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Abstract 
Background: Ambient (outdoor) air pollution is a key risk factor for health, for which 
effective policy plays an important preventative role. Australian federal and related state 
air quality standards have historically relied on international evidence for guidance, which 
may not accurately reflect the Australian context. There has been, however, a large 
increase in Australian epidemiological studies over recent years. 
Aims: To provide an updated systematic literature review of peer-reviewed 
epidemiological studies that examined the health impacts of outdoor air pollution in 
Australia, including short- and long-term exposure.  
Methods: Following PRISMA guidelines, we conducted a systematic literature review. 
Broad search terms were applied to two databases (PubMed and Web of Science) and 
Google Scholar. Quality assessment and risk of bias were assessed using standard metrics. 
Included studies were summarised by tabulating key study characteristics, grouped by 
health outcomes. 
Results: In total, 72 studies were included in the review. Sixty-four studies (89%) used 
daily or hourly pollutant concentrations to examine short-term exposure impacts, of 
which 59 (92%) revealed significant associations with one or more health outcomes, 
including cardio-respiratory, all-cause mortality or morbidity, and birth outcomes. Eight 
studies (11%) used annual average pollutant concentrations to investigate long-term 
exposure finding significant associations with asthma, reduced lung function, atopy and 
cardio-respiratory mortality across five studies.  The remaining three studies found no 
significant association with asthma, mortality and a range of self-reported diseases, 
respectively.  
Conclusions: Ambient air pollution has substantial health impacts in Australia.  The body 
of domestic evidence has increased markedly since national air quality standards were 
first set in the 1990s, which could be drawn on by policy-makers when revising the 
existing standards, or considering new standards.  
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Introduction 
Outdoor (ambient) air pollution is the leading environmental cause of premature death 
globally, with an estimated 4.2 million attributable deaths in 2016 (1).   Estimates of 
attributable deaths in Australia have varied from 2,600 (2) to 4,884 annual premature 
deaths (3).  A recent Australian analysis estimated an annual 2,616 premature deaths 
attributable to the anthropogenic fraction of fine particulate matter (4), the air pollutant 
most consistently and robustly associated with adverse human health outcomes. Unlike 
other leading health risks such as tobacco, alcohol and drug use, air pollution exposure is 
largely beyond the control of the individual.  This places additional importance on 
effective policy-making to reduce the associated health burden. Standards for the six 
‘criteria’ ambient air pollutants — particulate matter <10 µm, and <2.5 µm in aerodynamic 
diameter (PM10 and PM2.5, respectively), ozone (O3), nitrogen dioxide (NO2), sulfur 
dioxide (SO2), carbon monoxide (CO) and lead (Pb) — are set by the National 
Environmental Protection Measures for Ambient Air Quality (NEPM AAQs).  This was first 
legislated in 1998, with subsequent revisions for particulate matter standards in 2015.  
Globally, the past twenty years have seen an upsurge in air pollution epidemiological 
research that investigates associations for short-term impacts: allergies, asthma, 
bronchitis, heart attacks, arrhythmias and mortality; and long-term impacts: diabetes, 
stroke, chronic obstructive pulmonary disease (COPD), lung cancer, ischaemic heart 
disease (IHD) and lower respiratory infection (5).  There is also a mounting body of 
evidence indicating a wider range of impacts which include: metabolic dysfunction, 
neurological and psychiatric disease, and adverse pregnancy and developmental 
outcomes (5). 
To date, epidemiological studies investigating PM2.5 have not consistently observed 
evidence of a ‘safe’ lower threshold of exposure, below which there are no mortality 
effects (6, 7). This presents substantial challenges for policy-makers and regulators in the 
context of outdoor air pollution standards. Further complexities arise from the use of 
international evidence to guide Australian policy. The paucity of available Australian 
studies during the development of the NEPM AAQ (in 1998) required the selection of 
standards and methodologies be guided by landmark North American and European 
studies. The transferability of risk coefficients from international populations with 
differing underlying health status and air pollution exposure to the Australian context was 
debated by the National Environmental Protection Council (NEPC) at the time, as was the 
inability to account for vulnerable groups with potentially greater susceptibility, such as 
children and the elderly, and people with existing illness (8). It was noted that these 
limitations may negatively impact the protection of public health (9).  
A 2005 review of the available Australian epidemiological literature, which spanned 1994 
– 2002, revealed evidence of cardio-respiratory health effects of outdoor air pollution at 
levels below applicable standards (10).  A key recommendation was for further domestic 
research to be conducted, the results of which should then be used in combination with 
international data to develop national standards (10). To our knowledge, subsequent to 
Howie et al., (2005), there has been just one further peer-reviewed review publication of 
Australian and New Zealand air pollution research; however, this was undertaken with a 
focus on exposure assessment techniques rather than health impacts (11).  
More recently, international evidence reports the potential for steeper, non-linear 
exposure-response relationships at lower pollutant concentrations, compared with higher 
concentrations (6, 7, 12). This raises questions about the transferability of risk estimates 



based on studies performed at a given concentration(s) to other locations with lower or 
higher concentrations, as is often done in the absence of local studies, such as in Australia 
during the establishment of the NEPM regulations in the late 1990s. 
The significant damage of the bushfire season of 2019/2020 has heightened the level of 
awareness of air pollution impacts in the Australian public and policy-makers.  
Additionally, for the first time since the NEPM inception, the standards for NO2, SO2 and 
O3 are under current federal review. Given these topical issues and that numerous 
Australian studies have been undertaken in the 15 years since the review of Howie et al., 
— some which include new health outcomes beyond cardio-respiratory impacts— it is 
timely to perform an updated systematic review.  
It is important to periodically consider the relative consistency of Australian and 
international evidence, in the context of setting air quality guidelines.  However, this first 
requires identifying and assessing all relevant Australian studies, so the scope of our 
review was restricted to this aspect only. We aimed to perform a systematic literature 
review to identify and summarise peer-reviewed epidemiological studies of air pollution 
and health in Australia.  Our secondary aims included describing, from the compiled 
evidence, studies of vulnerable sub-populations, and those that reported health impacts 
according to a specific pollution source (e.g. traffic emissions vs. bushfires).  
2. Methods 
We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) methodological framework (13).   
2.1 Eligibility Criteria  
We considered peer-reviewed journal articles of original epidemiological studies of 
varying design (including cohort, panel, case cross-over, case control, cross sectional, time 
series and ecological studies). Studies had to be performed in Australia.  They also had to 
examine an exposure-response association between: (a) measured or modelled exposure 
to one or more criteria ambient air pollutant(s), and (b) one or more physical health 
outcome(s) in humans, either directly measured, elicited from questionnaire, or using 
administrative health data. Studies which included self-reported (or parent-reported) 
health outcome(s) that referred to a formal medical diagnosis of a specific disease were 
included (e.g. diabetes), while those based on self-reported symptoms not connected with 
a specific disease (e.g. stuffy nose) were not. No date limitation was applied; the search 
included all articles published prior to the 1st July 2019. 
The following additional exclusion criteria were applied:  
Studies using proxies of pollutant exposure (e.g. distance to source, traffic volumes) were 
excluded due to the inability to ascribe observed effects to a specific pollutant/(s), and 
because criteria pollutants are subject to regulation under the NEPM but pollutant proxies 
are not; 
Studies not reporting numerical effect sizes; 
Non-original research (i.e., literature reviews) or health impact assessment analyses using 
effect sizes from other studies to estimate health burden;  
Studies of exposure in indoor or occupational settings. 
For studies that involved multiple methods and outcomes, only those that matched the 
inclusion criteria were extracted. For example, if a study considered the link between both 
pollutant concentration (measured or modelled) and distance to nearest road (proxy 
measurement), and self-reported symptoms (subjective) and lung function tests 



(objective), the extracted results would only include those generated by the measured 
pollutant concentration and lung function tests.   
2.2 Scope and search strategy 
Papers indexed in the databases PubMed (14), and Web of Science (15) were considered. 
Manual screening of references and citations from retrieved articles, along with a Google 
scholar search, were also undertaken to identify any additional relevant articles not 
identified by the main searches. All search terms were developed in consultation with a 
research librarian; search terms are in Supporting information, Appendix SA1. 
2.3 Selection  
Articles identified were screened by title and abstract. The full text of articles not 
excluded at this stage was downloaded for further assessment against the exclusion 
criteria. Each step of the search process was undertaken independently by two authors 
(CMW and EKSF).  When differences arose regarding inclusion, a third author (LDK) was 
used as a tiebreaker. 
2.4 Data extraction and synthesis 
Included studies were summarised by extracting exposure characteristics: pollutants, 
main source, concentrations and whether the exposure was short-term (daily 
concentrations) or long term (annual concentrations with chronic impact);  location, 
health outcomes, study design, population and duration; and confounders, statistical 
methods and effect sizes (e.g., relative risk, hazard ratio, odds ratio). As well as numerical 
findings of individual studies, qualitative description and comparison across the body of 
research was incorporated, with specific focus on outcomes occurring below current 
NEPM thresholds. Results were grouped by health endpoints, pollutant sources and 
identified vulnerable population groups, where relevant.  
2.5 Quality assessment  
To the authors’ knowledge, there is no one quality assessment tool that can be applied 
across the range of study designs that were included in this review; therefore, three 
different tools were selected, based on previous validation and applicability to air 
pollution related epidemiological studies. The Newcastle-Ottawa scale (16) was used to 
assess cohort and case control studies.  The assessment is comprised of eight items 
grouped into three categories: selection, comparability, and exposure or outcome, with a 
scale ranging from zero to a maximum of nine (highest quality). Studies scored six or 
above were included in the review.  An adapted version of the Newcastle-Ottawa scale 
(17) was used for cross-sectional studies: studies scoring seven or more on the ten point 
scale were included.  
Time-series and case-crossover studies were rated with the criteria used by Mustafić and 
colleagues (18). Studies were scored on three components: health outcome, exposure and 
adjustment for confounders. The scale ranges from zero to five (highest quality); studies 
scoring four or higher were included.  
Risk of bias was assessed with the Office of Health Assessment and Translation (OHAT) 
tool by the National Institutes of Environmental Health Sciences National Toxicology 
Program (19) and the Navigation Guide by the University of California (20).  A set of ten 
questions encompassed: Exposure assessment, outcome assessment and confounding 
bias and Other Criteria (Selection bias, Attrition/exclusion bias, Selective reporting bias, 
Conflict of interest, Other source of bias).  Each question was graded on a four-point scale, 
ranging from definitely low, probably low, probably high (or not recorded) and definitely 
high.  Studies which received a “high” or “probably high” risk for key criteria were 



removed. The remaining ecological studies were graded using a validated assessment tool 
developed by Zaza et al., consisting of 24 items designed to rate the study design, 
methodology, validity, reliability, reporting and risk of bias (21).  A point is given if the 
study meets the criteria for each item. Studies that scored over 70 per cent of applicable 
points were included in the review.   
 
Quality and risk of bias assessments of all included studies were done separately by two 
authors (CMW) and (EKSF).  Areas of uncertainty or disagreement were referred to a third 
author (LDK).   
 
Results  
3.1 Study selection 
Figure 1. Study selection 
 
 
Figure 1 shows the PRISMA flowchart of our search. In total, 11,669 articles were 
identified through database searches. An additional 16 papers were identified through 
Google Scholar and the screening of manual citations from identified key papers. After 
excluding duplicates, 7,725 papers were assessed against the exclusion criteria by title 
(7,411 excluded), then abstract (165 excluded), and finally full text (73 excluded). Of the 
remaining 76 studies, four did not meet the quality assessment or study-level risk of bias 
assessment. The final review therefore comprised 72 studies analysing the link between 
ambient air pollution and public health in Australia; a detailed summary of the included 
studies, including extracted information, is in Supporting information Table S1.   
Study characteristics   
Publication date range 
All but four studies were published during or after 1998, the same year the NEPM AAQs 
were introduced. Figure 2 displays the frequency of publications for each calendar year.    
Figure 2. Year of study publication 
 
Study designs 
Twenty-two of the included studies were time series design (31%), followed by 18 case 
cross-over studies (25%), 12 retrospective cohort studies (17%), six prospective cohort 
studies (8%) and six cross-sectional studies (8%).  The remaining designs included five 
studies defined as ecological (7%), two case-control studies (3%) and one panel study 
(1%). Sixty-four (89%) examined short-term impacts, with pollutant exposure averaging 
measurements in hours or days. Eight studies (11%) examined the chronic impacts of long-
term exposure using annual average pollutant concentrations. All included studies 
accounted for some key covariates, most commonly: temperature, humidity, and 
temporal trends (Table S1). Studies using comparatively large (8,000 plus) well-defined 
longitudinal cohorts (22-25) and a recent cross-sectional study (26) included individual 
level confounder data. All studies examining birth outcomes accounted for a range of 
potential maternal confounders such as age, smoking status, underlying medical 
conditions and socio-economic status.  Only one study was able to account for individual 
exposure variability, through the use of personal monitors (27).  
 
 



Study locations 
Most studies were undertaken in major metropolitan centres.  Four studies examined 
state-wide impacts (25, 28-30) and one considered three states (31). The remaining 
multiple site studies were based in discrete cities, except for one study which considered 
bushfire impacts in both Melbourne and regional Gippsland (VIC) (32). Two studies 
combined data from Australian and New Zealand cities (33, 34). Only one study 
exclusively considered a regional area, investigating the impacts of a large uncontrolled 
mine fire in the La Trobe Valley (35). 
 
Pollutant sources 
Figure 3 shows the number of studies by nominal pollutant source, as reported in each 
study. Generally, traffic related air pollution (TRAP) is a predominant contributor to 
ambient air pollution in metropolitan centres; however, unless the main source was 
specifically referred to as ‘traffic’ in a study, it was recorded as ‘general ambient’.  
Pollution arising from bushfires, vegetation burns, and planned burns is collectively 
referred to as landscape fire smoke (LFS).  In Darwin, LFS is major source of air pollution 
during the ‘dry’ season and was the dominant pollutant source investigated in all Darwin-
based studies (36-39). Two studies in Launceston investigated pollution predominantly 
arising from wood heaters (40, 41). 
Figure 3. Pollutant Sources 
 
3.2.5 Pollutant exposure assessment 
From the mid-1990s, most states and territories had fixed-site monitor networks of 
instruments collecting measurements of one or more of total suspended particulates 
(TSP), PM10, light-scattering particles (i.e., light-scattering particles [BSP] measured by 
nephelometry), SO2, O3, NO2, while PM2.5 measurements became more widely available 
from the early 2000s. Advancements in exposure modelling have also occurred. For 
example, land-use regression modelling (LUR), which combines spatial predictor variables, 
and sometimes satellite data, to estimate pollutant concentrations for populations 
regardless of how proximate they are to a monitoring site.  Fifty-three (74%) of the studies 
utilised pollutant measurements from fixed-site monitors.  Eighteen (25%) used 
modelling, nine (13%) of which were done with LUR estimates of NO2. One recent study 
used portable air quality monitors worn by the study participants, to measure ultrafine 
particles (<100 nm) (27).  
Sixty-one (85%) studies included one or more measurements of particulate matter as 
PM10, PM2.5, BSP and ultrafine particles. Although the latter two are not criteria 
pollutants, they were measured in the context of studies measuring multiple pollutants. 
NO2 was considered in 43 studies (60%), O3 in 33 studies (46%), SO2 in 16 studies (22%) 
and CO in 14 studies (19%).  Of the forty-one studies to examine both PM with one or 
more gas pollutants, 23 (56%) described the use of two-pollutant or multi-pollutant 
models to account for the confounding effect of pollutants on each other. 
The pollutants assessed and measurement methods are described for each study in Table 
S1.  
 
 
 Health outcomes 



Respiratory and cardiovascular impacts were the most investigated health outcomes 
(Figure 4).  Most studies analysed short-term impacts of air pollutants, with investigations 
of long-term impacts limited to the few studies using longitudinal analyses or cross-
sectional analyses with cohort studies (22, 23, 25, 26, 42-44) and one ecological study (45)  
(Table S1). The cardio-respiratory effects of single pollutants were generally found to 
persist in multi-pollutant models (45-51); however, some attenuation of effect was noted, 
particularly for PM when NO2 was included in the model. (47, 48, 52-55). The respiratory 
impacts of NO2 remained strong and unaltered in multi-pollutant models (26, 34, 48) and 
across different statistical models (56). Due to the substantial heterogeneity of methods 
and outcomes, a meta-analysis was not attempted.   
Figure 4. Health outcomes 
 
Short-term respiratory effects 
Ambient air pollution was consistently associated with short-term respiratory impacts.  
Thirty-nine studies (54%) examined short-term respiratory impacts (Table S1), of which 36 
(92%) reported one or more statistically significant adverse associations. The remaining 
three studies found no asthma associations for particulate matter generated by a dust 
storm (57), LFS (58), or SO2 from an industrial point source (59).  PM was the most 
frequently reported pollutant, and was included either individually or in combination with 
other pollutants in 37 studies (95%).  Effects were generally greatest on the day of 
exposure (lag 0) (50, 60, 61). Chronic obstructive pulmonary disease (COPD) associations 
were mixed, with non-significant positive associations for general ambient PM (48) and 
strong significant associations for LFS PM (50, 62).  Twenty of 26 (77%) studies found 
significant associations for asthma, with differences noted across sources. Significant 
associations for a range of respiratory infections were also revealed in children (34, 63, 
64). 
3.3.2 Long-term respiratory effects 
Seven studies (10%) investigated long-term respiratory impacts with mixed results (Table 
S1). Five studies used modelled annual NO2 concentration, revealing significant 
associations for atopy (42), asthma and reduced lung function in children (26), and a sub-
group of adults who carried of a variant genotype for the endogenous anti-oxidant 
glutathione(23). A significant association for severe asthma exacerbations was also 
demonstrated in a small cohort of thunderstorm asthma patients (44). No associations 
were found for self-reported asthma and COPD in a cohort of adult woman (43).  Long-
term exposure to PM2.5 and NO2 were not associated with pneumonia or COPD, but 
weak positive associations were observed for asthma and all respiratory diseases (25).  A 
significant association with cardio-respiratory mortality was demonstrated for increases in 
annual average SO2 concentrations, but was not present for NO2 and O3 (45).   
3.3.3 Cardiovascular effects 
Twenty-seven studies (38%) examined cardiovascular associations, with 18 (67%) finding 
significant associations, predominantly with particulate matter (17 studies) and nitrogen 
dioxide (6 studies) (Table S1). Impacts were greatest in the first 48 hours after exposure 
(54, 65). Cardiovascular hospital admissions related to LFS were generally non-significant 
(37-39, 62); however, significant associations were revealed between LFS and out of 
hospital cardiac arrests (OHCAs) in the first 48 hours after exposure (28, 66), and 
ischaemic heart disease (IHD) at lagged intervals of 2 – 3 days (28, 62).  A recent 
Tasmanian study identified a lower PM2.5 threshold for heart failure of 4µg/m3 (30).  Two 



long-term exposure studies included cardiovascular endpoints, finding: a significant 
association between SO2 and ‘cardio-respiratory mortality’ (described in section 3.3.2) 
(45); and no associations between modelled NO2 and self-reported heart disease (43). 
3.3.4 All-cause mortality and morbidity 
All–cause mortality and morbidity were consistently associated with short-term PM 
exposures (11 studies), with the largest effects noted 24 hours post exposure (lag 1) (50, 
65, 67) (Table S1).  There was less consistency across the other pollutants, with some 
studies revealing significant associations between short-term O3 and NO2 and all-cause 
mortality (54, 65), and a strong association between sulfur dioxide and mortality during 
Sydney summers (68).  Long-term exposures to NO2  and PM2.5 were associated with 
large, but non-significant, increased risk of mortality (22).  
3.3.5 Adverse birth outcomes 
Eleven studies examined pre-natal exposure impacts, with mixed outcomes varying 
according to season of conception, pollutants considered, proximity to fixed site monitor, 
and windows of exposure (Table S1). Significant positive associations were found across 
the range of pollutants for preterm birth and/or reduced intra-uterine growth (5 studies), 
and congenital abnormalities after second trimester exposure to PM10 (69). The 
remaining studies found weak, inconsistent or no associations for congenital defects (70), 
preterm birth (35, 71) and reduced foetal growth (35, 72). 
A consistent trend noted across all nine studies to examine trimester-specific impacts of 
gases (predominantly NO2) was for lower risk estimates, and in some cases even negative 
(protective) associations, for exposures in the first trimester.  This increased to positive 
and  significant risk effects for exposures in the second or third trimester.   
Exposure misclassification was a limitation across all studies; stratified risk estimates were 
significantly higher for study sub-populations in closer proximity to static air pollution 
monitors (70, 71, 73) and ‘stay at home’ mothers (74). 
Impacts below NEPM thresholds 
Forty-seven (94%) of the 50 studies to examine diffuse ambient pollution unrelated to a 
specific pollution event found one or more significant associations below the applicable 
NEPM AAQ standards. Nearly half of these studies (22 studies) investigated respiratory 
endpoints, finding the most consistent associations with NO2 (12 studies). Sixteen of the 
eighteen studies (89%) to examine cardiovascular endpoints found one or more significant 
associations, predominantly with PM2.5 (13 studies) and NO2 (8 studies). In the elderly, 
CO was associated with the highest cardiovascular risk estimates (33, 75).  
 
3.5    Source-specific pollution 
The evidence presented suggests source-specific variances in magnitude and temporality 
of pollution impacts. Risk estimates for respiratory outcomes were consistently high in LFS 
studies (38, 39, 62), with direct comparisons between general background PM and LFS PM 
revealing higher respiratory risk estimates for the latter (50, 60, 61). Conversely, the 
evidence for LFS cardiovascular impacts was weaker by comparison to general ambient 
PM.  Several studies observed highest mortality risk effects at a lagged interval of one day 
post-exposure (lag 1) for ambient and LFS PM (50, 65, 67), which was found to change to 
three days (lag 3) for PM generated by dust storms (67). Age-stratified studies revealed 
differing groups, with heightened sensitivities contingent on pollution source (Table S1). 
3.6 Vulnerable groups 



Age, gender, Indigenous status, socio-economic status, and the underlying presence of 
asthma or atopy were identified as factors contributing to increased vulnerability (Table 
S1). 
Age was the most investigated vulnerability, with studies stratifying risks for children (15 
studies), elderly (20 studies), and other studies limiting investigations to children (7 
studies) or elderly (1 study).   
Significant associations were consistently present between TRAP or general ambient 
pollution and childhood asthma, with higher risk estimates when compared to adults (48, 
55, 57, 76). An early study observed children’s asthma was most strongly associated with 
NO2 (48), which was supported by subsequent studies (Table S1), although some 
differences were observed across age sub-sets of children, with some larger respiratory 
risk estimates for CO and SO2 (34, 47). Increased hourly or daily NO2, with IQR increases 
ranging from 2.81ppb to 9.5ppb, were associated with a 3 – 14 per cent increase in asthma 
hospital attendances (34, 47, 77), which in one study increased to 70 per cent when 
further stratified to children 0 – 4 years (77). The 0-4 year age group was consistently 
identified as the most vulnerable to respiratory impacts, by studies that stratified risks 
across children’s age groups (34, 47, 77).  A cross-sectional study of school children across 
12 cities found that an IQR (4ppb) increase in annual NO2 was significantly associated with 
a 24 per cent and 54 per cent greater odds of current (i.e. prevalent) asthma, for fixed-site 
and LUR model exposure assessments respectively. A significant association was revealed 
for airways inflammation and reductions in some lung function tests.  Higher point 
estimates for airways inflammation and lung function reductions were noted for school 
place exposures (compared to residential), although only when using the fixed-site 
assessment (26).Conversely, age stratified LFS studies revealed higher asthma impacts in 
adults (29, 50, 62), with one study finding a six-fold higher risk estimate for the 15 – 64 
year age group, compared to < 15 years (62).  
Mortality and cardiovascular impacts were consistently higher in the elderly (≥ 65 years) 
(52, 78).  Further age stratification in two studies identified the 65 – 74-year age group as 
most vulnerable to ozone associated OHCAs (66), and PM associated cardiovascular 
hospital admissions (79).  In both studies, the risk estimates decreased at 75 years and 
over.  There was less evidence of increased respiratory impacts for elderly exposed to 
general ambient pollution, although two studies noted significantly higher respiratory 
morbidities associated with NO2 (76) and PM (50) in the elderly. 
Nine studies considered gender specific effects.  Several studies noted higher risks in 
males for mortality (40), all-case morbidity (80), OHCAs (28, 51, 66) and acute coronary 
syndrome (63). Higher asthma impacts were also noted in male children exposed to TRAP 
(77). One study observed greater risks in females for LFS asthma (same day) and IHD (lag2-
3)(28). 
Pre-existing conditions that increased the likelihood or severity of respiratory impacts 
included atopy (27), asthma (25, 81) and carriers of genetic polymorphisms for 
Glutathione S-transferase (GST) (23).  
Three studies stratified risks for Indigenous Australian participants, identifying higher risks 
for general ambient pollution and emergency department admissions (EDA)  (80), and for 
LFS associated respiratory admissions (37, 38) and lagged associations with IHD (37) and 
respiratory infections (38).  In some cases, the disparity of impacts was large: a borderline 
association between LFS PM10 and respiratory ED admissions increased from 8 to 17 per 
cent for the Indigenous subpopulation (37). Pneumonia admissions three days post 



exposure (lag3) was 15 per cent for Indigenous Australians, yet no association was 
observed in the overall population (38).  
Only one study stratified results according to socio-economic status, finding a stronger 
association between short-term pollutant exposure and EDA admissions in the lower SES 
study population (80).  
 
4. Discussion 
Our review has provided an update of Australian air pollution literature, which has not 
been systematically reviewed and presented in a peer-reviewed publication for 15 years. 
We identified 72 studies that examined the relationship between outdoor exposure to 
one or more criteria pollutants and an objectively measured physical health outcome. The 
publication dates spanned from 1987 to 2019.  Investigated health outcomes were 
predominantly cardio-respiratory endpoints associated with short-term exposures in 
metropolitan regions. There was a small overlap (10 studies) with the only comparable 
peer-reviewed publication, by Howie et al., (2005) indicating most of the literature in this 
review (62/72 studies) is collated as a single body of evidence for the first time.  The 
evidence was consistent with the previous review, which also found positive associations 
between short-term ambient air pollution exposure and cardio-respiratory health 
outcomes that persisted at concentrations below current NEPM AAQ thresholds. The 
subsequent increase in number and methodological diversity of studies, and the 
qualitative trend for increasingly sophisticated methods, enabled the inclusion of gene-
environment interactions and biomarkers.  This provided additional insights of the 
impacts and underlying susceptibilities of various sub-populations.  Birth outcomes were 
reviewed for the first time, and revealed mixed results: with six of the nine studies that 
examined pre-term birth or reduced intrauterine growth revealed positive associations.  
Globally, an estimated 82 per cent of disease burden attributable to air pollution stems 
from chronic diseases related to long-term exposures (5), yet this review identified only 
eight Australian studies (11%) that investigated long-term exposure, five of which 
revealed adverse associations with one or more health outcomes.   
Overall, the Australian literature was consistent with international findings, in terms of 
the relative importance of different pollutants, or pollutant mixtures, on health. However, 
there are some differences that merit consideration.  Several Australian studies 
investigating short-term exposures to general ambient PM2.5 revealed cardiovascular risk 
estimates that were higher than comparable landmark North American and European 
studies (51, 53, 82). Long-term impacts are only recently emerging from Australian 
literature. Only one study was identified that examined chronic PM2.5 exposure and 
mortality, revealing a point estimate nearly tenfold higher than the landmark American 
Cancer Society Study (83); however, the confidence intervals were wide and non-
significant (22).  These findings signpost, along with recent international work suggesting 
steeper cardio-respiratory exposure-response relationships at lower pollution 
concentrations, this is a topic suited to further investigation in Australia.   
NO2, a surrogate for TRAP, was consistently associated with significant respiratory 
impacts across studies with different designs, locations, measurement techniques and 
statistical approaches.  Respiratory effects were not attenuated in multi-pollutant models, 
demonstrating potential independent effects of NO2   alone or due to correlation with 
non-criteria TRAP pollutants (e.g. ultrafine particles, black carbon).  The associations were 
present for small incremental increases in short-term exposures, occurring at background 



1-hour average concentrations, ranging from 15.7 - 23.2 ppb (34).  A 4ppb increase in 
annual exposure, at an average annual background concentration of 8.8ppb, was 
significantly associated with a very large increased risk of in asthma for children (26).  
These findings are relevant to the current NEPM review of NO2 standards, as they 
demonstrate evidence of asthma and lung damage occurring at concentrations well below 
the proposed new standards of 19ppb and 90ppb for annual and worst hour respectively. 
The NEPM methodologies stipulate that in setting health-based standards, consideration 
should be given to sensitive groups. In recognition of Australia’s high prevalence of 
childhood asthma, particular attention should be given to this condition (8).   
These findings are also relevant for major roads infrastructure.  A recently published 
Australian guideline (84) suggested that development and planning decisions should be 
based on long-term PM2.5 exposure and premature mortality in > 30 years, using the risk 
co-efficient from the landmark American Cancer Society study (83).  Based on the 
evidence presented in this review, we believe risk assessments for road infrastructure 
projects could be expanded to include more exposure-outcome pairs that are more 
relevant to that context (e.g. children’s respiratory morbidity endpoints associated with 
NO2). 
A key finding of our review was the observed trend of differences in magnitude and 
temporality of health impacts, along with vulnerable groups contingent on pollution 
source.  Broadly, TRAP exerted greater respiratory impacts on children, while for LFS 
pollution, the impacts increased in magnitude with age.  Immediate cardiac impacts were 
more apparent for ambient PM exposure and traffic pollution, while IHD associated with 
PMLFS manifested two to three days post exposure.  The elevated acute cardiac impacts 
of bushfire and wood-heater pollution in males, along with the greater IHD and asthma 
impacts in females, may implicate hormones play some role in the underlying pathological 
mechanisms. A greater understanding of their role may be valuable in preparing for future 
pollution events, such as bushfires and dust storms.  This would enable targeted 
education, and the ability to anticipate the likely shifts in resourcing requirements of the 
health care system.  
Suggestions for future research 
While some evidence indicated adverse birth outcomes, such as pre-term birth, and 
reduced intra-uterine growth (73, 74, 85-87), overall the birth outcomes were 
heterogeneous and it was not possible to draw firm conclusions.  Further research is 
required to better characterise the range of neo-natal impacts and identify specific 
exposure windows of heightened risk within the pregnancy.   
Long-term exposure impacts contribute to the bulk of air pollution related disease and 
death, yet thus far, chronic exposures are underrepresented in the domestic literature.  
Further research is required to better understand the impacts of long-term air pollution 
exposure in Australia, including expanding the range of considered health endpoints to 
include the causal outcomes of lung cancer and diabetes.   
There is a significant knowledge gap pertaining to regional communities who are exposed 
to the emissions of coal-fired power stations.  While these communities tend to be small, 
creating difficulty in undertaking a sufficiently powered epidemiological study, they are 
exposed to the largest source of anthropogenic particulate pollution in Australia (88) and 
have been a long-documented cause of concern (89). Excepting a large uncontrolled mine 
fire (35), this review failed to identify any studies that considered this source.  



Finally, Australia has produced landmark studies identifying source-specific impacts of LFS 
(50, 61).  As LFS becomes an increasing concern with warming temperatures, Australia is 
uniquely placed to build on the existing evidence presented in this review providing 
valuable information for preventative and emergency health responses. 
 
Strengths and limitations 
Our review was rigorously undertaken following the standard PRISMA protocol.  The 
screening of each database, study selection and quality assessment of studies was 
independently undertaken by two authors CMW and EKSF.  All included studies controlled 
for some potential confounders, most commonly: temperature, humidity, temporal trends 
and respiratory infections.  Individual level confounders were accounted for in studies 
examining birth outcomes and prospective cohort studies. A common theme for all 
studies, excepting one which utilised personal monitors (27), was the potential 
inaccuracies of exposure assessments, which were unable to account for intra-urban 
variability. Over two thirds of the studies included in this review used fixed site monitors, 
and noted the limitations in capturing spatial variability of population exposure.  This 
resulted in a likely downward bias (i.e., attenuation) of associations. Due to the high level 
of heterogeneity in exposure measurements and reporting of health impacts across the 
included studies, a meta-analysis was not undertaken.  The included studies ranged in 
design and size, with one quarter being cohort design and of modest size by international 
comparison.  The exclusion of proxy exposure measurements and subjective health 
measurements, such as questionnaires, resulted in the omission of several otherwise well-
conducted studies that were relevant to the remit of our review.  
 
Conclusion 
This review provides an overdue update, at a time when air pollution is front and centre 
of the political and public eye.  We have collated a substantial body of evidence for short-
term exposures and cardio-respiratory disease, which has accumulated to a point where 
policymakers could now begin to draw on Australian studies as part of a weight of 
evidence approach to inform Australian policy and standards.  In general, more Australian 
studies on long-term exposures are needed to be useful to policy-makers. Outdoor air 
pollution is a significant contributor to the burden of disease and premature death in 
Australia, and while some of this burden is created by pollution events such as bushfires 
and dust storms, everyday exposures in low concentration settings to traffic, wood 
heaters and general ambient pollution also play an important role.  There are vulnerable 
groups who have greater susceptibilities to the health effects of air pollution. Current 
health risk assessment methodologies may not adequately meet key NEPM AAQ 
objectives of adequate protection and the adoption of the precautionary principle.  There 
are apparent differences in the magnitude and range of health impacts across different 
pollutant sources, which may be beneficial in formulating preventative strategies aimed at 
reducing the health burden of outdoor air pollution in Australia.  
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Abstract 

Background: Ambient (outdoor) air pollution is a key risk factor for health, for which 
effective policy plays an important preventative role. Australian federal and related state air 
quality standards have historically relied on international evidence for guidance, which may 
not accurately reflect the Australian context. There has been, however, a large increase in 
Australian epidemiological studies over recent years. 

Aims: To provide an updated systematic literature review of peer-reviewed epidemiological 
studies that examined the health impacts of outdoor air pollution in Australia, including 
short- and long-term exposure.  

Methods: Following PRISMA guidelines, we conducted a systematic literature review. Broad 
search terms were applied to two databases (PubMed and Web of Science) and Google 
Scholar. Quality assessment and risk of bias were assessed using standard metrics. Included 
studies were summarised by tabulating key study characteristics, grouped by health 
outcomes. 

Results: In total, 72 studies were included in the review. Sixty-four studies (89%) used daily 
or hourly pollutant concentrations to examine short-term exposure impacts, of which 59 
(92%) revealed significant associations with one or more health outcomes, including cardio-
respiratory, all-cause mortality or morbidity, and birth outcomes. Eight studies (11%) used 
annual average pollutant concentrations to investigate long-term exposure finding 
significant associations with asthma, reduced lung function, atopy and cardio-respiratory 
mortality across five studies.  The remaining three studies found no significant association 
with asthma, mortality and a range of self-reported diseases, respectively.  

Conclusions: Ambient air pollution has substantial health impacts in Australia.  The body of 
domestic evidence has increased markedly since national air quality standards were first set 
in the 1990s, which could be drawn on by policy-makers when revising the existing 
standards, or considering new standards.  

 



Figure 1. Study selection 
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