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Abstract

Objective: Indoor environment factors have been associated with risk of
asthma exacerbations in children but little is known about their role on
asthma hospital readmissions. As children in Western societies continually
spend more time indoors, understanding the influence of these factors on
asthma exacerbation is important. We examined the role of indoor
environmental and lifestyle characteristics on child asthma readmissions.

Methods: A hospital based case control study recruited 22 children
readmitted for asthma and 22 controls not readmitted for asthma. Logistic
regression models were used to examine the association between
aeroallergens and fungi in the bedroom and indoor lifestyle characteristics
factors for asthma readmissions. To determine the best possible set of predictors amongst a large set of risk
factors we used Random Forests (RF) techniques.

Results: Higher levels of airborne Cladosporium and yeast in the child’s bedroom increased risk of
readmission (OR=1.68, 95% CI 1.04, 2.72 and OR= 1.52, 95% CI 0.99 to 2.34 respectively). Carpeted floors in
the bedroom and synthetic doonas were also associated with increase in asthma readmissions (OR = 4.07,
95% CI 1.03, 16.06 and OR= 14.6, 95%CI 1.26, 169.4 respectively). In the home, frequent vacuuming using
bagged cleaners increased risk of asthma readmission OR= 15.7 (95%CI 2.82, 87.2).

Conclusions: Factors in the child’s bedroom, play an important role in increasing the risk of asthma hospital
readmissions. These findings have major clinical implications as the identified potential risk factors may be
modifiable. Further epidemiological studies with larger samples are necessary to evaluate these associations
further.
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r environment factors have been associated with risk of asthma exacerbations in children
is known about their role on asthma hospital readmissions. As children in Western societies
continually spend more time indoors, understanding the influence of these factors on asthma exacerbation
is important. We examined the role of indoor environmental and lifestyle characteristics on child asthma

readmissions.
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Methods: A hospital based case control study recruited 22 children readmitted for asthma and 22 controls
not readmitted for asthma. Logistic regression models were used to examine the association between
aeroallergens and fungi in the bedroom and indoor lifestyle characteristics factors for asthma
readmissions. To determine the best possible set of predictors amongst a large set of risk factors we used

Random Forests (RF) techniques.

Conclusions: Factors in the child’s bedroom, play
hospital readmissions. These findings have major
factors may be modifiable. Further epidemio I
these associations further.
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INTRODUCTION

Asthma is the most common chronic medical condition among Australian children and the most
common reason for admission to hospital during childhood (1). In 2010-11, Australian children
between 0-14 years had higher rates of asthma hospitalization compared to the rest of the population
15 years and older, 493 compared to 91 per 100,000 population respectively. They accounted for 57%
of total asthma admissions, but only 7% of all-cause admissions (2). In 2008-09 asthma expenditure

was $655 million (3). It is important to understand possible triggers for asthma exacerbationsgeguiring

admission, particularly those related to the indoor environment, as it is generally 3
Western societies, children can spend up to 90% of their time indoors (4) (5) (6).

Childhood asthma readmissions attract a disproportionate ameunt resodrces used for

@

severity of asthma and/or uncontrolled asthma (10) (1 2).

asthma in health systems (7) (8) (9). Asthma hospital read s are a useful indicator of

can be considered a gauge
of what is happening with the care of child asthm

alth/system (13) (14), especially

the clinical management of the disease (15). Comp to asthma exacerbations and
symptoms, few studies have focused on
child asthma hospital admissions (16)(17) (18).

e of indoor environmental factors on repeat
derstanding factors that influence child
asthma readmissions may help clinicia those children at risk of severe asthma and

where possible, modify relevant mental factors to reduce this risk.

Exposure to indoor allgkgens such as fouse dust mite (HDM) and indoor mould has been associated

with asthma exacerbationshin children (19) (20) with possibly greater exposure in the school

environment (21). For exaceybations resulting in an admission, viral infection, atopy and allergen

exposure act synergistically to greatly increase the risk of child asthma hospital admission (22).
as overcrowding and residing in disadvantaged areas may also be influential
ine the associations between these factors and repeat asthma admissions in children
we conducted a case control study, nested within the Melbourne Air Pollen Children and Adolescent

Healt APCAH) study.

METHODS

Participants/setting
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The MAPCAH study (23) was a clinical study of incident asthma admissions among children aged 2
to 17 years and admitted to the Royal Children’s Hospital Melbourne (RCH), Australia, with a
principal diagnosis of asthma (ICD10 J45, J46). For the sub-study, a case was defined as a child who
experienced at least two admissions and a control was defined as a child who had only one admission
within the MAPCAH study period from September 2009 to December 2011. Eligible participants were
96 cases and 155 controls. Of those invited, 38 (40%) cases and 32 (21%) controls consented. Of those
who consented, 26 were ineligible due to reasons such as relocation from home at admission, unable to
arrange appointments for indoor sampling and readmitting prior to indoor sampling). ses

and 22 controls were eventually included in the study.

Indoor sampling

usin o-stage Andersen

rate of 28 L per minute. Two

Australia) were prepared in

obtained per 28L of air.

Settled dust samples w,
side of the child’s
approximately 5 seeonds ea

ken by vaguuming separately a 1 square metre area for 1 minute at the
child’s bedding (mattress, cushions, doona, blankets) were vacuumed for
e used a Modern Day Space Ace vacuum cleaner model JC861 after
inserting ap(un ic sleeve into the nozzle. Allergens from HDM Der p 1 (Dermatophagoides
1 (Dermatophagoides farinae), cat Fel d 1 (Felis domestica) and dog Can f 1

Questionnaires on indoor environment and lifestyle characteristics were administered. Standardized

questionnaires from the ISAAC and NZ Otago questionnaires were used (25, 26).
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Data on the type of dust collection and exhaust air filtration systems that participants’ vacuum cleaners
used were collected and categorised as bagless or bag. Bagless included cyclonic separation (27) or
ducted systems. Vacuum exhaust air systems were classified as non High Efficiency Particulate Air
(HEPA) or HEPA (ASHRAE Standard 52.2, Method of Testing General Ventilation Air-Cleaning
Devices for Removal Efficiency by Particle Size). Ducted systems were included in the non HEPA
category.

This study was approved by the Royal Children’s Hospital Melbourne Human ‘Resea ics

Committee. Parents provided written informed consent.

Statistical Analysis

The outcome was whether the child had been readmi t. The primary exposures of

interest were levels of fungi, yeast, HDM and cat rgens in the air; indoor home
characteristics such as carpets and heating; lifesty
pets), bedding arrangements, frequency of vacuumicleaning and4ype of vacuum cleaner used. Logistic
regression models were used to investigaté t sociations while adjusting for potential
confounders. Adjusted models included age, sex and human rhinovirus infection at admission (HRV)
(detection methods described elsewhere ( etermine the best possible predictors amongst a

large set we used the Random Fo ) technique (28) as implemented by randomForest

r in Stata (Version 11.2, StataCorp, College Station, Texas), and R version 3.0.

RESULTS

INSERT TABLE 1 HERE
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The mean age of cases was 5.2 years (SD = 3.1) and the mean age of controls was 5.8 years (SD = 3.3)
(Table 1). Half (n = 11) of the cases and 68% (n = 15) of the controls were boys. Significantly more
of the cases 95% (n = 21) than the controls 59% (n = 13) were atopic (p = 0.004). There were no
substantial differences between consenting and non-consenting individuals with respect to sex, age
and atopic status at admission.

INSERT TABLE 2 HERE

For every doubling of the concentration of CFU of airborne rium (per 28L of air) in the
ed OR=1.68 95% CI (1.04,
oncentration of CFU of airborne yeast

mission OR= 1.52, 95% CI (0.99,

bedroom, there was over a 60% increase in the odds of readmission,
2.72), p = 0.03 (Table 2). Similarly, for every doubling,of
in the bedroom, there was over a 50% increase i
2.34), p=0.05.

INSERT TABLE 3 HERE

Compared to any other
odds of readmi§siort OR =

doona, a

covering, carpet in the child’s bedroom was associated with increased
, 95% CI (1.03, 16.06), p = 0.04 (Table 3). Compared to a feather

Ona was associated with a more than 14 times greater odds of readmission

, 169.4), p = 0.03. Compared to homes that were vacuumed weekly or less

To determine the best possible predictors of readmission using RF models we found that both
increased frequency of vacuuming OR=22.2, 95%CI (3.17, 156.1), p=0.002 and higher levels of yeast
OR=1.82, 95%CI (1.04, 3.18), p=0.04 significantly predicted risk of readmission.

DISCUSSION
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Our study found that high levels of yeast and Cladosporium in the bedroom and homes with high
frequencies of vacuuming were associated with increased risk of repeat admissions for asthma in
children. Studies of the indoor environment using home management plans of care have shown
reductions in repeat admissions (31). Increased risk of emergency room visits and clinical visits in
asthmatic children living in homes with high levels of Cladosporium have also been reported (32).
However, our study is the first to show an association between indoor fungi levels in the bedroom and
readmissions for asthma among children. These findings warrant further investigation given the small

sample size of this study.

We found no difference in HDM levels between homes of readmitted an dmitted children.

However, the home may not necessarily represent the greatest expo i (33). Other

that keeping the carpet cleaner in the chil

frequent use of the vacuum cleaner.

characteristics,

feather doagna. Si sociations have been reported between synthetic materials and increase in
wheeze in children (39). In this study, we examined many indoor features of

A key limitation of this study is the small sample size. Further studies with larger sample sizes are
required to confirm our findings. Although the small size of our sample emphasizes that we need to
interpret our results with some caution, the participants in this substudy are representative of the larger
MAPCAH sample. The Anderson sampler measurements may cause non differential misclassification.
Air samples were taken prior to vacuuming and this approach was consistent over all samples. We

agree that the short sampling time may have under estimated fungi counts. While this may have led to
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a non differential misclassification of exposure, this effect would be consistent across both groups as
the protocol was standardised and would only strengthen our findings if samples were taken at 4-5
minute intervals as suggested by others (40). We believe case recall bias would be limited and any
recall error would push the estimates towards null so whatever we have observed could only have been

stronger.

removal of carpets from the child’s bedroom (41).
dehumidification may also assist in mitigating air borne fungi
provide an opportunity for further larger epidemiological/Studies a

results.
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309 Table 1: Char f the"study population at admission
310
Total Case Control P’
N (%) | 44(100%) 22(50%)  22(50%)

Girl 18(41%) 11(50%) 7(32%) | 0.22

2-6 years of age 33(75%) 17(77%) 16(73%) 0.73

7-14 years of age 11(25%) 5(23%) 6(27%) 0.73

Atopy* 34(77%) 21(95%)  13(59%) | 0.004

Sensitization to:
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HDM 24(55%) 12(55%) 12(55%) 1.00
Mould (Cladosporium or

Alternaria) 4(9%)* 2(8%) 4(15%) 0.92
Cat 10(23%) 4(18%) 6(27%) | 0.47

Food (Egg or peanut) 13(30%)**  8(38%)  5(23%) | 0.28

HRV at admission 30(68%) 16(73%)  14(64%) | 0.52

T test difference in proportions for cases and controls

1 Atopy defined as sensitization to at least one allergen

*N =42 **N =43, due to SPT unable to be done for one or two children.
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311
312
313
314
p*
25™ 75" geom seom
min %le medial %le max  mean mean | AOR? 95% ClI p
Fungus: number of Colony Forming U / 28L of air.
Total Fungi
Cases 11 24 82 12.24 1.12 0.76,1.65 0.57
Controls 5 6.5 26 215 10.71 0.70 | 1(Ref)
Cladosporium
Cases 0 1 35 10 37 5.15 1.68 1.04,2.72  0.03"
Controls 0 0 1 3 13 2.59 0.03" | 1(Ref)
Penicillium/. rgillus
Cases 0 0 1 2 31 2.39 0.91 0.63,1.32 0.63
Controls 0 0 1 4 211 3.07 0.50 | 1(Ref)
Alternaria
Cases 0 0 0 1 3 1.25 1.27 0.44,3.67 0.66
Controls 0 0 0 0 5 1.19 0.72 | 1(Ref)
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Yeast

Cases 0 2 4.5 13 53 7.31 1.52 0.99,2.34 0.05
Controls 0 1 3 6 214 4.04 0.11 | 1(Ref)

Bedding Allergen: ug/g of vacuumed dust

Derp1l

Cases 0.002 0.003 0.006 0.023 70.52 0.018 0.90
Controls 0.002 0.003 0.007 0.031 477 0.018 0.98

Derfl

Cases 0.246 0.344 0.448 0.902 41.03 0.722 : .63, 1.30 0.60
Controls 0.177 0.274 0.451 1542 4935 0.699 . 1(Re

Feld 1 g

Cases 0.003 0.006 0.010 0.078 1.11 0.88, 1.39 0.37
Controls 0.004 0.006 0.110 0.029 0.42 1(Ref)

Canfl

Cases 0.000 0.000 0.000 .004 .50 0.001 0.99 0.86, 1.13 0.88
Controls 0.000 0.000 0.001 0.004 7.84 0.001 0.97 1(Ref)

* P value is for difference in geometric meam nd controls
T P value less than equal to 0.05

XI
* AOR represents relative cha f odds for readmission of cases compared to controls for every doubling of fungus or

bedding allergen, adju or age, RV at admission.

315
316
317

318  Table 3WAssociations between indoor housing characteristics and readmissions for asthma in children.

319
320
321
Adjusted*
All Case Control OR 95% CI p
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N 44(100%) 22(50%) 22(50%)
Number People in House
3 4(9%) 1(5%)  3(14%)
4 26(59%)  12(55%) 14(64%)
5 11(25%) 7(32%)  4(18%)
6 3(7%) 2(9%) 1(5%) 2.2 0.86, 545 0.10
Pets
any pets 16(36%) 10(45%)  6(27%)
dog 7(16%) 4(18%)  3(14%)
cat 6(14%) 4(18%)  2(9%)
Frequency of Vacuuming
vacuum weekly or less 27(61%) 8(36%) 19(8
. 2.82,87.18 0.00

vacuum daily or 2/3 times week 17(39%) 14(64% (1 } 2
Carpet*
in home 25(60%) 4 14(67% 2%) | 1.97 048, 8.02 034
in child's bedroom 21(50%) W14(67%)  7(33%) | 4.07  1.03,16.06 0.04
Vacuum Cleaner
vacuum cleaner with a bag 21( 13(59%)  8(36%) 4.48 0.88,22.69 0.07
vacuum cleaner with ilter | 33(75%) 18(82%) 15(68%) 2.98 0.65,13.61 0.16
Bedding**

8(19%) 15%)  7(32%) | 1(Ref)

22(51%)  13(62%) 9(41%) | 14.62 1.26,169.4 0.03

1(2%) 1(5%) 0 Unable to be calculated
Other materials 12(29%) 6(29%)  6(27%) | 10.81 0.78,148.9 0.08
Heating*
Central heating 6(14%) 15%)  5(24%) 020 0.02, 2.16 0.19

tRelative change in odds of readmission for an increase of 1 person in the house.

fAdjusted for age, sex, HRV at admission.

* N =42 and **N = 43 due to incomplete questionnaire.
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323

324

16

If reference category is not stated, OR compares relative change in odds of readmission for those with
exposure to those without exposure.

Cfé}
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