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[. Abstract
Introduction : Asthma is a common chronic condition that affects up to 1.1 million children in
the UK Exacerbations of asthma foll a pronounced seasonal pattern and are associated
with environmental triggers. A number of studies have investigated the associations.
However, few studies have undertaken an asthmatic-non-asthmatic design and with even
fewer set within the UK.
Aims: To investigae medical contacts made by school age asthmatics and rasthmatics
across different health care settings and geographies with respect to the seasonality of the
medical contacts and the association between the medical contacts and outdoor
environmental exposures
Study design A retrospective time-seriesand spatialinvestigation.
Data: for the outcome, dinical data were obtained from three geographies decreasing in size
(England and Wales, the Trent Region and Sheffielddr schoolage asthmatics andnon-
asthmatics. Daily counts of medical contact made byasthmatics and nonasthmatics were
obtained for the period 1999 to 2004 The differerce between daily counts of asthmaticand
non-asthmatics was calculated to create thesecond outcome, daily excess.For Sheffield
medical contacts made for asthmatic and neasthmatic reasonswere also aggregated by
Middle Super Output Area level (MSOADr the spatial analysis For the exposures of interest,
daily measures of outdoor pollution, weather and pollerexposues were obtained for the city
of Sheffield
Method of Analysis:Graphical assessmentwas undertaken toexamine seasonal patterns of
daily countslexcess. Accounting for covariates,the effect of pollutant, weather and pollen
exposures were investigatedusing autoregressive analysesExposureslaggedby seven days
were investigated. A separate spatial analysis was undertaken on Shea#ld. Comparative
Hospital Ratios (CHRs)were calculated and correlated with areadefined pollutant measures
at MSOAlevel.
Reaults: Seasonal patternswere more apparent in England and WalesSeasonal patterns
were also observed with the daily excess. Peaks and trougbsrrelated well with the school
calendar z troughs during Easter and summer holidays and peaks after the returrtschool
With a greater total number of events observed theravere a higher number of significant
environmental exposures associated with daily counts fronEngland and Wales compared to
the Trent Region or Sheffield Evidence oflagged effectavas incorsistent. Results suggest the
associatiors to be greater in non-asthmatics. In Sheffield, esults from the 9atial
investigation revealed three signifiant hotspots of CHRsfor asthmatic contacts only.
Significant associations were found between CHRs fasthmatics and air quality measures of
NG; (a positive correlation) and Q (a negative correlation). Significant negative associations
were aso found between CHRs for asthmatic contactnd the proportion of domestically and
commercially sourcedemissions
Conclusion:The seasonal effecin asthmaticsis over and above the averagéon-asthmatics)
school population. Little difference was observedin environmental associations between
asthmatics and nonasthmatics. Further research isrequired to investigate the associations
between asthma andenvironmental triggers atsmall area levelsin the UK
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1.1. Introduction

The prevalence of asthmahas increased sibstantially in the last half of the twentieth
century (Anderson et al., 2007. This increase has been observed in several countries
(Heinrich et al., 2002 Upton et al., 2000 including in the UK the US andacrossEurope.
The riseis more prominent in westernised, devéoped countries though numbersare also
rising in poorer developing countries(Beasley et al., 2000 The observed increase in the
asthma prevalenceis not solely the result of improved diagnosigKhot et al., 1983. It has
also been reported thatthe genetic susceptibilityis unlikely to have occurred in the time
period during which this observed increasein asthma casesas happened(Seaton et al.,
1994). Possible reasors for the increase may include changes in lifestyle and
environmental quality over the last 50 yearqvon Mutius, 2000).

4EEO AEADOAS®GntroBudOtbd Oplc of childhood asthma its seasonal
characteristics,and potential triggers ofexacerbation

1.1.1. Aims of the Introductory C hapter
The aims of thischapter are to:
Describe the epidemiology of the childhood asthma in the UK
lllustrate a synopsisof the costs and consequences ohildhood asthma
Describe environmental exposures in the UK and adverse health effects
Describe seasonality and specifically schooklated seasonality
Summarise therationale for this piece ofresearch
Provide a synopsisof the content of the chapterghat follow

ok~ wbdpE
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1.2. Epidemiology of Asthma

1.2.1. The Definition of Asthma
There is no standard definition of asthma (Tattersfield et al., 2003. The World Health
Organisation (WHO, 2011 classifies asthma as a chronic condition that affects the
airways in the lungs. Itis characterised by recurrent attacks of breathlessness and
wheezing. Whenthe airways come into contact with irritants, the airway® muscles
tighten, become narrower and the liningof the airways become inflamed WHO, 20111).
On occasion, mucus can forrand further tighten the airways (WHO, 20111).

Asthmais coded J45.0 to J46.0 under the ICID (International Classification of Diseases)
and covers allergic asthma (J45)0non-allergic asthma (J45.1), mixed asthma (J45.8nd
non-specific asthma (J45.9fWHO, 2007. J46.0is the code for acute severe asthmdstatus
asthmaticus) (WHO, 2007.

The symptoms of asthma include cough, wheeze, airflow obstruction, dyspnogsortness
of breath) and chest tightness(WHO, 2011). The severity of the disease varies from
individual to individual. Asthma sufferers can have acute episodes ranging in severity
from mild episodes (characterised with cough, auditable wheeze, normal spete between
breaths and a Peak Expiratory Flow Rate (PEFR) of abov® percent) to severe episodes
(characterised by severe distress, cyanosi@ppearance of blue or discolouration orthe
skin), reduced ability to speak and possibly bed or chair boundNICE, 2003.

1.2.2. Trend and Prevalence of Childhood Asthma

Several studies have recorded an increase ihe prevalence of asthmaespecially in the
second half @ the twentieth century (Anderson et al., 2007 Rottem et al., 200%. The
upward trend stabilised or decreasedin a number of countries for instance,the UK
(Anderson et al., 2007Fleming et al., 2000bMalik et al., 2013, US(Hartman et al., 2010,
Switzerland (Bollag et al, 2005 and Spain(Gonzalez Barcala et al., 20)00One reason
postulated for the stabilisation of the prevalence is the development ofore aggresive
strategiesto manageasthmatic symptoms(Anderson, 2005 Shabu et al., 200Y.

Worldwide, approximately 235 million people suffer with asthma(WHO, 201Lb). In the
UK,an egimated 8 million people have been diagnosedith asthmaat some point in their
lives with approximately 5.1 to 5.2 million personsreceiving treatment for the condition

in 2001 (National_Asthma_Campaign, 2001CAUK, 2004. Asthma s an under-diagnosed
and undertreated condition (WHO, 2011h. Therefore, the difference between the
number of people suffering from asthma and the number of those being treated may partly
reflect under-diagnoss of the disease.
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Asthma is the most common chronic disease in children worldwide (WHO, 2011 2001,
between 1.1 and 1.4 million children had asthma in the UK (ICAUK, 2004
National Asthma Campaign, 200}. In 2008, 932,000 children had asthmain England, this
equates to1l in 10 children (ICAUK, 2009. The prevalencewas lower in Satland in
comparison to England(1 in 13 children) and slightly higher in Wales(1 in 9 children)
(ICAUK, 2009.

In England, there were 830 general practices in 200 The Information Centre, 2009.
There were approximately 111 asthmatic children per general practice.

1.2.3. Hospital Contacts

According to ICAUK (2009) between 2006 and 2007, there were 80,593 hospital
admissions forasthma in the UK, of which 33,285 (approximatelyl percent) were for
children 14 years old oryounger. In the UK, a averageof 91 admissions per daywere
attributed to children with asthma, this equates tol admission every 16 minutes.
Admission rates wae highest in the northwest andlowest in the east of England with
these geographical dfferences potentially attributed to either differences in the
environmental composition of the region or difference in health service provision
(ICAUK, 2007. It has beenestimated thatwith good routine care and management of the
condition, 75 percent of asthma relatedhospital admissions(adult and children) could be
prevented (ICAUK, 2008.

1.2.4. Summary of the Cost and Consequences attributed to Asthma
A number of studies report direct and indirect costs attributable to asthma(Child et al.,
2002, DeWalt et al., 2007Gupta et al., 2004ICAUK, 2008. The presence of asthma places
heavy demand on health care services in an effort to treat and keep the disease under
control. A large proportion of the demands placed on hospital services could be prevented
via good managemen{ICAUK, 2008. According to the Office of Health Economics (cited
by (ICAUK, 2003), for 2003, £889 million was used to treat asthma by the NHE659
million was spent on prescriptions, £117 million was attributed to dispensing, £49 million
was spent on hospital admissions and £63 million was attributed to GP consultatis.
Another study reported thatit cost £1 billion to treat asthma (and otherallergic diseases
allergic rhinitis and eczema)(Gupta et al.2004). Gupta et al estimated the GP prescription
costs alore equalled approximately£0.7 billion per year whilst ED admissions cost £61
million. The costs attributed to caring for a person with poorly controlled asthmawvere
three times higher than carirg for a person with well controlled asthma(Hoskins et al.,
2000).

For the asthmatic, the act of taking clinical treatment efficiently can also have cost
implications. Inefficient inhaler techniques incur resource and financial costs. Children in
particular find it more difficult to develop proper inhaler techniques (Child et al, 2002)
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which may result in wasting of the product and this can result in the issuing of more
prescriptionsthan would otherwise be needed.

The financial effects are not exclusively attributed to the health service; asthma also has
indirect ramifications on the workforce contributing to a substantial loss of economic
productivity (ICAUK, 2003. In the UK, asthma accounts for 12.7 million worklays lost
(adults with asthma and parents ofchildren with asthma) (ICAUK, 2004. It was estimated
that £1.2 billion was the cost attributed to work days lostand £260 million were
attribu ted to benefit costs due to asthma@epartment of Work and Pensions, cited by
(ICAUK, 2003).

Not only is there a financial cost attributed to the presence of asthma, there is a substantial

amount of literature investigating the negative effect of asthma on the child. Asthma can

have a negative effect on the individud® AT A £AT El U fpéwal &All, G0 1T £ | E A
Forty-three percent of children stated that having asthma restricted their ability to carry

out everyday activities (ICAUK, 2009. Children with asthma experience an increased

number of restricted days due to ilnessQA OOOEAOAA A AUO edockamhilly OT OEA
below normal capacity to perform normal activitieg (Neffen et al., 2005Newacheck and

Halfon, 2000, Sotir et al., 200§. Other asthmaassociated effects include negative impact

on school performance(Anderson et al., 1983Austin et al., 1998 and decreased school

attendance (Milton et al., 2004 Newacheck and Halfon, 2000 There is also evidencéhat

sleep can be affected by experiencing asthma symptoms at nig{Diette et al., 2000

O'Connell, 2004 and this disturbance carin addition, affect the parents and family(Diette

et al., 200Q Nocon and Booth, 199L

School days missed is ofin used a marker of morbidity fromchildhood asthma.A small
number of the studies reportwhich school days missed as a quaréitive measure to gauge
the morbidity of the diseasewere scoped Table 11 illustrates that the crude average
number of school days missedbetween studies was10.7 days.
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Table 1.1: School days missed.

Author School days missed
(per year)
Doull et al (1996) 5
Manandhar et al (2006) 63
McCowan et al (1996) 3
Milton et al (2004) 8.45
Moonie et al (2006) 9.2
Newacheck and Halfon (2000) 10
Nocon and Booth (1991) 6.5
Okelo et al (2004) 1
Rand et al (2000) 9.7
Wang et al (2005) 2.48
Yeatts et al (2003) 4.5
Crude Mean 1117
1.2.5. Treatment and Prognosis

The aimof asthma managementsto prevent or control symptoms and if possible achieve
optimal lung function. At present, asthmais not curable. The prognosisis good for
childhood asthmatics who continue to experience symptoms of the condition. The
condition is controllable via routine managementso that minimal disability isincurred.

Over 90 percent of deaths caused by asthma are preventable (Anon (2000) cited by
(ICAUK 2009)). Mortality due to asthmaisrelatively low especially indeveloped countries
(WHO, 2011B. According to Information Courtesy of Asthma UK2004, 2009), in 2002,
for both adults and children, there were 3400 deaths in the UK attributedto asthma.In
2006, this figure decreasedo 1,200 deaths attributed to asthma in the UK40 of these
were children 14 years or under.

1.3. The Development and Risk Factors of Asthma Exacerbation

The development of asthma can be the result of a number of fars. Factors that
contribute towards the development of asthma are different to factors that trigger
asthmatic attacks(NICE, 2003. Of the factors that contribute towards the development of
asthma, a number of authors argue that many individuals have a predisposition to develop
asthma and @idence suggests that the risk of developing asthma is genetically determined
(Molis et al., 2008 Tattersfield et al., 2003.

Evidence suggests that gender is a risk for the development of asthma with a higher
percentage of boys havingsthma compared to girlsS(Almgvist et al., 2008 Postma, 2007.
This is reflected in thesamples of a humber of studies included in the literature review
(Mohr et al., 2008 Tolbert et al., 2000 White et al., 1994. There are a number of reasons
put forward to explain possible genderdifferences. One study reported that males are
born with smaller airways relative to lung size in comparison tofemales, andthus are
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more susceptible to allergy (Carlsen et al., 2008 Another study highlighted that
compared to boys,girls were less likdy to see the doctor and be diagnosed with asthma
(White et al., 1999.

Individuals with allergic sensitisation are more at risk of developing asthmgTattersfield

et al., 2009. One author poposedthat the increase in the number of persons with allergic
sensitisation is possibly the result of living indeveloped societies where there is less

exposure to infection (Strachan, 1989. Consequently, this inhibits the immune system to

AOGEI A AAOOEAOO AT A AAOAO Al 1 AOCAT 68 3O0O0OAAEAI
( UbT OEIA éupord fr the hygiene hypothesis one study found that children who

resided on farms and were exposed to animals were less likely to develop allergies

(Riedler et al., 200). Another study found that virus infectionexperienced at a younger

age was negatively associated with asthma developme(Ball et al., 2000. Theinverse

relationship was also observed withthe pollen (Burr et al., 2003 Riedler et al., 200).

Seaton argues that the rise in the prevalence of asthma is not simplige result of

improved diagnosis or a clange in genetic susceptibilitythe occurrence of which would
have been unlikely given the short space of time in which the prevalence of asthrhas

risen (Seaton et al., 1991 Amore probable explanation is exposuré¢o more industrialised

surroundings (Seaton et al., 1994 It has beensuggestedthat many individuals have a
predisposition to develop ashma but until recent times, the environmental exposures
were not present at high enough levels to trigger asthmatic symptom3herefore, due to
exposure to higher levels of pollutionjndividuals experience more asthmatic symptoms.

This thesisinvestigates the triggersasrisk factors for asthma exacerbation rather than the
risk factors that contribute to the development of the disease. A trigger can be anything
that irritates the airways and induces an exacerbationNHS, 201Q. Different triggers
affect different asthmatic individuals (NHS, 2010Q. Triggers that activate asthma attacks
include inhaled substances and particles that may stimulate allergic reactions in the
airways (WHO, 2011h. Exposure to pllutants is thought to have profound effects on
asthma exacerbation(Tattersfield et al., 2003. Weather(Patz et al., 2000Weiland et al.,
2004) and pollen (Im and Schneider, 200% are possible triggers of childhood asthma
exacerbation. Other potential triggers for an attack include emotional distress and
physical exercise(WHO, 2011b. Viral respiratory infection is a significant factor for the
development of childhood wheezing especially in the first ten years of liféLemanske,
2002). Once more, viral respiratory infectionsmay have a stronger effecton asthma
exacerbation aroundthe time of school return(Johnston et al., 1996Sears and Johnston,
2007).
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This investigation focuses oroutdoor pollution, weather and pollen exposures as pential
triggers for medical contact made by children with asthma. Inparallel to the
environmental investigation, another investigation examines the seasonal pattern of
medical contacts to gauge whether annual pattesare governed by the school calendar.

1.4. Environmental Exposures in the UK and Evidence of Adverse
Effects on Health

4EA O AOAINVIAI TAARIOAD A E®E AbaskidSreference©uEdBdD air
pollutants, weather, and pollen exposurs. There has been a substantial amount of
research inwestigating the associations between environmental triggers and adverse
health outcomes(Anderson et al., 1995Huynh et al., 201QKovats et al., 2004Zhao et al.,
2008). This sub-section provides a background tgollution, weather, and pollen in the UK
and sc@es just a few studieghat report associations between environmental exposures
and adverse effects on health.

1.4.1. Pollution
Pollution is the introduction of contaminates into the environment that cause instabilityn
the ecosystem(OED, 2010B. Air quality in the UK has improved over the lasiLO years yet
pollution levels are still high enoudn to cause harm to health (Department of Environment,
Food and Rural Affairs(DEFRA, 200Y). London was reportedas| T A 1T £ %001 PASO |
polluted cities (Vidal, 2010).

In response toresearchindicating adverse effects to human healtlor to the environment,
legislations relating to controlling pollutant levels were enacted Currently, legislations
such as the Clean Air A(HMSO, 1993 and Environmental Protection Act (HMSO, 2010
are in place to monitor and lower air emissions. DEFRA governs UK air pollution
guidelines and upper limits DEFR® O C O E A AgbvErhed 6y EArdpdan Air Qality

legislation (DEFRA, 200%. The majority of thetime, UK airpollution levels do not exceed
the upper limits set by DEFRA For 20089, DEFRAreported that for the majority of
pollutants, there were few instances obreaches of the upper limitswith the exceptionof
annual upper limits of NG and Os; long term upper limits safe for human health To
compare DEFRA European Air Quality ad the WHO guidelineqfor Europe) for pollution

(EU, 2008 WHO, 2005, Table 12 and Table 1.3illustrate the guidelines for DEFRA EU
and WHQ
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Table 1.2: WHO and EU standards

Pollutant WHO Guidelines (2005) EU Limit value s (2010)
NOz 40 pgm? annual mean 40pgm?3 annual mean
200 pgm?3 1hour mean 200 pgm?3 1hour mean

PMuo 20 pgms3 annual mean 40 pygm3 annual mean
50 ugm? daily mean 50 pgm? daily mean
PMzs 10 pgm3 annual mean 25 pgm3 annual mean

25 pgm? daily mean

Os 100 pgm3 8hour mean 100 pgms 8hour mean
SQ 20 pgms daily mean 125 pgm3 daily mean
500 pgm3 10 minute mean 350 pgm? Lhour mean
CcO 10mgm3 8 hour mean

Table 1.3: DEFRABandin g and Index System.

Measures (mean)

Banding Index Os8hr  NOz224hr  SQG 15min CO 8hr PM1o

(ugms) (ugm?) (ugms)*  (mgm3)  24hr (ugmd)
Low 1 0-33 0-95 0-88 0-3.8 0-21
Unlikely to harm individuals even 2 34-65 96-190 89-176 3.9-7.6 22-42
those sensitive to pollution 3 66-99  191-286 177-265 7.7-115 43-64
Moderate 4 100-125 287-381 266-354 11.6-13.4 65-74
Mild effect, unlikely to need action, 5 126-153  382-477 355-442 13.515.4 75-86
may be noticed by sensitive 6 154-179  478-572 443-531 15.5-17.3 87-96
individuals
High 7 180-239  573-635 532-708 17.4-19.2 97-107
Significant effect may be noticed 8 240-299  636-700 709-886 19.3-21.2 108-118
by senstive individuals. Action 9 300-359 701-763 887-1063 21.3-23.1 119-129
may be required to avoid highly
polluted areas.
Very High 10 360< 764< 1064< 23.2< 130<
Effects to sensitive individuals ma
worsen

Sourced from the(DEFRA, 200y

In bold, levels that compare with and include WHO Guidelines lits.
* SQ, no comparison

Underline, levels that compare with EU standards

Air quality and pollution is a global key health concerfWHO, 20113. The WHCreported
that urban air pollution claims 1.3 billion lives annually (WHO, 20113. In the UK,
expenditure on illnesses related to air pollution was estimated tdoe between £9.1 billion
and £21.4 billion everyyear (DEFRA, 200yY.

Pollutant exposure has raised health concerns for many yeargBrunekreef and Holgate,
2002). It is estimated thatexposure toAEO DI 11 OOET 1T AAT OEdn@OAT A D/
eight months (DEFRA, 2007). Air pollutants are most commonly associated with the
exacerbation of acute respiratory illnessegPeden, 2005. Exposure to air pollutants such
as Q and PM are associated witlan increasein mortality and hospital admissions due to
respiratory and/or cardiovascular conditions (Brunekreef and Holgate, 2002 WHO,
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2011a). Chronic pollutant exposure can lad to impaired lung growth andcontribute to
the development of asthma(Peden, 2005.

1.4.2. Weather
Weather is a term used to desdbe the atmosphere at a place and time with regards to
temperature, wind and other factors (OED, 2010y. Weatheris describedwith term s such
asbrightness, cloudiness, humidityrainfall, temperature,visibility and wind.

The weather varies acrosghe UK. In Englandaccording to theaverage annualmeasures
taken from 1971 to 2000 by the Met Ofte (Met Office, 20113, the annual ninimum and
maximum temperature was 5.80C and 13.2C respectively andper year, 131 days
experienced above one millimetre of rainfall. Scotland experiencd slightly lower
temperatures (the annual minimum and maximum temperature is 4C and 10.8C
respectively) and a higher nunber of dayswhere rainfall surpassed one millimetre (185
daysper year) (Met Office, 20114.

Weather exposuresare associated with a number of conditions. I8n canceris associated
with prolonged exposure to the sun(Han et al., 2006 Walter et al., 1999. Also, there is

evidence supporting atemperature-mortality association andexcess winter mortality is a
major concernin the UK(Aylin et al., 200). A review of a number of gudies investigating

the temperature-mortality association found that rates of mortality were lowest when

temperature ranged between 15 to 28C (Ballester et al., 2003. One study found evidence
of a link between humidity and asthmgWeiland et al., 2003.

1.4.3. Pollen
Pollen is a powder produced byplants that, with the aid of wind and insects is used to
germinate compatible plants in orderto produce more seeds for further plantation (OED,
2010). The pollen production process is highly seasonal with ifferent pollens exhibiting
different pollen seasons. In the UK, pollefany type) is on average present from January
to September(Met Office, 2011¢, and peals between April and July.

Pollen allergy (dlergic rhinitis) or hay fever is the mostwell-known condition attributed
to pollen exposures and thecondition is on the rise (Bousquet, 2003. This condition is
often experienced as comorbidity with asthmgBousquet et al., 2008.

The three types of outdoor exposure detailed above(pollution, pollen, and weather) are
interrelated. The activities that create air pollution are also associated with weather
changes(WHO, 201Q. Climate changeis one of the cause®ften cited for extending the
pollen season(Beggs, 2004.
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Chapter Two contains a more detailed literature review of the pollutant, weather and
pollen associations with medical contact made by children with asthma

1.5. School-related Seasonality

O3AAOT T AT EOQUSG 1O OOCAAOITAI 6 AOA OAOI O 1 £OAI
ordered by time (Xirasagar et al., 200pand are often defined as occurrences with annual
cycles.For example, the four UK seasanspring, summer, autumn and winter tyjcally

occur from March to May, June to August, September to November, and December to
February respectively. These seasons occur through the year and the pattern of

I AAOOOAT AA EO DOAAEAOAAI A8 O3 AAOGdd usddEt®@ UG T O
charactelOEOA A OAOO AOOAU 1T £ Oi AT OEAAODOOAAS AOAT O«
March, university semesters, the school calendar and so on. Behaviours may also be

described as seasonal such as the consumer purchasing of coats before the winter and

OET I BAOEADO AALE OA OEA OOi i A0s 30AE AAEAOEIT OOC
be considered as seasonal. For instance: as many individuals choose to go on holiday in the

summetr, this increases the airline prices at that time of year. Other behaviours tyigid as

seasonal may include the heavier use of heating at home in the winter thus increasing fuel

consumption or increased spending before Christmas and decreased spending in January.

Natural occurrences are also described as seasonal such as when animmalgrate and

hibernate and when trees lose their leaves.

O

A multitude of events, occasions, behaviours and natural occurrences can be characterised
as seasonal. Consequently, for this study, it is important to focus and define the type of
seasonality to beanalysed. This study focuses on the seasonal pattern of medical contacts
by school age children that are influenced by the school calendar schoolrelated
seasonality. This thesis examined the patterns of medical contact in association with the
British school calendars. In England, the school year begins in the September and ends in
July. Generally, there are school holidays for Christmas and New Year (two weeks), Easter
(two weeks), and the summer holidays (six weeks) and in between these holidays,
children receive three one week holidays for half term. In Scotland, the scho@ar starts

in Augud and finishes in late May/JuneScottish schoolchildren generally receive the same
amount of holiday at around the same times as English schoolchildren. Evidenof
schoolrelated seasonality has illustrated an association with e number of medical
contactsthroughout the year and this is further demonstrated inChapter Twosub-section,
2.3.1and2.3.2

Two separate investigations shall becarried out, the first examinesthe schoolrelated
seasonality or medical contacts made by asthmatics and n@sthmatics andthe second
examines the environmental association with medicalcontacts. An important note is that
for the second investigation, though seasonal patterns are not investigated in conjunction
with the environmental effects (if any) and medical contact, the season effect is accounted

10
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for in the autoregressive analysisTherefore, any effect observed in this investigation is
dueto the environmental exposures and not season.

Subsections1.4and 1.5CAOA A AOEAAZ AAAECOiI OT A O OEA
(pollut ants, pollen, weather) and characteristics of interest (schoaklated seasonality).
Fuelled by the weaknesses in the literature@Ghapter Twaq 2.4.3), Subsection 1.6 provides
justification for further research examining the environmental associations and seasonal
characteristics of medical contact made by scho@lge children.

1.6. Rationale for Research

The WHO (2011) highlights that the fundamental causes of asthmare not completely

understood. Along with the costs attributed to asthma, he weaknesses of the literature
(documented in Chapter Two give justification for the proposedinvestigation. Although

there are a substantial number of stuges investigating associations betweenpollutant

exposures andchildhood asthma related medical contacts (CAMCYesults were not
consistent In addition, there is no general agreement in the literature over the
relationship between weather exposures andCAMGC and relatively few studies report
pollen or school associations withCAMC

The majority of previous studies have used hospital admissions datawith few studies
using GP related data or any other type of medical contato define childhood asthma
(Fleming et al., 2000aMedina et al., 1997Morris et al., 1997). Hospital contacts tend to
capture only the population with the most severe asthmasymptoms. No study was
identified using a range of different medical contactssuch as GP contacts and hospital
contacts Using a range of contactsnay increasethe ability to investigate a more diverse
asthmatic population.

There have been déw studies investigating the lag effects of weather exposures and
childhood asthma exacerbation. In addition, of the studies that documenteshvironmental

lag effects,only two were set in the UK. €ographical locationis an important factor in

environmental exposures andinfluences the magnitude of the lag effectThe studies from
outside the UK may not be relevant to the UK context.

Of the studies investigating pollution, pollen, or weather associationsand CAMGC 10 were
based in the UKTwo of these studies investigated a combinatioof weather and pollen
exposures. Sx studies investigated pollutant exposuresfour studies investigated weather
exposures andfour studies invedigated pollen exposures Environmental composition
varies from country to country, this poses a potential problem when generalising study
findings to another population.

11
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Given the limitations of the literature there is a need to investigate environmentdriggers
of asthma in the UK in different health care settings and across different geographies using
a designthat compares an asthmatic cohort matched to a neasthmatic cohort

1.7. Aims of the Thesis

This thesis uses the word@ime-seriesdto describe ime defined variables and analyses.
Gepatiabrefers to geographically defined variables and analyse$he aim of thisthesis is
to understand what influences thetime and spatial patterns of asthma in schoclaged
children. Influences under investigationinclude pollution, weather, and pollen exposures.
It is proposedthat the knowledge gained from the investigationswill be used to inform or
support the development of preventative strategies to reduce asthma morbidity in
children.

For eachaim and type d outcome, three endpoints are assessed: thgdaily or MSOA
number of medical contacts made by sclub-age asthmatics the (daily or MSOA number

of medical contacts made by schoalge norrasthmatics, and the excess over and above the
average school populton. The excess is calculated by taking the difference between the
number of medical contacs made by asthmaticsand the number of nedical contacts made
by non-asthmatics.Medical contacts were sourced from both primary and secondary care
settings.

The first aim of the time-series investigation is to assess whether there is a peak in the
mean daily number of medical contactsassociated with the returnto school after the
summer vacation (in addition to school holidays, Easter and Christmas) in schealge
asthmatics, norasthmatics and the excess.

The secondaim is to investigate the presenceof associationbetween daily measures of
environmental exposures (collectively) and daily counts of medical contact made by

schoolage asthmatis and non-asthmatics This investigation compares the magnitude of
effect of environmental factors on asthmatics, non-asthmaticsand the exces®f asthmatics
over non-asthmatics

In parallel with the second aim, the thesiswill investigate whether there are delayed
associatiors between environmental exposures and daily counts of medical contact

For the first and second ains, analyss areperformed at national (England and Wales),

regional (Trent Region), and localSheffield) level so that comparisons can be made from
samples sourced from varying geographical siz
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A final am is to spatially investigate MSOA level rates of medical contact made by
school-age asthmatics non-asthmatics and the excessThe excesdere is difference in the

mean rates of contacts made by sclobage asthmatics and norasthmatics. This

investigation will observe whether these rates are associated with ward level pollution
datain Sheffield

1.7.1. Research Questions
The research questions for theime-seriesanalysesare:

1. Is there a peakin medical contacts associated with the returnto school after
the Easter, summeror Christmas vacationsin schoolage asthmaticand non
asthmatic children?

2. Is the peak associated with the returnto school observed in asthmaticsn
exces of nonasthmatics?

3. Are envronmental exposures associated withdaily counts of medical contact
made by schoolageasthmatics or non-asthmatics?

4. Are the environmental associations observed in school age asthmatics in
excess of those observed in school age nasthmatic chidren?

5. Are there any lagged environmental associations observed with schoeale
asthmatics and/or non-asthmatics?

6. Are environmental exposures predictors of daily counts of schoalge
asthmatics and/or non-asthmatics?

Theresearch questions for the spatil analysesto address follow:.

1. Are there areas in Sheffield that have high levels ahedical contactmade by
schoolage childrenfor asthmatic and norasthmatic conditions?

2. Is there an association between pollution measures and levels asthmatic or
non-asthmatic medical contactsin Sheffield?

3. If there are areas withsignificantly high levels ofasthmatic or non-asthmatic
medical contact are these alsmearOEA AEEI AOAT 80 EIT OPEOAI ¢

1.8. Methodology of comparing medical contacts between
asthmatic and non -asthmatic child ren

Medical contacts were derived from two sources, the General Practice Research Database
jr02%$q AT A OEA SBEAEEEAI A #EEI AOCAT 80 (1 OPEOAIT j ¢

The GPRD provided dataf every medical contactthat was made byschoolage children
with medically defined ashma and every medical contact made byon-asthmatic children
who were matched to the asthmatic cohorby age, gender and general practic&or this
sample,an asthmatic childmay not have made medical contact for asthmatic reasons and
for both the asthmaic and nonasthmatic cohort, a child may not have made any medical
contacts at all.
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From the SCH datasetcontacts made for asthmatic reasons were matched to contacts for
non-asthmatics reasons by age, gender and MSOA for the thseries investigation ard by
age, gender and date of contacts for spatial investigation.

In relation to the time-series investigations, for the GPRD samplmedical contacts made
by schoolage asthmatics and norasthmatics were aggregated by date of contact to
produce the clinical outcome - daily counts. For the SCHsample, medical contacts made by
schoolage childrenfor asthmatic and non-asthmatic reasons were aggregated by date of
contact to produce the clinical atcome - daily counts. Comparing the outcome of the
number of medical contacts between asthmatics and noasthmatics was therefore
slightly different between these two data sources, this is further detailed in sectioB.5.

A second outcome, the daily excess was also investigated (the gaiumber of medical
contacts made by asthmatics over the daily number of medical contacts made by non
asthmatics); this outcome represented the residual effect on asthmatics over and above
the average school population.

1.9. Outline of th e Thesis

Chapter Tworeports existing literature investigating the seasonality of and environmental
triggers (pollution, weather, pollen, schools) of asthma exacerbation resultingp medical
contact in children. In addition, findings from studies examining the spatial relationship of
pollutants and childhood asthmaare reported. Limitations in the literature will be

highlighted.

In Chapter Three the cinical and environmental datathat were usedin the investigations
will be described including information on the sources of the data, the samfe size,
outcomes ofinterest and organisation of the data in preparation for analyses

Chapter Fourdescribes the analysisundertaken to support the extrapolation of small area
environmental measures against patient data at national level. This is followed ba
description of the methods used in thetime-series and spatial analyses of the data:
descriptives, correlations, standard regressive,autoregressive,and mapping techniques
Although the results of these analyses are not reported in thenain body of thethesis, the
majority of the comparative analyses carried outto find the most suitable model were
conducted using standard regressive techniques The results of comparisons rade
between models are reported in Appendix F.The information gained from the
comparative analyses informed both the regressive and autoregressive analysesThe
stages of thecomparative analysesare described.
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Figure 1.1: Environmental predictors and clinical outcomes.
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Figure 11 provides a schema of the variables used in thiavestigation. On the left are he
independent variables of interest, usedn the time series investigation. Inte right half are
the outcomes of interests;there are six types of medical contact for England andVales
and the Trent Region (All Counts, Acute Visit§asualtyCounts, Emergency Consultations,
EmergencyCounts,and Out of Hours) All Counts include the data from the remaining five
medical contacts.

For Sheffield, there arghree medical contacts (Al Counts, Admissionsand A&E Contacts);
All Counts include the data from the remainingwo medical contacts(Figure 11).

Each medical ontact has three subcategories asthmatics non-asthmatics and the excess
of asthmatics above the average school populationin the middle of the schemaare the
geographical locations where the clinical and enwbonmental datasets were obtained.
Time-seriesinvestigations will be conducted between the environmental exposures on the
left and medical contacs on the right half of the diagram. Area based pollutant
measurements (bottom centre of the diagram (Figure 11)) are used in the spatial
investigation of Sheffieldmedical contacs.

Due to thelarge number of endponts, not all the results can be included imain body to
maintain the conciseness of the thesi<Chapter Fivereports the results from the analysis
investigating schoolrelated seasonalitywith medical contactsfor England andWales, the
Trent Region and Sheffield(See Figure 12). Chapter Sixreports the results from the
analysis investigating the environmental associationsvith medical contacts for England
and Wales, the Tent Region and SheffieldChapter Sevenreports the results from the
analysis investigating the spatial association between pollutant measures and medical
contacts from Sheffield.
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0 60 120 240 km ‘

Figure 1.2: Geographical illustration of analysis performed at national, regional , and local level.
Chapter Eightsummarises thefindings from both the time-series and spatial analyses
This isfollowed by a discussion of the strengths andieaknesses of the methods usedhe

implications of the findings are addressedin light of the O E A @rliGy8. This chapter
closes with ideas for future research.

Chapter Nineprovides a short conclusion tdhe thesis.

17



Chapter One

Introduction

1.10. Summary

Asthmais a chronic condition that affects around 10.7 percent of children in the UK. The
consequencs of the condition may include financial costto the family and society, and
places a heavy demand onhealth services in an effort tocontrol and minimise the
symptoms of the disease. Theonsequences of asthma also affettte wellbeing of the child
and family members.Knowledge of the triggers ofasthma plays a substantial role towards
facilitating the prevention of symptoms. A number of triggers hae been associated with
the exacerbationof asthmasymptoms.

Chapter Two documents the findings of studies investigating the seasonality of and
environmental triggers (pollutant, weather and pollen) of childhood asthma resultig in
medical contact.It will also report the findings of studies observing school assoated
effects ofmedical contacts made by schoehge asthmatics
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Chapter Two

Review of the Literature investigating the Seasonality of and
Environmental (pollutants, weat her, pollen) Triggers of
childhood asthma resulting in medical contact

2.1. Introduction

Chapter Oneintroduced asthmaand briefly justified the motive for research in this area.

10O OOAOAA ET OEA /EBEnOWS to Arkthh Bx&WiIne fihe $2&séndlity OFE AOE O 6
medical contacts made by schoehge children with asthma and specifically identify

whether the pattern in medical contacts was related to the schoalalendar. The second

aim was to examine the pollutant, weather and pollen (environmental) association with

medical contacts. A literature review was conducted as background to this study.

A significant amount of researchalready exists illustrating the seasonality of medical
contacts made by children with asthma. Iraddition, a large body of research has already
been conducted illustrating associations betweerenvironmental triggers and medical
contacts made by children with asthma This chapter documens the literature
investigating the seasonality and environmentatriggers of childhood asthma resulting in
medical contact.

This O E A @rgaob interest is broad; its interest lies in five aspectsthat trigger, or
characterise asthma in children: seasonality, school, pollutant pollen and weather
exposures This chapter reports findings from existing literature for each aspect
separately.

2.1.1. Aims of this chapter
The aims of this chapter are to:
1. Describethe process of searching for the literature
2. Document the findings of the literature
3. Summarise the main literature findings and discuss any gapm the literature
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Chapter Two
Review of the Literature investigating the Seasonality of and Environmental Triggers
of Childhood Asthma resulting in Medical Qaacts

2.2. Method: searching for literature

To review the literature, the topic area was broken into sutsections. A systematic search
of the literature was applied to each suksection. For each search strategyinclusion and
exclusion criteria were set. A gudy wasincluded if:
1. It was written in the English language as translation of any studies witen in a
different language was beyond the scope of the PhD
2. It included children only in their sample or alongside aults provided that the
AEEI AOAT 80 ET &£ O0i AGETT xAO AT Al UGAA OAPAOAOD
3. Asthma was defined by medcal contact (hospitalisation, energency department,
Out of Hours, admissions)
4. All types of study design were included i.ecasecontrol, ecological etc
i To scom for the literature investigating the pollutant associations with
childhood asthma, only papers published afterl990 were included Two
reasons are given for defining this cut off; firstly, the pollutant composition has
changed and studies conducted aftathe 90s may reflect current relationships
between pollutants and medical contact. Secondlyhére is a substantial
amount of reseach conducted after this cut off.
A study wasexcluded if:
1. Asthma was not defined by medical contact
2. It did not include children
3. It examined children less than five or six only
4. It was not written in the English language

Once the search terms were established, the sedr strategy was implemented infour

electronic databases (Medline, EMBASE, CINAHhd Web of Science) and Gotagscholar.

The search terms to define asthma, childrerand medical contact included:

c AOOEI Aeh c¢AEEl Ageh ODAAEAOOEA6h DAAAEAOOEAG
OET ObBDADc b MAEBDOOAT A6 AT A OCAT AOAI POAAgH
Additional terms were used to scope for the exposures or characteristics of intere$t/hen

searchingfor studies investigating the:
1. seasonalityof childhoodasthma OEA OAOI 0 ¢ OAAOI T ecech OOOAT Agd

used

2. pollutant associations/effects with childhood asthma the termse D1 1 1 OOET 1T ¢ OT EC
001 PEOOSOHh OAEI gERAGh OGALOGAIAIOT ADKIT WADAAOG h
were used

3. effect of proximity or location in relation to pollutant or other environmental

OA1 OO0 OAioio Avied aséd
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of Childhood Asthma resulting in Medical Qaacts

4. weather associations/effects with childhood asthma the terms "weather",

OOAAOGIT T &nh

OEOI EAgcdh

OOAET e 0N

OOAI Peodh

5. pollen associations/ effeds with childhood asthma: the term "pollen*" was used
6. school associationswith childhood asthma OE A OA Oi

OGAET i1 ¢co

The first two questions from the Critical Appraisal Skills Programmg@CASP) making sense
of evidence (Public Health ResearchUnit, 2006) were used to address the issue ofada
quality of the studies which were to be included in the reviews.

The guestions follow:

U Did the study address a clearly focused question?
U Did the authors use an appropriate method to answer the question/issue?

Due to the number of studies under reviewthe information was extracted usinga short
version of the standard data extractions forms (See Appendi& for full details of the

search strategy)

Table 2.1: Example of Mini Extraction form.

Reference

Sample (age range (ag
groups) and size, data source
Hospital or GP)

Age group(s):
Sample size:
GP or Hospital:

Design (comparison group?)

Setting (dates data collected)

Independent variable

Dependent variable

Method of Analysis

Covariates

Results (if included a
comparison group, was the

effect greater/weaker?)

For each subsection reports the findings from a systematic search of the literature

performed per topic area:

1. The seasonality ofmedical contacts forasthma in children
2. 4EA AOO1T AEAOQOET T Oexpashrdsx dndrhedical @dntadtsl hadle by

asthmatic children

3. The associations between pollutant exposures andnedical contacts made by

asthmatic children

4. The effect of proximity or location in the relationship between environmental
exposures and medical corgtcts made by asthmatic children
5. The associations between weather exposures andiedical contacts made by

asthmatic children

6. The associations between pollen exposures andnedical contacts made by

asthmatic children
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Chapter Two
Review of the Literature investigating the Seasonality of and Environmental Triggers

of Childhood Asthma resulting in Medical Qaacts

A search @& the literature was conducted letween March and SeptembeP009. Another
search was conducted in August 2011 to update the findings from new studies conducted
in 2010 and 2011.Childhood asthma related medical contacténclude hospitalisations,
admissions, A&E contacts and primary careontacts andare referred to with the acronym
CAMCThe next subsection begins with theliterature review documenting the findings of
existing literature investigating the seasonality of childhood asthma resulting in medical
contact.

2.3. Report of the Findin gs from the Literature

2.3.1. Review of the Literature investigating Seasonal Patterns  of
Childhood Asthma
This sub-section documents the findings fromthe literature investigating the seasonal
patterns of childhood asthma exacerbation resulting in medical contd. Several studies
use these terms to describe the pattern o€EAMCand 34 studies were identified for this
review. Overall, therewas evidence to highlightthe seasonalpeaks and troughs inCAMC
throughout the year.

2.3.1.1. Findings fromthe Literature

In the WK, four studies documentediow CAMCbetween January andApril, which then rose
in early summer. this was followedby a decrease imAugustand a peakin September and
October (Ashley, 1983 Fleming et al., 2000aKhot et al., 1983 Khot and Burn, 1989. In
Spain ard Finland, studies found that high rates of CAMGn May, autumn and early winter
whilst low rates of CAMCoccurred in late winter and the summer(GonzalezBarcala et al.,
2010, Harju et al., 1997. In Greece,three studies found the number of asthma related
hospitalisations in schootaged children peakedn May (Nastos, 2008 Nastos et al., 2010
Priftis et al., 1993 whilst another study reported higher counts in the winter compared to
summer (Samoli et al., 201).

There was a substantial amount of literature investigating seasonal patterns of childhood
asthma from the UnitedStates and CanadaStudies document an increase in the number of
medical contacts of asthmatic children in the autumn and a decrsa in the summer
(Babin et al., D07, Blaisdell et al., 2002 Crighton et al., 2001 Gergen et al., 2002Jariwala
et al., 2011 Kimes et al., 2004Lin et al., 2007 Mohr et al., 2008 Morris et al., 1997 Newell
and Swafford, 1963 Reeves et al., 2006&ilverman et al., 2003Strickland et al., 201QVan
Dole et al., 2009Villeneuve et al., 200%. Strickland et al foundin parallel to the seasonal
variation to CAMGC there were also pronounced seasonal characteristics ithe number of
ED visits due to upper respiratory infections (asthma and upper reiratory related
medical contacts made by separate individud).
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Reporting different seasonal patterns compared to the Europe, US and Canaddhiw
Asia,sevenstudies found that the number (daily, weekly, or monthly) of CAMGlisplayed
seasonality (Chew et al., 1998Hashimoto et al., 2004Kao et al., 2001Kuo et al., 2002
Xirasagar et al., 2006Yeh et al., 2008Yeh et al., 201). In Singapore, one study reported
that the number of admissions peakeeh January and February androm May to August in
each year(Chew et al., 1998 A Taiwanese studyreported that O O A Egbeidl O O A O
asthmawere low from June to Aigust and highin March and Septembei(Xirasagar et al.,
2006). In similarity to Xirasagar et al, amother Taiwanese studyfound a statistically
significant increasein CAMCduring October to Decembel(Kao et al, 2001). An additional
Taiwanese studyfound similar findings to Xirasagar et al and Kao et glYeh et al., 2008.
Yeh et al suggested that this could be due todtighlevels ofhumidity, school return, and
viral infection or to poor adherence to medtcation during the summer, assymptoms seem
less severe.

Elsewhere globally,a Costa Rican studfound peaks in paediatric admissions in March and
August (Chavarria, 200]). A Puerto Rican study recorded peaks in December and troughs
in June(Montealegre et al., 2002 Similar to findings from the US and UK, an Israeli study
reported high ratesof CAMGin September(Scheuerman et al., 2009 South of the equator
one study observed that CAMCpeakedin May and Novemberin Cape Town South Africa
(Ehrlich and Weinberg, 1994. Another South African studyfound a peak inCAMCin the
summer months (October to February) (Macintyre et al., 200). One study found
admissions for children aged5 to 14 years were highest in the winter (June) and daths
attributed to asthma in the same age group were highest in the summer (JanuarfNew
Zealand)(Kimbell-Dunn et al., 2000.

Three studies found that although there were seasonal characteristis found with the
number of CAMC this was not replicated in the number ofmedical contacs made by the
comparison group (Blaisdell et al., 2002 Lin et al., 2004h Mohr et al., 200§. Two
European studies observed no seasonal variation mumber of CAMCyet total the number
of visits in these studies were low(Fauroux et al., 2000Giovannini et al., 2010.

2.3.2. Review of the Literature investigating School Associations with
Childhoo d Asthma
The seasonal characteristic of childhood asthmiaas beenattributed to the indirect effects
of school return.One of the thesD lines of research is to examine trends of medical contact
in relation to schootreturn and determine whether there is schoolrelated seasonality
attributed to medical contacts made byfor asthmatic and nonrasthmatic reasons.Several
studies explore the role of school return and its effect o€ AMC Evidence suggestghat
school return is an important event that tendsto occur prior to a peakin the number of
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medical contacts resulting from asthma symptoms around Septembefhis sub-section
illustrates current literature investigating the relationship between school return and
CAMC

2.3.2.1. Findings from the Literature
School andspecifically school attendanceare potentially risk factors of CAMC Eleven
studies explored the association between school return and childhood asthma resulting in
medical contact. A Maltese studydocumented that the end of school in June was associated
with a 91 percent drop in admissions for asthma; when school resumed in October, school
return was associated with al65 percent increasein asthmatic admissions(Grech et al.,
2002).

Viral infection is an important direct trigger of asthma exacerbation(Johnston et al.,
2006). Ninety percent of asthmatics surveyed via the National Asthma Panel thought their
asthma was triggered by viral infections (ICAUK, 2009. The return to school offers
children the opportunity to mix with other children, this is often the time when viruses
spread and trigger attacksn asthmatic children.One UK studyreported low rates of CAMC
in the school holidays and higher rateén term time (Storr and Lenney, 1989. The authors
of this study speculated that shool holidays disrupt the spread of viral infection in the
community and when children return to school, they are réntroduced to a numbe of
viruses that exacerbate asthmatic symptoms

One study found strong correlations between the seasonal patterns of upper respiratory
infections andasthmarelated hospital admissions(Johnston et al., 199% The correlations
were more profound in children compared to adults. Another study speculated hat
schoolchildren carry viral infections and act as transmit agents responsible for epidemic in
adults (Johnston et al., 200B An additional study detected respiratory viruses in the
majority of children presenting at an ED with asthma exacerbatiofJohnston et al., 200h
Johnston et al also foundhat the children who presented at the ED were less likely to have
taken routine medication.

2.3.2.1.a. Lag Effects

A lag effect is the timedifference between the start of exposure andtie event of interest.
Eight studies show that asthma exacerbation after school return occurs taf a certan
amount of time had elapsedthus the effects of being exposed to the school environment
were not instant. A US studyfound a lagyed rate ratio of 1.46 and 1.13 in children
categorised 5 to 11 years and 12 to 17 years respectively indicating anassociation
between school opening and asthma admission rates children (Silverman et al., 2005.
The strongest lag effect in childreraged5 to 11 yearswas seen afteia lag of four days.
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A study in the USreported a significant increase in asthma admissionsssociated with
school return after a vacation period(between 6 and 244%) (Lin et al.,, 2008¢. The
strongest association was found with school return after the summer holidays in children
aged5 to 11 years.An additional US studyobserved athree week delay between the start
of the school year and a peak in hospital admissions for asthmatic childrerflm and
Schneider, 2005.

The magnitude of the peak in medical contactgaried by location and by the school year
calendar. Four studies report geographical diferences in the time taken for a peak in
asthma related medical contacts to occur after school return. A review reported less
pronounced peaks in countries where the school year commences at an earlier date; they
speculate that conditions for rhinovirus transmission are less favourable in August
compared to SeptembefSears and Johnston, 2007

In support of Sea® AT A * 1 ET 001 Ukdstudydembnititbdaiatpeaks inthe

number of CAMCoccurred two weeks after school return and that the a similar timing

effect was observed in Aberdeen (where school returrnis scheduled in August) in
comparison to Doncaster(Julious et al., 200Y. The earlier peak observedn Aberdeen was
less pronounced insinuating that possible externafactors such as colder temperature in
Sepember might increase the probability of transmission of viral infection and thus

asthma exacerbation in childrenThe difference in themagnitude of the peaks could also
be the result of different environmental compositions betweerhe locations.

A Canadian studfDOAA O, AAT O AAU6 AO A AAOGAT ET A OI
childhood asthma hospitalisations. Childre returned to school on the first Tuesday of
3APOAI AAO AAEOAO Quohhsion é alA 200806Johnsioh dt Afdlind that in
each year on averageacross all locations asthma hospitalisation rates peaked 17.7 days
AEOAO O, A Adhddlaghk éhiiticen. Bdographical variation was highlighted as an
important indirect factorin* T ET OOT T A Ghe/epid®ric pbaRed A.P) days @arlier

in the northernmost latitudes compared to the southernmost latitudes. Similarly, a US
study found a peak in admissions after 49, 17, and 21 day delay from school return in
preschool (2 to 4 years), elementary 6 to 11 years) and middle/high (12 to 17 years)
children respectively (Lin et al., 201). Lin et al also reported dagged difference in the

peak of admissions by geographical regiofNew York City 15 days, Upstate 18 ¢s).

South of the equator, an Australian studyound after adjusting for confounding variables,
asthma admission rates peaked betweetwo and four weeks after the first day back to
school in each term(Lincoln et al., 200§. Austalian seasons differ toseasonsin the UK;
the Australian summer takes place from December to Februaryhe risk of an asthma
attack was highestafter the return from the summer holiday.
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Where possible, all reported lag effectdor each study that mentioned a school return
asthma association in childrerwere collatedand an averagevas calculated.

Table 2.2: Lag effect from school return, average between studies ( days).

Author, Year Number of days
Im and Schneider (2005) 21
Johnston et al (2006) 17.7
Julious et al (2007) 14
Lin et al (2011) 17
Lin et al (2008c) 235
Lincoln et al (2006) 23
Sears and Johnston (2007) 18
Silverman et al (2005) 5
Mean 17.4

The crude mean lag between studies was calculated at 17.4 days after school return.
Crudely speakingglobally, it takes an average of 17.4 days for asthma exacerbation to
occur in children after school return. However, each study was conducted in different
geographical settings thatare arguably incompaable. Once more, samples froneach
study vary by age,gender,and ethnic composition, that all have potential effed¢s on the
results, andthat in turn may make studies incomparable

2.3.3. Review of the Literature investigating Pollutant Associations
with Childhood Asthma

This sub-section reports the findings flom literature investigating the environmental
triggers of asthma exacerbatin looking firstly at pollutant exposures. Air pollutantsare
most commonly associated with the exacerbation of acute respiratory illnessg®eden,
2005). Chronic pollutant exposure can lead to impaired lung growth and can contribute to
the development of aghma (Peden, 2009. Inhaling gaseous pollutants can irritate and
tighten the airways potentially triggering asthma exacerbation.

2.3.3.1. Findings fromthe Literature
To display the findings of the review, sectionsare separated by pollutant type. The
definitions of the pollutant are described then the studies investigating the pollutardé
effects on childhood asthma exacerbation resulting in medical contact will be illustrated.
The definitions for pollutants were sourced from the DEFRAwebsite. The following table
illustrate s the main findings from the studies included in the review.
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Table 2.3: Associations/effects found between pollutants and childhood asthma exacerbation resulting in medical contact

(direction of the association) .

Did the studies find a statistically significant association btw the

air pollutant CAMC

Author(s) Yes+=positive association; Yes -= negative association; No=no association; - = not studied
SO NG, PMio PMzs Os CO Other e.g. TSP,
NO DMA o c
Samoli et al (2011) Yes+ No Yes+ - Yes+ in summer -
Yeh et al (2011) Yest Yes+ Yest - No Yes+
Giovannini et al (2010) - Yes+ Yes+ - No Yes+
Lee et al (2010) - - - - Yesin 1 out of 2 -
cities
Nastos et al (2010) - - Yes+ - - -
Pereira et al (2010) - Yes+ 04yrs only No - No Yes+ 04yrs only
Silverman et al (2010) - - - Yes+ Yes+ -
Strickla nd et al (2010) Yes+ in warm No Yes+ warm season Yest, EC= yes Yes+ warm Yes+ warm season PM1025 = Yes+
season warm season season cold season
Burra et al (2009) Yes+ Yes+ - Yes+ Yes -
Chan et al (2009) No Yest Yes+ - No -
Yamazaki et al (2009) - Yes+ in warm - Yes+ in warm Yes+ in warm -
Abe et al (2009) No No - - - No Suspended PM = No
Andersen et al (2008) - Yes+ No No No - NO = yes+
Babin et al (2008) - - - Yes+ Yes+ Spring, -
Halonen et al (2008) - Yes+ Yes+ Yes+
Hirshon et al (2008) - - - PMzszinc = Yes* - -
Jalaludin et al (2008) 1-4yrs=Yes+ 1-4yrs=Yes+ 1-4yrs=Yes+ 1-4yrs=Yes+ 1-4yrs=Yes+ Yes+
5-9yrs=Yes+ 5-9yrs=Yes+
Lin et al (2008a) - - - - Yes in 5 out of 11 -
states)
Mohr et al (2008) No - - EC=yes+ - - NOx = Yes+
Moore et al (2008) No No No - Yes No
Nastos et al (2008)
Szyszkowicz et al (2008) No Yes+ Yes+ warm season No Yes warm season  Yes
Tecer et al (2008) - - Yes+ Yes+ - - PMio-25= Yes
Andersen et al (2007) - Yes Yes+ - - Yes
Babin et al (2007) - - - - Yes+ -
Ko et al(2007) No Yes+ Yes+ Yes+ Yes+ -
Magas et al (2007) - Yes+ - No No -
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Table 2.2 continued

Did the studies find a statistically significant association btw the air

pollutant CAMQ

Author(s) Yes+=positive association; Yes -= negative association; No=no association; - = not studied
SG NG, PMyo PMzs Os CO Other e.g. TSP,
NO, PMo-25
Villneueve et al (2007) No Yes+ Yes+ Yes+ Yes+ -
Lee et al (2006a) No Yes+ Yes+ Yes+ Yes+ -
Lee et al (2006b) Yes+ Yes+ Yes+ - Yes+ No
Paliatsos et al (2006) Yes+ 0-4yrs=No - - 0-4yrs=Yes+ 0-4yrs=Yes+
5-14yrs=Yes+ 5-15yrs=No 5-14yrs=No
Xirasagar et al (2006) Yes+ No Yes+ - Yes+ No
Barnett et al (2005) Yes+ No No No No No
Erbas et al (2005) - Yes+ according to Yes+ - Yes+ according to -
region region
Farhat et al (2005) No Yes+ No - No No
Peel et al (2005) - Yes+ No - Yes+ in summer Yes+
Wilson et al (2005) Yes+ - - - Yes+ in warm -
season
Lin et al (2004a) Yes+ Females Yes+ Males - - No No
Lin et al (2004b) Yes - - - - -
Magliaretti and Cavall o (2004 ) - Yes+ - - - - TSP = Yes+
Neidell (2004) - Yes+ Yes+ - Yes Yes+
Lierl and Hornung (2003) - - - - No -
Lin et al (2003) Yes+ Females Yes+ - - No Yes+ Males
Sunyer et al (2003) Yes+ - - - - -
Kuo et al (2002) Yes+ Yes+ Yes+ - No -
Lee et al (2002) Yes+ Yes+ Yes+ - Yes+ Yes+
Lin etal (2002a) - - No No - - PMuo-2s=Yes.
Atkinson et al (2001) - - Yes + according to - - - BS = Yes+
region
Fusco et al (2001) No Yes+ No - No Yes+
Thompson et al (2001) Yes+ Yes+ Yes - No Yes+ NO = Yes
Fauroux et al (2000) - Yes+ Yes+ - Yes+ -
Tolbert et al (2000) - - Yes+ - Yes+ - NOx=No
Wong et al (2001) Yes+ Yes+ Yes+ - - -
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Table 2.2 continued

Did the studies find a statistically significant association btw the air

pollutant CAMC

Author(s) Yes+=positive association; Yes -= negative association; No=no association; - = not studied
SQ NGO, PMio PMzs O3 CcO Other e.g. TSP,

NO, PMo-25

Chew et al (1999) Yes+ Yes+ - - Yes+ TSP=Yes

Norris et al (1999) No No - Yes+ No Yes+

Anderson et al (1998) Yes+ Yest+ - - Yes -

English et al (1998) - - Yest - Yes+ -

Garty et al (1998) - Yes+ No - Yes - NOx Yes+

Morgan et al (1998) - Yes+ No - No -

Rosas et al(1998) No No - - No -

Holmen et al (1997) No Yes+ - - No -

Medina et al (1997) Yes+ Yes+ - - Yes over 20C Yes+ PMu; = Yes+

Sunyer et al (1997) Yes+ No - - No - BS=No

Ponka and Virtanen (1996) No No - - Yes+ - TSP=No

Romieu et al (1995) Yes+ No - - Yes+ -

White et al (1994 ) - - - - Yes+ -

Tseng et al (1992) Yes No No - TSP=Yes+

Ponka (1991) No No - - Yes+ Yes+

Bates et al (1990) - No - - No -

29



Chapter Two
Review of the Literature investigating the Seasonality of and Environmental Triggers

of Childhood Asthma resulting in nedical contacts

2.3.3.1.a. Oxides of Nitrogen

Oxides of nitrogenare usually the product of combustion processes emitting a mixture of
nitric oxide (NO) and nitrogen dioxide (NQ), theseare collective known as N@ (DEFRA,
2011). Sudies investigate the effects of N©@more often than other NO; exposures,
therefore, this sectionO A B 1 fiddihgs@r NO, exposure only. NO; associations withCAMC
were investigated by 50 studies. The majority of the studies agree that therewere
significant associatiors between exposure to NGQ and CAMC (Andersen et al., 2007
Andersen et al., 2008Anderson et al., 1998Burra et al., 2009 Chan et al., 2009Chew et
al., 1999 Erbas et al., 2005 Farhat et al., 2005 Fauroux et al., 2000 Fusco et al., 2001
Garty et al.,, 1998 Giovannini et al., 2010 Grineski et al., 2010 Halonen et al., 2008
Holmén et al., 1997 Jalaludin et al., 2008Ko et al., 2007Kuo et al., 2002Lee et al., 2002
Lee et al.,, 2006alLee et al.,2006b, Lin et al., 2003 Lin et al., 2004a Magas et al., 2007
Medina et al., 1997 Migliaretti and Cavallo, 2004 Morgan et al., 1998 Pdiatsos et al.,
2006, Peel et al., 2005Pereira et al., 2010 Szyszkowicz, 2008 Thompson et al., 2001
Villeneuve et al., 2007Wong et al., 2001Yamazaki et al., 2009veh et al., 2011

Of the studies that found associations between N@xposure andCAMGC one study found
the NG, association was subject togeographical area(Erbas et al., 200%. Two studies
found a statistically significant effect of N@exposure with ED visitsmade bychildren one
to four years old only (Jalaludin et al., 2008Pereira et al., 2010. Onestudy found greater
associations on CAM@ the warmer months (Yamazaki et al., 2009

On the other hand,14 studies found no associationbetween NO, exposureand CAMC(Abe
et al., 2009 Barnett et al., 2005 Bates et al., 1990Moore et al., 2008 Norris et al., 1999
Ponka, 1991 Ponka and Virtanen, 1996Romieu et al., 1995Rosas et al., 1998Samoli et
al., 2017, Strickland et al., 2010 Sunyer et al., 1997Tseng et al., 1992Xirasagar et al.,
2006).

2.3.3.1.b. Sulphur Dioxide (SQ)

Sulphur dioxide (SQ) is a corrosive acidgas that combines with water vapour in the
atmosphere to produce acid rain(DEFRA, 2011).SQ associations with CAMC were
investigated by 38 studies. Overall, overhalf the studiesconcluded that S@ exposureis
associated withCAMC(Anderson et al., 1998Barnett et al., 2005 Bates, 1995Burra et al.,
2009, Chew et al., 1999Kuo et al., 2002 Jalaludin et al., 2008Lee et al., 2002Lee et al.,
2006b, Lin et al., 2003 Lin et al., 2004h Medina et al., 1997Paliatsos et al., 2006Romieu
et al., 1995 Samoli et al., 2011Strickland et al., 2010 Sunyer et al., 1997Sunyer et al.,
2003, Thompson et al.,2001, Tseng et al., 1992Wilson et al., 2005 Wong et al., 2001
Xirasagar et al., 2006Yeh et al., 2011

Of the studies that found associations between S@xposure andCAMGC one studyfound a
positive association between S@and paediatric EDvisits for asthma in theQvarm seasord
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(May to October) (Strickland et al., 2010. Another studyalso found an association with
children one to four years of ageonly (Jalaludin et al., 2008. Two studies (by the same
authors) showed that prolonged S@exposure had significant effects on female childhood
asthma admissiongLin et al., 2003Lin et al., 20041).

In contrast, 15 studies found no association between S£exposure andCAMC(Abe et al.,
2009, Chan et al., 2009arhat et al., 2005Fusco et al., 200,lHolmén et al., 1997Ko et al.,
2007, Lee et al., 2006bMohr et al., 2008 Moore et al., 2008 Norris et al., 1999 Ponka,
1991, Ponka and Virtanen, 1996Rosas et al.1998, Szyszkowicz, 2008 Villeneuve et al.,
2007).

2.3.3.1.c. Particulate matter (PM)

Particulate Matter (PM) consistsi Aprin@ary components, whichare emitted directly into
the atmosphere, and secondary components, which are formed within the atmosphere as a
result of chemical reaction® (DEFRA, 201} Particles less than 10 microns in diameter
are known as PMo. Particles les than 2.5 microns in diameter araeferred to as PMes A
number of studies report findings for exposwe to both PMs.The effects of PMy are
investigated with asthma medical contacts more so than PM In addition, the effects of
PM.s were not investigated in this investigation, therefore this section reports the
findings from current literature for PMio only. PMiy associations with CAMC were
investigated by 3 studies. Two-thirds of the studies report a positiveassociationbetween
PMio exposure andCAMC(Andersen et al., 2007Atkinson et al., 2001 Chan et al., 2009
English et al., 1998 Erbas et al., 2005 Fauroux et al., 2000 Giovannini et al., 2010
Jalaludin et al., 2008Ko et al., 2007Kuo et al., 2002Lee et al., 2002Lee et al., 2006a.ee
et al., 2006k Nastos et al., 201QNeidell, 2004, Samoli et al., 2011Strickland et al., 2010
Szyszkowicz, 2008 Tecer et al., 2008 Thompson et al., 2001 Tolbert et al., 200Q
Villeneuve et al., 2007Wong et al., 2001 Xirasagar et al, 2006 Yeh et al., 201L

Of the studies thatfound an association between PM exposure andCAMGC two studies
found a positive association between PN in the warm season only(Strickland et al.,
2010, Szyszkowicz, 2008. One studyfound that PM exposure was significantly associated
with admissions in children one to four years and five to nineyears only (Jalaludin et al.,
2008).

Ten studies found no association between PM and CAMC(Andersen et al., 2008Barnett
et al., 2005 Farhat et al., 2005Fusco et al., 2001Garty et al., 1998Lin et al., 2002aMoore
et al., 2008 Morgan et al., 1998Peel et al., 2005Pereira et al., 2010.

2.3.3.1.d. Ozone (Q)

Ozone (Q) is a secondary pollutant praluced by the reaction between N& hydrocarbons
and sunlight (DEFRA, 201). Q is a seasonal pollutant;its levels peak in the summer
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months when sunlightis most abundant (Fuller and Green, 200%. G levels are lower in

urban areas because thaigh levels of ND from vehicle emissions create a sink for 90O

associations with CAMCwere investigated by 55studies.More than half thestudies agree
that there was a significant association (or effect) between Q exposure and CAMC
Associations were noted byhalf the studies (Anderson et al., 1998 Babin et al., 2007
Babin et al., 2008 Burra et al., 2009 Chew et al., 1999English et al., 1998Erbas et al.,
2005, Fauroux et al., 2000Garty et al., 1998Jalaludin et al., 2008Ko et al., 2007Lee et al.,
2002, Lee et al., 2006aLee et al., 2006bLee et al., 2010Lin et al., 2008h Medina et al.,
1997, Moore et al., 2008Neidell, 2004, Paliatsos et al., 2006Peel et al., 2005Ponka, 1991
Ponka and Virtanen, 1996 Romieu et al., 1995Samoli et al., 2011 Silverman and Ito,
2010, Strickland et al., 2010 Szyszkowicz, 2008 Tolbert et al., 200Q Villeneuve et al.,
2007, White et al., 1994 Wilson et al., 2005 Xirasagar et al., 2006Yamazaki et al.2009).

Of those that found an @asthma associationgight studies documented @ associations
with CAMCin the summer or warmer seasongBabin et al., 2008Medina et al., 1997Peel
et al., 2005 Samoli et al., 2011Strickland et al., 2010 Szyszkowicz, 2008 Wilson et al.,
2005, Wong et al., B01). Three studiesshowed the assaociation between @exposure and
CAMCwas subject togeographicd differences (English et al., 1998Erbas et al., 2005Lin
et al., 20083. Two studiesreported an association in children zero to four years olanly
(Jalaludin et al., 2008Paliatsos et al., 2005k

No associatiors betweenexposure to Q and CAMQwere reported by 21 studies (Andersen
et al., 2008 Barnett et al., 2005 Bates et al., 1990Chan et al., 2009Farhat et al., 2005
Fusco et al., 2001Giovannini et al., 10, Holmén et al., 1997Kuo et al., 2002 Lierl and
Hornung, 2003 Lin et al., 2003 Lin et al., 2004h Magas et al., 200/Morgan et al., 1998
Norris et al., 1999 Pereira et al., 201QRosas et al., 1998Sunyer et al., 1997Thompson et
al., 2001, Tseng et al., 1992¥eh et al., 201L

2.3.3.1.e. Carbon Monoxide (CO)
Carbon Monoxide (CO)is a colourless, odourless gas produced by the incomplete
combustion of hydrocarbon fuels. Exposure to CO can potentially interferaith the bloods
ability to carry oxygen to body tissuegd DEFRA, 201). Associations between C@xposue
and CAMCwere investigated by 25 studies. Significant associations were reported by
almost three-quarters of the studies(Andersen et al., 2007Fusco et al., 2001Giovannini
et al.,, 201Q Halonen et al., 2008Jalaludin et al., 2008Lee et al., 2002Lin et al., 2003
Medina et al., 1997Neidell, 2004, Norris et al., 1999 Paliatsos et al., 2006Peel et al., 2005
Pereira et al., 2010Ponka, 1991 Strickland et al., 2010 Szyszkowicz, 2008 Thompson et
al., 2001, Yeh et al., 2011

Of these studies, ne study found an associationwith children aged zero to four years old
only (Paliatsos et al., 200B One studyfound an association with CO exposure an@GAMC
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in the warm season only (Strickland et al., 2010. Sevenstudies found no association
connecting CO andCAMC(Abe et al., 2009Barnett et al., 2005 Farhat et al., 2005Lee et
al., 2006gLin et al., 2004aMoore et al., 2008 Xirasagar et al., 2005

2.3.3.1.f. Lag Effects
From the studies that were included in this reviewa number of studies report that the

effectsof pollutant exposure were not instant but take time to take effect. A lagffectisthe
time measured between the start of exposurand the event of interest. Theevidence oflag
or delayed effects (single or cumulative) were extracted where possible(not including
studies that did not analysdagged effecs) and a mean was caldated (see Table 2.4)
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Table 2.4. Lag dfect from pollutant exposures, average between studies ( days).

Author (Year) Pollutants (single lags effects *=cumulative lag )

NG SQ P Mo CO O3
Giovannini et al (2010) 1 - - 1 -
Lee et al (2010) - - - - 2
Nastos et al (2010) - - 4 - -
Silverman et al (2010) - - - - 2
Chan et al (2009) 1 2 2 - 2
Yamazaki et al (2009) - 0.5 - - 0.5
Halonen et al (2008) 4 - - 5 -
Lin et al (2008b) - - - - 2
Szyzkowicz et al (2008) 2 - 2 2 1
Andersen et al (2007) - - 1 -
Babin et al (2007) - - - - 4
Ko et al (2007) 4 - 2 - 2
Villenueve et al (2007) 1 - - -
Lee et al (2006a) 3 - 4 - 2
Peel et al (2005) - - 4 - 2
Lin et al (2004b) - 3 - -
Lin et al (2004a) 4 males 6 females - -
Lin M et al (2003) 4 males 6 females - - 2 males
Lee et al (2002) 2.5 2.5 1 25 1
Lin et al (2002a) 2.5 2.5 3 25 3
Fusco et al (2001) 1 - - 1
Thompson et al (2001) 0.5 0.5 - 0.5 -
Tolbert et al (2000) - - 1 - 1
Wong et al (2001) 0 3 5 - -
Fauroux et al (2000) - - - - 1
Chew et al (1999) 2 2 - - 1
Norris et al (1999) - - 1 1
Anderson et al (1998) 3 3 - - 2
Morgan et al (1998) 0 - - -
Medina et al (1997) 15 15 - - -
Ponka and Virtanen (1996) - - - - 0.25
Romieu et al (1995) - - - - 2
White et al (1994) - - - 1
Bates et al (1990) - 1 - - -
Mean 2.06 2.58 2.50 1.83 1.72

Table 2.4documents thesingle daylag effect that studies havefound for each pollutant
(unless otherwise stated).Lag effects ranged from 0 to 6 days$zor NQ, lag effecs were

reported in 18 studies, the average of thoséags was calculated at 2.06lays. For S@ lag

effects were reported in 13 studies, the averagelag was 2.58days. ForPMy, lag effects
were noted in 12 studies, with an average of & days.CO lag effects were noted i®

studies with an average of 1.83days. Q lags effects were noted in19 studies with an

average lag 6 1.72 days. These means areonly indicative as effects vary from study to
study.
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2.3.4. Literature Investigating the Spatial Characteristic of E xposures
with Childhood Asthma

4EA OOOAT COE 1T &£ Aobpi OO0OAO AAT AA OOAEAAO Ol
pollutantd O O.TAWGbAr o studies incorporate the spatial aspect of exposures in
time-series analysis. Referenced in subksection 2.3.3 a number of studies found
differences inpollutant-asthmaassociationsaccording to spatialvariation (Atkinson et al.,
2001, Babin et al., 2008, Barnett et al., 2005, English et al., 1988as et al., 2005Tolbert
et al., 2000, Wilson et al., 2005)n contrast to examining thespatial differences between
pollutant-asthmaassociations four additional studies (referenced in2.3.2) found a spatial
difference (according to latitude)in the seasonal characteristic of asthmaelated medical
contacts in children (Johnston et al., 200&Julious et al., 2007Lin et al., 201).

2.3.4.1. Findings from the Literature
Three studies examined (repeated) hospital encounters in children with asthma in
relation to residential proximity to traffic (Chang et al., 2009Delfino et al., 2009 English
et al., 1999. Chang et afound that children living within 300 metres of a major arterial
road or freeway (equal to or more than 750 metres longwere at higher risk of repeaed
admission.Delfino et alfound that the relationship was stronger for females and infants.

One studyfound that after adjusting for age and poverty levels, children hospitalised for
asthma were more likely to live on roads with the highest tertile (uper third) of vehicle
miles travelled (Lin et al., 20020. Another study found that on average, paediatric asthma
patients tended to livecloser to major roadways than patients who did not have asthma
(Newcomb and Li, 2008. Newcomb and Li found that hree quarters of the patientswith
asthma lived within 1500 metres of a major roadway compared to a third of patients with
non-asthmatic diagnoses.

' TT OEAO 53 OOOAU A& Of Bad theéhigbest 'pédcaiedd df ehiblreA AOO OE,
with asthma in comparison to other locatiors in Newv York: this location coincidentally hal

a high number of pollution sources(Oyana and Rivers, 200b In association with the
pollutant sources, ompared to the westside of Buffalo, children were at higher risk of
having amedical contact f they resided in the eastside.

Two US studies found small associatianbetween expaure to high pollutant sources and
risk of medical contact for asthma. Onetudy found that the risk of asthma (identified via
medical visits) was associated with residing near a grain mill, petroleum refinery, asphalt
plant or power plant (Loyo-Berrios et al., 2007. Residence near a major air emission
source (nore than 100 tonnes per year) increased the risk of asthma by 1.08 percent.
Another study found a local asthma cluster clos to two of the top three contributors to
pollution in the county (Meliker et al., 200)). After creating a model to predict risk of
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medical contact due topollutant exposure (accounting for weathermparameters, one model
was constructedper day for 15 days), theyidentified a weak association(only 5 out of 15
models predicted above average asthma visitd)etween the pollutant levels fromthe two
sources and asthma ED visits.

An Australian study used four methods to evaluate the association between road traffic
exposure and emergency visits madeby children with asthma (Pereira et al., 2009.
Examining high against low traffic exposure, Pereira et al reported a twofolthcreased
risk of medical contactdue to asthma. Using length of road, distance to the nearest major
road (carrying more than 15,000 vehicles)or a density weighted traffic method to
measure exposure producea decreased riskof medical contact forasthma.Another study
investigated potential Os-asthma relationships between 10 regions in New York $ate;
only 1 of those regiors exhibited higher risk of paediatric asthma medical contact
associated withO; exposure (Pantea et al., 2008 One study found noassociation between
the risk of hospital admission for asthma and proxy mkers of road traffic pollution
(Wilkinson et al., 1999.

2.3.5. Review of the Literature investigating Weather Associations
with Childhood Asthma
This subsection reports the findings from literature investigating the potential weather
triggers of CAMC Weather encapsalates a number of expostes andtemperature, sunlight,
rainfall, pressure, wind, and humidity were reviewed. Definitions of each weather type
investigated were sourced from the Oxford English Dictionary (OED).

2.3.5.1. Findings fromthe Literature

Table 25 illustrates a summary of the findings from the review of the literature
investigating weather exposures in association with CAMC.
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Table 2.5: Associations found between Weather Exposures and CAMC

Author Is there an association between weather exposures and childhood asthma admissions?
Yes+= positive association; Yes -= negative association; No=no association; - = not studied
Temperature Humidity Rainfall Thunderstorm Wind Pressure Other
Yeh et al (2011) No Yes Yes - - - -
Mireku et al (2009) diff=Yes+ Yes - - - No -
Abe et al (2009) No No No - - No -
Nastos et al (2008) Yes Yes+ - - Yes - -
Prospero et al (2008) - - - - - - -
Babin et al (2007) Yes+ - - - - - -
Xiao-Mei et al (2009) Yes Yes - - No Yes+ -
Mohr et al (2008) Yes+ - - - - - -
Pritis et al (2006) No Yes+ No - - Yes+ -
Xirasagar et al (2006) Yes Yes No - - Yes+ Sunshine = Yes
Gyan et al (2005) diff=Yes+ Yes+ - - - Yes -
Villenueve et al (2005) No No Yes+ Yes+ in summer No No Fog=Yes+, Snow=Yes
Hashimoto et al (2004 ) Yes+ Yes No - Yes Yes Sunshine= No
Dales et al (2003) No No - Yes+ - - -
Kashiwabara et al (2003) Yes+ night No No - No Yes+ Mist=Yes, Fog=Yes
Grech et al (2002) - Yes - - - - -
Kashiwabara et al (2002) Yes+ night No No - No No Mist=Yes, Fog=Yes
Chavarria (2001) No Yes+ Yes+ - - - -
Ivey et al (2001) Yes+ No No - Yes+ No -
Wong et al (2001) No No - - - No -
Ehara et al (2000) diff=Yes+ Yes+ No No - Yes+ -
Garty et al (1998) Yes No - - - Yes+ -
Newson et al (1998) - No Yes+ Yes+ No No -
Palusci et al (1998) No No No No Yes+ -
Rosas et al(1998) Yes -
Higham et al (1997) - - - Yes - - -
Newson et al (1997) - - - Yes+ - - -
Ponka and Virtanen (1996) Yes+ No - - - - -
Beer et al (1991) Yes+ - - - - - -
Khot et al (1988) No No Yes
Newell and Swafford (1963) - - - - No - -
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2.3.5.1.a. Temperature
Temperature is the measurementin degreescentigrade or Fahrenheit) of how hot or cold
a place or object is(OED, 2010f. The difference between hot and cold days caaffect
human health (Met Office, 2011h. Cold air (temperature) has been associated with the
onset of asthma attackgfNHS, 2010Q. Results from a survey revealed tha¥5 percent of
asthmaticsbelievedthat cold air triggered their asthma symptoms (National Asthma Panel
study (ICAUK, 2009).

Six studies found a positive association between temperature and asthma hospital
contacts(Babin et al., 2008Beer et al., 1991Hashimoto et al., 2004lvey et al., 2001 Mohr
et al., 2008 Ponka and Virtanen, 199%. Two studies found positive associatiors with
temperature and childhood asthma admissions during the nightKashiwabara et al., 2002
Kashiwabara et al.,2003). Another five studies found negative associatios between
temperature and asthma hospitalisations in children deducing that the colder the
temperature the higher the numberof CAMC(Garty et al., 1998Nastos, 2008 Rosas et al.,
1998, Xiao Mei et al.,2009, Xirasagar et al., 200 Three studies found that daily
temperature difference was associatedwith CAMC(Ehara et al., 2000Gyan et al., 2005
Mireku et al., 2009.

In contrast, nine studies found noassociation between temperature andZAMC(Abe et al.,
2009, Chavarria, 2001, Dales et al., 2003Khot et al., 1988 Palusci et al., 1998Priftis et al.,
2006, Villeneuve et al., 2005Wong et al., 2001Yeh et al., 201L

2.3.5.1.b. Wind
Wind is the movement d air; wind direction refers to the current blowing in a particular
direction (OED, 2010Rkh. Wind has an important role in the movement of respirable
particles (PM, pollen, aeroallergens) from ondocation to another. There was a mixed
array of findings from studies investigating wind associations withCAMC On one hand,
two studies £/ OT A A DI OEOEOA AOOT AEAOGET T AAOxAAI
admissions(lvey et al., 2001 Nastos, 200§.

On the other handone studyfound that the number of CAMGncreased in association with
lower wind speeds in Japar(Hashimoto et al., 2004. Sevenstudies found noassociation

between wind exposure andCAMC(Kashiwabara et al., 2002Kashiwabara et al., 2003
Khot et al., 1988 Newson et al., 1998 Newell and Swafford,1963, Palusci et al., 1998
Villeneuve et al., 200%. One study found no relation betweerAfrican dust carried by the

Atlantic trade winds to Trinidad and Tobago and paediatric asthma medical contacts
(Prospero et al., 2008.
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2.3.5.1.c. Pressure
Ai/Atmo OPDEAOEA D Ohk (ot P&k unkE @rea @&erted by the weight ofthe
atmosphere above an object/surfaceor above theA A O OE o O (0OGM) QUER./Siktéen
studies investigated associations between pressure andCAMC Six studies reported that
higher air pressure was associated withCAMC(Ehara et al., 2000 Garty et al., 1998
Kashiwabara et al., 2003Priftis et al., 2006 Xiao Mei et al., 2009Xirasagar et al., 2005

One study found achange in barometric pressure was independently associated with
paediatric asthma ED visits(Palusci et al., 1998. In contrast,two studies found that the
number of CAMCincreased when baranetric pressure rapidly decreased(Hashimoto et
al., 2004 Gyan et al., 200h Sevenstudies found no associéion between atmospheic
pressure andCAMC(Abe et al., 2009Ivey et al., 2001 Kashiwabara et al., 2002Mireku et
al., 2009 Newson et al., 1998Villeneuve et al., 2005Wong et al., 200].

2.3.5.1.d. Rainfall
Rainfall refers to the quantity of rain within a given area at a specific timéOED, 20104.
Rainfall is caused ly the condensation of water inair that has been lifted and cooled
(MetOffice.co.uk [Accessed 28April 2009]). Perhaps the most referencedainfall related
weather event in the literature in association with asthma related outcomesis
thunderstorms. Thunderstorms are described as:

OA 11T AAT 001 O0i DOI A O AtdwkringAvartical) cldud,i abd alvagsi A OO
accompanied by thunder andl E C E O {N&ibn@l8Weather Service[Accessed Online
29/09/2011]).

Seasonally, thunderstorms tend tooccur in the summer when convection caused by
can occur inshowers or in more extreme cases, thunderstorms (MeDffice, 2010). There
were a number of studies investijating the role of thunderstormsor rainfall in relation to
CAMC

One study found a strong association between rainfall andCAMC(Khot et al., 198§.
Another study speculated that thunderstorms may have an effect on asthma exacerbations
resulting in the use of out of hours servicegHigham et al., 1997. An additional study
found that on days with thunderstorms, dailychildhood asthmaadmission rates increased
from 8.6 to 10 (P<0.05) compared to days without thunderstorms(Dales et al., 2008

Another UK study found that on days with extremely high counts ofCAMCthe mean
density of lightning flashesand rainfall was greaterthan those on control daygNewson et
al., 1998. Simultaneously, lightning flashes and grass pollen further increased the
probability of an asthmaepidemic morethan wasexpected by chancalone. However,the
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majority of the asthma epidemics between 1987 and 199did not follow a thunderstorm
event. This suggests thabther factors were involved in triggering asthma epidemics.The
findings mirrored a previous study conducted bythe same authorgNewson et al., 1997.

One study found the mean number of asthmatic ED visits was higher on nights that were
misty or foggy in comparison to nights that were clea(Kashiwabara et al., 200p The
odds ratio of an ED visit from asthmatic children on a foggy or migtnight was calculated
at 1.74.The authors suggested that mist and fog hold airborne droplets that could possibly
exacerbate asthméic symptoms. The findings were replicated in alater study conducted
by the same authors (Kashiwabara et al.,, 2003 These two studies did not fi
associations with actual rainfall and CAMQAnother study suggested that the presence of
fog and liquid precipitation was associated with increased asthmiD visits(Villeneuve et
al., 2005. One study found a negative association between rainfall and CANIZeh et al.,
2011).

Overall, nine studies found no association between rainfall andCAMC(Abe et al., 2009
Ehara et al., 2000 Hashimoto et al., 2004 Ivey et al., 2001 Kashiwabara et al., 2002
Kashiwabara et al., 2003Palusci et al., 1998Priftis et al., 2006 Xirasagar et al., 2005

2.3.5.1.e. Humidity
Humidity refers to the amount of water vapour present in the atmospherd OED, 20104
Relative humidity refers to the amount of water vapour present in he air; this is
expressed as a percentage of the amount needed for saturation at the same temperature
(OED 2010). A mixed set of findings were extracted from the studies that obserde
humidity -CAMCassociations.Four studies found that increased rates ofED visits were
associated with a drop in humidity(Hashimoto et al., 2004 Xiao Mei et al., 2009Xirasagar
et al.,, 2006 Yeh et al., 2011 In contrast, five studies found that relative humidity
positively correlated with CAMC(Chavarria, 2001, Ehara et al., 2000Gyan et al., 2005
Nastos, 2008 Priftis et al., 2009. One studyreported fluctuations in humidity one to two
days before appeared to influence CAMC(Mireku et al., 2009. On the other hand12
studies found no association betweenCAMCand humidity (Abe et al., 2009Dales et al.,
2003, Garty et al., 1998 Ivey et al., 2001 Kashiwabara et al., 2002Kashiwabara et al.,
2003, Khot et al., 1988 Newson et al., 1998Palusci et al., 1998Ponka and Virtaren, 1996
Villeneuve et al., 2005Wong et al., 200].

2.3.5.1.f. Sunshine
Sunlight at its most basic descriptioris the light from the sun(OED, 2010&. In the UK, the
shortest days with the least amount of sunlightoccur in December and the longest day
with the highest amaunt of sunlight occurs in Juneg(Met Office, 20113. Sunlight as an
OAZDPT OOOAG EAO 11 O IiA AshokiatiahAvithA ANMICOBAsAIdyfoudial 1 U
negative associion between hours of sunlight and schoehge asthma admissions
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(Xirasagar et al., 200h. However, another study found no association betweensun
exposure and asthma admissions in childreHashimoto et al., 2004. Sunlight may act as
an indirect factor influencing the production of other exposures that may trigger asthma
suchas Q or pollen.

2.3.5.1.g. Lag Effects

Lag effects were reported in three studiespne study reported an association between
humidity after a one to two day delay and CAMC(Mireku et al., 2009. Another study
documented a one day lag for temperature, humidityand pressureand CAMQDales et al.,
2003). The third study detected that one day prior to a peak in childhood asthma
admission rates, relative humidity was lover and temperature difference (between
minimum and maximum measures of temperature) was wider than compared to days
preceding no asthma admissiongEhara et al., 200).

2.3.6. Review of the Literature investigating Pollen Associations with
Childhood Asthma

This sub-section reports the findings from studies investigating aother potential trigger

of asthma exacerbationexposure to pollen As part of asurvey conducted by the National
Asthma Panel,79 percent of asthmatics thought that pollentriggered their asthma
symptoms. This subsection summarises the evidence for and against the association
between pollen exposures and childhood asthma exacerbation resulting in medical
contact.

2.3.6.1. Findings fromthe Literature
Only 11 studies were identified investigating theassociation between pollen andCAMC
The majority of the studiesfound a positive relationship between pollen exposure and
CAMC

In Canada and the US, positive associatiomgere found between grass exposureand

asthma after a three-day lag and that the efect of grass pollen was stronger in

readmissions in contrast to the initial visits (Héguy et al., 2008. One studyfound weak

associdions between weed pollen exmpsure and ED visits resulting after a twelay lag.

Another study £1 0T A OEAO xAAA pDPIi11 AT xAO OEA 111U OE
asthma hospital admissions during the autumiflm and Schneider, 200%. Three additional

studies found that grass; ragweed, oak/maple and pineceae pollen had a significant
associationwith CAMC(Babin et al., 2007Lierl and Hornung, 2003 Zhong et al., 200%.

A Mexican studyexamined the relationship between environmental factors ad asthma ED

admissions (analysing adults and children separatelyRosas et al., 1998 Mexico
experiences a different set of climate caditions in comparison to the UK: Mexico
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experiences a wet season between Magnd October and a dry season between November
and April. In children, the authors found that grass pollen was associated with ED
admissions in both wet and dry seasons.

In the UK two studies (already referenced in2.3.5) found that elevated pollen counts &ér

thunderstorms amplified the W E OT AAOOOT O A ARdwaod @t al,1197A00ET A

Newson et al., 1998. Another UK studyfound a positive and negative effect with birch and
grass pollen (respectively) in relation to childhood asthma admissiongAnderson et al.,
1998). Two studies did not find an association between pollen exposure and asthma
exacerbations resultingin medical contacts in children(Garty et al., 1998 Khot et al.,
1988).

2.3.6.1.a. Lag Effects
The lag effects from pollen exposure were documented in theevenstudies included in the

review. Lags from each pollen type were collated where possible and an average was
calculated.

Table 2.6: Lag effect fr om pollen exposures, average between studies (days).

Author, Year Pollen Type

Grass Birch Oak Ragweed Pine
Anderson et al (1998) 0 0 - -
Babin et al (2007) 3 - - - 2
Heguy et al (2008) 3 - -

Im and Schneider (2005) - - -
Khot et al (1988) - - -

Lierl and Hornung (2003) 3 3 -
Zhong et al (2006) - -
Mean 2.25 15 3 2.5 3.5

The average lagrovides an idea as to how long pollen exposure takdo have an effect on
CAMCacross different settings. Br grass pollen, lag effects varied fromzero to three days
in four of the sevenstudies with an average of 2.25Table 26). Cak pollenlag effects were
reported by a single study Birch pollen lag effects were reported by two studies with an
average lag of 1.5 dayRRagweed pollenlag effectswere investigated by two studies with
an average of a two and half day lag. Pine polléag effects werereported by two studies
with an average lag of 3.8lays.
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2.3.7. Interactive effects: a consideration when investigating
Environmental Associations

When considering the cause and effect relationship betweemvironmental exposures and
asthma exacerbationit is often the case thaiX cannot cause or be relatecbtY without A, B
and C e.g. other factorshus the effect of an exposure i®ften confounded by another
exposure For example, @exposure cannot be related asthma exacerbationwithout the
presenceof other factors such as sunlight (thisis influenced by the time of year, amount of
hours of sunshine cloudiness,and geographical position), N@(influenced largely by how
much humans emit mainly via the use of road transport and industryand hydrocarbons.
Proximity to exposuresand the amount an individual is exposedto are also factors that
affect the likelihood of exacerbationand medical contact

A number of studies included in the review have documented the interactive and/or
additive effects between environmental exposures and childhood asthma. Interace
effects occur when the effects from one predictor varialel on an outcome islependent on
another predictor variable (Bland, 2000. Within this investigationd © AT A1 UOA Oh
effects between environmental exposures in relation to daily counts of medical contact
were not investigated. However, to highlight anawareness of the potential interactions
between exposures, examples from studies reportingan interactive, additive, or
confounding effectfrom environmental exposureson childhood asthma exacerbation are
reported.

Commening on examples of pollutant ineractions and the combined effect on childhood
asthma, one studyfound smaller effects from two-pollutant models compared to those
derived from single pollutant models suggesting interactive effectdetween pollutants
(Jalaludin et al., 2008. In thetwo-pollutant analysis, for5 to 9 year olds, the PM effect
reduced when Q or COmeasureswere added to the model. InL0 to 14 year olds, the PM
effect reduced when COmeasureswas added to the modé Another study observed no
effectfrom SQ on childhood asthma admissionsvith addition of other pollutants (CO and
PMg) or temperature (Sunyer et al., 2003. Sunyer et al noted that thismay bedue to the
high correlation between pollutant measures.

Examining weather exposureinteractions and the combined effect on childhood asthma,
perhaps the most notable interaction betwea weather exposures occurs in the event of a
thunderstorm. The effects of thunderstorms are noted in subection 2.3.6.

Several studiesfound pollutant-asthmaassociationswithin sections of the year defined by
seasonal attributes such aswarm, cool/wet, or dry seasons Examining interactions
between pollution and weather exposures,one study found interactions between
elemental carbon (PMs) and temperature for children agedl11 to 17 in the summer and
winter seasons (Mohr et al.,, 2008. During the summer, an increase of 0.10 mdrof
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elemental carbon resulted in a 9.5 percent increase in asthma ED visits and risk increased
as temperature increased However, during the winter, adecrease of 0.10 mgn$ of
elemental carbon resulted in a 2.8 percent increase in asthma admissions thus the risk
increased with decreasing temperatures. Thereforgthere appeared to be a tshaped
relationship: daily number of asthma ED visits were associated witincreased levels of
elemental carbon at higher temperatures in the summeand decreased carbon levels with
lower temperatures in the winter.

Climate change is producing warmer, more humid climates which incidentallaffects
pollen production (D'Amato et al., 200%. Due to these changes in climate, exposure to
pollen has increased with longempollen seasors (Beggs, 2004. Wind transported pollen is
the main cause of hay fever exacerbation and potentially asthma (NPARU, 2008). Pollen
seasons are lengthening(Beggs, 2004. No published studies were foundexamining
climate change and its role in pdén production in association withCAMC

Of the studies referened in the literature review, few reported an interaction or

confounding effect between pollution andpollen exposures.One study also found an

interaction between high PMy levels and pollen count; these exposurescombined were

predictors of asthma exacerbations in children(Lierl and Hornung, 2003. Another study

found evidence that an interaction between SOand pollen had an effect on asthma
admissions in children(Anderson et al., 1998.

Combining the three groups of exposure (pollution, pollen and weathergn Israeli study

£ 0T A xEAT AgAl OAET ¢ 3ADPOATI AAOGO OhamkAl AO j A
present within September may manipulate results for instarce, school return and the

Jewish holidays),61 percentof the variance in ED visitswas explained by NQ, SQand

concentrations (Garty et al., 1998. Weather parameters explained46 percent of the

variance and66 percent of the variance in ED visits was explained by theelationship

between NQ, SQ and barometric pressure. The addii T T £ 3 ADOAI AAOGO OA
weakened the effects othese groups of parameters. Garty et al noted that the eftsdrom

air pollutants were stronger than that of weather exposures

Another study examinedthe relationship between asthma ED visits and environmental
factors (aeroallergens, pollution and weather)(Rosas et al., 1998 They observed that
grass pollen was significantly associated with asthma admissions in children during both
wet (May to October)and dry seasons but pollen had a stronger effect in the dry season.
For children, the most appropriate modelthat explained asthma adnissions included
grass, maximum temperature and rainfall measures from the wet season: this explained
approximately 35 percent of the deviance Rosas et al found no support to suggest that
pollutant exposure induced asthma exacerbation and concluded that aeroallergens such as
spores and pollenhad significant rolesin exacerbating asthma in children
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In addition to the associations found between pollutant, pollen and weather associations,
other combinations of exposures were found to have an effect 0cBAMC For example,
Dales et al assessed the relationship between thunderstorms, air pollutants, aeroallergens
and asthma admissions in children over a six year periogDales et al., 2008 On
thunderstorm days, pollen and air pollutant concentrations remained relatively the same
in comparison to non-thunderstorm days but fungal spore concentrations doubled and
irrespective of the presence of thunderstorms, fungal spores were associated with a 2.2
percent increase in asthma admissionsAnother study alsofound an association betwen
fungal spore countsand childhood asthma admissiongKhot et al., 1988. However,an
additional study found no association between fungal spore concentrations and paediatric
asthma visits(Lierl and Hornung, 2003.

School return is one of the main facilitators of thecharacteristic seasonal patternof
childhood asthma resulting in medical contact. Stracha(2000) argued that the seasonal
characteristic of asthma exacerbations wasore strongly related to the schoolholidays
than the seasonal variations in aeroallergens and air quality exposur@ne studyfound
OEAO AT OGEOIT1 AT OAI EAAOT OO AT A %$ OEOEOO
measurements (when school return is scheduled in Israel) were include{Garty et al.,
1998). This suggests thatthe effect of school return diminishes the effects from
environmental exposures

2.4. Discussion of the Literature
2.4.1. Summary of the Studie sGCharacteristics

2.4.1.1. Type of Study

It would be unethical (and impractical) to randomise individuals to exposures that were
thought to be potentially harmful. Consequently all the studies included in this review
examining the possible triggers of asthma exacerbation were obsertranal. The majority
of the studies used retrospective cohort casecontrol or ecological designs. N
randomised control trials were included in the literature review. Approximately
one-severth (19/117) of the studiesthat investigate pollution, pollen, weather, or spatial
relationships with CAMCincluded used acomparison group in their design This design
was often used with studies observingspatial associationsbetween pollutant exposure
and childhood asthma.A number of studies used casecrossover designs (for example,
Barnett et al (2005); Lin et al(2003)).
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2.4.1.2. Locations
Studies were set ina worldwide array of locations.A large proportion of the studies were
set in the US(approximately 50), particularly studies investigating pollutant exposures
Other frequently mentioned study settings include Canad#13) and the UK(10). Studies
were also set inTaiwan, Australia, and Greece.

2.4.1.3. Sample Size
Sample size of the actual humber of participants was rarely referenced in the studies.
Instead, the number of hospital contactover a period was reported. The number of
medical contacts obtained in the studies ranged from as low as 110 visits obtained ovér
year (Giovannini et al., 2010 to as high as 53826 admissions across arlil year period
(Silverman et al., 2003.

2.4.1.4. Age of Sample
Overall, from the studies included in the review, age ranged frof to 21 years. Studies
such as Im and Schiendef2005), Meliker et al(2001) and Tolbert et al (2000) included
children agedfrom 0 to 16 years. Strickland et a(2010) and Chang et a2009) included
children aged5 to 18 years.

Several studies observe associations with smaller age groups, for example, Jalaludin et al
(2008) separated children into age groupsl to 4, 5 to 9, and 10 to 14. Often, studies
removed very young children less thanl2 months of age (such as Mireku et §2009)) or
investigated the environmental association withchildren less thanl or 2 years of ageas a
separate groyp (such as Grech et a{2002)) as it is notoriously difficult to accurately
diagnose asthma in this age groufiPortnoy, 2002).

2.4.1.5. SubPeriodsof the Year
Several studies analysethe environmental associationusing data split into sections of the
year AO 1 pPT OAA O OEA xEI1T A UAAO8O AAOA8 | EOA
weather/climate conditions for example, warm and cool season or dry and wet seasdfor
instance, Strickland et al (2010) analysed the warm season (May to October) and cold
OAAOQT T 60 AAQamazakd & AlRA0G ASatdoli et al(2011) and Wilson et al
(2005) also analysed data from differeh seasons separately and foundlifferences in
associationbetween seasons.

2.4.1.6. Analysing the relationship between environmental exposures and
childhood asthma
Chavarria etal (2001) and Khot et al(1988) also used simple bivariate analyses to assess a
relationship between exposures and the number of medical contacts. Garty et(a98),
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Im and Scheinder(2005) and Tseng & al (1992) used correlations as a preliminary test
prior to more advanced statisticaltechniques.

Autoregressive techniques were oftenused to analyse the environmentisthma

relationship. One project that utilised autoregressive techniques based on a Poisson
AEOOOEAOOETT OI ET OAOOECAOA OEA AEEAAO 1T £ AEO
(AAT OEd A %OOT PAAT ! PPOI AAEG j1T OEAOXxEOA ETT x1
was set up h 1991 (Katsouyanni et al., 199%. This project aimed to use a standardised
methodology to investigate the short terms effect of air pollubn on several health

conditions across15 cities (including London, Barcelona, Paris, Helsinkand Krakow) in

Europe (Katsouyanni et al., 198). As a result of the findings from this project, there were

several publications including Sunyer et a(2003), Anderson ¢ al (1998), Atkinson et al

(2001) and Ponka and Virtanen(1996). Other studies that used Poisson autoregressive

methods include Ko etal (2007), and Thompson et al(2001). Studies that usedNormal

autoregressivemethods include Chew et a{1998) and Gighton et al (2001).

A number of studies report the use of other methods to analgghe environmental-asthma
association. Paliatsos et al (2006) and Priftis et al (2006) used stepwise multiple
regressions whereby predictors wee added or subtracted one by one and remain in the
model on the basis that theymade a significant contribution. A well-known technique
implemented to analyse count data include Poisson and negative binomial regressions.
Babin et al (2007) used Poisson regression analysidMagas et al(2007) implemented
negative-binomial regression analyses Generalised Additive Modelling (GAM) was also
referenced as a statistical method in literature and the prevalence of its use has increased
over the last few years(Touloumi et al., 200§. GAM models data with both linear and
additive properties. Its use was cited in the following studies, Mireku et §2009), Lincoln

et al (2006) and Erbas et a{2005).

2.4.1.7. Covariates

A number of studies included severaladditional covariates to accownt for effects not
attribute d to the independent exposure For example, Strickland et 12010), Pereira et al
(2009) and Morgan et al(1998) included days of the week as a covariate in their models.
Another variation of the day of the week effect is the weekday weekend effect, this was
utilised as a covariate by Log-Berrios et al (2007). In addition, Hirshon et al (2008),
Medina et al (1996) and Sunyer et a(2003) accounted for bank holiday within their
analyses.

Further confounding factors that were controlled for in studies include school holidays
(Andersen et al., 2007, influenza epidemics(Lee et al., 2006bSunyer et al., 2003 and
month of the year (Jalaludin et al., 2008Strickland et al., 2010. Weather and/or pollen
variables were also added as covariates. @mperature and humidity were frequently
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referenced as covariates irstudies investigating pollutant asso@tions (for example, Abe
et al (2009), Barnett et al(2005), Giovainniniet al (2010), Villeneuve et al(2007), Wilson
et al (2005)). Without observing the actual effects from temperature and humidity on
pollutant exposures, the heavy usage of temperature and humidity as covariates implies
that these two variables modify the associatiotvetween pollutant exposures and CAMC

2.4.1.8. Differences in Results

Examining the literature investigating pollutant or weather associations evealed mixed
results. Evidence for and against the association between the exposures &d8MCmay be
the result of the variations in sample size or the number of medical contacts, length of time
that data were collected and geographical locationThe average sample size average
number of years that data were collected, and most referenced locatiomere compared
with studies that found an association andstudies that found no association between
pollutants or weather exposures andCAMC

Table 2.7: Characteristics of studies that found an association and studies that found no
association between exposures and medical contacts.

Exposure Yes or no Number Average Average period Most referenced
association  of number of data were country  (number of
studies contacts collected (years) studies)
NG Yes 36 81088.50 5.69 Canada (5)
No 14 34150.00 403 US(3)
SG Yes 24 63090.21 459 Canada (4)
No 15 12461.83 452 US(3)
PMio Yes 26 46654.60 4.11 Taiwan, U4)
No 10 7391.83 5.67 Australia (3)
Os Yes 34 63290.00 545 US(13)
No 21 31437.79 3.55 US, Canada, Australia (3)
co Yes 18 36914.31 6.29 US(4)
No 7 7296.20 5.86 Different countries (1)
Temperature  Yes 17 5545.25 3.76 Japan (4)
No 9 9040.29 5.92 Canada(2)
Rainfall Yes 6 9710.33 5.03 UK, Canada (2)
No 9 8872.89 4.80 Japan (5)
Pressure Yes 9 7815.44 5.13 Japan (3)
No 7 9880.17 3.14 Japan (2)
Wind speed Yes 3 8858.50 9.33 Different countries (1)
No ’ 3856.00 4.07 Japan, US (2)

It was hypothesised that more onsistent findings result from studies that havelarger
sample size (or higler numbers of medical contacts) collected over a tger span of time
(provided environmental exposures remain constantfrom the same countries.There was
some evidence that with a nmber of exposures, studies with larger samples collected
over a longer period of timeyielded results that were more consistent.With the exposures
SQ, NQ, Q, CO, rainfall, and wind speed:ompared to studies that found 1 association,
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studies that found an association had on average, higher numbers of medical contacts
collected over a longer span of time.

There was also evidence contradicting our hypothesisWith PM;o, compared to studies
that found no association, on averagestudies that found an &sociation had higher
numbers of medical contacts collected over a shortespan of time. With temperature,
studies that found an association had on average lower numbers of medical contact
collected over a shorter spanof time. The most referencd locations with studies that
investigated pollutant-asthma associations include the US and Canada. The most
referenced location with studies that investigated weatherasthma associations was Japan.
No country was referencedmore often amongststudies reporting an association or no
association.

2.4.1.9. Spatiallnvestigation investigating Association
Logistic regressions were often used in spatial analysis to assess the risk of medical
contact due to pollutant exposure (for example, Lin et al(2002a), Newcomb and Li
(2008)). Pereira et al (2009) used logistic regression to calculate the risk of ED
presentation relative to traffic related exposures. Chang et a{2009) conducted a
O2AA000AT O AOGAT O POI PT OOEI T Al EAUAOA AT Al UOGEO®G
traffic related exposures.

2.4.2. Summary of the Literature Findings
The findings from the review give evidence for and against an association between
environmental exposures andCAMC

Subsections 2.3.3 and 2.3.5 provided evidence for and againsthe associaion between
pollutant or weather exposuresand childhood asthma exacerbation resulting in medical
contact. Approximately half the studies found associations withpollutant exposures in
relation to CAMC Overall, relatively few studies investigate the association between pollen
exposure and CAMC Of the studies that examine pollen as an exposure, the majority
advocate an association.

The disparity in the reported associatiors could be attributed to geographical differences
or differences in thesample size. With anumber of the pollutant exposures(SQ, NQ, Q,
CO), and weather exposures (wind speed and rainfaljompared to studies that found no
association, studies that found an association had @average, higher numbers of medical
contacts collected over a longer span of time.

The daily/weekly/monthly numbers of CAMCexhibit a seasonal characteristic. fiis may
be to some extentinfluenced by environmental exposuredut stronger evidence sugges
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that the seasonal characteristias more likely the result of events relating tothe school
calendar.

PGAI ETETC AZETAEIT CO 1T £ OOOAEAO ET OAOOECAOET ¢ OE

asthma, there is a relationship between school return andan increase inthe number of

medical contacts made by children with asthmaSchod return does not cause the increase

in medical contacts for childhoodasthmait facilitates the increase The most viable(and

most quoted) explanation for the relationship betwesn school return and childhood

asthma exacerbationis that school provides a setting for children to socialise with other

children thus viruses have the opportunity to spread(Johnston et al., 1995 It is
hypothesizedthat children tend not to take any medication through the summer holidays

as they expeience less symptomsOEEO ET AEOAAOI U Ai pl EARA O OEA
event of school returnisalso a time that children may foresee as stressful. All these facs

have acombined effecton asthma exacerbation.

The associations between exposes that have been described in the reviewotentially
cover an overwhelming number of mechanisms involved in the exacerbation of childhood
asthma.Yet, many more factorsare involved, including how we have used and continue to
use resources that indue climate change, which in turn affects weather patterngvhich in
turn affects pollen productivity. We are experiencing wamer climates, more rain, and
longer pollen seasons thatincreasesmay pollen allergenicity. This has rippling effects on
asthmatic individuals where potentially increasing exposures may trigger asthma
exacerbation. Further researchis required (not within the realms of this thesis) to
untangle how these environmental triggers collaborate to exacerbate asthma.

Table 28 demonstrates the factors that may influence the seasonal trend in asthma
exacerbation in childhood in the UK.
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Table 2.8: Year Round Triggers of Childhood Asthma Exacerbation resulting in Medical Contact

Month Exposure description

January Children return to school after Christmas holidaysPollen season starts (NPARU, 200§)
pollen types; Hazel and Yew, not predominantly strong triggers for asthma or hay fever. i
general, the UK experiences its lowest temperatures in Jaary.

February

March Spring begins. Temperatures increase.

April Easter holidaysare normally scheduled at the end of March/April timePollen season
starts to get into full swing.

May The UK typically exhibits the least amount of rainfall in Magccording to the Met Office
based on patterns from 1971 to 2000.

June Summer: 21st of June longest day of the year. ldh levels ofOz mainly in rural locations.

duly The <hool year ends. Temperature is high in comparison to all year averageSill sunny,

hot weather stimulates the process of summer smogVeather conditions trap pollution
especially in central England.

August School holidays, childen interact with less people. In general, there areefver asthma
exacerbations. Asthmatic children tad to reducetheir medication.

September  Autumn begins. Childrerreturn to school and thisbegins the mix ofviral infection;
introduction to new allergensas result of mixing with other children. Pollen seasonrails
off. CAMGstart to increase

October Numberof AE E1 A OA &b @léted/mnédiz& tontacts tdiospital and GP (in the UK)
increase

November  Bonfire night on the 8h of November; the event isa potential source of exposure to higher
levels of PMo. The number ofCAMGCstarts to plateau.

December  Winter: Cold temperatures set in, possibly triggeringasthma exacerbation in children.
Based on the averages from 1971 to 2000, the Met Office reported that the UK exhibits thi
most amounts of rainfall and number of days with rainfall of more thamne millimetre in
December. Shortest daysin December thusthe shortest amount of sushine inhibits Oz
production. Higher use of heating systems due to the cold weather induces higher pollutio
levels.

Christmas holidaysbegin.

2.4.3. Weaknesses of the Litera ture
More than 150 studies have been included irfive reviews. These reviews provide evidence
of the possiblerelationships between environmental exposures andCAMC However,there
remains a number of unanswered questions andveaknesses within the literdure that
should be noted

Although a substantial amount of research neorted pollutant associations with medical

contacts made by children with asthmathere were also studies that report no association.
Overall, the numbers of studies that reported agiations did not outweigh the number of
studies that reported no association.

It is debatable whether weather exposures have a direct association with asthma
exacerbation. This question arises because there wa® consensus thatthese exposures
were positively associated negatively associated or not associated wittCAMC Some
studies conjectured that weather conditions have intermediary role towards influencing
the strengths and placement of the direct triggers of asthma such as pollen and pollutants.
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There were very few lag effects reported for weather exposures and asthma exacerbation
in children.

Varied results for the association between environmental associations with childhood

asthmabl OOEAT U OA A& AAO AAAE OOOA heésEvegkithiCtdeADE E A A

same country,results were inconsistent. In Greece, one study found a negative association
between temperature andCAMC(Nastos, 200§ whilst another study found no association
(Priftis et al., 2006. This highlights a disparity in results that requires further clarification.

There was little evidence to suggestthat air pollution has risen in parallel with the
increased asthma prevalence in the past decad¢Seaton et al., 1991 In addition to the
overall trend, the seasonal characteristics of asthmatic symptoms do not run parallel with
the sea®nal patterns of air pollution. Seaton et abointed out that though there has been
an increasein asthmarates in the UK, there has not been a rise in the level of pollutant
exposures sincethe 1950s. Thus, the strength of pollutant exposures has not increased
and the chances of experiencing exacerbation due to inhaling pollutant particleare
potentially the same in comparison to50 years ago. Itis more difficult to suggest that air
pollution is a factor in exacerbation if levels of air pollution have not increased to mirror
the rise in asthma prevalence rates. Yet, if pollutant exposurese to blame for the rise in
the asthma prevalence then the reason may be as Seaton et al suggested, individuals have
become more susceptible to the environmerat surroundings.

UK air quality has drastically improved since the 19504DEFRA, 200J. Levels of smog
and SQhave fallendue to the reduction of coal bming in UK dties. DEFRAnotesthat O;
is primarily a rural pollutant and found limited evidence to suggest that ©levels had
changed in urban areas.Yet, asthma ratesare higher in urban compared torural areas.In
opposition to the pollution-asthma relationship,one studyinvestigated allergic conditions
in schoolchildren and compared findings from Leipzig (considered heavily polluted) and
Munich (less polluted) (Von Mutius et al., 1994 The authors found thathay fever
prevalencewas higher in Munich but the asthma prevalence and other allergic conditions
were not distinctly different between the two German citieslf there is a pollutantasthma
relationship, a potential explanation may be thathe rise in pollution levels prior to the
1950s has hada delayedand accumulatedeffect on pesons with asthma.

Arguably, the seasonality of astima is more the result of a manufactured process rather
than of natural influences. As Khot and Burn statethe two troughs for childhood
admission rates in April and August consistentifhappenwhen the school holidays occur.
It seems apparent that the sabol calendar strongly influences the pattern of CAMC(Khot
and Burn, 1984. However, me study reported that though there was a peak in medical
contacts after school réurn in Aberdeen (school return scheduledtwo weeks earlier than
England) and Sheffield, the magnitude of the peak was larger for Sheffield inferring that
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there may beother non-school related factorsthat have an effect on asthmgJulious et al.,
2007). Further investigation is necessary to investigate the causes of the seasonality of
childhood asthma exacerbation in children.

Though the reviews included studies that investigated theenvironmental effects on
children agedO to 16, theresults for children under 5 were not comparable to thisOE A OE O &
sample of interest, children of schoehge between 5 and 16/ears. A number of studies

found pollutant associations with children younger than five years of ag@lalaludin et al.,

2008, Paliatsos et al., 200B These studies often found nossignificant results in children

aged fiveand abovethus conjecturing that particular exposureshad no effect on asthmatic
children above the age ofive.

A lack of variation in the medical cotacts and particularly, a lack of the usef primary

care data were observed in the studies included in the reviewFour studies investigated

GP orother types of medical contact to define asthmaOne studlyOOAA O1 O&GPI £ ET 60
contacts to define asthmaHigham et al., 1997. Two additional studies used GPrelated
contacts(Fleming et al., 2000aMedina et al., 1997. Yamazaki et al{2009) used data from

a primary care clinic. A further two studies used billing claims for treatment to measure

the number of asthmatics(Morris et al., 1997 Van Dole et al., 2009

No studies observel the effect or association with environmental exposures on both
primary and secondary care contactsThe majority of the studiesused medical records

from hospitals to suppl the data for analysis. The disadvantage withsing such datais

that it only captures a ceatain type of asthmatic patient(Maantay, 20073. In general, these
casescorrespond with the most severe cases of asthmdurther research should utilise

other sources of data such as primary care information to define asthma.

Geographical locationis an important determinant of the environmental composition of
exposures. D an extent, he generalisation of findingsis often constrained by the location
and the environment where the study was set. Theoretically, findingsrom a study set in
Asia may not beapplicable to the UK due to differences in environmental composition
Literature examining the environmental triggers of childhood asthma resulting in meical
contact in the UKwas somewhat limited. Eighteen studies included in the reviewwvere set
in the UK (two of the studies examineboth weather and pollen exposures)Only four UK
studies investigated the seasonal pattern inCAMG six investigated pollutant exposures
and CAMC four investigated weather exposures; four studied the effects of pollergne
study investigated the spatial relationship between pollutant exposures and childhood
asthma; three explored the role of school in reference tohildhood asthma exacerbation
Although new researchmay re-iterate what has already been found in studies set in other
countries, it would be beneficial to conduct further research to stdy the association of
environmental exposures andCAMGn a UK setting.
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The mgority of the studies included in the review did not usecomparison cohorts to
compare findings Approximately oneseverth of studiesthat investigate pollution, pollen,
weather and spatial associationsused a control/ comparison group within their
investigations. Only one study that used a comparison groupwas based in the UK
(Wilkinson et al., 1999. Almost half of the studies that used acomparison group
investigated the spatial relationship between environmental exposures and medical
contact. Comparison groups were often defined as the remainig number of visits that
were non-asthma or non-respiratory related and were often not matched by certain
factors that may influence the differences in effect between the asthma and nasthma
cohort. One paperpointed out that, seasonal patterns as a result of weather or pollutant
exposures have a potential effect on children with nomespiratory illnesses (Buchdahl,
2000). Therefore is it possible to suggest that environmental exposures may have an effect
on the number of medi@al contacts made by norasthmatic children. Hence, the use of
comparison cohortsis necessarnyto evaluate whetherseasonal pattens or environmental
effects on CAMCare in excessof the effects experienced byon-asthmatic children.

Lag effects were obsered in less than half the studies investigating pollutant, weather,
pollen, and/or school associations with childhood asthma resulting in medical contact. Of
the studies that reported a lag or delayed effect, two were set in the UK. Further research
can beconducted to investigate the lag effects of environmental exposures in the UK.

2.4.4. Strengths and Limitations of the Method of Review
The objective of the report was to explore existing literature investigating the
environmental triggers of asthma resultingin medical contact. Oneadvantage of this
review was the scqe of literature used Another advantage is the search strategies were
consistent across the databases though not consistent across the topics investigated. For
A@Al Bl Ah wad Gcaged forl idthe title of the articles only. The reason behind
searching for key terms within the title was to reduce the number of articles that needed
to be evaluated for inclusion in the reviewln addition, it was assumed that if the key term
was not included in the title, then that characteristic would not be present in that
particular study. This may have affectediie number of studiesobtained.

The data extraction was not up to the standards required for a systematic review. The data
extraction used was a shomr version of the data extraction forms used in standard
systematic reviews.A shorter data extraction wasusedbecause there were a large number
of studies to extract information from, hence this method was used to ease the extraction
process given the tne and resourceconstraints of the PhD.

Only the first 2 questions of the Critical Appraisachecklistwere used to test the quality of
the studies, ideally allll or 12 questions should have been applied tassess whether the
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paper was upto-standard to be included in the review. Again, the reasofor this shortcut
was related to time and resource restrictions.

2.5. Summary

This chapter documents the findings fromover 150 studies investigating the seasonality
and environmental triggers of childhood asthmaresulting in medical contact. Several
studies reported seasonal patterns in medical contacts made by children with asthmadh
that part of the reason forthe seasonal patternss an association with school return.In

general, therewas evidence for and aganst associations between pollutant andwveather

exposures and childhood asthma related medical contacts More evidence that is
consistentsupports a pollenrasthma association.

Though a large number of studies were conducted examining the five aspgthat are of
interest to this thesis, a number of limitations were observed which fuelled judfication

for this investigation. One weakness othe literature review was that most of the research
was conducted in a hospital based setting from a single geograph

Another weaknesswas thatfew studies used acomparison group in theirdesignand even
fewer studies matched asthmatics to norasthmatic individuals or contacts by certain
factors for instance age and gendefTherefore, limited evidence is currently awailable
distinguishing whether the seasonal or environmental effect is stronger with an asthmatic
cohort compared to a nomasthmatic cohort. It follows that the magnitudes of the
environmental assodations and seasonal patterns withmedical contacts made # children
with asthma have not beenstrongly established as leing different to the effects withnon-
asthmaticsand this provides motive for further investigation.

A further issue is thata small number ofstudies were conducted in the UK andsalocation
and proximity are influential factors to the strength ofexposure;findings from studies set
outside the UKmay not be appropriately appliedto the UK that provides another motive
for further investigation in the UK.

Lag effects were reported m only approximately half the studieswith only two of those
studies beingset in the UK. The lack of research using@mparison group to compare
effects with asthmatics the lack of research from the UK and the requirement to reinforce

the findings of previous researchprovides a niche for thisthesiss ET OAOOECAOQEIT 1

To respond to some othe questions left unansweredfrom the literature, this thesis aims

to conduct a retrospective matched asthmatic nonrasthmatic analysis using large and
complex datasets to evalate the seasonality ofcounts of medical contactmade byschool
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age asthmatics andnon-asthmaticsin a different health care settings (primary care and
hospital) across different geographies

These datasets will allow an investigation of an associatiobetween environmental
triggers and medical contacts made by asthmatics and neasthmaticsas well as aspatial
relationship between pollutant exposures andmedical contacts made by asthmatics and
non-asthmatics
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Chapter Three
Description of the Original Clinical and Environmental
(Outdoor Air Pollutants, W eather, Pollen) Datasets

3.1. Introduction

In Chapter Two, the existing literature investigating the seasonality and environmental
(pollutants, weather, pollen) exposures of childhood asthma resulting in medidacontact

was documented It also discussed the weaknesses within thigerature, which fuelled the

justification for this piece of research. Thisthesis used clinical data from the General

Practice Research Database (GPRD) obtainedagorto the start of the project and clinical

AAOA EOI 1 OEA 3EAEEEAI AollectedEwhisOhd praect Wis ODE OA |
conducted (alongside the analyses of the GPRD datiajvestigationswere conducted using
time-seriesand spatial outcomesThis chapter shalldescribe the original clinical datasets.

This thesis examinedthe pollutant, weather and pollenassociations with medical contact
made by children with asthma As stated in Chapter One this thesis uses the term
OAT GEOT 1T 1 AlTudbrdlia terrA €r olitHoor air pollutants, pollen and weather
exposures Overall, the thesis included28 independent variables for the time-series
analyses and 28 for the spatial analysis. Thexposuredata were obtained from the English
region of Yorkshire. This chaptershall also describethe sources of the environmental data.

3.1.1. Aims of the Chapter
The aims of the chapter are to:
1. Describe the source and structure of the original clinical and environmental
datasets
2. Report the process of ethical approval neded to conduct this research
Describethe time-seriesand spatialoutcomes of interest
4. Describe the source of the environmental datasets used in thégme-series and
spatial analyses

w
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3.2. Data Source Summary

National Air Archive
General Practice Research Database (GPRD) Air pollutant time series data

England and Waledime series data

Met Office

Trent Regiontime series data Weather exposure time series data

National Aerobiology Research Unit

SEAEEEAT A #EEI AOAT 6« : .
Pollen exposure time series data

Sheffieldtime series data

Sheffield spatial data

Office of National Statis tics
Sheffield air pollutant spatial data

Figure 3.1: Schema of Data Sources.

The data used in the study wre obtained froma number ofsources. Gathering the types of

data used,Figure 31 shows for each sourcewhat type ofdata were obtained. From the

GPRD, daily counts of medical contact were obtad at anational (England and Wades)

and regional(Trent) level. The study intended to conduct the timeseries investigations at

national, regional and local level to in effectrill the analysis down from a large to a small

geography. As there was no finer level of geographical inforrtian in the GPRD dataset,

Al O 11TAAl OAPOAOGAT OAGET T h &ZEOOOGEAO Al ET EAAI AA
El OPEOAI 8 4EA S3EAEEEAI A #EEI AOAT 80 -drie©OPEOAI E
investigations andarea based counts for thepatial investigation.

Exposure data were obtained from four sources in total. Three of the sources provided
daily measures of pollutant, weather and pollen data for the South Yorkshire area; these
were used in the timeseries environmentalmedical contact investigation. The fourth
source provided spatial pollutant measures for Sheffield; these were used in the pollutant
medical contact spatial investigation.

3.3. Clinical Data from the General Practice Research Database

3.3.1. Source of Data (General Practice Research Database)
The largest dataset was obtained from the General Practice Research Database (GPRD).
The GPRD is now currently known as the CPRD though for the purposes of this thesis, as
the data were collected from the formerly titled GPRD, the acronym GPRD is us&Hte
GPRD is a computerised database that collects anonymous longitudinal medical records
from over 500 primary care practices in the UK Hfttp://www.cprd.com/intro.asp
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[Accesseddth April 2013]). The GPRD grop within the Medicines and Healthcare products
Regulatory Agency (MHRA) manages the database

To obtain GPRD data, an application for data was made to the Independent Scientific
Advisory Committee (ISAC) for Medicine and Healthcare products Regulatory &gy (see
Appendix B for protocol submission for scientific review). The original dataset were
obtained as CSV files.

3.3.2. Clinical Features of the General Practice Research Database
Dataset
The original GPRD dataset included 1fillion rows of individual patient information. For
each patient, the following information was obtained:
- Gender; male or female
- Region of the practice; London, South East, South West, Eastern, West Midlands,
Trent, North West, Northern and Yorkshire, Wales, Scotland and Northern Ireld
- Country of the practice; England, Scotland, Wales, Northern Ireland
- Type of contact: for example,"Night visit, Deputising service", Out of hours,
Practice", "Telephone call from a patient"There were 30types of contact in the
original dataset(see3.3.2.1).
- Date of contact or date of the event: additional columns in the set separated for
day, month and year
- Reason for contact

Other variables were also obtained on the patientmcluding weight, height, drinking and
smoking and so on but these variables were not used within thigwvestigation and so are
not detailed further.

3.3.2.1. Type of Contact
To consolidate the number of ypes of emergency contact, (Table 31) types of contact
were further aggregatal into six categories(medical contacts} All Counts, Acute Visits,
Casualty Counts, Emergency Consultations, Emergencgunts,and Out of Hours Counts.
Within the consultation files, consultations were coded.
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Table 3.1: Codesfor GP consultation (type of contact)

Code Definition Code Definition

166 Night visit, Deputising service 177 Letter from Outpatients
167 Follow-up/routine visit 178 Repeat Issue

168 Night visit, Local rota 179 Other

169 Mail from patient 180 Resultsrecording

170 Night visit, practice 181 Mail to patient

171 Out of hours, Practice 182 Emergency Consultation
172 Out of hours, Non Practice 183 Administration

173 Surgery consultation 184 Casualty Attendance
174 Telephone call from a patient 185 Telephone call to a patient
175 Acute visit 186 Third Party Consultation

176 Discharge details

Only unscheduledcontacts were included in this investigation. Therefore, routine medical
appointments, correspondence to and from a patient, and other neemergency contacts
were removed. The following codes were omittedi67, 169, 176, 177, 178, 180, 181, and
183.

The remaining codes were categorised into six categories (six datasets):

165; 166; 168; 170; 171; 172; 173; 174; 175; 179; 182; 184; 185; 186 = Albunts
175 = Acute visits

184 = Casualty

166; 168; 170; 171; 172; 175; 182; 184 = Emergency

182 = Emergency Consultations

166; 168; 170; 171; 172 = Out of Hours

R e o

Acute Visits were house calls made by the GP. Casualty attendances wergacts made to

thA AAAEAAT O AT A Ai AOCAT Au AAPAOOI AT 08 %l AOCAT Al
AT AOCAT Au Apbi ET Oi AT 666 Au OEA '0 [ AAA xEOEEI
contacts were contacts made between the hours of 6.30pm and 8am during weekdays, all

hours a weekends and bank holidays.

3.3.3. Ethics Approval (General Practice Research Database)
The GPRD data were anonymised. As part of the process of obtaining the data, the GPRD
obtained ethics approval prior to constructing the datasets. The GPRBought ethical
approval the Trent multi-centre ResearchEthics Committee éee Appendix B. For the data
O AA AT Al UOGAA xEOEET 3A(!22h OEA @aysigof )#d %O

I'TTT Ul EOAA cotnplaied and appréved (see AppendiB).
3.3.4. School-age children (General Practice Research Database)

The original purpose of the dataset obtained from the GPRDwas to investigate the
association between school return anahildhood asthma related medical contactsAs the

60



Chapter Three

investigation was interested in schoolagechildren, the age range was restricted to %o 16
years. By including only schootage children, the school associated effects were kept
constant throughout the sample.

An additional reason for the use of only schoedge childrenwas that, should a childseek
medical contactfor a respiratory related problem, there is normally no (or few) other
underlying respiratory (or other) condition than asthma (primary condition of respiratory
illness in this population). This is not the case for children under fiveyears of ageasthe
diagnosis of asthma is often less accurat@ownshend et al.,2007). Respiratory related
symptoms in children less than five maybe attributed to a number of causes not only
asthma.

Going forward, the information gained from this piece of work is to be used to form part of
the background for a trial investigatirg the efficacy of a simple intervention to encourage
earlier uptake of routine medication by €hool-aged children with asthma This
intervention aims to prevent the upsurge in medical contacts made bychoolagechildren
with asthma after school return inSeptember.

3.3.5. Definition of asthmatics and non-asthmatic s (General Practice
Research Database)

Several studies use selfeported wheeze within the pastl12 months to define asthma asn
outcome (Tattersfield et al.,, 2003. For a more formal descriptionreflecting on the
severity of the condition, the proposed investigation defined the dependent variable as
schoolage asthmarelated medical contacts. Asthmatics and neasthmatics were born
between 1983 and 2000 with a clinical or referral record documented betweenslJanuary
1999 and 31t December 206t. The asthmatic cohar comprised of patients who hadbeen
diagnosed with asthma prior to the study or have been newly diagnosed with asthma
during the study period. The GPRD protocol stipulated that the patients included in the
asthmatic cohort must havea medical diagnosis code from the READ/OXMIS codes for
asthma (see AppendixB). Children with a medical diagnosis of asthmeould have multiple
medical contacts (for any reason). Thigvestigation was interested in how many contacts
were made by the cohor of asthmatic children.

Non-asthmatics were selected if their medical documentation reported no history of
asthma. Asthmatics were matched on a ondo-one basis to norasthmatics acording to
age (same age as asthmajicgender (same gender as asthmatjcand general practice
(came from the same practice as the asthmaiicIn similarity to the asthmatic cohort,
non-asthmatic individuals could have more than one medical contact. Thigwvestigation
was interested in how many contacts were made by the cohodf non-asthmatic children.
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3.3.6. Sample size (General Practice Research Database)
Due to the applicationof the ISAC Protocol No.06_02@ata were obtained for 76,116
schoolage ashmatic patients matched oneto-one to non-asthmatics by agegender,and
general practice. A number of asthmatic patients (h=808) who do not have a matched
non-asthmatic individual were also included in the sampleas it was decided that the
addition of these contacts would make no difference to the resultsThis approach is
consistent with Julious et al (2011b). In total, data on 153,040 patients were sourced from
the GPRD. Not all these patients were included in the final analyses (Clinical data from
Ireland omitted, seesub-section 3.6).

3.4. Clinical AAOA &£OiI I OEA 3EAEEZEAI A #EEI AOAI

Qu

34.1. Sourcel £ $AOA | 3EAELEEATI A #EEI AOAT 60 (1 Of
One limitation of the GPRD data was that spatial analysis could not be conducted except
for at regional level. Therefore, additional local data werebtained to allow a more
spatially accurate investigation.To illustrate any environmental associations at a smaller
geographical level, additional data wereobtained from SCH.Patient data were obtained
from two types of medical contact: hospital admissions and A&&ttendances The original
intention was to use SCH data to investigate potential spatial relatioships between
pollutant measures and childhood asthma admissions. This dataset had a second purpose
and wasused in thetime-series analysis to examine localised time-series relationships
with environmental exposures These results were to be compared with the resultsom
medical contacts from the England and Wales and the Trent Region as a means of
cross-validation.

3.4.2. Defining Spatial Resolution
As stated, the iitial reason this investigation sought SCH data was to conduct a spatial
investigation with pollutant measures. One important aspect of spatial analyses is the
degree of granularity (also known as spatial resolution) that the independent and
dependent variables are measured at geographically. Granularity refers to the level of
coarseness or the resolution of datawyww.ersi.com) [Accessed % March 2013]. It is the
extent to which a geographical area is broken into pieces. 1farea is broken into20 pieces,
this has finer granularity than an area that is subdivided into 10 pieces. Granularity is
particularly important when assessing spatial relationships. Often studies observing
spatial relationships do not have the opportunity to obtain personal exposure
measurements. These studies often use point source or background measurements
TAAOAOGO O A DA Oliekel abtsas prokyOntakelsifoA dkpodire. As these
measures often diffe spatially, it is important to try to keep the area unit as small as
possible to capture the most accurate relationship. To obtain the smallest level of
granularity, the ideal situaton would be to analyse patien® @ostcodes in relation to
pollution.
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Super Output Areas (SOAs) are a unit of geography used mainly by the ONSdillect,
aggregate and publisharea-basedstatistics. The size of an SOA is standard and is largely
based on the number of persons living within the boundaries of the SOA (number of
persons calculated using census data). Middle Super Output Areas (MSOAs)d a
minimum of 5,000 persons with an average population of ,200. This area unit dictatel the
geographical level of information required in the clinical datasebecause this investigation
was only able to obtain pollutant data at this levelThere currently are 71 MSOAs in
Sheffield

Prior to the handing over of the SCH dataset to SCHARR, for each patient, residential
information was defined by postcode. This is patient identifiable. In order to obtain
anonymous patient data, the hospitalvas providedwith all postcodes in Sheffield matched
Oi OEA -3718 O AT AT 1 0OA0OOE | A xAAOEOA OOGAA Oi
obtain all postcodes for Sheffield matched to each MSOA. Excel dataset including all
postcodes matched to a MSOA was givemthe SCH.
This strategywas acompromise betweenusing data that could beobtained at:
a) full postcode level, this information would result in a potential issue ofpatient
identifi ability and would have required NHS ethical approvaind
b) three digit postcode level, this level of information would not give a very
accurate spatial illustration of the relationship between childhood asthma and
pollution levels.

3.4.3.  Clinical Features of the Sheffield CE E 1 A MAsbitlataset
Two datasets were obtained from the SCH in kcel format. One dataset includedall
admissions and the second dataset included all A&E contacts made to the hospital. These
datasetsincluded in total 751,867 rows of data (admissions dataset n=27032 rows, A&E
dataset n=481835 rows). These rows represented every medical contact made to the
hospital from September 1999 to March 2010.

For each patient, the following information required for this study was obtained:

- Age

- Gender; male or female

- Date of contact or date of the event: additicad columns in the set separated for
day, month and year

- Type of admission: only norelective admissions were selected to capture
unplanned emergency contacts (Admissions dataset only)

- Reason/diagnosis for contact (Admissions dataset, ICID; A&E dataset, iagnosis
text. See definition ofasthmatics and norasthmatics)

- Area of residence defined by MSOA
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Asthmatic events and matchedhon-asthmatic evens were extracted from the 768167
rows of contacts (seesub-section 3.4.6).
3.4.4.  EthicsApproval } 3SEAZEZEZEATI A #EEI AOAT 80 (1 OPEOA
The SCH data were anonymisedétthic approval to conduct research on this datasenithe
ScHARRwas obtained (see Form IC: Ethics Application Form for Secondary Analysis of
PT T 1T Ul EOAAppsndixBA 0

3.45. School-agechildren j 3SEAEZEAT A #EEI AOAT 380 (1 OPE(
As with the GPRD data, the sample of interest from the SCH includamhtacts made by
children aged 5to 16 years of age.

3.4.6. Definition of asthmatic and non -asthmatic medical contact s

i SEAEEEAT A ##EBE]l AOAT 60 (1 0P
As with definitions used in the GPRD daiset, the aim was to obtain asthmati with a
medical diagnosis of asthma. The two datasets had different types of information for
reason for contact/diagnosis:

1. In the Admissions dataset: norelective admissons with a primary diagnosis
defined using ICD.10 codes: J45.0, J45&nhd J45.X wee selected for asthma
diagnosis

2. In the A&E dataset: two variables were available for diagnosis, the first column
included text the doctor had written upon examination andthe second column
ET Al OAAA OOAT AAOAEOGAA AT AAA EEAI AO &£ O 1 AOQE
or both fields then this was defined as a medical contact for asthma.

Non-asthmaticswere definedas those recordswith no medical diagnosis of asthma

3.4.7.  Sample for Time-series Analysesj 3 EAZZEAT A #EEI AOAT 60
From 1999 to 2004 (in line with the GPRD d#aset), data were obtained on 1,772
asthmatic events matched oneto-oneto non-asthmatic contads by age, gender and MSOA
The matchingcriteria were chosen toexaminewhether an asthmatic contactis more likely
to occur on a different day to its matched nonasthmatic contact This illustrated whether
the seasonal patterns of medical contacts were different betweeasthmatic and non
asthmatic contacts. Non-asthmatic contacs were selected on the basithat the reason for
hospital contact did not include asthmathus the non-asthmatic contact could have
resulted from any other diagnosis. On a few occasions, matching exactly by age in years
and gender wasnot feasible; the lowest ével of matching included as asthmatic contact
matched to anon-asthmatic contactthat was older or younger by three years and not
matched by gender or MSOA (see AppendB Matching method used Sheffield Children
hospital data).
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The number of evats included some duplicate asthmatic contactavhere apatient moved
from A&E to inpatient care.From 1999 to 2004, 304 duplicate asthmatic contactswere
admitted as A&E contacts For All Counts, if a patient that attended A&Rvas admitted,
they were included in the sample once. For the Admissions and A&E datasets, faient
that attended A&E wasadmitted, their contacts were included in both datasets.

3.4.8.  Sample for Spatial Analyses} 3EAAZEFEAT A #EEI AOAT 60 (1
From 2002 to 2005 (pollution data obtained for these years), B05 asthmatic contacts
matched oneto-one to non-asthmatic contacts by date of contact, ageand gender were
obtained. The matching criteria were chosen to illustratewhether on any given date, a
asthmatic contactwas more likelyto be made by a person whoesided in adifferent MSOA
compared toits matched nonasthmatic contact This illustrated whether the geographical
distribution of medical contacts was different between asthmaticand non-asthmatic
contacts. Non-asthmatic contacts were selected on the basithat the reason for hospital
contact did not include asthmathus the non-asthmatic contactcould have resulted from
any other diagnosis. On a few occasions, matching exactly by age in years and gender was
not feasible; the lowestlevel of matching included asthmatic contacts matched to nen
asthmatic contacs by date of contact only (see Appendii).

As with the sample selectedfor the time-series analysis, there were a nurber of contack
that were made bythe same patientwhere a patient moved from A&E to inpatient care
There were 220 duplicate asthmatic contact whereby A&E contacs from 2002 to 2005
were admitted. For this sample if a patient that attended A&Ewas admitted, their contad
wasincluded in the sample once.

3.5. Distinction in the Matching Methods used for the GPRD datasets
and Sheffield Datasets

The matching process(matching an asthmatic to a norasthmatic (individual or event))
used for the GPRD and Sheffield datasets has bdwiefly describedin sub-sections3.3.5
and 3.4.7. However, these processes were not described in conjuia with one another
and as the two matching procesgs weae different; this sub-section makes direct
comparison of the methods

For datasets sourced from the GPRD (England and Wales, Trent Region and Scotland), an
individual with a medical diagnosis of asthma was matched with individual with no
asthma diagnosis by age, gender angeneral practice. In this case, an individualas
followed up and may have made medical contet on more than one occasion.&h medical
contact that individual madeequates to a singleontact regardless of whether they made a
contact previously. Hence, anindividual may have made five contacts and all these
contacts were included Also,an individual may have made no contact.
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For the Sheffield dataset as identifying individuals was not possiblea hospital contact
made for asthmatic reasonswas matchedto a hospital contact for norasthmatic reasons
by age gender and MSOA or year of contadh this casejf a patient moved from A&E to
inpatient care, an individual may have made two contacts (attended hospital on two
different days). However, this matchng process did notmatch on an individual but
hospital contact basis. Thus, if an individual made two contacts for asthmatic reasons on
two separate days, each of these contacts would have been matched to two +asthmatic
hospital contacts. This differs fom the GPRD datsets where individuals and not the
contactsthey madewere matched.

3.6. Clinical Data for Northern Ireland and Scotland

GPRD data wre originally sought to investigate schoolage asthma trends over time in

Scotland and EnglandClinical data from Northern Ireland were also obtained from the

GPRD However, these datawere not included in this investigations . T OOEAOT ) OAT A
sample was the smallest of the four countries in the UK (ns80 matched asthmatics and
non-asthmatics) and daily courts (range from 0 to 203) werelow. In addition, when the

analysis of the data was udertaken, environmental data werenot obtained for Northern

Ireland. Since environmental data werealready obtained for Scotland and Englan@nd

Wales it was deemedhatal AAAEOET T Al AT AT UOEO OOET C .1 OOEA
add further value to this investigation.

The Scottish data were analysed in parallel with England and Wales, the Trent Region and
Sheffield. The intention was to deduceand compare resultsfrom national to local level.
Since natioral representation of results was already obtained usingngland and Wale8
data, it was decidedthat to minimise the length of the main thesisthe results from
Scotland should be reported in the Appendix.

3.7. Clinical Outcome of Interest

3.7.1. Time -series Outcome
For the time-seriesinvestigation, the outcome of interest was the daily number of asthma
related and nonasthma related medical contacts (daily counts)in addition, the daily
excess ofasthmatics over norasthmatics was thesecondoutcome of interest. The excess
represents the residual effect of the asthmatic group over and above(or below) the
average school population. e data for the medical contacts from the GPRD and SCH were
aggregated by daymonth, and yearf the medical contact and by region and country and
by the type of medical contact. Daily counta/ere obtained from the 1st of January 1999 to
31st of December 2004.
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The intention was to conduct the timeseries analyses onthree geographical areas
decreasing in size. Analyses were carried out on dasourced from England and Wales, the
Trent Region and Sheffield. Clinicadata from England and Walesvere examined so the
relationships could be revealed at national level. Data for Sheffield were obtained t
observe localisedassociatiors with the environmental data (also sourced from Sheffielar
surrounding locations). Trent Region was selected because at the time thiata were
collected (19992004), Sheffield sat within Trent Strategic Health Authority (8A).
Currently, Sheffield sits within the Yorkshire and Humber SHA he results from the three
geographieswere compared to evaluate consistency.

Clinical data for England ad Wales and the Trent Region were obtained frorthe GPRD
dataset whilst clinical data for Sheffield were obtained from SCH. Analyses were carried
out on the following aggregated noamutually exclusive datasets:

Datasets
( N\
All Counts
( )
England and Wales __
> Emergency Counts Al datasets divided
into three groups
[ Acute Visits ] -
[ Casualty Counts ] Asthmatics
‘~ J Emergency Cosultations ||| =~ ¢ |
[ Trent Region } _____ » gency Non-asthmatics
[ Out of Hours Counts ] Excess
L\ J ") _,— - J

/ All Counts \ .

Sheffield  |f----------- »

Admissions

A&E Contacts

o J

Figure 3.2: Schema of Medical contacts.

As Figure 32 illustrates, for England and Walesand the Trent Region, there were six
non-mutually exclusive medical contact categories=mergency Counts includd four types
of medical contact Acute Visitg Casualty CountsEmergency Consultations,and Out of
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Hours Counts.All Counts included Emergency Countsri addition to a number of other
contacts not large enough in sample to categorissone. All types of medicalcontact bar
CasualtyCounts were GP related.

For Sheffield, there were three normutually exclusive medical contacts. Admissions
(admitted to hospital), A&E Contacts (treatedvith in the A&E department) and All Counts
(Admissions and A&E Contacts combinecho duplicates included. On some occasions, if
the patient presents with severe symptoms, the patient will be admittedthus, there is
some oerlap with A&E and Admission contactsHowever, no patient was includedtwice
in the All Counts dataset

3.7.2. Spatial Outcome
For the spatial analysis (Sheffiel only), originally counts of medical contact made for
asthmatic and nonrasthmatic reasors by MSOA wre aggregated per year (2002 to 2005).
This analysis intended to calculate Comparative Hospitabntact Ratios (CHRS) to examine
the difference between the numbersof observed over expected contast (see sub-section
4.6.1for CHR calculation). If MSOAs included remntacts, CHRs could not be calculated. As
OEAOA xAOA A 1 Oi A AddtacksAMSOMBcbuntd WereXuii@faggrefated to
obtain the mean over four years. Logged Comparative Hospital contact Ratios (CHRs) were
the outcome of interest for the spatial analysisCHRs were calculated for asthmatic and
non-asthmatic contacts and the ratioof asthmatic over nonasthmatic contacts(excess). h
similarity with the time-seriesanalysis, the exceswasthe average diffeence between the
number of medical contacts made for asthmatic reasons and the number of medical
contacts made for norasthmatic reasons

3.8. Environmental data used to support the extrapolation of
SEAEZEZEAI AGO AT GEOIT T 1 AT OAT 1 AAOGOOAO

b
P2
@)

In the time-series analyses, initially, environmentaldata were sourced from one region in

England, Yorkshire These measures werghen extrapolated against patient data at

national level. Thus,it was assumed that environmental exposures are the same assothe

country. It is well known that particularly for pollutant exposures, exposures can varpy

1TAAQGEI T8 41 OO0ODBPDPI 00 Cevkonredtdl data g orkshire)Udaily T A OACE
outdoor air pollution, and monthly weather data for a number of sitesacross the England

and Wales wereobtained. These data were originally obtained in CSV format.

Daily mean pollution data were obtainedrom the DEFRAwebsite. Pollution sites included
Bristol Centre, Birmingham Centre, Manchester Piccadilly, London BrentNewcastle
Centre, and Cardiff (see Figure 33). There are different types of air monitoring sites
defined by the type of environment (and thedominant source of pollutant) the site is
situated within. These include rural backgraind, traffic, rural and industrial sites (See
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DEFRA website http://uk -air.defra.gov.uk/networks/ [Accessed 4t April 2013]). In
AT i1 DPAOEOIT xEOE B3EAZZEAI AGO AEOU igatichiwére A
Automatic Urban and Rural Network AURN air quality monitoring sites (see section3.9.1
for further information on AURN). In line with Sheffield site measures, these sites measure
urban backgraund pollution. Data were collected on the same mean measures as used in
this investigation (NO, NQ, NOD, S& PMy, CO, ©).

Additional monthly weather data from different sites wereobtained from the Met Office
website. Weather sites included Heathrow Eastbourne, Yeovithn, Cwmystwyth, Whitby,
and Bradford (Figure 33). Data were obtained on monthly average minimum and
maximum temperature, monthly total rainfall and monthly total number of hours of
sunlight.
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3.9. Environmental Exposures for the Time -series Analyses

The results of the analysis conductedsing measures described in suisection 3.8 provide
justification for the use of measures obtainedrom the area ofYorkshire only.

3.9.1. Outdoor Air Pollutant Exposure dataset
Daily measures of pollutant exposures were obtained from the National Air Archive in CSV
format. Data were souced from the Sheffield AURNir quality-monitoring site located in
the centre of the city. The AURN ithe UKS fost important pollution -monitoring network
initially brought in to measure compliancewith to air quality directives (DEFRA 2007). In
Sheffield, the sie measures urban background emissions thugalues represent overall
AT EOOETT O OF OOAAA EOI i A TOIi AAO T &£ AT 1T OOEAOQOOT C
OEAIT 1T h AO A CATAOAT 001 An AA OADCEOBeirddAOEOA |
website http://uk -air.defra.gov.uk/networks/site -types[Accessed online 4th April 2013.
Data were obtained forthe minimum (lowest measure that occurred on the day), mean
(overall meanmeasure),and maximum (ighest measure that occurred on the day) for the

following pollutants:

. EOOEA | oB/sde glpssaryGpr defition off gm?)

Nitrogen Dioxide (NQQ 3 CI

. EQOI CAT | @EAAO 13& $SEI QGEAA |j./$QqQ tCi
Particulate Matter 10 (PMoq | AAOOOAA BI(GRM By deavimetric |
equivalent)

Sulphur Dioxide (S@Q  t3C

Ozone (QQ h t3C

1 Carbon Monoxide (CO) mgi(see glossary for definition of mgmn)

Over 20 percent of the data from South Yorkshire were missingThus, multiple
imputations were used to predict missng values.These data were imputedin a statistical
package calledsASusing the command PROC IMJulious et al., 2011h.

3.9.2. Weather Exposure dataset
Daily measures of weather exposures werehldained from the Met Office in Kcel format.
From Sheffietl, data were obtained on the following weather exposures:

1 Minimum and maximum temperature degrees Celsiu®C)

1 Sunlight hours per day
1 Rainfall millimetres (mm) per day (less than 0.3mnwas categorised as Omm)
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From Church Fenton(North Yorkshire), daily measures of pessure were obtained and
measured as hectopascalsat mean sea level. From RotherhanfSouth Yorkshire), daily
measuresof wind speed were obtained; this wasneasured asnean knots per day.

There were some missing valueswith the weather exposues. Therefore, as with the
missing pollution data, multiple imputations were used (Julious et al., 2011p. For the
missing pressure data, measures from another location (Ringway) were used assist the
imputation.

3.9.3. Pollen Exposure dataset
Daily measures of pollen exposure were obtained from the National Pollen dn
Aerobiology Research Unit in kcel format. Pollen levels were measured agrains per s,
Data for grass pollen were obtained for South Yorkshire.

For all environmental exposures, as welhs the measurement itself, information on the
date and source of measurement was attained.

3.9.4. Environmental Data from Scotland
Environmental data were alsoobtained from Aberdeen, Scotland. An additional three
environmental variables were sourced for Sco#nd; these included birch, oak and nettle
pollen. As noted in3.6 data from Scotland were analysed in parallel with England and
Wales, the Trent Region and Sheffield. Results of the analyses conducted on Scottish data
are reported in the Appendix.

3.9.5. Independent Variables of Interest (  Time -series Analysis)
Daily measures of the exposurlisted in sub-section 3.9.1to 3.9.3 are the time-series
independent variables of interest. There were 28 environmental variables overall.

3.10. Outdoor Pollutant Exposures for the Spatial Analysis

3.10.1. Source
The exposure data for the spatial analys were obtained from a different source to the
environmental data sources for thetime-series analyses.Pollution data for Sheffield were
I ACAET AA &EO1 i1 OEA |/ EEEAA 1T &£ . AOGET T Al 30A0EOOE/
%1 OE Ol 1Theldat® @weBenot collected by the ONS but wer@rovided to the ONS by
Netcen on behalf oDEFRAand the Devolved Administrations. Netcen compiled these data
as part of the National Atmospheric Emissions Inventory (NAEI). The NAEI calculated
estimates of emissions for several sources e.g. cars and power stations. At its smallest

geographical level freelyavailable, pollutant measures werebtained at MSOA level.
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3.10.2.  Air Quality
Air quality refers to assessment of the air quality relative to safety requirements necessary
for human or ecological health. Air qualityis calculated using air dispersionmodels that
incorporate information from emissions inventory estimates and meteorological data
(ONS, 200%. These measurs were categorised into scores. Scores correspond to the
annual mean concentration of a specific pollutant. igher scores indicate poorer air
quality. Background measures were taken from locatizss away frominfluential sources of
pollution such as major roads or industrial siteONS, 200%. Roadside measures were
taken from locations5 to 10 metres from an urban road such as Aoads or motorways
(ONS, 200%. For each year from 2002 to 20D, air quality scores were obtained for
background and roadside concentrations for the following pollutants:
NG
PMio
Benzene
SQ (Background only)
Os (Background only)

= =4 4 A -

3.10.3.  Air Emissions
Air emissions are measures oftte total amount of particular pollutant for a given time and
geographical area. Emissiondata estimates were calculated usingthe amount of the
pollutant produced relative to the unit in process. Air emission scoresere compiled by
combining point source (emission source are usually known locatiors e.g. power
stations) and area source (an emission source that is dispersed across the country and
consists of a number of individual emission sources such as car emissions) measures
(ONS, 2005%. Area sourceswvere based on surrogate statistics, not actual measurements of
local emissions(ONS, 2005%.

Scores for the emission intensity were obtained representing théotal emission intensity
status for a specific pollutant per MSOA(ONS, 200%. Within Great Britain, MSOAswvere
allocated scores of one to elyg based on the amount of emissions produced for a specific
pollutant. The scores correspond teeight quantiles; each quantilehad an equal number of
MSOASA score of oneinferred that the MSOAwas placed within the lowest eighth in the
country that produced the least amount of emissios of the particular pollutant. A €ore of
eight denoted that the MSOAwas placed within the highest eighth in the country signifying
that MSOA emits one the highest amounts of the specific pollutant.

Emission data also inalded percentageof emissions from the following sources: Industry,
Domestic and Commercial, Roadside Transport and Other Sources.
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Air emission scores and percentages of the emissions per soureere obtained for the
following pollutants for 2005 only:
T NGO (Nitrogen Oxide, collective term for Nitric Oxide and Nitrogen Dioxide)
1 PMpo
1 Benzene
1 SQ

3.10.4. Independent Variables of Interest
Air quality scores for 2002 to 2005 were aggregated to obtain mean measures over four
years. Air emissions data were availabléor 2005 only; no modifications were made to
these measures.

3.11. Data cleaning and the removal of outlying data points

$AET U AT OGEOITIi AT OAT 1 AAOGOOAOG 11 OEA c¢wlOE 1T £ &/
and 2004) were removedto keep constant the annual omber of days for any given year

Daily counts on New9 A A @nd Ohristmas day were also removed after descriptive and

seasonal assessment, as counts on these two days were extremely low. Low counts on New

Year® and Christmas day were consistent with stuids that analyse the same GPRD data

(Julious et al., 2011p %1 OEOT 11 AT OA1T AAOA |1 AAOGOOAA 11 #EOEC
were also removed.

The datasets were checked for outlying data point3Vith one environmental measure,

where one extreme data point was detected; the dly number of hours of sunlight was

measured at 59 hours. 4 EA AOAOACA 1 AAOOOA AAlI AOI AGAA AEOI
measures should reflect a plausible measure for that dayhus, to correct theoutlying

measure an average based othe previous data pointswas used to correct the measure of

sunlight on that day. Whether any other outliers were deemed influential to the analyses

was evaluated by checking the assumptions dhe analysisand employing comparative

analysis to see if results altered.
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3.12. Summary

This thesis use data from both primary and secondaryclinical sources to reflect varying
severities of the asthmatic conditionClinical data were obtained from the GPRD and SCH.
This thesis used only schoehge children with a medicaldiagnosis of astima (GPRD) or
who made medical contact for asthmatic symptoms (SCHYhe asthmatics were matched
to non-asthmatics by age andyender (and general practiceor MSOA) Time-seriesdatasets
were constructed using GPRD data frorkngland and Walesand the Trent Region and
from the SCH dataset for Sheffield. Daily counts were obtained from thet df January
1999 to the 31st of December 2004. This analysis alsobserved any patterns and effects on
a secondoutcome: the excess of asthmatics over neasthmatics. Theexcess represents
the effect on the asthmatic cohort over and abovdor below) the average school
population.

The spatial clinical dataset was constructed using the SCH dataset only. Asthma defined
medical contacts ly schoolagechildren were matched tocontacts made fornon-asthmatic
reasons by age, gendeand date of contact. Matched events were aggrated by MSOA and
averaged over a period of four years (2002 to 2005)[he difference of asthmatic medical
contactsover non-asthmatic contacts(excess)was also an outcome of interest

For the time-series analyses, daily measures of environmental exposure were obtained
from the National Air Archive (pollutants), Met Office (weather)and National Pollen and
Aerobiology Research Unit (pollen) from thelst of January 1999to the 31st of December
2004. For the spatial analyses, pollutanfair quality and air emissions) measures were
obtained from the ONS website for MSOAs within Sheffield from 2002 to 2006hapter
Four explainsthe method of analyses fothe time-seriesand spatial investigation.
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Chapter Four
Method of Analyses

4.1. Introduction

Chapter Three documented the source of the clinical and environmental datasetsin
order to desciibe how these datasets were utilised in this investigation,he aim of this
chapter is to describe thetime-series and spatial methods of analyses. Where necessary,
justifications are provided for the decisiors made concerning the choice ofnalytical
techniques.

4.1.1. Aims of this chapter
The aims of this chapter are to:

1. For the time-series investigation, describe analysesundertaken to support the
extrapolation of the environmental exposure from Sheffieldto acrossEngland and
Wales

2. Describe methods for the descriptie, correlational, and autoregressive analyses

3. Describe methods used in thestandard multiple regressions analyses and provide
a rationale for why the results from this method werenot presented in the main
findings

4. Report the methodology used to investigee the spatial relationship between
pollutant exposures and childhood asthma
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4.2. Graphical Examination to support extrapolation of Sheffield
environmental data across England and Wales

In the time-series anayses, small area measures of environmental data eve analysed
against patient data on a nationaltegional, and local level. Analysing small area weather
measures against national level outcomes has been used previously by another study
(Murphy and Campbell, 1987. The rationale for this technique followsusing the example
for weather exposures; there is little variability in weather typologies across the regions in
the UK and changing patternobserved in weather conditions across different regions
correlate with one another. For example, if it is five degrees colder in Sheffield today
compared to yesterday, it is likely that it will be five degrees colder in London. Although it
has been demongated that there are small overall differences in the weather conditions
across the UK, the overall weather trendare similar.

There is less evidence tsupport the same argument forpollutant and pollen exposures.
Indeed, it has beerllustrated that there can be a great amount of geographical variation in
the grength pollutant exposures To provide evidence to support the use ofneasures
sourced from only one location and its extrapolation nationwide, @& investigation was
undertaken to assess agreeent of measures taken from different locations in England
and Walesusing BlandAltman methods (Bland and Altman, 1986. Daily mean pollutant
and monthly weather measures from a number of locations were obtained (sex8 for
source information). Daily mean pollutant measures were aggregated into monthly means.
As very few nonths had missing data, imputation was deemed unnecessary. Monthly
measures of weather exposures were not modified.

This analysis investigatel whether environmental measures from Sheffield were similar to
environmental measures taken from other locationsBlandAltman plots were used to plot
the difference between location A and location B against the average of location A and B.
The means and standard deviation (SD) of the difference between measures from location
A and Bwere calculatedto seewhether 95 percent of the data falls in line within+2 (or
more precisely 1.9 ET 1T xT A O Ol E)isBgBnd arE Ak@) Ao84. Thdred 6
should be no pattern in the spread of the data poistwithin the plot. If 95 percent of the
data points fall within the limits of agreementand there is no pattern in the spread of the
data points, thenthe measuresfrom one location or another can be used interchangeably.
The results of the BlandAltman analyses argeported in Appendix C
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4.3. Structure for the Time -Series Investigation

Description of the Clinical Data

EnglandandWales | Trent Region | Sheffield

A

[ Description of the Environmental Data ]

y
[ Seasonallnvestigation ]

A 4

Correlational Analysis
0OAAOOI T80 1C

Multiple * [ Comparison of { Autoregression

Regressions regression on first . on original daily

on first order i order difference and counts s
difference autoregression on raw ARIMA or ARPOIS
Linear or Poisson . | gaily counts : ; 5

..................................................................

Results from the most appropriate
analysis were re ported

Figure 4.1: Schema of the Time-series Data Analyses.

Figure 41 illustrates a schema of the analyses undertaken to explore seasonal patterns of
daily counts of medical contacts and to analyse the relationship over time between
environmental exposures and medical contacts made by scheafje asthmatics and
non-asthmatics. Futher sub-sections cketail the steps for each of the analyses.
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4.4. Descriptives

4.4.1. Descriptive Analyses for the Clinical Datasets
Descriptive statistics as appropriate were undertakeron asthmatics, nosasthmatics and
the excessfor all types of medical contact grouped by geographical regionPlots of daily
medical countswere explored by year.

For daily countsfrom 1999 to 2004, the mean, median, SD, minimum and maximum values
were calculated. The frequency of daily counts by medical conta¢asthmatics, na-
asthmatics, and the excesseparately) were displayed via histograms to assess the
distribution s of the data(Normal or non-Normal). Daily counts wereaggregated by month
and year and these monthly meanswere graphically presented to reveal overall trend
across the period.

For every year, an Indexday was given from 1 to 36®aily counts were aggregated by
Indexday to produce a datasetontaining aggregated mean daily counts. These data were
used to illustrate characteristicswithin an average year. Thenean, median,SD,minimum
and maximum values for each groupby medical contact were calculated. Aggregated daily
means were used tonvestigate subperiods within an average year(see4.5.1).

4.4.2. Descriptive Statistics for Envir onmental Datasets
First, daily measures byyear were graphically examined.Secondly, descriptive statistics
for overall daily measures from 1999 to 2004 for the average year were undertaken for
the environmental variables.Histograms were used to examinehte distribution of the data
for each exposure Daily measures were aggregated by mdmtand yearand these monthly
means were graphically presentedo reveal overall trends across the period

4.5. Time-series Investigation

4.5.1. Seasonal Patterns Investigation
This part of the study was interested in examining peaks and troughs of medical contact
made by schoolage asthmatics in relation to the schoetalendar. As such, this study
examined whether the pattern of medical contacts across the year exhibited schaelated
seasonality. To examine peaks and troughs in daily counts in relation to the school
holidays, the following subperiods of the year were evaluated: Eastersummer, and
Christmas. Theseare the longest school holiday durationsduring the year thus thereis a
stronger possibility of observingpotential peaks and troughsn these periods.

1. For each year, the Easter period was defined 28 days before and after Easter
Sunday. This was considered anappropriate period to evaluate potential peaks
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and troughs atributed to the holiday. Peaks and troughs that occur before or after
this period maybe caused by events or factors unrelated to the Easter holiday.
Easter Sundaywas represented on thex-axis by 0. The timeline on thex-axis was
defined from -28 days bebre and28 daysafter Easter Sunday.

2. The summer period was defined from the ¢ of July to the 3% of October. The
period was defined from the 2t of July to observe a potential drop in daily counts
at the end of the school term. Theeriod followed through until the 31st of October
to detect thetrough in the summer holiday and theaccumulativeincreasein daily
counts from the start of the school year. The timeline on thg-axis was defined
from Indexday 182 to Indexday304 this represents the 1st of Juy to the 31st of
October.

3. For the same reasonsised to definethe Easter period, daily counts four weeks
before and after Christmasday were investigated. Christmas Dayvas represented
on the x-axis by 0; New9 A A Dey © represented by Indexday 7. Thémeline on
the x-axiswasdefined from -28 before and28 days ater Christmas day.

Descriptive statistics and plots of eaclsub-period for asthmatics, norasthmatics, and the
excessby medical contact were examined to observe whether the superiods had higher
or lower than average number of counts compared to the annual average.

Day of the week patterns were also examine@nd an analysis of variancevith 84% Cls
(Julious, 2004 were usedto test the significant difference between the dayof the week
counts (England and Wales All Counts only)With a 84% overlapping ClIs would infer no
statistically significant difference whereas 95%Cls can overlap with a P<0.01Results are
reported in the AppendixD.

4.5.2. Data Preparation for further Analyses
The following analyses (correlations, multiple regressions, and autoregressions) were
performed using daily counts and daily measures from 1999 to 200ata measured on
. Ax 9AAO8O AT A #EOE OObalyOcourtsA ahd daify Ofeasuires BIO O A A 8
environmental exposures by geographical region were consolidated ito one dataset.
Lagged terms othe environmental variables were added tanvestigate delayed effects.

4.5.3. Correlational Analyses
In comparison to existing literature (for example Garty et al., 1998, Im and Scheinder
2005, Tseng et al., 1992)this investigation used correlations as a preliminary test prior to
more advanced statistical analysesThe objective of thisanalysiswas to assess whether
there was an associationbetween daily measures of environmental exposureand the
daily number of medical contactsmade by schoolage asthmatis and non-asthmatics.
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Bivariate analyses using Pearson O 3 DAAOI AT 60O AT OOAT AOGET T xAOA
measures of environmental exposures and daily counts of medical contacthe

correlational method was dependent on the htribution of the daily numbers of medical

contact. The choice of correlational method was also influenced by what type of analysis

(Normal or non-Normal) would be employed in the nextanalysis (autoregressive

analysis). For each geographical area, the @gtive was to use the same type of analysis

throughout the investigation.

To investigate any potential lagged effects from environmental exposures, correlations
were carried out betweenthe lag terms of the environmental variables and daily medical
contacts. Each correlation was conducted witltwo -tailed statistical significance set at five
percent.

4.5.3.1. ComparativeAnalyses (Correlations)
&1 O .1 01 A1l AAOGAhL wakusélhilktdoOnoNona Adta/8BEAIAIOT AT & O
correlation was employed. Englandand Wales All Countsncluded a relatively high daily
Al 01 00 OEOO 0AAOOIT 160 xAO OOEOAAT A A O %i cl AT A
the Trent Region and Sheffield held noNormal distributions and counts were relatively
low. Therefore, it was questionable whether parametric correlations were suitable forthe

data. Two comparative analyses were conducted on All Counts only.

1. 3PAAOCI AT 80 A DORPAOEAT Ok O0AAOOITT60 Al OOAIL 4
robustness of the results

2. Correlations conductedup until 7 days were compared to correlaibns conducted
up until 14 days to investigate whether results were more significant withfurther
lag terms.

A synopsis of the results from these two anages can be found in Chapter Six

of two models to observe whetherthe results produced from one method are a) robust
and/or b) more significant than results produced from another method A sensitivity
analysisis an analyss which does not make the same assumptiorss the main analysis
and soallows an investigation of the robustness of the rests to possible deviations in
OEAO Aladsimptdns @ théresults are consistent then the sendivity analysis gives
confidence inany inferences drawn. For examplea linear regressionis performed under
the assumption that the data are Normal. To question and validatthe assumption
another method was used on the samelata to see whether results are similar. If results
are similar then this implies that the original assumption is correct. The term
@omparatived EO OOAA ET OOBedalise hotmll hedbmparisad roadedtesd
the assumptions of a certain methodThough asmall number of comparative analyses
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referenced in thissub-section and in subsections4.5.5.2and 4.5.7.1can be referred to as
sensitivity analyses, £l O AT 1 OEOOAT AUR O isAcoin€dhtd® toverOadlll | BAOA DI
comparisons made betweenwo models.

4.5.3.2. Consolidation of Result{Correlations)
No account was madevithin the analysis for the potential issue of multiplicity. Multiplicity
refers to the increased probability of obtaining a false positive result as the consequence
of multiple testing (Bender and Lange, 2001)However, in this investigation, inferences
were not based on single correlations that wee possibly false positive results. This
analysis examinel all the P-valuesand draws conclusons based on a collective association
betweenall the environmental exposures and types of medical contact

There were a large number of correlations. Smrating the correlations by geographical
region, medical contact and group, thighesis observed associations forthree separate
geographical aras: England and Wales, Trent Region and Sheffieldor England and
Wales and Trent Region,there were six medical contacts: All Counts, Acute Visits, Casualty
Counts, Emergency Consultations, Emergency Countnd Out of Hours Counts. For
Sheffield, there were three medical contacts:All Counts (admissions and A&E Contacts),
Admissions,and A&E Counts. For each type of medical contact, there were three groups
asthmatics, norasthmatics and the excess of asthmatics over nasthmatics. For each
group, correlations were conducted with28 exposures measted on the current day and 7
days previous.Therefore, there were (28x8)224 correlations to summariseper group.

To keep the analysis simple, the results of the correlations were consolidated. This
investigation evaluated the following aspects of the correlations to compare results
between asthmatics and nonasthmatics and to observe overall significance ofthe
relationship between environmental exposures and daily counts:

Individual environmental associations

1. The number of statistically significant correlationsamongst theeight lag daysper
environmental exposure were obtained. Tables were producedillustrating the
number of statistically significant coefficients per environmental exposure out of
eight lagged associations

2. To compare whether results were more significant wh asthmatics or
non-asthmatics, adifference in the numbers ofstatistically significant correlation s
between asthmatics and norasthmatics was calculated. A dference between1
and -1 was categorised as no difference. Diffemces of 2or more illustrated a
difference in favaur of asthmatics thus the number of statistically significant
correlationsis higher for asthmatics than norasthmatics. A difference ofess than
or equal to2 inferred the opposite in favour ofnon-asthmatics. Wilcoxon sign rank
test was used to test whether therewas a statistically significant differencein the
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number of statistically significant correlations between asthmatics and non
asthmatics. P-values and @ are given to test the median difference. If ®alues
contradict Cls, the Pvalue takes precedent. Contradictory evidence suggests the
assumptions made for the Cl daot hold.

Collective environmental associations

1. To assess whether there was collective environmental lagged association with
daily counts, the most significant (need not be statistically significant) correlations
according to lag daywere tallied. For asthmatics, nonasthmatics, or the excessf
each type ofmedical contact, for eaclenvironmental variable, the most significant
correlation was selected according the lag day it ik on (seeTable 41 for example
of analysig. In Table 41, the asterisk' refers to the most significant (neednot be
statistically significant) P-value amongst the lag days for each environmental

exposure
Table 4.1: Tally of most significant P-values.
Exposure Lag0 Lagl Lag2 Lag3 Lag4 Lag5 Lag6 Lag7
NO 0.93 0.00 0.75 0.46 0.24 *0.00 0.00 0.33
NGz 0.03 0.00 0.01 0.99 0.40 0.01 *0.00 0.38
NOD 0.35 0.00 0.20 0.69 0.24 0.00 *0.00 0.81
S *0.00 0.31 0.05 0.28 0.08 0.46 0.07 0.04
PMio 0.00 0.00 0.00 0.00 0.75 0.00 *0.00 0.01
0] *0.00 0.00 0.00 0.34 0.76 0.96 0.00 0.00
CO 0.87 0.01 0.92 0.14 0.01 *0.00 0.01 0.55
Tally 2 0 0 0 0 2 3 0

Tallieswere illustrated using bar charts todepict collective laggedassociatiors.

2. To highlight the spread of significancefor each group @sthmatics, norasthmatics,
or the exces$ per medical contact, the P-values of all the coefficientsvere pooled
together and histograms were used to demonstrate the distribution. The
histograms illustrated whether there was a collective association between
environmental exposures and daily numbers of medicatontact. A mean of a
uniform distribution of values that range from 0 to 1 is 0.5;this is otherwise
known as the expected value ands used to set the cut off for significance. A
positive distribution with a mean P-value of less than 0.5 illustratesa cdlective
association between environmental exposwes and daily counts. Auniform
distribution with a mean Rvalue equal to or higher than 0.5 illustrates no
association. Mgative distributions should not occur since under the null
hypothesis, a group of Pralues should exhibit a uniformed distribution. The
difference between the mean Rsalue and the null hypothesis (set at 0.5was
calculated
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4.5.4. Multiple Regressions Analyses

Correlating environmental daily measues with daily counts of schoolage asthmaticand
non-asthmatic medical contactsprovided preliminary evidence ofassociationsbetween
environmental exposures and medical contactsHowever, the correlations only investigate
bivariate associations. Correlations do not account for the fact that in thisivestigation,
observations (daily couns and daily measures) wee ordered by time and by being
ordered by time, these observations have some intrinsic characteristics or structure
(Chatfield, 1996. Correlations do not take into account the effect of possible external
factors (i.e. day of the week effecjsin addition, correlations also do not take into account
the possibility that the data maybe autocorrelated (see Autocorrelationd.5.5. To
investigate the relationship between environmental exposures and childhood asthma,
standard multiple regressive techniques were applied to investigate environmental
associations with daily counts of school age asthmatics)on-asthmatics, and excess
controlling for confounding factors (day of the week, bank holidayand season)

4.5.5. Autocorre lation
Autocorrelation is often encountered in time series datasets(Chatfield, 19986.
Autocorrelation is the correlation between two or more data points separated by time.
What happens on a day isikely to be influenced by what happenedn the days previous.
In general, compared to events made one weedgo, events that occurred days previous
have a stronger influence on current day events. In this investigatiomedical contacts
made onone day ae independent of the medical contacts made on the second day.
However, it may be possible thatdue a ©nstant exposure,the numbers of dailymedical
contacts made on the first and second day are similarandthus maybe correlated.

Standard linear regression techniquesequire independence between observations and
errors. If present, autocorrelation implies non-independence between the observations
ordered by time thus the dependent variable appears to hold nomandom data. The
presence of autocorrelation invalidates the technique used and thus, other more complex
techniques allowing for autocorrelation need tdbe employed

4.5.5.1. Preliminary Model: testing the assumptions of a Multiple Regression
The objective of this analysis was to improve uponthe weaknesses present in
correlational analyses by investigating relationships controlling for a number of
confounding factors. This analysis was designed to compar null model that included
covariates only to analternative model that included covariates and environmental
exposures with its seven lag terms (one exposure per modell.hus, associations with
laggedmeasureswere observed concurrently with current day measures.

A number of studies referenced in the literature review included dummy variable to
control for day of the week influenceqGrineski et al., 201Q0Halonen et al., 2008Anderson
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et al., 1999. A number ofstudies added bank holiday as a covariatéLee et al., 2006aPeel
et al., 2005. In addition, several studies ¢ee 2.3.1) report a sea®nal pattern in asthma
medical contacts In this investigation, graphically exploring daily counts and daily
environmental measures revealed evidence ofhe seasonal patterns Day of the week
patterns were also evident in the clinical data. Informed by the methods used in the
literature and by the seasonal inspectin of the data, the first null model included day of
the week (except Sunday), bankoliday, and season

In order to carry out a suitable linear regression, the following assumptions should be
fulfilled: the relationship between the indgendent and depenént variable is
approximately linear and as a result ofthe model the errors/residuals are produced at
random and are Normally distributed (Machin et al., 2007. In addition, predictors (if more
than one) should belinearly independent and not highly correlated(Field, 2009).

Samples of null and alternative models wereevaluated to assess whether all the
assumptions of a Normal regression were satisfied. Testing a number of the assumptions
was achieved byexamining: the distribution of the residuals; the cumulative probability
using a Normal Probability Plot;the scatter plot of the predictedvaluesand standardised
residuals; and the autocorrelation plot of the standardised residual. Autocorrelation plots
illustrate the autocorrelation coefficient (y-axis) by time lag -axis).

To meet the assumptions of a linear regression, the distribution of the residuals should be
Normally distributed, the Normal Probability plot should follow a fairly straight diagonal
line, the scatter plot should show a random scatter of predicted values agairst
standardised residuals. The Auto Correlation Function (ACBH should exhibit
autocorrelations within the lower and upper confidence intervals €0.05to 0.05).

4.5.5.2. ComparativeAnalyses Multiple Regressios
As a number of thestandard regressiveassumptions weae not fulfilled in particular, there
was quite a high level of autocorrelation gee Appendix F, F1)further work was conducted
to see whether linear regression was suitabléor England and Wales, Trent and Sheffield
datasets and whether modification to he outcome or the addition of more covariates
could reduce deviation from the assumptions. A number of comparative analyses were
carried out to find the most suitable model to represent thénvestigationd © T O1 1 EUDT OEA(
These analyses were conducted mially using the medical contact with the highest counts:
All Counts.Comparisons were made to evaluate the robustness similarity in results of
the primary analysis; changes were conducted only if the new model provednore
appropriate and produced results that were more significant

To verify whether results from the comparative analysis conductedfor the correlational
analysis hold true using regressive techniqueshe first comparative analysis compared a
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linear model using daily countsas the outcomewith environmental exposures lagged by7
days versus a linear mdel using daily countsas the outcomewith environmental
exposures lagged byl4 days.

Transforming daily counts into first order difference is one method used to reduce
autocorrelation (Chatfield, 1996). First order difference is the difference between current
daily counts anddaily counts lagged by one day. Lag bank holiday effects were a possible
confounder if first order difference were used as an outcome.This was llustrated by
examining the residuals ofa null model (day of the week, bank holiday and season) with
first order difference as the outcome.A lagged bank holiday dummy variable was
constructed: this was defined as a day aftest bank holiday butit must not land on a day
that was already a bank holiday. Thus, there were no double lagged bank holidays. For
example, at Christmas, two bank holidays are followed by only one lag bank holiday. Since
Christmas day was omitted from the analysis, there were only three double holidays for
England and Wales from 1999 to 2004.The secondcomparative analysis compared a
linear model using first order differenceas an outcomewith no lag bank holidayversus a
linear model using first order difference with lag bank holidayThe results d this analysis
were not only used to see if there was added value by including another covariate but also,
the results were compared to the firsicomparative analysis to observe whether first order
difference was a better endpoint compared to daily counts.

Govemed by the results from the secondcomparative analysis, te third comparative
analysis compared aihear model with all dataversuslinear model with outlying residuals
omitted. This comparison was made using first order differenceas an outcome This
comparison observed whether there was any advantage by removing the outlying
residuals.

Informed by the results of the third comparative analysis, he fourth comparative analysis

compared a inear model versus Poisson nodel usingAll Countsfirst order diff erenceonly.

This comparisonobservedwhether there was anyadvantagein using a different anaytical

approach. At the end of these analyses, it was concluded that using all the data (no
omissions), a Normal regressive model using first order difference a outcome and day

of the week, bank holiday, lagged bank holiday and season as covariates was the
APDDOT POEAOA 1011 1TTAAT £ O wl ¢l ATA AT A 7A1 A0S

In an attempt to find an alternative endpoint that could be used instead of first order
difference (defined earlier within this sub-section) and could also be explained using a
linear model, the fifth comparative analysis compared a linear radel using rank of daily

counts (tied ranks not modified) versus Poissonmodel using daily countson the Trent

Regiononly. This analysis observed whether there was angdvantageto using a linear

model on the rank of daily counts compared to using a Poisson model on daily counts.
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Again in an attempt tofurther investigate the results of the first order difference the final
comparative analysis compared aihear model using rank of first order differenceversus

Poissonmodel using first order differenceOOET ¢ OEA 4 0AT O 2ACET 160 AAOQ,

Qu

Comparativeanalysed x AOA A1 01 AT 1T AOAOAA OOETudtofandl O AT Ad (
comparative results for England and Wales, the Trent Region arnfcotland are given in
Appendix F

4.5.5.3. Final Method used in the Multiple Analyses

A summary of the results of thecomparative analysesare given in Chapter Six. From
results of the comparative analyses, linear multiple regressions were employed to analyse
the England and Wales datset and Poisson multiple regressions were used to analyse the
Trent Region and Sheffield datsets. Informed by the comparative analyses there was no
advantagein investigating environmental exposures lagged further than seven days. fe
alternative model included all covariates plus the additionof an environmental variable
lagged by seven days.

Twelve covariates were included in the final null model. Thesimcluded days of the week
(Monday to Saturday Sundaywas excluded and was the reference dgy bank holiday
lagged bank holidayand four sinusoidal terms.Sinusoids are a series of waveamployed
to control annual seasonal patterngSamoli et al., 2001Schwartz et al., 199%. First order
difference o the daily counts was use@s an outcomen order to reduce autocorrelation.

For England and Wales, the poirgstimates and Pvalues for the environmental variables
were extracted along with the residual sum of squam from each standard multiple
regression An Ftest calculation of the difference in the residial sum of squares (RSS)
between the two models was used to compare the fit of the null model against the model
with the addition of each environmental variable lagged by seven daysee cdculation in
sub-section4.5.7.2.

For Trent Region and Sheffield, poinestimates (illustrated as a percentage change per
one unit increase) and Pvalues for the environmental variables were extracted along with
the deviance of each multiple regression (Poisson). Overdispersion refers tioe presence
of greater variability in the observed model tha is expected based on meamariance
relationship (Hinde and Demétrio, 1998. Examining overall model effects that include
continuous variables is more appopriately tested using an Ftest calculation where
models may exhibitoverdispersion (Collett, 2002).
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The presence of autocorrelation was investigated via ACF (Auto Correlation Function)
plots in all the models and a minimal presence of autocorrelation was detected
(between-0.1 and0.1).

4.5.6. Weaknesses of Multiple Regression Analyses

Although the Multiple (Linear and Poisson) regressions revealed a number of
relationships between daily environmental measures and dailycounts, there were
problems related to the use of first order differenceas an endpoint The predominant
issue was the difficulty in interpreting the results using first order difference as the
outcome. Results using first order differencenere interpreted as day-to-day changes in
daily counts. Dayto-day change refers to the difference between daily counts occumg on
day one and day two. It was more desirable to find method that cananalyse the raw data
so that interpretation infers that a one-unit increase with any given environmental
measure equalleda daily increase in the number of daily counts. Once moréae variance
in the models conductel using first order difference was higher in comparison to models
using the original daily counts

As this was an exploratory analysis, it wa necessary to explain any relationships using
raw daily counts. To accountdr the autocorrelation encountered with medical contacts
from England and Wales, autoregressive techniques were used to explain the relationships
between environmental exposures and dily counts ofmedical contact

4.5.7. Autoregressive Analyses
Autoregressive echniquesare often used to investigate time series data andave been
utilised in a number of the studies referenced in the literature review (for examplegsunyer
et al (2003) and Atkinson et al (2001). Autoregressive techniques based on a Poisson
distri bution to investigate the effe¢ of air pollution on health were used in OEA O! EO
oT1100ETT AT A (AAT OEd A %OOT PAAT ' BPOT AAE6 1 Ol

The autoregressive (AR) process within a model is a random (stochastic) process that
computesfuture values based on past values of the time series. The AR term is often used
in conjunction with a moving average (MA) which reduces and smoothes out the effects of
the random variation by taking the average of a subset of data points moving acros®th
time series (Chatfield, 1996. Autoregressive Mw@ing Average models often include an
Integrated term (I) which differences the time series toa create stationatity (Chatfield,
1996) thus parameters such as the mean stay constant over timéutoRegressive
Integrated Moving Average modelsre referred to as ARMA models. The terms for the AR,

| and MA ae normally bracketedfor example ARIMA (1,0,0) the first value refers to the
autoregressive term, the second value represents the integrated term, and the third value
represents the moving average
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4.5.7.1. ComparativeAnalyses Autoregressions
A number of different ARIMA models wereinvestigated under the criteria that a model
removed the presence of autocorrelation and could be implemented across all medical
contacts within one geograplical area. Firstly, using only All Countsthe simplest model
(ARIMA (1,0,0) was implemented to evaluate where autocorrelation was present. The
autocorrelation plots revealed significant autocorrelation every seven lags. This implie
that observations every seven days were correlated (seventh ordeutocorrelation) thus
were non-independent of each other. Thereforéghe models should eitherinclude an AR7
(this uses the lastsevenvalues to predict the next value) or a MA7 term (this smoothes the
data using seven day moving averaes) in an effort to minimise the seventh order
autocorrelation. This analysis did not difference any of the time series thuthe integrated
term remained as0O. Thenext modelthat was examinedincluded MA7 but autocorrelation
was still present though at lesser severity in comparison to autocorrelation produwed by
the ARIMA (1,0,0) malel. Therefore, amodel included AR(7) was examined this model
removed the majority of the autocorrelation. Together with a MA(1), the model ARIMA
(7,0,1) removed slightly more of the autocorrelation and was used for further anayses.
See Appendix Gor a sample of the autocorrelation plots.

Two further comparative analyses were conducted using autoregressive models with
sevenautoregressivelag terms.

First, in an attempt to remove any traces of autocorrelation, witim the Normal
autoregressive analysis, the results from autoregressions conducted without robust
Standard Errors (SE) were compared to results from autoregressionsonducted with
robust SEs.This comparison was not implemented with the Poisson autoregressive
analysis because at presenfDecember, 2012) autoregressive models based on a Poisson
distribution cannot be conducted with robust SEsn STATA.

Second,from the results of the previous comparative analyses,Normal autoregressive
models were to be applied to tle England and Wales data whilst Poisson autoregressive
models were to be applied to the Trent Region and Sheffield dataNarmal autoregressive
model can besuitably applied to assesghe effects of independent variables on theecond
outcome 7 the excess(difference between the daily number ofasthmatics and non
asthmatics). However, it is questionable whetherPoisson autoregressive methods could
appropriately be used onthe excessas an outcome Not least as for a Hsson regression
the outcome must be greater than zero as the distribution represents counts or the
number of events per specified interval in this case, timélowever, the difference between
two Poisson distributions (daily counts of medical contact by asthmatics and nen
asthmatics) does notnecessarily result in a Poisson distributionIf possible, tobe able to
compare results, the intention was to keep the outcome of the excess the same across the
three geographical areasTo investigate whether the excess as an outcome was sufficient
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and did not produce dissimilar results from an otherwise more appropriate model, the
results from a autoregressive analysis using the excess as an outcome were compared to
the results from an audoregressive analysis using daily counts of medical contact madg b
asthmatics as the dependent variable andlaily counts of medical contact made by non
asthmatics as a covariate.

A summary of the results from these twa@omparative analysesis given in Chapter Six

4.5.7.2. Final Methods used in the Autoregressive Analyses
Similar to the multiple regression analyses, the null model (including covariates only) was
compared to the alternative model (including covariates plus environmental terms lagged
by seven days). The null model includes the following covariates: Monday totGalay,
bank holiday, and four sinusoidal terms.

Informed by previous comparative analyses performed using standardised regressive
techniques, there was little to gainby adding more than seven environmental lagged
terms. Therefore, the alternative model included covariates plus the addition & an
environmental variable lagged by seven days.

For England and Walesan ARIMA (7,0,1) was thenost appropriate model that was tested.
Note, with one of the medical contactypes z Acute Visits, a number of modal would not
converge. The intetion was to use the same model acrosthe types of medical contact
from one geographical region thus for Acute Visits, convergence thresholds were lowered
to allow convergenceto be achieved.

The results @lculated from anARIMA analyss should produce similarpoint-estimates and
P-values to a linear regression. Thus, as an inteah check of the ARIMA results, dimal
regressions were carried out on a sample of the models (null model plus four models
including environmental variables for each medical contactasthmatics, norasthmatics,
and the excesy Point-estimates from the ARIMA models and regression models were
similar. Correlograms were used to investigate tb presence of autocorrelation. Minimal
autocorrelation was found.

For England and Wales, poinestimates and Pvalues for the environmental variables
were extracted along with the loglikelihood statistic for each autoregressive model. Point
estimates werenot comparable across the environmental measuredue to incanparable
unit increases (one unit increase in degrees centigrades not comparable to one unit
increase in pgm3 (see glossary for ugm?3 definition)). Thus, pointestimates were
standardised by dividing the pointestimate bythe Standard Error (SE).Under the null
hypothesis, every standardised poirdestimate is Normally distributed with a mean of 0
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and a SD of 1N(0,1)). Consequently, eery unit increaseOA £l AAOO A OOOAT AAOAEO
is comparableacross the environmental variables

A loglikelihood ratio test was used to compare the fit of the null model against the
alternative model with the addition of an environmental variable lagged by seven days.
The calculationthat examined thedifference in the loglikelihood follows:

Chivalue=2x(LLR1 z LLR2)

Where LLR1 represents the loglikelihood statistic from the null model and LLR2
represents the loglikelihood statistic from the alternative. The Rvalue for the chivalue
was calculated using the CHIDIST function in Excel using the following fioula:

CHIDIST = ((LRL-LLR2) x-2),(df1-df2))

There were 11degrees offreedom (df) accounted for by thenull model (modell) and 1df
for the alternative (model2) thus the difference was 8dfStatistical significance for each
model was set at five percen

For the Trent Region and for Sheffield, the daily counts were extremely low and thdata
were not Normally distributed. An autoregressive analysis using a letinear Poisson
distribution (created by Tobias A and Campbell MJ, published in STATA Bulletin
November 1998) was implemented. In similarity with an ARIMA model, this type of
analysis accounts for autocorrelationlt also accounted for potential overdispersion. T
analysis was instructed using a statistical package calle8BTATA with the command
O A O B(fTdbiéséand Campbell, 1998

Contrasting with the ARIMA models, moving averages were not specified in the model thus
autocorrelation could only be accounted for using the AR term. The same autoregressive
term as used for England and Wales was impteented for the Trent Regionand Sheffield
(AR7). As Poisson regressiando not allow for negative values, a constant was added to
the daily excess of medical contact to create positive integers. As conducted for England
and Wales, for an internal check ahe arpois results, a Poisson regression was carried out
on a sample of the models (null model and four models including environmental variables
for each medical contactasthmatics, norasthmatics, and the excegsPoint-estimates and
P-values from the appois models and Poisson regression models were similar.
Correlograms were used to investigate thepresence of autocorrelation. Minimal
autocorrelation was found.

For the Trent Region and Sheffield, the poirgéstimates and Pvalues for the environmental
variables were extracted along with the residual sum of squares from eacRoisson
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autoregressionmodel. Pointestimates were illustrated as percentage change per one unit

increase.In comparison to the pointestimates in the ARIMA analysis, the unit increase

was not comparable across the environmental measureterefore, point-estimates were

standardised by dividing the pointestimate by the SE.Under the null hypothesis, every

standardised pointestimate is Normally distributed with a mean of 0 and a SD ofL

(N(0,1)). Consequently, eery unit increase OA &£l AAOO A OOOAT AAOAEOAAQ
comparable

An Ftest was used to compare the fit of the null model against the model with the addition
of each environmental variable lagged by seven days. The calcubexifollows:

F-value =((RSS1RSS2)/(df2-df1))
(RSS2/(ndf2))

Where RSS1 represents the RSS statistic from the null model and RSS2 represents the RSS
from the alternative. n refers to the observations or number of daysn the model minus 1

and minus the number of terms specified in the model (R (7) =7 terms). There were 11df

for the null model (modell) and 1f for the alternative (model2) thus the difference was

8 df. The Pvalue for the Fvalue was calculated using the FDIST function in Excel.

P-value = (Fvalue, RSSIRSS2, dfaifl)

Statistical significance for each model was set at fiveercent.

4.5.7.3. Consolidation of Results

As with the correlational analyss, no account was made for the multiplicityin the
analysis Multiple testing increasesthe chance of obtaining a false positive result (Cook et
al. 2004).However, with this investigation, inferences wee not solely drawn from single
associations thatwere possibly the product of chance. This analysiexamined all the
P-values and draws conclusioa based on a collective association from all the
environmental exposures and medical contactThis is one method of allowing for the
presence of multiplicity.

This analysis produced a large number aksults that had to be summarisedthe results of
the autoregressive analyses were consolidated.

Individual environmental associations

1. To examine individual overall model associations per environmental exposure,
tables of LLR/Ftest values and Pvalues were produced.
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2. To examine individual associations per ewironmental exposure, fables were
produced illustrating the number of statistically significant pointestimates per
environmental exposure out of 8 lagged associations

Collective environmental associations

1. To examine the spread of significance of the evall model (LLR or Ftest) P-values,
histograms of model P-values were used toexamine whether environmental
exposures (collectively) wee predictors of daily counts of medical contactThis
examined whether there was a generalassociation between enviromental
exposures and daily numbers of medical contac positive distribution with a
mean Rvalue of less than 0.5 illustrats a collective association between
environmental exposures and daily counts. Ainiform distribution with a mean R
value equal to @ higher than 0.5 illustrates no association.The difference between
model mean PRvalues (calculated from all 28 models including environmental
exposures) and the null hypothesis (0.5) were calculated.

2. To examine potential collective lag effects, the mosignificant point-estimates
according to lag day were tallied to illustrateamong all environmental expsures,
whether there was a delayed environmental effect on daily counts of medical
contact.

3. To investigate whether conclusions from themodel P-value distribution s were
similar to conclusions basedon the point-estimate Rvalues, point-estimate
P-values (environmental point-estimates only, not covariates) were pooled
together and histogramsused toillustrate the distributions. In comparison to the
interpretation of the model Rvalue distributions, a positive distribution with a
mean Rvalue of less than 0.5 illustrats a collective association between
environmental exposures and daily counts. Ainiform distribution with a mean R
value equal to orhigher than 0.5 illustrates no association.The difference between
the point-estimate mean Rvalue (calculated from all pointestimate Rvalues) and
the null hypothesis (set at 0.5)were calculated

The same methods to consolidate results were used for tletandard multiple regressions
with first order difference as the outcome

4.6. Method for Spatial Analyses

A simple analysis was conducted to investigate spatial relationships between pollutant
exposures and medical contacts in Sheffield.

4.6.1. Comparative Hospital co ntact Ratios (CHR)
Age standardisedlogged Comparative Hospital Contact Ratios (CHRs) were calculated to
examine whether the observed number of meandver four years 2002 to 2005 counts
per MSOA wassignificantly above, below or the same as the expectetumber of mean
counts. These were calculatedor asthmatic medical contacts(observed number of
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asthmatic medical contactsabove or below the expected asthmatic medical contadgtand
non-asthmatic medical contactsand for asthmatic over non-asthmatic medial contacts
(observed excess above or below the expected excgs¥he CHRs were logged so that
robust Standard Errors (SE) could be computed.The SE of the logged CHRs were used to
obtain test-statistics with corresponding Pvalues which revealed whether te ratio was
significant.

The following steps were taken for the calculation of thédogged CHR, SE of the CHR and
the P-value forasthmatics and nonrasthmatic medical contacts, and the excess

1. To calculate a logged CHR, an agpecific rate was calculated. Agespecific
rates (observed number of asthmatic or non-asthmatic medical contactsper
age strata, each age strata consists fafur years) were calculated bydividing
the number of asthmatic medical contactsper age strata per MSOAy the
population count per age strataper MSOA. Population courst were obtained
for 2001 from the ONS website.

1l.a.The numbers d asthmatic medical contactswere aggregatedto obtain the
crude sum per MSOA.

1.b.The expected couns were obtained by multiplying the total population (of 5 to
16 yearsoldsin Sheffield) perage strataper MSOAby the agespecific rate.

1.c. The observed ounts were the total number of asthmatic medical contactgor
the whole of Sheffield.

1.d.The dataset were aggregated so that the observe@&xpected, and crude
statistics were summed/averaged per MSOA.

1.e.CHRwas obtainedby dividing the expected over observed count. The CHR was
logged to obtain a logged CHR.

2. The SE of theCHR and the SE of the logg€eHR vere required to calculate the
test-statistic and correspanding P-value, which signifies the significance of
ratio. To calculde the SE for each CHR for asthmatic medical conta¢ts non-
asthmatic medical contacty, the following equation was usedin paper Julious
et al (2001)):

= W((N2)*(d/( n2)))
X

Where: N=population in Sheffield
d=crude number of medical contacts
n=population per MSOA in Sheffield

X= observed number of medical contacts

To calculate the SE of the logged CHR, the SE(CHR) was divided by the CHR.
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3. To caktulate the test statistic for asthmatic or norasthmatic medical contacts
only, the logged CHR foasthmatic medical contacts weredivided by the SE of
the logged CHR for asthmatic medical contactsThe absolute valuegof the test
statistic) and P-values using theNormal distribution were obtained.

4. To calculate the test statistic for the CHR ofisthmatic over nonasthmatic
medical contacs the following equation was used(Julious et al., 200}

=(A-B)
V((SEof A2)+(SEof B2)).

Where: A=bgged CHR foasthmatic medical contacts
B=logged CHR fonon-asthmatic medical contacts

The absolute values and ®alues using the rmal distribution were obtained.

4.6.2. Relationship between the Clinical and Environmental Datasets
To identify bivariate relationships, correlations were conducted between thdogged CHR
for asthmatic and nonasthmatic medical contacts and the excess in conjunction with
pollution data.

4.6.3. Graphical Presentation of Results
Using Geographical Information Systems, firstly, a map of Sheffield wagated to depict
CHRs forasthmatic and nonrasthmatic medical contactsand the excess Secondly, maps
were created to display the pollution scores from the ONS to identify whether any asthma
ET OOPI 00 £EAIT I xEOEET -3/!860 xEnQRhes& Engs A O
illustrate d whether there was evidence of ageographical rehtionship between pollutant
levels and countsof hospital contact. Colour gradients were used to depiethether MSOA
had above or belowthe expectednumber of observations, the statistical significance of the
CHR and the pollution measurefor each MSOA

4.7. Software

The time-series analyses, descriptive assessmentorrelations and multiple regressions
were conducted using SPSS16 and PASW18. The autoregressive analyses were conducted
using STATA11. The calculatinggf model P-values, consolidation of the Rralues and
selecting the most significant pointestimates were conducted using Microsoft Excel 2007.

For spatial analyses, the statistical analysis was performed using PASW18. To produce
maps of Sheffield, ArcGIS 9.3 mapping software was used.
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4.8. Summary

This chapter reported the methods of analyses used for thdime-series and spatial
analyses. In summaryfor the time-series investigation, to explore the original data, a
descriptive assessment of theclinical endpoints and environmental measureswas
undertaken. This was followed by a description of the analysis used to support the
national extrapolation of environmental measures sourced from one city specific location
(Bland-Altman plots).

Aggregated daily means were calculated and these were graphiga#xamined to explore
seasonal patterns in the average number of daily contacts.

To investigate the relationship between environmental exposures and medical contact, a
bivariate analysiswas undertaken toassesscrude associations This was followed byan
autoregressiveanalysis toidentify relationships accounting for confoundersincluding day

of the week bank holiday,and season. For both the correlationaand the autoregressive
analyses, to account for multiplicity and consolidate the results, the enkdbnmental
associations were examined togetheby combining model orpoint-estimate Rvalues and
tallying the most significant point-estimate across eight lagged days to assess lagged
effects. Therefore, the majority of results are referred to as collective environmental
association with daily counts.

To investigate potential spatial associations between pollutantand rates of medical
contact,simple graphical and correlational methodswvere conducted

Chapter FivecommencesOE E O @dsénatorOdi the results starting firstly with the

investigation examining school related seasonality in medical contacts made by schagle
asthmatics and nonasthmatics.
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Chapter Five

School-related seasonality of medical contacts made by school -
age asthmatics and non-asthmatics

5.1. Introduction

Methods of analysewere discussed in Chapter FouiTo address the first aim, this chapter
aims to provide the results of a simple timeseries investigation to examinewhether there

is a peak in the mean daily number of medicatontacts associated with the return to
school after the summer vacatior(in addition with school holidays, Easter and Christmas)
in schoolage asthmatics, norasthmatics and the excess. In this chapter, the terms
seasonal or seasonality are used in referee to schoolrelated seasonality.

Using aggregated mean daily counts calculated from the sjpears of data, this chapter
examinedDAOOAOT O xEOEET AT OAOAOACA WApefdss 4EA
chosen around the three longest school holidayéEaster, summer and Christmas)vere
investigated to see whether peaks and troughswere associded with school holiday

periods.

Note this analysis usedime-series datasets and reports seasonal patterns for All Counts
only. For GRPD datasets representingngland and Wales and the Trent Region, All Counts
consist of unscheduled Emergency Consultations, Acute Visits, Casualty Counts and Out of
hours Contact. For the SCH dataset representing Sheffield, All Counts consist of
Admissions and A&E ContactsSeasoml patterns were also investigated with the medical
contacts that contributed to All Counts. However, due to the vast number of endpoints, for
reasons of conciseness,esisonal patterns for the remaining datasetsare displayed in
Appendix D

5.1.1. Aims of the chapter
This chapter aims to answer the three following questions
1. Is there a peakin medical contacts associated with the returnto school after the
Easter, summer, or Christmas vacations1 school -age asthmaticand nonasthmatic
children?
2. Is the peak associated with the return to school observed in asthmaticsn exces of
non-asthmatics?
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Schootrelated seasonality of medical contacts made by
schoolage asthmatics and norasthmatics

Table 5.1: All year indexday reference.

Indexday Day and month reference

1 1st January

32 1st February

59 1st March

90 1st April

120 1st May

151 1st June

181 1st July

195 Approximate start of the school summer holiday (8 week in July)
212 1st August

243 1st September

247 Approximate start of the school year
273 1st October

304 1st November

334 1st December

358 Christmas Day

Observations made in reference to the school calendar are in |etion to the
English/Welsh school calendar specifically.

For every year, each day was given an index numbefgble 51). For each indexday, the
mean number of medicalcontacts on that day was calculated over six years. For each
indexday, the mean number of contacts wa based on six observations; this produced
aggregated daily means. To examine seasonal patterns using the aggregated daily means,
sub-periods of the yearwere compared to @O A O Aygdk Gummary statistics. These
sub-periods were defined around the three longest school holidays.

1. The Easter period was defined 28 days before and after Easter Sunday (n=57
days).

2. The summer period was from the beginning of Julyotthe end of October (n=123
days). In England and Walesschool summer holidays are normally scheduled to
start in the third week in July andschool return after the summer holiday is
usually scheduledfor the first week in September.

3. The Christmas periodwas defined 28 days before and after Christmas day (n=57
days).
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5.2. Is there a peak in medical contacts associated with the return
back to school after the Easter, summer, or Christmas vacations in
school age asthmatic children and non -asthmatic children?

5.2.1. England and Wales Seasonal Patterns with Asthmatic and
Non-asthmatic s Medical Contacts
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Figure 5.1: England and Wales All Counts - plot of the aggregated daily mean number of contacts

at a) Easter b) summer, ¢) Christmas and d) Average Year.
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Figure 51 illustrates the average seasonal pattern of mean daily counts around the three
sub-periods and for the average year. The seasonal pattern correlates with the school
calendar.

In Easter period, counts drop every weekend but therevas a moreprolonged drop for
three to four days around Easter SundayRigure 51a). Counts before Easter Sundayere
higher than after Easter Sunday. During the summegeriod, counts decreasd gradually
from the end of July into Agust (Figure 51b). Counts remaired low until the
mid-September then increasd and fluctuated at a steady level until midOctober. The
peak in medical contacts occurreépproximately two to three weeks after school return in
Septamber. In the Christmas pefod, mean daily counts fluctuated at the same leveintil
Christmas Eve Figure 51c). The lowest counts occuwed on Christmad AT A . Ax
Day; countshetween these two holiday were low compared to counts before Christmas

9AAOG

$AU AT A AAOAO . Ax 9AAOGO $AUlhere ightyindier AAEI OA

comparedOi AT 01 60 AAEOAO . Ax 9AAO8O $AUS

The patterns observed in the sukperiod graphs replicate patterns observed across the
average year(Figure 51). Therefore, here were pronounced drops in counts on New
of May, at the beginning ofJune wheregenerally schoolchildren have a halferm break,
and in August where childrenare taking their summer holidays. In eaclperiod, the trend
for non-asthmatics mirror ed asthmatics but the increases and decreases in counisere
lesspronounced.

Similar seasonal patterns were observed with other typesfanedical contact, these results
are reported in Appendix D.
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5.2.2. Trent Region Seasonal Patterns with Asthmatic and
Non-asthmatic s Medical Contacts
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Figure 5.2: Trent Region All Counts - plot of the aggregated daily mean number of contacts at a)
asthmatics and non -asthmatics.

As Trent seasonal patternswere similar to those seen in the England and Wales dataset
sub-period plots for Easter, summer and Christmageriods are givenin Appendix D.
Seasonal patterns were less pronoured with the Trent dataset compared to England and
Wales. Aggregated mean dailyotints fluctuated at a constant levelthroughout the year
(Figure 52). There was a slight drop after March (31st March = indexday 91), at the
beginning of June (indexday 151) and in Augustlft August =indexday 212). In each
period, the trend for non-asthmatics mirror ed asthmatics but the increases and decreases
in countswere not as pronounced.

Similar seasonal patterns were observed with the remaing five medical contacts, these
results are reported in Appendix D.
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5.2.3. Sheffield Seasonal Patterns with Asthmatic and Non -asthmatic s
Medical Contacts

a) Easter (O=Easter Sunday)

@ — Asthmatics
= ==== NMon-asthmatics
o
£ 30+
o
k=)
T
£ 207 H
=
[ =
=
3
e 1.07
=
m
[
0

Inclexday for Easter

b) Summer (start of school summer holiday approximately indexed by 195fart of school return
approximately indexed by 247)

@ = Asthmatics

"g ==== Non-asthmatics

£ a0+

[&]

k=]

b

£ 2.0

=] "

[= "

= H

[ H

£ 104 i

= H

= ]

[

0= T T T T T T T T T
182 196 210 224 238 252 266 280 294 308

Indexday

A #EOEOOI AO j TE#EOEOOI AO $AURh xE. Ax

— Asthmatics
=== Mon-Asthmatics

w
o
1

)
o
1

1.05

Daily mean number of contacts fa)

Inclexday for Christmas

d) Average Year

=— Asthmatics
==== Mon-asthmatics

3.05

Daily mean number of contacts

0= T T I T T T T T T I T T T T T T I T T T T T 1 T ) T
1 15 29 43 57 71 85 929 113127 141155169183 197 211 225 239 253 267 281 295309 323 337 351 365

Indexday

Figure 5.3: Sheffield All Counts - plot of the aggregated daily mean number of contacts at a) Easter
b) summer, c) Christmas and d) Average Year (seven-day average).
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Sheffeld seasonal patterns were morepronounced with asthmatic rather than non-
asthmatic medical contacts. fiere was almost no change in the pattern of meamaily
counts around Easterperiod (Figure 53a). In smilarity to summer patterns that England
and Wales and the Trent Regioexhibited, there was a trough in daily counts in August
(August 1st marked by 212) followed by an increase in Septembe(September t marked
by indexday 243)(Figure 53b). The peak in medical contacts occurreédpproximately two
weeks after school return in September. In theChristmas period, counts were slightly
higher before the Christmas holidaycompared to after New Yeuwrd O  $Fijude 58c).
Compared to England and Wales and Trenthere counts on Christmas and New Yedér O
Day were low compared to the rest of the year, for Sheffieldpents on Christmas and New
9 A A O & Were&dinparable wih the rest of the year This may be attributed to a higher
demand in hospital services whilst general practicesiere closed.

Very slight seasonal patterns were observed with Admissions and A&E counts, these
results are reported in Appendix D.
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5.3. Isthe peak associated with the return back to school observed in
asthmatics in excess of non -asthmatics?

5.3.1. England and Wales Seasonal Patterns with the Excess
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Figure 5.4: England and Wales All Counts - plot of the aggregated daily mean excess at a) Easter b)
summer, ¢) Christmas and d) Average Year.
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Seasonal patterns were observed with the excess of asthmatics medical contacts over and
above the average school population with national level data; these patterns correlate
with the school calendar. The excess imé Easter, summer, and Christmas period$-igure
54) illustrate similar patterns to asthmatics and norasthmatics. The daily excesbefore

the Easter weekend wee generally higher than the excess after Easter weekenFigure
5.4a). Compared to other normaltwo-day weekends where troughs in counts/excess
occured, there was a prolonged trough around the Easter weekend. Before the Easter
weekend, the excess was lower on Sunday, peaked on Monday then deoedasntil the
end of the week with the sharpest decreasing occurring between Friday and Saturday.
These weekly patterns occurred after the Easter holiday; howevethe pes at the
beginning of the week wa lower. There was a trough in the excess during witthe first
half of the summer followed by an increase towards the end of the summéFigure 54b).
AEA AAEI U A@QAAOO AAAE OA #E Oma® GigharOthar &ftdr . A x
afterwards (Figure 54c). The excess wa particularly low on Christmas day and New
Yeas O BoAthkeSaverage year, patterns reflect the superiod descriptions.

Similar seasonal patterns were observed with the remaining five medical contacts, these
results are reported in Appendx D.

5.3.2. Trent Region Seasonal Patterns with the Excess
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Figure 5.5: Trent Region All Counts - plot of the aggregated d aily mean excess.

The seasonal pattern in the average Trent daily excess was less pronounced compared to
England and Wales Figure 55). The excess increasedt the beginning of the year the
fluctuated steadily and slowly declined until the end August. The excess gradually
increased from September onwardg consistent with England and7 A 1 Aatad

Similar seasonal patterns were observed with the remaining five medical contacts, these
results are reported in Appendix D.
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5.3.3. Sheffield Seasonal Patterns with the Excess
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Figure 5.6: Sheffield All Counts - plot of the aggregated daily mean excess at a) Easter b) summer,
c) Christmas and d) All Year ( seven-day average).
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Sheffield seasonal patterns of the daily excess afsthmatics over non-asthmatics were
similar to the patterns exhibited byasthmatics and nonasthmatics(Figure 56). Therewas
almost no distinct patternin the Easter (Figure 56a) and Christmasperiods (Figure 56c).
There was a slight trough in the excess in the first half of the summer followed by an
increase in the second half of the summéFigure 56b). The excess was greatest after the
schoolreturn after the summer holidays

Very slight seasonal patterns were observed with Admissions and A&E excess, these
results are repated in Appendix D.

5.4. Summary

Aggregated daily mean court were graphically examined forthe presence ofseasonal
characteristics in medical contactsmade by schoolage asthmatics and norasthmatics
Examination of the peaks and troughswasin relation to the school calendar.

Is there a peak in medical contacts associated with the return to school after the
Easter, summer, or Christmas vacations in school -age asthmatic and non -asthmatic
children?

Graphical outputs highlighted seasonal characteristics inhe average daily number of
medical contacts made by schoehge asthmatic and norasthmatic children. Seasonal
patterns were more evident with the All Counts datasets from England and Wales
(primary care contacts) compared to the Trent Region (primary carecontacts) and
Sheffield (secondary care contacts). Aggregated counts in the latter twotdaets were low
thus; the taskof extracting seasonal patterns was more difficult. The seasonal differences
between regions weremost likely due to sample size: Englad and Wales had a larger
sample comparedto the Trent Region and Sheffield. Generally, troughs in the daily
number of medical contacts were observed within the school holidays whilst peaks
occurred after school return. The most prominent trough was obseed during August
whilst the most prominent peak was observed after September and may be attributed to
school return following the long summer holiday.

In conclusion, there wasa peak in medical contacts associated with the return to school
after the Easte, summer, or Christmas vacations in schoage asthmatic and
non-asthmatic children.

Is the peak associated with the return to school observed in asthmatics in excess of
non-asthmatics?

For England and Wales and the Trent Region, the seasonal patternsastronger with
asthmatics (more severe peaks and troughs) compared to neasthmatics. In addition, for
England and Wales and the Trent Region, the asthmatic coharas made of a much higher
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number of medical contacts than thenon-asthmatic cohort and thiswas reflected in the
excess. The average daily excess (difference the average daily number of medical contacts
made by asthmatics and the average daily number of medical contacts made by fon
asthmatics) exhibited seasonal patterns similar to those exhibéd by daily counts of
asthmatics and nonasthmatic related medical contacts The seasonal peaks and troughs
were associated with the school holiday calendar. Troughs in daily excess were observed
within the school holidays whilst peaks occurred after scholareturn. The most prominent
trough was observed during August whilst the most promient peak was observed after
September and may be attributed to school return following the long summer holiday. For
Sheffield, mean daily excess remagu steady until Juneand the most prominent peak
occurred after school return in September.

The peakassociated with the returnto school after the summer holiday amongst the
asthmatic cohortwas thusin excess of nomasthmatics

Chapter Six reports the results fromthe investigation examining the environmental
association with medical contacts made by schoedgeasthmatics and nonasthmatics.
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Associations between environmental exposures and medical
contacts made by school-age asthmatics and non-asthmatics

6.1. Introd uction

Chapter Six presented the results that addressed the second aim of the study examining
whether there is a peak in thedaily number of medical contactsassociated with the
return to school aftercertain school holidays by schoehge asthmatics, norasthmatics
and the excess. The seasonality of medical contacts made by sckagé children with
asthma may be influenced by other factors and this study interest lies in environmental
(outdoor air pollutants, weather and pollen) factors associated with schm-age asthma
related medical contacts. This investigation examined the associations between
environmental exposures and medical contacts made by scheaye children in
separation to the seasonalcharaderistics of the schoolage asthma related medical
contacts.

This chapter presents the results that address theecondaim of this study:to investigate
the presence of association between daily measures of environmental exposures
(collectively) and daily counts of medical contact made by schoalge asthmaic children
and non-asthmatics. This investigation compared the magnitude of effect of
environmental factors on asthmatics, non-asthmatics and the excess of asthmatics over
non-asthmatics. In parallel with this aim, the thesisinvestigates whether there were
delayed associations between environmental exposures and daily counts of medical
contacts.

To recap on the methods used: correlations were used #% preliminary analyses whilst

autoregressive models were used ashe main analyses. The autoregressivanalyses
accounted for day of the week, season and bank holidays effeckkis chapter presents
the results largely from the autoregressive analysesResults will also be selected from
the correlational analysis and displayed alongside the autoregressiveesults for

comparison.

Analyses were carried out on three geographical areas: England and Wales, the Trent
Region and Sheffield. The England and Wales and the Trent Region data were divided
into six medical contacts whilst Sheffield data were divided it three medical contacts.
For each medical contact, there were three groups: asthmatics, nasthmatics, and the
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excess. In total correlations and autoregressive models with environmental exposures
were conductedusing 45 endpoints. Consequently, not allite results can be reported in
this chapter.

To illustrate the breadth of the analygs, for England and Wales, the resulere presented
for all six medical contacts.For Trent and Sheffield,results based on the Acute Visits,
Casualty Counts, Emergency @Gsultations, Emergency and Out of Hours Countsere
fairly consistent with All Counts, for conciseness, the remaining results for all medical
contacts except All Counts are given in Appendix E (correlational results) and G
(autoregressive results)

6.1.1. Aims of the Chapter
Firstly, this chapter will present a summary of the results from comparative analyses
conducted to evaluate the most appropriate statistical technique and model.

Secondly, this chapter aims to answer the four following questions:

1. Are environmental exposures associated with daily countsef medical contact made
by schoolageasthmatics or non-asthmatics?

2. Are the environmental associations observed in school age asthmatics in excess of
those observed in school age neasthmatic children?

3. Are there any lagged environmental associations observed with schoage
asthmatics and/or non-asthmatics?

4. Are environmental exposures predictors of daily counts of schoalge asthmatics
and/or non-asthmatics?

The fourth question is to be addressed in the dis@sion as results addressing the first
three questions contribute towardsanswering thelast question.

6.2. Results from the Comparative analyses
6.2.1. Results from the Correlation Comparative Analyses

Two comparative analyses were conducted to inform what typefaorrelation should be

used and if there was added value in conducting correlations with 14 environmental

lagged terms compared to 7.

yl OEA EEOOO AT i PAOAOEOA AT Al UGEOh O0AAOOGI T80
England and Wales, the Trent Rgon, and Sheffield. To test the robustness of the

OAAOOT 180 ET OAOOECAOGEI T h 3PAAOI AT80O Al OOAI AOGEI
0AAOOT 180 AT A 3DPAAOI -haluésQevedledAlitiaEdifferentd ©®dhe AT A 0
overall conclusions (see Appendi E) for all three geographical regions. For the Trent
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Region and Sheffield, it was planned (based on examining the distribution of the daily

counts) that Poisson autoregressive techniques were to be used in further analyses as

daily counts were low. ThereEl OAh AO OEEO OOACAh 3DPAAOI AT 8O
with data from these two geographical areas.

For the second comparative analysis, as a number of the most significant coefficients fell
on lag day 7, it wasnvestigated whether more significant ccefficients would result with
environmental exposures lagged beyond 7 days. This analysis assessed whether there
was a difference (in average significance) in the results from conducting correlations
with 7 or 14 environmental lag terms. The average Ralue from 224 correlations (total
number of correlations conducted with 7 environmental lag terms) was compared to the
average Pvalue calculated from 448 correlations (total number of correlations
conducted with 14 environmental lag terms). By aggregating th-values and obtaining
an average Pvalue, multiplicity was accounted for in the results. There was little
difference in the mean Pvalues from correlations conducted with environmental
variables lagged to 7 days or 14 days. Thus, correlations were candtieout with
environmental exposures lagged to 7 days (see Appendix E).

For the final analyses, using the daily counts from 1999 to 2004 against daily measures

£OT I OEA OAIi A PAOEI Ah O0AAOOI T80 AT OOAI AOCEIT I
datasets whilst3 DAAOI AT 60 AT OOAI ACETIT xAO AbpbPI EAA OI
datasets. Correlations were conducted with environmental exposures lagged by seven

days only.

6.2.2. Results from the Standard -regressive and Autoregressive
Comparative Analyses

As described in Chapter Four, a number of the assumptions that validate the
appropriateness of a standard linear model were not satisfied. Thus, six comparative
analyses were conducted to investigate the most appropriate model that could be
employed using standard regessive technigues. Each analysis compared how well the
model fit the data and the results informed the next comparative analysis.
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Standard Regression

1. Linear model using daily counts with environmental  exposures lagged by 7 days versus
Linear model using daily counts with environmental exposures lagged by 14 days

Results show no added value with the addition of environmental variables lagged by 14 days thuwsriodel
used). Autocorrelation present, thiswas tackled using first order difference of the daily counts.

v

2. Linear model using first order difference, no lag bank holiday versus model using first order
difference with lag bank holiday

2nd model = most improved therefore, further analysed

v

3. Linear model with all data versus model with outlying residuals omitted

Results = no difference thus the stmodel used. This model was further investigated if assumptions not
satisfied

v

4. Linear model versus Poisson model first order difference

England and Walesl.inear = better model. Scotland and Trent Region, Poisson = better model, further
analysis conducted

v

5. Linear model using rank of daily counts versus Poisson model using daily counts (Trent only)

F-test mean Rvalue = difference in results in favour of Poisson analysis

v

6. Linear model usi ng rank of first order difference versus Poisson model using first order
difference (Trent only)

F-test mean Rvalue = difference in results in favour of Poisson analvsis

England and Wales: using first order difference Trent Region and SheffieldUsing first order
> with the addition of lagged bank holiday as a difference with the addition of laggel bank
covariates using all data, multiple linear holiday as a covariate using all data, multiple
rearessions caried out. Poisson rearessions carried out.
~ ~d w %4

Autoregression

7. ARIMA (7,0,1) versus ARIMA (7,0,1) with robust SEs

No difference in results betveen the two techniques

12

8. ARPOIS AR(7) using excess as the outcome versus ARPOIS AR(7) using asthmatics as the outcome
and non-asthmatics as the covariate

Slight difference in the number of significant models ®alues but no difference in the poirtestimate Rvalues

¥

I Autoregressive techniques were used for the final analysis I

Figure 6.1: Comparative analyses.
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A detailed description of the comparative analyses (what was compared and the
rationale for the comparison) is given in Chapter Four. A summary of the results of the
comparative analyses can be found ifigure 61. Informed by the results from the first
comparative analysis, environmental lag terms up untilseven days were analysed
concurrently with present day exposures. Informed by results from the second to fourth
comparative analyses, multiple linear regressions and Poisson regressions were
conducted with first order difference as an outcome. The fifth ah sixth comparative
analyses were conducted to find alternative outcomes that may be analysed instead of
first order difference in a standard linear model. However, results favoured the use of the
Poisson model using first order difference as the outcome.

As it was difficult to interpret the first order difference as an outcome, autoregressive
methods were used to analyse thassociation betweenenvironmental triggers and daily
counts. The results of the previous analyses were also used to inform autoregsive
methods. Taking the decisions informed by results from comparative analysis using
standard regressive techniques, Normal autoregressive techniques were applied to
England and Wales datasets whilst Poisson autoregressive techniques were applied to
Trent and Sheffield datasets. After fitting a number of autoregressive models (see
Chapter Four), ARIMA (7,0,1) (England and Wales) and ARPOIS (7) (Trent Region and
Sheffield) were the most appropriate models. However, two weaknesses were still
present. Firsty, minimal autocorrelation was still present in these models. Secondly, it
was questioned whether the excess was an appropriate outcome that could be analysed
using Poisson autoregressive techniques. A further two comparative analyses were
conducted using autoregressive techniques to evaluate whether models could be
improved (Figure 61).

For the first autoregressive comparative analysis,ni an attempt to remove all traces of
autocorrelation, the differences between the resultfrom Normal autoregressive analysis
with or without robust SEs were compared but no difference was found. Thus, minimal
autocorrelation remained regardless of whether robust SEs were used. Robust SEs could
not be instructed within the Poisson autoregressie model therefore whether conducting
Poisson autoregressive models with robust SEs made a difference to results could not be
evaluated.

For the second autoregressive comparative analysise difference in results between an
autoregressive analysis usinghe excess as an outcome and an analysis using asthmatics
as the dependent variable and nomasthmatics as a covariate were compared. Small
differences were found between the two analyses. To keep the outcome consistent with
England and Wales, autoregresgé analyses were implemented using the excess as an
outcome.
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6.3. Are environmental exposures associated with daily counts of medical contact made by school -age asthmatics
or non -asthmatics?

6.3.1. England and Wales Environmental Associations with Asthmatics and N on-asthmatic Medical Contacts

Table 6.1: England and Wales z LLR test statistic and P-values (on 8 df) from comparison of null model against model including each predictor lagged by 7 days
asthmatics and non -asthmatics (all med ical contacts).

a) AsthmatlcsE All Counts Acute Visits Casualty Counts Emergency Consultations Emergency Counts Out of Hours Counts
xposure LLR  P-value LLR P-value LLR P-value LLR P-value LLR P-value LLR  P-value
NO 17.58 *0.025 5.19 0.737 14.51 0.069 10.70 0.219 9.91 0.271 9.38 0.311
NG 13.50 0.096 1.83 0.986 12.89 0.116 7.10 0.526 13.03 0.111 4.07 0.850
NOD 12.62 0.126 1.22 0.996 13.57 0.094 9.68 0.288 9.33 0.316 4.26 0.833
- El ( S 14.28 0.075 5.87 0.662 5.57 0.695 8.77 0.362 3.52 0.897 8.75 0.364
PMuo 11.08 0.197 4.03 0.855 9.25 0.322 9.39 0.310 6.85 0.553 7.78 0.455
Os 12.72 0.122 7.27 0.508 8.24 0.410 7.49 0.485 5.16 0.740 16.08 *0.041
CcO 8.94 0.347 7.79 0.454 7.49 0.485 4.92 0.766 8.15 0.419 5.58 0.6%4
NO 16.76 *0.033 3.78 0.876 5.49 0.704 11.87 0.157 6.25 0.620 7.71 0.463
NG 11.12 0.195 5.55 0.697 3.34 0.911 3.98 0.859 7.77 0.457 11.64 0.168
Outdoor NOD 16.32 *0.038 3.96 0.861 5.25 0.730 10.35 0.241 6.25 0.619 7.44 0.490
air Mean SQ 15.58 *0.049 20.38 **0.009 1.67 0.990 6.07 0.639 6.69 0.571 8.42 0.394
pollutant s PMz1o 17.54 *0.025 6.92 0.545 7.08 0.528 10.39 0.239 8.87 0.354 14.16 0.078
Os 6.38 0.605 411 0.847 4.06 0.851 8.11 0.423 6.57 0.583 10.45 0.235
CcO 14.94 0.060 3.99 0.858 5.00 0.758 3.46 0.903 8.69 0.369 9.14 0.331
NO 9.14 0.331 6.93 0.545 3.04 0.932 7.86 0.447 5.73 0.677 7.76 0.457
NGO, 12.84 0.117 6.76 0.563 4.96 0.762 4.04 0.853 10.24 0.249 9.28 0.319
NOD 10.50 0.232 6.59 0.581 3.00 0.934 9.02 0.341 6.61 0.579 6.56 0.584
- Agi SO 11.38 0.181 10.54 0.229 2.58 0.958 2.27 0.972 10.41 0.238 16.42 **0.037
PMio 13.40 0.099 2.75 0.949 9.40 0.310 5.28 0.727 511 0.746 6.39 0.604
Os 12.98 0.113 5.69 0.682 4.63 0.796 11.26 0.188 4.05 0.853 7.40 0.494
CcO 11.18 0.192 6.37 0.605 0.91 0.999 3.81 0.874 5.50 0.703 5.48 0.706
- El  Temperature 19.24 *0.014 4.28 0.831 6.66 0.573 13.33 0.101 9.56 0.298 7.92 0.441
- A @i Temperature 21.54 *0.006 12.22 0.142 16.14 *0.040 23.66 **0.003 6.75 0.564 5.66 0.685
Weather Sun 1.06 0.998 2.52 0.961 4.82 0.777 3.81 0.874 9.13 0.332 11.82 0.159
Rain 5.44 0.710 7.72 0.461 4.06 0.852 7.81 0.452 7.01 0.536 8.06 0.427
Pressure 21.22 *0.007 9.85 0.276 18.51 *0.018 9.49 0.303 6.01 0.646 6.72 0.567
Wind speed 16.66 *0.034 2.94 0.938 2152 *0.006 6.62 0.578 9.37 0.312 10.81 0.213
Pollen Grass 51.80 **<0.001 10.95 0.204 21.77 **0.005 16.87 *0.031 13.66 0.091 7.24 0.511
Total number of statistically significant
10 1 4 2 0 2
models
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Table 6.1 continued

b) Non-asthmatics All Counts Acute Visits Casualty Counts Emergency Consultations Emergency Counts Out of Hours Counts
Exposure LLR P-value LLR P-value LLR P-value LLR P-value LLR P-value LLR P-value
NO 19.04 *0.015 23.33 **0.003 4.70 0.789 6.18 0.627 6.36 0.607 4.67 0.792
NG, 14.68 0.066 12.58 0.127 7.64 0.469 5.75 0.675 2.56 0.959 4.81 0.777
NOD 15.34 0.053 19.40 *0.013 4.77 0.782 5.33 0.721 5.82 0.668 4.15 0.843
- ETl ¢ SO 15.62 *0.048 6.50 0.591 1.84 0.986 1.68 0.989 2.62 0.956 7.75 0.458
PMio 16.82 *0.032 12.76 0.120 6.33 0.611 5.53 0.700 5.02 0.755 3.70 0.883
Os 9.38 0.311 8.17 0.417 10.17 0.253 3.83 0.872 9.01 0.341 7.06 0.530
cO 8.16 0.418 13.70 0.090 5.00 0.757 3.96 0.861 6.43 0.600 1.46 0.993
NO 15.20 0.055 13.40 0.099 6.66 0.574 4.48 0.812 8.93 0.348 9.12 0.333
NO: 19.08 *0.014 10.47 0.234 12.12 0.146 5.86 0.662 8.91 0.350 6.05 0.641
Outdoor NOD 16.08 *0.041 12.58 0.127 7.52 0.481 5.18 0.738 9.21 0.325 8.71 0.367
air Mean SO 28.96 *<0.001 16.00 *0.042 5.83 0.666 8.30 0.405 7.11 0.525 9.64 0.292
pollutant s PMio 27.74 *0.001 13.58 0.093 7.12 0.524 4.41 0.818 8.35 0.400 7.57 0.477
O3 11.44 0.178 7.23 0.512 16.38 *0.037 5.70 0.681 14.31 0.074 8.03 0.431
cO 15.22 0.055 17.75 *0.023 8.81 0.359 4.90 0.768 8.93 0.348 6.11 0.635
NO 7.16 0.519 14.89 0.061 10.52 0.231 7.93 0.440 8.90 0.351 8.20 0.414
NO: 15.16 0.056 13.45 0.097 10.92 0.207 2.31 0.970 7.21 0.514 11.63 0.168
NOD 9.40 0.310 15.18 0.056 11.17 0.192 6.63 0.577 9.46 0.305 8.83 0.356
- Ag@i SO 22.16 *0.005 19.93 *0.011 2.81 0.946 8.41 0.394 9.40 0.310 13.60 0.093
PMio 14.42 0.071 9.27 0.320 5.95 0.653 8.33 0.402 6.15 0.631 9.26 0.321
O3 9.14 0.331 10.11 0.257 7.93 0.440 5.44 0.710 7.22 0.513 4.37 0.822
coO 10.68 0.220 19.78 *0.011 6.65 0.574 10.81 0.213 12.60 0.126 9.23 0.323
- ET i Temperature 15.06 0.058 8.65 0.372 22.76 *0.004 15.48 0.050 32.98 **<0.001 4.69 0.791
- Agi Temperature 23.94 *0.002 1.79 0.987 24.26 **0.002 6.72 0.567 13.56 0.094 10.26 0.248
Weather Sun 9.62 0.293 3.60 0.891 17.21 *0.028 9.77 0.281 4.78 0.780 3.47 0.902
Rain 12.64 0.125 6.92 0.546 21.28 *0.006 3.63 0.889 3.43 0.904 4.14 0.844
Pressure 17.68 0.024 2.90 0.941 13.01 0.112 12.60 0.126 10.75 0.217 2.46 0.964
Wind speed 9.04 0.339 10.94 0.205 7.66 0.468 12.60 0.126 7.33 0.501 10.73 0.217
Pollen Grass 52.02 **<0.001 10.36 0.241 15.20 0.055 18.12 **0.020 20.92 *0.007 11.66 0.167
Total number of statistically significant
11 6 4 1 2 0

models

** Most significant P-value.
* Statistically significantexposure.
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Chapter Six

Associations between environmental expostes and medical contacts
made by schoolage asthmatics and norasthmatics

A null model including covariates only was compared to an alternative model including
covariates and one environmental exposure along with its seven lag terms using a LLR test
(seeChapterFour).

Examining individual environmental associations;Table 61 displays theLLR test statistics
and model RPvalue® &I O %1 Cl1 ATA AT A 7A1 AO8 [duAdEAAI
possible 28 exposures, l0environmental exposures were statistically significantly
associated with daily counts oimedical contact made by asthmaticand 11 environmental
exposureswere associated withnon-asthmatics. The model including grassvas the most
statistically significant model for both All Countsasthmatics and nonrasthmatics Grass
also contributed to statistically significant models for Emergency Consultations and

i AOCAT AU #1 01 608 4EA ,,2 OAITOA T &£ 11 #1 010058

for non-asthmatics compared to asthmatics suggestinthat the effect of grass exposure
was stronger on nonasthmatics. Other environmental exposures that significantly
improved the fit of the data compared to the null model includd minimum measures of

NO, mean measures of NOD, £&nd PMo, maximum measires of temperature In general,

the LLR value for thesenodels was higher with norasthmatics than asthmatics.

Other types of medical contacthad fewer or no sftistically significant models that
included environmental exposures. There was alarge difference in the number of
significant models including envirommental exposures between Acute Visits asthmatics
and non-asthmatics. The difference in the number oftatistically significant models
between asthmatics and norasthmatics for the remaining five medical contacts was no
more than two. Asthmatics had a higher number of statistically significant models
compared tonon-asthmaticsin two of the six medical contacts (Emergency Consultations
and Out of Hours Counts)Non-asthmatics had higher number of significant modes
compared toasthmaticsin three out of six medical contacts (All Counts, Acute Visitaind
Emergency Counts).

Table 6.2: England and Wales z autoregressive point -estimate descriptive st atistics per one unit
increase (n=224) , asthmatics and non -asthmatics.

Statistic All Acute Casualty Emergency Emergency Out of Hours

Counts Visits Counts Consultations Counts Counts

Mean 0.58 0.05 0.09 0.18 0.05 0.00

, Median 0.50 0.05 0.06 0.16 0.03 0.02
Asthmatics inimum 2.19 211 227 -3.35 -2.51 -2.66
Maximum 3.85 3.44 3.11 245 2.55 3.16

Mean 0.52 0.18 0.07 -0.03 0.02 0.18

Non- Median 0.44 0.06 -0.01 -0.13 0.04 0.21
asthmatics ~ Minimum -2.62 -2.92 -3.45 -2.25 -3.16 -2.04
Maximum 4.46 5.50 3.58 2.57 3.03 2.75

Table 62 illustrates descriptive statistics of the pointestimates per one unit increase.
Point-estimateswere standardised so thatevery unit increase werecomparable between
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the environmental exposures(see Chapter Four suisection 4.5.7.2. Pointestimates ard

the corresponding P-values can be found in Appendix GPointestimates for the

environmental exposures @nd 7 lag terms) ranged from -2.19 to 3.85 for All Counts

asthmatics and from-2.62 to4.46 for All Counts norrasthmatics. Comparel to the range of

point-estimates attributed to day of the week effects (for exampleAll Countsasthmatics

the (standardised) pointA OOET AOA AOOOEADOOAA O O-1T1AAUG6 AA
104), the effect from environmental exposureswas minute. The largest effect were

observed with All Counts asthmatics(3.85) and Acute Visitsnon-asthmatics(5.50).

Table 6.3: England and Wales - number of statistically significant autoregressive point  -estimates
per environmental exposure (out of 8 point -estim ates), a) Asthmatics and b) Non-asthmatics .
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Table 6.3 continued

b) Non-asthmatics

Exposure

All
Counts

Acute
Visits
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Emergency Emergency

Consultations
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Out of
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Table 63 displays the number of statistically significant autoregressive pointestimates
per environmental exposure for each medical contactasthmatics and non-asthmatics
Each number per environmental exposure was out of eight poirgstimates (one
alternative model investigated the effects of an envinmental variable measured on the

current day along with its seven lag terms concurrently). The number of significant
point-estimates per environmental exposure ranged from zero to five. The mean refers to
the average number of significant poirtestimates per environmental exposure. For
example, All Counts asthmatics and neasthmatics, the average number of significant
point-estimates per environmental exposure was 1.14 and 1.54 respectively.

All Counts had the highest total number of statistically significant point-estimates

compared to other types of medical contact. With the exception of Emergency
Consultations and Out of Hours Count:jon-asthmatics had a higher total number of
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statistically significant point-estimates compared toasthmatics. Thus, tiere were higher
numbers of individual environmental effectson non-asthmatics compared to asthmatics.
Compared to all other environmental exposures, he highest numbers of statistically
significant point-estimates were observed with All Counts and grass eposures. This
suggesed that grass had a greater effect on daily numbers of medical contact (All Counts)

compared to other exposures.

a) Asthmatics b) Non-asthmatics
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Figure 6.2: England and Wales All Counts - distribut ion of chi-squared P-values a) Asthmatics and
b) Non-asthmatics .

b) Non-asthmatics
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Figure 6.3: England and Wales Acute Visits - distribution of chi -squared P-values a) Asthmatics
and b) Non-asthmatics .
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a) Asthmatics b) Non-asthmatics
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Figure 6.4: England and Wales Casualty Counts- distribution of chi -squared P-values a)
Asthmatics and b) Non-asthmatics .

Examining the collective environmental associationsfigure 62 to Figure 64 gives the
distributions of the model Pvalues for three of the six medical contacts. A positive
distribution with a mean P-value less than 0.5 illustrats a collective association
(considering all 28 environmental exposures) between environmental exposures and
medical contacsk. A P-value equal to or above 0.5 illustrates the opposite, no association
between environmental exposures and medical contact.oBitively distributed P-values
were exhibited by All Countsasthmatics and norasthmatics. For Acute Visits ad Casualty
Counts, uniformdistribution s and positive distributions weredisplayed for asthmatics and
non-asthmatics respectively. Themodel P-value distributions for the remaining medical
contacts were fairly uniform (see Appendix G). The distribution s together with the
statistics from Table 64 infer that collectively, for All Cownts, Emergency Consultations,
Emergency Countsand Out of Hours Countsasthmatics and for All Counts, Acute Visits,
Casualty Counts and Emergency oGnts non-asthmatics there was an effect from
environmental variables on daily counts of medical contact. All Countasthmatics and
non-asthmatics had the lowest mean Pvalues compared to the other medical contacts
Non-asthmatics had a lower mean P-value in compared to asthmatics in four of the six
medical contacts (All Counts, Acute Visits, Casualty Courasid Emergency Counts). This
indicated that the effect from environmental exposures wagreater on non-asthmatics
than asthmatics.
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Table 6.4: England and Wales - mean chi P-valued O AEOOAT AA £OT |

difference betwee n asthmatics and non -asthmatics .

OEd&ndT OI 1

Difference between

Medical Contact Asthmatics 0.5- Non- 0.5-Non- asthmatics and
Asthmatics asthmatics asthmatics .
non -asthmatics
All Counts 0.18 0.32 0.13 0.37 0.05
Acute Visits 0.64 -0.14 0.27 0.23 0.37
Casualty Counts 0.56 -0.06 0.41 0.09 0.15
Emergency Consultations 0.47 0.03 0.58 -0.08 -0.11
Emergency Counts 0.49 0.01 0.45 0.05 0.04
Out of Hours Counts 0.43 0.08 0.54 -0.04 -0.11

a) Asthmatics b) Non-asthmatics
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Figure 6.5: England and Wales All Counts7AEOOOEAOOEI |
Asthmatics and b) Non-asthmatics .

I £ OEA ~wadedg Ol 1

Figure 65 shows when crude associations (correlations) were used, the distribution of the
correlation coefficient P-values was positive for asthmatics and nomsthmatics. From

these

results, it follows that there were similar collective associations between

environmental exposures and the daily number of medical contacts made by schage
asthmatics and nonasthmatics. However, when confounding factors were accounted for
(autoregressive modes), there was a less prominent positive skew in the distribution of
the autoregressive pointestimate Rvaluessuggesing less significant associationsKigure
6.6). Therefore, the crude associatios were influenced by factors (dgy of the week, bank
holiday, season) accountedhat were accountedfor in the autoregressive analysis.
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a) Asthmatics b) Non-asthmatics
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Figure 6.6: England and Wales All Counts - distribution of the autoregressive point -estimate P-
values a) Asthmatics and b) Non-asthmatics .

Accounting for covariates All Countsasthmatics and norasthmatics had the lowest mean
P-values (Figure 66) and slightly positive distributions compared to other medical
contacts. This signified that environmental exposureshad a slight effect ofthe number of
All medical contacts For the remaining medical contacts, the distribution of the
autoregressive pointestimate Rvalues were uniform suggesting that collectively, thee
were weak or nonexistent effects from environmentalexposures on daily counts.Table
6.5 supports Figure 66. With exception to All Countsmean point-estimate P-values
cluster around the null value o 0.5 and ranged from 0.45 to 0.56. Wittiour of the six
medical contacts (All Counts, Emergency Counts, Acute Visits and Casualty Counts), the
mean P-value for non-asthmatics was lower than asthmatics suggesting that the
environmental effect was strongeron non-asthmatics.

Table 6.5: England and Wales 7 autoregressive mean point -estimate P-OAT OA8 O AE®BOAT AA £EOT |
null value (0.5).

0.5- Non- 0.5-Non- Difference between

Medical Contact Asthmatics Asthmatics asthmatics asthmatics ﬁiﬂg;ﬂﬁa?i?g
All Counts 0.43 0.07 0.40 0.10 0.03
Acute Visits 0.52 -0.02 0.45 0.05 0.07
Casualty Counts 0.52 -0.02 0.47 0.03 0.05
Emergency Consultations 0.46 0.04 0.51 -0.01 -0.05
Emergency Counts 0.50 0.00 0.48 0.02 0.02
Out of Hours Counts 0.51 -0.01 0.56 -0.06 -0.05

To some extent, the mean poinestimate Rvalues support inferences drawn from mean
model Pvalues. For example, if the mean model-¥alue was lower for asthmatics
compared to nonasthmatics then mean point-estimate RPvalue would also belower for
asthmatics (Table 66). Overall, the mean model Pvalues were lower than mean
point-estimate Rvalues. This wa especially apparent for All Counts where a large
difference between model and poirtestimate Pvalues was observed
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Table 6.6: England and Wales - comparison of mean model and point -estimate P-values,
asthmatics and non -asthmatics.

Asthmatics or Medical Contact Mean model ~ Mean point -estimate
Non-asthmatics P-values P-values
All Counts 0.18 0.43

Acute Visits 0.64 0.52

) Casualty Counts 0.56 0.52
Asthmatics Emergency Consultations 0.47 0.46
Emergency Counts 0.49 0.50

Out of Hours Counts 0.43 0.51

All Counts 0.13 0.40

Acute Visits 0.27 0.45

Non-asthmatics Casualty Counts 0.41 0.47
Emergency Consultations 0.58 0.51

Emergency Counts 0.45 0.48

Out of Hours Counts 0.54 0.56
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6.3.2. Trent Region Environmental Associations with Asthmatics and
Non-asthmatic Medical Contacts

Table 6.7: Trent Region All Counts - F-values and P-values (on 8 and 2156 df) from comparison of
null model against model including each predictor lagged by 7 days , asthmatics and
non-asthmatics .

Asthmatics Non-asthmatics

Exposure F-value P-value F-value  P-value

NO 3.59 *<0.001 341 *0.001

NOz 1.48 0.160 0.99 0.444

NOD 2.50 *0.010 2.25 *0.022

-ET(SQ 0.42 0.907 0.80 0.599

PMio 0.64 0.743 157 0.130

Oz 0.50 0.859 1.40 0.193

CcoO 1.88 0.059 1.26 0.261

NO 1.19 0.301 1.19 0.301

NO; 0.47 0.877 0.26 0.977

Outdoor NOD 0.84 0.566 0.98 0.448

air Mean SO 0.92 0.499 0.60 0.781

pollutants PMio 0.25 0.980 1.09 0.365

Oz 1.27 0.255 1.48 0.160

CO 0.64 0.743 1.18 0.310

NO 1.01 0.425 0.89 0.525

NO: 0.29 0.968 0.70 0.691

NOD 0.91 0.509 0.73 0.663

- A@i SQ 1.45 0.172 0.89 0.521

PM1o 0.61 0.774 1.48 0.159

Oz 1.50 0.153 151 0.148

CcoO 0.39 0.929 0.98 0.447

- ET i Temperature 0.39 0.929 0.27 0.975

- A @ Temperature 0.86 0.547 0.77 0.631

Weather Sun 1.33 0.221 1.49 0.157

Rain 1.25 0.268 1.04 0.404

Pressure 1.50 0.151 1.49 0.156

Wind speed 0.49 0.865 0.81 0.592

Pollen Grass 7.44 **<0.001 4,25 **<0.001

Total number of statistically significant 3 3
models

** Most significant P-value.
* Satisti cally significant exposure

An autoregressive analysis using a letinear Poisson distribution was performed on Trent
2ACEIT T80 AM Etfedicaldulatdh BiBgthe residual sum of squares was used to
compare the fit of the null model against thenodel with the addition of an environmental
variable lagged by seven days (see Chapter Four).
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Examining individual environmental associations, i comparison to England and Wales
(where a number ofmodels including environmental exposures significantlyimproved the
fit of the data) for Trent Region All Counts, three models foasthmatics and non
asthmatics statistically improved the fit of the data compared to the null model Table
6.7). For asthmatics and norasthmatics, the mast statistically significant modelincluded
grass. The environmental exposures: minimum measures of NO and NOD and grass
contributed to statistically significant models for asthmatics and norasthmatics In
contrast with the comparison of the effect made wth England and Wales All Counts
(where LLR values suggestd that exposure effects were stronger on theon-asthmatics
compared to asthmatics), the Fvalues of the significant models were higher for
asthmatics. This suggesed that the environmental effectfrom the statistically significant
modelswas strongeron asthmaticscomparedto non-asthmatics

Table 6.8: Trent Region All Counts - autoregressive point -estimate descriptive statistics per one
unit increase (n=224) , asthmatic s and non-asthmatics.

Statistic Asthmatics  Non-asthmatics
Mean 0.07 0.04
Median 0.06 0.06
Minimum -2.09 -2.15
Maximum 3.66 2.39

Point-estimates produced from the autoregressive analysiswere interpreted as
percentage change per one unit increase olit-estimateswere standardised to formulate
comparable unit increases between the environmental measures In similarity to
point-estimates resulting from the analyses usingEngland and Walesdaily counts,
point-estimates for the Trent Region were relatively small (compared to the
point-estimatesattributed to the covariates) (Table 68).
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Table 6.9: Trent Region All Counts - number of statistically significant autoregressive
point -estimates per environ mental exposure (out of 8 point -estimates) , asthmatics and
non-asthmatics .

Exposure Asthmatics Non-asthmatics

NO

NO:

NOD
-ET iSO

PMio

Os

CcoO

NO

NO.
Outdoor NOD
air Mean SQ
pollutants PMio

Os

CcoO

NO

NO.

NOD
-Agi SQ

PMio

Os

CcoO
- ET « Temperature
- A @i Temperature
Weather Sun
Rain
Pressure
Wind speed
Pollen Grass
Total
Mean

W O FRP P NOOOOOOODOO OOOOOOO0OiIkr OO0 O Fr OFPR

UOi0O OO PP OO0k, OO0 O FP,R ORFrRPR OO0 OO0 O0OO0OD0OI0O0 OO OO ok

[EnY
o

o
w
o

0.18

Compared to the total number of significant pointestimates exhibited by England and
Wales All Counts, Trent All Counts had relatively few significant poirgstimates. Out of a
possible 224 associations, only 10 an8l environmental exposures lagged from 0 to 7 days
were significantly associated with asthmatics and nonasthmatics, respectively(Table
6.9). Consequently, individual environmental effects were associated with asthmatics
more sothan non-asthmatics.

For asthmatics statistically significant point-estimates were present in models which

overall, provided a statistically significantimprovement to the fit of the datacompared

the null model (minimum measures of NO, NOD and grassee Table 67). For

non-asthmatics, significant pointestimates were not always present in models that
provided a significantly improved for to the data compared to the null model.
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a) Asthmatics b) Non-asthmatics
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Figure 6.7: Trent Region All Counts - distribution of F -test P-values a) Asthmatics and b) Non-
asthmatics .

Examining the collective environmental associationsFigure 6.7 displays the distribution

of all 28 moA A1 @eét P-8alues for All Counts only. Table 610 displays mean model
P-values for each type of medical contact. Focusing on All Counts, the meauaRie of
asthmatics equalledthat of the null value whilst for non-asthmatics, the meanP-value was
lower (Table 610). Figure 6.7 suggeststhat whilst there was no overall effect from
environmental exposures on asthmatics, there was an overall effect observed on
non-asthmatics

Table 6.10: Trent Region All Counts - Mean Ftest P-OAT OA & O frlrk theAlll Valde (0.5) and
difference between asthmatics and non -asthmatics.

Difference between

Medical Contact Asthmatics Asthma(t)ifs- asthmz’;ii(z:r;- as?HrSn-z’;lti?:r;- asthmatics and

non -asthmatics
All Counts 0.50 0.00 0.39 0.11 0.11
Acute Visits 0.27 0.23 0.41 0.09 -0.13
Casualty Counts 0.47 0.03 0.55 -0.05 -0.08
Emergency Consultations 0.36 0.14 0.42 0.09 -0.06
Emergency Counts 0.49 0.01 0.66 -0.16 -0.17
Out of Hours Counts 0.60 -0.10 0.49 0.01 0.10
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a) Asthmatics b) Non-asthmatics
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Figure 6.8: Trent Region All Counts z distribution ofthe 3 DAAOI AT 8 O Adae3A) AOEIT T 0

Asthmatics and b) Non-asthmatics .

Figure 68 shows when crude associations (correlations) were used, the distribution of the
correlation coefficient Pvalues was positive for asthmatics and nofsthmatics. From
these results, it follows that there was a collective association between environml
exposures and the daily number of medical contacts made by scheage asthmatics and
non-asthmatics. In addition, the crude association was slightly stronger with the asthmatic
cohort. However, when confounding factors were accounted for (autoregress& models),
the distribution of the autoregressive pointestimate Rvalues was uniformand suggestel
no (asthmatic) or a weak (nonasthmatic) association fFigure 69). Therefore, the crude
association was largely influenced by fators (day of the week, bank holiday, season)
accounted for in the autoregressive analysis.

a) Asthmatics b) Non-asthmatics
207 204
Mean = 4863
Mean = 534 = - Natg.zgiv. = 28159
15— St Dev. = 27948 — M 15=
= M=224 - mlm 5 LT T -
c — | — [ —
[E} [E}
= — =
o 107 — T oq0= - -
|y -
57 5=
0= T | T T T 0= I
oo 20 40 B0 80 1.00 oo 20 40 B0 80 1.00
P-value P-value

Figure 6.9: Trent Region All Counts - distribution of the autoregressive p oint -estimate P-values a)
Asthmatics and b) Non -asthmatics .

The autoregressive pointestimate distributions highlight less significant resultscompared

to the distributions of the autoregressive model Pralues. Yet the direction of whether the
effect was stronger on asthmatis or norrasthmatics was the same as that inferred by the

130



Chapter Six

Associations between environmental expostes and medical contacts
made by schoolage asthmatics and norasthmatics

model Pvalue distributions. Model P-value distributions signified more significant results
with All Counts non-asthmatics compared with asthmatics. This was witnessed with the
point-estimate P-value distributions. All Counts ron-asthmaticshad a lower meanP-value
compared toasthmatics (Figure 69, Table 611). In addition, non-asthmatics hada lower
mean P-value than 0.5 whereasasthmatics had a higher mean P-value than 0.5 Both the
distributions of the P-values and the meanP-values (calculatedas an average of all 28
environmental variables plus their lag terms) conjecture no gsthmatics) or a potentially
weak (hon-asthmatics) effect from the ervironmental variables on daily counts.

Table 6.11: Trent Region All Counts - autoregressive mean point -estimate P-OAT OA8 O fdrE OO AT AA
the null value (0.5) and difference between asthmatics and non -asthmatics .

Difference between

Medical Contact Asthmatics Asthma?ifs- asthmzl;lt?cns- as?ﬁr5r1-z’;![?cns- asthmatics apd

non-asthmatics
All Counts 0.53 -0.03 0.49 0.01 0.05
Acute Visits 0.45 0.05 0.48 0.02 -0.03
Casualty Counts 0.43 0.07 0.48 0.02 -0.06
Emergency Consultations 0.44 0.06 0.41 0.09 0.02
Emergency Counts 0.49 0.01 0.54 -0.04 -0.04
Out of Hours Counts 0.47 0.03 0.53 -0.03 -0.06

Table 6.12: Trent Region - comparison of mean model and point -estimate P-values, asthmatics
and non-asthmati cs.

Asthmatics or Medical Contact Mean model ~ Mean point -estimate
Non-asthmatics P-values P-values
Asthmatics All Counts 0.50 0.53
Acute Visits 0.27 0.45
Casualty Counts 0.47 0.43
Emergency Consultations 0.36 0.44
Emergency Counts 0.49 0.49
Out of Hours Counts 0.60 0.47
Non-asthmatics All Counts 0.36 0.49
Acute Visits 0.41 0.48
Casualty Counts 0.55 0.48
Emergency Consultations 0.42 0.41
Emergency Counts 0.66 0.54
Out of Hours Counts 0.49 0.53

Focusing primarily on All Counts resultscompared to the differences observed between

mean model and pointestimate ROAT OAO xEOE %l CI AT A AT A 7A1 AGS
differences were observed with the Trent All Counts asthmatics (inferring consistency in

the conclusions drawn from the model ad point-estimate results) (Table 612). There was

a noticeable difference (larger than +0.1) between mean model and pohestimate

P-values with All Counts norasthmatics.
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6.3.3. Sheffield Environmental Associations with Asthmatics a nd Non-
asthmatic Medical Contacts

Table 6.13: Sheffield All Counts - F-value and P-values (on 8 and 2156 df) from comparison of null
model against model including each predictor lagged by 7 days, asthmatics and non -asthmatics

Asthmatics Non-asthmatics

Exposure F-value P-value F-value P-value

NO -0.05 1.000 0.58 0.794

NOz -0.42 1.000 0.96 0.465

NOD -0.76 1.000 1.52 0.143

-ET « sQ 3.27 *0.001 1.36 0.211

PMa1o 0.08 1.000 2.02 *0.040

O3 1.40 0.191 0.74 0.656

CcO -0.71 1.000 0.18 0.994

NO 0.45 0.890 1.88 0.059

NOz 0.32 0.960 2.16 *0.028

Outdoor NOD 0.07 1.000 2.12 *0.031
air Mean SQ -0.26 1.000 1.72 0.088
pollutants PMuo 0.67 0.715 2.20 *0.025
O3 0.29 0.969 1.54 0.137

CO 0.49 0.865 2.16 *0.028

NO 0.72 0.670 0.96 0.464

NOz 0.06 1.000 1.11 0.355

NOD 0.73 0.663 1.02 0.415

- Agi SO 0.25 0.980 1.47 0.164

PMio 0.64 0.748 1.87 0.061

Oz 0.68 0.707 0.97 0.460

CcO 1.37 0.206 1.63 0.110

- ET | Temperature 0.86 0.547 0.91 0.510

- A @i Temperature 0.94 0.479 1.13 0.342

Weather Sun 2.78 *0.005 1.63 0.110
Rain 1.03 0.411 0.50 0.854

Pressure 2.39 *0.015 0.76 0.640

Wind speed 0.70 0.695 1.48 0.160

Pollen Grass 3.66 **<0.001 3.75 **<0.001
Total number of stati stically significant 4 5

models
** Most significant P-value.
* Statistically significantexposure.

Autoregressive analysis using a logjnear Poisson distribution was conducted on Sheffield
daily counts. Examining individual environmental associations,compared to the null
model (covariates only),four and six models including environmental exposureprovided
a statistically significant improvement concerning the fit of the datafor asthmatics and
non-asthmatics respectively (Table 613). The model including grasswas the most
significant model for asthmatics and norasthmatics Models including minimum
measures of S@ sun and pressure also provided statistically significant improvements to
the fit of the data compared to the nll model for asthmatics. Models including minimum
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measures of PMy and mean measures of N9 NOD, P and CO provided statistically
significant improvements to the fit of the data compared to the null model for
non-asthmatics.

Table 6.14: Sheffield All Counts - autoregressive point -estimate descriptive statistics per one unit
increase (n=224) , asthmatics and non -asthmatics.

Statistic Asthmatics Non-asthmatics
Mean 0.02 -0.06
Median 0.07 -0.18
Minimum -3.57 -2.50
Maximum 3.11 3.13

Point-estimates (illustrated as percentage change per one unit increasejvere
standardised to formulate comparable unit increases between the environmental
measures Standardised percentage change ranged from -3.57 to 3.11and from -2.50 to
3.13 for asthmatics and nonasthmaticsrespectively (Table 614). Overall the percentage
changewas small in relation to covariate effects.
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Table 6.15: Sheffield All Counts - number of statistically signifi cant autoregressive point -
estimates per environmental exposure (out of 8 point  -estimates ), asthmatics and non -asthmatics .

Exposure Asthmatics  Non-asthmatics

NO 0 0

NO» 0 0

NOD 0 0

-ET SO 1 1

PMzo 0 0

Oz 2 1

CcO 0 0

NO 0 1

NOz 0 0

Outdoor NOD 0 1
air Mean SQ 0 0
pollutants PMzo 0 0
Oz 0 0

coO 0 0

NO 1 0

NOz 0 0

NOD 1 0

- AQi SO 0 0

PMzo 0 0

Oz 1 2

CcO 0 1

- ET « Temperature 0 0

- A @i Temperature 0 0

Weather Sun 1 0
Rain 0 0

Pressure 0 0

wind speed 0 2

Pollen Grass 0 1
Total 7 10

Mean 0.25 0.36

Table 615 shows few significant pointestimates with Sheffield All Counts. Out of possible
224 point-estimates, only 7 and 10 pointestimates were statistically significant for
asthmatics and nonrasthmatics respectively. Per environmental variable, the number of
significant point-estimates ranged from 0 to 2. For asthmatics, minimum measures 0§;0
for non-asthmatics, maximum measures of £and measures of wind speedhad the highest
number of statistically significant point-estimates
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a) Asthmatics b) Non-asthmatics
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Figure 6.10: Sheffield All Counts - distribution of F -test P-values a) Asthmatics and b) Non-
asthmatics.

Looking at collective environmental associations, Istograms of the model P-values
illustrate a uniform distribution for asthmatics and a positive distribution for
non-asthmatics (Figure 610). Thus, when evaluating theassociation with all 28 models,
the effect from environmental exposureswas stronger on non-asthmatics compared to
asthmatics. Not onlywas the effect stronger, the effect omon-asthmatics wasstatistically
significant (i.e. lower than the nullvalue, see All Counts distance from the null valueTable

6.16)).

Table 6.16: Sheffield All Counts - Mean Ftest P-OAT OA 6 O flari thehAlllhypdthesis (0.5) and
difference between asthmatics and non -asthmatics.

Difference between

Medical Contact Asthmatics 0.5- o Non- 0h.5-N_on- asthmatics and

sthmatics ~ asthmatics  asthmatics non-asthmatics
All Counts 0.66 -0.16 0.3 0.2 0.36
Admissions 0.63 -0.13 0.43 0.07 0.2
A&E Counts 0.57 -0.07 0.59 -0.09 -0.02
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a) Asthmatics b) Non-asthmatics
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Figure 6.11: Sheffield All Counts z distribution ofthe 3 DAAOI AT 8 O Ada&dAl AO
a) Asthmatics and b) Non-asthmatics .

Figure 611 shows when crude associatioa (correlations) were used, the distribution of
the correlation coefficient Rvalues was positive forasthmatics and fairly uniform for non-
asthmatics. It follows that there was a stronger collective crude association between
environmental exposures and tle daily number of asthmatic medical contacts compared
to non-asthmatic medical contacts. However, when confounding factors were accounted
for (autoregressive models), the distribution of the autoregressive poinestimate Pvalues
was uniform (Figure 612). Therefore, the crude association seems to be largely influenced
by factors (day of the week, bank holiday, season) that were accounted for in the
autoregressive analysis. Thus, when effects of these factors were controlled fohet
environmental effects were not statistically significant.

a) Asthmatics b) Non-asthmatics
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Figure 6.12: Sheffield All Counts - distribution of p oint -estimate P-values a) Asthmatics and b)
Non-asthmatics .

Table 617 illustrates the mean pointestimate P-values for each type of medical contact.
Focusing primarily on the All Counts results, norasthmatics had a slightly lower mean

136

0



Chapter Six

Associations between environmental expostes and medical contacts

made by schoolage asthmatics and norasthmatics

point-estimate Rvalue compared to asthmatics. Howevermean PRvalues above 0.5
suggestedno effect from environmental exposures on daily counts.

Table 6.17: Sheffield - autoregressive mean point -estimate P-OA1T OA 8 O frark thenAll A A
hypothesis (0.5) and difference between asthmatics and non-asthmatics .

Difference between

. . 0.5- Non- 0.5-Non- -
Medical Contact Asthmatics Asthmatics asthmatics asthmatics asthmatics apd
non-asthmatics
All Counts 0.52 -0.02 0.51 -0.01 0.01
Admissions 0.52 -0.02 0.44 0.06 0.08
A&E Counts 0.48 0.02 0.52 -0.02 -0.04

Table 6.18: Sheffield - Comparison of mean mode | and point -estimate P-values, asthmatics and

on-asthmatics .

Asthmatics or

Medical Mean model  Mean point -estimate
Non-asthmatics  Contact P-values P-values
Asthmatics All Counts 0.66 0.52
Admissions 0.63 0.52
A&E Counts 0.57 0.48
Non-asthmatics  All Counts 0.3 0.51
Admissions 0.43 0.44
A&E Counts 0.59 0.52

Focusing primarily on All Counts results, there was a noticeable difference (larger than
+0.1) between mean modeland point-estimate Rvalues with asthmatics and non
asthmatics(Table 618) inferring inconsistency within results.
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6.4.1.

England and Wales Environmental Associations with the Excess

Spatial associations between pollutant exposures and asthmat and nasthma

Chapter Seven

related medical contacts made by schoedge children

6.4. Are the environmental associations observed in school age asthmatics in excess of those observed in school
age non-asthmatic children?

Table 6.19: England and Wales z LLR values and P-value s (on 8 df) from comparison of null model against model including each

Excess (all medical contacts).

predictor lagg ed by 7 days,

£ All Counts Acute Visits Casualty Counts Emergency Consultations Emergency Counts  Out of Hours Counts

xposure LLR P-value LLR P-value LLR P-value LLR P-value LLR P-value LLR P-value

NO 8.84 0.356 9.18 0.328 14.34 0.073 17.18 *0.028 8.98 0.344 6.10 0.636

NCz 10.72 0.218 4.88 0.770 13.12 0.108 14.06 0.080 10.55 0.228 3.15 0.924

NOD 9.06 0.337 6.89 0.549 13.18 0.106 16.58 *0.035 10.14 0.256 6.33 0.610

Mind SG 9.80 0.279 7.59 0.474 5.55 0.697 21.29 *0.006 1.66 0.990 10.50 0.232

PMio 6.58 0.583 6.66 0.574 5.76 0.674 7.69 0.464 6.02 0.645 5.80 0.670

O3 7.94 0.439 7.25 0.510 11.94 0.154 8.46 0.390 3.46 0.902 8.99 0.343

CcO 5.52 0.701 6.79 0.559 6.84 0.554 3.38 0.909 3.28 0.916 4.65 0.794

NO 11.04 0.199 7.86 0.447 5.16 0.741 14.59 0.068 8.63 0.374 4.66 0.793

NOC. 6.72 0.567 9.43 0.307 7.86 0.447 5.89 0.660 11.32 0.184 12.84 0.117

Outdoor NOD 10.28 0.246 8.88 0.353 5.04 0.753 13.86 0.085 9.82 0.278 5.98 0.650
air Mean SQ 7.68 0.465 -6.84 1.000 2.23 0.973 13.82 0.087 5.59 0.693 6.80 0.558
pollutant s PMio 7.94 0.439 7.26 0.509 7.34 0.501 461 0.799 7.91 0.442 13.89 0.085
Os 7.64 0.469 3.64 0.888 5.97 0.651 15.84 *0.045 10.78 0.215 4.75 0.784

CcO 10.94 0.205 -11.50 1.000 4.01 0.856 5.49 0.704 -8.88 1.000 6.87 0.551

NO 7.68 0.465 -14.94 1.000 4.14 0.844 12.45 0.132 8.06 0.428 6.32 0.611

NOC. 7.40 0.494 10.93 0.206 6.59 0.581 4.18 0.841 -6.51 1.000 12.84 0.117

NOD 8.22 0.412 -13.96 1.000 3.98 0.859 12.35 0.136 8.68 0.370 6.01 0.646

- Agi SG 7.64 0.469 -11.39 1.000 2.41 0.966 5.99 0.648 6.98 0.539 12.72 0.122

PM1o 7.48 0.486 3.98 0.859 2.55 0.960 8.05 0.429 5.03 0.754 5.89 0.660

Os 12.04 0.149 4.04 0.853 11.58 0.171 13.90 0.085 9.12 0.332 6.32 0.611

CcO 10.66 0.222 -5.53 1.000 2.05 0.979 8.65 0.372 4.66 0.793 6.16 0.630

- E1  Temperature 12.58 0.127 4.94 0.764 10.49 0.232 8.66 0.372 5.57 0.695 10.79 0.214

- A @i Temperature 7.62 0.471 9.88 0.274 7.32 0.503 18.17 *0.020 3.25 0.917 6.76 0.562

Weather un 6.54 0.587 3.13 0.926 2.75 0.949 11.73 0.164 6.35 0.608 8.08 0.426
Rain 5.04 0.753 6.86 0.552 6.75 0.564 4.84 0.775 -10.70 1.000 8.17 0.417

Pressure 10.32 0.243 8.92 0.349 7.46 0.487 35.27 **0.001 6.83 0.556 7.60 0.474

Wind speed 13.66 0.091 -14.95 1.000 10.42 0.237 22.84 *0.004 4.67 0.792 5.72 0.679

Pollen Grass 23.48 **0.003 -6.32 1.000 12.96 0.113 9.97 0.267 18.24 **0.020 14.25 0.076
Total number of statistically significant 1 0 0 7 1 0

models

** Most significant P-value.
* Statistically significant exposure
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The daily excess represents the daily number of medical contacts made by asthmatics over
and above (or below) the average school population represented by neasthmatics.
Examining on the individual environmental associations, vwh exception to All Counts,
Emergency Consultations and Emergency Countsio datistically significant model
including environmental exposures improved the fit of the data compared to the null
model. All Counts Excess only hagine significant modelthat improved the fit of the data
compared to the null model; this modelincluded grass (Table 619). Emergency
Consultations had a high number of stdistically significant models. The model including
grass (and its seven lag terms) washe most significant model in two of the sixmedical
contacts (All Counts and Emergency Counts).

Table 6.20: England and Wales - autoregressive point -estimate descriptive statistics per one unit
increase, (n=224) , Excess

Statistic All A(_:u_te Casualty Emergt_ancy Emergency  Out of Hours

Counts Visits Counts  Consultations Counts Counts
Mean 0.36 0.06 0.04 0.24 0.07 -0.01
Median 0.38 0.07 -0.05 0.46 0.20 0.02
Minimum -2.14 -2.45 -2.70 -3.37 -2.81 -3.02
Maximum 2.57 2.32 3.12 3.17 2.50 3.05

Point-estimateswere examined to assess lagged associations and to illustrate support for
or against the inferences made from the modelP-values. Table 620 illustrates the
descriptive statistics of the environmertal expo) O A 6 O -estiniateéd, hese were
standardised to formulate comparable unit increasesbetween the environmental
measures. See Appendix @r point-estimates and correspondingP-values. Compared to
other covariate effects (for example, the standardised efeOO 1T £ O- 11 AAUSG
Excess = 77) environmental exposurgoint-estimates were relatively small. The largest
effectwas observedwith Emergency Consultations {3.37).
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Table 6.21: England and Wales - number of statistica Ily significant autoregressive point -estimates
per environmental exposure (out of 8 point -estimates ), Excess.

Exposure All Acute Casualty Emergency = Emergency S(L)Jltj:)sf

Counts Visits Counts Consultations Counts Counts

NO 0 0 2 3 0

NOz 0 0 1 1 1 0

NOD 1 0 2 3 1 1

- ET 1 SQ 0 0 0 0 0 0

PMio 0 0 0 1 0 0

O3 0 0 1 1 0 0

CO 0 1 0 0 0 0

NO 1 1 0 1 1 0

NO2 0 0 0 0 1 2

Outdoor NOD 1 1 0 2 1 0
air Mean SQ 0 2 0 0 0 0
pollutant s PMio 0 1 0 0 1 2
O3 0 0 0 2 1 0

CO 0 0 0 0 0 0

NO 0 0 0 0 0 0

NO: 0 1 0 0 0 1

NOD 0 0 0 1 0 0

- Agi s 0 0 0 0 0 1

PMao 0 0 0 0 0 0

Os 2 0 1 0 2 1

CO 1 1 0 0 0 0

- ET1 « Temperature 1 0 0 1 0 1

- A @ Temperature 0 1 0 1 0 0

Weather Sun 0 0 0 1 0 0
Rain 0 0 0 0 0 1

Pressure 0 0 0 3 0 0

Wind speed 1 0 0 1 0 0

Pollen Grass 1 0 0 0 1 1
Total 9 9 7 22 11 11
Mean 0.32 0.32 0.25 0.79 0.39 0.39

Each number per environmental exposure was out of eight poirgstimates (one
alternative model investigated the effects of an environmental variable measured on the
current day along with its seven lag terms concurrently)Table 621 displays low numbers
of statistically significant point-estimates per environmentalexposureacross the lag days.
Environmental exposures had no more thanthree individual statistically significant point-
estimates Environmental variables that gatheredthree statistically significant point-
estimateswere investigated with the excess of Emergency Consultatis. The mean refers
to the average number of significant poirtestimates per environmental exposure. Thus,
for All Counts, the average number of significant poirgstimates per environmental
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exposure was 0.32%1 AOCAT AU #1711 001 O Aedtkeihipgnedwhiszdadand AEODI A
Countshadthe lowest total number of statistically signficant point-estimates.
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Figure 6.13: England and Wales All Counts - distribution of chi -squared P-values, Excess.
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Figure 6.14: England and Wales Emergency Consultations - distribution of chi -squared P-values,
Excess.

Table 6.22: England and Wales 7 LLR testmean P-valued O AEOOAT AA vae®(05), OEA 1 Oi 1

Excess.
Medical Contact Excess 0.5-Excess
All Counts 0.38 0.12
Acute Visits 0.68 -0.18
Casualty Counts 0.56 -0.06
Emergency Consultations 031 0.19
Emergency Counts 0.58 -0.08
Out of Hours Counts 0.50 0.00

Examining collective environmental associations, the distribution of thenodel Pvalues
are given for wo of the six medical contacts, All Counts anBEmergency Consultations. The
model Pvalue distributions for the remaining four medical contacts are given in Appendix
G.All Counts excess exhibits aniform distribution yet the mean Pvalue was below 0.5
thus lower than the null value (Figure 613). Emergency Consultations »hibit a positive
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distribution ( Figure 614). For all other medical contactsAppendix G the model P-values
follow a uniform distribution. Table 622 illustrate s evidencefor and against associations
between environmental exposures and daily excess.ny All Counts and Emergency
Consultations exhibit meanmodel Pvalues below 0.5.Thus, collectively environmental
exposureswere associated with All Counts and Emergency Consultations excess. Results
for the remaining medical contacts support the null hypothesisstating no associations
betweenenvironmental exposures anddaily excess.

1005 Mean = 11989
Std. Dev. = 2835
M= 224
5 75
c
z
i
= 507
N —’_h_ﬂ—i_ﬂ‘l_b—l—!_)—d—l_l—»—l—h
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00 20 40 &0 80 1.00
P-value
Figure 6.15: England and Wales All Counts z distribution ofthe 0 AAOOI 1 6 O A-vatdeésA1 AOET T 0
Excess.

Figure 615 shows when crude associations (correlations) were used, the distribution of
the carelation coefficient P-values was positive inferring a collective crude association
between environmental exposures and the daily excess of medical contacts made by
schoolage asthmatics over and above the average school population. However, when
confounding factors were accounted for (as in the autoregressive models), the distribution
of the autoregressive pointestimate Pvalues was uniform suggesting almost no
association Figure 616). It follows that the crude associatios observed in Figure 615
were influenced by the day of the week, bank holiday and seasonal effects.
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Figure 6.16: England and Wales All Counts - distribution of the autoregressive p oint -estimate P-
values, Excess.

Point-estimate P-values from the remaining medical contacts exhibied uniform
distributions. Uniform distributions signify weak or nonexistent effecs from
environmental exposures on daily excess olsthmatics over non-asthmatics. Point-
estimate P-value distributions for the remaining medical contactsvere consistent with All
Counts hence;the uniform distribution was illustrated for All Countsonly (Figure 616).
Table 623 illustrates the mean P-values distance for the null hypothesisand supports
inferences made fromFigure 616.

Table 6.23: England and Wales - autoregressive mean point -estimate P-O A 1 (Giist&nde from the
null value (0.5), Excess

Medical Contact Excess  0.5- Excess
All Counts 0.49 0.01
Acute Visits 0.50 0.00
Casualty Counts 0.50 0.00
Emergency Consultations 0.40 0.10
Emergency Counts 0.49 0.01
Out of Hours Counts 0.52 -0.02

The autoregressive mean poinestimate P-values partly concur with inferences drawn
from mean model RPvalues. For example, Emergency Consultations exhibit mean model
and point-estimate Rvalues lower than the null hypothesis; this infers association
between environmental exposures and dailycounts of Emergency Consultations. For
Acute Visits, Casualty and Out of Hours Counts, both mean model and point estimate
P-value sigiified non-significant associations between environmental exposures and daily
excess. However, for All Counts, the mean meldand the pointestimate Rvalues do not
completely agree with one another with the former exhibiting a relatively lower mean
P-value than the latter (Table 624).
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Table 6.24: Comparison of mean model and point -estimate P-values, Excess.

Medical Contact Mean model  Mean point -estimate

P-values P-values
All Counts 0.38 0.49
Acute Visits 0.68 0.50
Casualty Counts 0.56 0.50
Emergency Consultations 0.31 0.40
Emergency Counts 0.58 0.49
Out of Hours Counts 0.50 0.52
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6.4.2. Trent Region Environmental Associations with the Excess

Table 6.25: Trent Region All Counts - F-values and P-values (on 8 and 2156 df) from comparison
of null model against model including each predictor lagge d by 7 days, Excess.

Exposure F-value  P-value

NO 2.95 *0.003

NGO 1.27 0.254

NOD 2.30 *0.019

- ET 8 s 0.47 0.881

PMio 1.59 0.122

Os 0.27 0.975

CO 1.06 0.391

NO 1.56 0.133

NG 0.39 0.926

Outdoor NOD 1.09 0.364
air Mean SQ 1.03 0.409
pollutant s PMuo 0.73 0.662
Os 0.76 0.641

CO 0.18 0.993

NO 0.76 0.640

NG 0.10 0.999

NOD 0.60 0.782

- A@8 So 1.34 0.216

PMzo 1.08 0.378

O3 1.85 0.064

CO 0.40 0.922

- E1 & Temperature 0.35 0.945

- A @8 Temperature 0.90 0.517

Weather Sun 1.52 0.143
Rain 0.98 0.453

Pressure 2.02 *0.041

Wind speed 0.20 0.992

Pollen Grass 3.15  **0.001
Total number of statistically 4

significant models

** Most significant P-value.
* Satistically significant exposure.

Examining individual environmental associations, n comparison to England and Wales
(where the Ftest revealedthat a number of models including environmental exposures
significantly improved the fit of the data) for Trent Region All Conts Exess, four models
including environmental exposures statistically improved the fit of the data compared to
the null model (Table 625). The most statistically significant modelincluded grass.
Minimum measures of NO and NOD and pssure also contributed to statistically
significant models
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Table 6.26: Trent Region All Counts - autoregressive point -estimate descriptive statistics per one
unit increase (n=224) , Excess

Statistic Excess
Mean 0.08
Median -0.01
Minimum -2.36
Maximum 3.58

Table 6.27: Trent Region All Counts - number of statistically significant autoregressive point -
estimates per environmental exposure (out of 8 point -estimates) , Excess

Exposure Excess

NO

NGz

NOD
-ET  SQ

PMio
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CO
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NGz
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air Mean SQ
pollutant s PMio

(0]

CO

NO
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NOD
- Agi so

PMio

(0]

CO
- E1 « Temperature
- A @« Temperature
Weather Sun
Rain
Pressure
Wind speed
Pollen Grass
Total
Mean
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Compared to the total number of significant pointestimates exhibited by England and
Wales All Counts, Trent All Counts had relatively few giificant point-estimates. Out of a
possible 224 associations, 14 were significant for the exceg3able 627). Satistically

significant point-estimates were present in models which overall, provideda statistically

significant improvement to the fit of the data compared  the null model (minimum

measures of NO, NOD, pressure and gragable 625).
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Figure 6.17: Trent Region All Counts - distribution of F-test P-values, Excess.

Inspecting collective environmental associationsFigure 617 displays the distribution of

Al 1T ¢y -test R-aluds @r A8l Counts only. The P-value histogram for the excess
exhibited a uniform distribution . Table 628 displays mean model Pvalues for each type of
medical contact. Focusing primarily on All Qants excess Table 628), the mean Pvalue
was slightly lower than the null value thus the environmental effectwas almost

non-significant with daily excess.

Table 6.28: Trent Region All Counts - Mean Ftest P-OAT OA 8 O frark tBeAlll Valde (0.5),

Excess
Medical Contact Excess 0.5-Excess
All Counts 0.49 0.01
Acute Visits 0.25 0.25
Casualty Counts 0.47 0.03
Emergency Consultations 0.53 -0.03
Emergency Counts 0.50 0.00
Out of Hours Counts 0.50 0.00
1007 17
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Figure 6.18: Trent Region All Counts z distribution ofthe 3 DPAAOI AT § O AJabe3/fEkcds®ET T 0
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Figure 618 shows when crude associations (correlations) were used, the distribution of
the correlation coefficient Rvalues was positive inferring a collective crude association
between environmental exposures and the daily ecess of medical contacts made by
schoolage asthmatics over and above the average school population. However, when
confounding factors were accounted for (as in the autoregressive models), the distribution
of the autoregressive pointestimate Rvalues wasuniform inferring no association (Figure
6.19). It follows that the crude association observed inFigure 618 was most likely
influenced byday of the week, bank holiday and seasonal effects.
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Figure 6.19: Trent Region All Counts - distribution of the autoregressive p oint -estimate P-values,
Excess.

The autoregressivepoint-estimate distributions highlight less significant results compared
to the distributions of the model Rvalues (Figure 617). The mean P-values from the

point-estimate Rvalue distributions (calculated from all environmental variables plus
their lag terms) conjecture noeffect from the environmental variables onAll Countsdaily

excess

Table 6.29: Trent Region All Counts - autoregressive mean point -estimate P-OAT OA8 O AEOOAT AA £O
the null hypothesis (0.5) , Excess.

Medical Contact Excess 0.5-Excess
All Counts 0.53 -0.03
Acute Visits 0.43 0.07
Casualty Counts 0.53 -0.03
Emergency Consultations 0.53 -0.03
Emergency Counts 0.51 -0.01
Out of Hours Counts 0.48 0.02

With exception to Acute Visits where there was a large difference between the model and
point-estimate mean Pvalues, for the remaining meétal contacts, therewere small
differences between model and poinestimatessuggestingagreementbetweenthe results
(Table 630).
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Table 6.30: Trent Region - comparison of mean model and point -estimat e P-values, Excess.

Medical Contact Mean model  Mean point -estimate

P-values P-values
All Counts 0.49 0.53
Acute Visits 0.25 0.43
Casualty Counts 0.47 0.53
Emergency Consultations 0.53 0.53
Emergency Counts 0.50 0.51
Out of Hours Counts 0.50 0.48
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6.4.3. Sheffield Environmental Associations with the Excess

Table 10.1: Sheffield All Counts - F-value and P-values (on 8 and 2156 df) from comparison of null
model against model including each predictor lagged by 7 days, Excess

Exposure F-value  P-value

NO 0.58 0.792

NOz 0.43 0.901

NOD 0.37 0.939

-ET(sQ 0.99 0.445

PMio 0.37 0.937

Os 0.71 0.686

CO 1.05 0.395

NO 1.03 0.414

NOz 0.28 0.973

Outdoor NOD 0.69 0.702
air Mean SQ 0.14 0.998
pollutant s PM1o 0.64 0.744
Os 0.43 0.905

CO 1.67 0.100

NO 0.98 0.453

NO2 0.39 0.925

NOD 0.98 0.451

- A@i SO 0.30 0.967

PMz1o 0.96 0.469

Os 0.95 0.474

CcoO 1.62 0.115

- E1 ( Temperature 0.91 0.510

- A@{ Temperature 1.07 0.380

Weather Sun 2.00 **0.042
Rain 0.40 0.920

Pressure 0.96 0.468

Wind speed 1.46 0.168

Pollen Grass 1.81 0.071
Total number of statistically 1

significant models

** Most significant P-value.
* Statistically significantexposure.

Examining individual environmental associations, ompared to the null model (covariates
only), one model including environmental exposuresprovided a statistically significant
improvement to the fit of the data for the excess(Table 633). The model including
sunlight was the most statistically significant model for the excess.

Table 6.31: Sheffield All Counts - autoregressive point -estimate descriptive statistics per one unit
increase (N=224) , Excess

Statistic Excess
Mean 0.05
Median 0.10
Minimum -3.18
Maximum 2.22
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Point-estimates (illustrated as percentage change per one unit increasejvere
standardised to formulate comparable unit increases between the environmental
measures Standardised percentage change ranged from -3.18 to 2.22 (Table 631).
Overall, the percentage changevas small in relation to covariate effects.

Table 6.32: Sheffield All Counts - number of statistically significant autoregressive  point -
estimates per environmental exposure (out of 8 associations ), Excess

Exposure Excess

NO 0

NO;

NOD
-ET S0

PMio

Os

CcoO

NO

NGz
Outdoor NOD
air Mean SQ
pollutant s PMio

Os

CcoO

NO

NO.

NOD
-Agi SG

PMzo

Os

CcO
- ET « Temperature
- A @i Temperature
Weather Sun
Rain
Pressure
Wind speed
Pollen Grass
Total
Mean 0.21
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Table 632 shows few significant pointestimates with Sheffield All Counts. Out of possible
224 point-estimates, only 6 pointestimates were statistically significant for the excess.
Per environmental variable, the number of significant pointestimates ranged from 0 to 2
Grass pollen had the highest number of statistically significant poiréstimates.
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Figure 6.20: Sheffield All Counts - distribution of F -test P-values, Excess.

Examining collective associations, istograms of the model P-values illustrate a uniform
distribution for the excess(Figure 620, Table 633). The mean Pvalue suggested no

association between environmental exposures and daily excess.

Table 6.33: Sheffield All Counts - Mean Ftest P-OAT OA 6 O frark thethAllihydthesis (0.5) |,

Excess
Medical Contact Excess 0.5-Excess
All Counts 0.58 -0.08
Admissions 0.44 0.06
A&E Counts 0.53 -0.03
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Figure 6.21: Shefiield All Counts z distribution ofthe 3 DAAOI AT 8 0 AValD&3/EkcAsOET T 0

Figure 621 shows when crude associations (correlations) were used, the distribution of
the correlation coefficient Pvalues was positive inferring acollective crude association
between environmental exposures and the daily excess of medical contacts made by
schoolage asthmatics over and above the average school population. However, when
confounding factors were accounted for (as in the autoregresstvmodels), the distribution
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of the autoregressive pointestimate Rvalues was uniformed inferring no association
(Figure 622). It follows that the crude association observed ifrigure 621 was most likely
influenced byday of the week, bank holiday and seasonal effects.
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Figure 6.22: Sheffield All Counts - distribution of the autoregressive p oint -estimate P-values,
Excess.

Table 634 illustrates the mean pointestimates for each type of medical contact. Focusing
primarily on the All Counts results,there was little difference in the mean pointestimate
P-values and the null hypothesis suggestingo effect from environmental exposures on
the daily excess.

Table 6.34: Sheffield - autoregressive mean point -estimate P-OAT OA 8 O fldrk DAl A A
hypothesis (0.5) , Excess

Medical Contact Excess 0.5-Excess
All Counts 0.53 -0.03
Admissions 0.44 0.06
A&E Counts 0.49 0.01

Focusing primarily on All Counts results, there weresmall differences between mean
model and pointestimate Rvalues (Table 635); this inferred to some extent, consistency
within results.

Table 6.35: Sheffield - Comparison of mean model and point -estimate P-values, Excess.

Medical Mean Model  Mean Point-estimate
Contact P-values P-values
All Counts 0.58 0.53
Admissions 0.43 0.44
A&E Counts 0.53 0.49
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6.5. Are there any lagged environmental associatio ns observed with
school-age asthmatics and/or non -asthmatics?

To investigate possible delayed effect from environmental exposures (overall) on the

number of daily countsor daily excess the most significant correlation coefficients or

autoregressive poirt-estimates by lag day were tallied across the environmental
exposures and graphically illustrated. This section illustrates results from the
correlational and autoregressive analyses.

6.5.1. England and Wales Environmental Lagged Associations
a) Asthmatics b) Non-asthmatics
=28 =
15 1 n 15= M n=28
g 107 = 107
3 3
L] L]
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Figure 6.23: England and Wales All Counts Z number of the most significant correlation
coefficients per environmental exposure by lag day a) Asthmatics and b) Non-asthmatics .

Figure 623 illustrates number of most significant correlation coefficients per
environmental exposure by lag day for All Counts onlyCurrent day (lag day Ohad the
highest number of most signifiant coefficients for All Counts. However, when covariates
were considered, br asthmatics thenumber of most significant point-estimates €ll on lag
day seven Figure 624). Therefore when accounting for day of the week, bank holiday and

season, there was a longer delayed effect from envimmental exposures on medical
contacts made by asthmatics.

154



Chapter Six

Associations between environmental exposures and medical contacts
made by schoolage asthmatics and norasthmatics

b) Non-asthmatics
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Figure 6.24: England and Wales All Counts - number of the most significant autoregressive
point -estimates per environmental exp osure by lag day a) Asthmatics and b) Non-asthmatics .

Table 6.36: England and Wales - lag day with the highest number of most significant

autoregressive point -estimat es, asthmatics and non-asthmatics .

Medical Contact Asthmatics Non-asthmatics
Acute Visits 1 4,7
Casualty Counts 4 0
Emergency Consultations 1 0
Emergency Counts 7 0
Out of Hours Counts 2,7 4

The results from the autoregressive analysis infethat for All Counts non-asthmatics,
environmental effects were strangest on the current day of exposure whilst for
asthmatics; environmental effects were strongest after a delay of seven daysamining
the delayed environmental effects with theremaining medical contacts Table 636), for
asthmatics lag day seven had the highest number of most significant poiestimates in
two out of the five medical contacts (Emergency and Out of Hours Counts). For non
asthmatics, current day (lag day0) had the highest humber of most significant point
estimates in three out of the five medical contacts (Emergency Consultations, Casualty,

and Emergency Counts).
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Figure 6.25: England and Wales All Counts z number of the most significant correlation

coefficients per environmental
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In similarity with the asthmatics, Figure 625 illustrates that the current day (lag day 0)
had the highest number of most signifiant coefficients for All Counts Excess. However,
when covariateswere considered,the number of most significant point-estimates €ll on
the lag day sevenFKigure 626).

8= n=28

Count

. Wmmrﬂmﬂ

Lag clay

Figure 6.26: England and Wales All Counts - number of the most significant autoregressive
point -estimates per environmental exposure by lag day , Excess.

Table 6.37: England and Wales - lag day with the highest number of most significant
autoregressive point -estimates, Excess

Medical Contact Excess
Acute Visits 4,5
Casudty Counts 0
Emergency Consultations 1
Emergency Counts 1
Out of Hours Counts 2

Table 637 summarises the lag day with the most significant poinestimates for the
remaining five medical contactsBar charts for the remainingmedical contactsare givenin
Appendix G. Compared to All Counts excess, the exces$ the remaining five medical
contacts experienced shorter delayed effects from environmental exposure. For Acute
Visits lag day four and five; Casualty Counttag dayzero; Emergency Congltations and
Emergency Countslag day one, and Out of Hours Counts lag daywo had the highest
number of most significant point-estimates
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6.5.2. Trent Region Environmental Lagged Associations
a) Asthmatics b) Non-asthmatics c) Excess

15 n=28 15+ n=28 15— n=28
£ 104 £ 107 £ 10+
3 2 2
L] [ ] [&]
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0= T 0= |T||_|I T T o= T

0123 4567 012 34567 01234567

Lag day Lag day Lag day

Figure 6.27: Trent Region All Counts z number of the most significant correlation coefficients per
environmental exposure by lag day a) Asthmatics, b) Non -asthmatics, and c) Excess.

From the correlational analysisusing All caunts as the outcome Figure 627 illustrates
that the majority of the most significant coefficients fell on the current day thus the
associations from current day exposures were more significant compared to exposures
from days previous. Results from the autoregressive analysis illustrated slightly different
results for the excess; a longer delayed effect was observed from environmental exposures
on daily excess when covariatesvere considered Figure 628). In similarity with the
correlational analysis, br asthmatics and norasthmatics the highest number of most
significant point-estimates £ll on the current day highlighting no delayed effect from
exposure on the numbers of medical contact

a) Asthmatics b) Non-asthmatics c) Excess
10 n=28 10 n=24 10 n=2a
& B 87
= E E -
3 & 3 g 2 ]
&) 4 [ 4 L&) 4
2 2 D
] 0 o=
01234567 01234567 01234567
Lag day Lag day Lag day

Figure 6.28: Trent Region All Counts - number of the most significant autoregressive point -
estimates per environmental exposure by lag day a) Asthmatics, b) Non-asthmatics, and c) Excess.
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6.5.3. Sheffield Environmental Lagged Associations
a) Asthmatics b) Non-asthmatics c) Excess
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Figure 6.29: Sheffield All Counts z number of the most significant correlation coefficients per
environmental exposure by lag day a) Asthmatics, b) Non-asthmatics, and c) Excess.

From the correlational analysisusing All counts as the outcomeFigure 629 shows that
the highest number of most significant coefficientsdll on current day for asthmatics and
lag day four for nonasthmatics and the excessThis suggesd that there was a shorter
delayed association between environmental measures and daily counts afthmatics
compared to nonasthmatics or the excess. Results from the autoregressive analysis
demonstrate that in contrast to the correlation lagged results, highest number of most
significant point-estimates fell on lag day three for asthmatics and current day for nen
asthmatics (Figure 630). Thus, when covariates were consiled, environmental

exposures had a longer delayed effect (if any effect was present) on asthmatics compared
to non-asthmatics.

a) Asthmatics b) Non-asthmatics c) Excess
10 n=28 10— n=28 10 n=28
o 8- g
E 6] § 6 E 6
T 8 - O 4
2 o 2
LI 0= R EERREEE
0123 45867
Lag day Lag day Lag day

Figure 6.30: Sheffield All Counts - number of the most significant autoregressive point -estimates
per environmental exposure by lag day a) Asthmatics, b) Non-asthmatics, and c) Excess.

Comparing between the three geographies, thereras no patternin delayed associations
between environmental exposures ad medical contacts.
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6.6. Summary

Correlations and autoregressive techniques were employed to investigate the association
AAOxAAT AT OEOTT1 AT OAI Aobpl OO0OAO AT A AAEI U Al
Ai OOAT AGET T | %l Cci AT A AT A ZoAdlaBod (TrerA Reljibnfadd] AT A 3¢
Sheffield dataset) were used as preliminary analyses. This was followed by Normal

(England and Wales dataset) and Poisson autoregressive technigues (Trent Region and

Sheffield dataset). Controlling for confounding effects (dagf the week, bank holiday and

season), the value of adding one environmental variable (in conjunctiowith its seven lag

terms) was investigated to answer four questions three of which are summarised here

Analyses were conducted on data at national (Egland and Wales), regionk (Trent

Region) and localSheffidd) level to illustrate whether results differed across geographies

varying in size.

Are environmental exposures associated with daily counts of medical contact made

by school-age asthmatics or non-asthmatics?

Comparing selected results from thesimple correlational and autoregressive analyses
(which allowed for covariates), results were not consistent between the two analyseg
with the simple analysis providing more statistically significant results. For All Counts
only, at national level (England and Wales), examiningjngle environmental variables (in
conjunction with their seven lag terms), a number of the environmental exposures made a
significant improvement to the fit of the data comparedo the null model. Comparedto
England and Wales, fewer environmental variables made a significant improvement to the
fit of the data with the Trent Region and Sheffield datasets.

Examining the collective association from the effect of all the environmeal exposures on
medical contacts, the inferences made fromverall model Pvalue histograms were not
always supported by the inferences made from the poiréstimate Rvalue distributions. In
general, with All Counts, in contrast to the positively skewed radel P-value distributions
that signified collective associatiors between environmental exposures andmedical
contacts, the uniform point-estimate Rvalue distributions suggested weak or no
associations. Therefore, results within the analysis were not alwa consistent.

The association therefore betweerenvironmental exposuresand daily counts of medical
contact made by schoehge asthmatics or norasthmaticsis equivocal.

Are the environmental associations observed in school age asthmatics in excess of
those observed in school age non -asthmatic children?

When examining whether the environmental association was stronger for asthmatics or
non-asthmatics using correlations, with the Trent Region and Sheffield dataset, results
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favoured asthmatics For Englard and Wales, there was no difference in association
between asthmatics and norasthmatics.

In slight contrast, the results of the autoregressive analysis tended to suggest that if there
was any difference between the two cohorts, the association was invfaur (more
significant) of non-asthmatics. Results ofhe analysis conducted with the excess reveedl
that in parallel to the small differences made between asthmatics and neasthmatics,
there was little or no significant results observed with the excess.

The environmental associations observed in school age asthmatie®re thus not in excess
of those observed in school age neasthmatic children.

Are there any lagged environmental associations observed with school -age
asthmatics and/or non -asthmatics?

From the correlations, there were delayed associations with Sheffield daily counts and
excess, yet, there were ndelayedassociations with England and Wales and Trent Region
daily counts and excess. These results differed to the autoregressive analysis vehe
covariates were included. Thus, for England and Wales All Counts asthmatics and excess,
exposures were most signitant seven days after exposureFor the Trent Region excess,
exposures were most significant four days after exposure. For Sheffield asthtits, non
asthmatics and excess, exposures were most significant on the third, current and fourth
lag day. From the main analyses, it follows thahe number of most significant point
estimates fell on different lag days across the medit contacts hencethere were
inconsistent lagged effects.

Therefore, there was inconsistentevidence oflagged environmental associations observed
with school-age asthmatics and/or norasthmatics

The literature highlighted that environmental associations with childhoodasthma vary
spatially. Alongside investigating the relationship between environmental exposures and
medical contacts over time, this thesis investigates spatial relationship between pollutant
exposures andmedical contacts. Chapter Seveamports results from a spatial analysis.
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Chapter Seven

Spatial associations between pollutant exposures and asthma
and non-asthmatic related medical contacts made by school -
age children

7.1. Introduction

Chapter Six presented the results that addressed theecondaim of the study eamining

the association between daily measures ofenvironmental exposures (collectively) and

daily counts of medical contact made by scho@ge asthmatis and non-asthmatics.

Previous literature highlights that the association between environmental assoafions

and medical contacts made by children with asthmenay be spatially influenced. Following
this, a parallel investigationwas conducted to address the third aim of the study to

investigate MSOAlevel rates of medical contact made by scho@ige asthnatics, non

asthmatics and the excesalongsidespatially defined pollutant exposuresThe excess here
was difference in the mean rates of contacts made by schemje asthmatics and
non-asthmatics. This investigation observed whether these rateswere assocated with

ward level pollution data in Sheffield.

7.1.1. Aims of the Chapter

This chapter aims to answethe three following questions:

1. Are there areas in Sheffield that have high levels of medical contact made by
schoolage children for asthmatic and norasthmatic conditions?

2. Is there an association between pollution measures and levels asthmatic or
non-asthmatic medical contactsin Sheffield?

3. If there are areas with significantlyhigh levels ofasthmatic or non-asthmatic medical
contact, are these alsoneaDEA AEEI AOAT 60 ET OPEOAI ¢
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7.2.

Geographical Distribution of the Comparative Hospital contact Ratios and Pollutant Exposures
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Figure 7.1: Map of Sheffield Wards.
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Sheffieldis situated at the bottom of South Yorkshire, England.ri®r to 2006, Sheffidd was
under the Trent Srategic Health Authority : currently Sheffield (December 2011) ispart of
the Yorkshire and the Humber SHA2010). Figure 71 illustrates wards in Sheffield. Wards
are larger scale areameasures compared to MSOAs; on average, an electoral ward
encompasses two or three MSOAs. Electoral wardgere geographically smaller on the
east half of Sheffield compared to the west as these areas hold greatencentrations of
OEA Di pOI AGEAA®S CETAKEIT GA Apads lar@d iBOads Kighre 71!show
that the majority of the major roadswere situated on the east side of Sheffield.

According to the Indices of Multiple Deprivation (IMD) in 2001 Ecclesall Broomhill, and
Hallam had the highest ranks of IMD indicating that these three areawere the least
deprived in Sheffield. Southey Green, Manpand Burngreave were the most deprived
areas with the lowest IMD ranks in Sheffield.

7.3. Are there areas in Sheffield that h ave high levels of medical
contact made by school-age children for asthmatic and
non-asthmatic conditions?

Percentage
I 0.55 - 0.80
I o.81-1.10

111 - 1.41
[]1.42-1.70

E=11.71- 2.00 ; N

B 2.01-2.30 \

231239 2
0 2.5 5 10 km ‘

Figure 7.2: Sheffield population of children aged five to sixteen years (Percentage).

Between the years of 2002 to 205, there were between74,744 to 74,974 children aged 5
to 16 residing in Sheffield (data extracted for thenumber of persons according to age from
ONS website). This equates to approximately,d54 children per MSOA thus each MSOA
hold around 1.41 percentof E A £AAE AT A6 O O1 Gd\16 yedrioBORIgAO B2 1
illustrates MSOAs with above or below the average percentage of chiduir aged 5 to 16
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years. Shade of blue indicate percentages below the mean whilsthades of redindicate
percentages above the mean. MSOAs in the centre of the city exhibit the lowest
percentages of children whilst the highest percentages were observed in the
northeast/east.

7.3.1. Geographical distribution of the Logged Comparative Hospital
Contact Ratios

a) LoggedCHR forAsthmatics

Logged CHR Cases
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Figure 7.3: Map of the a) Logged CHR for Asthmatics and b) P-values.
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The calculation for the Comparative Hospital Contact Ratios (CHRs) was documented in
Chapter Four. CHRs areatios of observed over expected numbers of medical contact.
Figure 73a display the CHRs foasthmatics per MSOA in Sheffield. Areashaded in blue
indicate that the observed numbes of contactswere lower than expected whilst the areas
shaded in redillustrate that observed numbess of contactswere higher than expected. Red
areaswere present in the northwest and east of Sheffiel Blue areasvere present in the
north, southwest, and southeastareas. Often, areas with a certainharacteristic were
surrounded by areas of the same if not similar characteristics; this ET I xT A0 OOPAOE.
Al OO0 A OEwagdvident lnEhS Enap. An exception to this characteristic, there was a
dark red MSOAnext to dark blue MSOAat the centre of Seffield illustrating contrasting
ratios. For asthmatics,only three MSOAs(two to the eastand one in the centre) held
statistically significant CHRs Figure 73b), this inferred the ratio of observed over
expectednumbers were statistically significant.
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a) LoggedCHR forNon-asthmatics

Logged CHR Controls
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Figure 7.4: Map of a) Logged CHR for Norasthmatics and b) P-values.

Figure 74a illustrates a slightly different geograpnical distribution of CHRs for
non-asthmatics to asthmatics Red areaswere present in the northeast east and in the

southwest. Blue areaswvere observed in thenorthwest and scattered in the east and south
of the city. Therewere no statistically significant CHRs fomon-asthmatics (Figure 74b),

this inferred that observed numbers were not significantly above or below expected
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a) LoggedCHR for Excess

Logged CHR Excess
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Figure 7.5: Map of the a) Logged CHR for the Excess of Asthmatics minus Non-asthmatics and b) P-
values.

Figure 75aillustrates a map of the CHRs for the excess a§thmaticsover non-asthmatics
Shades of redwere more prevalent in the north of Sheffield whilst shades of bluewere
more abundant in the south. This infers the observed excesegs higher than expected in
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the north and lower than expected in the south othe city. Pvalues for the CHR of the
excessrangedfrom 0.06 to 0.4thus were not significant (Figure 75b).

7.3.2. If there are areas with significantly high levels of asthmatic or
non-AOOEI AOEA | AAEAAT AT 1T OAAOOh AOA
hospital?

For asthmatics and nonasthmatics, it was hypothesised that MSOAs neao the SCH
would be shaded in red suggestinghigher than expected number of countsThis was based

on the assumption thatchildren in areas near hospital would attend more so than children
(with asthma or other conditions) living away from the hospital. Fbowever, this was not

fully illustrated in the maps. Significant hotspots of CHRs for asthmatics were situated in
OEA AAT OOA TAAO Oi OEA #EEI AOAT 60 EI OPEOAI
hospital. Thus, hotspots of CHRs for asthma were clw$o hospitals but not specifically to
close to the SCH. CHRs signifying higher than expected number of contacts for-non
asthmatics or the excess do not cluster around any of the hospitals.

7.4. Is there an association between pollution measures and levels of
asthmatic or non -asthmatic medical contacts in Sheffield?

Roadside and background spatial measures of aguality as well as measures of
air-emission categorised by source were used to investigate spatial pollutant associations
with medical contacts. Thefollowing figures illustrate the geographical distibution of a
selected number of pollutants. Geographical distributions of other pollutants not
mentioned here can be found in Appendix C.

Generally, there wee higher background and roadside scores of NOPMo, and Benzene
dispersed in the east of Sheffield. S@xhibited a slightly different geographical pattern;
there were higher scores of SOn the eastern edge of Sheffield, southeast and one MSOA
in the north. & scores exhibit contrasting geographial characteristics to the other four
pollutants: Figure 76 shows higher scores (three or above) in the majority of the city and
only MSOAs in the east held lower levels ofsOThe production of Q is influenced by the
presence ¢ NG, and NONG; acts as the source of £whereas NO destroys the €by acting

as a local sink(DEFRA, 201). The maps suggest that areas in the east of Sheffield had
higher levels ofNO thatinhibit levels of Os.
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Figure 7.6: Map of Os Air Quality Scores for Background sources.
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e) Score of Emission Intensity

0 25 5 10 km

Figure 7.7: Map of NO emission percentage from a) Industry, b) Domesti ¢ and Commercial, c)
Road Transport, d) Other Sources and e) the score of overall emission intensity.

Nitrogen Oxide (NQ) is a collective term used describe emissions of Nitric Oxide (NO) and
Nitrogen Dioxide (NQ). Figure 77 show different patterns of NQ emissions according to
the source of the pollutant. N@emissions due to production from industry were higher in
the northwest and in small pckets in the east Figure 7.7a). Proportions of domestic ad
commercially sourced NQ were higher in the centreand south of the city(Figure 77b).
Proportions of road transport sourced NQwere higher in the southwest, northeast and in
small pockes in the southeast (Figure 7.€) and dher sourced NQ were higher in the east
of the city (Figure 77d). The scores for overall NQemissions were higher in the east and
there was one MSOA with a high score in theorth of the city (Figure 77e).

The geographical distributiors of PMy, SQ, and Benzene emissions/ere similar to NO,.
Generally, higher proportions were observed in the east of the city.
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Table 7.1: Mean percentage per source for Sheffield (n=71) .

Measure Domestic and Road Other
Score Industry -

Commercial  Transport Sources

NO« 5.25 10.15 27.85 45.52 16.44

PMio 5.04 14.20 12.28 39.30 34.21

SG 5.39 2451 33.56 7.18 34.87

Benzene 5.62 18.65 19.73 36.00 25.62

Table 71 shows that road transport contributes the most NQ@, PMo and benzene and
other sources contribute the most S©

To investigate the association between the pollutant exposures and logged CHRs, a

comparative analysis was conducted to compare the results of RROT T AT A 3 DAAOI Al
analysis. Results were similar regardless of what method was used. The results from
0AAOOGT 180 Al OOAT AGEIT AOA DPOAOGAT OAAs8

Table 7.2: Correlations between Air Quality mean measures and log CHRs.

Mean Measures Asthmatics Non-asthmatics Excess

Coefficient ~ P-value  Coefficient P-value Coefficient P-value
NC: Roadside 0.24 0.062 0.04 0.774 0.20 0.113
NOz Background 0.27 *0.025 0.09 0.452 0.21 0.077
PM:o Roadside 0.22 0.083 0.15 0.236 0.13 0.309
PM:o Background 0.20 0.099 0.13 0.293 0.13 0.292
Benzene Roadside 0.25 0.046 0.18 0.161 0.15 0.251
Benzene Background 0.17 0.146 0.14 0.252 0.10 0.412
SQ Background 0.04 0.726 -0.11 0.369 0.10 0.430
Oz Background -0.27 *0.025 -0.16 0.194 -0.18 0.138

*statistically significant coefficient

Coefficients do not exceed +0.27T@ble 72) suggesting thatassociations were weak.
Coefficients were higher for asthmatics compared to neasthmatics. There were two
statistically significant correlations between the logged CHR for asthmatics and NO
(positive) or Oz (negative) background scores. Positive correlationsuggestthat a higher X
(for example NQ) was associated with a higher Y (for example logged CHR). A negative
association suggestthat a higher X (Q) was associated with a lower Y (logged CHRS).
Scatterplots of the significant correlations were illustrated inFigure 78. No statistically
significant correlations were found with the logged CHR for nomsthmatics or the logged
CHR for excess between asthmatics and n@sthmatics. Road transport is the main
contributor to pollution in the UK (DEFRA, 200J. Yet, no statistically significant
relationships were observed with roadside scores of pollution.
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Figure 7.8: Scatterplot of between Mean Air Quality Scores a) NO 2 and b) Oz, and Logged CHR
Asthmatics.

Table 7.3: Correlations between Air Emission measures and log CHRs.

Asthmatics Non-asthmatics Excess
Measure Coefficient P-value Coefficient P-value Coefficient P-value
Score of NQEmission Intensity 0.21 0.081 -0.03 0.821 0.21 0.072
Industry 0.09 0.452 -0.11 0.365 0.14 0.237
% of Domestic and commercial -0.11 0.364 0.01 0.927 -0.11 0.358
f’r\lc)% Road Transport -0.08 0.507 0.10 0.411 -0.13 0.292
Other sources 0.11 0.373 0.02 0.838 0.09 0.450
Score of PMo Emission Intensity 0.12 0.300 0.01 0.948 0.12 0.335
Industry 0.12 0.337 -0.13 0.292 0.18 0.144
% of Domestic and commercial -0.31  *0.009 0.05 0.704 -0.32  *0.006
Eg&: Road Transport 0.02 0.866 0.06 0.639 -0.01 0.942
Other sources 0.13 0.269 0.05 0.675 0.10 0.394
Score of SQEmission Intensity -0.07 0.543 0.02 0.854 -0.08 0.497
Industry 0.09 0.477 -0.08 0.534 0.12 0.317
% of Domestic and commercial -0.19 0.115 0.18 0.123 -0.27 *0.020
ff;% Road Transport 0.16 0.171 0.01 0.938 0.15 0.201
Other sources 0.06 0.618 -0.11 0.371 0.11 0.352
Score of Benzene Emission Intensity 0.05 0.668 -0.04 0.729 0.07 0.557
Industry 0.11 0.345 -0.09 0.452 0.15 0.197
B;’/rfizoefne Domestic and commercial -0.25  *0.038 001  0.945 0.23  *0.050
from Road Transport 0.12 0.324 0.07 0.573 0.08 0.506
Other sources 0.15 0.214 0.07 0.549 0.11 0.372

*statistically significant coefficient.

In comparison with correlations conducted between logged CHRs and air quality scores
(Table 73), coefficients with air emission measures were quite low; no coefficient
exceeded+0.32. Two correlations were statistically significant with the logged CHR for
asthmatics and three correlations were significant with the logged CHR for the @sss.
Scatterplots of significant correlations were illustrated inFigure 7.9 and Figure 710. No
correlations were found to be significantly associated with the logged CHR of
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non-asthmatics. All statistcally significant results were conducted with emissions sourced
from domestic and commercial production. These relationships were negatively
correlated thus the lower the percentage of the pollutant, the higher the logged CHR.
These relationships maybe pray findings for underlying relationships with exposure
sourced from the same place i.e. the home. No statistically significant relationships were
identified with industrial, road transport, or other sources of pollution.
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Figure 7.9: Scatterplot of Air Emissions Scores and Logged CHR Asthmatics for a) PM1o and b)

Benzene.
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Note that all proportions from the four sources contribute to the total emissions.
Therefore, a negative relationship (as observed with domestic and commercial sourced
PMy, SQ and Benzene)may be confounded by anotherpollutant producing a higher
proportion of emissions. If a negative relationship was observed with domestic and
commercial sources, it is likely that a positive relationship would be observed with one or
two of the other sources. For benzene and RM domestic and commercial sources
supplied the lowest proportions of emission (thus not major contributor)comparedto the
other three sources (industry, road transport, other sources). Thus, it was likely that a
negative association would result from domesti@and commercially sourced pollutants and
positive associations result from road transport sourced pollutants.

a) Asthmatics b) Non-asthmatics c) Excess
12+ 12— 12-
104 Mean = 2887 10 Mean = 548 10— Mean = 3055
z Std. Dev. = 2352 B Stel. Dev. = 2673 Fry Std. Dev. = 20128
£ 87 N =28 g 87 M =28 g 87 M=25
=] u = a = u
3 & B’ &3 E B
4= w4 w4
27 7= 2
0= T T T 1 T 0= 1 T ] ] 0 I |
00 20 40 &0 80 100 00 20 40 60 80 1.00 0o 20 40 B0 BO 100
P-value P-value P-value

Figure 7.11q, # 1 O O A I-vAlGerHistbgias. 0

Consistent with the method used to examine the Ralues in the timeseries analysesin
Chapter Six, Figure 711 illustrates the P-value distributions of the correlations.
Asthmatics had a positively skewed distribution with a mean Ralue less than 06 thus
collectively; the pollutant measures were associated with the logged CHR for asthmatics.
The same was inferred with the logged CHR for the excess. For rasthmatics, the
opposite was suggested with a uniform distribution and a mean Pvalue above 0.5,
pollutants were not associated with the logged CHR for neasthmatics.
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7.5. Summary

This chapter reported the results investigating the spatial relationship between pollutant
exposures and the ratio of observed over expected daily counts of hospitalntact.

Are there areas in Sheffield that have high levels of medical contact made by
school-age children for asthmatic and non -asthmatic conditions?

There were areas in Sheffield that héihigh levels of medical contact made by schoaige
children for asthmatic and nonasthmatic conditions but there was no consistent pattern.
Examining the geographical distribution of childhood asthma in Sheffield, there were
asthma hotspots towards the east and centre of Sheffield. Only three MSOAs (east and
centre) held statistically significant logged CHRs for asthmatics. There were no statistically
significant CHRs for thenon-asthmatic group and of the excess of asthmatics over
non-asthmatics.

If there are areas with significantly high levels of asthmatic or non -asthmatic

i AAREAAT AT 1T OGAAOOh AOA OEAOGA A1 061 1T AAO OEA AEEI /
For asthmatics, significant hotspots of CHRs for asthmatics were situated in the centre

T AAO OF OEA #EEI AOAT 60 EI OPEOAI AT A O xAOAO OE
Thus, hotgpots of CHRs for asthma were close to hospitals but not specifically to close to

the SCH.There were no significant CHRs for no@asthmatics and the excess near the

hospitals in Sheffield.

Is there an association between pollution measures and levels of a sthmatic or
non-asthmatic medical contacts in Sheffield?

Examining the geographical digibution of pollutant measures showedthat the east of
Sheffield experienced poorer air quality with higher scores of emissions compared to the
west. However, it was dificult to unravel potential relationships between the logged CHRs
and pollutant exposures with pictorial information alone.

Using correlations, here were two (out of possible eight) statistically significant weak
relationships found between air quality background measures (N@ and Q) and
asthmatics. Two (out of a possible twenty) significant relationships were found between
air emission measures and asthmatics and three were found with the excess. Statistically
significant relationships (asthmatics or he excess) with air emissions were domestic and
commercial sourced. These relationships were negatively correlated thus the lower the
proportion of exposure the higher the bgged CHR.

There is limited evidence to support anassociation between pollutionmeasures and levels
of asthmatic or nonasthmatic medical contacts in Sheffield

Issues relating to the method of analysis for this investigation and the timseries
investigation will be addressed in Chapter Eight
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8.1. Introduction

The seasonal characteristic of medical contacts made by schage children with asthma

is complex. The complexity arises for a number of reasons. The first reason is there are
many environmental factors to consider. A second reason ikat social factorsfor instance

the school calendar also have an effect on childhood asthma. Both social factors and
environmental exposures have the potential to influence the seasonal pattern of childhood
asthma events.

Chapter Two reported the findings from studies invetigating the seasonality of childhood
asthma related medical contacts, and environmental triggers of childhood asthma
resulting in medical contact. It described evidence for and against the associations
between pollutant, weather, or pollen exposures withdaily counts of asthma related
medical contact in children. It included evidence that inferred proximity to exposures is an
important confounder of environmental-asthma associations. A number of studies
reported seasonal patterns in the daily, weekly, omonthly number of medical contacts
made for asthmatic symptomgBlaisdell et al., 2002Fleming et al., 2000bhSilverman et al.,
2003). The seasonal characteristic is said (by a number of studies) to be influenced by the
school calendar(Johnston et al., 2006Storr and Lenney, 1989.

Thoughthe seasonality and environmentaltriggers of childhood asthma havebeen heavily
researched, there area number of limitations of the current literature. The first is that the
majority of the studies were set outside the UK. Environmental exposures vary greatly
according the geographical location therefore, it may be unsuitable to generalise findings
from non-UK studies orto a UK population.

The second limitation is that the majority of the studies did not use aomparison group
thus, these studies could not assess whether the environmental effect was greater than or
lower than that experienced by another population. Tyig in with the first limitation, only
one UK study was foundo haveadopted acomparison group in theirdesign.

A further limitation is that no study analysed patterns of seasonality in different health
care settings of primary and secondary care. Therefe, there was no evidence of
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cross-validating the environmental-association or seasonal patterns between primary and
secondary care contacts.

The limitations in the literature gave rationale for this thesis: a retrospectivematched
asthmatic non-asthmatic design to examine the seasonal patterns of daily medical contacts
made by schoolage asthmatic and norasthmatics in different hedth settings and
geographies. In addition, this thesisinvestigated the timeseries environmental
association with daily caunts of medical contact madeby schoolage asthmatic and
non-asthmatic as well as the spatial pollutant association.

Chapter Three documented the source of the clinical datasets. The clinical data were
collected from two separate sources, the General Ptiae Research Database (GPRD) and
OEA 3EAEAEAT A #EEI AOAT 80 (1 OPEOAT | 3#((Qs

For the GPRD dataset, schoaged asthmatics with a medical diagnosis of asthma were

matched to nonasthmatics by age, gender, and general practice. Medical contacts were

aggregded into six nhon-mutually exclusive categories. All Counts; Acute Visits; Emergency
Consultations; Casualty Counts; Emergency Counts and Out of Hours Counts.

&1 0 OEA S3EAEEEAI A #EEI AOAT 80 AAdihiddnhfor i AAEAAI
asthmatic symptoms were matched to norasthma related medical contacts by age and

gender.

In addition to assessing effects on scho@ge asthmatics and norasthmatics, a second
outcome called the excess was also investigated. The excess is the difference between th
(daily or spatial (MSOA)) number of medical contacts made by asthrigs and the number

of contactsmade by nonasthmatics.

To investigate temporal relationships with data from geographical areas decreasing in
size, the GPRD data were used to form thetional (England and Wales) and regional
(Trent Region) datasets and the SCH data were used to fothe local (Sheffield) dataset.
To investigate spatial relationshigs with pollutant measures, SCH data were alsased to
form a spatial dataset.

Chapter Threealso documented the source of the environmental datasets. Daily measures
of pollutant, weather, and pollen exposures were obtainednainly from the city of
Sheffield and sourcedfrom the National Air Archive, Met Office, andNational Pollen
Aerobiology Research Unit (NPARU). Daily counts of medical contact and daily
environmental measures were analysed from st of January 1999 to 3% of December
2004. Spatially defined pollutant measures were obtained from the Office of Natial
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Statistics. Annual measures of air emissions and air quality were obtained from 2002 to
2005 (2005 only for air quality measures).

ChapterFour described the timeseries and spatial methodologies. The seasonality of daily
counts was investigated viagraphical examination. The environmental associationwith
daily counts were examined using firstly correlations and secondly, autoregressive
techniques to account for confounding factors. The spatial investigation graphically
examined logged Comparative bkpital contact Ratios (CHRs) of asthmatics,
non-asthmatics, and the excess and correlated these outcomes with area based pollutant
measures.

For the schootrelated seasonality investigation and the environmentamedical contact
investigation, for the Trent Region and Sheffield, the results were consistent across
outcomes and so for reasons of conciseness the results were only reported for All Counts.

Chapter Five documented seasonal patterns using aggregated mean daily coanand

correlated patterns with the school calendarfor England and Wales, the Trent Region and
Sheffield Chapter Six reported the results of the investigation examining the

environmental association with medical contacts madedby schoolage asthmatics and
non-asthmatics in England and Wales, the Trent Region and Sheffieldhapter Seven
reported the results of the spatial analyse®f pollutant associations with medical contact
in Sheffield ChapterEE C Eétian is to address the aims set in susection8.1.1

8.1.1. Aims of the Chapter
The aims of this chapter are to:
1. Summarise the main findings from the timeseries and spatial analyses by
specifically addressing the questins listed in Chapter One
Compare findings with existing literature
Discuss the strengths and weaknesses of the thesis
Discuss the implication of the findings
Summarise ideas for further research

ok wnN
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8.2. Summary of Results

8.2.1. Results from Time -series Analyses

8.2.1.1. Is there a peak in medical contactsassociated with the return to
school after the summer vacation irschoolage asthmatic children?
Seasonal patterns were investigated using the GPRD data representing England and Wales
and the Trent Region, andbCHdata representing Sheffield.

This thesis presented evidence othe seasonality in average daily counts of medical
contact made by schoohge asthmatics and that pdes and troughs were related tothe
school calendar (Chapter Five). This evidence is in concordanedth the majority of the
literature investigating or commenting on the seasonal characteristic of childhood asthma
related medical contacts(Johnston et al., 208, Kimes et al., 2004. The severity of the
seasonal characteristic weakened as the numbers of the daily counts decreased. Therefore,
peaks and troughs were most apparent in the England and Wales dataglarger sample
size resulting in higher counts) and least apparent in the Sheffield dataset (small sample
size resulting in low counts).

For England and Wales, and the Trent Region, within the average year, a pronounced drop
in counts was consistentyl AOAOOAA 11 .. Baily coultd @bad refatfvély
high in the first four months: dropped around Easter then counts increased slightly. A
trough appeared a the beginning of June following & increase potentially related to the
start of the pollen season. Another pronounced trough was presenin August when
children were on summer holiday.Daily counts increased from September until the end of
the year.

For Sheffield, aggregated daily counts for asthmatics remagd relatively stable until June
then increased slightly and dropped in August to the same level witnessed in the first half
of the year. The second (most prominent) peak was observed after the summer school
return. Daily counts dropped slightly in October until the end of the year.

In sii El AOEOU xEOE OEEO EI OAOOECAOEIT 1680 £&£ETAETCO
holidays, two studies found significant increases in counts of medical contact after each
school vacation(Lin et al., 2008¢Lincoln et al., 200§. Yet, school holidays from these two
studies set in the US and Australia vary thus reasons for the decrease may not be
comparable to the UK. One UK study reported low counts of medical contacts made by
children during the school holidays and higher counts within schoeterm (Storr and
Lenney, 1989. Another UK study reported similar patterns (Julious et al., 2011p The
results from this investigation corroborate these findings from UK based literature.
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The small peak in medicatontacts in May/June (as witnessed in the England and Wales

dataset) may be related to increased exposure to pollen. It may also be associated with

AEEI AOAT 60 ET AOAAOGAA AAOEOEOU AO 11T CAO AT A xA(
is one of the triggers know to exacerbate asthmgPearlman et al., 2009van Leeuwen et

al., 2011). If climate change is taontinue and instigate earlier starts in the pollen season,

the small peak that is currently witnessed in May/June may shift into April.

The peak in medical contacts made by schoeabe asthmatics associated with the
September school return mirror findings from a number of studies.rl comparison with
this investigation that provided evidence of a peak approximately two to three weeks after
school return, taking in account all the studies that examined the delay in the peak of
medical contacts after school return, on average, there wasl7.4 day delay in the peak in
medical contacts.

One study found the largest peak in asthmeelated admissions occurred after the English
summer school holiday (Storr and Lenney, 1989. This finding is slightly different in
comparison to the findings inthis investigation; though a peak of sustainable magnitude
begins from September and was associated with school return, the increase was not
outstanding in comparison to other peaks found within the average year.

Supporting the hypothesis that the seasmality of asthma is largely governed by the school

calendar; the decrease in counts in the Easter and the summer holidays is possibly related

to children having less contact with other children. Less contact with other individuals is

related to decreased isk of viral exposure. Viruses are thought to be a major cause of

exacerbation in asthmatic children (Johnston et al., 1996 Khetsuriani et al., 2007

Rawlinson et al., 2003. Mruses are less likely to accumulate within the schoehge

population in the holiday period. The subsequent increase in meckl contacts made by

schoorACA AOOEiIi AOCEAO AZEZOAO OEA OOIi T AO EITITEAAU E
opportunity to mix with other children thus increasing the likelihood of the transmission

of infections.

The notion that children are more at risk ofexacerbation at school because of the
increased likelihood of the spread of infections has been investigated. Johnston et al
(2005) found that respiratory viruses were present in the majority of children presenting

at an emergency department due to asthmatic symptoms. Yet, one discussion paper
investigates whether children with asthma are more prone to viral infection in
comparison to other nonasthmatic children (Stempel, 2005. Stempel posited that a child
with asthma is more at risk of viral infection in comparison to a norasthmatic child and
this may in turn exacerbate asthma symptoms. By comparing the seasorattern of
medical contacts made by asthmatics to neasthmatics and by investigating the excess,
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this investigation illustrates that as Stempel states, schoalge children with asthma are
prone to more illness compared to the average school population.

Another reason that may influence higher risk of exacerbation is the absence of taking
routine medication. One study found that children whom presented at ED were less likely
to have taken routine medication (Johnston et al., 200k Another study found that
children taking steroids who failed to get a prescription in August (school summer
holiday) were more likely to become ill when they returned © school (Julious et al.,
2011a).

Adding further support to the hypothesis that the seasonality of childhood asthma is
governed bythe school calendar, a graphical examination (reported in Appendix D) of
daily counts of medical contact made by Scottish scheafje asthmatics and
non-asthmatics revealed an increase from migAugust. An increase of smaller magnitude
occurred after the Scottish school return (midAugust). This result supports previous
findings from a previous study(Julious et al., 200Y.

8.2.1.2. Is there a peakin medical contactsassociated with the returnto
school after the summer vacation in norasthmatic children related medical
contact?
Examining the daily patterns of medical contact in the no@sthmatic group, in comparison
to the asthmatic group for England and Wales and the Trent Region, similar seaal
peaks and troughs were observed. The increase in the numbers of medical contacts made
by non-asthmatic children (associated with school return) suggests that acute conditions
were likely to accumulate within the average school population after schoakturn. One
US study documented a seasonal difference (between the warm and cold season) in the
number of upper respiratory infection related medical contacts(Strickland et al., 2010.
Yet, no studies were found documenting a seasonal pattern in th@mparison group
compared to schoolage asthmatics.

Due tothe small number of contacts, there was almost no seasonal variation observed
with daily counts of non-asthmatics from Sheffield. Only a slight decrease and increase in
daily counts was observed in August and September respectively. The slight seasonal
findings for non-asthmatics within the Sheffield dataset mirror findings from a number of
studies. Mohr et al (2008) and Blaisdell et al (2002) found that though seasonal
characteristics were evident in the number of asthma related medical contacts, this was
not replicated in the number of medical contacts madeybthe comparison group.
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8.2.1.3. Is the peak associated with the return to school observed in
asthmatic children in excess of those in noasthmatic children (non-
asthmatics)?
Daily excess represents the difference between the asthmatic cohort over and abdhe
average (norrasthmatic) school population. Examining the daily pattern in the excess of
counts, for England and Wales and the Trent Region, lower excess was observed in school
holidays. In particular, a trough was observed within the summer school holida§August)
and a higher excess was observed within school terms. The most outstanding peak in
excess accumulated from September and remained relatively high until the end of the
year.

The seasonal pattern was less evident in the Sheffield dataset as thailg excess was
extremely low. A trough inthe summer holiday and accumulating increase in daily excess
after school return was observed.

AEEO AOEAAT AA OOCCAOOO OEAO OEA AEEAAO 1T £ OEA
is greater in schoolage asthmatics than schoolage nonrasthmatics. After school return,

children with asthma use the health services more than the average school population.

The investigation of the excess brings additional information onto the childhood asthma

scene as only onestudy (at least within the literature used for the review) was found

illustrating the seasonal characteristic of the excess of asthmatics over nasthmatics

(Julious et al., 2011

8.2.1.4. Are environmental exposues associated with daily counts of
medical contact made by schoehge asthmatis or non-asthmatics?

Overall, inconsistent results from the correlational analyses (Appendix E) and
autoregressive analyses Chapter Siy were found. The conclusions drawn from the
correlational analyses were notsupported entirely by conclusions drawn from the
autoregressive analyses. However, differences in the results from the two methodologies
xAOA O1 AA AgbAAOAAR AO OEA O1 AEOGAG6 j Al OOAI AOE
the effect of confounding fators whereas the regressive techniques considered other
external confounders such as season that may influence the outcome. In context with the
thesis, the correlational analysis was employed as an exploratory analysis to make an
initial assessment of assciations with environmental triggers. The regressia analysis is
the main analysis.Therefore, only a small number of correlational results are presented in
Chapter Six with the results from the main analysis.

a) Results from the Correlations Investigabn

Overall, when combining the results from all the environmental exposures, there is a weak
but statistically significant relationship between environmental exposures and daily
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counts of medical contact. Mean coefficient-Palues were lowest for Englad and Wales
and highest for the Sheffield dataset. Therefore, collectively environmental associations
were strongest with daily counts from England and Wales. However, the England and
Wales dataset had more data (in terms of more contacts per dagpmparedto the Trent
Region and Sheffield thus more significant Ralues were to be expected. For the Trent
Region and Sheffield, the overall environmental association was stronger with asthmatics
compared to non-asthmatics. Asthmatics had stronger positivgl skewed P-value
distributions and therefore, lower mean Rvalues (calculated from taken the mean of the
coefficient Pvalues) compared to norasthmatics. Overall, results from the correlational
analyses suggested that environmental exposures were associatedthvidaily counts of
medical contact.

b) Results from the Autoregressive Investigation

Consistent with the significant results drawn from the correlational analyses, results from
OEA AOOI OACOAOOEOA AT AT UOGEO AT 1T AOA taked ani 1
effect from environmental exposures on daily counts of medical contact for asthmatics and
non-asthmatics accounting for confounding factors. For All Counts asthmatics and
non-asthmatics, compared to the null model (including day of the week, bartioliday and
season), 10 and 11 alternative models (respectively) including environmental exposures
(1 per model) significantly improved the fit to the data. For both asthmatics and
non-asthmatics, the most significant model included grass. Grass exposumgas
significantly associated with childhood asthma related medical contacts (CAMC) in a
number of studies(Héguy et al., 2008Lierl and Hornung, 2003 Zhong et al., 200§. Other
environmental variables that significantly improved the fit of the data included minimum
measures of NO, mean measures of NOD,.Sahd PM;, and maximum measures of
temperature. These findings corroborate a number of studies suggesting an association
between PMo (Giovannini et al.,, 2010, SQ (Samoli et al., 201) and temperature
(Hashimoto et al., 2004 in relation to CAMC. Model and poirestimate PRvalue
distributions inferred a significant but weak collective association between environmental
exposures and medical contacts.

Comparing autoregressive results between asthmatics and neasthmatics, results
contradict the prior belief that environmental association would be stronger with
asthmatics rather than nonasthmatics. In addition, autoregressive comparisons between
asthmatics and nonasthmatics contrast with the differences observed from the
correlational analysis. The number of statistically significant poinestimates, and the
model and point-estimate mean Pvalues suggested a stronger effect on the egarison
group. There were fewer significant results observed for the other types of medical
contact.
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including environmental exposures improved the fit tothe data for asthmatics and
non-asthmatics and were statistically significant. The same exposures contributed to
statistically significant models for asthmatics and norasthmatics. As with the results for
England and Wales, the most statistically significant model included grass. The other two
statistically significant models were minimum measures of NO or NOD. When comparing
the effects between asthmatics and neasthmatics, the results werenot consistentwithin
Trent. The Fvalues of the statistically significant models (higher for asthmatics than
non-asthmatics) and the total number of statistically significant pointestimates (higher
for asthmatics than nonrasthmatics) inferred that the effect from envionmental
exposureswas stronger on asthmatics. Yet, the results from model and pohaistimate
P-value distributions and mean Pvalues suggest that the effect from enkdnmental
exposures wa stronger on nonasthmatics.

For the SCH dataset, All Counts (Adssions and A&E), four alternative models for
asthmatics, and six models for norasthmatics provided a statistically significant improved

fit to the data in comparison to the null model. For asthmatics, models including
(separately) pressure, grass (moststatistically significant), sunlight, and minimum
measures of Sewere statistically significant. These findings run paralleto findings from

a number of studies, for example: Xiadei et al (2009) found as pressureCAMC
association and Sunyer et a]2003) found a SQCAMC association. Sunlight was relatively
under-researched in comparison to the other exposures, one study found an association
(Xirasagar et al., 200pwhilst another study found no associationHashimoto et al., 2004.
This investigation adds another piece of evidence to suggest that at local level, sunlight
was associatedwith the daily counts of medical contact made by asthmatics. For
non-asthmatics, models including minimum measures of PM mean measures of NO
NOD, PM, and CO, and grass (most statistically significant) were statistically significant.
The total number of significant point-estimates, and the model and poinestimate mean
P-values suggest a stronger effect from environmental exposures on nasthmatics
compared to asthmatics.

8.2.1.5. Are the environmental associations observed in schoolage

asthmatics in excess of those observed irschoolage nonrasthmatic

children?
To answer this question, the results of twacohorts, asthmaticsand non-asthmatics (this
cohort was used to represent the average school population) were compared. To validate
the potential differences between asthmatics and norasthmatics, the results of the excess
were examined. The excess represents the residual effect on the asthmatics cohort over
and above (or below) the average school population (heasthmatics). It follows that if a
difference between asthmatics andnon-asthmatics was observed, itwas expected that
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results would be significant with the excess. If no difference between asthmatics and
non-asthmatics was observed, itwas expected that no or very few resultswould be
significant with the excess.

Comparing the correlational and autoregressive results, inconsistent differences were
observed when comparing environmental associations between asthmatics and
non-asthmatics. This was most likely the result of the difference in the analytical
techniques, one assessing crude associations and the other controlling for confounding
factors. Examining the results from the correlational analysis, Trent Region and Sheffield
results slightly favoured asthmatics (more significant reslts than non-asthmatics).

2A001 06 A&£O01T i OEA AOOT OACOAOOEOA AT AT UOGEO ATT1TAOD
datasets slightly favoured norasthmatics (more significant results than asthmatics). Trent
2ACEI T80 OAOGOI 66 Al o1l Ovitdnmehtdl asSdcigtigng Quitld OO OT T

non-asthmatics rather than asthmatics. The autoregressive analysis provides the most
important results as it accounts for a number of confounding factors. Therefore, at
national, regional, and local level, the evidence illusites a stronger effect on
non-asthmatics rather than asthmatics.

These findings contrast with a number of studies investigating the effects of
environmental exposures on an asthmatic and a comparative group. Of the studies that
report comparisons betweenasthmatics and nonasthmatics, the majority state a stronger
effect on the asthmatic group compared to nofsthmatics. For instancesix studies found

a greater effect from pollutant exposure on asthmatics than neasthmatics (Chew et al.,
1999, Lin et al., 2004k Loyo-Berrios et al., 2007 Romieu et al., 1995Tolbert et al., 200Q
Wilson et al., 2005. One study found compared to asthmatics, there was lawer but
statistically significant effect from pollutant exposures with the omparison group (Ponka
and Virtanen, 1999. They commented that these findings may be attributed to a pextial
problem in the modelling or that findings were statistically coincidental. Ponka and
6 EOOAT AT 80 AT i1 AT OO0 I AU DPi OAT OEAIT 1T U AA OAmEI AAO!

Inspecting the results using the daily excess of asthmatics over and above the average

school population (represented by norasthmatics) as an outcome, for two of the

geographical regions, the correlational results for the excess illustrated similar findings in

parallel with the inferences extracted by comparing asthmatics to naasthmatics.For the

40AT O 2AceETT AT A 3EAEEEATI Anh 1T OAOAII AT 6eEOT 11
asthmatics (more significant results) and the environmental association with the excess

reflected that difference. The correlational analyses illustrated weak but stistically

significant relationships between environmental exposures and the daily excess of All

Counts.
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Although the simple correlational results had more significant results than the
autoregressive results, the autoregressive results account for confading factors and is

the main analysis. In the autoregressive analysis, when comparisons were made between
asthmatics and norasthmatics, little difference was observed with England and Wales All

Counts; if there was a difference, the environmental assotian was stronger with
non-asthmatics. This is in agreement with the autoregressive results conducted with

%l ¢I ATA AT A 7A1TA0G8 '11 #1 01 00 AGAAOO xEAOAAU
model significantly improved the fit of the data compared to thawull model. For the Trent

Region and Sheffield, there was a slight difference in the results between asthmatics and
non-asthmatics and results slightly favoured normasthmatics (more significant). Only 4

models for Trent and 1 model for Sheffield significatly improved the fit of the data

(excess) compared to the null modelNo study was found reporting the environmental

effect on the excess of asthmatics over and above the average school population. Thus, this

ET OAOOECAOQET 1 & comaaed@E OICOBADT OOOARAOS ~A£AET AET ¢cO8

To summarise the results of the daily excess (All Counts only), for England and Wales,
compared to the null model, grass was the only exposure that significantly improved the
fit of the data. For the Trent Region, exposures thatgnificantly improved the fit of the
data included minimum measures of NO and NOD, pressure, and grass (most statistically
significant). For Sheffield, the only exposure that significantly improved the fit of the data
was sunlight. Examining individual models, grass is commonly associated with medical
contacts at national and regional level. Yet, the pollutant associations witnessed with
medical contacts from the Trent Regiorwere not associated with England and Wales or
Sheffield signifying that these egosures had regionspecific effects.

Even with the statistically significant results, the model and poinrestimate Pvalue
distributions were uniform . Therefore, the effects from environmental exposure were not
strongly associated with the excess of asthatics over nonasthmatics. This conclusion is
in agreement with observations made by comparing asthmatics and nemsthmatics. As
this investigation witnessed little difference between asthmatics and nomsthmatics, it
was inferred that the environmental dfect was similar for both cohorts. Consequently, less
significant environmental associations were observed with the excess.

8.2.1.6. Are there any lagged environmental associations observed with
schoolageasthmatics and/or non-asthmatics?
To answer this queston, firstly, comparative analysis was conducted to investigate
whether an analysis investigating environmental variables lagged up to 14 days would
provide more information (in terms of results that were more significant) compared to
analysis investigatingenvironmental exposures lagged up to 7 days only. This comparative
analysis was instigated becausewhen examining associations between environmental
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variables lagged by 7 days and daily counts of medical contact, the most significant results
often clustered on the seventh lagged day. In the comparative analysis, no difference was
observed with the mean Pvalues between environmental exposures lagged by 7 or 14
days. Therefore, it is speculated that the reason for observing a high number of significant
results on the seventh lag day is most likely attribudble to the seventh order
autocorrelation. The effect found on the first day (for example, Tuesday) was similar to the
effect found seven days previouyg as this is the same day i.e. Tuesday. Yet the effec
beyond seven lag days of exposure did not surpass the effects observed within the first
seven lag days. This compartkwith studies that reported a lagged effect from exposure to
medical contact. The majority of these studies report lagged associat®nf no more than

5 days (see Chapter Two). From studies that report lag effects, the average lagged effect
for pollutant or pollen exposure ranged from 1.5 to 3 days.

Secondly, lagged environmental associations up to 7 days were examined by tallying the
most significant point-estimates by lag day per environmental exposure. The results were
not consistent between the two analyses (correlational and autoregressive analyses). With
England and Wales, and the Trent Region All Counts, the correlational analysiswid no
delayed associations from environmental exposure with daily counts of asthmatics or
non-asthmatics. For Sheffield All Counts, highest numbers of most significant correlations
fell on the current day and lag day 4 for asthmatics and nemsthmatics respectively.

7EOE AQAAPOEIT O OEA 40A1T Gonash@aitslthe faggdd %I CI AT /
results from the correlational analyses contrast with the lagged results from the

autoregressive analysesFor England and Wales, lag day 7 and current dawpdh the highest

number of most significant pointestimates for asthmatics and norasthmatics

respectively. For the Trent Region, current day had the highest number of most significant
point-estimates for asthmatics and norasthmatics. For Sheffield All Cous, highest

numbers of most significant pointestimates fell on lag day 3 and O for asthmatics and
non-asthmatics respectively. Overall, thismplied that at national and local level, there was

longer delayed environmental effect on asthmatics than neasthmatics. This may reflect a

result that is accurate due to its sample size and a result that is spatially accurate.

The collective assessment of a potential delayed effect from environmental exposures

adds to few numbers of studies that examine a largeumber of environmental exposures

in combination. One study was found collectively examining the lag effects from several

exposures (Julious et al., 2011p This study used the same technique adopted in this

investigation to analyse evidence of a colitive lagged effect from 28 exposures and found

OOET ¢ OEA xETT A UAAOGO AAOA OEAO -&tvhteHdICEAOO T (
on lag day 3 and 5 depending on location (Doncaster and Aberdeen, Great Britain).
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Individuals are exposed to a multitude of exposures and the collective effect is plausibly
more indicative than shgle exposure delayed effects.

A number of studies report delayed effects from environmental exposures on daily counts
of asthma medical contacts. Hirshon et a{2008) reported that the relative risk of
hospitalisation after a two day lag comparing high (>20.76ng/) to low (<8.63ngmg3)
levels of zinc was higher when CO measures exceededmgms. Romieu et al(1995)
found the most suitable model to explain asthma medical contacts included @vels with

a oneday lag, S@levels ofthe same day, minimum temperature of the same day, day of
OEA xAAEh AT A PAOEIT A 1T &£ OEA UAAO8 4EEO EIT OAOOE
studies, as the investigation did not examine individual environmental lagged effects.
However, the collecive assessment of a delayed association from the autoregressive
analysis suggests that environmental exposures had more significant associations with
asthmatics (England and Wales) after longer delaysomparedto the two studies.

One important point to address is that the lag effect may not reflect the actual delayed
AEEAAOO £0T 1 Agbi OOOAO AOO 1 Au Al O6F AA ET &£ OAIl
decision to seek medical attention. The decision to seek medical advice was most likely

confounded by al 61 AAO 1T £ EAAOI 00 OOAE AO OAOGAOEOU 1 4
perception of the condition. The onset of asthmatic symptoms and the severity of the

symptoms vary from child to child. Thus, the urgency to receive medical attention is
variable. One study&i 0T A OEAO A 11 OEA0O6O AAAEOEITT O OAA
was dependent on a number of factors including how long symptoms persisted and their

choice of doctor (Osman and Dunt, 1995 The same study reported that factors for

example education and whether the child was the firsborn did not significantly affect

likelihood of medical contact.

The possibility that the delayed association was not related to exposure was more
important when observing associations with primary care contacts. Those who made
primary care contact were more likely tohave a mild to moderate rather than a severe
asthmatic condition that may not require immediate attention. This may influence the
parent/child to wait for treatment. Hospital related contacts were likely to reflect severe
acute cases of asthma thus; contats were likely to occur immediately after the onset of
symptoms. In addition, hospital contactswere likely to reflect contacts made by persons
at anytime rather than those who were willing and able towait for surgery hours.

8.2.1.7. Are environmental exposures predictors of daily counts of
schoolage asthmatics and/ornon-asthmatics?
There was inconsistent evidence to suggest that environmental exposures were predictors
of medical contact. This conclusion is consistent with another study that found
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inconclusive results to suggest that environmental exposures (28 exposures) were
predictors of hospital admissions made by schoedge children with asthmaJulious et al.
(2011b).

From the autoregressive analysis, though there were a number of sigtically significant
models including specific exposures in the autoregressive analyses, the model and
point-estimate Pvalues illustrated mixed distributions. Focusing on the results from All
Counts only (which included the largest number of medical cdacts), grass was the only
exposure to be commonly associated with medical contacts from all three geographical
areas. It would be interesting to observe whether this association would also be apparent
in a spatial analysis yet the spatial analysis did ndtave grass exposure data to evaluate a
spatial relationship. Other exposures, for example, NO and NOD, ;eMere associated
with daily counts but not at every geographical level. For England and Wales asthmatics,
non-asthmatics, Trent and Sheffield All Cants non-asthmatics, the model Pvalue
distributions were positively skewed inferring collective associations between
environmental exposures and medical contact. Yet, the pohsstimate Rvalue
distributions were uniform inferring weak or no association.Therefore, the results were
inconsistent.

Assessing the mean ®alues, the null value 0.5 was the cut off signifying the presence of
associations between environmental exposure (combined) and medical contact. This cut
off was set as the mean of aniform distribution with values that range from 0 to 1 which

is 0.5; mean Pvalues below this value infers association and equal to or above this value
infer no association. The evidence of an association was strongest for England and Wales
All Counts, both themean Rvalue from the model and pointestimates were lower than
0.5 for asthmatics and norasthmatics. However, not all mean model and poirgstimate
P-values were lower than 0.5 for Trent and Sheffield All Counts. Collectively, the evidence
signifies that environmental exposures were predictors of medical contact at national level
but at regional or local level, evidence was less convincing. One point to consider is that
the England and Wales dataset had more data (in terms of a bigger sample size
contributing towards higher counts). Therefore, results that were more significant were to
be expected in comparison to the Trent Region and Sheffield.

Examining summary statistics of the autoregressive poingstimate data, pointestimates
were either positive or negative inferring either the higher the exposure, the higher the
number of medical contacts or the lower the exposure, the higher the number of medical
contacts. A number of studies support positive associations for example, Babin et al
(2007) found a positive association between temperature and asthma medical contacts
made by children and Strickland et al (2010) found a positive association between Sahd
paediatric asthma medical contacts in the warm season. Likewise, negative associations
are supported by some of the findings reported in the literature for example: one study
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reported negative associations betweerozone andCAMC(Neidell, 2004); another study
reported negative associations with temperature and CAM(CXiao Mei et al., 2009 and
that lower temperature was associated with higher CAMC. Further investigation is needed
to confirm the association.

8.2.1.8. Environmental-Medical Contact Association: Compson of Results
by Geographical Area

Methodologically the consensus from a number of studies is that in order to accurately
measure the relationship between environmental exposures, the urdtof geography that
the sample and exposure is obtained from shad be as small and as close to one another
as possibleThis theoretically AT AAT A0 AAOOAO OAA&AI AAOBLdIledi £ OEA
by this observation and that the timeseries analysis used local exposure data against
national clinical data, resultswere examined to evaluate if more accurate, more significant
or consistent results were observed as the geographical area under investigation
decreased.

In contrast to the literature, this investigation has been able to evaluate whether
exposures are cosistently associated with daily counts of medical contact from local up to
national level. None of the studies referenced in the literature review evaluated the effect
of the size of geography on exposurmedical contact associations adding to the

distinctiveness of this investigation.

Grass was commonly associated with daily countsf asthma related medical contacfrom
national through to local level. However, the other exposuresvere not consistently
associated with daily counts from national, regionaland local level. Minimum measures of
NO were associated with counts from England and Wales and the Trent Region. Mean
measures of PMb and NOD were associated with daily counts of medical contact made by
non-asthmatics from England and Wales and Sheffiel Other exposures were associated
with data from one geographical level or anther suggesting geographically specific
effects.

Results from autoregressive analysis on asthmatics and nasthmatics highlight some
consistent direction of significance accating to geographical size. The Trent Region had
the lowest number (asthmatics and norasthmatics, n=3) whilst England and Wales had
the highest number (asthmatics n=10, norasthmatics n=11) of statistically significant
models (that significanty improved the fit of the data compared to the null model). Results
became more significant as the geographical region under investigation increased. Yet, the
significant results were almost certainly affected by the observed total number of daily
contacts that are inturn strongly influenced by the geographical region from which the
sample is obtained. The likelihood of accruing a largeumber of daily contactsis greater if
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the geographical area is itself lage (e.g. England and Walegpmpared to a smaller unit of
geography (e.g. Sheffield).

When accounting for spatially influenced relationships (such as the relationship between
environmental exposures and asthma), a smaller unit of geography is preferred because
often, studies use exposure measures obtained fronixéd locations and this acts as a
POl @ou & O Al EIT AEOEAOAI 7bi DOl AOET 1860 Aobi OO0OAS
data were available local to Sheffield. This was a reason why local data (Sheffield, not
originally available from the GPRD) were olatined to evaluate the consistency in the
results with England and Wales and the Trent Region. As the variation in exposures can
differ according to geographical area, it canndbe guaranteed that the measur¢aken from
one location represents the actual masure for the individual or population. To increase
the likelihood that the fixed measure is the actual level of exposure for the sample under
investigation, small geographical areas are preferred. However, often, only small sample
sizes can be accrued wit small units of geography.

Though it is assumed that a large sample (that is representative of the population under
investigation) produces more accurate results with less variability((statssoft.com, 201)
[Accessed online 16.12.2011])in this case especially in relation to spatially influenced
exposures, results from a large ample may not reflect a spatially accurate relationship.
With England and Wales data, results may be accurate because of its sample size. Yet, with
Sheffield data, results may be spatially accurate.

8.2.2. Main Results from Spatial Analysis

8.2.2.1. Are there areas in Heffield that have high levels ofmedical contact
made by schoolage children for asthmatic and norasthmatic conditions?

The results for the spatial investigation were reported inChapter Seven Examining the
geographical distibution of childhood asthma in Sheffield, there were asthma hotspots
Ol xAOAO OEA AAOGO AT A AAT OOA 1 &£ 3EAEEEAI A8 /1
statistically significant logged Comparative Hospital contact Ratios (CHRs) (ratios of
observed over exmcted number of events) signifying that the observed number of
asthmatics was significantly higher than expected. Clusters of children living in one area
more so than another have been reported by other studge(for example, Grineski et al
(2010) and Oyana and River2005)) and this possibly suggests that a spatially defined
factor is associated with asthma related medical contacts. Hotspots of CHRs for
non-asthmatics weresituated in the northwest, east, and in the southwest, yet none was
statistically significant. There wereno significant CHRs for the excess of asthmatics over
non-asthmatics.
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8.2.2.2. Is there an association between pollution measures and levels of
medical contact (for asthmatics or nonasthmatic conditions) in Sheffield?

The east of Sheffield experienced poor air quality with higher scores for emissions
compared to the west. Higher pollution levels are often associated with increased
population density (Cropper and Griffiths, 1994 Sarzynski, 2013. It follows that more
persons living within a smaller geography facilitate the use afore energy thus creating
more pollution in comparison to less populated areas. Thus, poorer air quality in the east
is possibly related tohigher population density and a higher concentration of major roads
compared to the west. It may also be suggestedhat the spatial association between
pollutant exposures and asthmatic medical contacts was influenced by deprivatipsince
the hotspots of asthmatic medical contacts and levels of pollutant were higher in areas of
Sheffield that are more deprived.It was difficult to identify potential relationships
between the logged CHRs and pollutant exposures using graphical information alone.

When investigating possible bivariate associations, two statistically significant weak
relationships were found between asthnatics and air quality background scores of NO
and Q. Yet, these two exposures proved insignificant within the timseries analysis from
national to local level with the exception d England and Wales norasthmatics where a
significant association was fomd with mean NQ exposures. N@Qwas positively correlated
such that MSOAs with higher levels of NQvere associated with higher logged CHRs for
asthmatics. The positive relationship found with N@is in concordance with some of the
literature that suggestsa positive relationship with NG exposure (Burra et al., 2009
Yamazaki et al.,, 200pand CAMC. ©was negaively correlated thus MSOAs with higher
levels of Q were associated with lower logged CHRs for asthmatics. Existing evidence
denotes varied associations with @Babin et al., 2008Giovannini et al., 2010 thus within
this investigation, it was not surprising to find a negative relationship between ©and
logged CHRs for asthmatics. There was strong evidence from previous studiBabin et al.,
2008, Erbas et al., 200% to suggest that @ associations were seasonally influenced thus
the results from this investigation may reflect the fact that air quality measures were
computed as an annual average. If pollutant measures were separated by season, positive
associations may be observed with background scores ok @nd rates of asthma in the
summer.

Both the results from associations with air quality and emissions data suggest results that
are more significant with asthmatics compared to norasthmatics. Statistically significant
negative associations were found with asthmatics (h=2) and the exceq®=3) and
emissions that were domestically and commerciallysourced. This finding corroborates
findings from other studies that suggest associations between indoor home (N@nd
PMugo) exposures in association with asthm#Breysse etal., 2010 McCormack et al., 2011
The negative domestic and commerciff sourced emission exposure association infers
directly that the lower the exposures, the higher the ratio of medical cont#s
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Alternatively, it may be possible that the associations mimic underlying associations.
Other exposures (that have not been investigated in this thesis) produced in or around the
home may have an increased association with medical contacts made by cheld with
asthma.

A point to consider is that the negative relationship is potentially influenced by the fact
that the 4 measures were proportions of total emission (i.e. 4 proportions equal 100
DAOAAT 68 4EOOh AAAE Olodbddiher@hret dodrée® ArotheE O AADAT
pollutant producing a higher or lower proportion of emissions can confound the
association of one pollutant. If a negative relationship was observed with domestic and
commercial sources, it was likely that a positive relationshipvould be observed with one
or two other sources. Significant negative relationships were observed with benzene, RM
and SQ supplied from domestic and commercial sources. It was likely that a negative
association would result from domestic and commercidy sourced pollutants if
proportions of emissions from road transport or other sourced pollutants were higher. For
benzene and P\, domestic and commercial sources supplied the lowest proportions of
emission in comparison to the other three sources (indusy, road transport and other
sources).

The majority of the current literature examined proximity or distance to roads as a factor

towards risk of exacerbation and advocate an association between proximity to major

roads or amount of traffic and asthma redical contacts(Chang et al., 2009English et al.,

1999). Yet, this investigation found no significant correktions with pollutants produced

from road transport. These nonROECT EAZEAAT O ZAET AET CO 1 AU AA PAOOI
levels of car ownership compared to England.

8.2.2.3. If there were hotspots (asthmatic and nonasthmatic), were these
nearthe A E E 1 Aasfitald O

To investigate potential issues relating to accessing services, the thesis assessed whether
hotspots were near the Sheffield Children Hospital that is situated in the centre of
Sheffield. It was hypothesised that the MSOAs surrounding the Child@® ET OPEOAI x1 O
appear as hotspots of medical contact for both asthmatics and nasthmatics. This
hypothesis is fuelled by the belief that children living closer to the hospital were more
likely to seek its assistance in an emergency. One statisticadlignificant asthmatic hotspot
xAO OEOOAOAA O1 OOE 1T &£ OEA #EEI AOAT 680 ET OPEOAI 8
hotspots of asthmawere in the east, these were in close proximity to the Northern General
Hospital. Hotspots for nonasthmatics weae situated in the opposite direction to
asthmatics to the southwest of the city. The majority of the MSOAs surrounding the
SEAZEZZEAT A #EEI AOAT 60 (1 OPEOAI Al Gdthméicsddi AUAA E
they were not significant.
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One added é&ctor that may influence the numbers of medical contastmade by people
lEOET ¢ i1 OEA 1 OOOEEOOO i &# OEA AEOU EO OEAO
hospital and the Northern General Hospital they may seek assistance from nearby
hospitals in Doncaster or Rotherham. Thus, numbers of contacts made by children

residing on the outskirts may appear lower than expected.

Whether distance to hospital was a factor towards seeking medical advice can be further
investigated. Literature investigatingdistance to hospital as a factor towards influencing
the risk of an outcome has been conducted on overall patient mortalitfNicholl et al.,
2007) and breast cancer screeningiptake (Maheswaran et al., 200G The studies report
increased and decreased risk of anutcome as distance from medical services increased
respectively. It may be assumed that distance is not a major factor towards accessing
health services in the UK. Sheffield is an urban city; transport services were more available
than in rural settings thus distance should not prove a barrier to accessing healthcare.

8.2.3. Additional Analyses (not reported in the main body of the

thesis)
As part of the work conducted for this thesis, a caserossover study was also undertaken
comparing daily counts on days Were pollutant measures were above World Health
Organisation (WHO) guidelines with days where pollutant measures were below WHO
guidelines. The graphical examination revealed no difference between daily counts
occurring on or after high pollution days compred to low pollution days. Therefore, this
analysis provides no support for the WHO guidelines. The results of this analysis are given
in Appendix H.

8.3. Strengths and Weaknesses

Along with the strengths, this thesis also holds a number of weaknesses. Taes
weaknesses should be considered when interpreting the results and extracting the
implications of this piece of research. This sukection will discuss the strengths and
weaknesses of the strategies used to investigate the seasonality and environmental
triggers of medical contacts.

8.3.1. Clinical Datasets
This investigation is one of a small number of studies that use primary care data to analyse
environmental associations with childhood asthma. The primary care data had
information on all types of contact fromroutine checkups to hospital emergency contacts.
This large and complex dataset was an invaluable source of data that permitted
investigation at national and regional level.
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This thesis uses primary care contacts as a proxy for capturing mild to modemgvents of
asthma exacerbation with a small proportion of the primary care contacts including severe
events via Casualty Counts. This #sis also investigateda separate dataset (obtained from
a seondary care data source) local to Sheffieldthat included hospital contacts
representing severe events of asthma exacerbation. By investigating the effertglifferent
healthcare settings, theoretically this thesis was able to observe environmental effects on
differing severities of the asthmatic condition.

Concerning the GPRD dataset, this timseries investigation was interested in how many
contacts were made by schoehage children with a medical diagnosis of asthma and by
schoolage children with no medical diagnosis of asthma. This robust endpoint captured
the level of service need (see Appendi€) by schoolage asthmaticswho used health care
services approximately twice as much as neasthmatics. However, though medical
contacts were made by individuals diagnosed with asthma, those individuals could have
made medical contact for other reasons, not just for assistance in relieving asthma
exacerbation. Thus in the asthmatic cohort, the outcome of daily numbers of medical
contacts may not fully represent asthmatic events. The decision to analyse the second
outcome tackles this issue, by subtracting the number of neasthmatics from the number

I £ AOOEI AOGEAOh OEA Al 1T OAAOO -AFOEG ADERD 10RO T B 10C
removed from the asthmatic cohort. Therefore, the excess fully represent asthmatic
contacts only.

By using a retrospective matched asthmatic neasthmatic design, the costs of collecting

data were kept to a minimum. The main cost incurred was time and effort taken to apply

for the GPRD data and to follow up the collection of the SHEfAT A #EEI1 AOAT 80 (1 ObP
No financial costs were incurred when obtaining the clinical and environmental datasets.

Another benefit is that the researcher did not collect the data thus they had no

opportunity to introduce collection bias (that may haveinfluenced results that were more

favourable) in the collection the data.

On the other hand, using GPRD data had some limitations. The GPRD datasets included no
residential information other than which region the general practice was located within.
This investigation examined outcomes from the GPRD dataset aggregated by one region
(Trent). Residential information at a more local level would have facilitated a more
spatially accurate investigation. This was a reason why data from the SCH hospital were
obtained. The two large datasets from the SCH contained residential data at MSOA level on
all contacts that had been made from 1999 to 2009. Though only a small percentage of
those contacts were asthmaelated, this allowed for a more spatially accurate
investigation.
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As witnessed in the literature, no studies observed the environmental association with
both primary and secondary care contacts. It was also observed that seasonality had been
depicted using mainly secondary care data. To address this weakngskis is one of the
first investigations to explore the seasonality and the association with environmental
triggers on medical contacts from a primary and secondary care source and therefore,
ascertained whether the seasonal pattern and the environmentadssociation are both
evident in mild-to-moderate (primary care) and severe events (secondary care).

Though the timeseries investigation was conducted on data collected from geographical
areas decreasing in size, spatial factors (for example, distance gollutant sources, and
changes in exposure according to location) were not considered in either the tirseries

or the spatial analyses. This was due to the limitations of both the GPRD and SCH datasets:
as there was no information on accurate patient redence (only to the detail of which
MSOA they resided for SCH) or changes in exposure thus these confounders were not
accounted for within the time-series or spatial analyses. This would have made a valuable
contribution of knowledge of how relationships ae affected spatially and temporally. This
limitation invites further investigation.

Another limitation is that when investigating lag effects, it cannot be ensured that delays
in association are exclusively due to exposures taking time to activate sympts in need

of medical contact. Especially in relation to the GPRD datasets, lag effects may be
confounded by when a parent or a child decides to seek medical advice. If the condition is
perceived to be mild or moderate, a decision to seek medical advice yle delayed. This is
possibly the reason why studies mainly use hospital data to investigate environmental
exposure effects on asthmatics as hospital data captures acute conditions in need of urgent
attention. Thus, delayed effects are more likely to refte triggers from exposure.

8.3.2. Sample: Schoolage Children
As we have described irChapter Twg school return is thought to be an influential event
that indirectly triggers a number of asthma related medical contacts. Thus, it wa
important to analyse schoolage children as a single group to keep constant the
schoolassociated effect. Also, obtaining only schoalge children acted as a filter as the
diagnosis of asthma in younger children or older adults is often less accuraf€ownshend
et al., 2007. This thesis only included children aged 5 to 16 years afje. The selection of a
schoolage sample was more suitable to investigate the causes of asthma exacerbation
when part of the explanation involved schooclssociated effects.

8.3.3. Matched Asthmatic Non -asthmatic Design
The lak of studies that implement useof a comparison group matched to asthmatics by
age and gender signified that there was limited evidence illustrating a difference in the
environmental effect or association between asthmatics and neasthmatics. For instance,
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three studies were found that matched asthmatics to norasthmatics by age and/or

gender (Migliaretti and Cavallo, 2004 Loyo-Berrios et al., 2007 Pereira et al., 2009.

Symptoms of asthma can be influenced by age and gendwmich gives incentive for the

need to compare results to a comparable control group when investigatingreironmental

EOOOAO 11 A Al ETEAAIT OAI bisdiiés and SphtialDiedk @dfe@d ET OA O«
determine whether effects from environmental exposures on asthmatics were different to

the effects experienced by another population. The neasthmatic group represents the

average schoolage population. By using a matched asthmatic nessthmatic design, this

investigation was able to determine that asthmatics were not especially vulnerable to
environmental exposures.

By matching asthmatics to norasthmatics by certain characteristics, it can be ensured

that any differences between asthmatics and neasthmatics were not the result of the

matching variables(Bland and Altman, 1994. In the bothdatasets (though less stringently

xEOE OEA 3EAEEEAI A #EEI AOAT 60 EIT OPEOAI AAOAO
asthmatics by age and gender. For the timgeries analyses, GPRD asthmatics were also

matched to nonasthmatics by general practice whilst SA FAE AT A #EEI AOAT 80 AOO|
matched by MSOA. Thus, differences observed between asthmatics and -asthmatics

were not attributed to age, gender and to some extent, location. For the spatial

ET OAOOECAOEI T h 3EAEEEAI A otidiched OyAdate Of cahiadd DE OAT |
hence, the differences observed between asthmatics and nasthmatics were not

attributed to the date on which patients sought medical contact.

Allowing for factors that are known to effect outcome such as age and gender isteength

I £/ OEA ET OAOOECAOEI 160 AAOECIT 8 (1 xbobooh 1T OEAO
status were not directly accounted for and evidence suggests that soggonomic status is

associated with asthma exacerbationOne study foundthat pollutant-ashma lag effects

were subject tothe socio-economic status of the children(Burra et al., 20®). Another US

study found that the risk of admissions due to NOexposure after a lag bone day was

higher for children with no insurance andspecifically Hispanic childrenwith no insurance

compared to children with Medicaid or private insurance(Grineski et al., 2010. Yet, by

design, asthmatics were matched to no@asthmatics by general practiceor MSOA (GRPD,

SCH) and thisacts as a proxy for controlling for deprivation markers.

Another criticism relating the matched design is that the analysis did not account for
matching. The intent of the analysis was to replicate methods that had already Imeesed

in the literature. Yet, conducting an analysis that does not control for matching introduces
the possibility that in our case, age and gender forms part of the residual variance and may
increase the standard error of the difference in mean@land and Altman, 1994.
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Another weakness lies in the two methods used to match asthmatic to nasthmatic

individuals or contacts. Ideally, the same methods would have been used, however, for the

Shefield dataset; it was not possible to identify individuals in the dataset. Therefore,

whilst for the GPRD datasets, individuals with a medical diagnosis of asthma were

matched to individuals with no medical diagnosis of asthma, for the Sheffield dataset,

hospital contacts made for asthmatic reasons were matched to contacts for nasthmatic

reasons. With the GPRD datasets, it was possible that not every individual had a medical

contact; however, results were interpreted with OA £FA OAT AA O OBMOEAAGRBEI AO
With the Sheffield dataset, it was not possible to quantify resultsiith reference to an

8.3.4. Sample Size
/ITA 1T £ OEEO OEAOEOGE 1 AET O OOOAT COEO EO EOO OAI
size increases the power ofhte study and reduces the likelihood that results occurred by
chance alongBailey et al., 2006. Over a sixyear period (1999-2004), data were obtained
from over 65,000 asthmatic patients for England and Wales; itotal, this resulted in over
1,000,000 asthmatic nedical contacts. With the additional gender characteristics (higher
percentage of males) of the sample mirroring that of the general asthmatic population, this
sample was highly representative of the population from which it was sourced hence
findings canbe extracted and generalised accordingly.

The sample represents persons that sought medical contact and were medically diagnosed
with asthma. The representativeness of this sample is with exception to those who were
able to control the symptoms of asthmawithout medical assistance and have not sought
medical contact thus are not medically diagnosed with asthma. Whilst the strength of the
GPRD dataset lies within the size of the sample, the quality of the data may not be as high
quality asit does not represent fully the asthmatic population.

Few studies actually report the sample size of their study population. Instead, the majority
of the studies indicate the number of medical contacts made to hospital or primary care
service. Compared to the studies thaused a comparison group in the review, this thesis
had the largest sample of ondo-one asthmatics matched to norasthmatics. This
observation does not hold for studies that compare their asthmatic cohort to the
remaining contacts within their dataset.

One shortcoming of this analysisiés within the techniques used to match asthmatics to
non-AOOEI AOEAO8 7EOE OEA S3EAEAEAI A #EEI AOAT 80 EI
to match asthmatics to norasthmatics exactly by age, gender, and date or KA. In

addition, road traffic accidents were not omitted from the potential norasthmatics. These

may have been matched to asthmatics and this as mentioned previously may confound the

comparison of results between asthmatics and neasthmatics. As vehicleelated events,
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road traffic accidents may mimic the outcome of exposure to pollutants. Additionally,
within the GPRD dataset, nomasthmatics with viral infections could have been selected
and possibly removed: these contacts imitate the seasonality of &asha medical contacts
(as found by Strickland et al).

8.3.5. Comparison of Sections of the Year
The method of analyses used to investigate the environmentakthma association did not
separate the data by season in comparison to other studiéSamoli et al., 2011Strickland
et al., 201Q Yamazaki et al., 200R This investigation analysed the whole ye& data thus
did not detect seasonal differences in environmental associations with medical contact.
However, unlike any other published study, the seasonal investigation did partition data
into sections of theyear governed by the school calendar and examined differences in
medical counts in the Easter, summer and Christmas period in comparison to the whole
year. Thus, the investigation was able to detect seasonal differences in the characteristics
of the average daily counts potentially governed by the school calendar.

8.3.6. Efforts to reduce Autocorrelation when a ssessing the
relationship between environmental exposures and childhood asthma

Autocorrelation is often encountered in time series data because the eventsade on
different days were influenced by an external variable. The external variable can influence
the number of events on two different days thus creating an element of dependence within
the data. This thesidirst used standard regression techniques a# was thought that the
addition of covariates in the model with daily counts as the dependent variable would
remove the autocorrelation. However, the autocorrelation was still high even with the
inclusion of covariates. In order to minimise the autocorr&tion, first order difference
(defined in Chapter Fou) was used. However, using first order difference made results
difficult to interpret; one unit increase equalled a dayto-day change in daily counts. No
study was found reporting the use of first orde difference to describe the relationship
between environmental exposures and childhood asthma. Therefore, it would have been
difficult to compare and contextualise results alongside current evidence. Using daily
counts as the outcome, autoregressive teciques were applied to investigate the
environmental-medical contact relationships.

8.3.7. Collective Examination of Exposures
In reality, air pollutants, weather, and pollen exposuresare not standalone exposures.
Environmental exposures existin conjunction with one anotherand potentially react in a
variety of complex interactions The method of collectively examining the results of all the
environmental exposures in the timeseries investigation is arguably an advantage of this
thesis. Studies often examine ieraction between two or three exposures yet these
AET AET CO ATl 110 OAPOAOGAT O PAI PI AGO A@obi OOO0OA
support of the use of this type of approach in analysing a large number of environmental
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associations with medical caotact, one study was found to have investigated 28
environmental exposures with asthma related medical contact&lulious et al., 2011h This
thesis captured the results (main effects) from a multitude of environmental exposures
that arguably replicath O OE A O O A AdxidtinglexpsBArdsOO 1 £ Al

Whether specific exposuresinhibit or prohibit T OE A O A Zebedct@ éhikd@dwith
asthmais an additional question that this investigation has not answeredThe main effects
from environmental exposures in the time-series analyses were combined and the most
significant exposure that had the largest effect on daily counts of medical contact was
identified. However, another weakness of both the spatial and timseries analyses is that
interactive effectsbetween the environmental exposures in relatiorto the daily counts of
medical contact were not identified unlike in other studieqHirshon et al., 2008 Romieu et
al., 1995.

8.3.8. Covariates in Time -series Analyses
Few studies(for instance Loyos-Berrios et al (2007) and Pereira et al(2009)) were found
that matched asthmatics to nomasthmatics by age and gender. This investigation
addressesthis weakness by controllirg for age and gender in the matching of asthmatics
and nonasthmatics. Asthmatics were also matched to neasthmatics by the general
practice; often patients seek care or were registered to receive medical advice from a
general practice that is situated rasonably close to their home. Thus, the nomasthmatic
group was comparable to the asthmatic group by age, gender, and area of residence thus
any differences between asthmatics and neasthmatics were not influenced by these
factors.

In the autoregressiveanalysis, the effects of day of the week, bank holiday, and seasonal
effect were controlled in the model thus any associations are not the result of these
confounding factors. These confounders were included in the analysis of a number of
studies (Anderson et al., 1998Strickland et al., 201QSunyer et al, 2003).

A potential shortfall of this investigation is that in light of the covariates referenced within
the literature, the autoregressive analyses may have not included important confounding
effects on daily counts of medical contact. In particulacovariates for viral epidemics were
used in a number of studiegAndersen et al., 2007Fusco et al., 2001and arguably have a
heavy influence on asthma exacerbation. If viral transmission were initiated after school
return, the exposure would also surround nomrasthmatic individuals. Thus, having a
comparison group (as this thesis had included) potentially mitigtes the effects of viral
confounders.
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8.3.9. Location

With relatively few studies investigating environmental exposures with childhood in the
UK, this thesis provides additional UK based literature. Adding to the UK literature is
particularly important because the application of environmental findings from the study
sample to another population (particularly if that population resides in a different
location) is conditional. The application of findings from one study to another population
from a different location is dependent on whether the population and the environmental
composition (you wish to generalise findings onto) aresimilar to the study sample and
study environmental composition.

A large proportion of the literature examining environmental assoations with childhood
asthma related medical contacts was conducted in the US and Canada with few studies set
in Europe and the UK. There is evidence highlighting spatial variation in the
environmental exposures. Peel et g12007) illustrates large variation in climate across the
world using the KoppenGieger climate classification system. The WHO illustrates
variation on PMy measures worldwide (WHO, 1999. Pollen compositions and length of
season vary within Europe (D'Amato et al., 2007 and most certainly worldwide.
Therefore, there is a possibility that it may not be appropriate to generalise findings from
the US or Canada onto a UK population. For this reason, investigating environmental
exposures and applying those findings to a popul@an that the sample and environmental
exposures were sourced from is more valuakl than attempting to generaliseresults from
non-UK locations.

On the other hand, though countryto-country differences have been used as a motive for
this piece of research it must also be acknowledged that there are also within country
variations in environmental compositions. Compared to the methods used in other
studies, one potential weakness is that this thesis did not control for within country
geographical variationsin exposures that may confound the timeseries relationship with
daily medical contacts. This is particularly important for the analyses conducted on
England and Wales and the Trent Region. However, the analysis was also conducted with
clinical data from Sheffield thus allowing for comparisons in results between geographies.
The appropriateness of using local environmental data against national patient data is
further discussed in subsection8.3.10.

8.3.10. The Extrapolation of Envir onmental Exposures from Local to
National level
The extrapolation of environmental variables from local (Sheffield) to national (England
and Wales)level is an issue that needs to discussed. This thesis provided evidence to
illustrate that urban background measures taken from one location (Sheffield) were
similar to urban background measures taken from other locations from England and
Wales. The BlandAltman investigation provided some evidence of agreement between the
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measures collected from Sheffield anl AAODOOAO 1T AOAET AA &OiI i 1T OEAO o

locations. However, a small number plots illustrated unfavourable results. In particular, a
number of the comparisons between Sheffield and Cardiff were not in agreement with one
another.

It was important that measures from Wales were in agreement with Sheffield especially as
medical contacts from Wales were included in a combined sample with England. Yet, the
clinical sample obtained from Wales only contributed 12 percent to the total sample of
England andWales. Thus, the sample from Wales should nétave made a significant
impact on the overall results of England and Wales.

One key point is that the investigation was able to crosgalidate our findings between the
geographies and with several types of mddal contact from within each region. The
environmental data were analysed against clinical data at regional and local as well as
national level and this allowed an evaluation of consistency in results. Therefore,
conclusions were not solely based on res@lO &£0T i OEA AT Al UOGEO
clinical data.

8.3.11. Pollutant Source
This thesis used urban background pollutant measures taken from a fixed site location in
Sheffield as a proxy of pollutant exposure. Evidence supports and argues against the use o
pollutant measures taken from fixed site locations as proxy markers for exposure. DEFRA
states that the type of measure (urban background) should represent exposure across a
few kilometres squared (see following link: http://uk -air..gov.uk/networks/site -types
[Accessed online 03.10.2011]). Yet one paper adds criticism by stating that fixed site

%1

measures poorly relate to personal exposure(Janssen et al., 1998 !'1T ET AEOEAOAI

personal environmental exposure can alter with taking a mex step.From this conclusion,
fixed site measures should not be used to represent personal exposure.

*AT OOAT 60 Al 1T A1 OOETT AOGCOAO AGAET 00 (L&BA OAAET E

Berrios et al., 2007 Oyana and Rivers, 200band criticises the method used in this

ET OAOOECAOET T8 )1 OEEO ET OAOOECAOEI T80 AAOANR

incurred resource and time related costs. Given time, knowledge and resource constraints,
it was not feasibleto adopt a technique that would measure personal exposure. Efficient
use of fixed site data ws made to obtain a degree of understanding of the spat
relationship between pollutant exposures and medical contacts.

8.3.12.  Spatial Association
In contrast to the spatial studies included in the review, the second pollutardasthma
investigation was a simple analysis using geographical illustrations of pollutarxposures
and childhood asthma medical contact rates followed by bivariate investigations. This
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thesis provided an insight into the spatial relationship between pollutant exposures and
childhood asthma in the UK.

8.3.13.  Spatial Specific Issues
Granularity (the degree to which a geographical area is divided) is an important issue
particularly in relation to analysing spatial relationships between environmental
exposures. As already mentioned (see stdection 8.3.9), environmental comppsition
varies across geographical locations. This is especially apparent for pollutant exposures
where differences in the level of exposure can be observed metres apart. For the spatial
investigation, analyses of annual aggregated data were conducted aB®A levelThe use
of this spatial unit was governed by several reasons. Firstly, pollutant data at MSOA level
from a free and accessible source was easily obtainable.

Secondly, though measures at MSOA level were arguably not spatially accurate (as 1 MSO
holds an average of 7,200 persons), alternative options to further aggregate the data into
smaller spatial units were limited. There was a possibility of obtaining data from the
National Air Emission Inventory where pollutant measures were estimated pemone
kilometre square yet clinical data would also need to have been obtained at that level. An
argument against using pollutants measured per one kilometre square is that these spatial
measures do not overlay contiguously over output areas. Therefore, tos&l measures
aggregated per kilometre square, @sidential information that was more accurate would
need to behave beenobtained which raises the issue of patient identification. Regardless
of what measures were used, area based measures are estimated aod actual measures

of pollution. Thus,using smaller units of geography introduces more estimated measures
that are potentially not beneficial to the analysis. In addition to constraints of the pollution
data, by using yearly counts of medical contact, thelinical outcome already contained a
number of MSOAs with zero annual events. Thus, in conterf this thesis, seeking
measures at a finer level would it seems add no value. For the exploratory aims of the
spatial investigation, it was not therefore, deerad necessary to obtain patient data at such
low spatial area measures.

8.3.14. Temporal and Spatial Bias
For the time-series investigation, this thesis cannot completely spatially and temporally
verify that the cause or the independent variable occurred beforene outcome. Spatially,
the likelihood of confirming that asthmatics and norasthmatics were exposed spatially to
daily environmental measures (measured for one region only) diminishes as the spatial
area (that the sample was sourced from) increases. Espalty for England and Wales, and
the Trent Region, spatial bias may have been potentially introduced. This thesis can
temporally verify that daily measures of exposure were obtained before daily counts of
medical contact though only for severdaysto one day prior to contact. This thesis cannot
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confirm that measures taken on the same day (as medical contacts) occurred before the
event was madeintroducing the possibility of temporal bias.

8.3.15.  Use of Minimum, Mean, and Maximum measures of Pollutants
Three types of measures (minimum, mean, and maximum measures) of pollutavere
collectively examined. This may be interpreted as duplication of results by using several
versions of the same measure. This contributes to the issue of multiplicity (mentioned in
Chaper Four) whereby conducting multiple tests on variables of the same type of
pollutant measures in addition to the weather and pollen variables increases the chance of
producing false negative results. Although it is recognised that this strategy has a
weakness, it is consistent with methods used by another studylulious et al., 2011p

8.3.16. Paradox: Sample Size versus Geographical Resolution
One weakness (attributed more so to the timeseries investigation conducted on the GPRD
datasets) is that resultsextracted at group level such as those attributed to analyses of
England and Wales and the Trent Region may not hold at individual level. This concept is
I OEAOXxEOA ETT x1 AQBaileyétial, oDERAS potdhidlly preBento
within this analysis. This should be considered in the interpretation of the results and
especially of the results obtained for England and Wales.

Tying in with the previous paragraph, inding a balance between designing atudy, which
benefits from a large sample as well & being able to detect spatial relationships is difficult.
The decision to accrue a large sample means tetudy gains the power to detect accurate
relationships but loses is ability to detect fine spatial relationships. Yet, the choice to
design astudy that detects fine spatial relationships isnore than likely to beweakened by
small sample size thus results would prone to more variability and inaccuracy. By
conducting separate analyses on geographies decreasing in size, tiissis has been able
to demonstrate that results are more significant at national level but less spatially accurate
whereas results at local level are not as significant but more spatially accurate

Cost has not been an issue for this investigation but for further work, researchxamining

both time and/or spatially related relationships between exposure and outcome has to
consider the conflict between costs versus quantity. This issue runs parallel with
designing a study that is spatially accurate against designing a study that aces a

OPT xAO&EOI 6 OAIiBI A OEUA8 ' AAOAOAO OEAO EAO
higher cost and often includes smaller samples. Less accurate data normally comes at a
lower cost and often includes larger samples.

8.3.17. Summary of Strengths and Wea knesses
This thesis provides evidence supporting the seasonality of daily counts of medical contact
made by schoolage asthmatics and norasthmatics. This thesis also provides some
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evidence to support the associations between environmental triggers and cots of

medicalcd OAAO8 4EA OEAOEOS8 OOOAT COEO 1 EAO

1 A matched asthmatic norasthmatic design which allowed comparisons of effect to be
made between an asthmatic and no@asthmatic cohort

1 A large sample size used in the timseries investigation which pdentially resulted in
Oi T OA AAAOOAOAG £EEIT AET ¢O

1 lIts ability to detect simple spatial relationships within a local area (Sheffield)

9 Its position to help fill several limitations in the UK literature.

There were also a number of weaknesses that have also bedocumented to highlight an

AxAOAT AOGO 1T £# OEEO OEAOEOS 1 EIi EOAOEITO8 'O A

narrative of the seasonality and environmental triggers of medical contact.

8.4. The Implication of the Results

The purpose of this thesiswas to increase the evidence found in the UK of potential
relationships between environmental exposures and childhood asthma and use this
evidence to inform the development of strategies to prevent asthma exacerbation in
schoolchildren. The thesis found eidence of a seasonality pattern of counts of medical
contact yet revealed inconsistent evidence to support an environmentahedical contact
association. However, there are a number of conclusions that can be inferred from the
results of this thesis that ma inform future research. Suggestions are thus made towards
avoiding, reducing, or preparing for the possible consequences of exposure.

Highlighting the seasonal patterns of daily counts of asthma can assist in the planning of
treatment. Particularly, ealier uptake of routine medication taken prior to school return
may reduce the peak in asthma related medical contacts thus alleviating the burden placed
on the individual, their family and the health services.

The environmental results suggest that thogh exposures in the environment may

ET ACAAOGA A AEEI A8O 1 EEAIEEITTA T &£ EAOGEI ¢ Al
were not a major trigger of asthma exacerbation. Ultimately, the triggers aisthmatic
symptoms vary from child to child and thismay be the reason why the literature had

found a whole host of different environmental associations with childhood asthma.

In a recent Patient and Public Involvement (PPI) event, children with asthma and parents
were interviewed via focus groups to explee their opinions on a proposed intervention.
The intervention involves sending letters (from the GP) to parents/children with asthma
in the summer holiday to encourage retaking regular medication in preparation for school
return. This intervention aims to alleviate the September peak in medical contacts made
by children with asthma. In the focus group interview, children referenced different times
of the year when their asthmatic symptoms worsened and speculated different causes for
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their symptoms (Julious et al., 2011 Another paper also found that children believed a
number of different external triggers triggered their asthma(Williams et al., 201Q. It may
be more beneficial for parents and children to pinpoint potentily what triggers their
AOOEI A AT A PETDPIET O OEiI A0 maiic §ipbomdiakeAorsex EAT OE,
and prepare for those times in advance by taking regular medication.

This thesis found weak associations with environmental exposures and iiya counts of

medical contact. The suggestion thathildren with asthma may benefit from warnings of

high pollution episodes such as the smog alert issued for the 23and 24h of April 2011

was OAET £ OAAA8 | AAT OAET ¢ Oi OEEO OEAOEOS8 OAOOI
relationship with non-asthmatics as with asthmatics, these warning would also benefit

non-asthmatic children. Other high pollution episodes include bonfire night

(AEA Energy and Environment, 2008) AT A . Ax 9AA080O wOA xEAOA OE.
fireworks emits high quantities of particulate matter.

Asthmatics that were prone to worsening symptoms exacerbated by weather changes (i.e.
temperatureq AT O A OOA AAEI U OJAAGE A A COMAAEANAD Ox AMAD EAR
prepare for those changes in advance by taking regular medication. Currently, the Met

| EFEFEAA AAOAOOEOAO TT1ETA OC(AAI OE &£ OAAAOGOOGG6 AT,
pollen) that might affect health (ttp://www.metoffice.gov.uk/health/public  [Accessed

online 04.10.2011]). These warnings target specifically conditions including sunburn, hay

fever, COPD, and seasodnaffective disorder but could also be used to aid asthmatics.

Online services can be used as a an information service for persons prone to exacerbation

due to pollutant exposures(Kelly et al., 2013. The DEFRA website forecasts pollution

levels that can be used to predict exposurehftp://uk -air.defra.gov.uk/forecasting/

[Accessed online 04.10.2011]).

Strategies to avoid or reduce exposure may be considered as a method to attempt to
OAAOAA AOOEIi A AGAAARAOAAOQOET T8 ! OOAOOEInGid AT AOAA
future decisions about the placement of new schools (considering that children spend a

substantial amount of time at school). In addition, parents may consider moving from

AOAAO OEAO AOA TEEAI U O AAAOQOI O1 ACA aA@pi 000,
#1171 OOOOAOET ¢ O%i OGEOT 11 AT OA1 Aiii Ol EOU EAAI OE b
aid such decisions on more appropriate locations of residence for respiratory challenged

individuals (Pine and Diaz, 200].

This thesis adds some support towards strategies targeted at reducing pollutant
emissions. As a consequer of these strategies, there may be a reduction or stabilisation
of respiratory exacerbation especially in those who were pollution sensitive. Strategies
targeted at reducing pollution may also hae overarching benefits to stabilise climate
change and pden season (which is slowly lengthening as the climate changes).
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8.5. Further Research

It is recognised that there is already a large amount of research but further research can
always be justified. Ultimately, the generalisability of results stemming from earch
conducted in different parts of the globe is difficult due to the variation in environmental
compositions. Thus, the replication of research topics is justified if the population differs
from the population that the original research was investigatd upon. Stemming from this
piece of research, there are a number of suggestions for future research. These ideas arise
from observed nuances in need of further work. These nuances may or may not have been
researched by others in different settings. Theseuggestions include further work to be
carried out on the existing dataset and future ideas for more recent datasets.

8.5.1. Further Analyses on the Current Datasets
Further analyses on the current datasets could be implemented bearing in mind the
datasets are nav slightly dated and therefore, may not model recent developments in
environmental-asthma relationships. The following ideas may also be implemented on
datasets that were collated more recently.

Investigation could be implemented on data partitioned by sason for example, the wet
and dry season or more appropriately for the UK, the warm and cool season separately.
The data within the pollen season only could be examined to observe whether pollen
effects were more significant within that time of year. It ould also be possible to analyse
factors like Ozone in just the summer months.

1'TT OEAO ET OAOAOGOET ¢ ET OAOOECAOEITT x1 O1 A AA OI
how this influences overall effects from environmental exposureslhis investigation may

reaffirm findings reported by Garty et al (1998) who found that with the omission of

3ADOAI AAO6O 1T AAOGOOAOh OEA AT OGEOTT1 AT OAl AOOI AE
inclusion of the completeyed®d O AAOAS8

Interactions could be investigated to see which exposures work together and amplify or
hinder the environmental effect of daily counts of medical contact. This investigation may
reaffirm interaction findings reported in the literature within a UK setting.

As noted inChapter Three the GPRD data were aggregated by region of practice: London,
South East, South West, Eastern, West Midlands, Trent, North West, Northern and
Yorkshire, Wales, Scotland and Northern IrelandYet, the investigation was conducted on
the whole of England and Wales, and only two of the regions: Trent Region and Scotland
(Scotland results reported in Appendix). Further analysis of the same timseries
methodology could be applied to the remainingGPRD regions and results ould be
compared to the Trent Region.
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7TEOEET OEA '023$ AAOAOAOh OEEO OEAOEOGS 1 OOAT I A
any reason) made by schoehge asthmatics/norrasthmatics. Further investigation could
be employed b look at subgroups of respiratory related medical contact for example, by

diagnosis or reason for contact.

In consistency with the GPRD dataset, the current investigation used Sheffield daily counts

AOT T pwww O c¢nmt8 ! O 3 HAwWEEBHRdNAd uMiEDA9AIRAT 8 O ET «
data could be extended. If recent environmental measurewere obtained, the same

analysis could be applied to investigate more recent developments in the environmental

asthma association.

In the time-series and spatial inestigation, the analysis did not allow for individual data.
Thus, to improve on this investigation, future analysis may be able to consider the effect of
individual data within the analysis that may in turn reduce the errors improving the
accuracy of the esults.

8.5.2. Future ldeas for Research
There is a large amount of research conducted worldwide on the pollutant associations
with childhood asthma; therefore, the scope for further research in this area is somewhat
restricted. Yet, research conducted on thengironmental-asthma association within the
UK is rather limited, which provides impetus for further research. This sulsection
presents a number of ideas for future research.

This thesis did not eradicated the potential obstacle cthe OAAT 1 T CEAABT 4 EEIOI HEAOGE
findings based on a large sample may not hold at an individual level. Further investigation
is required to investigate environmental exposure effectsit an individual level to validate
findings extracted at group level. Drawing parallels Wh research conducted measuring
indoor exposure (Krieger et al., 2000 Osman et al., 2008 one potential idea would be @
combine an investigation examining both indoor and outdoor exposures. A small cohort of
asthmatic and nonasthmatic schootage children could be allocated with individual
measuring devices (measuring both indoor and outdoor pollutant levels, temperaturand
other exposures) that document their whereabouts, exposure levels and potentially
determine if indoor or outdoor exposures have a bigger part to play towards triggering
exacerbation.

In the time-series investigation, the design was unable to dedueeeasures or daily counts
lower than regional level as residence data were not provided within the GPRD dataset.
Once more, the environmental measures were sourced from only three locations in
Yorkshire. In addition, the datasets are quite old and there i®om to speculate that the
trends observed within those datasets do not represent current trends. To improve this
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investigation and draw parallels with research that consides spatial variations in
environmental exposures, an idea for future research inctles similar time-series analyses
using more recent data. With this second attempt, data would include daily counts and
environmental exposures measured at a finer spatial level to reduce the possibility of
introducing spatial bias.

In contrast to the sinple spatial analysis conducted within this investigation, further
improved spatial research in the UK calbe implemented considering buffering techniques
from environmental sources and distance calculations, which could then be used to assess
the risk of exacerbation due to proximity to pollutant sources. This would require accurate
residential information of the asthmatic individuals. In addition, improved statistical
analyses should support these maps and examine the dynamics of the spatmporal
relationships between exposures and childhood asthma. These analyses should consider
the interactive effects and account for spatial as well as time oriented autocorrelation.

To balance both the costs (resource, time, and effe to obtain ethics) of obtaining
spatially accurate data with the ability to detect spatially accurate associations, continuing
the use of primary care information it may be possible to obtairdata at general practice
level and link these data with pollutant exposure data potentially aMSOA level. This
linkage would make efficient use of routinely collected data. In 2009, there were
approximately 8,230 general practices in EnglandThe Information Centre, 2009 and
England had a population ofover 52 million (ONS, 2011x Assuming that every person
was registered to a general practice, there are on average approximately 6,318 persons
per general practice. Since MSOA includes an averagef 7,700 persons(ONS, 2011b,
there is theoretically more than 1 general practice per MSOA. It is estimated that an
analysis of general practice data and exposure data can be spatially @ate up to MSOA
level. GPRD data with pollution data would provide an approximate 10% sample of these
practices. However, one drawback to this idea is that GPRD practices are anonymised
therefore, only a time series analysis would be possible.

From the results of this thesis, spatial relationships were found between CHRs and
domestic and commercially sourced air emissions. These relationships were negative
suggesting that the lower the emissions, the higher the rate of contacts. Part of the reason
why negative relationships were observed was that measures of emission were
proportions of total emissions. Thus, measures were not independent of each other.
Another pollutant producing a higher proportion of emissions can confound the
association with one polutant source. Further investigation is needed (with additional
exposure data) to identify why this thesis found negative emissicl€HR relationships and
whether these relationships represent true associations or act as proxies for further
exposures sourcedrom the same origins.
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The impact of climate change will alter environmental exposure and may be considered as
a rationale for further research. This will have repercussions on a number of conditions
not least asthma. Therefore, in the future, researclon the environmentalasthma
associations would be necessary to evaluate change in exposures and their effects on
asthmatic individuals.

The methodology used within this thesis can be implemented with other outcomes that
are associated with environmentalexposures. Using autoregressive methods accounting
for confounding factors, the effect of environmental exposures could be investigated with
daily counts of medical contact related to persons with cardiovascular disease or stroke or
adults with asthma.
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8.6. Summary

This chapter summarised the results of the timeseries and spatial analyses by addressing
the research questions set inChapter One A seasonal pattern in the daily number of
asthmatic and nonasthmatic medical cont&ts and in the daily excess of medical contacts
was detected. The seasonal pattern was more prominent in datasets with higher daily
counts (England and Wales) compared to low daily counts (Sheffield). Peaks in daily
counts tendedto occur in periods that @incide with school term whilst troughs appeared

in periods that coincidedwith school holidays. The most prominent peak occurred after
the school summer holiday, counts after the peak were sustained until the end of the year.
The seasonal pattern was stroger with asthmatics than norasthmatics.

Examining the environmentatdaily counts relationship, unfortunately, the results
between the correlations and autoregressive analyses and within the autoregressive
analyses were not consistent and some results griified no association. Correlational
analysis provided results that were more significant in comparison to the autoregressive
analysis. With the autoregressive analysis that considered confounding factors (day of the
week, bank holiday and season), a nunaelo of exposures contributed to a statistically
significant improved fit to the data compared to the null model. Higher numbers of
Aobpl OO0OAOG xAOA & 06T A O1 AA OECI EEZEAAT O xEOE
contact made by asthmatics and noiasthmatics compared to Trent and Sheffield.
However, this is likely to bea function of the variation in sample size. Grass was commonly
associated with daily counts of medical contact made by asthmatics and nasthmatics
from national through to local leveland was associated with the daily excess of medical
contacts sample at national and regional level. Other exposures that were found to be
significant included PM,, NOD, and sunlight however theywere not consistently
associated with daily counts from althree geographical levels.

Collectively, examining the autoregressive model or point-estimate Pvalues, a weak
association was found between environmental exposures and daily counts. This
association was strongest with daily counts taken fronthe largest geographical region
(England and Wales).

Alongside the timeseries investigation, a simple spatial investigation revealed weak
associations between area based pollutant measures and CHRs (ratios of observed over
expected numbers of medical contact) #h asthmatics and the excess. No significant
associations were found between pollutant measures and CHRs for rasthmatics. These
findings signify stronger spatial associations with asthmatics compared to neasthmatics.

Strengths and weaknesses were dggcussed in depth. The strengths of this thesis include its
matched asthmatic nonmasthmatic design, sample size, and choice to include only
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schoolage children to keep constant the school associated effects. One characteristic that

adds to this investigatid 6 O AEOOET AOEOAT AOGO EO OEAO OEA AT.
environmental associations with medical contacts made to primary and secondary care

01 OOAAOG8 ! AAET ¢ Oi OEEO EI OAOOECAOQOEI 160 AEOOET .,
to examine he environmental associations with the excess as an outcome. Further adding

to the uniqueness of this investigation, this is one of the first investigations to make
cross-comparisons between geographical sizes (from local to national level) and explored

thA ET &£ OAT AA 1T £ OEUA 1T &£ OEA ObpiiluciToe 11 AOOT
these include the potential introduction ofthe ecological fallacy, the simple spatial analysis

and the inability to model both the timeseries and spatial aspects of thenvironmental

relationship in one model. The thesis separately investigates the tirgeries and spatial

aspect of the environmental association. However, the two investigations depict a
comprehensive picture of the associations between environmental expoges and medical

contact.

This chapter had extracted possible implications of this piece of research and suggested
further ideas for investigation. This piece of research suggests that at population level,
environmental exposures may not rank highly towads triggering asthma exacerbation yet
different exposures exacerbate asthma in different individuals thus strategies to avoid
exposure or prepare for exposure should be taken.

This chapter finishes with a number of further research ideas. Though this pic has been

explored previously, further work may involve developing a model that can explain both

the time-series and spatial influences on the environmentadsthma association in the UK

using routinely collected sources of data. A tool to facilitate puic knowledge of the

exposures associated with asthma maybe created by animating both tirseries and

spatial measures and outcome over timeChapter NineOOi | AOEOAO OEA OEAOEOG
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Chapter Nine

Conclusion

The goal of this thesis was to understand what influences thetime-series and spatial
patterns of asthma in schoolaged children. Influences that were under investigation
included pollution, weather, and pollen exposureslt was hoped that the knowledge
gained from the inwestigations would be used to informor support the development of
preventative strategies to reduce asthma morbidity in children.

The aims of the time-series investigation wee firstly, to examine the presence of
association between environmental exposures (collectively) and medical contacts by
schoolage asthmatic and nonasthmatic children. In parallel with the first aim, the
investigation also examineddelayed associations between environmental exposures and
daily counts of medical contactSecondly,to assess whether there is a peak associated
with the return to school after thevacation in schootage asthmaticand non-asthmatic
children. Within these two aims,relationships/effects were observedat national (England
and Wales), regionalTrent Region), and local(Sheffield) level.

A final aim was to spatially investigate ward level contact rates of schoehge asthmatics
and nonrasthmatics and observe if these ratesvere associated with ward level pollution
data in Sheffield.

To address the aimsa retrospective matched asthmatic norasthmatic design was used to
investigate time-series and spatial relationships between counts of medical contact made
by schoolage asthmatics and norasthmatics. For the timeseries investigation, daily
counts of medtal contact made by schoeage asthmaticsand schoolage nonasthmatics
were investigated. A second outcome, the daily excess was also investigated (the daily
number of medical contacts made by asthmatics over the daily number of medical contacts
made by ron-asthmatics); this outcome represented the residual effect on asthmatics over
and above the average school population. To investigate the seasonal patterns of the
clinical datasets, graphical examinatiosof the daily counts were employed. To investigate
the environmental-medical contact association, daily counts were analysed alongside 28
pollutant, weather, and pollen exposures via autoregressive techniques allowing for
confounders.
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For the spatial investigation, comparative ratios of events made bylool-age asthmatics,
non-asthmatics and the excess between asthmatics and nasthmatics were investigated.
These ratios were correlated with area based pollutant measures.

This thesis provided evidence of a seasonal pattern in daily counts of medicalntact
made by schoolage asthmatics and to a lesser extent, neasthmatics. Seasonal patterns
were also evident in the daily excess of asthmatics over and above the average school
population. Seasonal patterns were heavily related to the school calendadower during

the school vacations and higher upon the return to school. The seasonality of medical
contacts made by schoehge asthmatics and norasthmatics, and its relation to the school
calendar adds further support to the evidence given in the publistteliterature.

AEA OEAOGEO8 OAOOI OO DPOI OEAA ET AT T OEOOAT O AOGEAA]
counts of medical contacts made by schoaige asthmatics and norasthmatics. Contrary

to what was expected, the timeseries evidence suggests that # environmental

association mgbe slightly stronger with the non-asthmatic group rather than asthmatics.

These findings do not corroborate the evidence given in published literatureand

therefore add a different interpretation of the relationship between environmental

exposures and medical contacts. In comparison to evidence given in published literature,

AT A AT1TO0OAOU O OEsefkes &idehde Ospdfial Avidléntel shiggestO & | A
stronger association with asthmatics compared to norasthmatics. Firther research needs

to be undertaken to reaffirm these findings.

Alongside the timeseries investigation, a spatial investigation revealed weak associations
between pollutant exposures and ratios of observed over expected numbers of asthma
related medical contacts.Significant associations were found between CHRs fasthmatics
and air quality measures of N@(a positive correlation) and G (a negative correlation).
Significant negative associations were also found between CHRs fasthmatics and the
proportion of domestically and commercially sourced emissions.

The investigation has many strengths including: the use of an asthmatic nasthmatic

design; the sample size of the timseries thesis; the ability to detect simple spatial

relationships and its position to help fill several of the gaps in the UK literature. Several
characteristics contribute to the originality of this piece of work. Firstly, this is one of the

AEOOO EI Onatdiakse hddnvirbnmental@ffects on the excess of astlatics over

AT A AAT OA OEA AOAOACA OAETT1 DI bbOIl AGEI T8 3AAII
that assesgsthe collective association of environmental exposures with medical contact.

Thirdly, unlike the observations made within the literature tha largely conclude results

AAOGAA 11 T1T1TA 11TAAOETT180 ££ETAET COh -nedcalO ET OAO
contact associations aross three geographies thus the results were compared and

reported. Fourthly, unlike previous studies that use a primary are or secondary care data
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source, this investigation utilises both primary and secondary care data thus increasing
the likelihood of obtaining a more diverse asthmatic sample.

As a whole, this thesis had been able to demonstrate a comprehensive narratiof the
seasonality of and environmental triggers of medical contacts in school age asthmatics
across different health care settings and across different geographies.

There were also a number of weaknesses that have been documented including the
potential introduction of the ecological fallacy, the simple spatial analysis and the inability
to model both the timeseries and spatial aspects of the environmental relationship in one
model.

In summary, the evidence of an environmental association with dailgounts is weak and
further research is needed to support the inferences made in this thesis. Yet, in light of the
evidence suggesting that there are a number of exposures that trigger asthma symptoms,
this thesis supports the need to develop strategies talleviate the kurden of asthma and
improve quality of life for children with asthma. Seasonal findings suggest that children
with asthma are more likely to have medical contacts after school return and it is
recommended that strategies should be constructé to help prevent medical contacts
associated with the end of the school holidays
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Appendix A

Search Strategies for Literature Review

Appendix A illustrates the five search strategies used to report findings from existing

literature.
1 The seasonality of asthma in children
1 4EA AOOT AEAOQET 160 Add -ORKIA OO AA AT TAIOOET A ABAAAO
1 The associations between pollutant exposures and asthma exacerbation in
children
1 The associations between weather exposures and asthma exacerbation in children
I The associations between pollen exposures arasthma exacerbation in children

The first search of the literature was conducted between March and September 2009. The
results from the search strategy and the mini data extractions are reported. Another
search was conducted in August 2011 to update thindings from new studies conducted

in 2010 and 2011. The data extraction from the studies found are attached after the mini
data extractions of studies found in the first search.

1
1
1

Search Strategy from 2009
Mini data extraction from studies found in 2009
Mini data extraction from studies found in August 2011
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Al. Search Strategy to Review Current Literature on the studies
evaluating the Seasonality of Childhood Asthma Exacerbation
resulting in Medical Contact

Al.1. Inclusion and Exclusion Criteria
Inclusion:
9 all studies written in English langauge
I all studies with children (age zero to eighteen years) as the study sample (children
AT A AAOGI O OOOAEAO ET Al OAAA EZLE AEEI AOAT 60 OA
9 all studies which investigate medical contact i.e. admissig or presentations to
emergency department or presentations to general practice as the outcome of

interest
9 all studies studying seasonality, seasonal differences and asthma admissions in
children
Exclusion:

1 any studies where admissions/presentations/medcal visits are not used as a
measurement of asthma

1 all none English language studies due to the difficulty in translating the content

1 all studies not investigating the effects of humans

Same Inclusion and exclusion criteria applied to all studies in all véews.

Al.2. Seasonality Databases and Search Terms
Searches were performed using Medline, CINAHL, Web of Science, EMBASE and Google
scholar.Searches performed on the May 2009.

)T OEA OAAOAER OEA OAOIi O cAOOEi Ach O®OREBRA®EN O
OAOOAT Agoh OAFAI EI U DPEUOEAEAT 6h OCAT AOAI DOAAg
c OAAOT Tegech OOOAT Ascd AT A ODPAOOAOTeco6 xAOA ETAI OA

7EAOAAO A1l OEA OAOI g’) xAOA | ADbAA 1OODOAAREDI Ad
OPAOOAOTI 66 xAOA OAAOAEAA &£ O AO EIT OEA OEOI A
limit the number of results.

Table A. 1: Search Seasonality Medline.

Search Terms Results
1. asthma/ or asthma.mp. 106398
2. Child*.mp. [mp=title, original title, abstract, name of substance word, subject heading word] 1537841
3. Adolescent/ or Pediatrics/ or Child/ or paediatric.mp. 1173793
4. 20r3 1554048
5. (adm_ission or admit*).mp. [mp=title, original title, abstract, name of shstance word, subject 1180296
heading word]
6. Present.mp. [mp=title, original title, abstract, name of substance word, subject heading word] 2027169
7. Attend*mp. [mp=title, original title, abstract, name of substance word, subject heading word] 83788
8. Hospital departmg—znts/ or Medical Records Department, Hospital/ or hospital*.mp. or 828617
Emergency Service, hospital/
9. geng]ral prac*.mp. [mp=title, original title, abstract, name of substance word, subject heading 50499
wor
10. family physician*.mp. [mp=title, original title, abstract, name of substance word, subject 15487
heading word]
11. Out of hours. Mp 705
12. Diar*.mp. 85245
13. 5or6or7or8or9orl0orllori2 3679685
14. O3AAOITcdi OEOI 8 17562
15. OO00OAT Agoi OEODI 8 33276
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16. OPDAOOAOI 81  OEOI 8 104713
17. 14 or150r 16 154499
18. 1land 4 and 13 and 17 217
19. Limit 18 to (English Language and Humans) 203
Table A. 2: Search Seasonality CINAHL

Search Terms Results
1. i:5 OAOOEI AdQq 15496
2. Child* 227400
3. Paediatric 4535
4. Pediatric 34526
5. 2or3or4 235305
6. Admi* 225490
7. Present* 126127
8. attend* 34546
9. Hospital* 148249
10. General prac* 7413
11. family physician 520
12. Diar* 11426
13. Out of hours 257
14. 6or7or8or9orl0orllorl2orl3 509482
15. Season* 6218
16. Pattern 39375
17. Trend* 98616
18. 16 or 17 or 18 144202
19. 1and5and 14 and 19 296

Table A. 3: Search Seasonality EMBASE.

Search Terms Results
1. Mild Persistent Asthma/ or asthma.mp. or Moderate Persistent Asthma/ or Exercise Induced 67426

Asthma/ or Nocturnal Asthma/ or Asthma/ or Allergic Asthma/ or Severe Persistent Asthma/

or Mild Intermittent Asthma/
2. Child*.mp 511952
3. Paediatric/ or pediatric/ or paediatric.mp 28502
4. 20r3 519616
5. (admission or admit*).mp. [mp=title, original title, abstract, name of substance word, subject 606071

heading word]
6. Present*mp. [mp=title, original title, abstract, name of substance word, subject heading word] 1153189
7. Attend*mp. [mp=title, original title, abstract, name of substance word, subject heading wofd 367889
8. hospital*.mp. [mp=title, original title, abstract, name of substance word, subject heading word 392782
9. general practice/ or General Practitioner/ 38662
10. family physician*.mp. [mp=title, original title, abstract, name of substance word, sulgjée 5026

heading word]
11. Out of hours. Mp. 488
12. Diar*.mp. 80096
13. 5or6or7or8or9orl0orllori2 1736755
14. O03AAO0I 1 c681 8OEODI 8 6884
15. O0AOOADI c i B8OEOI 42616
16. 04 OA1T Acoi 80EOQDI 13213
17. 14 or 15 or 16 62180
18. 1and 4 and 13 and 17 65
19. Limit 18 to (English language and Human) 61

Table A. 4: Search Seasonality Web of Science.

Search Terms Results
1. TS = (asthma) 92692
2. TS = (child*) >100000
3. TS = (paediatric) 21569
4. TS=(pediatric) >100000
5. #2 OR #3 OR #4 >100000
6. TS=(adni*) >100000
7. TS = (present*) >100000
8. TS = (attend®) >100000
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9. TS = (hospital*) >100000

10. TS = (general pract*) 93490

11. TS = (family physician) 7136

12. TS = (Out of hours) >100000

13. | TS = (diar®) 91007

14. | #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 >100000

15. TI=(season*) 68389

16. TI=(pattern*) >100000

17. | TI=(trend*) 70707

18. #15 OR #16 OR #17 >100000

19. #1 AND #5 AND #14 AND #18 235
Al.3. Seasonality Search Results

These are the results from the second search.

| Medline: 203 titles- 20 abstracts- 20 studies selected for further reading

1 CINAHL: 296 titless 1 abstract- 1 study selected for further reading

1 EMBASE: 61 titles 16 abstracts- 9 studies selected for further reading

1 Web of Science: 235 titleg 27 abstractsz 18 studies selected for futher reading

Al.4. Critical Appraisal
The first two questions of the Critical Appraisal Skills Programme (CASP) checklist were
used to evaluate the quality of the study.
The guestions follow:
0] Did the study address a clearly focused question?
a Did the authors wse an appropriate method to answer the question/issue?

From the Critical Appraisal Skills Programme (CASP) 11 questions to help you make sense
of a case control study. Public Health Research Unit, England.

And Critical Appraisal Skills Programme (CASRR questions to help you make sense of a
cohort study. Public Health Research Unit, England.

Same critical appraisal questions applied for every study in all reviews.

After using the screening questions, 29 studies were included via Medline, no stadifrom
CINAHL, 7 from EMBASE and 17 from the Web of Science.

Al.5. Data Extraction
A small data collection form was compiled to extract information from each article.

Table A.5: Example of extraction form.

Reference
Sample (ageange (age groups) : Age group(s):
and size, data source Hospital or | Sample size:

GP) GP or Hospital: H
Design (comparison group?)
Setting (dates data collected)
Independent variable

Dependent variable

Method of Analysis

Covariates

Results (f included a comparison
group, was the effect
greater/weaker?)

The same data extraction used for all studies.
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Al.6.

Seasonality Mini Data Extraction

Reference

Ashley (1983) Seasonal Trends in childhood asthma. BMJ. Vol287 p1721

Sample (age range (age gro®)
and size, data source Hospital or

Age group(s): 614
Sample size11582
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

UK 1976-81

Independent variable

Dependent variable

Method of Analysis

Tabulation, graphical pesentation

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Distinct seasonal pattern.

Reference

Blaisdell et al (2002) using seasonal variations in asthma hospitalisation in children to
predict to predict hospital frequency. Journal of Asthma. Vol39(7) 56575

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):0-4, 514, 518

Sample size631,422 paediatric hospitalizations , 45,924 (7%) had a primary
admission diagnosis of asthma

GPor Hospital: H

Design (comparison group?)

Casecontrol

Setting (dates data collected)

US1986-1999

Independent variable

Dependent variable

Number of hospitalisations

Method of Analysis

, I TCEOOAET Al Al /Astuareisea on @sthmaicsrsusharasthmatic
hospitalisations stratified by age and gender. For predicting number of asthmatics,
nureal network model used.

Covariates

age bands and race (black, white and other).

Results (if included a
comparison group, was the
effect greater/weaker?)

Asthmatic asthmatics accounted for a greater proportion of hospitalisations.
Hospitalisation rates were comparable to national estimates. Frequency of
hospitalization for asthma was lowest in the summer in all age groups, and highest in
the fall. Seaonal variation in severe asthma episodes was least striking in children
aged 1518. The seasonal variability in asthma hospitalizations suggests that acute
asthma is influenced by variables beyond socioeconomic factors and adherence to
medical regimens.

Baltimore had higher rates of asthma compared to Maryland as a whole. Attributed to
poverty, race and urban living

Seasonal trends not produced by nomsthmatics

Reference

Chavaria (2001) Short Report: Asthma admissions and weather conditions in Costa
Rica. Archives of Disability on Childhood. 84 p51-515

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): <15
Sample size:
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Costa Rica, 19921998

Independent variable

Weather data collected. Max and min temperature, % of relative humidity, amount of
rainfall were obtained on a monthly basis

Dependent variable

Number of admissions

Method of Analysis

Patient admissions data taken from the Documentadledicos y Estaistica which proves
pnmtb AT OAOACA & O All AEEI AOAT 3 ET OPEC
0AAOOCT T80 AT OOAT ACET 1T AT AEAEAEAT O xAO

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Seasonapeaks in March and August, school holidays end in Feb and July. Average %
variation of admissions was significantly related to the relative humidity and the
amount of rainfall. Authors proposed that people spend a lot more time indoors when
it rains increasing the risk of viral transmission plus exposure to indoor
pollutants/triggers i.e. dust

Reference

Chew et al (1998) Time trends and seasonal variation in acute childhood asthma in
tropical Singapore. Respiratory Medicine. Vol92 p34350

Sample (age rage (age groups)
and size, data source Hospital or
GP)

Age group(s): 612
Sample size3000 admissions, 9000A&E
GP or Hospital: H

Design (comparison group?)

246



Setting (dates data collected)

Singapore1990-1996

Independent variable

Dependent variable

Number of admissions

Method of Analysis

Rates calculated based on population estimates. 48onth moving average used to
assess trend over time. ARIMA used to investigate seasonality.

Covariates

Results (if included a comparison
group, was the effect

Seasonal variation: peaks in JaReb, May to August each year. Troughs in March, June
July, November December. Seasonal variation only significant for 3 to 12 years old.

greater/weaker?) Factors responsible for seasonality include changing weather, variatidn mite
allergen levels, viral infection, pollen, fungal spores, air pollution (Mao Y et al (1990)
Seasonality in epidemics of asthma mortality and hospital admission rates, Ontario,
1979-86. Canadian Journal of Public Health. Vol81 p2228.

Reference COrighton et al (2001) A population based time series analysis on asthma

hospitalisations in Ontario, Canada 1988 to 2000. BMC health services research. Vol
1(7)

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):0-4 5-9 10-19.
Sample sizeNR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Canada 12year period 1988-2000

Independent variable

Dependent variable

Method of Analysis

ARIMA

Covariates

Results (if included a
comparison group, vas the
effect greater/weaker?)

Females all age groups: troughs in summer. Males aged &-9: high peak in
September and October. There was a strong seasonal pattern. Overall downward trer
like that found by Fleming et al UK

Reference

Ehrlich and Weinbeg (1994) Increase in hospital admissions in acute childhood
asthma in Cape Town, 1978990. South African Medical Journal. Vol 84(5) p26366

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): children no age
Sample size9250 admissions (summing annual number of admissions)
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

South Africa 19781990

Independent variable

Dependent variable

Method of Analysis

Tabulation and graphical illustrations of asthma admissions were compared to total
admissions for nonsurgical causes and lower respiratory tract infection

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Sharp rise from 1978 to 84 then steepness of thacrease declines and levels off
towards the end of the period. Asthma admissions occurred throughout the year but
showed seasonal peaks in May and November. During 1988, as a proportion of noR
surgical admissions, asthma admissions increased more swah non-surgical
admissions

Reference

Fleming et al (2000) Comparison of the seasonal patterns of asthma identified in
general practitioner episodes, hospital admissions, and deaths. Thorax. VoI55 p662
665.

Sample (age range (age groups)
and size, datssource Hospital or
GP)

Age group(s):0-4, 514
Sample size15708 including adults
GP or Hospital: GP

Design (comparison group?)

Setting (dates data collected)

England 199097

Independent variable

Dependent variable

Number of GP episodes

Method of Analysis

General practitioner episodes data, hospital admissions for asthma in England, deaths
due to asthma examined. Age specific weekly rates of new episodes of asthma
presenting to GP, number of hospital admissions and deaths analysed by using
multipli cative decomposition methods to separate secular (long term neperiodic
variation) from seasonal trends. Seasonal trend obtained were plotted as 3 wk moving
averages.

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

General practice episodes and hospital admissions congruent in timing and magnitude
expect for September=high rates. Seasonal pattern evolves/changes with age.
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Reference

Gergen et al (2002) Understanding the seasonal pattern of childhood asthma: results
from the National Cooperative InnefrCity Asthma Study (NCICAS). Journal of Pediatrics
Vol141 p631-636

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 412

Sample size1641, total of 1342 were participants in phase |, athan additional 299
were control subjects in the separate phase Il intervention study

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US 19937

Independent variable

Dependent variable

Number of hospitalisations

Method of Analysis

Participants of NCICAS were tracked for approximately 4 years after allergen skin
testing and determination of exposure to ETS, air pollution data obtained via EPA.
Average rates for days of wheeze, hospitalisation and scheduled visits were comgait
as means of the incidence density approach. The number of events and number of day
at risk for each calendar year were obtained by summing across individual estimates.
Data collapsed to create overlapping calendar year. Final incidence densities focha
month calculated by taking the ratio of total number of events by the total number of
days at risk. Mixed effects models contrast comparing average annual rate to monthly
assess by using asymptomatictest from repeated ANOVAs. Adjusted for multiple
comparisons using a Holm step down bonferroni and tukey method respectively.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Asthma symptoms and health care utilisation (unscheduled visits and hospitalisation)
had similar seasonal patterns with low points during the summerJuneAug and peaks
in September. Seasonal patterns similar were in children with no allergen skin test
reactivity, those reactive only to indoor allergens and those reactive to outdoor
allergens. Sesonal plots for the four pollutants SQ, PMio, NOz, Gs), only SQ mimicked
asthma patterns.

Reference

Grech et al (2002) Seasonal variations in hospital admissions for asthma in Malta.
Journal of Asthma. Vol39(9) p293283

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):0-14yrs,
Sample size2916 visits
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Malta 1994-98

Independent variable

Dependent variable

Method of Analysis

Retrospective analysis, asthma admissions, all ages. ARIMA

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Paediatric admissions show peak in January and trough in August. Seasonality in
asthma admissions more pronounced in chilgen than adults. With school children,
end of school in June associated with a drop (91%) in admissions, restarting school
Oct, was associated with a sharp rise (165%).

Reference

Harju et al (1997) seasonal variation in childhood asthma hospitalisations Finland.
1972-1992. European Journal of Paediatrics. Vol156 p43639

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 615 (0-4, 59,10-14)
Sample size59264 treatment periods
GP or Hospital: H

Design (comparison goup?)

Setting (dates data collected)

Finland 1972-92

Independent variable

Dependent variable

Method of Analysis

All hospital treatment periods caused by asthma were examined. Data obtained from
hospital discharge register, all hospitalisations in Filand. Age group (5year bands)
and gender standardised rates were calculated. MA used to smooth series. Results
further broken down to monthly averages. ARIMA Independent T Samples test.

Covariates

Results (if included a
comparison group, was the
effed greater/weaker?)

Monthly variations peaked in May and autumn and early winter. Low variations in late
winter, summer. Both sexes profile with seasonal variations. However, monthly counts
were lower for boys than girls in the winter and higher in the sumrer. Average
monthly deviation highest in the 04 yrs in may, 42.8% above the trend, highest in-5
9yrs October 53.9% above trend.

Reference

Hashimoto et al (2004) Influence of climate factors on emergency visits for childhood
asthma attacks. Pediatrics Iternational. 46 p48-52
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Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 215
Sample size5559 visits
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Japan

Independent variable

Dependentvariable

Method of Analysis

The number of children who visited emergency rooms in a hospital in Tokyo during
1998-2002 (5559) visits were retrieved retrospectively and compared with 45 climate
parameters from the meteorological agency using multiple regssion models with
stepwise backward elimination approach. Best fit model built to fit until all variables
had reached p<.10. Number of emergency admissions compared against data for
calendar months, day of the week and time of visits using ANOVA. ROC earv

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

The number of visits (3.7=/3.1) per night increased significantly when climate
conditions showed a rapid decrease from higher barometric pressure, from higher air
temperature, and from higher humidity as well as lower wind speed. The befit

model demonstrated that 22% variation in the number in the number of visits was
explained by the linear relationship with 12 climate variables. Multiple regression =
the number of patients having asthma attack per night increased significantly when
land barometric pressure, air temperature and relative humidity decreased rapidly
within 3 days (P< 0.0001). Sunshine and precipitation not associated with asthma
admissions. Wind sped negatively associated with asthma attacks. Results postulate
that specific climate conditions and other seasonal factors have an effect on the
number of asthma visits in Tokyo.

Number of visits were higher on Saturday, Sunday and Monday and higher in
September.

Reference

Kimbell-Dunn et al (2000) Seasonal Variation, asthma hospitalisations and deaths in
New Zealand. Respiratory. Vol5 p24246

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):5z14, 15244, and those aged5 years and older

Sample size185307 hospitalisations, 33% paediatric. 3788 deaths, 3.1% by 5 to 14
years olds

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

New Zealand1978z1995 admissions, 19761995 deaths

Independentvariable

Dependent variable

Method of Analysis

Monthly mortality and hospital discharge rates were calculated for the age groupg5
14, 15244, and those aged 45 years and older. Mean monthly rates was plotted along
linear timescale to observe the sesonal trend.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Among the younger age groups, mortality and hospitalizations showed seasonal
patterns: peak in the number of hospitalizations occurred in the early autummonths
(autumn = April to June), with peak mortality in the early summer months (Jan).
Monthly variation of deaths among %14 years olds involved three distinct periods;
deaths peaked between December and February, dropped in March, peaking again ir
May ard dipping in July, then peaked once more in September.

Conclusions: Seasonal variations in the asthma hospitalization and death rates in Nev
Zealand are similar to those from the Northern Hemisphere. The peak mortality in
summer for the younger age group®ccurs at the same time as the reduction in
hospitalizations. This indicates that the increase in mortality may be due to problems
of access to medical care.

Reference

Kao et al (2001) Time trends and seasonal variations in hospital admissions for
childhood asthma in Taiwan from 19961998. Asian Pacific Journal of Allergy and
Immunology. Vol19(2) p63-68

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s) 24, 514
Sample size:
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Independent variable

Dependent variable

Method of Analysis

Asthmatics diagnosed with asthma or asthmatic bronchitis. Agspecific and sex
specific asthma admissions were calculated for each calendar year. Admissiorerat
number of asthma admissions divided by the total number of paediatric admissions in
a year. Poisson regression used to compare admissions rates between groups: Chi
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square test was used to assess an association between two categorical variables;
breslow test was used to test the difference between categorical variables in the third
variables.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Seasonal admission rates revealed a statistically significant increase duri@gtober-
December period, peak in November December of each calendar year (RR=1.84
P0.001).

There was an increased prevalence and severity of asthma in Taiwan.

Boys and younger children aged -2 with asthma had increased risk of admission for
asthma (RR1.2 and 1.96).

Girls among the older children with asthma tend to present with greater severity than
boys signified by higher RR of readmission.

Reference

Khot et al (1984) Seasonal variation and time trends in childhood asthma in England
and Wales 197581. BMJ. Vol289 p238237

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 64, 514
Sample sizeNR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

UK 197581

Independent variable

Dependentvariable

Method of Analysis

Time trend analysis. For each age group, the monthly admissions for each region wer
summed and estimates of the number of admissions per million for England and Wale
(after adjusting for missing regions) obtained using midyear estimates of the
population. Isolated seasonal trends then the trend were estimated by means of
ARIMA. The resulting values were averaged for each month over the whole period an
expressed as percentages.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

England and Wales hospital admissions for childhood asthma almost trebled from
1975-81. Authors suggest that this may reflect a true increase in the incidence of acut
asthma, a swing from primary to hospital care oboth. The trend was not due to the
change in diagnostic fashion. Monthly admissions showed a pronounced seasonal
trend with fewest admission in winter, rising in spring, trough in August, peak in
autumn.

Reference

Khot et al (1983) Seasonal trends ichildhood asthma in southeast England. BMJ.
Vol287 p1257-1258

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):0-4, 514.
Sample sizeNR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

UK1971-80.

Independent variable

Dependent variable

Method of Analysis

Hospital admission data for asthma obtained via hospital activity analysis, southeast
Thames region. Used cumulated monthly admissions.

Covariates

Results (if included a
comparisongroup, was the
effect greater/weaker?)

Admission rates low during January to April and rose in early summer. Admissions
consistently fell in August and were followed by a peak in September and October.

Reference

Kimes et al (2004) Temporal dynamics oémergency department and hospital
admissions of pediatric asthmatics. Environmental Research. Vol94 pl7

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): @4, 5214, or 15718
Sample size:
GP or Hospital: H

Design (commrison group?)

Setting (dates data collected)

Independent variable

Dependent variable

Method of Analysis

Examined seasonal and temporal trends in paediatric asthma ED (19999) and
hospital admission (1989-99) to identify periods of increased riskor urgent care by
age group, gender and race.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Distinct peaks in paediatric ED and Hospital admissions in each year, winter, spring,
autumn. Although the number and theiming of the peaks were consistent throughout
the groups, the magnitude of the peaks altered with age and race. The same number
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. and timing and relative magnitude of the major peaks in asthma occurred statewide.

Reference

Lin et al (2004) Childhood asthna hospitalisations and ambient air sulphur dioxide
concentrations in Bronx County, New York. Archives of Environmental Health.
Vol59(5) p266-275

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 64, 510, 11-14
Sample sie: 2629 asthmatics, 2236 Norasthmatics.
GP or Hospital: H

Design (comparison group?) Casecontrol
Setting (dates data collected) NY. Jun 199% Dec 1993
Independent variable SQ

Dependent variable

Number of hospitalisations

Method of Analysis

Daily ambient SQ concentrations were categorised into quartiles of both average and
max levels and various exposure windows (i.e. day of admission, 1, 2, 3 day lag).

Covariates

Race

Results (if included a
comparison group, was the
effect greater/weaker?)

Seasmal patterns were evident in asthma asthmatics but no significant seasonal
fluctuation in Non-asthmatics. Asthmatics were exposed to higher daily average
concentrations of SQ than Non-asthmatics. Authors compared the highest exposure
quartile with the low est. OR1.66 (same day) 1.90 (1day lag), 2.05 (2day lag), 2.21
(3day lag). With similar findings for SQ max concentrations.

There were positive consistent associations betwee8Q and hospitalisations for
asthma in children.

Reference

Mohr et al (2008) Influence of season and temperature on the relationship of
elemental carbon air pollution to pediatric asthma emergency room visits. Journal of
Asthma. Vol45(10) p93643

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 25, 610, 11-17

Sample size281763 paediatric ED visits 12836 asthma visits. 268419 Nen
asthmatics

GP or Hospital: H

Design (comparison group?)

Compared to remaining ED visits

Setting (dates data collected)

US. Jun 22001 to 31 May 2003

Independent vaiable

Elemental Carbon (EC = component of Bl), NOx, S@ temperature, mould and tree,
weed and grass pollen

Dependent variable

Number of ED visits

Method of Analysis

St Louis. Poisson generalised equations usingdhy lag between exposure and ED
visits. Evaluated the interaction between EC and temperature examined differences
between weekend exposure vs weekday exposure. Relative risks calculated using 1
increase in EC to facilitate comparability across studies. The max daily temperature
included in analysis. Missing pollutant data resulted in the exclusion of 39 days from
the analysis out of a possible 730 days. Separate models fitted for each season. Usir
priori assumption of a 1-day lag for air pollutant measurements, this translated into
weekend exposure. In addition, previous studies indicate a difference in weekend anc
weekday exposures hence Mohr et al included a weekend/weekday indicator variable
in the model.

Poisson regression model with a log link function was fitted for each season usiGdEE
analysis.

EC = component oPM, s.

Covariates

controlled for season, weekend exposure, allergens and other pollutants known to
exacerbate asthma

Results (if included a
comparison group, was the
effect greater/weaker?)

The number of ED visits for asimatics showed seasonal variation not reflected in
Non-asthmatics. Observed on average, higher admissions on Sundays and Mondays
An interaction effect existed between EC and temperature for 11 to 17 year olds in
summer and winter seasons. During the summeg 0.10 mgm3 increase in EC resultec
in a 9.45% increase in asthma ED visits among 4117 yr olds at median seasonal
temperature (86.5F). This risk increases with increasing temperature. During the
winter, a 0.10 mgma3 increase in EC in 2.80% increase intama ED visits with 11-17
year olds at a median seasonal temperature (43.3F). This risk increased with
decreasing temperature. Among 1417 year olds, daily numbers of asthma ED visits is
associated with increased levels of EC at higher temperature in theramer and low
temperature in the winter.

Adjusted RR and Cls for NOSQ, Gs. In the spring, a 10pbb increase in NOx was
associated with a 4% increase in asthma visits (RR1.04 CI 1.01, 1.09) among 2to 5
year olds and an increase of 5% in ED visits madyy all ages (2 to 17) (RR1.05 Cl,
1.01 to 1.09). In the fall, a 10pbb increase in NOx was associated with a 7% increase
ED visits made by 6 to 10 year olds (RR1.07, Cl 1.04, 1.15). There was also a
marginally significant increase in 11 to 17 years. AQpbb increase inOs was
associated with a 7% increase in ED visits of all ages (RR1.07, CI 1,01, 13@)not
statistically associated with ED visits.

251



Reference

Montealegre et al (2002) Age, gender and seasonal patterns of asthma in emergency
departments of southern Puerto Rico. Puerto Rico Health Sciences Journal. Vol21(3)
p207-212

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 45% of the sample -B
Sample size55547 ED records
GP or Hospital: H

Design (compari®n group?)

Setting (dates data collected)

Independent variable

Dependent variable

Method of Analysis

55547 emergency department records of asthmatic patients over a period of 6 yrs.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

The analysis of the data revealed that mean age of the asthmatic asthmatics were 1¢
+/-17.8 years, with 45% percent of the patients in the-B years age range, and
proportionally decreasing with age. In children 19 years the percen of males was 1.5
times that of females, and in 109 year-old group, admissions to the emergency room
for males and females. The data demonstrated that there was a seasonal variation in
the asthma attacks: peak in December and trough in June. In conctusiin the city of
Ponce, Puerto Rico, emergency department usage due to asthma attacks show a
seasonal variation, and males are more affected by asthma at younger ages while
females are more affected at older ages

Reference

Morris et al (1997) Childhoodasthma Surveillance using computerised billing
records: a pilot study. Public Health Reports. Vol112 p50612

Sample (age range (age groups)
and size, data source Hospital o
GP)

Age group(s): 618
Sample size4220 ED visits and 1924 admissions in 1994
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US 1993 and 94

Independent variable

Dependent variable

Number of admissions or ED visits

Method of Analysis

Authors organised a planning workshop to solicit information anddeas of asthma
surveillance system. Based on recommendations of the workshop, a pilot study was
implemented. ER visits and hospitalisations for asthma were taken from a computer
AAOAA OOOOAEI 1T AT AA OUOOAI O 1T £ OEAedatgEI
also sought from other hospitals to evaluate representativeness. Descriptive analyse:
OOAA OI AAOAOIET A Aq OEA AgOAT O O xEE
Wisconsin described emergency admissions care in Milwaukee county b) describe
utilis ation of inpatient/outpatient asthma care ¢) examine temporal patterns of
asthma. Temporal patterns plotted and smoothed with a-elay MA.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

20% of children with repeated asthma related emergency admissions accounted for
50% of all ED visits while 7% of children with repeated asthma related hospital
admissions accounted for 38% of total admissions. One finding is that there was clea
seasonality in asthma admissions, peak ifall, through in summer, small peak in
spring.

Reference

Nastos et al (2008) The effect of weather variability on pediatric asthma admissions
in Athens, Greece. Journal of Asthma. Vol45(1) p&5

Sample (age range (age groups)
and size, data source Hgstal or
GP)

Age group(s): 64, 514
Sample sizeNR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Greece 19782000

Independent variable

Temperature, humidity, pressure, cooling power, wind speed, discomfort index

Dependent variable

Method of Analysis

“"EI'l AOGAT OI'Il T CEAAl EI AEAAO xAOA OOAA EI
cooling power. The relationship between childhood asthma admissions and
environmental parameters was calculated by the application of Pearsod O @ ¢ ¢
most widely used method of independence control of groups in lines and columns in
table of frequencies. Applied generalised linear models with Poisson distribution.
Harmonic analysis followed by cross spectrum analysis. Purpose of cragsectrum is
to determine correlations between two different air pollutant concentrations.

Covariates

Results (if included a
comparison group, was the
effect greater/weaker?)

Significant relationship among asthma hospitalisations and the investigated
parameters especially for the children aged 0to4/. Authors found that admissions
negatively correlated with the discomfort index, air temperature and absolute

252



humidity whereas there is a positive correlation with cooling power, relative

humidity and wind speed. Children 5 to 14 appear to be more vulnerable to exposure
ET OEA 1 AOA OPOET ¢8 3AAOIT Al OAOEAOETI
damp cold period in preschoolers and peaking in May for school children.

Reference

Newell and Swafford (963) Epidemiology of Asthma in children, with particular
reference to wind speed and wind direction. Pediatrics. Vol31(1) p13443

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): Children no age
Sample size2400 ED vists
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

us

Independent variable

Dependent variable

Method of Analysis

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Outbreaks of asthna in children were not clearly related to wind speed and
direction. Severity of attacks rose in fall and fell off during the summer. Duration of

exposure could not be clearly related to frequency of attacks.

Reference

Pritis et al (1993) Time trends andseasonal variation in hospital admission for
childhood asthma in the Athens region of Greece: 19783. Thorax. Vol48 p1168
1169

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 64, 514
Sample size9795 admissions
GP orHospital: H

Design (comparison group?)

Setting (dates data collected)

Athens, Greece 188-88

Independent variable

Dependent variable

Method of Analysis

Children admitted for asthma, asthmatic bronchitis, wheeze, cough included. Data
expressed as dmission rates per 100000 of the same age population. The
population estimation aged 014 years for each year of the study period was based
upon the 1981 census.

Monthly admissions for asthma during each year were converted into percentages
of mean monthly admissions for asthma during that year. The resulting values were
averaged for each month over the whole study period

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Admission rates rose by 294%. Admissions among dise aged & and 514 rose by
272% and 379% respectively. Monthly rates show pronounced seasonal variations
rising during the cold damp period in G4, peaking in may for 514.

Reference

Reeves et al (2006) Using Billing Data to Describe Patterns in Asth-Related
Emergency Department visits in children. Pediatrics. Vol 117. S106

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): <2, 25, 6-11, 12,17 and 18
Sample size: 1782 ED visits
GP or Hospital:

Design (comparison group?)

Setting (dates data collected)

US 2001 and 2002

Independent variable

Dependent variable

Method of Analysis

During 2001 and 2002, aggregate reports based on ED billing ddtam 3 hospitals
in western Michigan were obtained from a single physician billing company. Data
were tabulated and graphically illustrated to show trends in the monthly numbers
of ED visits for asthma. Comparisons were made by age, gender, and site.

Cowariates

Results (if included a comparison
group, was the effect
greater/weaker?)

The data illustrated strong seasonal trends, as well as marked differences in ED u
according to age and gender. Rates were high in the autumn (S&pv) and winter
(Dec-Feb) and low in the summer (June to Aug). Slightly different pattern was
observed with those living in the rural area. The total numbers of asthma ED visits
were remarkably similar between the 2 years evaluated; however, the timing and
duration of the season&peaks differed. The evaluation of the system found that it
met many of the characteristics that define successful surveillance systems,
including simplicity, flexibility, acceptability, sensitivity and positive predictive
value, timeliness, and stabiligg (i x AOAOh OEA OOOOAEI | ¢
representativeness was limited by the inability to calculate valid populatiorbased
ED-visit rates. Despite this limitation, the data provided useful information by
documenting the burden and demographic profile of chdren who use the ED for
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. asthma care and in identifying seasonal and timeelated trends.

Reference

Roux et al (1992) Seasonal and recurrent intensive care unit admissions for acute
severe asthma in children. South African Medical Journal. Vol.83. p1¥79

Sample (age range (age groups)

..................................................... and size, data source Hospital or

GP)

Age group(s):015
Sample size: 415 admissions
GP or Hospital: H

Design (comparison group?)

Casecontrol

Setting (dates data collected)

South Africa 1974 to 87

Independent variable

Dependent variable

Method of Analysis

ORs by two by two tables.

Covariates

Results (if included a comparison
group, was the effect

Patients with seasonal admissions came from families that were significantly
better off. Patients withseasonal admissions formed a sufroup of children with

greater/weaker?) severe asthma whom had a family history of the condition, less likely to outgrow
the condition, more likely to require maintenance with steroid therapy.
Reference Scheuerman et al (2009) The Sepieber epidemic of asthma in Israel. Journal of

Asthma. Vol46 p652655

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 2, 3.5, 6-14, 1520
Sample sizeN = 8011, adults = 4091, children = 3920
GP or Hospital: H

Design comparison group?)

Setting (dates data collected)

Israel, Jan 2003 to Dec 2005

Independent variable

Dependent variable

Method of Analysis

Monthly admission rate retrospectively evaluated in seven hospitals. Gsguare
test.

Covariates

Results (ifincluded a comparison
group, was the effect
greater/weaker?)

High rates in September 6% of total admissions especially by school children. Higl
rates in September in adults also, viruses spreading from children to adults.

Reference

Silverman et al (2003 Agerelated Seasonal patterns of emergency department
visits for acute asthma in an urban environment. Annals of Emergency Medicine
Vol42 p577-583

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): <13, 14<
Sample size274211 ED visits, children only.
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US 19912000

Independent variable

Dependent variable

Number of ED visits

Method of Analysis

Initially, weekly averages of the number of dajl ED visits were computed to
remove the effects of day of wk, this procedure also smoothed the data and allowe
better visualisation of seasonal trends. The coefficient of variations (CV) of the
weekly averages was used to quantify seasonal variation (imeasure the weekly
swings in asthma visits).

Excel and SAS.

Covariates

Day of the week

Results (if included a comparison
group, was the effect

Seasonal fluctuations of ED visits were highest in children >13rs (coefficient of
variation (CV) 37.8% with peak of CV (43.3%) in 7yr olds. Hippocrates described

greater/weaker?) asthma exacerbations as most common in autumn (Adam F Aphorisms In: Adams
translator. The genuine works of Hippocrates, Baltimore, MD: Williams and Wilkins
Co 1939. 308
Reference VanDole et al (2009) Seasonal patterns in health care and pharmaceutical claims fc

asthma prescriptions for preschool and school aged children. Annals of Allergy,
Asthma and Immunology. Vol102(3) p182204

Sample (age range (age groups)
and size, data soure Hospital or
GP)

Age group(s): 25, 6-12
Sample sizeNR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US2002 -2004

Independent variable

Dependent variable

Number of health care claims.
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Method of Analysis

Ecological aalysis conducted of data collected from records for children aged 22
years from 2002-2004 from an automated research database of insurance claims
from a large US health care plan. Seasonal patterns for health care use, estimates «
prescription asthma controller and reliever use were determined for children. Rates
constructed per wk + annual rates. Poisson regression models analysed data.

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

ED and outpatient visits anchospitalisations were lowest during the summer; rates
increased beginning of September, peaked in October, November. Asthma controlle
and reliever medication claims increased beginning of September, peaking in
December. Rates were also high in Februaryata suggest that children who reduce
their asthma medications during the summer do not resume taking medications
until signs or symptoms of asthma worsen. Summer hiatus and other factors may
contribute to seasonal increases in health care use, and asthmadication
prescription particularly in the fall.

Reference

Xirasagar et al (2006) Seasonality of pediatric admissions: the role of climate and
environmental factors. European Journal of Paediatrics. Vol165 p74752

Sample (age range (age groups)
and siz, data source Hospital or
GP)

Age group(s):01, 2-5, 6-14
Sample size27,275 hospitalisations
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Taiwan 1998 to 2001

Independent variable

PMo, NQ, @, CO, SQtemperature, humidity, pressure, rainfall, sunshine.

Dependent variable

Number of admissions

Method of Analysis

3DAAOI AT 60 #I1 OOAI AOEI T Oh 1 2) -1

Covariates

Time trends

Results (if included a comparison
group, was the effect

One of the main findings ighat seasonality varies by age.Children older than 2, rates
lowest in JanuaryFebruary, highest in November, trough in Junduly. Preschoolers:

greater/weaker?) rates lowest in JuneJuly, highest in November, 2 upsurges in August and March.
School goers: rates lowest iduneAugust, upsurges in March and September.
For schootgoers, all air pollutants excepfNO; and CO, and all climatic factors except
rainfall are significant.
PMo, SQ, O, Pressure = positive association
Sunshine, humidity, temperature = negative assaaiion

Reference Yeh et al (2007) Increasing the hospitalisation of asthma in children not in adulis

from a national survey in Taiwan 19962002. Pediatric Allergy and Immunology.
Vol19 p13-19

Sample (age range (age groups)
and size, data source Hospitar
GP)

Age group(s): 618
Sample sizeaverage annual number of admissions = 31,295 among 25,041 person
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Taiwan 1996-2002

Independent variable

Dependent variable

Method of Analysis

National Health Insurance introduced in Taiwan in 1995. NHI data used to
investigate admission rates, length of stay, cost, and readmission rate with primary
diagnosis of asthma.

Annual incidence of asthma used agmatched census population ashe

denominator. The change of differences among continuous variables was measure:
by a trend test. The difference in annual incidence among different age groups and
the difference in seasonal distribution were measured with a cksquared test. P<
0.05 indicated statistical significance.

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Autumn was the most frequent admission season. Another peak in March April,
authors speculate this could be related to high humidity durig 2 seasons or to
introduction back to school, viral infection or to poor adherence to medication
during the holiday because symptoms seem less severe when children are not
exposed to other children. Pollen not a factor leading to seasonal variation in
Taiwan.

255



A2. Search Strategy to Review Current Literature investigating the
Associations between School Exposures and Childhood Asthma
Exacerbation resulting in Medical Contact

Inclusion and Exclusion Ciriteria, Critical Appraisal and Data extraction referead in
Appendix Al.

A2.1. School Databases and Search Terms
Searches were performed using Medline, CINAHL, Web of Science, EMBASE, and Google
scholar. Searches performed in June 2009.

yl OEA DOAIEI ETAOU OAAOAEh OEA OAHAAD cAMOOEI A
cAAil Eceh ODOAOAT 66h OAOOAT Acoh OZAI EI U DPEUOEAE
Ol 66 T &£ ET 0006Nn OOCAETT1eo xAOA ETAI OAAA OOET C
OOCAEIT16 xAO OAAOAE &£ O AO Ei OEA OEOI As
Table A .6: Search School Medline.
Search Terms Results
1 asthma/ asthma.mp. 106398
2 Child*.mp. [mp=title, original title, abstract, name of substance word, subject heading word] 1537841
3 Adolescent/ or Pediatrics/ or Child/ or paediatric.mp. 1173793
4 2o0r3 1554048
5 (admission or admit*).mp. [mp=title, original title, abstract, name of substance word, subject 1180296
heading word]
6 Present.mp. [mp=title, original title, abstract, name of substance word, subject heading word] 2027169
7 Attend*mp. [mp=title, original title, abstract, name of substance word, subject heading word] 83790
8 Hospital department/ or Medical Records department hospital/ or hospital*.mp. or Emergency 828617
Service, hospital
9 general prac*.mp. [mp=title, original title, abstact, name of substance word, subject heading 50499
word
10 famili/ physician*.mp. [mp=title, original title, abstract, name of substance word, subject 15487
heading word]
11 Out of hours. Mp 705
12 Diar*.mp. 85245
13 5or6or7or8or9orl0orllorl2 3679686
14 O3AEI T 1681 OEOQI 60518
15 1land 4 and 13 and 14 252
16 Limit 15 to (English language and humans) 228
Table A. 7. Search School CINAHL.
Search Terms Results
1 j .5 OAOOEIi AdQ 15496
2 Child* 227400
3 Paediatric 4535
4 Pediatric 34526
5 2or3or4 235305
6 Admi* 225490
7 Present* 126127
8 attend* 34546
9 Hospital* 148249
10 General prac* 7413
11 family physician 520
12 Diar* 11426
13 Out of hours 257
14 6or7or8or9orl0orlloril2orl3 509482
15 School* 52636
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16 [ 1and5andl4 and 15 306 |

Table A. 8: Search School EMBASE.

Search Terms Results
Mild Persistent Asthma/ or asthma.mp. or Moderate Persistent Asthma/ or Exercise Induced 67426
Asthma/ or Nocturnal Asthma/ or Asthma/ or Allergic Asthma/ or Sewere Persistent Asthma/
or Mild Intermittent Asthma/
2 Child*.mp 511952
3 Paediatric/ or pediatric/ or paediatric.mp 28502
4 2o0r3 519616
5 (admission or admit*).mp. [mp=title, original title, abstract, name of substance word, subject 606071
heading word]
6 Present*mp. [mp=title, original title, abstract, name of substance word, subject heading word] 1153189
7 Attend*mp. [mp=title, original title, abstract, name of substance word, subject heading word] 367849
8 hospital*.mp. [mp=title, original title, abstract, nhame of substance word, subject heading word] 392782
9 general practice/ or General Practitioner/ 38662
10 family physician*.mp. [mp=title, original title, abstract, name of substance word, subject headin 5026
word]
11 Out of hours. Mp. 488
12 Diar*.mp. 80096
13 S5or6or7or8or9o0rl0orllol2 1736755
14 School*m.titl. 14623
15 1and 4 and 13 and 14 87
17 Limit 15 to (English language and Human) 78

Table A. 9: Search School Web of Science.

Search Terms Results
1 TS= (asthma) 92692
2 TS = (child*) >100000
3 TS = (paediatric) 21569
4 TS=(pediatric) >100000
5 #2 OR #3 OR #4 >100000
6 TS=(admi*) >100000
7 TS = (present*) >100000
8 TS = (attend*) >100000
9 TS = (hospital*) >100000
10 TS = (general pract*) 93490
11 TS =(family physician) 7136
12 TS = (Out of hours) >100000
13 TS = (diar*) 91007
14 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #120R 13 >100000
15 TI=(school*) >100000
16 #1 AND #5 AND #14 AND #15 354

A2.2. Search Results

These are the results from the second search.

1 Medline: 228 titles- 17 abstracts- 15 studies selected for further reading
1 CINAHL: 306 titless 0 abstract- 0 study selected for further reading
1 EMBASE: 78titles 12 abstracts- 9 studies selected for further reading
T Web of Science: 354 titleg 15 abstractsz 15 studies selected for further reading
A2.1. School Mini Data Extraction
Reference Grech et al (2002) Seasonal variations in hospital admissions for asthma in Malta.

Journal of Asthma. Vol39(9) p293283
Sample (age range (age groups) Age group(s): >1, 14, 59, 10-14, 1519 and adults
and size data source Hospital or Sample size2916

GP) GP or Hospital: H
Design (comparison group?)

Setting (dates data collected) Malta 1994-98
Independent variable Temperature
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Dependent variable

Daily counts of hospital admissions

Method of Analysis

Age standardised rates for asthma admissions by mean of world standardisation
method. Monthly admission rates for asthma calculated as percentage variation.
Poisson method used to calculate Cl 95%. Natural lognsformation used in model.

0 OOEAI A AOOTI AEAOGEIT T O

xEOE OAi PAOAOOC

Covariates

Results (if included a comparison
group, was the effect

Peaks in January and trough in August. Seasonality in asthma admissionore
pronounced in children than adults. School children, end of school in June

greater/weaker?) associated with a drop (91%) in admissions, restarting school Oct, was associated
with a sharp rise (165%).
Reference Im and Schneider (2005) Effect of weed pollenon ctlOAT 8 0 ET ODE OA

asthma during the fall season. Archives of Environmental & Occupational Health.
Vol60(5) p257-265

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 614
Sample size: 17902 visits
GP or Hospial: H

Design (comparison group?)

Setting (dates data collected)

US 199395

Independent variable

Pollutants; @, weather; temperature, pollen; weed, ragweed

Dependent variable

#EEI AOAT 80 AAEI U EI ODPEOAI AAI EOOEIT O

Method of Analysis

# EEl A OA lospital alinidsibnsl ex&mined for seasonal pattern.-d@ay moving
average were used to smooth variations in data. Selected the annual peak period ir
AEE] AOAT 80 AOOEI A Ei OPEOAI AAI EOOEIT O
relationships between environmental triggers and daily asthma hospital admissions.
Authors examined relationships with independent environmental variables using
Pearson crosscorrelation analysis. Explored the relationship between the number
of asthma hospitalisations and the environmetal variables using multiple

regressions.

Covariates

Secular trends, meteorological variables

Results (if included a comparison
group, was the effect
greater/weaker?)

I OOEI OO OADPI OO0 OECI EEAEAAI O OPEEAO EI
Sepand Oct in each of the 3 yrs studied. In depth analysis of the fall peaks, to
determine whether there was an association between children asthma admissions
and environmental variables. Hospital admissions peaks approximately 3weeks
after school started bebre heating systems were switched on in schools. Authors
also preceded (before) the point at which school begins to report increase in
absences that are due to infectious illnesses. Weed = highest correlation on L3.
Max Oz was highest in the summerNQG; was high in summer, low in winter and fall.
Included 3 variables based in results of the exploratory analysi€s, weed pollen and
ragweed. Initial model explained 34.1% of variancel; itself explained 24.6%.
Negative beta coefficient with ozone and ragwek Final model = only weed pollen.

Reference

Johnston et al (2006) The September epidemic of asthma hospitalisation: school
children as disease vectors. Journal of Allergy and Clinical Immunology. Vol117
p557-562

Sample (age range (age groups)
and size,data source Hospital or
GP)

Age group(s): 24, 515, 16-49

Sample size74361 admissions for asthma for 2 to 4 year olds; 82899 for 5 to 15
years and 99583 for 16 to 49 years.

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Canadal990-2002

Independent variable

Dependent variable

Method of Analysis

Examined the geographic variations in the timing of the fall asthma epidemics and
applied mathematical modelling to estimate their exact timing and magnitude in
school children, preschoolers, adults in relation to school return. Poisson
regression, ANOVA, Student T Test. Computed peaks timings and heights for data
aggregated across the study years.

Covariates

Results (if included a comparison
group, was the effect
greater/we aker?)

Labor day is the Monday prior to the start of school (Tuesday) in September.
September asthma epidemic peak occurred in school age children each year on
average 17.7 days after labor day. Similar epidemics of lesser magnitude were
obtained in presclool children peaking 1.7 days later and in adults 6.3 days later
that school age children. The epidemic peaked 4.2 days earlier in school age
children in northernmost compared to southernmost latitudes. Speculate that
children transmit agents responsible ér the epidemic in adults.

In relation to age, epidemic peak occurred earliest in children age 6years,
progressively later with decreasing age down to 1 year and increasing until age 18
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years. Magnitude of the peak highest in 5 and 7 yrs old thus 5 to/i appear to the
earliest and most seriously affected by epidemics.

Reference

Johnston et al (2005) The September epidemic of asthma exacerbations in childrel
a search for etiology. Journal of Allergy and Clinical Immunology. Vol115 p1-338

e @M PlE (@€ range (age groups)

and size, data source Hospital or
GP)

Age group(s): 515
Sample size57 asthmatics, 157 Norasthmatics
GP or Hospital: H

Design (comparison group?)

Casecontrol

Setting (dates data collected)

Canada April 2001 to March 2002

Independent variable

Dependent variable

Hospitalisations, questionnaire, nasal secretion collection and microbiological
testing.

Method of Analysis

Aim: to find out whether children requiring emergency treatment after school
return in September were more likdy to have respiratory viruses present and less
likely to have prescriptions for control medications those children with equally
severe asthma not requiring emergent treatment. Rates of viral detection and
characteristic of asthma management in 57 childrebetween 5 to 15 years
presenting at ED between 10 to 30 September 2001. Asthmatics were compared
with 157 children age-matched volunteers with asthma of comparable severity,
studied simultaneously as Norasthmatics.

Probabilities of the observed differenes between Asthmatics and nomasthmatics
occurring by chance were calculated by using the clsquare statistic.

Covariates

Results (if included a comparison
group, was the effect

Respiratory viruses were detected in the majority of chdren presenting in hospital
with asthma during September, less viruses present in the children with asthma in

greater/weaker?) the community and these were more likely to have aniinflammatory medication.
Such medication may reduce the risk of ED treatment/visits in Septeber epidemic.
Reference Johnston et al (1996) The relationship between upper respiratory infections and

hospital admissions for asthma: a time trend analysis. American Journal of
Respiratory and Critical Care Medicine. Vol154(3) p65460

Sample (age rage (age groups)
and size, data source Hospital or
GP)

Age group(s): schoolage
Sample size108 children
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

UK. 1 year

Independent variable

Dependent variable

Number of respiratory infections and number of admissions

Method of Analysis

Time trend analysis used to investigate the seasonal patterns of respiratory
infection and hospital admissions for asthma in adults and children. 108 children
monitored for detection of URTI, LRI and PEFR were taken. Hathonthly rates of
URTI compared to half monthly rates of hospital admissions for asthma. The
relationship between URTI, hospital admissions for asthma and school attendance
assessed.

Covariates

Results (if included a comparson
group, was the effect

Strong correlations were found between the seasonal patterns of upper respiratory
infections and hospital asthma admissions. Relationship was observed to be

greater/weaker?) stronger in children than in adults. Upper respiratory nfections were more
profound in children during periods of school attendance more so than school
holidays. School attendance maybe a major factor in respiratory virus infection, =
major confounding variable in children.

Reference Julious et al (2007) Inceases in asthma hospital admissions associated with the

end of summer vacation for schoehge children with asthma in two cities from
England and Scotland. Public Health. Vol121 p48#84

Sample (age range (age groups)
and size, data source Hospital or

Gh

Age group(s): 5to 16
Sample size:
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

England July 23rd to October 8th for years 1992004

Independent variable

Dependent variable

Weekly total number of medical contacts

Method of Analysis

School age asthmatics, Weekly totals were calculated across the years for 7 days
from 23-30 July through to t of October. Weekly totals presented graphically.
Relative and actual weekly totals. Doncaster data moved 2wks to the left sathhe
week in September was presented as September the! 3Aberdeen and Doncaster
presented together on one graph but rescaled to adjust for the higher number of
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admissions in Doncaster.

Covariates

Results (if included a comparison
group, was the effet

Study demonstrates peaks in admissions in school age children around the return
back to school in 2 (Aberdeen, Doncaster) cities where different school return data

greater/weaker?) were reflected in a 2 wk lag effect. Strong evidence that peaks in adsins are
associated with the end of summer holidays.
Reference Lin S et al (2008) The impact of returning to school on childhood hospital

admissions for asthma in New York State. American Journal of Epidemiology.
VoI167(11) pS41-S41 abstract161.

Sample(age range (age groups)
and size, data source Hospital or
GP)

Age group(s):2z4, 511, and 1%17
Sample size:
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Independent variable

Daily number of admissions

Dependent vaiable

Method of Analysis

Time-series study compared admissions on the first day of school to those on
subsequent days in the school session following four school breaks (summer,
Christmas, winter, spring). Data included hospital admissions for asthma fno
199172001 in New York State. A generalized additive model assessed the risk
associated with school return among different age groups ¢, 511, and 1217
years old) while adjusting for long term trends, day ofthe-week, holidays, daily
ozone level, tenperature, and humidity. Adults (1&65 years) and elders (> 65
years) were the comparison groups.

Covariates

long term trends, day of the-week, holidays, daily ozone level, temperature, and
humidity.

Results (if included a comparison
group, was the effet
greater/weaker?)

Significant increase in asthma admissions (6%254%) associated with the return
to school after each break for all children. Peak admissions occurred from 230
days after the first day of school. Stronger associations were found follawg
summer vacation and for children aged $11 years. Smaller or no increases were
observed in adults and elders. Returning to school after vacations substantially
increases the risk of asthma admissions in children, especially among elementary
school chidren. Intervention focused on the period of return to school may reduce
the asthma burden in children.

Reference

Lincoln et al (2006) Childhood asthma and return to school in Sydney, Australia.
Public Health. Vol120 p854862

Sample (age range (age groug)
and size, data source Hospital or
GP)

Age group(s): ¥4, 514

Sample size: 20334 children with asthma 2. 13284 children with asthma aged 5
to 14.

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Australia 1994-2000

Independent variable

Dependent variable

Mean daily number of admissions

Method of Analysis

Generalised additive model with a logink modelled using penalised regression
splines.

Covariates

long term trends, holidays, week days, influenza epidemics

Results (if included a comparison
group, was the effect
greater/weaker?)

Australian summer is from December to February. Peak in admissions during
February. Mean daily admissions for asthma highest in-4 in all school periods and
weekdays. There is peak in admssions during February. After adjusting for
potential confounding, the risk of asthma admission increased to a peak between Z
and 4 wks after the first day of school return in each term and varied from 1.5to 3
times the risk prior to return to school in both groups. Largest increase in asthma
risk occurring in term one after the long summer holiday (514). Return to school
strongly associated with increased childhood asthma admissions in Australia,
particularly after long summer holiday.

Reference

Silverman et al (2005) The relationship of fall school opening and emergency
department asthma visits in a large metropolitan area. Archives of Pediatric and
Adolescent Medicine. Vol159 p81823

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s):All ages, groups, 2, 511, 12-17, 22-45

Sample size532 826 asthma ED visits among the 4 age groups during the years
1991 to 2002. The number of visits was as follows: age 2 to 4 years=91 496; age 5
to 11 years=133 141; age 12 to 17 yea=55 143; and age 22 to 45 years=253 046.
GP or Hospital: H

Design (comparison group?)
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Setting (dates data collected)

US1991-2002

Independent variable

Dependent variable

Daily number of ED visits.

Method of Analysis

Time series study of daily astma ED visits taken from administrative claims
databases for the years 1992002. Outcome: rate of asthma ED visits after the
September school opening compared to before opening.

Covariates

Regression model adjusted for day of week variable, year indicat ozone,
temperature and alternative adjustment for other temporal confounding variables.
Based on preliminary results, the average-and 1 day lagged ozone was included
as a linear continuous variable. Temperature modelled nctinearly: natural cubic
spline smoothing term of lag 0 day daily mean temperature with 3df to model the
immediate temperature effect, as well as a natural cubic spline smoothing term of
the average of 2 and 3 day lagged temperature to model the lagged temperature
effects. Also intuded were indicator variables for holidays in the study window.

Results (if included a comparison
group, was the effect
greater/weaker?)

Asthma ED visits for children aged 8.1 significantly associated with school
opening day, highest lagged rate ratie 1.46. Rate Ratio highest on L4. For 127
year old, lag ratio = 1.13, smaller than the younger age group, highest on L6.

Reference

Storr and Lenney (1989) School holidays and admissions with asthma. Archives of
disease in Childhood. Vol64 p10307

Sanple (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 63, 410, 11-16, 0-16
Sample size:
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

UK 1975-1985.

Independent variable

Dependent variable

Rate of admissions

Method of Analysis

To examine seasonal trends, the rate of admissions with asthma was plotted daily
as five day MA. The association with school holidays examined year by year. The
pattern linking admissions with asthma to school holidays \as first determined by
inspection then subjected to statistical analysis. The combined 11 years, mean
starting days of holidays and terms graphically presented. To examine the shert
term variation in the rate of admissions with asthma, 11 year period wasidded
into three segments starting on % January 1975. A prediction for the number of
periods within which asthma admissions had occurred was determined from the
Poisson distribution. This was calculated separately for each month of the year to
exclude any influence of longerterm trends. In a similar analysis, data were
stratified by area of residence into three broad groups: coast, down and other to
observe any local influences that may operate in the short term. Shetierm
influence may include the reéase of fungal spores and a seas mist or the storm or
airborne allergens created by ploughing or harvesting.

Significant difference between actual and predicted clustering was determined by
the x2 test. To avoid random inflation of significance, an approfately smaller
critical p-valuez 0.017 was used. Difference in rates of admission with holiday
periods were assessed by the Wilcoxon sign rank test, the suitability of a two
peak/term model was tested by least squares regression for longitudinal data and
by x2 test for summated data.

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Admission rates varied unpredictably over periods of days, but there was a
repeated yearly pattern of peaks and troughs with an interval adeveral weeks.
Short-term variation could be attributed to chance effect alone, excluding any
important role for short term influences e.g. weather changesn precipitating
asthma admissions. There was a definite association between longerm variation
and school holidays. Admission rates fell during school holidays and there were tw
or more peaks during the term. Authors postulate that school holidays disrupt the
spread of viral infections in the community with synchronisation of subsequent
attacks. However, travel in the school holidays may facilitate acquisition of new
viral strains.

*Additional studies found in the 2011 search.

Reference

Lin et al (2011) Impact of the return to school on childhood asthma burden in
New York State. International Jarnal of Occupational and Environmental Health.
Vol17(1) p9-16

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 817, age groups preschool (), elementary (511), middle/high
(12-17), college (1822). Adults (23-65) = control

Sample size: 23899 all admissions

GP or Hospital: H
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Design (comparison group?)

Casecontrol (adults z control)

Setting (dates data collected)

US 19912001

Independent variable

Dependent variable

Risk of admissions

Method of Analysis

GAM used ¢ assess the risk associated with school return in children compared
to adults. Authors developed model exposure parameters to reflect the time from
holidays by assigning negative values to school vacations days and positive valu
for school days. Admissins on the first day of school return were compared to
days following. Exceedance admissions and both length of cost of hospital stay
estimated.

Summer break = Junélugust

Holiday break = 2wks in December/January

Winter break = 1wk in Feb

Spring break = 1vk in April

Analyses were stratified into age, gender, race, ethnicity, geographical region ant
school demographic characteristics to examine the potential statistical interaction
between these factors.

Assessed the public health impact of school return aft that fall

Covariates

Adjusted for long-term trends, holidays, day of the week and environmental
factors such as @ temperature and humidity.

Results (if included a comparison
group, was the effect
greater/weaker?)

A significant increase in admissios was observed (20 to 300%) associated after
each school break. Strongest associations were observed following summer brez
and in children 5-11yrs (after 17 days) followed by preschool (after 19days) then
middle/high school children (after 21 days). For alults, observed very small
increase in admissions after school holidays.

There was no statistically significant interaction between gender, race, ethnicity,
student density, geographical region.

There was a threeday delay in the average time of peak iadmissions in the NYC
(18 days peak) compare to upstate (15 days to peak).
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A3. Search Strategy to Review Current Literature of the Associations
between Pollutant Exposures and Childhood Asthma Exacerbations
resulting in Medical Contact

Inclusion and Excusion Criteria, Critical Appraisal and Data extraction referenced in
Appendix Al.

A3.1. Pollution Databases and Search Terms
Searches were performed using Medline, CINAHL, Web of Science, EMBASE, Cochrane and
Google scholar. Searches performed in April 2009.

In OEA OAAOAE OEA OAOI O c¢AOOEi Ach ebill1 O0OEiITE
iT1TT gEAA6h ODPAOOEAOI AOA 1 AOOAO6h O0-6h OTUITA
cAAi Esceh ODPOAOAT Osdh OAOOAT Ag o OZAIl EndU DEUOE/
OCAT AOAT DPOAAcd6 xAOA ET Al OAAA OOCET ¢ OEA "111AAI
Table A. 10: Search Pollution Medline.
Search Terms Results
1 asthma/ or asthma.mp 106398
2 Child*.mp. [mp=title, original title, abstract, name of substare word, subject heading 1537841
3 Adolescent/ or Pediatrics/ or Child/ or paediatric.mp. 1173793
4 2o0r3 1554048
5 (admission or admit*).mp. [mp=title, original title, abstract, name of substance word, 1180296
subject heading word]
6 Present.mp. [np=title, original title, abstract, name of substance word, subject heading 2027169
word]
7 Attend*mp. [mp=title, original title, abstract, name of substance word, subject heading 85442
word]
8 Hospital departments/ or Medical records department/ or hospitd*.mp. or Emergency 828617
Service or hospital/
9 general prac*.mp. [mp=title, original title, abstract, name of substance word, subject 50499
heading word]
10 family physician*.mp. [mp=title, original title, abstract, name of substance word, subject 15487
heading word]
11 Out of hours. Mp 705
12 Diar*.mp. 85245
13 5or6or7or8or9orl0orllorl2 3679685
14 Pollution.mp. or air pollution/ or Environmental pollution/ or water pollution 70064
15 Ozone.mp. or Ozone/ 10394
16 Nitrogen Dioxide/ or Nitrogen/ or Nitrogen Oxides/ or nitrogen.mp. or Nitrogen 400709
Compounds. Or nitr*/
17 Nitrogen Dioxide/ or Carbon Dioxide/ or Sulfur Dioxide/ or dioxide.mp. 105621
18 Sulphur Dioxide/ or Sulfur Compounds/ or Sulfur/ or Air Pollution/ or sulphur.mp. 33387
19 Carbon moroxide/ 21349
20 Particulate matter.mp. or Particulate matter/ 47237
21 Air pollutants/ or Particulate Matter/ or PM.mp 54876
22 14 0r150r16o0rl17or18or19or 20 or 21 622096
23 1 and 4 and 13 and 22 1031
24 Limit 23 to (English language and humans ) 991
Table A. 11: Search Pollution CINAHL.
Search Terms Results
1 i 5 OAOOEI AdQ 15496
2 Child* 227400
3 Paediatric 4535
4 Pediatric 34526
5 2or3or4 235305
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6 Admi* 225490
7 Present* 126127
8 attend* 34543
9 Hospital* 148249
10 General prac* 7413
11 family physician 520
12 Diar* 11426
13 Out of hours 257
14 6or7or8or9orl0orllorl2orl3 509482
15 Pollut* 6199
16 Nitr* 7891
17 Sulphur 82
18 Dioxide 2371
19 PM 0
20 Particulate Matter 600
21 Carbon Monoxide 1323
22 Ozone 436
23 150r16 or 17 or 18 or 19 or 20 or 21 or 23 17141
24 1 and 2 and 14 and 24 157
Table A. 12: Search Pollution Cochrane Library.

Search Terms Results
1 Asthma (search all text)
2 Pollution (search all text)
3 Child* (search all tex)
4 Admi* (search all text)

5 land2and3and 4 19
6 Keep 7, 14 and 17 3
Table A. 13: Search Pollution EMBASE.

Search Terms Results
1 Mild Persistent Asthma/ or asthma.mp. or Moderate Persistent Asthma/ or Exercise 67426
Induced Asthma/ or Nocturnal Asthma/ or Asthma/ or Allergic Asthma/ or Severe
Persistent Asthma/ or Mild Intermittent Asthma/
2 Child*.mp 511952
3 Paediatric/ or pediatric/ or paediatric.mp 28502
4 20r3 519616
5 (admission or admit*).mp. [mp=title, original title, abstract, name of substance word, 606071
subject heading word]
6 Present*mp. [mp=title, original title, abstract, name of substance word, subject heading 1153189
word]
7 Attend*mp. [mp=title, original title, abstract, name of substance word,ubject heading 367889
word]
8 hospital*.mp. [mp=title, original title, abstract, name of substance word, subject heading 392782
word]
9 general practice/ or General Practitioner/ 38662
10 family physician*.mp. [mp=title, original title, abstract, name of shstance word, subject 5026
heading word]
11 Out of hours. Mp. 488
12 Diar*.mp. 80096
13 S5or6or7or8or9orl0orllori2 1736755
14 Pollution/ or pollut*.mp./ or pollutant/ 88167
15 Ozone.mp. or Ozone/ 9489
16 Nitrogen Dioxide/ or Nitrogen/ or Nitrogen Oxides/ or nitrogen.mp. or Nitrogen 253567
Compounds. Or nitr*/
17 dioxide.mp. or oxide 62757
18 Sulfur/ sulphur.mp. 10159
19 Carbon monoxide/ 11774
20 Particulate matter.mp. or Particulate matter/ 6920
21 Air pollutants/ or Particulate Matter/ or PM.mp 45785
22 140r150r160r17ori18or 19 or 20 or 21 410770
23 1and 4 and 13 and 22 626
24 Limit 22 to (English language and Human) 541
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Table A. 14: Search Pollution Web of Science.

Search Terms Results
1 TS = (asthma) 92692
2 TS = (chid*) >100000
3 TS = (paediatric) 21569
4 TS=(pediatric) >100000
5 #2 OR #3 OR #4 >100000
6 TS=(admi*) >100000
7 TS = (present*) >100000
8 TS=(attend*) >100000
9 TS = (hospital*) >100000
10 TS = (general pract*) 93490
11 TS = (family physician) 7136
12 TS =(Out of hours) >100000
13 TS = (diar*) 91007
14 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 >100000
15 TI = (pollut*) 54363
16 TI = (nitr*) >100000
17 TI = (sulphur) 8424
18 Tl = (dioxide) 59489
19 Tl = (ozone) 26067
20 Tl = (particulate matter) 4896
21 TI =(PM) 10617
22 TI = (carbon monoxide) 17915
23 #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 >100000
24 #1 AND #5 AND #14 AND #23 435

A3.2. Search Results

These results are produced from the second search
1 Medline: 991 titles- 30 abstracts- 24 studiesselected for further reading
1 CINAHL: 157 titless 14 abstracts- 9 studies selected for further reading
1 Cochrane: 3 titles 3 abstracts- 0 selected for further reading

i EMBASE: 541 titles 10 abstracts- 7 studies selected for further reading
Web of Science: 435 titles 158 abstracts- 68 studies selected for further reading

A3.3.

Pollution Mini Data Extraction

Reference

Abe et al (2008) The relationship of shorterm air pollution and weather to ED
visits for asthma in Japan. American Journaf &mergency Medicine. Vol27 p153
59

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 615 and adults
Sample size: 781 children
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Tokyo Januaryl to December 31, 2005

Independent variable

Meteorological data included minimum temperature, maximum barometric
pressure, maximum relative humidity, and precipitation. Measured air pollutants
included sulphur dioxide, nitrogen monoxide, nitrogen oxidessuspended
particulate matter, and carbon monoxide. ARIMA

Dependent variable

Asthma exacerbation requiring emergency transport

Method of Analysis

Time series analysis using multivariableadjusted autoregressive integrated
moving average model. The 4 sease in Tokyo were defined by the Japanese
meteorological classification: spring (March through May), summer (June through
August), autumn (September through November), and winter (December through
February).

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

Among children, there were no significant associations between exacerbation of
asthmas requiring emergency transport and air pollutants or meteorological
factors. The highest number of transports was found on October1the day after
the National Sports Day in Japan.
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Reference

Andersen et al (2008) Size distribution and total number concentration of
ultrafine and accumulation mode particles and hospital admissions in children
and the elderly in Copenhagen, Denmark.dfupational and Environmental
Medicine. Vol65 p458466

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 518 and elderly adults
Sample size: mean* number of days = 4071 children with asthma
GP or Hospital: H

Design (commrison group?)

Setting (dates data collected)

Denmark May 2001 to Dec 2004.

Independent variable

PMuo, PMes and ambient gasses (CO, NONOX, G).

Dependent variable

Method of Analysis

Andersen et al studied the association between urban backgrounevels of the
total number concentration of particles (NCtot, 700 nm in diameter) (15 May
2001 to 31 December 2004) and hospital admissions due to cardiovascular (CVC
and respiratory disease (RD) in the elderly (age >65 years), or due to asthma in
children (age 518 years). Authors examined these associations in the presence
PMio, PMesand ambient gasses (CO, NONOx, G). Authors utilised data one size
distribution to calculate NC tot for four modes with median diameters 12, 23, 57
and 212 nm, andNC100 (number concentration of particles ,200 nm in diameter)
and examined their associations with health outcomes. Time series Poisson
generalised additive model adjusted for overdispersion, season, day of the week,
public holidays, school holidays, inflenza, pollen and meteorology, with up to 5
AAUOB8 1T AcCAA Apbi OOOAS8

Covariates

Overdispersion, season, day of the week, public holidays, school holidays,
El £ OATUAR DPITTAT AT A TAOAT OI 11T cUR x

Results (if included a comparisn
group, was the effect
greater/weaker?)

For paediatric asthma, accumulation mode particles, NC100 and nitrogen oxides
(mainly from traffic related sources) were relevant, whereas PM appeared to
have little effect. Results suggest that particle volume/mss from longrange
transported air pollution is relevant for CVD and RD admissions in the elderly,
and possibly particle numbers from traffic sources for paediatric asthma.

No NQ significant associations were detected with paediatric asthma but adverse
effects of NCtot were stronger than those of Pl NCa212 was significantly
associated with all three outcomes in ongollutant models and this was robust in
the presence of other size fractions (table 4), whereas NCa57 was associated wi
RD only. The effets of NCa212 on CVD and RD admissions diminished in the
presence of PMb but remained robust in the presence of PM for paediatric
asthma.

No statistically significant lagged effects.

Reference

Andersen et al (2007) Ambient particle source apportionmenand daily hospital
admissions among children and elderly in Copenhagen. Journal of Exposure
Science and Environmental Epidemiology. Vol17(7) p62636

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 518

Sample size: nmber of days times mean number of admissions for asthma =
6576

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

Denmark 1999 to 2004

Independent variable

PMo, CO, N© G

Dependent variable

number of days times mean numbeof admissions for asthma

Method of Analysis

Poisson GAM. Looked at lags until day 5. 6 day average pollutants.

Covariates

Day of the week, season, holidays, influenza epidemics, grass pollen, school
holidays and meteorology (temperature and humidity)

Results (if included a comparison
group, was the effect
greater/weaker?)

O3 excluded from analyses due to large amounts of excluded data.

For asthma, an IQR increase in 5 or@ay averages was associated with a 7.7%
(0.4-15.5) increase in hospital admissias the next day. These associations remail
robust in the presence of N@and CO. CO showed a positive correlation with
asthma in a single pollutant model (10.4% increase Cl :39.8%) but a much
weaker effect in the twopollutant model. NG showed strong psitive effects with
asthma in a single pollutant model (12.8%, CI2.9 to 23.5%) but the effect
weakened in the presence of PM.

4 to0 5 day delay P\b.

2, 4 and 5 day delay with CO and NO

The vehicle source showed the strongest yet nesignificant assocation with
asthma admissions, followed by positive association with oil.

Reference

Anderson et al (1998) Air pollution, pollens and daily admissions for asthma in
London 1987-92. Thorax. Vol53 p842 848
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Sample (age range (age groups)
and size, data soure Hospital or
GP)

Age group(s): 614, 1516, 65+.

Sample size: number of days time mean number of admissions for asthma =
35022

GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

London, UK. 198792

Independent variable

Daily number of admissions

Dependent variable

BS, N@ G, SQ, temperature, humidity, grass, birch, oak pollen

Method of Analysis

1st stage: Poisson regression used to estimate RR of daily admissions

Last stage: loginear modelling with Poisson errors

Independent effects on individual pollutants and interactions with aeroallergens
were explored using two pollutant models and models included pollen. Priori
hypothesis was that the exposure pollution had an effect on the same or previous
days. Authors also examiad the cumulative effects over three days. Season
separated into warm (April to Sep) and cold (October to Match). Authors
examined the interaction between pollen and pollution.

Covariates

1st stage: seasonal factors, time trends, Calendar effects
Last stage: also corrected for overdispersion and autocorrelation

Results (if included a comparison
group, was the effect
greater/weaker?)

NG significantly associated with-04 age group (whole year and warm season
suggesting the effect is more apparent inthem temps). Significant seasonal
differences were observed in ozone fet4) ozone had negative associations in the
whole year especially in the cool season. Suggesting the effect is more apparent
cooler temperatures. General cumulative lags of @days showed stronger effect
than single day lags. In the typmllutant model, associations were most robust with
ozone and least robust wit0,. There was no evidence that associations with air
pollutants were confounded with pollen. There was littidence of an interaction
between pollution and pollen except for the synergy bet@&mand grass pollen in
children. Grass pollen negatively correlated with black smoke. Oak pollen positiv
related to ozone ardQ;.. There is a significant positivefe€t of birch pollen in theio
14 and 1564 age groups, a significant negative effect of grass pollen iri fl#edye
group, and a significant negative effect of oak pollen in tHel@nd 1564 age
groups.Grass pollen alone or! = negative effect. Bih pollen alone = positive
effect. Grass an@ positively correlated.

Lag: cumulative lag: All yeaNG; (3), SQ (3) O3(2)

Lag: single lagAll year =NG; (2), SQ(1), Warm season©s(0)

Lag: warm season. Pollen. Birch(2), Grass(0) Oak(0)

Reference

Atkinson et al (2001) Acute Effects of Particulate Air Pollution on respiratory
admissions. American Journal of Respiratory and Critical Care Medicine. Vol164
p1860-1866

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 614, 15+
Sample size: NR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

8 cities in Europe, Birmingham, Barcelona, London, Milan, the Netherlands (smal
Pl P8 Al AGOAA AO AEOGUQh O0AOEOh 2itddAh
varies from city to city. 1992 to 1997

Independent variable

Daily 24-h average background concentrations of Pidor total suspended
particles (TSP), BS, and sulphur dioxide (Sowere used. For ozone (&) and
carbon monoxide (CO) an & average was sed and for nitrogen dioxide (NQ) the
daily maximum 1-h measure

Dependent variable

Daily admissions

Method of Analysis

First, for each time series, a statistical model was constructed that included terms
to describe the seasonal patterns in the admissis, their dependence on
temperature and humidity, their association with holiday periods and influenza
episodes, and finally air pollution measures.

Autoregressive loglinear Poisson analysis

Covariates

Holiday periods and influenza episodes, and air paltion measures.

Results (if included a comparison
group, was the effect
greater/weaker?)

Particle-effect estimates varied substantially between centres. F&Myo and
PM13, associations ranged from a decreasé)(9%) in admissions to an increase
of 2.8% inadmissions. Two pollutant models for children, dailyPMo levels were
reduced from 1.2% to 0.1% after the inclusion oNQ; in the city specific models.
The inclusion of SQ in the models only modifiedPMuwo associations in children.
Day to day confoundingsuggests oNC; suggests that PM was sourced from the
same place adQ; i.e. traffic. In second stage of analysis, annual mean levels of
NO: not associated with the city specific particle effect sizes suggesting thid,
has no role in the formation of PM.

Reference

. Babin et al (2007) Pediatric patient asthmarelated emergency department visits
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and admissions in Washington, DC, from 20@2004 and associations with air
guality, socio-economic status and age group. Environmental Health. Vol6

Sample (age rage (age groups)
and size, data source Hospital or
GP)

Age group(s): ¥4, 512, 13-17, 1-17
Sample size: NR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US 2001 to 2004

Independent variable

0s, PMe s, Temperature, pollenmould.

Dependent variable

Method of Analysis

Poisson regression

Covariates

Cubic spline used to control for longerm seasonality.

Results (if included a
comparison group, was the effect
greater/weaker?)

There were two annual peaks in ED admissionsif asthma: between September
and November and between March and May. Seasonal summer peaks in ozone a
PMzs. Associations between paediatric asthma ED visits and outdoor ozone
concentrations were significant and strongest for the 12 year-old age group
(Lag0), for which a 0.0tppm increase in 0zone concentration indicated a mean
3.2% increase in daily ED visits and a mean 8.3% increase in daily ED admission:
However, the &4 yr old age group had the highest rate of asthma related ED visits
For 1z17 yr olds, the rates of both asthmaelated ED visits and admissions
increased logarithmically with the percentage of children living below the poverty
threshold, slowing when this percentage exceeded 30%. Observed real increase i
RR of asthma ED Vvisits for éhdren living in higher poverty zip codes.

Weed pollen and temperature showed statistically significant associations with-5
12 and 1-17 age groups.

Significant effects of tree pollen and ambient temperature were also seen for the
5712 yrs age group.

No statistically significant relationship observed with PMe.s and admissions.
Lagged associations with the 417 agegroup and grass pollen.

5-12 age group largest increase, {dlag 4), grass (lag3), tree (Lag2).

No statistically significant interactions betweenexposures identified.

Reference

Babin et al (2008) Medicaid patient asthmaelated acute care visits and the
associations with Q and particulates in Washington DC, 199£2005. International
Journal of Environmental Health Research. Vol18(3) p26921

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 64, 512, 13-20 and adults.
Sample size: 9970 visits 84, 7841 visits 512, 4449 visits 1320
GP or Hospital: Medicaid service provided

Design (comparison group?)

Setting (dates data collected)

US Oct 1994 to Nov 2005

Independent variable

Os, PMo, PMes, pollengz tree, grass, weed, spores, min and max temperature and
average dew point.

Dependent variable

Number of acute visits by Medicaid patients

Method of Analysis

MacFaddens R2 and Bayesian Information Criteria used to model lotgym trends.
Poisson regression analyses

Covariates

Day of the week, Medicaid eligibility changes, seasonal effects, long term trend
curve fitting to control for strong seasonal variations.

Results (if included a comparison
group, was the effect
greater/weaker?)

For same associations, Poisson output revealed statistically significant association:
with age stratified GAC visits and ozone, P PMo, tree, grass and weed pollen
mould, temperature and dew point. The two highest peaks in medical contacts were
found from September to November and March to May.

PMzs, PMo, @ were highest in spring and summer months.

Highest visits observe on Monday, Tuesdays lowest on sat and sun.

Largest effet observed with Q in children 5-12.

Significant associations were observed with both €(spring and summer) and PMs
(all season) and 512 year old. No statistically significant associations with other
pollutants. No statistically significant associatio found with 5-12 year olds and
pollens (tree, weed) except grass pollen

Also looked at difference across different wards and found no statistically
significant differences in PMo and PM.s and acute visits. There were some spatially
statistically significant observations made with @. In ward 8 (ward with highest
Medicaid enrolment), there was statistically significant associations betweens@nd
age group 1320.

Looked at interactions between @, PMo, PM:s, pollens and spores and found no
statistically significant interactions.

Whilst poor air quality is related to asthma exacerbations where Medicaid
enrolment = high, the strongest associations were not always observed in areas
with high medical enrolment.
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Reference

Barnett et al (2005) Air pollution and Child Respiratory Health; A caserossover
study in Australia and New Zealand. American Journal of Respiratory and Critical
Care. Vol171 p12721278

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): >1, 14, 514
Samge size: NR
GP or Hospital: H

Design (comparison group?)

Case crossover

Setting (dates data collected)

5 cities in Australia and 2 in New Zealand. 1998 to 2001

Independent variable

NGO, SQ, CO, @PM:s, PMy, light-scattering by nephelometry, @

Dependent variable

Daily hospital visits

Method of Analysis

random effects metaanalysis, and the differences (heterogeneity)

between cities was quantified using the-squared statistic.

Authors tested whether pollutant effects were dependent on season. Sifjnant
effects of pollutants were analysed separately because some pollutants e.g. ozone
peak significantly in the warm seasons because of the formation of photochemical
oii¢c ATA OEAOCA 0O0O0iI T cO6 EI DAAO OAOOI OC
Effect modification: different impacts found n different cities. Reasons for different
results include some cities have more pollution than others do; having a larger
proportion of children in the population, being hotter or colder. Effect modifiers
examined the following: average pollutant levels, umber of monitors, temperature
and percentage of the population as children.

Covariates

AOOOAT O T EIT OO POAOEI OO AAUBO OAI PAOAC
hot and cold (coldest and warmest 1% of days), day of the week, public holiday, ar
day after a public holiday.

Results (if included a comparison
group, was the effect
greater/weaker?)

Multiple pollutant models showed that the results forNOG; were often independent
of other pollutants, although some impacts caused b§Q and particles caild not be
separated from those found folNO,.

Authors found the only differences between cities could be related to climate.

To examine whether some of the impacts were interrelated, mulgpollutant models
were conducted using a matched caserossover nethod, a traditional approach to
control for potential confounding in epidemiology. By choosing control days for
each subject that are both nearby in time, the effect estimate cannot be confounde:
by another pollutant (Schwartz J, 2004).

Statistically significant increases were found forPM..s, PMio, bsp,NQ: and SQ but
not for CO orQs.

The significant association withPMo disappeared after matching oNQ;, indicating
that this result could not be separated fronNQ;. However, the associations with
NQ: remained after matching onPMuwo. For respiratory admission in 14 years, the
effects ofPMw and PMzs (only for Australian cities) became larger when matched
with each other, indicating separate effects. Also, tHelVk.s and SQ impacts could
not be separaed and may indicate pollution from the same emission source. No
significant associations found confounded with temperature, because associations
matched to 1C of temperature changed very little compared with the unmatched
result. Hence the pollutant impacs$ are not related to temperature effect but are
separate and different impacts. However, both of the associations wifiVi.o
increased by approximately 50% when matched on temperature.

The largest association found was a 6% increase in asthma admissions5ao 14
year olds in relations to a 5.3ppb increase in 24 houNG;. However, different
impacts between cities with different climates (impacts higher in warmer climates)
and season.

No lags reported.

Reference

Bates et al (1990) Asthma attack periodiity: a study of hospital emergency visits in
Vancouver. Environmental Research. Vol 51(1) p510

Sample (age range (age groups) an

size, data source Hospital or GP)

Age group(s): 614 and adults
Sample size: 1357ED visits
GP or Hospital: H

Design (conparison group?)

Setting (dates data collected)

Canada July 1984 to Oct 1986

Independent variable

SQ, NG, G, aerosol sulphatestemperature, coefficients of haze

Dependent variable

Number of visits

Method of Analysis

Day by day plots. Pearson corration

Covariates

Results (if included a comparison
group, was the effect
greater/weaker?)

There was a peak in the number of childhood asthma attendances from the last
week of September. Pollution levels dropped over observed period.

SO2 L1 day in warm sason showed a weak significant association with childhood
asthmatics. No other associations found for this age group.
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Reference

Burra et al (2009) Social disadvantage, air pollution, and asthma physician visits in
Toronto, Canada. Environmental ResearciVol109 p567%574

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 17 and adults
Sample size: approx 888038 visits
GP or Hospital: physician ambulatory visits

Design (comparison group?)

Setting (dates data collectell

Canada 1992 to 2001

Independent variable

NG, SQ, G, PM s, socioeconomic status

Dependent variable

Daily counts

Method of Analysis

GAM, smooth function to control for seasonality

Covariates

Season, temperature, humidity, pressure, day of week

Results (if included a comparison
group, was the effect
greater/weaker?)

A socioeconomic gradient in the number of physician visits was observed among
children, adults and both sexes. SONQ, and PMs had positive associations with
physician visits. Withmodels including SQand PMs, RRs for the low socioeconomic
group were significantly greater than RRs for the high socioeconomic groups.

For male and female children, a statistically significant positive association between
asthma visits and S@was obsrved for the 1-day, 2day, and 3day cumulative
average exposure (Lag2 = strongest effect). The Q1/Q5 ratio was also significant
using the singleday exposure period. A positive association was also observed for
PMs for the single day and most other expsure periods in quintile one, with a
significant difference in the Q1/Q5 risk ratio using the &day cumulative average
exposure for males and singlalay exposure for females. Statistically significant
negative relationships between @and asthma visits wee observed for both males
and females. There were significant positive associations for the4-day (lagl
strongest) cumulative average exposures to NOn both income quintiles, but no
significant Q1/Q5 ratios for male or female children.

Reference

Chew et al (1999) Association of ambient ahpollution levels with acute asthma
exacerbation among children in Singapore. Allergy. Vol54. p32829.

Sample (age range (age groups)
and size, data source Hospital or
GP)

Age group(s): 312, 1321
Sample size: 600 admissions, 23000 ED
GP or Hospital: H

Design (comparison group?)

Casecontrol

Setting (dates data collected)

Singapore. 199094

Independent variable

SQ, NG, TSP, max lhr average f@s

Dependent variable

Daily hospital admissions

Method of Anaysis

Relationship between independent daily air pollution levels and hospital admissions
xAO EI EOEAI T U E1T OAOOEGCAOET ¢ OOET ¢ O0AA
categoric analysis by generalised linear models. Multivariate analysis was built to

adjust for putative effects of pollution to those of other confounders (meteorological

variables).

Covariates

Meteorological variables, day/wk, ER visits lag1 to remove AC

Results (if included a comparison
group, was the effect
greater/weaker?)

Positive @rrelations between levels of each of these pollutants and daily ER visits
for asthma observed in 312 yr olds but not older. Association withSQ and TSP
persisted after standardisation for meteorological and temporal effects. Adjusted
increase in 2.9 ERvisits for every 20ugm3 increase in atmospheriSQ levels, day
lag was observed on days when levels exceeded 68ugma3. TSP: adjusted increase
5.80 ER visits for every 20ugm3 increases in its daily atmospheric levedsl day lag.
Similar results obtained after controlling for autocorrelation by time-series analysis.
Analysis on control group found statistically significant correlations but no
statistically significant effects in multiple regressions. Effect on asthmatics is
stronger than nonasthmatics.

Reference

English et al (1998) Childhood asthma along the United States/Mexico border:
hospitalisations and air quality in two California counties. Pan American Journal of
Public Health. VVol3(6) p392399

Sample (age range (age groups)
and size, data sorce Hospital or
GP)

Age group(s): <14
Sample size: NR
GP or Hospital: H

Design (comparison group?)

Setting (dates data collected)

US/Mexico. 198394

Independent variable Oz and PMuo
Dependent variable Hospitalisations rates
Method of Analysis Time trends

Covariates

Results (if included a
comparison group, was the effect

greater/weaker?)

2 locations equal in size share a border with Mexico but differ in social and
demographic characteristics. San Diego predominantly white, relatively wealthy
whereas Imperial county = agricultural based economy. Imperial county had the
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