increase (95% CI)

0.1,0.4)*
1,01)
103)
,02)*

0.2)*

3 (
0 (-0
1(-0
2(01
100

7

0.1(-0.1,0.2)
0.0 (-0.1,0.1)
0.1(-0.1,0.2)
0.0 (-0.1,0.1)
0.0 (-0.0, 0.1)

* Statistically significant

TEPHC meta-analysis for four cities — Brisbane, Melbourne, Perth Sydney (1998-2001); SPIRT meta-
analysis for four cities — Brisbane, Melbourne, Perth, Sydney (1996-1999)

6.1.5 Pooled estimates for cities

Table 6.1.22 summarises the significant associations between increases in each
mortality health outcome and increases in concentrations (lag 0-1) for each air

pollutant.
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Table 6.1.22: Mortality outcomes showing significant increases associated with
increases in air pollutants — by age group — and the cities where there is no
evidence for heterogeneity between results

Pollutant All ages 75+ years Cities
NO: All cause mortality All cause mortality Auckland, Brls'bane,
(maximum 1-h . . Canberra, Christchurch,
Total cardiovascular | Total cardiovascular
average) Total respirator Total respirator Melbourne, Perth,
p y p y Sydney
Carbon monoxide Auckland, Brisbane,

(maximum 8-h

Canberra, Christchurch,

average) Melbourne, Perth,
Sydney

EZ{I}[: average) Total cardiovascular | Total cardiovascular ﬁ;ﬁgiﬂi}lga;;iia'
Sydney

PM_5 All cause mortality All cause mortality Brisbane, Melbourne,

(24-h average) Total cardiovascular | Total cardiovascular Perth, Sydney

Total respiratory

Ozonel
(warm)2

All cause mortality
Total cardiovascular

Total cardiovascular

Brisbane, Melbourne,
Perth, Sydney

1 Same for maximum 1-h, 4-h, 8-h averages
2 Ozone levels for warm period of year (November-April)
* Carbon monoxide generally was associated with increases, but they were not statistically significant

Given there is no evidence for heterogeneity between the results for cities in each
group of cities, the pooled estimates in Table 6.1.1 can be used for each city in the
groups shown in Table 6.1.22.

Tables 6.1.23 and 6.1.24 summarise the significant associations between increases in
the concentrations of each air pollutant and increases in hospital admissions due to
cardiovascular disease for adults (15 years or older) and due to respiratory disease,
respectively.

Table 6.1.25 summarises the significant associations between increases in the

concentrations of each air pollutant and increases in hospital admissions due to
respiratory disease for children (aged less than 15 years).
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Table 6.1.23: Significant increases in hospital admissions due to cardiovascular
disease for adults (15 years and older) associated with increases in air pollutant

concentrations
Pollutant | 15-64 years 65+ years Cities
Nitrogen Total cardiovascular Total cardiovascular, Auckland, Brisbane,
dioxide arrhvthmia ! all cardiac, cardiac failure, Canberra, Christchurch,
(max 1-h) Y IHD*, MI* Melbourne, Perth, Sydney
Nitrogen 21(1) tcaircdail;cilovascular, Total cardiovascular?, Auckland, Brisbane,
dioxide cardiac faiiure all cardiac?, cardiac failure?, Canberra, Christchurch,
(av. 24-h) L IHD*, MI* Melbourne, Perth, Sydney

arrhythmia
Carbon :"lcl)tca;rcc;;ilovascular, Total cardiovascular3, Auckland, Brisbane,
monoxide cardiac faiiure all cardiac3, cardiac failure3, Canberra, Christchurch,
(max 8-h) S IHD*, MI* Melbourne, Perth, Sydney

arrhythmia
PMjyo . .

. . . Brisbane, Christchurch,
(av. 24-h) - All cardiac, cardiac failure Melbourne, Perth, Sydney
PM:5 Total ca.rdlovasc.ular,. Brisbane, Melbourne, Perth,
(av. 24-h) - all cardiac, cardiac failure, Svdn
IHD*, MI* yaney

*IHD = ischemic heart disease; MI = myocardial infarction

2 Evidence for heterogeneity for these outcomes with Christchurch results different and showing no effect

3 Evidence for heterogeneity for these outcomes with Sydney results higher than the other cities, but pooled
estimates for the remaining cities still significant and positive

Apart from some results for carbon monoxide and 24-hour average nitrogen dioxide,
the results in Table 6.1.8 indicate there is no evidence for heterogeneity between the
results for cities in each group of cities, so the pooled estimates in Table 6.1.8 can be
used for each city in each city group shown in Table 6.1.23.

There is also evidence for heterogeneity between cities for the nitrogen dioxide
results, with the pooled estimates possibly overestimating the associations with
increases in cardiovascular disease in the elderly (especially for cardiac failure) in
Christchurch.

Table 6.1.24: Significant increases in hospital admissions due to respiratory
disease for adults (15 years and older) associated with increases in air pollutant
concentrations

Pollutant | 15-64 years 65+ years Cities
Nitrogen Auckland, Brisbane, Canberra,
dioxide Total respiratory - Christchurch, Melbourne, Perth,
(max 1-h) Sydney
Nitrogen Auckland, Brisbane, Canberra,
dioxide - - Christchurch, Melbourne, Perth,
(av. 24-h) Sydney
PMo Pneumonia & acute Brisbane, Christchurch, Melbourne,
(av. 24-h) - .

bronchitis Perth, Sydney
PMzs Total respiratory, Total respiratory, COPD%, Brisbane, Melbourne, Perth,
(av. 24-h) pneumonia & acute

asthma o Sydney
bronchitis

* COPD = chronic obstructive pulmonary disease
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Noting the results in Table 6.1.12, it is clear that there is no evidence for
heterogeneity between the results for cities in each group of cities, so the pooled
estimates for elderly respiratory hospital admissions in Table 6.1.12 can be used for
each city in each city group shown in Table 6.1.24.

Table 6.1.25: Significant increases in hospital admissions due to respiratory
disease for children (aged less than 15 years) associated with increases in air

pollutant concentrations

Pollutant <1 year 1-4 years 5-14 years Cities
Nitrogen Auckland, Brisbane,
dioxide - Total respiratory | Total respiratory | Canberra, Christchurch,
(max 1-h) Melbourne, Perth, Sydney
Nitrogen Total Auckland, Brisbane,
dioxide - - respiratory?, Canberra, Christchurch,
(av. 24-h) asthma? Melbourne, Perth, Sydney
2:14.1;4-h) - Total respiratory | Total respiratory Brisbane, Christchurch,
Melbourne, Perth, Sydney
PM;;5 Total resp.iratory, Total resp.iratory, Brisbane, Melbourne,
(av. 24-h) pneumonia & pneumonia & - Perth. Svdne
acute bronchitis acute bronchitis s Oyaney
Ozone Total respiratory, Brisbane, Melbourne,
(warm)1 - -
asthma Perth, Sydney

1 Ozone levels for warm period of year (November-April)
2 Evidence for heterogeneity for these outcomes with Auckland results higher than the other cities, but pooled
estimates for the remaining cities still significant and positive

Apart from results for 24-hour average nitrogen dioxide, the results in Table 6.1.12
indicate there is no evidence for heterogeneity between the results for cities in each
group of cities, so the pooled estimates in Table 6.1.12 can be used for each city in
each city group shown in Table 6.1.25.

6.2 Comparison with single city studies

In examining the results for single cities and comparing them to other single city
studies, it is important to note the amount of data collected for each pollutant in each
city. Itis clear from Table 6.2.1 that PM data is restricted for Auckland, Canberra and
Christchurch. It should also be noted that the PMo data set in Christchurch has less
than 3 years of data in it. All individual city estimates for short-term associations are
shown in Volume 3: Appendix A3.1.

It is always difficult to obtain estimates for cities with small populations or with a
limited air pollution monitoring network. One of the advantages of the multi-city
approach is that we can pool data from a wide range of cities to obtain an average
estimate, which can then be applied to all the cities. The best estimate for each single
city in the EPHC study is the pooled estimate based on using the results for all the
cities, unless there is evidence for heterogeneity in the results, and especially when
the results for the city under study may be giving rise to that heterogeneity.
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The previous sections indicated where this might be occurring. In this section, the
pooled estimates will be compared with those from single city studies, and the latter
will also be compared with the individual city estimates derived here. (see earlier in
this document)

Table 6.2.1: Number of readings for daily pollutant concentrations for the different
cities for January 1998 - December 2001

Auckland Brisbane Canberra Christchurch Melbourne Perth Sydney

Os (ppb)

8 hour 1439 1461 1197 1454 1461 1461
4 hour 1439 1461 1197 1454 1461 1461
1 hour 1439 1461 1197 1454 1461 1461
NO; (ppb)

24 hour 1455 1461 1275 1328 1455 1461 1461
1 hour 1455 1461 1275 1328 1455 1461 1461
CO (ppm)

8 hour 1249 1302 1461 1448 1461 1461
1 hour 1249 1302 1461 1448 1461 1461
bsp

(104 .m)

24 hour 517 1461 1087 1456 1360 1461
1 hour 517 1461 1087 1456 1360 1461
PMio

(ng.m3)

24 hour 287 1461 212 1065 1457 1461 1461
1 hour 1461 1065 1457 1461 1461
PMy5

(ng.m3)

24 hour 274 1337 1450 1461 1458
1 hour 1337 1450 1461 1458

6.2.1 Mortality counts
Brisbane

The pooled estimate results in Table 6.1.1 for mortality for all ages indicate that, for
Brisbane:

* increases in (maximum 1-hour) NO,, PM,s5, and ozone (warm period) are
significantly associated with increases in mortality for all causes and due to
all cardiovascular disease

* increases in (maximum 1-hour) NO, are significantly associated with
increases in mortality due to all respiratory disease

* increases in PMyo are significantly associated with increases in mortality due
to all cardiovascular disease.

Tables 6.1.19 to 6.1.21 also compare the results for single city estimates derived in the
SPIRT study with those in the EPHC study. For total all cause mortality (all ages),
the EPHC estimates for the associations with NO> (24-hour and 1-hour) particles and
ozone are higher (positive and statistically significant) than for the SPIRT results
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(positive and insignificant) but, given the confidence intervals, there is no evidence
to show the estimated increases are different. The pooled results in Table 6.1.1 for
mortality indicate that increases in concentrations of ozone (warm period), PMas,
PMip and (maximum 1-hour) NO, are significantly associated with increases in
mortality for all cause, cardiovascular and respiratory disease, and these results are
also applicable to Brisbane.

Table 6.2.2 compares the results here with a previous study for Brisbane. The
analysis carried out by Simpson et al. (1997) used quite different time series
modelling to the GAMS approach adopted in APHEA2 (Katsouyanni et al. 2001).
The approach used harmonic analysis or trigonometric analysis adopted in APHEA1
(Katsouyanni et al. 1996) and controlled for weather using linear functions and at
only one optimal lag. The APHEA2 approach is viewed as a superior to the
APHEA1 approach in that general functions for the weather variables and in
adjusting for time allows more options in controlling for temporal and weather
effects. A comparison of these two techniques in the Melbourne study (EPA Victoria
2000) indicated that the GAM results showed similar estimates to the trigonometric
approach but there were fewer significant results.

Table 6.2.2: Relative risk of mortality associated with air pollutants in Brisbane —
comparison of results from the current EPHC study to a previous study in
Brisbane* (Only significant results shown)

Outcome Pollutant Agegroup Lag  Studies RR 95% CI
Total mortality
1h Os (ppb) All ages 0 EPHC 1.017 (1.004, 1.030)
1h O3 (ppb) All ages 0 Brisbane* 1.016 (1.006,1.026)
24h bsp (10°/m) All ages 0 EPHC 1.014 (1.006, 1.023)
24h bsp (10-5/m) All ages 0 Brisbane* 1.009 (1.003, 1.015)
1h bsp (10-5/m) All ages 0 EPHC 1.004 (1.002, 1.007)
1h bsp (10-5/m) All ages 0 Brisbane* 1.002 (1.000,1.004)
Cardiovascular mortality
1h bsp (10-5/m) All ages 0 EPHC 1.005 (1.001, 1.009)
1h bsp (10-5/m) All ages 0 Brisbane* 1.004 (1.001, 1.008)

* Simpson et al. 1997. Results shown for 03 for a 10 ppb increase, and bsp per 1 unit (10-5/m) increase

Christchurch

Table 6.2.3 compares the results here with a previous study for Christchurch. The
approach adopted by Hales et al. (2000) used a similar approach to APHEA1 (a
harmonic analysis) so the time series approach is different to the GAMS approach
which should yield more accurate results. However, Hales et al. (2000) used 5.5
years of mortality data compared to 4 years here, and there was also 5.5 years of
PMio data, compared to less than 3 years here. The significant EPHC pooled
estimates applicable to Christchurch are shown in Table 6.1.1 (summarised in Table
6.1.22) and show also that increases in (maximum 1-hour) NO, are significantly
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associated with increases in mortality for all cause, cardiovascular and respiratory
disease.

Table 6.2.3: Relative risk of mortality associated with air pollutants in
Christchurch - comparison of results from the current EPHC study to a previous
study in Christchurch* (Only significant results shown)

Outcome  Pollutant Age group Lag Studies Increase  95% CI
%
Total mortality
24h PMjp (ung.m-3)  All ages 1 EPHC (single city) 1.1 (-0.5,2.8)
0-1 EPHC (pooled) 1.6 (-0.5,3.7)
24h PMyo (ng.m3) 1 Christchurch* 1.0 (0.5,2.2)

*Hales et al. 2000. Results are shown for a 10-unit increase.

Melbourne

Tables 6.1.19 to 6.1.21 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For total all cause mortality (all ages), both the

SPIRT and EPHC estimates for the associations with NO, (24-hour and 1-hour),
particles and ozone, are positive and insignificant.

Table 6.2.4: Relative risk of mortality associated with air pollutants in Melbourne -
comparison of results from the current EPHC study to a previous study in
Melbourne* (Only significant results shown)

Outcome Pollutant Age group Lag Studies RR 95% CI
Total mortality
1h O3 (ppb) All ages 0 EPHC 1.0012 (1.0003,1.0022)
4h O3 (ppb) All ages 0 Melbourne*  1.0006 (1.0000,1.0012)
24h NO; (ppb) All ages 1 EPHC 1.0005 (0.9987,1.0024)
24h NO; (ppb) All ages 1 Melbourne*  1.0016 (1.004,1.0028)
1h NO:; (ppb) All ages 1 EPHC 1.0006 (0.9997,1.0016)
1h NO; (ppb) All ages 1 Melbourne*  1.0006 (1.0000,1.0012)
Respiratory mortality
1h O3 (ppb) All ages 0 EPHC 1.0015 (0.9981,1.0049)
1h O; (ppb) All ages 0 Melbourne*  1.0023 (1.0001,1.0045)
Cardiovascular mortality
24h NO; (ppb) All ages 1 EPHC 1.0025 (0.9995,1.0054)
24h NO; (ppb) All ages 1 Melbourne*  1.0021 (1.0003,1.0039)

* EPA Victoria 2000
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The EPHC pooled estimate results in Table 6.1.1 for mortality for all ages indicate
that, for Melbourne:

* increases in (maximum 1-hour) NO,, PM,s5 and ozone (warm period) are
significantly associated with increases in mortality for all causes and due to
all cardiovascular disease

* increases in (maximum 1-hour) NO; are significantly associated with
increases in mortality due to all respiratory disease

* increases in PMyo are significantly associated with increases in mortality due
to all cardiovascular disease.

Perth

Tables 6.1.19 to 6.1.21 also compare the results for single city estimates derived in the
SPIRT study with those in the EPHC study. For total all cause mortality (all ages),
both the SPIRT and EPHC estimates for the associations with NO; (24-hour and 1-
hour), particles and ozone, are positive and insignificant.

In the Perth study (DoE 2003), Os was found to be significantly associated with an
increase in cardiovascular deaths for all ages for the period, 1992-1997. Table 6.2.5
indicates that the results derived here for the period 1998-2001 show a similar
estimate but it is not statistically significant.

The pooled estimate results in Table 6.1.1 for mortality for all ages indicate that, for
Perth:

* increases in (maximum 1-hour) NO,, PM,s5, and ozone (warm period) are
significantly associated with increases in mortality for all causes and due to

all cardiovascular disease

* increases in (maximum 1-hour) NO; are significantly associated with
increases in mortality due to all respiratory disease

* increases in PMyo are significantly associated with increases in mortality due
to all cardiovascular disease.
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Table 6.2.5: Relative risk of mortality associated with air pollutants in Perth —
comparison of results from the current EPHC study to a previous study in Perth*
(Only significant results shown)

Outcome Pollutant Age group Lag  Studies RR 95% CI
Cardiovascular mortality
8h Oz (ppb)  All ages 0-1 EPHC 1.0027 0.9982,1.0072
8h O; (ppb)  All ages 0-1 Perth* 1.0042 1.0006,1.0079
* DoE 2003
Sydney

The pooled estimate results in Table 6.1.1 for mortality for all ages indicate that, for
Sydney:

* increases in (maximum 1-hour) NO,, PM,5 and ozone (warm period) are
significantly associated with increases in mortality for all causes and due to
all cardiovascular disease

* increases in (maximum 1-hour) NO, are significantly associated with
increases in mortality due to all respiratory disease

* increases in PMy are significantly associated with increases in mortality due
to all cardiovascular disease.

Tables 6.1.19 to 6.1.21 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For total all cause mortality (all ages), both the
SPIRT and EPHC estimates for the associations with NO> (24-hour), particles and
ozone, are positive and significant, but only significant for 1-hour NO» and ozone in
the EPHC study.

The Sydney study by Morgan et al. (1998a) for 1989-1993 used earlier filtering
techniques than the trigonometric methods and found significant associations
between particles (as measured by bsp), ozone, and NO, with all cause mortality,
and between particles and cardiovascular mortality.

6.2.2 Cardiovascular hospital admissions

Brisbane

The pooled estimate results in Table 6.1.23 for cardiovascular hospital admissions in
the elderly indicate that, for Brisbane:

* increases in (24-hour average and maximum 1-hour) NO,, PM;5, and CO are

significantly associated with increases in hospital admissions due to all
cardiovascular disease, all cardiac disease, cardiac failure, IHD and MI
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* increases in PMj are significantly associated with increases in hospital
admissions due to all cardiac disease and cardiac failure.

Tables 6.1.19 to 6.1.20 compare the results for single city estimates derived in the
SPIRT study with the EPHC study. Both the SPIRT and EPHC estimates for the
associations with particles are positive and insignificant; the results for NO; (both 1-
hour and 24-hour) are stronger for EPHC than SPIRT (but only significant for 24-
hour NO). There were no significant cardiovascular admissions results in the
previous study (Petroeschevsky et al 2001) for Brisbane.

Christchurch

The pooled estimate results in Table 6.1.23 for cardiovascular hospital admissions in
the elderly indicate that, for Christchurch:

* increases in (maximum 1-hour) NO; and CO are significantly associated with
increases in hospital admissions due to all cardiovascular disease, all cardiac
disease, cardiac failure, IHD and MI

* increases in PMyo are significantly associated with increases in hospital
admissions due to all cardiac disease and cardiac failure.

The study by McGowan et al. (2002) showed significant associations between cardiac
admissions and PMjo (lag 0) for the 65+ years age group for the period 1988-1998.
The study used GAM methodology but not the same as that adopted in the APHEA
and NMMAPS studies. However, the 10-year period should yield more accurate
results than that using the 3 years here, and there are differences as shown in Table
6.2.6.

Table 6.2.6: Relative risk for cardiovascular hospital admissions associated with air
pollutants in Christchurch - comparison of results from the current EPHC study to
a previous study in Christchurch* (Only significant results shown)

Pollutant Age Lag Studies Increase  95% CI
group %

Total cardiac admissions

24h PMyo (ug.m-3) per 65+ (0-1) EPHC (pooled) 1.1 (0.2,2.0)
7.5 ug.m-3 increase
24h PMjo (ug.m-3) per 65+ 2 Christchurch* 122 (0.11,2.33)

10 pg.m3 increase

*McGowan et al. 2002

The pooled results in Table 6.1.9 for cardiovascular hospital admissions indicate that
increases in CO, PMyy and (maximum 1-hour) NO; are significantly associated with
increases in admissions for a range of cardiovascular disease categories (including all
cardiac) and these results are also applicable to Christchurch.
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Melbourne

The pooled estimate results in Table 6.1.23 for cardiovascular hospital admissions in
the elderly indicate that, for Melbourne:

* increases in (24-hour average and maximum 1-hour) NO,, PM5, and CO are
significantly associated with increases in hospital admissions due to all
cardiovascular disease, all cardiac disease, cardiac failure, IHD and MI

* increases in PMy are significantly associated with increases in hospital
admissions due to all cardiac disease and cardiac failure.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For Melbourne, both the SPIRT and EPHC
estimates for the associations with NO, and particles are similar in magnitude,
positive and significant.

The GAM approach used in the Melbourne study (EPA Victoria 2001) for the period
1994-1997 is similar to that used here and the results in Table 6.2.7 show the results
here are similar.
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Table 6.2.7: Relative risk for cardiovascular hospital admissions associated with air
pollutants in Melbourne - comparison of results from the current EPHC study to a
previous study in Melbourne * (Only significant results shown)

Outcome Pollutant Age group Lag Studies RR 95% CI

Total cardiovascular admissions
24h bsp (104.m1) 65+ 1 EPHC 1.0261 (0.9962,1.0569)
24h bsp (104.m-1) 65+ 1 Melbourne*  1.0560 (1.0208,1.0924)
24h NO; (ppb) 65+ 0-1 EPHC 1.0060 (1.0037,1.0083)
24h NO: (ppb) 65+ 3dayav  Melbourne*  1.0045 (1.0023,1.0067)
8h CO (ppm) 65+ 0-1 EPHC 1.0179 (1.0060,1.0299)
8h CO (ppm) 65+ 3dayav  Melbourne*  1.0329 (1.0185,1.0476)

IHD admissions

24h bsp (10-4.m?) 65+ 0 EPHC 1.0682 (1.0133,1.1260)
24h bsp (104.m1) All ages 0 Melbourne*  1.0631 (1.0188,1.1094)
1h bsp (104.m) 65+ 0 EPHC 1.0217 (0.9972,1.0469)
1h bsp (104.m?) All ages 0 Melbourne*  1.0297 (1.0090,1.0509)
24h NO; (ppb) 65+ 0 EPHC 1.0048 (1.0014,1.0081)
24h NO: (ppb) All ages 0 Melbourne*  1.0037 (1.0013,1.0061)
8h CO (ppm) 65+ 0-1 EPHC 1.0214 (1.0012,1.0421)
8h CO (ppm) All ages 3dayav  Melbourne*  1.0368 (1.0180,1.0558)

* EPA Victoria 2001

Perth

The pooled estimate results in Table 6.1.23 for cardiovascular hospital admissions in
the elderly indicate that, for Perth:

* increases in (24-hour average and maximum 1-hour) NO,, PMzs, and CO are
significantly associated with increases in hospital admissions due to all
cardiovascular disease, all cardiac disease, cardiac failure, IHD and MI

* increases in PMj are significantly associated with increases in hospital
admissions due to all cardiac disease and cardiac failure.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For Perth, the SPIRT and EPHC estimates for the
associations with NO; and particles are positive, but larger for the EPHC study (and
significant).

The previous Perth study (DoE 2003) also used a case-crossover approach but a
smaller window than here, and Table 6.2.8 indicates similar results.

Volume 2 (142)



Table 6.2.8: Relative risk for cardiovascular hospital admissions associated with air
pollutants in Perth - comparison of results from the current EPHC study to a
previous study in Perth * (Only significant results shown)

Outcome Pollutant Age group Lag Studies  RR 95% CI
Total cardiovascular admissions
24h NO; (ppb) 65+ 1 EPHC 1.0064 (1.0022,1.0106)
24h NO; (ppb) 65+ 1 Perth* 1.0047 (1.0013,1.0081)
1Th NO; (ppb) 65+ 1 EPHC 1.0029 (1.0011,1.0046)
1Th NO; (ppb) 65+ 1 Perth* 1.0016 (1.0001,1.0031)
* DoE 2003
Sydney

The pooled estimate results in Table 6.1.23 for cardiovascular hospital admissions in
the elderly indicate that, for Sydney:

* increases in (24-hour average and maximum 1-hour) NO,, PMzs, and CO are
significantly associated with increases in hospital admissions due to all
cardiovascular disease, all cardiac disease, cardiac failure, IHD and MI

* increases in PMj are significantly associated with increases in hospital
admissions due to all cardiac disease and cardiac failure.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For Sydney, both the SPIRT and EPHC estimates
for the associations with NO, and particles are similar in magnitude, positive and
significant.

The Morgan et al. study (1998b) for the period 1990-1994 derived significant
associations between counts for admissions due to heart disease (ICD-9 codes: 410,
413, 427, 428) and particles (as measured by bsp) and NO; (both at lag 0), especially
for the 65+ years age group. The study concluded that NO: has a stronger
association than particles.

The pooled results in Table 6.1.9 for cardiovascular hospital admissions indicate that
increases in CO, PMio, PMz25 and (maximum 1-hour) NO:; are significantly associated
with increases in admissions for a range of cardiovascular disease categories, and
these results are also applicable to Sydney.
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6.2.3 Respiratory hospital admissions

Significant associations were found for individual cities for respiratory hospital
admissions from the analysis of the short-term (average of same and previous day
pollution) effects of air pollution.

Brisbane

The pooled estimate results in Tables 6.1.24 and 6.1.25 for respiratory hospital
admissions indicate that, for Brisbane:

* increases in PM,5 are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups less than 1 year, 1-
4 years, 15-64 years and 65+ years; increases in asthma hospital admissions
for 15-64 years age group; increases in COPD admissions for 65+years age
group; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age groups less than 1 year, 1-4 years and 65+ years

* increases in NO» are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years (only
max 1-hour NO»), 5-14 years (only max 1-hour NO), and 15-64 years (only
max 1-hour NOy); increases in asthma hospital admissions for 5-14 years age
group (only 24-hour NOy)

* increases in PMj are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years and 5-14
years; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age group 65+ years

* increases in ozone (warm period) are significantly associated with increases
in hospital admissions due to all respiratory disease and due to asthma in the
age group 1-4 years.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. For Brisbane, both the SPIRT and EPHC
estimates for the associations with particles are similar in magnitude, positive and
significant. For NO,, the EPHC estimates are larger (and significant for 1-hour NO,,
although there is little difference).

Petroeschevsky et al. (2001) carried out a study for the period 1987-1994 using the
APHEA1 approach (trigonometric filtering), and found significant associations (see
Table 6.2.9) between ozone concentrations and hospital admissions for respiratory
disease (age groups 15-64 years at lag 2, 65 years and greater at lag 3), and for asthma
(0-14 years at lag 1; 15-64 years at lag 2). There was also a significant association for
particles (5 day average for 1 hour maximum; as measured by bsp) and respiratory
admissions (15-64 years).

The pooled results in Tables 6.1.13 and 6.1.14 for respiratory hospital admissions
indicate that increases in ozone (warm period), PMio, PM25 and (maximum 1-hour)
NO, are significantly associated with increases in admissions for a range of
respiratory disease categories (including all respiratory, asthma, COPD, pneumonia
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and acute bronchitis) for both children and adult age groups, and these results are
also applicable to Brisbane.

Table 6.2.9: Relative risk for respiratory hospital admissions associated with air
pollutants in Brisbane - comparison of results from the current EPHC study to a
previous study in Brisbane * (Only significant results shown)

Outcome Pollutant Age group Lag Studies RR 95% CI
Total respiratory admissions
8h O3 (pphm)  15-64 2 EPHC 1.044 (1.017,1.071)
8h O3 (pphm)  15-64 2 Brisbane* 1.045 (1.013,1.079)
8h O; (pphm) 65+ 3 EPHC 0.994 (0.969,1.020)
8h O; (pphm) 65+ 3 Brisbane* 1.054 (1.016,1.094)

Asthma admissions
8h O3 (pphm) 15-64 EPHC 1.077 (1.028,1.128)
8h O; (pphm)  15-64 2 Brisbane* 1.084 (1.037,1.133)

N

* Petroeschevsky et al. 2001

Christchurch

The pooled estimate results in Tables 6.1.24 and 6.1.25 for respiratory hospital
admissions indicate that, for Christchurch:

* increases in NO, are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years (only
max 1-hour NO), 5-14 years (maximum 1-hour NO), and 15-64 years (only
max 1-hour NOy); increases in asthma hospital admissions for 5-14 years age
group (only 24-hour NOy)

* increases in PMj are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years and 5-14
years; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age group 65+ years

* increases in ozone (warm period) are significantly associated with increases
in hospital admissions due to all respiratory disease and due to asthma in the
age group 1-4 years.

The McGowan et al. study (2002) found significant associations between PMy (lag 2)
and hospital admissions for respiratory admissions (age groups 0-14 years, 15-64
years, 65+ years), and for asthma, chronic lung diseases (ICD codes: 490-2, 494-6),
pneumonia/influenza (480-7), and acute respiratory infections (460-6). Generally,
the EPHC results were lower than those for the McGowan et al. study.
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Table 6.2.10: Relative risk for total respiratory hospital admissions associated with
air pollutants in Christchurch - comparison of results from the current EPHC study
to a previous study in Christchurch* (Only significant results shown)

Pollutant Age Lag Studies Increase 95% CI
group %

24h PMj (ng.m3) per 1-4 0-1  EPHC (pooled) 1.7 (0.5,2.9)
7.5 ug.m3 increase

24h PMjg (ng.m3) per 5-14 0-1  EPHC (pooled) 1.9 01,38

7.5 pg.m3 increase

24h PMjo (ug.m3) per 0-14 2 Christchurch* 3.62 2.34,4.90
10 pg.m3 increase

24h PMjg (ng.m3) per 15-64 0-1  EPHC (pooled) 0.9 -0.1,0.9
7.5 pg.m3 increase

24h PMjo (ug.m3) per 15-64 2 Christchurch* 3.39 1.85,4.93
10 pg.m=3 increase

24h PMjo (ng.m3) per 65+ 0-1  EPHC (pooled) 0.8 (-0.5,2.2)
7.5 pg.m3 increase

24h PMjp (ug.m3) per 65+ 2 Christchurch* 2.86 1.23,4.49

10 pg.m3 increase

*McGowan et al. 2002
Melbourne

The pooled estimate results in Tables 6.1.24 and 6.1.25 for respiratory hospital
admissions indicate that, for Melbourne:

* increases in PMs are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups less than 1 year, 1-
4 years, 15-64 years and 65+ years; increases in asthma hospital admissions
for 15-64 years age group; increases in COPD admissions for 65+years age
group; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age groups less than 1 year, 1-4 years and 65+ years

* increases in NO; are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years (only
max 1-hour NOy), 5-14 years (only max 1-hour NO;), and 15-64 years (only
max 1-hour NOy); increases in asthma hospital admissions for 5-14 years age
group (only 24-hour NO3)

* increases in PMj are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years and 5-14
years; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age group 65+ years

* increases in ozone (warm period) are significantly associated with increases

in hospital admissions due to all respiratory disease and due to asthma in the
age group 1-4 years.
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Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. Both the SPIRT and EPHC estimates for the
associations with NO, are similar in magnitude, positive but insignificant. For
particles, the EPHC estimates are much larger (perhaps due to bushfire and control
burn effects).

The GAM approach used in the Melbourne study (EPA Victoria 2001) for the period
1994-1997 is similar to that used here and the results in Table 6.2.11 show the results
here are generally similar to the SPIRT study (see Tables 6.1.20 to 6.1.22), but less
likely to be significant.

Table 6.2.11: Relative risk for respiratory hospital admissions associated with air
pollutants in Melbourne — comparison of results from the current EPHC study to
a previous study in Melbourne * (Only significant results shown)

Outcome Pollutant Age group Lag Studies RR 95% CI

Total respiratory admissions
1h Os (ppb) 65+ 2 EPHC 0.9995 (0.9982,1.0008)
1h O3 (ppb) 65+ 2 Melbourne*  1.0015 (1.0003,1.0027)
24h bsp (10-4.m1) 15-64 0-1 EPHC 1.0303 (0.9728,1.0912)
24h bsp (104.m1) 15-64 3 day av Melbourne*  1.0784 (1.0121,1.1491)
24h bsp (104.m1) 65+ 0-1 EPHC 1.0580 (1.0060,1.1128)
24h bsp (104.m1) 65+ 5dayav  Melbourne*  1.0745 (1.0041,1.1499)
24h NO; (ppb) 15-64 0-1 EPHC 1.0049 (1.0011,1.0086)
24h NOs (ppb) 15-64 5 day av Melbourne*  1.0084 (1.0043,1.0126)
24h NOz (ppb) 65+ 0-1 EPHC 1.0033 (1.0000,1.0066)
24h NO; (ppb) 65+ 5dayav =~ Melbourne*  1.0110 (1.0070,1.0149)
8h CO (ppm) 15-64 0-1 EPHC 0.9903 (0.9722,1.0087)
8h CO (ppm) 15-64 3 day av Melbourne*  1.0328 (1.0098,1.0564)
8h CO (ppm) 65+ 0-1 EPHC 1.0064 (0.9902,1.0228)
8h CO (ppm) 65+ 5dayav =~ Melbourne*  1.0305 (1.0069,1.0546)

Asthma admissions
24h bsp (104.m1) 1-4 0 EPHC 1.1738 (1.0525,1.3091)
24h bsp (10-4.m1) 5-14 0 EPHC 1.0574 (0.9020,1.2395)
24h bsp (104.m1) 0-14 0 Melbourne*  1.1481 (1.0628,1.2403)
24h NO2 (ppb) 1-4 0-1 EPHC 1.0087 (1.0007,1.0169)
24h NO2 (ppb) 5-14 0-1 EPHC 1.0070 (0.9972,1.0168)
24h NO2 (ppb) 0-14 5dayav  Melbourne*  1.0118 (1.0058,1.0177)
8h CO (ppm) 1-4 0-1 EPHC 1.0065 (0.9654,1.0493)
8h CO (ppm) 5-14 0-1 EPHC 1.0048 (0.9563,1.0557)
8h CO (ppm) 0-14 3 day av Melbourne*  1.0606 (1.0274,1.0948)

*EPA Victoria 2001
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Perth

The pooled estimate results in Tables 6.1.24 and 6.1.25 for respiratory hospital
admissions indicate that, for Perth:

* increases in PMs are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups less than 1 year, 1-
4 years, 15-64 years and 65+ years; increases in asthma hospital admissions
for 15-64 years age group; increases in COPD admissions for 65+years age
group; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age groups less than 1 year, 1-4 years and 65+ years

* increases in NO» are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years (only
maximum 1-hour NO»), 5-14 years (only maximum 1-hour NO;), and 15-64
years (only maximum 1-hour NO»); increases in asthma hospital admissions
for 5-14 years age group (only average 24-hour NO»)

* increases in PMyo are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years and 5-14
years; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age group 65+ years

* increases in ozone (warm period) are significantly associated with increases
in hospital admissions due to all respiratory disease and due to asthma in the
age group 1-4 years.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. The SPIRT estimates for the associations with
NO:; and particles are negative and significant. The EPHC estimates are insignificant
(positive for particles, negative for NOy)

The previous Perth study (DoE 2003) also used a case-crossover approach but a

smaller window than here (and therefore fewer data points and less power), but
Table 6.2.12 indicates similar results, but less significant for this study.
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Table 6.2.12: Relative risk for respiratory hospital admissions associated with air
pollutants in Perth — comparison of results from the current EPHC study to a
previous study in Perth * (Only significant results shown)

Outcome Pollutant Agegroup Lag Studies RR 95% CI

Total respiratory admissions

lhbsp (104mi1) 65+ 2 EPHC 10227 0.9938,1.0523
1h bsp (10-+.m-1) 65+ 2 Perth* 1.0196 1.0048,1.0347
24h NO; (ppb) 65+ 1 EPHC 0.9974 0.9912,1.0036
24h NO; (ppb) 65+ 1 Perth* 1.0058 1.0003,1.0113
Asthma admissions
24h PMys (ug.m3) 1-4 2 EPHC 1.0092 0.9975,1.0210
24h PMys (ug.m3) 5-14 2 EPHC 1.0125 0.9984,1.0268
24h PMps (ug.m?3) 0-14 2 Perth* 1.0034 1.0008,1.0060
1h O3 (ppb) 1-4 0 EPHC 1.0029 0.9982,1.0076
1h O3 (ppb) 5-14 0 EPHC 1.0011  0.9953,1.0069
1h Os (ppb) 0-14 0 Perth* 1.0031 1.0003,1.0058
COPD admissions
1h bsp (10-4.m-1) 65+ 2 EPHC 1.0428 1.0006,1.0868
1h bsp (10-4.m-1) 65+ 2 Perth* 1.0492 1.0239,1.0752
24h bsp (104.m1) 65+ 2 EPHC 1.1324 0.9468,1.3544
24h bsp (10-4.m1) 65+ 2 Perth* 1.2431 1.0377,1.4892
Pneumonia admissions
24h PMys (ug.m3) 65+ 3 EPHC# 1.0009 0.9904,1.0114
24h PMys (ug.m3) 65+ 3 Perth* 1.0048 1.0001,1.0097
# Pneumonia and acute bronchitis hospital admissions
*DoE 2003
Sydney

The pooled estimate results in Tables 6.1.24 and 6.1.25 for respiratory hospital
admissions indicate that, for Sydney:

* increases in PMas are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups less than 1 year, 1-
4 years, 15-64 years and 65+ years; increases in asthma hospital admissions
for 15-64 years age group; increases in COPD admissions for 65+years age
group; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age groups less than 1 year, 1-4 years and 65+ years

* increases in NO; are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years (only
maximum 1-hour NO»), 5-14 years (only maximum 1-hour NO;), and 15-64
years (only maximum 1-hour NO»); increases in asthma hospital admissions
for 5-14 years age group (only average 24-hour NO»)
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* increases PMjo are significantly associated with increases in hospital
admissions due to all respiratory disease in the age groups 1-4 years and 5-14
years; and increases in hospital admissions due to pneumonia and acute
bronchitis for the age group 65+ years

* increases in ozone (warm period) are significantly associated with increases
in hospital admissions due to all respiratory disease and due to asthma in the
age group 1-4 years.

Tables 6.1.19 to 6.1.20 also compare the results for single city estimates derived in the
SPIRT study with the EPHC study. The SPIRT and EPHC estimates for the
associations with NO; and particles are positive and significant, with the SPIRT
estimate larger in magnitude (overlap in confidence intervals).

Morgan et al. (1998b) only found significant associations between NO: (lag 0) and
asthma admissions (1-4 years).

6.3 Interpretation

One of the most difficult problems in interpreting results such as those in Section 6.1
and 6.2 is that the increases identified cannot be proven here to be causal; that is, the
studies reveal that there are increases in some air pollutant concentrations that are
statistically significantly associated with increases in death counts or hospital
admissions, but they cannot prove that air pollutants cause the increases in deaths
and admissions. There are many mechanisms that have been identified in
toxicological studies (Pope 2000) that show that the associations may be causal but
epidemiological studies cannot do this.

Another problem is that the increases in death counts or hospital admissions
associated with increases in concentrations of NO,, CO and particles may be
referring to the same effect, as these pollutants arise from similar sources (such as
motor vehicle exhausts). Therefore, the air pollutants often increase and decrease in
concentration on the same days; that is, they are correlated, and these correlations are
often statistically significant. = These patterns of increase and decrease in
concentrations are compared with the increases and decreases in death counts or
hospital admissions in the statistical models used here to identify whether the
patterns are similar (that is, deaths or hospitalisations increase and decrease when air
pollutant concentrations increase or decrease), and whether these similarities are
statistically significant after controlling for other factors that might also be
influencing the increases and decreases in health outcomes (such as hot, cold and wet
weather).

Therefore, the results are mainly showing the associations between increases in

deaths or hospitalisations and the increases in air pollutant emissions from sources
such as motor vehicle exhausts.
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6.3.1 Pollutant results from similar sources

Table 6.3.1 shows the relationship between CO and NO; all year round in all the
cities. Considering these pollutants have similar emission sources, such as motor
vehicle exhausts, the associations between these two gaseous pollutants and deaths
or hospitalisations would be expected to be similar. Section 6.2 clearly shows this is
the case for increases in death counts and hospital admissions due to cardiovascular
disease, and when we matched these pollutants together in subsequent analyses we
showed the estimates for CO and NO» were referring to similar air pollutant events.

Table 6.3.1: Correlation matrix of air pollutants by city and season (maximum 8-
hour CO and average 24-hour NO)

City All year Cool period Warm period
Auckland 0.53 047 0.39
Brisbane 0.64 0.64 0.54
Canberra 0.55 0.52 0.52
Christchurch 0.69 0.65 0.57
Melbourne 0.68 0.65 0.71
Perth 0.73 0.67 0.73
Sydney 0.70 0.65 0.73

There are similar sources for particles and the gases CO and NO,, such as motor
vehicle exhausts (especially for fine particles, PM>s), and these are shown in
correlations given in Table 6.3.2 between particles and the gases. It is clear that the
correlations are strongest in winter, indicating that the emission sources are most
similar then (motor vehicle exhausts, home fires). It is notable that the results for
death counts and hospital admissions due to cardiovascular admissions are also
similar for particles, NO and CO, although only NO, and particles show similar
results for respiratory hospital admissions (especially in the younger age groups).

The associations between increases in respiratory hospital admissions for specific
conditions such as childhood asthma, COPD in the elderly, and pneumonia and
acute bronchitis in general is significant only for particles (usually PM2s). When
matched analyses were carried out including particles and NO: together, and
particles and CO together, the results showed the impacts were arising from the
same pattern of air pollutant concentration (probably arising from common sources,
such as motor vehicle exhaust emissions) so it was not possible to identify whether
one pollutant or the other was the primary cause of the associations found.
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Table 6.3.2: Correlation matrix of air pollutants by city and season (maximum 8-
hour CO and average 24-hour NO; with average 24-hour PM>5 and PM)

City All Cool Warm All Cool Warm
year period period year period period
NO: NO; NO; Cco co CcO

Auckland

PMo 0.25 0.37 0.04 0.38 0.49 0.05
Brisbane

PM:s 0.34 0.44 0.18 0.20 0.24 0.09

PMio 0.36 0.33 0.23 0.21 0.17 0.16
Canberra

PMao 0.59 0.62 0.47 0.76 0.82 0.32
Christchurch

PMyo 0.57 0.57 0.20 0.88 0.89 0.39
Melbourne

PMz5 0.68 0.77 0.62 0.61 0.71 0.47

PMio 0.38 0.66 0.43 0.27 0.55 0.25
Perth

PM:s 0.51 0.65 0.46 0.54 0.66 0.47

PM;o 0.21 0.36 0.30 0.30 0.52 0.30
Sydney

PM2s 0.45 0.73 0.35 0.40 0.62 0.32

PMyo 0.29 0.62 0.30 0.22 0.48 0.26

Table 6.3.3 shows how ozone concentrations are correlated with NO, in the warm
period but not in the cool period. During photochemical smog events, the
concentrations of ozone, particles (especially PMzs) and NO; increase (at different
places and different times), so the fixed point monitors record increase for all these
pollutants during these episodes. As smog events usually occur during the warm
periods there is usually only significant correlation then between the air pollutants as
shown in Table 6.3.3. The exception is Brisbane with its wet summers and high
sunshine winters when ‘cool’ period smog events are possible. Perth and
Melbourne, with their hot dry summers and cold wet winters, show the cool and
warm period differences most strongly (as shown also by the higher correlations
between temperature and ozone in Table 2.3.3; results for Auckland and Brisbane
show the influence of wet summers).

CO is not influenced in the same way so the correlations between CO and ozone are
usually different. It is notable that the results in Section 2.2 for particles, NO, and
ozone are similar for respiratory hospital admissions for children. An examination of
the particle and NO; associations in the cool and warm periods did often show
significant differences between the two periods, with results often higher and
significant for the warm period. This is particularly the case for Melbourne and
Perth, the two cities where the relationship between the particles and gases in
summer would be expected to be the most prominent. Therefore, the results here do
indicate that the summer smog events are having a significant impact on respiratory
disease in children as shown by increases in hospitalisations.

However, in cities such as Christchurch and Auckland, there are also examples
showing respiratory disease being significant in the cool period, probably due to the
extensive use of home fires. The results for Melbourne also sometimes show this
impact.
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Table 6.3.3: Correlation matrix of air pollutants by city and season (maximum 8-
hour CO, average 24-hour NO,, average 24-hour PM;;5 with maximum 8-hour O3,
temperature also included)

City All year Cool period Warm period
O3 O3 O3
Brisbane
PM;5 0.32 042 0.39
PMio 0.40 0.28 0.48
NO; 0.11 -0.11 0.26
co -0.10 -0.20 -0.05
Temperature 0.12 0.41 0.23
Melbourne
PM_;5 -0.02 -0.51 0.43
PMio 0.27 -0.30 0.39
NO. -0.15 -0.62 0.52
co -0.36 -0.56 0.29
Temperature 0.68 0.46 0.73
Perth
PMy5 0.25 -0.07 0.48
PMio 0.32 0.14 0.39
NO; 0.18 -0.19 0.52
co 0.02 -0.19 0.29
Temperature 0.37 0.17 0.54
Sydney
PMy5 0.30 -0.16 0.54
PMio 0.45 0.04 0.59
NO; -0.08 -0.30 0.33
co -0.33 -0.57 0.13
Temperature 0.56 0.51 0.57

6.3.2 Emission source studies

A recent study funded by the National Heritage Trust has indicated that the sources
of particle emissions are complex and varied (L Denison 2005, pers. comm.). The
study examined the chemical composition of airborne particles in Adelaide,
Brisbane, Melbourne and Sydney and identified potential sources of these particles.
The results for the particles in the Melbourne, Brisbane and Sydney samples are, in
general, comparable to those observed in previous studies. The results show that the
contribution of the fine particle fraction (PMas) to the total PMyo fraction is lower in
Australian cities to those overseas, it being approximately 40% in Australia
compared to 60-80% found in US cities.

The results indicate that although there is variability between cities, the main
components are crustal matter and sea-salt from natural sources, particles and soot
from human sources, and an organic component from both. The organic component
comprises approximately 30-40% in both the fine fraction (PM.s5) and the coarse
fraction (the fraction between 2.5 microns and 10 microns in size, PM25.10). Particles
from human sources comprise 24-29%, and soot 10-20%, of the finer PM>5 fraction,
while particles from human sources comprise approximately 5% and soot 0.2% of the
coarse fraction. It is clear, therefore, that emissions from human combustion sources
(motor vehicle exhausts, home fires) and smog production mainly influence the
measures of PM,5, and not PMyo. Sea salt and crustal matter comprise about 23% to
40% of PMays and 57-70% of the coarse fraction. The significant contribution of
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crustal matter to the PM,s indicates that windblown dust in Australian cities
comprises a significant proportion of fine particles. It has usually been assumed that
the crustal components are primarily in the coarse fraction and are not significant in
the fine fraction of PMuo.

The results also show that within each city there is significant seasonal variability in
the composition of particles in both the fine and coarse fractions. Also, the results
indicate that the composition of PM,;5 varies from city to city. The composition of
PM; in Sydney and Brisbane is very similar and has a much higher contribution of
soot (an indicator of combustion processes) than Melbourne. The contribution from
estimated organic components is higher in Melbourne than in the other cities as is the
contribution from secondary particles during the summer, showing that smog
production has a strong influence on particle production in summer in Melbourne.

6.3.3 Bushfires

The bushfire study for Brisbane (Chen et al. 2006) indicates that bushfires can
dominate the associations found for PMys5 and, to a lesser extent, PMiy. Therefore,
such data sets may not be a good surrogate for emission from sources such as traffic.

6.3.4 Air pollution exposure and interpretation of results

Only data sets for air pollutants that are monitored on a daily basis at outdoor fixed-
point sites in the cities under study are used here in the analyses. In each city, all the
data from all the air pollution monitors is collated and an average air pollution
concentration is derived which is assumed to be representative of the average
outdoor exposure of the population under study to the air pollutant.

However, the number of air pollution monitors measuring ambient outdoor air
pollutant concentrations is different in each city. The project team have used the
data supplied by the government agencies in each city and have assumed the data
supplied is representative.

The air pollution concentrations measures at fixed outdoor locations are referred to
as ‘ambient’ concentrations. These readings are used here as measures for actual
exposure by the population, but clearly they are not equivalent, as people spend
most of their time in an indoor or enclosed (motor vehicle) environment. This is
especially the case in winter, with houses sealed for heating, and even in summer if
there is extensive air conditioning (especially for adults). There are also indoor
sources of air pollutants such as NO. (gas heaters, stoves), CO (home heating,
smoking) and particles (home heating, stoves, smoking), so it is highly unlikely that
the outdoor ambient air pollution concentrations are true measures for actual
exposure. However, they may serve as good surrogates. For example, here we are
examining the associations between day-to-day change of deaths or hospitalisations
and air pollution, and sources such as smoking, home heating, and gas cooking
probably do not vary much from day to day, while the sources of outdoor pollution,
such as motor vehicle exhausts, do. Therefore, the variability of the actual air
pollution exposure on a day-to-day basis may be reflected in the day-to-day
variability of the ambient air pollution levels, and it is this variability we are
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examining when we consider the associations between increases or decreases in
deaths or hospitalisations and increases or decreases in air pollution levels. In using
ambient air pollution data, we are assuming that the relative increase or decrease in
actual air pollution exposure on a day-to-day basis is effectively given by the relative
increase or decrease in ambient air pollution concentrations, but this may well not be
the case for gases such as NO;, CO or ozone which may not penetrate sealed
buildings easily.

There have been numerous studies on the relationship between actual air pollution
exposure and outdoor air pollution concentrations, such as a study in Boston (Sarnat
et al. 2005). This study generally found little relationship between outdoor ambient
air pollution concentrations and actual exposures, particularly in winter. The
exceptions were fine particle (good representation in summer especially). The
Boston study showed that outdoor concentrations of NOz, ozone and CO in summer
are good surrogates for changes in actual exposure to fine particles in that there are
strong correlations between actual exposure to particles (as measured by PM»s) and
outdoor ambient concentrations for ozone, NO> and CO. However, there are poor
correlations between the actual exposures to these gases and their outdoor ambient
concentrations.

By contrast, the NSW Indoor Air Survey found strong correlations between indoor
and outdoor nitrogen dioxide concentrations, especially in homes with no significant
use of gas appliances (Sheppeard 2002). Similarly, there were strong correlations
between indoor PMip and PM1p monitored at ambient stations, particularly in homes
without smokers.

It is important to note that the results for the air pollutants are not additive. For
example, the results for short-term exposure to pollutants for the estimated increases
in the number of hospital admissions due to all cardiovascular disease in the elderly
age group per unit of air pollutant exposure is 0.3% for PMas, 0.6% for NO, and 2.5%
for CO. The results for allowing air pollution levels to rise from their concentration
at the 25t percentile to that at the 75t percentile (the middle 50% of the data) are
increases in admission counts of 1.3% for PMz5s, 3.0% for NOy, 2.2% for CO. The total
impact is not obtained by adding these estimates for any given air pollution event, as
they are referring potentially to the same increase in cardiovascular admissions,
given each pollutant is a marker for the same human combustion sources. The
correct use of these data, therefore, is to indicate that in raising air pollution from the
25t percentile levels of the data to the 75t percentile levels (the middle 50% of the
data), the resulting estimate for the increase in hospital admissions due to all
cardiovascular disease is in the range 1.35 to 3.0%.

6.3.5 ‘Harvesting’

The results presented focus on the influence on a health outcome (death count or
hospital admission count) of exposure to the average concentrations of air pollutants
on the same day or the day previous to the event, or short-term impacts. However,
identifying associations between increases in short-term exposures and increases in
deaths can be misleading. The ‘harvesting hypothesis” suggests that air pollutants
may be causing sick people to die a few days or weeks earlier than they would have
otherwise, but the total number of deaths averaged over a year is effectively the
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same, the time of death has been displaced (mortality displacement) or the sick
people ‘harvested” earlier.

We have used the statistical approach adopted by the Harvard School of Public
Health to test this hypothesis. Overseas studies suggest that when the influence of
the previous 30 to 40 days of air pollution exposure is estimated, then the increase in
deaths is much higher, indicating that the short-term calculations underestimate the
impact of air pollution and that ‘harvesting’ does not occur. Most overseas studies
have concentrated on the impact of PMas or PMio. Here, there are limited data sets
for PMzsand PMi and the use of the overseas approach for these pollutants indicates
that most of the effects reduce when considered over the longer term. However, the
use of this statistical approach for the more complete data sets for NO2 and CO
shows significant increases in impact over 40 days, compared to the short-term
impacts.

It should be noted that mortality displacement or ‘harvesting” of a frail population is
not incompatible with the advancement of mortality by much greater time, such as
weeks or even years. The extreme ‘harvesting hypothesis’ was that air pollution
might only effect a small susceptible pool of individuals, that their day of death
would be advanced by only a few days, that a period of increased mortality would
be followed by a corresponding period of reduced mortality due to the removal of
these frailest individuals from the population, and that this mortality displacement
was not of public health concern. This extreme “harvesting hypothesis” has not been
supported by any epidemiologic study of short-term exposures, and has been
disproved by epidemiologic studies of survival cohorts that show considerable
advancement of mortality in larger populations. Nevertheless, the general
population is composed of individuals with varying susceptibility to the adverse
effects of particulate matter either due to chronic conditions, such as diabetes and
pre-existing cardiopulmonary diseases, or to transient conditions, such as a
respiratory infection or a recent cardiovascular event.

6.4. Conclusions

In all the Australian and New Zealand cities studied here, the results indicate that
increases in concentrations of this mixture of air pollutants in urban airsheds are
significantly associated with:

* increases in mortality for total all cause, cardiovascular and respiratory
disease categories (and the impact on the elderly is the strongest)

* increases in cardiovascular hospital admissions for a range of disease
categories including all cardiac, IHD, MI and cardiac failure (and the impact
on the elderly is the strongest)

* increases in respiratory hospital admissions for a range of disease categories
including all respiratory, asthma, COPD, pneumonia and acute bronchitis
(and the impact on the child age groups is the strongest, except for COPD).

Statistical tests generally indicated that there was no evidence for heterogeneity

between the results for cities sharing common data sets, so the pooled estimates
derived were applicable to all the cities considered in each analysis. This was found
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for cities sharing data sets for (maximum 1-hour) NO,, 24-hour average PMio, 24-
hour average PM>s, and ozone (warm period). For the associations between CO and
cardiovascular admissions, pooled estimates can also be used although generally
Sydney yielded higher results.

These air pollutants are usually significantly correlated with each other (probably
due to similar emissions sources, such as motor exhausts), so the results for each
pollutant may be a surrogate for another, and may be referring to the same impacts.
Therefore, the increases are not additive; that is, it is inappropriate to add all the
increases in each health outcome arising from all pollutant increases. Throughout
the analysis, we found NO; and particle associations confounded each other, as did
NO; and CO where CO associations became significant. Some of the summer ozone
associations also appeared to be confounded by the NO; associations.

The results here indicate the impacts of air pollution ‘mixtures’ of gases and particles,
including all or part of the concentrations for CO, NO,, PM»5, and PMjo in winter,
and NO,, PM>5, and ozone in summer. All the components of such a mixture
probably share similar emission sources (such as motor vehicle exhausts) and the
most notable surrogate for this mixture found here is NO,. It is suggested that the
NO:; associations are the most consistent in this report as NO; is measured best, and
it seems that NO: is a valid indicator for combustion related pollution in urban areas
in Australia and New Zealand.

Most of the analyses here examined the short-term effects, that is, the acute health
effects arising from exposure to pollutants on the same day or the day before. It has
been suggested that the resulting mortality results may exaggerate the effects of air
pollutants as people who are already very ill may simply die a few days or weeks
earlier because of enhanced air pollution exposures — the ‘harvesting’ or mortality
displacement hypothesis. The results here show no evidence for that effect if we use
NO:; as the surrogate for the effects.

This study indicates that other Australian and New Zealand studies need to be
carried out to investigate this air pollution mix more closely. For example, the
following questions need to be addressed:

* What is the relationship between the air pollutant concentrations monitored
at fixed outdoor sites (such as the NEPM network) and the actual exposure to
air pollution?

* What are the constituents of particles that contribute to the health
associations found here?

The first question acknowledges that any one of the pollutants here may be a
surrogate for another, or even for the effects of a mixture of air pollutants, and not
necessarily just the air pollutants considered here. That is, are the effects found for
NO; and CO arising only because these gases are ‘markers’ for others (such as
particles, or a mixture of gases and particles)?
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