
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ijas20

Journal of Asthma

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ijas20

Family, neighborhood and psychosocial
environmental factors and their associations with
asthma in Australia: a systematic review and Meta-
analysis

K. M. Shahunja,, Peter D. Sly,, Tahmina Begum, Tuhin Biswas & Abdullah
Mamun

To cite this article: K. M. Shahunja,, Peter D. Sly,, Tahmina Begum, Tuhin Biswas & Abdullah
Mamun (2022) Family, neighborhood and psychosocial environmental factors and their
associations with asthma in Australia: a systematic review and Meta-analysis, Journal of Asthma,
59:12, 2539-2552, DOI: 10.1080/02770903.2021.2018707

To link to this article:  https://doi.org/10.1080/02770903.2021.2018707

View supplementary material Published online: 24 Dec 2021.

Submit your article to this journal Article views: 476

View related articles View Crossmark data

Citing articles: 2 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ijas20
https://www.tandfonline.com/loi/ijas20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
https://www.tandfonline.com/doi/suppl/10.1080/02770903.2021.2018707
https://www.tandfonline.com/doi/suppl/10.1080/02770903.2021.2018707
https://www.tandfonline.com/action/authorSubmission?journalCode=ijas20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ijas20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/02770903.2021.2018707
https://www.tandfonline.com/doi/mlt/10.1080/02770903.2021.2018707
http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2021.2018707&domain=pdf&date_stamp=2021-12-24
http://crossmark.crossref.org/dialog/?doi=10.1080/02770903.2021.2018707&domain=pdf&date_stamp=2021-12-24
https://www.tandfonline.com/doi/citedby/10.1080/02770903.2021.2018707#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/02770903.2021.2018707#tabModule


Journal of Asthma
2022, VOL. 59, NO. 12, 2539–2552

Family, neighborhood and psychosocial environmental factors and their 
associations with asthma in Australia: a systematic review and Meta-
analysis

K. M. Shahunja, MBBS, PG Dipa,b,c , Peter D. Sly, MD, DScd, Tahmina Begum, MBBS, MPHa,b, Tuhin Biswas, PhDa,b 
and Abdullah Mamun, PhDa,b,c

aInstitute for Social Science Research, The University of Queensland, Brisbane, Australia; bARC Centre of Excellence for Children and 
Families over the Life Course, The University of Queensland, Brisbane, Australia; cThe Queensland Alliance for Environmental Health 
Sciences (QAEHS), The University of Queensland, Brisbane, Australia; dChild Health Research Centre, Faculty of Medicine, The 
University of Queensland, Brisbane, Australia

ABSTRACT
Objective: Various associations between different environmental exposures and asthma have 
been reported in different countries and populations. We aimed to investigate the associations 
between family, neighborhood and psychosocial environmental factors and asthma-symptoms 
in Australia by conducting a systematic review and meta-analysis.
Data sources:  We analyzed the primary research studies conducted in Australia across 
multiple databases, including PubMed, EMBASE and Scopus, published between 2000 and 
2020.
Study selections:  The reviews and analyses focused on the overall association of different 
environmental exposures with the exacerbation of asthma-symptoms or asthma-related 
hospital visits. Quality-effect meta-analysis was done to estimate the pooled odds ratio for 
different environmental exposures for asthma-symptoms.
Results:  Among the 4799 unique published articles found, 46 were included here for 
systematic review and 28 for meta-analysis. Our review found that psychosocial factors, 
including low socioeconomic condition, maternal depression, mental stress, ethnicity, and 
discrimination, are associated with asthma-symptoms. Pooled analysis was conducted on 
family and neighborhood environmental factors and revealed that environmental tobacco 
smoking (ETS) (OR 1·69, 95% CI 1·19–2·38), synthetic bedding (OR 1·91, 95% CI 1·48–2·47) 
and gas heaters (OR 1·40, 95% CI 1·12–1·76) had significant overall associations with 
asthma-symptoms in Australia.
Conclusion:  Although the studies were heterogeneous, both systematic review and 
meta-analysis found several psychosocial and family environmental exposures significantly 
associated with asthma-symptoms. Further study to identify their causal relationship and 
modification may reduce asthma-symptoms in the Australian population.

1.  Introduction

Asthma is a diverse syndrome and a major noncom-
municable disease (NCD), affecting both children and 
adults. It is the most prevalent chronic medical con-
dition among children worldwide (1). More than 339 
million people are currently suffering from 
asthma-symptoms worldwide (1). The prevalence var-
ies, with Australia having among the highest rates in 
the world (2). Based on self‑reported data from the 
2017–2018 National Health Survey (NHS), 2.7 million 
people (11% of the total population) had asthma in 

Australia. The prevalence is significantly higher in 
socially disadvantaged and Indigenous people com-
pared to the socially advantaged and non-Indigenous 
population in Australia (3). Although the prevalence 
rate for the overall population declined significantly 
in the 1980s and 1990s, it has been static over the 
last two decades (3,4), perhaps due to the failure of 
further identification and optimal control of the fac-
tors associated with this condition. Although 
asthma-related mortality is very low in Australia, 
asthma incurred $1.2 billion in direct healthcare costs 
(including medication, hospital and out-of-hospital 
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expenses) in 2015 (5). It also reduces the quality of 
life and increases psychological distress at the indi-
vidual level. Therefore, emphasis should be given to 
controlling asthma-symptoms to reduce the healthcare 
burden and improve the quality of life (5).

Although prolonged and total control of symptoms 
can be achieved in some cases with appropriate treat-
ment, there is no available therapeutic regimen to 
cure asthma permanently. Prevention is the best strat-
egy to manage this disease. Many epidemiological 
studies in both children and adults have shown a 
comprehensive list of factors contributing to exacer-
bation of asthma-symptoms. The most frequently 
cited triggers are allergens (particularly pollens, 
molds, dust and pet dander), tobacco smoke, exercise, 
air pollutants/particulate matter, weather patterns/
changes, psychological factors, stress and respiratory 
infections (6–8). Most of these triggering factors are 
found within the family or home, neighborhood and 
psychosocial environment, which can dramatically 
influence the asthma phenotype and exacerbate the 
condition (8–10). Knowledge about specific environ-
mental exposures and their attributable association 
with asthma-symptoms is essential to understand, 
modify or eliminate those exposures for better control.

Reported associations between different environ-
mental exposures and asthma-symptoms are highly 
divergent across different countries and populations 
(11,12). Reviews and meta-analyses have been con-
ducted to identify specific environmental exposures 
and their associations with asthma-symptoms (13,14). 
However, many such reviews have failed to provide 
consistent evidence due to inconsistent methods, pop-
ulation, or geographic location across the studies 
(15,16). Prior reviews were more exposure-specific 
rather than population- or country-specific. The review 
and meta-analysis of local evidence, especially in a 
country with high prevalence, such as Australia, may 
help to identify specific environmental factors and the 
extent of their association with asthma-symptoms that 
may lead a better prevention and management strategy 
of this chronic health condition.

2.  Methods

We followed the ‘Preferred Reporting Items for 
Sy s te m at i c  re v i e w s  and  Me t a - A n a ly s e s 
(PRISMA)’protocols for systematic reviews and 
meta-analyses (17), and we registered the protocol 
under registration ID: CRD42020170863 at the begin-
ning of the study in PROSPERO (http://www.crd.york.
ac.uk/PROSPERO/). A PRISMA flowchart of the study 
is shown in Figure 1.

2.1.  Inclusion and exclusion criteria

We followed PECO (Population, Exposure, Comparator, 
and Outcomes) criteria (18) for inclusion and exclu-
sion of the studies (Table 1). We used this standard 
framework for formulating appropriate questions to 
assess the association between exposures and outcomes.

2.2.  Data sources and search strategy

To identify the articles, we used different search 
engines: PubMed, EMBASE and Scopus. We conducted 
the search in August 2020. We searched for articles 
based on Australian studies published between January 
2000 and July 2020 as we wanted to include recent 
articles published within the last 20 years. We used a 
combination of different keywords with appropriate 
‘Boolean Operators’ to search for the articles as 
described in supplementary Table S1.

2.3.  Study selection and data extraction

The screening was done by two independent reviewers 
(KMS and TB-1). Disagreements were discussed and 
resolved by group meetings. These reviewers also 
completed a standard data-extraction form, summa-
rizing each article’s study design and other relevant 
data, including author, publication year, sample size, 
population, study type, exposure, and outcome (Table 
2). We only included Australian studies that were 
original, full-text English language articles. We did 
not include review articles, editorials, or conference 
abstracts.

2.4.  Working definition of outcome variable

We have considered ‘asthma-symptoms’ or ‘wheeze’ 
as our outcome variable because, asthma is a hetero-
geneous disease and has several clinical phenotypes. 
Wheeze is the most common symptom among patients 
with asthma, independently of their phenotype (19). 
A recent Lancet Commission has discouraged using 
‘asthma’ as a single disease and proposed a more tar-
geted approach to think about its mechanisms and 
treatment (20). In our reviewed studies, asthma was 
diagnosed by doctors at hospital [according to 
International classification of diseases, 10th revision 
(ICD-10): J45, J46], or from self-reporting question-
naire based on symptoms (such as wheeze). None of 
the studies mentioned the phenotypic diagnosis of 
asthma. So, we considered our outcome of interest as 
‘asthma-symptoms’ rather that ‘asthma’.

http://www.crd.york.ac.uk/PROSPERO/
http://www.crd.york.ac.uk/PROSPERO/
https://doi.org/10.1080/02770903.2021.2018707
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2.5.  Quality assessment

We adapted the modified Newcastle Ottawa Scale 
(21) for observational studies to assess the quality of 
the studies (Table S2). Two reviewers (KMS and 
TB-1) independently evaluated each of the included 
studies using the same tool and scored the studies 
accordingly (Table S3).

2.6.  Data synthesis and analysis

Analyses were focused on the overall association for 
individual exposures to asthma-symptoms. Quantitative 
data synthesis was performed only when three or 
more studies were available with the estimates for a 
similar type of exposure; a descriptive analysis was 
done in other cases. Although most studies reported 

Table 1.  PECOS criteria for inclusion and exclusion of studies.
Parameter Inclusion criteria Exclusion criteria

Population All ages in both sexes none
Exposure Exposed with different family, neighborhood, and psychosocial environmental 

factors
none

Comparator Not exposed with, or degree of exposure with family, neighborhood, and 
psychosocial environmental factors

none

Outcome Asthma or wheeze none
Study design Observational study, Cross-sectional study, Cohort study, Case-control study, 

Case-crossover study, Time series analysis
Editorial, Review article, Methodological article, 

Conference abstract

Figure 1.  PRISMA flow chart of the study.

https://doi.org/10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
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the odds ratio (OR) as the measurement of association 
between exposures and outcome, some studies reported 
relative risk (RR). We consider both ORs and RRs 
together for meta-analysis as we assumed that the 
RRs (in six articles only) would be close to ORs due 

to the low prevalence rate of the outcome (22). Where 
studies showed multiple estimates stratified analysis 
(e.g. stratified by age groups, locations), all of them 
were included in meta-analysis under the same author 
name. For a specific exposure group, different studies 

Table 2.  Characteristics of the studies.

SL Author, publication year Design, study site
Sample size and 

population Exposures Outcome

1 Gavin Pereira et al, 2010 Case-crossover, western Australia n = 603, 0–19 years NO2 and CO Asthma
2 Bircan Erbas et al, 2005 Cross-sectional, Melbourne n = 8955, 1-15 years PM10, NO2, O3 Asthma
3 Bin Jalaludin et al, 2008 Case-crossover, Sydney 9130, 1-14 years PM10, PM2.5, NO2, O3, CO, SO2 Asthma
4 K Rumchev et al, 2004 Case-control, Perth n = 192, 0.5-3 years VOCs Asthma
5 Anna Petroeschevsky et al, 

2001
Time series analysis, Brisbane n = 13246, all ages bsp, O3, SO2, NO2, Asthma

6 Don Vicendese et al, 2015 Case-control, Melbourne n = 44, 2-17 years Airborne fungus, bedding, and 
other household allergens

Asthma

7 M C Matheson et al, 2005 Cohort, Melbourne n = 360, 20- 45 years Indoor allergens and fungus Asthma
8 B Erbas et al, 2007 Cross-sectional, Melbourne n = 147, all ages Grass pollen Asthma
9 Desiree Meszaros et al, 2014 Cross-sectional, Tasmania n = 5729, adults Mould, Smoking Asthma
10 Jolanta Ciuk et al, 2001 Cross-sectional, Adelaide n = 1341, 4 years NO2 Asthma
11 Rachel Tham et al, 2016 case-crossover, Melbourne n = 644, 2-17 years Outdoor fungal spore, Asthma
12 Fay H. Johnston et al, 2006 Cross-sectional, Darwin n = 251, all ages PM10, PM2.5 Asthma
13 Fay H. Johnston et al, 2002 Cross-sectional, Darwin n = 265, all ages PM10 Asthma
14 M Nitschke et  al. 2006 Cohort, Adelaide n = 174, 5-12 years NO2, House dust mite (Der p I) Asthma
15 Bin B Jalaluddin et  al. 2004 Cross-sectional, Sydney n = 125, 8-10 years Ozone, PM10, NO2 Wheeze
16 P J Franklin et al, 2012 Cross-sectional, WA n = 71, adults Gas heater Wheeze
17 Gayan Bowatte et al, 2016 Cross-sectional, Tasmania n = 1405, adult NO2, distance from major road, Wheeze and asthma
18 Diana J Bass et al, 2000 Cross-sectional, New South Wales n = 206, 5-80 years Grass and Ragweed pollen Asthma
19 C Rodriguez et al, 2007 Cohort, Perth n = 263, children O3, CO, NO2, PM2.5, bsp Wheeze
20 M Wakefield et al, 2003 Cross-sectional, Victoria n = 382, adult Secondhand smoking Wheeze
21 I C Hanigan et al, 2007 Cross-sectional, Darwin n = 1278, 0-14 years Pollen Asthma
22 B Erbas et al, 2012 Cross-sectional, Victoria n = 2559, 0-15 years Grass pollen Asthma
23 Gea de Meer et al, 2004 Cohort, New South Wales n = 224, 8-10 years Having a cat before age 18 only Asthma
24 C M Bennett et al, 2007 Cross sectional, Melbourne n = 1446, adults PM2.5 Wheeze, asthma
25 A L Ponsonby et al, 2000 Cross-sectional, Tasmania n = 863, 7 years Parental smoking, Gas heater, 

carpet, pet
Asthma

26 A L Ponsonby et al, 2003 Cross-sectional, Tasmania n = 863, 7 years Synthetic pillow and quilt Wheeze
27 A L Ponsonby et al, 2002 Cross-sectional, ACT n = 758, 8-10 years Synthetic pillow or quilt Asthma
28 Xiaoqi Feng et al, 2017 Cross-sectional, Australia 

(nationwide)
n = 4447,  

6-7 years
Green space, heavy traffic, safe 

area
Asthma

29 L F Trevillian et al, 2005 Cohort, Tasmania n = 863, infant Synthetic bedding Wheeze
30 S Dharmage et al, 2001 Cross-sectional, 

Melbourne
n = 485, adults (24-48 

yrs)
Allergy to fungi, cat, house dust 

mite
Asthma

31 Rachel Tham et al, 2017 case-crossover, NSW n = 2098, 2-18 years Outdoor fungal spore, Asthma
32 K.B. Rumchev et al, 2002 Cross-sectional, 

Perth
n = 192, Children Formaldehyde Asthma

33 L L Phoa et al, 2004 Cross-sectional, 
Belmont

n = 627, 8-11 years fume emitting heaters Asthma

34 P D Sly et al, 2007 Cohort, Perth n = 1427, 14 years ETS Wheeze
35 A L Ponsonby et al, 2002 Cross-sectional, 

Tasmania
n = 498, children House dust mite, Feather 

bedding
Wheeze

36 A L Ponsonby et al, 2004 Cross-sectional, 
Tasmania

n = 414, children Child bedding Wheeze

37 B J Smith et al, 2000 Cross-sectional, 
Adelaide

n = 125, all ages Indoor NO2 Asthma

38 G Zhang et al, 2005 Cross-sectional, 
Perth

n = 996, 4-12 years Household cleanliness Asthma

39 Som K. Shrestha et al, 2018 Cross-sectional, 
Sydney

n = 2098, 2-18 years Pollen Asthma

40 K Chen et al, 2016 Time-series analysis and 
case–crossover, Adelaide

n = 36024, all ages PM2.5, NO2, PM10, O3, and pollen Asthma

41 L. F. Trevillian, 2004 Cross-sectional, Tasmania n = 863, 7 years Cocoon bedding Wheeze
42 Anita L. Kozyrskyj, 2010 Cohort, WA n = 2151, 14 years Parental SES Asthma
43 Rebecca Giallo, 2015 Cohort, National n = 4164, 6-7 years Maternal depression Asthma
44 R J Adams, 2004 Cross-sectional, WA, NT, SA n = 7619, adult Psychological distress Asthma
45 Joan Cunningham, 2010 Cross-sectional, National n = 20849, adult SES, ethnicity Asthma
46 Carrington CJS, 2017 Cohort, National n = 1239, 5-10 years Racial discrimination Asthma

NO2 = Nitrogen dioxide; CO = Carbon monoxide; PM10 = particulate matter 10 micrometers or less in diameter; PM2.5 = particulate matter 2.5 microm-
eters or less in diameter; O3 = Ozone; SO2 = Sulfur dioxide; VOCs = Volatile organic compounds; bsp = measurement of light scattering of dry particles; 
ETS = Environmental tobacco smoking, SES = Socioeconomic status, WA = Western Australia, ACT = Australian Capital Territory, NSW = New South Wales, 
NT = Northern Territory.
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used different ‘unit of change’ (e.g. per IQR change; 
per unit change; per 10 units change etc.) to calculate 
the association with the outcome. So, we standardized 
the ‘unit of change’ and re-calculated (23) the risk 
with their 95% CIs based on the standardized ‘unit 
of change’ to keep consistency among the estimates 
across the studies before doing pooled analysis. We 
elaborated Forest-Plot and estimated weighted overall 
association and their 95% CI following quality effects 
(QE) model (24), although random effects (RE) model 
(25) estimates were also generated (for comparison, 
see Figures S13-14). However, we considered the 
pooled estimates of QE model instead of the tradi-
tional RE model for a specific environmental exposure 
for asthma-symptoms in our study given the over-
whelming evidence in support of the performance of 
this method over the RE method in meta-analysis 
(26,27). The heterogeneity of the articles was reported 
by the I2 that measures the proportion of total vari-
ance between studies (28). We checked for publication 
bias through visualization by funnel plot and Doi plot 
(29). The asymmetric plot signifies the publication 
bias, which was measured through the LFK index of 
the Doi plot (29). All the analyses were conducted 
using the MetaXL software version 5.3 (30).

3.  Results

3.1.  Search outcome

Out of 4799 references, 46 articles were included for 
final review and 28 for meta-analysis (Figure 1) as 
only these studies reported OR (n = 22) or RR (n = 06) 
with their 95% CI, and at least three studies had 
similar environmental exposures for asthma-symptoms.

3.2.  Study characteristics

The 46 articles presented data of 137 840 individuals 
of different ages. Four studies used nationally repre-
sentative samples while the others collected data from 
different cities or states (Figure S1), with Western 
Australia and Victoria represented in a higher number 
of studies (9/46 each) followed by Tasmania (8/46) 
and New South Wales (7/46). Most studies (65%) 
reported on children, 20% on adults, and 15% on all 
ages (Figure S2). Most of the studies (n = 30) were 
cross-sectional in design; however, 10 of them were 
cohort/time series, and six of them were case-control/
case-crossover studies (Table 2). Based on the quality 
assessment (Table S2), 17 studies were high quality, 
scoring 8–9 out of 9, and the rest scored 6–7 out of 
nine (Table S3).

3.3.  Systematic review

We found 23 individual studies that reported 12 dif-
ferent family environmental exposures; 18 individual 
studies reported ten different neighborhood environ-
mental exposures and their association with 
asthma-symptoms. We found five individual studies 
that described five different psychosocial environmen-
tal factors and their association with asthma-symptoms.

Studies reported different indoor or household 
environmental exposures such as ETS, indoor fungi, 
dust mites, synthetic bedding, gas heaters (flued/
unflued), volatile organic compounds (VOCs), form-
aldehyde, pets, carpet, building materials and the 
number of people living in the house. All such expo-
sures were associated with asthma-symptoms, and 
showed differing levels of association.

Four individual studies showed the association of 
ETS with asthma-symptoms among the population of 
different ages. These studies showed a variable degree 
of risk for asthma-symptoms due to ETS exposure 
where the adjusted risk or odds ratio ranged from 
1·46 to 4·26 (31–34) (Table S4). Most of the studies 
conducted in children reported the association of 
parental smoking with asthma-symptoms of their chil-
dren. One cross-sectional study reported maternal 
smoking at home increased the risk of asthma-symptoms 
among their children (aRR 1·52, 95% CI 1·01–2·29) 
(34). Sly et  al. reported that ETS exposure in the 
parents’ car also increased the risk of current wheeze 
(aOR 1·55, 95% CI 1·02–2·35) for children (32). Two 
studies in adults showed ETS to be associated with 
current asthma-symptoms in nonsmokers (aOR 2·09; 
95% CI 1·30–3·35) in the domestic environment (33), 
and in the workplace (aOR 4·26, 95% CI 1·78–
10·21) (31).

Use of synthetic pillows and/or quilts was also 
found to be a potential indoor environmental expo-
sure related to asthma-symptoms. One cross-sectional 
survey reported that using a synthetic quilt was asso-
ciated with asthma-symptoms (aOR 1·67, 95% CI 
1·05–2·65) compared to using a cotton-made quilt 
(35). The risk of asthma-symptoms was even higher 
when two or more synthetic items were used in an 
infant’s bed (aOR 2·10, 95% CI 1·15–3·82) (36). 
However, Ponsonby et  al. reported that synthetic quilts 
were associated with wheeze only when the children 
slept in a supine position; for non-supine sleepers, 
overlying synthetic-quilt use was not associated with 
wheeze (37).

Two studies on children reported that using 
fume-emitting heaters or gas heaters inside the bed-
room was associated with the exacerbation of 

https://doi.org/10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
https://doi.org/10.1080/02770903.2021.2018707
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asthma-symptoms (aRR 1·92; 95% CI 1·33–2·76) or 
recent wheeze (aRR 1·44, 95% CI 1·11–1·86) (34,38). 
Unflued gas heaters were also found to develop 
wheeze in older individuals (>55 years) (aOR 1·25, 
95% CI 1·05–1·50) (39).

Although some studies showed that there was no 
significant association of asthma-symptoms with the 
exposure to total fungal spores, some specific fungal 
spores [such as Cladosporium (aOR 1·68, 95% CI 
1·04–2·72), Alternaria (aOR 1·07, 95% CI 1·03–1·11), 
Coprinus (aOR 1·04, 95% CI 1·01–1·07)] had a greater 
association with hospitalization for childhood asthma 
(40–42).

House dust mites (HDM) were also reported as a 
potential risk for asthma. Ponsonby et  al. reported 
that although HDM sensitization was strongly asso-
ciated with frequent wheezing (aRR 19·61; 95% CI 
6·94–55·56), it had a modest association with ever 
developed asthma-symptoms (aRR, 1·65; 95% CI 1·30–
2·09) (43). Some studies showed the overall risk of 
asthma-symptoms varied with the sensitization of dif-
ferent concentrations of HDM in the household 
(42,44–46) (Table S4). The odds for asthma were dif-
ferent for HDM in different locations (bed, floor, etc.) 
(45), or for different types of HDM such as Der p 1 
and Der f 1 (42). However, HDM allergen 
Dermatophagoides pteronyssinus (Der p) was most 
measured and had various degree of associations 
(43–45). There were some other indoor environmental 
exposures for asthma that were revealed in this review, 
including volatile organic compounds (VOCs) (46), 
formaldehyde (47), having a pet (34,42,48), and the 
presence of carpet (34).

Several neighborhood environmental exposures 
showed an association with asthma-symptoms. Most 
of these exposures were the indicators of air quality 
assessed by the amount of nitrogen dioxide (NO2), 
carbon monoxide (CO), particulate matter 10 microm-
eters or less in diameter (PM10), particulate matter 
2.5 micrometers or less in diameter (PM2.5), ozone 
(O3), sulfur dioxide (SO2) and pollen. One study 
investigated the association between the amount of 
neighborhood greenspace and a decrease in 
asthma-symptoms (49).

Our search found 12 studies that assessed NO2 
levels in the air and its association with 
asthma-symptoms. Four studies evaluated the level of 
NO2 in the air primarily due to traffic-related air 
pollution and found a positive association with 
asthma-symptoms (44,50–52). However, eight studies 
found no statistically significant associations (52–59). 
Levels of CO in the air were assessed in three studies, 
with two reported positive association (50,60) and 
other study reported no association (55). The amount 

of ozone (O3) in the air showed no statistically sig-
nificant association for asthma-symptoms in most 
studies (50,53–57). PM10 was positively associated with 
asthma-symptoms per IQR increase of PM10 
(53,59,61,62). However, two studies reported no asso-
ciation (50,54). Particulate matter 2.5 micrometers 
(PM2.5 or less in diameter) was assessed in four stud-
ies (50,55,59,63), none of which reported association 
with asthma-symptoms.

Other outdoor exposures, such as living less than 
200 m from a major road was associated with current 
wheeze (aOR, 1·38; 95% CI, 1·06–1·80) (52). Six stud-
ies examined the level of pollen in the air and its 
association with asthma-symptoms. Although we could 
not perform pooled analysis due to the lack of odds 
or risk ratio (most of the studies did linear regres-
sion), out of six studies, five studies reported statis-
tically significant association with asthma-symptoms 
due to the increase of pollen count in the air 
(57,59,64–66). In our search, we also found one article 
regarding the relation between green space and 
asthma-symptoms. In this paper, Xiaoqi Feng et  al. 
found the association between heavy traffic and 
asthma to be significantly lower for participants living 
in areas with over 40% greenspace coverage (aOR 
0·32, 95% CI 0·12–0·84). However, when children were 
exposed to high-traffic volumes and areas with zero 
to 20% green space quantity, the risk of asthma was 
significantly high (aOR 1·87, 95% CI 1·37–2·55) (49).

We have found five studies that showed the asso-
ciation of different psychosocial-environmental expo-
sures and asthma symptoms. Kozyrskyj et  al. found 
a two-fold increased risk of asthma symptoms in 
children who had lived in a low-income family since 
birth (67). Another study from a nationally repre-
sentative sample showed higher odds for asthma 
symptoms in non-indigenous people with the lowest 
household income than the highest household income 
(68). Asthma-symptoms in childhood were signifi-
cantly associated (aOR 2·36, 95% CI 1·61–3·45) with 
the depressive illnesses of their mothers (69). 
Psychological distress in adults was also found more 
frequently in those with asthma-symptoms (17.9% v 
12·2%, p = 0·01) than those who did not suffer such 
symptoms (70). Racial discrimination, one of the 
causes of psychological distress, was found to be asso-
ciated (aOR 2·04, 95% CI 1·19–3·48) with 
asthma-symptoms in Indigenous children (71).

3.4.  Meta-analysis

Twenty-seven articles included in meta-analysis were 
divided into two groups: family-environmental factors 
and neighborhood-environmental factors.

https://doi.org/10.1080/02770903.2021.2018707
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Meta-analysis was conducted for ETS, synthetic 
bedding, gas heaters, and total fungal spore with the 
estimates derived from individual studies. Among them, 
ETS showed an association with asthma-symptoms. 
Exposure to passive smoking significantly increased 
the odds of exacerbating asthma-symptoms (OR 1·69, 
95% CI 1·19–2.38). The use of synthetic bedding (OR 
1·91, 95% CI 1·48–2·47) and gas heaters (OR 1·40, 
95% CI 1·12–1·76) was also associated with exacer-
bating asthma-symptoms (Figure 2). Pooled analysis 
of three studies for total fungal spore (per 100 spores/
m3 increase) showed no statistically significant asso-
ciation (OR 1·01, 95% CI 0·94–1·07) (Figure 2).

Estimates of ten studies were included in the 
meta-analysis; the overall association of NO2 [for per 
10 parts per billion (ppb) increase] with 
asthma-symptoms was not statistically significant (OR 
1·04, 95% CI 0·98–1·10). Neither did exposure to an 
increased amount of other pollutant gases such as 
carbon monoxide [per parts per million (ppm) 
increase] (OR 1·22, 95% CI 0·88–1·70) and ozone (per 
ppb increase) (OR 1·00, 95% CI 0·99–1·02) show sta-
tistically significant association with asthma-symptoms. 
The presence of an increased amount of particulate 
matters such as PM10 (per 10 µg/m3 increase) (OR 
1·05, 95% CI 0·96–1·15); PM2.5(per µg/m3 increase) 

(OR 1·01, 95% CI 0·98–1·05); and total pollen (per 
10 grains/m3 increase) also showed no association 
(Figure 3).

4.  Discussion

This is the first systematic review and meta-analysis 
to identify the potential family, neighborhood and 
psychosocial environmental exposures and their asso-
ciation with exacerbating asthma-symptoms among 
Australian children and adults. We found that family 
environmental exposures such as ETS using synthetic 
bedding and gas heaters were positively associated 
with asthma-symptoms in the pooled analysis. 
Individual studies in Australia also reported that some 
psychosocial factors such as parental socioeconomic 
condition, ethnicity, racial discrimination, maternal 
depression, and psychological distress were associated 
with asthma-symptoms in different populations. 
Although this review found several neighborhood 
environmental exposures, especially various air pol-
lutants like NO2, CO, PM10, PM2.5, and O3, to be 
associated with asthma-symptoms, meta-analysis failed 
to prove any statistical significance. However, the stud-
ies had heterogenicity in measurements, study 

Figure 2. F orest plot showing the overall association of different family environmental factors with asthma-symptoms.
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Figure 3. F orest plot showing the overall association of different neighborhood environmental factors with asthma-symptoms.
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population and locations, which require further 
consideration.

As expected, the most commonly reported indoor 
exposure was ETS (31–34). The main sources of ETS 
in Australia were identified as smoking by a parent 
or other family member at home and secondhand 
smoking in the workplace. Children were the main 
victims of ETS, exposed to their parents’ smoking, 
especially mothers, at home (33,34), or even in the 
car (32). Several studies across the world have 
demonstrated the association between ETS and child-
hood asthma-symptoms (72). A review article showed 
that up to 70% of children are exposed to ETS glob-
ally; maternal smoking and ETS exposure, influence 
infant lung development and are associated with 
childhood upper and lower respiratory tract infections, 
including asthma-symptoms (72). Maternal smoking, 
both antenatal and postnatal, is detrimental to several 
respiratory outcomes in children, including 
asthma-symptoms. Evidence also suggests that sec-
ondhand smoke exposure is a risk factor for new-onset 
asthma among adults and exacerbates preexisting 
adult asthma (73). ETS affects the immune function 
with a strong emphasis on the airway. Cigarette 
smoke alters a myriad of signaling pathways and 
immune responses, some of which are implicated in 
the development of allergic diseases like asthma (74). 
There are also other mechanisms how ETS causes 
asthma-symptoms, including a direct irritant 
effect of ETS.

Our review has also identified other family envi-
ronmental factors that were significantly associated 
with asthma-symptoms in Australia, specifically the 
use of synthetic bedding and gas heaters. The syn-
thetic bedding items have higher house dust mite 
allergen levels than feather-bedding items. It increases 
exposure to VOCs and is more prone to capture cat 
and dog allergens than feather pillows. Furthermore, 
the firmer weave of feather pillows makes them more 
protective in providing barriers to different allergens, 
leading to respiratory-wall irritation (37). Thus, 
household bedding should get extra attention where 
an atopic or asthma-prone child lives.

Although flued gas heaters have a flue to carry the 
exhaust gases away from the fireplace, using a flued 
gas heater inside was significantly associated with the 
exacerbation of childhood asthma-symptoms or recent 
wheeze (34,38).  The pathophysiolog y of 
asthma-symptoms in this instance stems from respi-
ratory mucosal irritation caused by NO2 release from 
gas heaters (38). The randomized controlled trial on 

heater replacement showed a significant reduction of 
NO2 exposure and hence the prevalence of asthma 
(75). Unflued gas heaters can emit more NO2 as they 
do not have any flue. One of our reviewed studies 
showed children exposed to either unflued or flued 
gas heaters in infancy had a similar risk for 
asthma-symptoms (34). The detrimental effect of 
unflued gas heaters in developing wheeze was also 
found in older people (>55 years) as they usually 
exposed greater time to this type of heaters due to 
increased need for heating, and more time spent 
indoors (39).

Although house dust mite and fungi exposures were 
associated with asthma-symptoms in some studies in 
Australia, the pooled estimate was not statistically 
significant. Some studies showed that the overall asso-
ciation with asthma-symptoms varied with the sensi-
tization of different concentrations of HDM in the 
household (42,44–46). The odds for asthma-symptoms 
were different for HDM in different locations (bed, 
floor, etc.) (45), and for different allergens such as 
Der p 1, Der f 1, or in different concentrations (42–
45). Dog dander is the principal source of Can f 1, 
and cat dander for Fel d 1 allergens (76). In places 
where pets live, the concentrations of HDM and these 
allergens are found to be higher. Therefore, the gen-
eralization of the association of all HDM and having 
furry pets with asthma-symptoms would be difficult. 
Similar findings occur in the case of fungi exposure. 
In meta-analysis, we did not find any overall signif-
icant association between increased amount (100 
spores/m3) of total fungal spores’ exposure and 
asthma-symptoms. However, some studies showed that 
specific fungal spores such as Cladosporium, Alternaria, 
and Coprinus had significantly higher associations 
with asthma-symptoms (40–42).

In this review, several neighborhood environmental 
exposures were identified as being associated with 
asthma-symptoms in individual studies. However, 
none of the exposures showed a significant associa-
tion for asthma-symptoms in the pooled analysis. 
Our pooled analysis only included the association of 
outcome with same day lag of different exposures to 
make the exposures’ time consistent for all studies. 
Most of the neighborhood environmental exposures 
were indicators of air quality. These are the various 
gases and particles in the air such as NO2, CO, PM10, 
PM2.5 and SO2; the presence of these gases and par-
ticles in increased amounts indicates air pollution, 
especially traffic-related air pollution (TRAP) (77). 
TRAP is a type of air pollution that comes from 
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emissions due to the fossil-fuel combustion of motor 
vehicles. Most of the mentioned gases result from 
the burning of fossil fuels. TRAP was identified as 
the largest anthropogenic contributor to ambient air 
pollution in many cities (77). Many studies have 
reported the association between asthma-symptoms 
and local variation in traffic patterns within commu-
nities or neighborhoods (78). Although this evidence 
indicates that living near heavy traffic is associated 
with increased rates of asthma symptoms, some 
well-designed studies have found weak or no associ-
ation (79). There is still controversy regarding the 
overall association of TRAP with exacerbating 
asthma-symptoms. Our review has also identified this 
inconsistency in different studies in Australia. Only 
four studies on increased NO2 in air found a signif-
icant association with asthma-symptoms; eight studies 
did not. Similar patterns were found in other air 
pollutants (CO, SO2, PM10, PM2.5, Ozone, etc.). Most 
of them had no association or weak association with 
asthma-symptoms. The reasons for these variable 
results are perhaps the heterogenicity of the meth-
odologies, study populations, locations, and the mea-
surements of outcome variables. Variabilities of results 
were found even in the same study for different loca-
tions, times (same day, different log days) (50,53) or 
diurnal variations (44). Another probable reason for 
this heterogenicity of results across the different stud-
ies would be that the measurements of these different 
air pollutants were taken from the monitoring sta-
tions of the respective study areas. The monitoring 
stations in every area do not monitor the same pol-
lutants, limiting the exposure measurement’s confi-
dence. Furthermore, this indirect measurement may 
not accurately determine personal exposure to ambi-
ent pollutants (55). A prior study reported that air 
pollution levels recorded at network-monitoring sta-
tions are often poorly related to personal exposure 
(80). Based on the air quality analysis from 1999–
2008 in Australia’s major urban and regional moni-
toring regions, the national report on air quality in 
Australia reported significant decreases in the levels 
of several air pollutants in the last decade. These 
improvements are largely due to better standards for 
fuel quality and motor-vehicle emissions, which may 
explain the overall low association of air pollutants 
for asthma-symptoms in Australia. Although this 
review revealed that the outdoor air pollutants were 
not significantly associated with asthma-symptoms, 
individuals may expose to these pollutants at indoors 
in a higher concentrations and longer periods, which 
needs further investigation.

Besides TRAP, pollen was also identified as a potential 
air pollutant associated with asthma-symptoms in 
Australian studies. Most of the studies showed a signif-
icant association between pollen count in the air and 
the exacerbation of asthma-symptoms. Many types of 
flowering plants depend on the wind to distribute their 
pollen. These small, light, dry pollen grains can be easily 
breathed in by humans. When inhaled, proteins and 
glycoproteins associated with these pollens can interact 
with the immune systems of sensitive individuals to 
produce an allergic response in the form of hay fever 
or allergic asthma (81). In Australia, the pollen count 
varies with seasons, geographic locations, and wind 
direction (82). Thus, variabilities of the association of 
pollen with asthma were found in our reviewed studies.

It is evident that psychological stress has a delete-
rious effect on atopic disorders and asthma-symptoms 
(7). Precursors of stress are variable: what is stressful 
for one person may not be for another. Several studies 
outside of Australia reported that various psycholog-
ical factors like maternal stress/depression, neighbor-
hood safety, housing condition, discrimination, 
parents’ socioeconomic status, family support and peer 
support etc. may ultimately develop stress and were 
associated with asthma-symptoms in both children 
and adults (83). However, in our review, we have 
found a scarcity of studies in Australia to evaluate 
the association between different psychological factors 
or stressors and asthma-symptoms. Although SES in 
the Indigenous people in Australia has had no inde-
pendent association with asthma, Indigenous children 
exposed to direct and persistent vicarious racial dis-
crimination were more likely to have asthma as well 
as mental health problems (71). Several studies world-
wide have reported that maternal depressive symptoms 
are detrimental to several health outcomes in children. 
It has been also found that maternal depressive symp-
toms have been associated with increased asthma 
morbidity of their children, perhaps due to impair-
ment of the mother’s ability to manage her children 
with asthma (84) effectively. An Australian study from 
a nationally representative sample also reported find-
ings consistent with this psychosocial factor (69).

5.  Strength and limitations

The main strength of this review is its robust meth-
odology, including quality scoring and use of QE 
model for meta-analysis (24). As we considered various 
types of environmental exposures in a single review, 
we expected variability in the study methodologies and 
outcomes among the studies. To address these 
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limitations, we did quality scoring (used different stan-
dardize tools for different types of studies) and fol-
lowed the QE model to conduct the meta-analysis (24). 
This approach incorporates the methodological het-
erogeneity across the studies and reduces the risk-of-
bias assessment (24,85). Thus, our study has produced 
relatively unbiased results. The main limitation of our 
study was having a small number of individual studies 
for a specific exposure to conduct a meta-analysis. We 
could not perform meta-analysis for some environ-
mental exposures due to the small number (<3) of 
studies for a particular exposure group. We could not 
separately assess the association of different environ-
mental exposures stratified by age groups, seasons, 
time of exposure, and time of outcome occurred due 
to the same reason. We thus considered the association 
of a generic exposure rather than the association of 
every sub-class for meta-analysis. However, we have 
included every study in the systematic review.

6.  Conclusion

This review has identified several family, neighbor-
hood and psychosocial environmental exposures that 
have a significant association with developing or 
exacerbating asthma-symptoms or asthma-related 
morbidity. Review and pooled analysis identified that 
ETS, synthetic bedding, gas heaters and pollen in the 
air were the most common factors that showed sig-
nificant association with asthma-symptoms in 
Australia. This review also identified some important 
psychosocial environmental factors, such as parental 
socioeconomic condition, ethnicity, racial discrimi-
nation, maternal depression, and psychological dis-
tress, as being significantly associated with 
asthma-symptoms. Conducting intervention studies 
to reduce these detrimental factors would be of 
potential public health importance to prevent 
asthma-symptoms. However, our reviewed studies 
were heterogeneous in terms of population, measure-
ments of exposures and outcome where stratified 
analyses were not possible due to small number of 
studies. The relatively small number of studies for a 
specific exposure may also undermine the result of 
our pooled analyses. Further longitudinal studies with 
common exposures for a defined population may 
strengthen the results of our review.
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