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Abstract

Background: Little is known about the physical and mental health impact of exposure to landscape fire smoke in
women with asthma. This study examined the health impacts and information-seeking behaviours of women with
asthma exposed to the 2019/2020 Australian fires, including women who were pregnant.

Methods: Women with asthma were recruited from the Breathing for Life Trial in Australia. Following the landscape
fire exposure period, self-reported data were collected regarding symptoms (respiratory and non-respiratory), asthma
exacerbations, wellbeing, quality of life, information seeking, and landscape fire smoke exposure mitigation strategies.
Participants’ primary residential location and fixed site monitoring was used to geolocate and estimate exposure to
landscape fire-related fine Particulate Matter (PM,s).

Results: The survey was completed by 81 pregnant, 70 breastfeeding and 232 non-pregnant and non-breastfeeding
women with asthma. Participants had a median daily average of 17 ug/m? PM, s and 105 ug/m? peak PM, s exposure
over the fire period (October 2019 to February 2020). Over 80% of participants reported non-respiratory and respira-
tory symptoms during the fire period and 41% reported persistent symptoms. Over 82% reported asthma symptoms
and exacerbations of asthma during the fire period. Half the participants sought advice from a health professional for
their symptoms. Most (97%) kept windows/doors shut when inside and 94% stayed indoors to minimise exposure to
landscape fire smoke. Over two in five (43%) participants reported that their capacity to participate in usual activities
was reduced due to prolonged smoke exposure during the fire period. Participants reported greater anxiety during
the fire period than after the fire period (mean (SD) =53(13) versus 39 (13); p <0.001). Two in five (38%) pregnant
participants reported having concerns about the effect of fire events on their pregnancy.

Conclusion: Prolonged landscape fire smoke exposure during the 2019/2020 Australian fire period had a signifi-
cant impact on the health and wellbeing of women with asthma, including pregnant women with asthma. This was
despite most women taking actions to minimise exposure to landscape fire smoke. Effective and consistent public
health messaging is needed during landscape fire events to guard the health of women with asthma.
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Symptoms
Background Landscape fire events may also contribute to mental
Unprecedented landscape fires (including bush- health problems, such as posttraumatic stress disorder

fires, wildfires, and forest fires) have been increas-
ingly reported around the world [1, 2]. The 2019/2020
Australian Black Summer landscape fires (bushfires)
resulted in extreme levels of smoke in affected areas
for an extended period from October 2019 to February
2020. As a result, most people in Eastern Australia were
exposed to poor air quality [2]. Landscape fire smoke
causes significantly high concentrations of particulate
matter (PM) and gases [2, 3]. Exposure to landscape fire
smoke impacts the health of all populations, but some
are more vulnerable than others [4]. Women and chil-
dren, including pregnant and breastfeeding women,
and people with existing medical conditions (especially
asthma), are at particular risk of being affected by land-
scape fire smoke [4, 5]. Australia has a high prevalence
of people with asthma (11%) [6] and more than 12% of
pregnant women have current asthma in Australia [7].
However, there is a lack of information regarding the
effect of prolonged landscape fire smoke exposure on
women with asthma, including those who are pregnant
or breastfeeding.

An association between landscape fire smoke and res-
piratory morbidity has been reported in multiple studies
[3, 8-10]. A study of the impact of prolonged landscape
fire smoke exposure in people with severe asthma indi-
cated that 83% of people with severe asthma reported
symptoms during the fire period and 65% reported per-
sistent asthma symptoms months after exposure had
ceased [11]. Furthermore, studies in Australia found that
people with asthma were more likely to report respiratory
symptoms and healthcare utilisation, including the use of
corticosteroid medications, hospital admission and emer-
gency presentations during the fire period compared to
people without asthma [12, 13]. However, previous stud-
ies have not specifically focused on women with asthma,
including those who are pregnant or breastfeeding.

Environmental factors have a strong influence on
in utero development as well as maternal health, with
normal physiological changes during pregnancy such
as increased cardiac output, minute ventilation and
immune changes potentially increasing maternal vul-
nerability to the effects of extreme air pollution [14-17].
Exposure to landscape fire smoke has been linked with
adverse pregnancy outcomes in the general popula-
tion [18, 19], including decreased birth weight and an
increased odds of preterm birth [18, 20].

(PTSD) and depression [21-23]. A longitudinal study
conducted 3 to 4years after the Victorian Black Satur-
day landscape fire in Australia (2009) found that people
in highly affected areas had a higher rate of PTSD and
depression than those from less affected areas [24]. A
recent study of the impact of the 2019/2020 Australian
fire on physical and mental health in the Australian Capi-
tal Territory found that more than half of the participants
reported symptoms of anxiety and/or feeling depressed
because of smoke exposure [25]. Notably, women were
more likely to report symptoms of anxiety (54% ver-
sus 32%) and depression (25% versus 15%) than men,
highlighting the vulnerability of this population group.
Therefore, investigation into the impact of the 2019/20
Australian landscape fires on the physical and mental
health of women with asthma, including those who were
pregnant is warranted.

The aim of this study was to examine the physical and
mental health impact of prolonged landscape fire smoke
exposure on women with asthma, including a group who
were pregnant during the fire period, and to characterize
women’s health-seeking behaviours and actions to miti-
gate the impacts of landscape fire smoke exposure.

Methods

Study design and setting

We conducted a cross-sectional, retrospective study to
assess the impacts of landscape fire smoke exposure in
women with asthma during the 2019/2020 Australian
Black Summer landscape fire period (1 October 2019 to
29 February 2020).

Participants

Participants were sourced from the Breathing for Life
Trial (BLT) [26, 27] and Breathing for Life Trial-Nutri-
tion in Pregnancy (BLT-NUT) studies of asthma in preg-
nancy, conducted from 2013 to 2019. Pregnant women
aged >18years, with physician-diagnosed asthma, and
symptoms of asthma or use of asthma pharmacotherapy
(P2-agonist, and/or inhaled corticosteroid (ICS) in the
past 12months), and between 12 and 23 weeks gesta-
tion was enrolled into a randomised controlled trial of
asthma management during pregnancy, with postpar-
tum follow-up and ongoing follow-up of their children.
Six sites across Eastern Australia participated in BLT:
John Hunter Hospital, Newcastle (NSW); Royal Hospital
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for Women Randwick, Royal North Shore Hospital, and
Nepean Hospital, Sydney (NSW); Royal Brisbane and
Women’s Hospital, Brisbane (QLD); and The Canberra
Hospital, Canberra (ACT). In 2020, BLT and BLT-NUT
participants were contacted and invited to participate in
this survey study.

Participants were classified into one of three groups.
(a) Women who reported being pregnant during the
fire period and either gave birth during the fire period
or prior to 20 November 2020 (based on baby’s date of
birth, or estimated date of birth, provided in the survey,)
were identified as being pregnant. Some of these women
were also feeding an infant/toddler during the fire period,
therefore, this group was defined as ‘pregnant +/- feeding
an infant/toddler’ (b) Women who reported breastfeed-
ing their infant/toddler (<2years of age) during the fire
period were classed as ‘breastfeeding only’ (c) Women
who did not report being pregnant or breastfeeding/feed-
ing an infant/toddler during the fire period were defined
as ‘non-pregnant and non-breastfeeding’

Data collection tool and technique

Following review of relevant literature and investiga-
tor/stakeholder input, a study-specific close ended item
survey was designed to capture health outcome(s) expe-
rienced, and health seeking behaviour(s), during the
landscape fire period [11, 13, 28-31]. A template of the
tool was prepared using REDCap (Research Electronic
Data Capture) to capture survey responses [32]. The data
were collected via a self-report survey of participants
following the 2019/2020 Australian fire period, by tel-
ephone, online or on paper (Supplementary file 2). The
survey commenced on the 19th of May 2020 and closed
on the 2nd of December 2020.

Participant demographics, general health, smoking his-
tory, and place of residence during the fire period were
collected. Participants were asked about general and res-
piratory health outcomes experienced during and follow-
ing the fire period, actions they undertook to minimise or
avoid exposure to landscape fire smoke and whether they
believed these actions were useful in reducing exposure
to landscape fire smoke. Participants were asked about
the impacts of prolonged landscape fire smoke exposure
on their quality of life, with questions from the Asthma
Australia bushfire survey [31].

The Six-Item Short-Form State-Trait Anxiety Inventory
(STAI-6) was used to retrospectively assess state anxi-
ety during the fire period and following the fire period
(i.e., at the time of the survey). The STAI-6 is highly cor-
related with the full 20-item STAI version [28, 29] and
uses a four-point Likert scale scoring system (1=Not at
all, 2=Somewhat, 3=Moderately so, 4= Very much so),
with higher total scores indicating greater anxiety. The
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participants were asked to rate each of the anxiety symp-
toms during the fire period and at the time of the survey.
The total summed scores for anxiety during and after the
fire period were pro-rated (multiplied by 20/6) to obtain
scores comparable to the full 20-item STAI which ranges
from 20 to 80 [28]. The total STAI-20 score was graded
for low [20 - 39], moderate [40 - 59] and high anxiety
[>59] [33]. A cut off point 39-40 on the STAI may indi-
cate clinically significant symptoms for anxiety [34, 35],
with previous Australian studies classifying women scor-
ing >40 as ‘highly anxious’ [36, 37].

Participants’ subjective psychological distress in rela-
tion to the fire period was assessed using the Impact
of Events Scale-Revised (IES-R) [30]. The IES-R com-
prises 22 items rated on a 5-point Likert scale (0=Not
at all, 1=A little bit, 2=Moderately, 3=Quite a bit and
4 =Extremely) with respect to how distressing each item
has been during the past week [30]. The IES-R items are
categorized into three subscales: intrusion (eight items),
avoidance (eight items) and hyperarousal (six items). The
total IES-R score was graded for normal [0 - 23], mild [24
- 32], moderate [33 - 36] and severe psychological impact
[37 - 88]. A cut-off score of 24 was used to identify PTSD
of clinical concern [38, 39].

Landscape fire smoke exposure data

The exposure period was defined as 1 October 2019 to 29
February 2020 (the 2019/2020 black summer fire period
in Australia). We obtained daily 24-hour mean fine par-
ticulate matter (particulate matter of 2.5um or less in
diameter, PM, ;) data from fixed-site government air
quality monitoring stations within the greater Sydney and
Melbourne metropolitan regions (NSW Department of
Planning, Industry and Environment and Environmental
Protection Agency Victoria) and identified landscape fire
smoke days from a database based on government data
and satellite imagery [40—43]. The measured daily data
were interpolated within study regions using an inverse
distance weighting procedure to estimate daily PM, ; (ug/
m?) exposure concentration for participants’ residential
locations [44].

Landscape fire days were defined as days when:
the regional 24-hour average of PM,; concentra-
tion exceeded the 95th percentile (based on the period
28/01/2014 to 31/12/2018 for the Melbourne region
and 01/01/2000 to 31/12/2018 for the Sydney Greater
Metropolitan Region (GMR)), and there was visual
confirmation of fire for that day, or up to 3days before
or after, via satellite imagery. Elevated PM, . levels on
these days could therefore be attributed to landscape
fire smoke [44]. To control for spatial variability in fire
smoke in the region, an additional requirement was that
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the interpolated PM, ; reading for each participant’s resi-
dential address also exceeded the 95th percentile for the
region.

For each participant, daily PM,; concentration lev-
els over the 152-days of the fire period were averaged to
obtain their mean PM, . (ug/m®) exposure. The partici-
pant’s peak PM, - (ug/m®) was determined as the maxi-
mum 24-hour concentration value to which a participant
was exposed during the 152-day fire period. Total fire
days and maximum consecutive fire days were also calcu-
lated over the 152-days period.

Statistical analysis

Data for continuous variables were summarized using
mean with standard deviation (SD) or median with inter-
quartile range (Q1, Q3). Data for categorical variables
were summarised using frequency with percent. McNe-
mar’s test were used to compare women’s symptoms, and
paired t-test was used to compare anxiety scores, dur-
ing and after the fire period. Statistical analysis was per-
formed using STATA version 16 (Texas, USA). A p-value
of <0.05 was considered statistically significant. Figures
were prepared using the R package “ggplot2” [45].

Results

Of the 1142 women with asthma who were invited to
participate, 383 (33%) completed the survey. Of these,
81 (21%) women were classed as ‘pregnant; 70 (18%) as
‘breastfeeding; and 232 (61%) as ‘non-pregnant and non-
breastfeeding’ during the fire period (Fig. 1). Of the 81
pregnant women, 32 (39%) were feeding their infant/tod-
dler during the fire period. Of the 278 women with expo-
sure data, 276 (99%) resided in Sydney GMR and 2 (1%)
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resided in Melbourne. Surveys were completed a median
5months (range 3—6 months) after the fire period.

Landscape fire smoke exposure

Mean daily PM, ; concentrations and fire days in the Syd-
ney GMR and Melbourne region during the 2019/2020
fire period are shown in Fig. S1. During the period
from 1 October 2019 to 29 February 2020, there were
55 and 6 identified fire days for Sydney GMR and Mel-
bourne region, respectively. Participants experienced a
median daily average PM, ; exposure over the fire period
of 16.6ug/m® [16.4,16.7] and median peak PM,  of
104.6 pug/m? [100.3108.3]. Participants were exposed to a
median of 42 fire days and 11 maximum consecutive fire
days (Table 1).

Demographic and general health characteristics
Participants had a mean (SD) age of 34 (5.5) years. Over
63% had never smoked and 45% rated their general health
as ‘Good’ Data are presented by groups in Table 2.

Self-reported symptoms during and following landscape
fire period

Three-hundred-and-fifteen (82%) participants reported
symptoms during the fire period. The most prevalent

Table 1 Landscape fire exposure data of participants

Variables Median [Q1, Q3]
Average PM, s (ug/m?) 166 (164,16.7)
Peak PM, s (ug/m?) 104.6 (100.3108.3)
Total fire days 42 (41,43)

Maximum consecutive fire days 101,11

‘Women with asthma invited
(N=1142)

Declined participation (n=759, 67%)
I Not interested (2.2%)
I Not exposed to landscape fire smoke (1.1%)
I Didn't believe exposure affected their asthma (0.3%)|
I Didn’t have time to complete the survey (0.5%)
I Didn't provide reason (95.9%)

Pregnant (n=81)

Breastfeeding only (n=70)

Non-pregnant and non-
breastfeeding (n=232)

Detailed exposure data
(n=57, 70%)

Fig. 1 Participant flow diagram

Detailed exposure data
(n=53, 76%)

Detailed exposure data
(n=168, 72%)
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Table 2 Characteristics of participants at the time of survey
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Variables Pregnant women Breastfeeding women Non-pregnant and non-
(n=81) (n=70) breastfeeding women
(n=232)
Age (years) Mean (SD) 32.2(5.6) 336(5.3) 348 (54)
Smoking status n (%)
Never smoker 55(67.9) 49 (70.0) 134 (59.3)
Ever smoker 21 (25.9) 17 (24.3) 69 (30.5)
Current smoker 5(6.2) 4(5.7) 23(10.2)
General Health n (%)
Excellent 5(6.2) 7 (10.0) 13 (5.6)
Very good 32(39.5) 29 (41.4) 60 (25.9)
Good 33(40.7) 28 (40.0) 113 (48.7)
Fair 9(11.1) 6(8.6) 36 (15.5)
Poor 2(2.5) 0(0.0) 10 (4.3)
Diagnosed with any new condition in the 18 (22.5) 14 (20.0) 37 (16.0)
past 6 months n (%)
Had to leave residence or be evacuated 2(2.5) 2(2.9) 3(1.3)

during landscape fire period n (%)

SD Standard deviation

symptoms were cough (57%), eye irritation/watery eyes
(56%), throat irritation/dry throat (53%), and wheeze
or whistling chest (50%). Two in five (41%) participants
reported symptoms after the fire period (i.e. at the time
of survey completion) with cough (22%), headache

(22%) and sneezing (20%) the most frequently reported.

Statistically

significant  differences

were observed

between symptoms during and following the fire period
(p<0.001) (combined groups, Fig. S2). Data are pre-

sented by group in Fig. 2.

Pregnant women (%)

Headache

Symptoms

period. ** p<0.001,* p<0.05

. During landscape fire period
100
90
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Non-pregnant,
non-breastfeeding women(%)
w
o

Feeling depressed

Symptoms

Fig. 2 Symptoms reported by participants during and following the 2019/20 Australian Black Summer landscape fire period. (A) pregnant, (B)
breastfeeding, or (C) neither pregnant nor breastfeeding. *indicates statistically significant difference in symptom during versus following the fire
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Asthma symptoms during the landscape fire period

Most (85%) participants reported asthma symptoms dur-
ing the fire period. Three-hundred-and-twenty-eight
(86%) participants reported having an asthma exacerba-
tion during the fire period, with 20% reporting having
started/increased OCS use for an asthma exacerbation(s)
during the fire period. No participants reported a hospi-
tal admission(s) (combined groups, Table S1). Data are
shown by group in Table 3.

Source of information/advice on symptoms, asthma
management and minimising exposure to landscape fire
smoke

One-hundred-and-fifty-four (49%) participants sought
advice from a health professional for their symptoms,
of which 37% sought advice from their general practi-
tioner. One-hundred-and-forty-eight (39%) participants
reported receiving information/advice on asthma man-
agement during the fire period, of which 72% received
information from a general practitioner. One hundred-
and-seventy-four (45%) participants received advice on
avoiding exposure to landscape fire smoke; news/cur-
rent affairs stories (51%), general practitioner (40%) and
social media (40%) were the most frequently reported
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information sources (combined groups, Table S2). Data
are presented by group in Table 4.

Landscape fire smoke exposure risk mitigation

Most (97%) participants reported keeping windows and
doors shut when inside and 94% stayed indoors/avoided
going outdoors to minimise exposure to landscape fire
smoke. Most (91%) thought avoiding exercising outdoors
helped to reduce symptoms (combined groups, Fig. S3).
Data are shown by group in Fig. 3.

Impact of landscape fire smoke exposure on quality of life
Forty-three percent of participants reported that pro-
longed landscape fire smoke exposure reduced their
capacity to participate in usual activities during the fire
period and 24% reported cancelling important sporting
or social engagements (combined groups, Fig. S4). Data
are presented by group in Fig. 4.

Anxiety, during and following the 2019/2020 Australian
landscape fire period and the psychological impact

during fire period

Self-reported anxiety levels were higher during the
fire period, compared to after the fire period (mean
(SD)=52.9 (12.9) versus 389 (12.9), p<0.001)

Table 3 Self-reported asthma symptoms during the fire period experienced by participants

Variable Pregnant (n =81) Breastfeeding Non-pregnant,
(n=70) non-breastfeeding
(n=232)
Experienced asthma symptoms during the landscape fire period, n (%) 71 (87.6) 63 (90.0) 192 (82.8)
Exposure to smoke was the main reason for asthma symptoms, n (%)

Yes 64 (90.1) 54(85.7) 159 (82.8)

No 1(14) 4(6.3) 2(1.0)

Don't know/Unsure 6 (8.4) 5(7.9) 28 (14.5)

Not exposed to landscape fire 0(0.0) 0 (0.0) 3(1.6)
Asthma exacerbation 72(88.9) 65 (92.9) 191 (82.3)
Types of asthma exacerbation, n (%)

Emergency department 5(6.2) 101.4) 9 (3.9

Unscheduled doctor visit 23 (28.4) 20 (28.6) 62 (26.7)

Start/increase of OCS at least 3 days 12 (14.8) 12(17.1) 53(22.8)

IV corticosteroids 1(1.2) 0(0.0) 4(1.7)

Increased reliever use 67 (82.7) 61(87.1) 185 (79.7)

Increased preventer dose/frequency 45 (55.6) 45 (64.3) 119 (51.3)
Number of times, median (Q1, Q3)

Emergency department 10,1 22,2 1(1,1)

Unscheduled doctor visit 2(13) 2(1,25) 2(13)

Start/increase of OCS >3 days 1014 1.5(1,5) 2(1,3)

IV corticosteroids NA NA 1(0.5,2.5)
Thinks smoke from the landscape fires was the main reason for the exacer- 63 (87.5) 56 (86.1) 166 (86.9)
bation, n (%)

Not exposed 1(1.4) 2(3.1) 5(2.6)
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Table 4 Source of information/advice on symptoms, asthma management and minimising exposure to landscape fire smoke
reported by participants during the 2019/20 Australian landscape fires

Action taken

Pregnant women

Breastfeeding women Non-pregnant and

non-breastfeeding

n (%) n (%) n (%)
Sought health advice from a health professional for symptoms 35/65 (53.8) 32/61(52.5) 87/189 (46.0)
General practitioner 26 (40.0) 23 (37.7) 69 (36.5)
Pharmacist 5(7.7) 16 (26.2) 35(18.5)
Other medical professional 15 (23.1) 2(3.3) 2(1.1)
Emergency department 1(1.5) 1(1.6) 7(3.7)
24-hour health advice hotline 0(0.0) 2(3.3) 6(3.2)
Hospital inpatient 0(0.0) 2(3.3) 0(0.0)
Took time off work because of the symptoms 17 (26.1) 20 (32.8) 48 (25.4)
Landscape fire was the main reason for any symptoms
Yes 58(89.2) 47 (77.0) 156 (82.5)
No 3(4.6) 4(6.6) 8(4.2)
Do not know/unsure 4(6.1) 10 (16.4) 21(11.1)
Not exposed to wildfire 0(0.0) 0(0.0) 4(2.1)
Advice on asthma management 34 (42.0) 25 (35.7) 89 (384)
General practitioner 25(73.5) 19 (76.0) 63 (70.8)
Pharmacist 2 (5.9) 7 (28.0) 25 (28.1)
News/current affairs stories 0(0) 4(16.0) 26(29.2)
Respiratory/asthma specialist 11 (32.3) 3(12.0) 5(5.6)
Social media 0(0) 3(12.0) 14 (15.7)
Nurse 6(17.6) 1(4.0) 5(5.6)
Family/friends 1(2.9) 2(8.0) 6 (6.7)
Health department 0(0) 1(4.0) 7(7.9)
Asthma Australia 0(0) 3(12.0) 4(4.5)
Midwife/Obstetrician 5(14.7) 1(4.0) NA
Others? 4(11.8) 4(16.0) 4 (4.5)
Received advice about how to avoid or minimise exposure to land-  36/81 (44.4) 32/70 (45.7) 106/232 (45.7)
scape fire smoke
News/current affairs stories 12(33.3) 18 (56.2) 8 (54.7)
General practitioner 17 (47.2) 14 (43.7) 8 (35.8)
Social media 9 (25.0) 12 (37.5) 8 (45.3)
Family/friends 4(11.0) 9(28.1) 7(16.0)
Health department 5(13.9 5(15.6) 9(17.9)
Pharmacist 2 (5.6) 3(94) 15 (14.1)
Respiratory/asthma specialist 8(22.2) 13.1) 3(2.8)
Asthma Australia 3(8.3) 2(6.2) 6 (5.7)
Nurse 4(11.0) 0(0) 3(28)
Midwife/Obstetrician 5(13.9) 0(0) NA
Others? 5(13.9) 5(15.6) 11(104)

2 clinical research assistance (nurse), support group, 24-hour health advice hotline, other medical professionals, NA Not applicable

(combined groups Fig. S5). This was also true when
examining STAI score by group (Fig. 5, Table 5), with
significantly more participants classed as having high
anxiety before, vs after, the bushfire period (Table 5).

Based on IES-R, few (6%) participants reported experi-
encing psychological distress related to the landscape fire
events (Table 5).

Concerns about effects of landscape fire smoke exposure
on pregnancy

Of the 73 pregnant women who answered the ques-
tions related to concerns around their pregnancy, 38%
reported having concerns about the effect of landscape
fire events on their pregnancy, while 14% were unsure;
the main concerns were the effects on their asthma (86%)
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. Action taken to avoid exposure to landscape fire smoke Think action taken helped to reduce symptoms
A B
Other actions Other actions
ated to another area Relocated to another area
ed a face mask Used a face mask
Used an air cleaner/purifier at home sel air cleaner/purifier at home
Used an air conditioner at home Used an air conditioner at home
Avoided exercising outdoo Avoided exercising outdoors
Stayed indoors/avoided going outdoors Stayed indoors/avoided going outdoors
Kept windows anc shut when inside Kept windows and doc hut when inside
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Fig. 3 Actions taken by participants with asthma to minimise exposure to landscape fire smoke during the 2019/20 Australian landscape fires. (A)
pregnant, (B) breastfeeding, or (C) neither pregnant nor breastfeeding
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. During the landscape fire period D After the landscape fire period

STAI-20

neither pregnant nor breastfeeding

STAI-20

C

STAI-20

Fig. 5 Mean anxiety score amongst participants during, and after, the 2019/20 Australian landscape fires. (A) pregnant, (B) breastfeeding, or (C)

The horizontal dashed line indicates a cut-off point for clinically significant symptoms of anxiety using the STAI-20. Error bars indicate the standard
deviation. *indicates statistically significant difference in anxiety during versus following the fire period [p <0.001]. STAI, State-Trait Anxiety Inventory

Table 5 Anxiety experienced by participants during and following the 2019/20 Australian landscape fires and the psychological

impact

Variables

Pregnant women (n =81)

Breastfeeding women
(n=70)

Non-pregnant and non-
breastfeeding women
(n=232)

Value Value Value

Anxiety score (STAI-6) during landscape fire period, n (%)

Low anxiety (20-39) 21 (25.9) 8(11.4) 25(10.8)

Moderate anxiety (40-59) 40 (494) 39(55.7) 129 (55.6)

High Anxiety (60-80) 20(24.7) 23(329) 78 (33.6)
Anxiety score (STAI-6) following the landscape fire period, n (%)

Low anxiety (20-39) 48 (59.3) 42 (60.0) 105 (45.3)

Moderate anxiety (40-59) 26 (32.1) 23(32.9) 107 (46.1)

High Anxiety (60-80) 7(8.6) 7.1) 20 (8.6)
IES-R median (Q1, Q3) 1(0,6) 0,7) 2(0,8)
Total sum score (0-88),

Sum Intrusion score (0-32) ,2) 1(0,3) 1(0,3)

Sum Avoidance score (0-32) 3) 1004 1(04)

Sum Hyperarousal score (0-24) 0,0) 0(0,1) ,
Total IES-R score, n (%)

Normal (0-23) 78 (96.3) 67 (95.7) 215(92.7)

Mild (24-32) 2(2.5) 2(29) 10 (4.3)

Moderate (33-36) 1(1.2) 0(0.0) 3(13)

Severe psychological impact (>37) 0(0.0) 1(1.4) 401.7)

IES-R, Impact of Events Scale-Revised; STAI, State-Trait Anxiety Inventory
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and unborn baby (75%). Reported actions undertaken in
relation to their concerns were predominantly staying
indoors/avoiding going outdoors (96%), and keeping win-
dows and doors shut when inside (93%) (Table 6).

Discussion

This study investigated the impact of the 2019/20 Aus-
tralian Black summer landscape fires on the physical and
mental health of women with asthma, including pregnant
and breastfeeding women with asthma. In this sample
of women with asthma, a significantly larger proportion
(82%) reported general symptoms during the fire period
with 41% reporting persistent symptoms approximately
5months following and higher anxiety scores during the
fire period, compared to the period following, indicating
that the landscape fire events had a significant physical
and mental impact on this group of women. Most par-
ticipants reported experiencing asthma symptoms and
an exacerbation(s) during the fire period, with the major-
ity requiring additional asthma medications. Nearly two
in five pregnant women in our sample reported concern
about the impact of fire events on their pregnancy, with
the majority concerned about their asthma and their
unborn baby. Although most participants reported tak-
ing specific action(s) to minimise landscape fire smoke

Table 6 Concerns about the effect of the 2019/20 Australian
landscape fire events on pregnancy in women with asthma

Variables Number (%)

Concerns about the impact of landscape fire events on pregnancy
n=73

Yes 28 (384)
No 35(47.9)
Unsure 10(13.7)
Missing 8
Concerns related to n=28
Effects on my asthma 24 (85.7)
Effects on my unborn baby 21 (75.0)
Feelings of increased stress 8(28.6)
Access to care e.g. hospital, midwife, doctor, etc 3(10.7)
Access to medications 27.0)
Other 1(3.6)
Actions taken in relation to the concerns n =28
Stayed indoors/avoided going outdoors 27 (96.4)
Kept windows and doors shut when inside 26(92.8)
Used an air conditioner in my home 14 (50.0)
Sought medical advice 10 (35.7)
Changed how | used my medications 10 (35.7)
Stockpiled medications 3(10.7)
Used an indoor air cleaner/purifier 3(10.7)
Used a face mask 3(10.7)
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exposure, less than half received advice on asthma man-
agement or smoke mitigation strategies during the fire
period, indicating the need for effective communication
of smoke risk mitigation strategies during the fire period.
During the fire period, participants were exposed to
a median daily average PM, ; of 16.6 pg/m® and median
peak PM, ; of 104.6 ug/m?, exceeding the World Health
Organization (WHO) 24-hour air quality guideline
(15pug/m?®) [46]. Although there is mounting evidence
supporting an association between landscape fire
smoke related PM, ; and respiratory symptoms in the
general population, and in adults and children with
asthma [10, 12, 13, 47], the impact of prolonged land-
scape fire smoke exposure on women with asthma has
been reported only in one study [11], and none report-
ing on pregnant or breastfeeding women with asthma.
Our findings demonstrate a significant impact of pro-
longed exposure to landscape fire smoke on the physi-
cal and mental health of women with asthma, including
pregnant and breastfeeding women, with most par-
ticipants reporting at least one physical symptom. A
study of a high community burden of landscape fire
smoke-related symptoms in the Hunter and New Eng-
land regions in Australia, found that 56% of partici-
pants reported symptoms because of smoke exposure
[13]. A substantial proportion of participants in our
study reported asthma symptoms and exacerbations
during the fire period, with a significant number result-
ing in healthcare utilisation. Notably, most participants
attributed their asthma symptoms and exacerbation(s)
to smoke exposure. Our study also showed that most
pregnant women reported asthma symptoms and exac-
erbation during the fire period, with 15% of pregnant
women reporting they started/increased OCS use for
an asthma exacerbation. This could be of particular
clinical importance for this group, given the association
between asthma exacerbations in pregnancy and poor
perinatal outcomes [48]. Similar findings were shown in
the 2019/2020 landscape fire survey in Australia, where
prolonged landscape fire smoke exposure increased
healthcare utilisation by people with asthma [12]. A
study of differential respiratory health effects from the
2008 northern California landscape fire has reported
that hospitalization and emergency visits for asthma
were associated with PM, ; during the fire period [10].
Taken together, these findings highlight the serious
effect of exposure to landscape fire smoke on people
with asthma and its impact on the healthcare system.
Our study indicated that less than half the cohort,
including those who were pregnant or breastfeeding,
received information on asthma management or smoke
mitigation strategies during the fire period. For those
who did receive information, the source varied, and
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included health professionals, media, social media, and
family/friends. Nearly half of pregnant women received
information on smoke mitigation strategies from gen-
eral practitioner while more than half of breastfeed-
ing and neither pregnant nor breastfeeding women
received information from News/current affairs stories.
However, this study was unable to assess the quality
and clarity of the information received. A study of pub-
lic health messaging during extreme smoke events in
Australia has reported that messaging about landscape
fire smoke needs to be available from a trusted source
with clear links to more detailed information regarding
local air quality data along with an explanation of the
related health consequences [49]. Therefore, evidence-
based, targeted, clear and consistent public health mes-
saging on how women with asthma, including those
who are pregnant or breastfeeding, and their health
care providers manage and treat health consequences
is needed.

Although there has been research investigating the
impact of natural disasters on maternal mental health
outcomes [21, 50], to our knowledge, this is the first
study to assess the impact of prolonged landscape fires
on mental health in women with asthma, including
women who were pregnant or breastfeeding. Our find-
ings show that participants had higher anxiety during
the fire period, compared to approximately 5months
after the fire period. A systematic review and meta-anal-
ysis of three studies which investigated the long-term
impact of landscape fire on the mental health of Aus-
tralians demonstrated that 14% of general populations
experienced psychological distress after 2—4years of
fire [51]. A study of the health impacts of the prolonged
landscape fire smoke exposure in the Australian Capital
Territory showed that women, regardless of pregnancy
status were more likely to experience negative mental
health outcomes such as anxiety and depression dur-
ing the fire period than men [25]. These findings suggest
the need for mental health support and information on
effective risk mitigation strategies to vulnerable popula-
tions, including women with asthma, during and follow-
ing landscape fires.

Our study showed that two in five pregnant women
with asthma were concerned about the effect of land-
scape fire events on their pregnancy. Direct comparison
between our study and existing literature is difficult given
the scarcity of published studies regarding the concern of
pregnant women about the effects of fire events on their
pregnancy. A study of the experience of pregnant women
during Hurricane Maria in the Caribbean reported that
pregnant women were worried about losing their preg-
nancy due to the Hurricane [52]. Our findings highlight
the need for emotional support for pregnant women and
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addressing their concern during landscape fire events,
which may have an impact on their pregnancy outcomes.

Our study has limitations. There was a lag of between
3 to 6months between the end of the landscape fire
period and the time of the survey, which may have led
to recall bias and misrepresentation in the persistence
of symptoms and mental health impacts. Due to a small
response rate, there is also the possibility of participation
bias where only those women who were more concerned
about their health during the fire period might have com-
pleted the survey; however, this is a potential limitation
common to observational epidemiological studies includ-
ing cross-sectional studies. Furthermore, availability of
exposure data for the study participants was limited by
data availability from air quality monitoring stations;
as a result, there is a low variation in the exposure data,
meaning our study has limited statistical power to deter-
mine associations between landscape fire related PM, 5
exposure or fire days and health outcomes.

Conclusion

Despite most women with asthma in this study tak-
ing actions to avoid exposure to smoke, the prolonged
landscape fire smoke exposure during the 2019/2020
Australian Black Summer fire period had an impact on
the physical and mental health of women with asthma,
including those who were pregnant or breastfeeding. The
findings highlight the need for consistent public health
messages, resources and support during the landscape
fire events to protect the physical and mental health of
women with asthma. Furthermore, longitudinal stud-
ies are needed to assess the immediate and long-term
impact of landscape fire events on women with asthma,
including pregnant and breastfeeding women.

Abbreviations
BLT: Breathing for Life Trial; NSW: New South Wales; PM, s: Particulate matter of
less than or equal to 2.5um in diameter; WHO: World Health Organization.
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2019/2020 fire period. (E) Fire hot spots and smoke plumes in the Sydney
region as seen by the MODIS Terra satellite on 4 December 2019. (F) Fire
hot spots and smoke plumes in the Melbourne region as seen by the
MODIS Terra satellite on 14 January 2020. The orange dot indicates fires.
Fig. S2. Symptoms reported by women with asthma, including pregnant
and breastfeeding women, during and following the 2019/20 Australian
Black Summer landscape fire period. *indicates statistically significant
difference in symptom during versus following the fire period. ** p < 0.001,
*p<0.05.Table S1. Self-reported asthma symptoms during the fire period
experienced by women with asthma, including pregnant and breast-
feeding women, during and following the 2019/2020 Australian Black
Summer landscape fire period. Table S2. Source of information/advice on
symptoms, asthma management and minimising exposure to landscape
fire smoke reported by women with asthma, including pregnant and
breastfeeding women during the 2019/20 Australian landscape fires. Fig.
S3. Actions taken by women with asthma, including pregnant and breast-
feeding women to minimise exposure to landscape fire smoke during the
2019/20 Australian landscape fires. Fig. S4. Impact of prolonged smoke
exposure from the 2019/20 Australian landscape fires on quality of life in
women with asthma, including pregnant and breastfeeding women. Fig.
S5. Mean anxiety score amongst women with asthma, including pregnant
and breastfeeding women, during, and after, the 2019/20 Australian
landscape fires. The horizontal dashed line indicates a cut-off point for
clinically significant symptoms of anxiety using the STAI-20. Error bars indi-
cate the standard deviation. *indicates statistically significant difference in
anxiety during versus following the fire period [p <0.001].

Acknowledgements

We would like to thank the research assistants, Amy Cashmore, and Kelly Steel
(University of Newcastle), who sent the survey to participants. We would also
like to thank all women who participated in the study.

Authors’ contributions

PGG, MEJ, VMM, JCH, VEM, EGH & AEV conceived the study. TB performed sta-
tistical analysis. TB, PGG, VMM, VEM and MEJ conducted the study. JV, GGM, EJ
and IH Prepared exposure data. TB wrote the original draft of the manuscript.
VEM and MEJ critically revised the manuscript. VEM, PGG, VMM, JV, EGH, AEV,
JCH, GRZ, GGM, EJ, IH, JM, AMC & MEJ revised the manuscript. All authors read
and approved the final manuscript.

Funding

This study was supported by the Medical Research Future Fund’s Emerg-
ing Priorities and Consumer Driven Research Initiative 2020 Landscape
Fire Impact Research Grant (APP1201288) and a Hunter Medical Research
Institute Research Grant (G2000105). The development of the validated
landscape fire smoke data was supported by National Health and Medi-
cal Research Council for Centre for Air pollution, energy, and health
Research (CAR).

Availability of data and materials
All data generated during this study are included in the manuscript files.

Declarations

Ethics approval and consent to participate

The study was performed according to the guidelines of the Declaration
of Helsinki. Ethical approval was obtained from the Hunter New England
Human Research Ethics Committee (Reference Number: HREC/12/
HNE/357; Reference Number: 2019/ETH03856). Women provided informed
written consent to join the original studies. In the current study, women
were invited to complete the survey online or by phone or on paper, and
survey completion implied consent. The ethics committee approved the
consent procedure.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing financial interests.

Page 12 of 13

Author details

'School of Medicine and Public Health, University of Newcastle, Newcastle,
NSW, Australia. Asthma and Breathing Research Program, Hunter Medical
Research Institute, Lot 1 Kookaburra Circuit, New Lambton Heights, Newcastle,
NSW 2305, Australia. *Department of Respiratory and Sleep Medicine, John
Hunter Hospital, Newcastle, NSW, Australia. *School of Nursing and Midwifery,
University of Newcastle, Newcastle, NSW, Australia. °Sydney School of Public
Health, and University Centre for Rural Health, Faculty of Medicine and Health,
University of Sydney, Sydney, NSW, Australia. °Department of Speech Pathol-
ogy, John Hunter Hospital, Newcastle, NSW, Australia. School of Biomedical
Sciences and Pharmacy, University of Newcastle, Newcastle, NSW, Australia.
8Menzies Institute for Medical Research, University of Tasmania, Hobart, TAS,
Australia. “Tasmanian School of Medicine, University of Tasmania, Hobart,

TAS, Australia. '°John Hunter Hospital and John Hunter Children’s Hospital,
Newcastle, NSW, Australia.

Received: 24 August 2022 Accepted: 21 November 2022
Published online: 08 December 2022

References

1. XuR,YuP Abramson MJ, Johnston FH, Samet JM, Bell ML, et al.
Wildfires, global climate change, and human health. N Engl J Med.
2020;383(22):2173-81.

2. Johnston FH, Borchers-Arriagada N, Morgan GG, Jalaludin B, Palmer AJ,
Williamson GJ, et al. Unprecedented health costs of smoke-related PM2.5
from the 2019-20 Australian megafires. Nat Sustain. 2021;4(1):42-7.

3. Reid CE, Brauer M, Johnston FH, Jerrett M, Balmes JR, Elliott CT. Critical
review of health impacts of wildfire smoke exposure. Environ Health
Perspect. 2016;124(9):1334-43.

4. Vardoulakis S, Jalaludin BB, Morgan GG, Hanigan IC, Johnston FH. Bushfire
smoke: urgent need for a national health protection strategy. Med J Aust.
2020;,212(8):349-353.e341.

5. Bushfire smoke: what are the health impacts and what can we do to
minimise exposure? https://www.car-cre.org.au/position-papers.

6. National Health Survey: First Results, 2017-18. ABS Cat no. 4364.0.55.001.
Canberra: ABS https://www.abs.gov.au/statistics/health/health-condi
tions-and-risks/asthma/latest-release#data-download.

7. Sawicki E, Stewart K, Wong S, Paul E, Leung L, George J. Management of
asthma by pregnant women attending an Australian maternity hospital.
Aust N Z J Obstet Gynaecol. 2012;52(2):183-8.

8. Borchers Arriagada N, Horsley JA, Palmer AJ, Morgan GG, Tham R,
Johnston FH. Association between fire smoke fine particulate matter and
asthma-related outcomes: systematic review and meta-analysis. Environ
Res. 2019;179(Pt A):108777.

9. Morgan G, Sheppeard V, Khalaj B, Ayyar A, Lincoln D, Jalaludin B, et al.
Effects of bushfire smoke on daily mortality and hospital admissions in
Sydney, Australia. Epidemiology. 2010;21(1):47-55.

10. Reid CE, Jerrett M, Tager IB, Petersen ML, Mann JK, Balmes JR. Differential
respiratory health effects from the 2008 northern California wildfires: a
spatiotemporal approach. Environ Res. 2016;150:227-35.

11. BeyeneT, Harvey ES, Van Buskirk J, McDonald VM, Jensen ME, Horvat JC,
et al.‘Breathing Fire": impact of prolonged bushfire smoke exposure in
people with severe asthma. Int J Environ Res Public Health. 2022;19:7419.

12. BuiD, Davis S, Flynn A, Bell R, Dharmage S. Impact of recent catastrophic
bushfires on people with asthma in Australia: health, social and financial
burdens. Respirology. 2021;26(4):296-7.

13. Howard ZL, Carlson SJ, Baldwin Z, Johnston F, Durrheim DN, Dalton CB.
High community burden of smoke-related symptoms in the hunter and
New England regions during the 2019-2020 Australian bushfires. Public
Health Res Pract. 2020;30(4):e30122007.

14. Melchiorre K, Sharma R, Khalil A, Thilaganathan B. Maternal cardiovascular
function in normal pregnancy. Hypertension. 2016;67(4):754-62.

15. Abdo M, Ward |, O'Dell K, Ford B, Pierce JR, Fischer EV, et al. Impact of wild-
fire smoke on adverse pregnancy outcomes in Colorado, 2007-2015. Int J
Environ Res Public Health. 2019;16:3720.

16. Wildfire Smoke and Your Patients'Health https://www.epa.gov/wildfire-
smoke-course/public-health-impacts-wildfire-smoke-exposure.

17. Koman PD, Hogan KA, Sampson N, Mandell R, Coombe CM, Tetteh
MM, et al. Examining joint effects of air pollution exposure and social


https://www.car-cre.org.au/position-papers
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/asthma/latest-release#data-download
https://www.abs.gov.au/statistics/health/health-conditions-and-risks/asthma/latest-release#data-download
https://www.epa.gov/wildfire-smoke-course/public-health-impacts-wildfire-smoke-exposure
https://www.epa.gov/wildfire-smoke-course/public-health-impacts-wildfire-smoke-exposure

Beyene et al. BMC Pregnancy and Childbirth (2022) 22:919

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34

35.

36.

37.

38.

determinants of health in defining “at-risk” populations under the clean
air act: susceptibility of pregnant women to hypertensive disorders of
pregnancy. World Med Health Policy. 2018;10(1):7-54.

Amjad S, Chojecki D, Osornio-Vargas A, Ospina MB. Wildfire exposure
during pregnancy and the risk of adverse birth outcomes: a systematic
review. Environ Int. 2021;156:106644.

LiJ, GuanT, Guo Q, Geng G, Wang H, Guo F, et al. Exposure to land-

scape fire smoke reduced birthweight in low- and middle-income
countries: findings from a siblings-matched case-control study. eLife.
2021;10:269298.

Holstius DM, Reid CE, Jesdale BM, Morello-Frosch R. Birth weight follow-
ing pregnancy during the 2003 Southern California wildfires. Environ
Health Perspect. 2012;120(9):1340-5.

Bryant RA, Gibbs L, Gallagher HC, Pattison P, Lusher D, MacDougall

C, et al. Longitudinal study of changing psychological outcomes fol-
lowing the Victorian black Saturday bushfires. Aust N Z J Psychiatry.
2018;52(6):542-51.

Silveira S, Kornbluh M, Withers MC, Grennan G, Ramanathan V, Mishra

J. Chronic mental health sequelae of climate change extremes: a case
study of the deadliest Californian wildfire. Int J Environ Res Public Health.
2021;18(4):1487.

Belleville G, Ouellet M-C, Lebel J, Ghosh S, Morin CM, Bouchard S, et al. Psycho-
logical symptoms among evacuees from the 2016 Fort McMurray wildfires: a
population-based survey one year later. Front Public Health. 2021,9:655357.
Bryant RA, Waters E, Gibbs L, Gallagher HC, Pattison P, Lusher D, et al.
Psychological outcomes following the Victorian black Saturday bushfires.
Aust N Z J Psychiatry. 2014;48(7):634-43.

Rodney RM, Swaminathan A, Calear AL, Christensen BK, Lal A, Lane J, et al.
Physical and mental health effects of bushfire and smoke in the Austral-
ian Capital Territory 2019-20. Frontiers Public Health. 2021;9:682402.
Murphy VE, Jensen ME, Mattes J, Hensley MJ, Giles WB, Peek MJ, et al. The
breathing for life trial: a randomised controlled trial of fractional exhaled
nitric oxide (FENO)-based management of asthma during pregnancy and
its impact on perinatal outcomes and infant and childhood respiratory
health. BMC Pregnancy Childbirth. 2016;16:111.

Murphy VE, Jensen ME, Holliday EG, Giles WB, Barrett HL, Callaway LK,

et al. Effect of asthma management with exhaled nitric oxide versus usual
care on perinatal outcomes. Eur Respir J. 2022;60(5):2200298.

Marteau TM, Bekker H. The development of a six-item short-form of the
state scale of the Spielberger state-trait anxiety inventory (STAI). Br J Clin
Psychol. 1992,31:301-6.

Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. State-trait
anxiety inventory for adults. Instrument and scoring key. Palo Alto: Mind
Garden; 1983.

Weiss DS, Marmar CR. The impact of event scale—revised. In: Assessing psy-
chological trauma and PTSD. New York: The Guilford Press; 1997. p. 399-411.
Bushfire Smoke Impact Survey 2019-2020. Asthma Australia https://
asthma.org.au/wp-content/uploads/Resources/AA6_Smoke-Impact-Sur-
vey-1920_Revised.pdf.

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)--a metadata-driven methodology and
workflow process for providing translational research informatics sup-
port. J Biomed Inform. 2009;42(2):377-81.

Spielberger CD. Manual for the state-trait inventory STAI (form Y). Palo
Alto: Mind Garden; 1983.

Knight RG, Waal-Manning HJ, Spears GF. Some norms and reliability data
for the State--Trait Anxiety Inventory and the Zung Self-Rating Depres-
sion scale. Br J Clin Psychol. 1983;22(Pt 4):245-9.

Addolorato G, Ancona C, Capristo E, Graziosetto R, Di Rienzo L, Maurizi M,
et al. State and trait anxiety in women affected by allergic and vasomotor
rhinitis. J Psychosom Res. 1999;46(3):283-9.

Grant KA, McMahon C, Austin MP. Maternal anxiety during the

transition to parenthood: a prospective study. J Affect Disord.
2008;108(1-2):101-11.

Barnett B, Parker G. Possible determinants, correlates and conse-
quences of high levels of anxiety in primiparous mothers. Psychol Med.
1986;16(1):177-85.

Creamer M, Bell R, Failla S. Psychometric properties of the impact of event
scale - revised. Behav Res Ther. 2003;41(12):1489-96.

Page 13 of 13

39. Weiss DS. The Impact of Event Scale: Revised. In: Cross-cultural assess-
ment of psychological trauma and PTSD. New York: Springer Science +
Business Media; 2007. p. 219-38.

40. Hourly site average pollutant concentration and meteorological data for
2018-2019. https://www.dpie.nsw.gov.au/air-quality/air-quality-conce
ntration-data-updated-hourly.

41. Van Buskirk J, Hanigan I. 2021 Bushfire specific PM25 surface at partici-
pant’s residential locations for 2006-2020.Downloaded from the Centre
for Air pollution, energy and health Research https://cloudstoraarnet.
edu.au/plus/f/5638670382. .

42. EPA AirWatch 2020 https.//www.epa.vic.gov.au/for-community/airwatch/
airwatch-table-data-page. Accessed 1 Feb 2021.

43. Riley M, Kirkwood J, Jiang N, Ross G, Scorgie Y. Air quality monitoring in
NSW: from long term trend monitoring to integrated urban services. Air
Qual Climate Change. 2020;54(1):44-51.

44. Johnston FH, Hanigan IC, Henderson SB, Morgan GG, Portner T, Wil-
liamson GJ, et al. Creating an integrated historical record of extreme
particulate air pollution events in Australian cities from 1994 to 2007. J Air
Waste Manag Assoc. 2011;61(4):390-8.

45. Wickham H. ggplot2: elegant graphics for data analysis. Springer-Verlag
New York. 2016. Available:https://ggplot2.tidyverse.org.

46. WHO. WHO global air quality guidelines: particulate matter (PM2.5 and
PM10), ozone, nitrogen dioxide, Sulphur dioxide and carbon monoxide:
World Health Organization; 2021.

47. Aguilera R, Corringham T, Gershunov A, Leibel S, BenmarhniaT. Fine
particles in wildfire smoke and pediatric respiratory health in California.
Pediatrics. 2021;147(4):.22020027128.

48. Namazy JA, Murphy VE, Powell H, Gibson PG, Chambers C, Schatz M.
Effects of asthma severity, exacerbations and oral corticosteroids on
perinatal outcomes. Eur Respir J. 2013;41(5):1082-90.

49. Marfori MT, Campbell SL, Garvey K, McKeown S, Veitch M, Wheeler AJ,
et al. Public health messaging during extreme smoke events: are we hit-
ting the mark? Front Public Health. 2020;8:465.

50. Arjmand H-A, Seabrook E, Bakker D, Rickard N. Mental health conse-
quences of adversity in Australia: National Bushfires Associated with
Increased Depressive Symptoms, while COVID-19 pandemic associated
with increased symptoms of anxiety. Front Psychol. 2021;12:635158.

51. Zhang Y, Workman A, Russell MA, Williamson M, Pan H, Reifels L. The long-
term impact of bushfires on the mental health of Australians: a system-
atic review and meta-analysis. Eur J Psychotraumatol. 2022;13(1):1-15.

52. Silva-Suarez G, Rabionet SE, Zorrilla CD, Perez-Menendez H, Rivera-Leon
S. Pregnant Women's experiences during hurricane Maria: impact,
personal meaning, and health care needs. Int J Environ Res Public Health.
2021,18(16):8541.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://asthma.org.au/wp-content/uploads/Resources/AA6_Smoke-Impact-Survey-1920_Revised.pdf
https://asthma.org.au/wp-content/uploads/Resources/AA6_Smoke-Impact-Survey-1920_Revised.pdf
https://asthma.org.au/wp-content/uploads/Resources/AA6_Smoke-Impact-Survey-1920_Revised.pdf
https://www.dpie.nsw.gov.au/air-quality/air-quality-concentration-data-updated-hourly
https://www.dpie.nsw.gov.au/air-quality/air-quality-concentration-data-updated-hourly
https://cloudstor.aarnet.edu.au/plus/f/5638670382
https://cloudstor.aarnet.edu.au/plus/f/5638670382
https://www.epa.vic.gov.au/for-community/airwatch/airwatch-table-data-page
https://www.epa.vic.gov.au/for-community/airwatch/airwatch-table-data-page
https://ggplot2.tidyverse.org

	The impact of prolonged landscape fire smoke exposure on women with asthma in Australia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study design and setting
	Participants
	Data collection tool and technique
	Landscape fire smoke exposure data
	Statistical analysis

	Results
	Landscape fire smoke exposure
	Demographic and general health characteristics
	Self-reported symptoms during and following landscape fire period
	Asthma symptoms during the landscape fire period
	Source of informationadvice on symptoms, asthma management and minimising exposure to landscape fire smoke
	Landscape fire smoke exposure risk mitigation
	Impact of landscape fire smoke exposure on quality of life
	Anxiety, during and following the 20192020 Australian landscape fire period and the psychological impact during fire period
	Concerns about effects of landscape fire smoke exposure on pregnancy

	Discussion
	Conclusion
	Acknowledgements
	References


