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Abbreviations and key terms

ACE Angiotensin Converting Enzyme

ATC Anatomical Therapeutic Chemiadssification

CSIRO Commonwealth Scientifignd Industrial Researc@®rganisation

DHS Commonwealth Department of Human Services

EREC External Requedtvaluation Committee

GLM Generalised linear model

GP General Practitioner

MBS Medicare Benefits Schedule

Mine fire  The 30day period from 9 February tt0 March 2014 when the modelled daily PM

period concentration, averaged across the Latrobe Vdlldyo | NS+ X2 SEOSSR

PBS Pharmaceutical Benefits Scheme

PM Particulate matter with an aerodynamic diameter of 2.5 micromefteeusandths of a
25 millimetre) or less

PM Particulate matter with an aerodynamic diameter of 10 micromeftheusandths of a
10 millimetre) or less

RR Relative Risk

SA Statisticalarealevel

95% ClI 95%Confidencednterval
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1. Executive Summary

From 9 Ebruary 2014smoke and ash from a fire in tihdorwell open cutbrown coal mineadjacent
to the Hazelwood power statiocoveredparts of the Latrobe VallegasternVictoria for up to6
weeks.In responsethe Hazelwood Health Study was established in order to momwitgiong-term
health effects oflhat smoke event. This report describes analysagertaken by théHazelwood
Health Stud@a | I T St JexainitngWhétheBnhing Brerelatedair pollutantswere associated
with increaseduse ofhealth serviceand medicatios for cardiovasculadiseases, respiratory
diseases and mental healffsychiatricconditionsin the Latrobe Valley areduring the mine fire
period. The analyses utilised daily concentrations of mine-fekated air @rticulatematter smaller
than 2.5thousandthsof amillimetre in diameter(PM:5) modelled by theCommonwealth Scientific
andIndustrial ResearcB®rganisatio(CSIRQDceans & Atmospher€ 2 NJ 1 KA a4 NBLIR2 NI X GKS
LISNR 2 R¢ & a 3(RISyperigh &rdn 9lF&brudnkt&10 March 2004.

Daily countof health service visits were derived from Medicare Benefits SchdtilBS)data for

the periodJuly 20120 June 2016based on date of service fgeneral practice@B consultations

and date of referral for specialist attendances, diagnostic procedimesstigations and diagnostic
imaging servicedaily counts of prescription medications dispensed by pharmacies were derived
from Pharmaceutical Benefits ScherfiBS}atafor the periodJanuary 202to December 2016.
Time series statistical models were used to assess the associations between daily mizlatid
PM:sandhealth servicaiseor medicatiors dispensed after controlling forseasonality, longerm

temporal trends, day of the week, maximuambienttemperature and public holidays.

The analyseshowed clear evidence that mine fireelated PM swas significantly associated with
increagd medical service utilisatiargpecifically increasedshort and longsPconsultationsvere
observed aftel lag of 45 days exposurentreasedespiratoryservicevisits were observed after a
lag of 7 days exposure and increageental health/psychiatric consultatiorngere observed after a
lag of 15 days exposur&here was no increase observed in cardioviscservice visitd-urther,
mine firerelated PM swas significantly associated wiitcreaseddispensingpf all examined

medication typesdardiovasculamrespiratory and mental healthgfter a lag of3 days exposure.

During the mine fire period, an@fNJ S I O K®insreasesindnin¥ fireelated PM s, the estimated
percentage increasdn health service visits werg7% forvisits by men taespiratory services32%

for visits by men to mental health services, 10% for visits by men and women confibirstabrt GP
consultations and 17% for visits by men and women combined for long GP consultBtinimg the

mine fire period, there wer8,274shortor long GP consultatiorend 159respiratory serviceisits
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attributable to mine firerelated PM s exposire in the Latrobe ValleyCorrespondingly, the

attributable fractions werel%and 8% respectively.

During the mine fire period, an@fNJ S I O K3 insremsesndnin¥ firgelated PM s, the estimated
percentage increasda medications dispensefibr men and women combinedere 25% for
respiratory medicationsl2% for mental health medicatioremnd 10% forcardiovasculamedications
Amongmedicatiors dispen®d during the mine fire periodtherewere 2,093 cardiovasculgr890
respiratory and )53 mental health medicationattributable to mine firerelated PM s exposure

Correspondingly, the attributable fractions wes®o,11% and6% respectively.

This studyshould behelpful to develop and implement effective atithelier adaptive strategies to
mitigate cardiovascular, respiratory and mental health risks due to possible future coal mine fire

derived air pollution exposure in the community.
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2. Introduction

On9 February 2014, th#lorwell open cut brown coal minadjacent to the Hazelwood power
stationin the Latrobe ValleyasternVictoria, caught fire resulting in nearlayeasbeing covered in
plumes of smoke and ash over asigek period.Subsequently, onash Universityed consortium
of researchersvascontracted by the Victorian Department of Health and Human Sertices

undertakethe Hazelwood Health Studi#HShttps://hazelwoodhealthstudy.org.gu The Study ia

comprehensivgrogram of research irestigatingthe longterm health and wellbeing dfatrobe

Valleyresidents following exposure to the smoke from the Hazelwood mine fire.

The HazelinkSream of the Hazelwood Health Study aims to use administrative health data sets to
investigate shortmedium and longerm health outcomes in the Latrobe Valley region. This report
draws upon data routinely collected by the Australian Government on health services utilisation and

dispensing of prescription pharmaceuticals.

3. Background

The adverse effect d@ir pollution on health has long been appreciated ashge to improved

methods of monitoring and measuremetas become more active research area in the last

twenty years. Extensive clinical, epidemiological and toxicological studies have provideatcevid
relationships between exposure to ambient air pollutants and human health (Brunekreef and
Holgate, 2002, Beelen et al., 2014). The shemn effects of air pollution have mainly been
demonstrated by increases iespiratory(Haikerwal et al., 20)&nd cardiovascularelated

morbidity (Haikerwal et al., 2015nd mortality (Dennekamp et al2010,Strickland et al., 2010,
Faustini et al., 2012, Milojevic et al., 2014, Pope et al., 200@xe is also a growing body of
research investigating the relationship between air pollution and adverse mental health outcomes

such as depression and suicide (Lim et al., 2012, Szyszlkbaic2010).

Large, destructive coal mine fires such as theeteaod mine fire are often beyond human control,

despite technologically advanced fifighting services and the resources allocated to fire control.

Pollutants generated by coal combustion are similar to those generated from domestic solid fuel
combustionand outdoor biomass fires (Melody and Johnston, 2015). Pollutants may be broadly
OFGS3I2NAaSR a 3JlFrasSas LINIAOESaE 6AGK  YSRALFY IS
or PMs), volatile organic compounds and trace elememfany of theseare known to be

deleterious to human health. The immediate impact of coal mine fires can be devastating, with loss

of life, livelihood and infrastructure at the fire fronts. However, to date there is limited evidence on

the impacts of smoke from coal mine fires health outcomes.
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4. Aim and objectives

The aim of the analgs was to examine whether thgdazelwoodcoal mine firerelated PM swas
related to increasediseof health services and medicatisdispen®d for respiratory diseases,

cardbvasculadiseases and mental health conditions.

5. Human Research Ethics Committee and

other approvals

TheMonash University Human Research Ethics Committee (MUHREC) approved the Hazelwood
Adult Survey & Health Recokihkage Studin 2015for a fiveyear period MUHREC project number
6066)and again in 202(MUHREC project numb26680. The applicatiorwas also approved by the
CommonwealtiDepartment of Human Servicd3H$ External Request Evaluation Committee
(EREC). MBS and PBS daeeinitially requestedo be aggregated at the Statistical Area (SA) 1
level, for each of the 38 SAdentainedwithin the Morwell SADdoundary Howeverdue to privacy
considerationHSeleasedthe dataat the aggregate®A3 levelor the Latrobe Valley as a whole
The Commonwalth DHS holds 4.5 years of data, therefore the earliest data available for extraction

werefrom 1 July 2012.

6. Methods

6.1. Datasets

Data on health service use

Data on health service use were collected from the Medicare Benefits Schedule (MBS) database held
by the Commonwealth DHS he dataset contaed deidentified information on patient health care
utilisation for G, medicalspecialiss, diagnostic proceduresnvestigations and diagnostic imaging
services. The dataset only inclubielaim recordgor services that qualiéd for Medicare benefits

and for which a claim ltibeen processed.

Data for all ages were analysed from the MBS database for the period 1 Julg 2002ne 2016
based on date of service for @Bnsultationsand date of referral fospecialist attendances,
diagnostic proceduresnvestigations and diagnostic imaging serviddgese dates of analyses were
selected to reflect the distinction between primary medical services (GP consultations) and

secondary medicaervicesequiring a GP refertaThis distinction was made becauseniy be
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possiblethat primary medical servicatilisationis more responsive to short term changes in air

quality than secondary services.

Residentshouldhavebeen able toconsultGRsrelatively quickly and therefore the date of service
mayreflect short term health responses to air quality. In comparisgbere is oftena waiting period
to accessecondary serviceand therefore the date of referral rather than the date of sensgteuld
better reflectpossible shorterm health responses to changesdin quality. MBS datavere broken
down into category, group, subgroup and item number for each unit record (category being the
broadest description, and item number the most specific). The MB&request was restricted to
specific categories/groups/subgroups that were relevant to the study research questions (e.g.

Category: Professional Attendances, Group: GP Mental Health treatment).

Data on medication dispensing

Data on medication dispensingere obtained from the Pharmaceutical Benefits Scheme (PBS)
database also held by the Commonwealth DHS. This datastinedde-identified information on
prescription medicines dispensed to patients at a Government subsidised \ptieee the cost of

the medication wagreater than the patient contribution and therefore the pharmaaapplying

the medication requiredeimbursement for the remaining cossince 2012, PBS data also incllide
prescription medications where the cost of the medicatwas covered by the patient, so the
pharmacist @ not require reimbursementThePBSlataset onlycontainedinformation on
prescription medicinesvhere the prescription had been processed (i.e. the prescription had been

filled by the pharmacist)

Data for allages were analysed from the PBS databaséh®period 1 January 2@t 31 December
2016 based on date of supply. The PBS degse broken down using the Anatomical Therapeutic
Chemical (ATC) Classification SystarilOCC, 2011)s the studwimedto identify changes in

medication use forespiratory, cardiovascular and mental health conditidnsing and after the

mine fire, only records relating to these categoriesmafdicationswere requested (e.g. Group name:

Cardiovascular System)

Data on airpollution AT A AAZET EOCET 1T 1T &£ OEA Oi1 ET A
TheCSIRM@ceans & Atmosphenerovided modelled exposure fields for RManging from 10600

m resolutionnearthe fire to 39 km resolution further away from the fire. The -bburly average
PMsconcentrations were calculated for the Latrobe Valley SA3 area. Further details of the
modelling approach can be found in CSIREport (Emmerson et al., 201&hd journal pape(Luhar
et al., 2020)
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TheHazelwoodcoal mine firds generally considered foave burned for about six weeks from 9
February to 31 March 200#However, or this report e minefire periad was defined as thperiod
when the modelledaily PM: sconcentration averaged across the Latrobe Valley SA3 area

March 2014 daily averageP M s concentratiors attributable to the coal mine firdell belowm > 3% Y
The median modelled daigverageP M, s concentration attributabldo the coal mine fire during the
30-dayanalyss period for the Latrobe Vallegreawas5.2> 3 R afd the interquartile range was 0.1
comMmdH 3>3IKY

Data on ambient maximum temperature

As ambient temperature can have significant impacts on hg@t et al., 2014, Guo et al., 20,17)
we controlled fotemperature when we assessed associations between air pollution and health
outcomes Daily maximum temperatures were collected frame Australian Bureau of Meteorology

(http://www.bom.gov.au/climate/dataservices/statiordata.shtm).

Data on geographical boundaries

The geographad boundary used for the analys&vas defined usintpe Australian Statistical
Geography Standd 2011 classification SA3 spatial unit. The Latrobe Valley SA3 area incadporate
five SA2 regions: Morwell, Churchill, Modewborough, Traralgon and Yallourn Nofr@@lengarry
Figurel shows a map of the Latrobe Valley SA3 geographical arehthe corresponding SA2 areas,

included in the analysis
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Figure 1 Geographical location of the Latrobe Valley SA3 area

6.2. Definition of outcomes

Health service data

The health servicdatawere reviewed by a panel oésearchers and clirians(see
acknowledgmentsand Service types considered relevant for the hypothesis were included in the
analysisFor the purpose athe analyss, all itemnumbers that were considered levant were
grouped irto one offive categoriesshort GP consultationgong GP consultations, cardiovascular

servicesrespiratoryservices and mental healsychiatricconsultations.

Short GP consultations were definedassultations lasting less than 20 minutes and incorporated
standard consultations (Item 23nd bng GP consultations were defined as consultations lasting 20
minutes or more Cardiovascular and respiratory service groups incorporated their respective
specialistconsultantconsultations and diagnostic and imaging testiental health consultations
incorporatedGP mental healtland specialistconsultantmental health consultationgA small

number of service types were not considered relevant and were dediufor exampleSubgroup:
Cardiovascular, ltem NumbeBiood Dye testSupplementary Tablé (Appendix 1presents thefull

list of item numbes by health service groupcludedin the analyss.
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Dispensed medication data

ThePBSmedication classificationsere alsoreviewed by a panel aksearchers and cliniciasd
medicationsconsidered relevant for the hypotlses were included in the analys@8he ATC grouping
wasused in analyse Cardiovascular medications included cardiac glycosidesaattythmics,
nitrates, antihypertensives, diuretics, beta blockers, calcium channel blockers, ACE inhibitors
angiotensin antagonistand lipid modifying ager. Respiratory medications included systemic and
inhaled glucocorticoids, beta agonists, anticholinergics, combination inhalers, xanthines, leukotriene
antagonists and cough suppressamitedications for mental health conditions included
psycholeptics sutas phenothiazines, haloperidol, indoles, thioxanthenes, benzodiazepines,
benzamides and other antipsychotics; antidepressants suahoa®amine oxidaseMAQ) inhibitors,
serotonin reuptake inhibitors, other antidepressants; and stimulants including deixatamine and
methylphenidate A small number ofmedicationsnot considered relevant were excluded, for
exampleanalgesics and anRBarkinsonian drugSupplementary Tables2(Appendix 1present the
full medication classificatizsand examples ahedications in each clasisat were used in the

analyses.

6.3. Statistical analyses

Descriptive analysis

The results of the analyses for both health service use and medication dispensinmvestigated
using multiple techniques. Weekly time series countsasfice use and medication dispensing
plotted over the duration of their respective analy§psriods provided a high level of insight
regarding the potential time dependent patterns within the dafe. our aim was to assess the short
term associations b&teen air pollution and health outcomes, plotting the raw data would help us to
understand if there were lonterm trends and'or seasonality. In addition, daitime series counts of
service usand medication dispensingere compared across two comparison time periods to
ascertain whether utilisation varied during the-8@yminefire period, compared to the 30 days
immediately pre and post the firand compared tothe samedates as the80-daymine fire period

but one-year pre and post the fire.

Time series regression

Timeseriesanaly®srelating dailyair pollutantdata to health outcomes (e.g. medical service use
and pharmaceuticadispensingyare frequently used to assess the shaerm health effects of air
pollution (Bhaskararet al., 2013) The method allows for adjustment of an outcoragposure
relationship by confounderstable over timeand examines the outcomes in a population

repeatedly over the days in a specific time period under varying daily exposurgicosad
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We used time series regression to examine the associations between dailfireinelated PM s,
health service usanddispensingf medicatiors. Initial exploratory analyses of the time series data
plots confirmed the presence of seasonality, trend and effects of public holidays (e.g. Chrigtmas).
generalkzed linear model (GLM) with Poisson regression was used to model the impacts of air
pollution on the outcomes: health service use and metiicadispensingln the GLM structure, the
modelled daily firegenerated PMswas included alongside potential confounders including
seasonality, longerm trend, day of the week, maximuambienttemperatureand public holidays.
Additional details relating to the parameters used in the statistical model may be foukgbendix

2.

Total health service use and medication dispensing records during the fire period for the MBS item
codes and PBS ATC codes listefupplementarylables 1 to 4 (Appendix 1yere first examinedn
preliminaryanalyses. The results of these analyisekicatedthat the number of records were too

few for many of the specific conditions to yield reliable statistical inference. Hence the subsequent
time series analyses were performed usiagyercondition groups: all respiratory diseases, all

cardiovascular dises and all mental healttonditions.

The dose response relationships betweem a  >* are¥dse in firaelated PMsand health
service utilisatiorand medication dispensing weexaminedto determine whether there were

increases in the risk of utilisan and dispensing as finelated PM sconcentrationsncreased.

Cunulative relative risk§RRveralag periodLJS NJ ™ Aincrea ity fireelated PMswere also
calculated withtheir associated 95% confidence intervals (Cls) for each servicamygpmedication

type. Cumulative RRouldbe interpreted aghe sum of lag effestassociated with air pollution
exposure over thespecifiedlagdays. Estimated cumulativeR greater thanl indicated elevated

risks forserviceuse associated witminefire-generated PMs. The 95% Ghdicated the uncertainty

of the cumulative RR value as an estimate of the true underlying association between the air
pollutant and the health outcome. Smalletvpluesindicated stronger evidence of a true underlying
assaiation (with the threshold of p<0.05 commonly referred to as statistically significant). However
it must be borne in mind thataluesand the width of the confidence intervalere dependent on

not just the size of the estimated cumulative,RRt alsoon the number of occurrences of the

health outcome being analysed.

Attributable counts and fractions were also calculated. Attributable counts indicatenumber of
service visits or medicati@ulispen®dthat occurred in the Latrobe Valley as a residlpopulation
exposure to firerelated PM semissions. Attributable fractionserethe percentage change in

service visits or medicatieispen®d, attributable to firerelated PM s emissions.
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7. Results

7.1. MBS health service usage

Total counts of health serce use for the Latrobe Valley for both the entire period analysed and the
fire period are summarised ifablel. Short GP consultations accounted the majority (76%)of

health services used during the fire periddedian daily health service use counts for the 2014 fire
period and the equivalent 3@ay period one year earlier are summarised able2. During the 2014
fire periodthe median daily health serviaasitswere 1,982%or all long and short GP consultations
140for all mental health consultatian 96for all cardiovascular servicaad 44for all respiratory
services. All four service types had marginally elevated utilisation compared to the equivaldsy 30

period one year prior to the fires.

Table 1 Total number of MBS health service visits by service type for the Latrobe Valley

Health service type Analysis period Mine fire period
July 2012 9 Feb 2014 -
June 2016 10 March 2014
No. of records No. of records
Short GP consultations 1,932,076 38,446
Long GP consultations 258,401 5,327
All Long & Short GP consultations 2,190,477 43,773
Mental Health- GP consultations 52,964 1,176
Mental Health- Specialist consultations 93,418 2,219
All Mental Health consultations 146,382 3,395
Cardiovascular specialist consultations 25,938 466
Cardiovascular diagnostic & imaging tests 86,267 1,859
All Cardiovascular service visits 112,205 2,325
Respiratory specialist consultations 16,906 370
Respiratory diagnostic & imaging tests 39,729 793
All Respiratory service visits 56,635 1,163
All above service types combined 2,505,699 50,656
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Table 2 Median number of daily health service visits by service type for the Latrobe Valley

Health service type 1 Year pre fire Mine fire period
9 Feb 2013 - 9 Feb 2014 -
10 March 2013 10 March 2014
Median InteRrgrl]Jg;tile Median Int(le?rg#g(retile

Short GP consultations 1,704 272-1,816 1,720 273-1,869
Long GP consultations 209 21-230 240 30-267
All Long & Short GP consultations 1,922 292-2.049 1,982 304-2,139

Mental Health- GP consultations 53 5-58 48 10-58

Mental Health- Specialist consultations 74 10-106 86 15-118
All Mental Health consultations 130 13-166 140 19-173

Cardiovascular specialist consultations 18 6-37 12 5-24

Cardiovascular diagnostic & imaging tests 74 17-87 78 9-93
All Cardiovascular service visits 92 21-119 96 15-120

Respiratory specialist consultations 8 0-17 14 0-21

Respiratory diagnostic & imaging tests 30 6-35 30 7-40
All Respiratory service visits 40 7-57 44 10-58
All above service types combined 2,240 323-2,321 2,318 354-2,456

The weekly time series graphs for health service use were usédualse the sequences oflata
and detect underlying seasonality atrénds (Figure2). There was some ewvéhce of arend of
increasedutilisationacross the fowyear analysis periodnd the annual fluctuations within each
cdendar year reflected troughis utilisationduring public holiday periods. There were apparent
increases imealth service usduring the mineife compared to preire periods and continuing

increasesdllowing the fire.
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Figure 2 Time series plots of weekly medical service utilisation counts in the Latrobe Valley

for the period July 2012 to 30 June 2016.

Note: The edshadingindicatesthe 30-dayfire periodand blue dots indicate weeks which include public

holidays
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Figure 3 Time series plots of daily medical service utilisation counts in the Latrobe Valley for
the 30 days during the fire, the 30 days before the fire, and the 30 days after the fire.

Note: The Hue baris the boxplot othe distribution of daily countsthe box indicates the distribution lying
within the 25th and 75th percentiles, tH#ueline indicates the median, and whiskéndicatethe lowest and
highest values.

Figure3 comparesthe 30-day fire period to 30 days pre and post the fiemdFigure4 comparesthe
30 day fire period tdhe same30 day period one year pre and post the fir®escriptive
investigation of thenealth service use datar short and long GP consultations, @rdiovascular
services, all respiratory services and all mental health consultatiotisated a riseén service use
during the mine fire period compared withe 30 days prdire, and a further rise durinthe 30 days

post the fire(Figure3).

Hazelinks MBS and PBS data extraction. Version 2.0 September 2020
Contact: Yuming Guo Pagel9




Short GP consultations Long GP consultations

One year pre Fire One year post One year pre Fire One year post

w
=1
=1

Daily rates per 10,000 population
g g

Daily rates per 10,000 population

5] 5 g

0 0
01-Mar-2013 01-Mar-2014 01-Mar-2015 01-Mar-2013 01-Mar-2014 01-Mar-2015
All Long & Short GP consultations Cardiac diagnostic, imaging and specialist services
0
400
One year pre Fire One year post One year pre Fire One year post

3004

2004

Daily rates per 10,000 population

100

Daily rates per 10,000 population
] 5

01-Mar-2013 01-Mar-2014 01-Mar-2015 01-Mar-2013 01-Mar-2014 01-Mar-2015

Respiratory diagnostic, imaging and specialist services All Mental Health consultations

One year pre Fire One year post One year pre Fire One year post

Daily rates per 10,000 population
= @ ]
Daily rates per 10,000 population

= 5] 8 8

01-Mar-2013 01-Mar-2014 01-Mar-2015 01-Mar-2013 01-Mar-2014 01-Mar-2015

Figure 4 Time series plots of daily medical service utilisation counts (given as rate per 10,000
population) in the Latrobe Valley for the 30 days during the fire and the same 30-day period
one year before the fire and one year after the fire.

Note:Bluebar is the boxplot of distribution of daily rates per 10,000 where the box indicates the distribution
lying within the 25th and 75th percentiles, tiueline indicates the median, and whiskethelowest and
highest values.

Initial investigations of the health service use datadoort-GP consultationmdicated arelatively
constart trend for the same 30 day perigevhen one year prior to the fire, thgear of the fire and
the year post the fire were compard@igured). Visits for bng GP consultationgnd visits taall
cardiovasculaservices and all respiratorgrvicesappeared tancrease during the fire period
compared to one year earli@nd increasdurther one year post the firddealth ®rvice use for all
mental health consultationappeared toincreaseduringthe year of the fire compared to one year

prior, before returning to pre fire levels one year la{Eigure4).
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PMzs and health service use, at lags of 0-21 days after controlling for seasonality, public
holidays, day of the week, long-term temporal trends and daily maximum ambient temperature.

Modelling of the lag structure for the dose resporassociations between mine firelated PM s

and health service use are showrFigure5. The association between mine firelated PMsand

short and long GP consultations demonstrated a lag of 5 and 4 days respectively, before the
observed RR was greater than one. RRs continaéncrease for short GP consultations and peaked
after 11 lag days for long consultations. For respiratory health service visits, the corresponding RR
was above one at lag 0, before declining marginally, then progressively increasing after 7 lag days.
For mental health consultations the lag structure modelling indicated the dose response RR was
above one at lag 0, fell below one for lag daykb5then rose above one and continued to increase.
No dose response association between mine-fefated PM sand health service use was observed

for cardiovascular service visits. Sensitivity analyses (not tabulated) suggested the results were not
sensitive to changes in thaegrees of freedonor number of lag days chosen for lags of air pollution,
the degrees ofreedomfor doseresponse and lagesponse relationships of temperature and the

degrees of freedonfor the nonlinear effect of day of the year.
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Table3 The associati on bincwasein miae fiteelated PMps and GP

consultations in the Latrobe Valley.

Service Daily
Health service visit % of total GP & median  Cumulative p-value for
type count specialist count count RR* 95% ClI p-value difference”
Short GP
consultations 38,446 75% 1,720 1.10 1.06-1.15 <0.001
Sex
Female 22,602 45% 1,019 1.09 1.05-1.14 <0.001 Reference
Male 15,844 31% 698 1.10 1.05-1.15 <0.001 0.792
Age (years)
<20 6,442 13% 281 1.18 1.10-1.28 <0.001 Reference
20-34 7,297 14% 318 1.03 0.98-1.08 0.260 0.003
35-49 6,635 13% 297 1.13 1.07-1.20 <0.001 0.362
50- 64 8,059 16% 363 1.09 1.03-1.15 0.002 0.080
65+ 10,013 20% 442 1.08 1.00-1.17 0.037 0.099
Long GP
consultations 5,327 11% 240 1.17 1.11-1.24 <0.001
Sex
Female 3,415 7% 146 1.20 1.12-1.29 <0.001 Reference
Male 1,912 4% 85 1.11 1.02-1.21 0.020 0.143
Age (years)
<20 565 1% 22 1.41 1.19-1.68 <0.001 Reference
20-34 1,014 2% 44 1.14 1.02-1.28 0.025 0.044
35-49 1,032 2% 46 1.20 1.07-1.35 0.002 0.138
50- 64 1,208 2% 55 1.13 1.01-1.25 0.029 0.030
65+ 1,508 3% 70 1.12 1.01-1.24 0.027 0.023
All long and
short GP
consultations 43,773 86% 1,982 1.11 1.07-1.15 <0.001
Sex
Female 26,017 51% 1,188 1.11 1.06-1.15 <0.001 Reference
Male 17,756 35% 786 1.10 1.06-1.15 <0.001 0.920
Age (years)
<20 7,007 14% 303 1.20 1.11-1.29 <0.001 Reference
20-34 8,311 16% 366 1.04 0.99-1.09 0.111 0.002
35-49 7,667 15% 343 1.14 1.08-1.20 <0.001 0.296
50- 64 9,267 18% 419 1.09 1.04-1.15 <0.001 0.049
65+ 11,521 23% 518 1.09 1.01-1.16 0.018 0.062

*Cumulative RR over a 21 lag day period adjusting for seasonality, public holidays, day of the weekmong

trend and daily maximum ambient temperature.
Univariate randorreffects metaregression pvalues.
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Table4 The associati on bdrceasein miae fite@elated PMas and

specialist/consultant health service visits in the Latrobe Valley

Service % of total GP  Daily

visit & specialist median Cumulative p-value for
Health service type count count count RR* 95% ClI p-value difference”
Cardiovascular service
visits 2,325 5% 96 1.04 0.91-1.20 0.540
Sex
Female 1,124 2% 49 0.99 0.82-1.18 0.884 Reference
Male 1,201 2% 47 1.09 0.91-1.32 0.340 0.433
Age (years)
<20 83 0% 2 0.87 0.49-1.57 0.651 Reference
20-34 182 0% 6.5 1.19 0.83-1.69 0.343 0.381
35-49 244 0% 8.5 0.97 0.73-1.29 0.838 0.751
50- 64 690 1% 28.5 1.19 0.95-1.49 0.139 0.339
65+ 1,126 2% 45 0.97 0.79-1.19 0.756 0.748
Respiratory service
visits 1,163 2% 44 1.22 1.04-1.43 0.015
Sex
Female 530 1% 21 1.05 0.83-1.34 0.688 Reference
Male 633 1% 21 1.37 1.11-1.69 0.003 0.101
Age (years)
<20 50 0% 1.15 0.64-2.08 0.643 Reference
20-34 117 0% 2.08 1.38-3.14 <0.001 0.108
35-49 188 0% 1.58 1.12-2.24 0.010 0.363
50- 64 317 1% 11 1.10 0.82-1.47 0.512 0.899
65+ 491 1% 19 1.06 0.82-1.36 0.676 0.795
Mental health
consultations 3,395 7% 140 1.14 0.95-1.36 0.170
Sex
Female 2,103 4% 87 1.03 0.81-1.31 0.787 Reference
Male 1,292 3% 50 1.32 1.02-1.72 0.035 0.170
Age (years)
<20 630 1% 19 1.35 0.93-1.95 0.110 Reference
20-34 971 2% 35 1.01 0.74-1.37 0.963 0.232
35-49 844 2% 32 1.15 0.82-1.63 0.410 0.541
50- 64 699 1% 26 0.97 0.61-1.52 0.878 0.260
65+ 251 0% 7 1.50 0.83-2.70 0.181 0.775
Total GP & specialist
service visit count 50,656

*Cumulative RR over a 21 lag day period adjusting for seasonality, public holidays, day of the weekmong

trend and daily maximum ambient temperature.
Univariate randorreffects metaregression pvalues.
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Table3 shows thedose responsé & 42 OA F G A 2y  0%ndréaSeSnymink firgelated PE K Y
and GP consultationgnalyses of the overall population showad0%increase irshort GP
consultatons(RR1.10;95% CIL.06 to 1.1%p<0.00) anda 17%increase in long consultationRR
1.17;95% ClL.11 to1.24 p<0.001).JS NJ ™ Aincrea il firaelated PMs. Stratification by sex
found the RRfor short GP consultationt® be similar in both sexes anébr long GP consultations
stronger in women than in men. Age stratificatisimown inFigure6 demonstratesncreased risk for
short GP consultations in four of the five age groapd increased risk fdong GP consultatioria

all age groups. For both long and short GP consultations the strongest associations were observed in

those aged @19 and 3549 years.

Table4dd K2ga GKS | 38a2 OAl (Pin@ehse ininbeaifieSded PMsandn >3k Y
specialist/consultant health service visitor respiratory services, theayses of the overall
population showed 22%increase in respiratory service ugeR1.22;95% CIL.04 t0 1.43 p=0.015

LIS NJ wm Aincreae ityfirarelated PMs. Sratification by sex showed #t the increase was
observed in merfRR1.37;, 95% CIL.11 to 1.69p=0.003) and not in women. Figure6, stratification

by agerevealed thatincreases in respiratory service use were predominaampngstthose aged

20-34 and 3549 yearsandnot in the younger or older age groups
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Figure 6. Overall and age stratified cumulative 21 day RR and 95% Cls for medical service
utilisati on®ingreaseidinedigp/retated fine PMas.

Note: RRs are adjusted for seasonality, public holidays, day of the weeketamgrend and daily maximum
ambient temperature.
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No associations were observed for mental health consultations in the overall popuyletnist
stratification by sex showedn increased risk in meRRR1.32 95% CIL.02 to 1.72;p=0.035) but not
in women(Tabled). Age stratificatiorindicatedno associationfor mental health consultations

(Figure6).

No dose respose associations were observed for visits to cardiovascular se(Jiabke4, Figureb).

Table 5 Attributable fraction and attributable counts for lag 21 days of health service use due
to coal mine fire-related PMzs in the Latrobe Valley SA3, during period of the coal mine fire

Health service type Mean attributable Total attributable
fraction ( 95% ClI) counts ( 95% CI)
Short GP consultations 4% (2%, 5%) 2,721 (1626, 3789)
Long GP consultations 6% (4%, 8%) 599 (392, 799)
All Long & Short GP consultations 4% (3%, 6%) 3,274 (2099, 4421)
All Cardiovascular service visits 2% (-4%, 7%) 72 (-165, 289)
All Respiratory service visits 8% (2%, 13%) 159 (32, 274)
All Mental Health consultations 5% (-2%, 12%) 301 (-137, 692)

The attributable fractions and attributable counts for health servitksationdue to mine fire
related PMsconcentrations argresented inTable5. There weres3,274 short and longGP
consultationsand 159 respiratory serviceisitsduring the 30 day mine fire perig@hich were
attributable to mine firerelated PMsin the Latrobe Vallg Correspondinglythe attributable

fractions wered% forshort and longsP consultationand 8% forrespiratory service

7.2. PBS medication dispensing

Total ®untsof medicatiors dispensedor the Latrobe Valley for thentire periodanalysedand the
mine fire period are summarised Trable6. Mediandaily medicationdispensng duringthe 2014
mine fire period and the equivalent period one year earlier are summaris€edbie?7. During the
2014 mine fire periodthe mediannumbers dispensed dailyvere 1,256cardiovasculamedications,
239respiratory medications anB58for mental health medicationsThis represented a slight
increase inespiratory and mental health medicatiobging dispensed on a daily basis, arslight
reduction in cardiovasdar medicatiors,compared to the equivaler20-dayperiod one year prior to

the fire.
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Table 6 Numbers of medications dispensed by medication type in the Latrobe Valley SA3

Medication type Analysis Period Mine Fire Period
Jan 2013 - June 2016 9 Feb 2014 - 10 March 2014
No. of records No. of records
Cardiovascular 1,617,221 30,593
Respiratory 305,377 6,066
Mental Health 703,271 13,354
All above medications 2,625,869 50,013

Table 7 Median of medications dispensed daily by medication type for the Latrobe Valley SA3

Medication type 1 Year pre fire Mine Fire Period
9 Feb 2013 - 9 Feb 2014 -
10 March 2013 10 March 2014
Median Interquartile Median Interquartile
Range Range
Cardiovascular 1,301 674-1,404 1,256 620-1,384
Respiratory 199 88-218 239 128-273
Mental Health 528 252-605 558 258-598
All above medications 2,044 1,008-2,216 2,111 1,020-2,249

As with health service utilisatiohe initial investigation into medicatiogispensingFigure?7)
appeared to indicate aimcreasedrend in dispensingcross the fowyear analysis period and
annual fluctuations within each calendar yeahich werereflected in peaks pr€hristmas and
troughs during public holiday periods. Thigant we had tallow for seasonality and public holidays
when assessing potential associations between daily air pollution and medichgizensing
Variatiorsin medicationdispensingare hard tovisually detecin Figure7, hence subsequent figures
are presented that compare the 3fay fire period tahe 30 days pre and post the fir€igure8) and

the same 3@day period one year pre and post the fifiqure9).
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Figure 7 Time series plots for PBS medications dispensed in the Latrobe Valley, 1 Jan 2013 to
31 Dec 2016.

Note: The redbar indicates the fire period.
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Figure 8 Time series plots of daily medications dispensed in the Latrobe Valley for the 30 days
during the fire, 30 days before the fire and 30 days after the fire.

Note: The Bue bar is the boxplot of the distribution of daily countee box indicates the distribution lying
within the 25th and 75th percentiles, tHdue line indicates the median, and whiské¢he lowest and highest
values.
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As seen irFigure8, the raw data indicated thatardiovasculamedicationdispensingtayed
relatively stableduring the fire period compared to the 30 days prior and then incréasightlyin
the 30 days post the fire. Respiratory medicattspensingappeared tancrease during the fire
period compared to th&0-daypre-fire period, then slightlydeclinedafter the fire but remained
above prefire levels Dispensingdf medicatiors for mental healthconditionsincreasedvery slightly

during the fire compared t80 dayspre-fire and continued to increase slightfter thefire.

As seen ifrigure9, initial investigation otardiovasculamedicationdispensingndicated a slight
downward trendfor the same 30 day periodlhenone year prior to the fire, the year of the fire and
the year following the fire were compareRespiratory medicatiodispensingappeared to increase
in the fire yearand then declined the following year but remained above-fire levels Dispensing

of medicatiors formental healthconditions appeared tincrease in the fire year artien remain

stable at the higher level one year later.
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Figure 9 Time series plots of daily PBS medication dispensing in the Latrobe Valley for the 30
days during the fire and the same 30-day period one year before the fire and one year after the
fire.

Note: Bluebar is the boxplot of distribution of daily rates per 10,000 where the box indicates the distribution
lying within the 25th and 75th percentiles, tidueline indicates the median, and whiskdhe lowest and
highest values.
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Figure 10 Modelling of the lag structure. Exposure response relationships between medication

dispensingandal 0 € g/ m3

i n c-remtadsPMzsiatnags$ df 0-edays.

Note: Analyses control for seasonality, holidays, day of the week;téosngtemporaltrends and daily

maximum temperatures.

The lag relationships between exposure and outcomes are plottEjirel 0. Associations

between exposure to mine fireelated PMp sand different types of dispensed medications were
found after three days of exposure. @de associations lasted awlditionalthree days for dispensed
cardiovascular and psychiatneedications (lag effect betweehree andsixdays), andour days br

respiratorymedications (lag effect betweehree andsevendays). Thereforaghese lags were used

when calculating theisk estimates.
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Table 8 Cumulative RR of daily PBS medication dispensing associated with 1 0 ¢ {ricmaases
in fire-related PMzs

Medication Type$ Cumulative 95% ClI p-value p-value for
RR* difference”

Cardiovascular 1.10 1.07-1.13 <0.001

Sex

Female 1.12 1.08-1.16 <0.001 Reference

Male 1.08 1.05-1.12 <0.001 <0.001

Age (years)

<20 0.77 0.52-1.15 0.200 Reference

20-34 1.19 0.90-1.56 0.216 0.076

35-49 1.02 0.93-1.12 0.667 0.176

50-64 1.10 1.05-1.15 <0.001 0.080

65+ 1.11 1.08-1.15 <0.001 0.071

Respiratory 1.25 1.19-1.32 <0.001

Sex

Female 1.29 1.20-1.38 <0.001 Reference

Male 1.21 1.12-1.31 <0.001 0.052

Age (years)

<20 1.42 1.22-1.65 <0.001 Reference

20-34 1.62 1.34-1.96 <0.001 0.284

35-49 1.34 1.17-1.55 <0.001 0.582

50- 64 1.19 1.07-1.33 0.007 0.062

65+ 1.15 1.06-1.25 0.001 0.016

Mental Health 1.12 1.08-1.16 <0.001

Sex

Female 1.11 1.06-1.17 <0.001 Reference

Male 1.14 1.07-1.21 <0.001 <0.001

Age (years)

<20 1.14 0.95-1.35 0.154 Reference

20-34 1.10 1.00-1.21 0.056 0.724

35-49 1.11 1.03-1.20 0.002 0.784

50-64 1.16 1.07-1.24 <0.001 0.857

65+ 1.10 1.02-1.19 0.010 0.712

*Cumulative RR over lag period adjusting for seasonality, public holidays, long term trend, day of the week and
daily maximum ambient temperature and their associated 95% confidence intervals (Cl).

Univariate randorreffects metaregression pvalues.

“Cadiovascular and mental health medications la§ 8ays and respiratory medications lag 8lays

Hazelinks MBS and PBS data extraction. Version 2.0 September 2020
Contact: Yuming Guo Page30


























































