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 ABSTRACT
 Background New Zealand homes are underheated by
 international standards, with average indoor

 temperatures below the WHO recommended minimum
 of 18?C. Research has highlighted the connection
 between low indoor temperatures and adverse
 health outcomes, including social functioning and

 psychological well-being. Both health effects and social
 effects can impact on school absence rates. The aim of
 this study was to determine whether more effective

 home heating affects school absence for children with
 asthma.

 Methods A single-blinded randomised controlled trial of

 heating intervention in 409 households containing an
 asthmatic child aged 6-12 years, where the previous
 heating was an open fire, plug-in electric heater or
 unflued gas heater. The intervention was the installation
 of a more effective heater of at least 6 kW before the

 winter of 2006 in half the houses. Demographic and
 health information was collected both before and after
 the intervention. Each child's school was contacted

 directly and term-by-term absence information for that

 child obtained for 2006 and previous years where
 available.

 Results Complete absence data were obtained for 269
 out of 409 children. Compared with the control group,

 children in households receiving the intervention

 experienced on average 21% (p=0.02) fewer days of
 absence after allowing for the effects of other factors.

 Conclusion More effective, non-indoor polluting heating
 reduces school absence for asthmatic children.

 Educational attainment is both a consequence and
 a cause of good health, as people with more
 education are more likely to be in better health and
 to live longer.1 School attendance is one of the
 pathways to educational attainment, but although
 there is an understanding of the impact of different
 educational systems, there is little research on
 family influences on school attendance and even
 less on the impact of the built environment.
 As children with a chronic illness, such as

 asthma, are likely to have significantly more days
 off school than healthy children, it is important to
 try to minimise the occurrence and severity of their
 asthma symptoms to prevent adverse impacts on
 their education and thus their lifetime health. The

 model developed by Mackenbach to reduce
 inequalities in health has been adopted as a frame

 work for health policy to reduce health inequalities
 in New Zealand and highlights that one critical
 strategy is intervening to reduce the effects of
 chronic illness.2

 ASTHMA AND SCHOOL ATTENDANCE

 There are many studies that indicate that asthma
 contributes to absence from school. A 2005 litera

 ture review of 66 studies addressing asthma and
 school attendance found that virtually all studies
 showed a connection between asthma and reduced

 school attendance.3 However, limitations in study
 design, including the lack of a control group in
 many cases and the lack of a standard definition of
 "asthma" and its severity, have meant that that it is
 difficult to quantify the number of school days lost
 as a result of the disease. A 2004 US study on the
 economic cost of asthma estimated the additional

 absence to be as high as 2.8 days per asthmatic child
 per year,4 whereas a 2002 study by Moonie et af
 indicates a figure of approximately 1.3?1.5 days
 per child per year. However, other recent studies
 have found no effect.6 7 Research shows that the

 situation is complex, with absence potentially
 affected by a wide range of variables including the
 severity of asthma symptoms,5 8 the degree of
 compliance with medication regimens,9 social
 deprivation and low socioeconomic status10 11 and
 parenting styles.10

 THE INDOOR ENVIRONMENT AND ASTHMA

 Figure 1 outlines some of the ways in which factors
 in the child's home and school environment may
 potentially combine with personal health and
 motivational factors to influence school atten

 dance. This study investigates the possibility that
 heating choice and availability of heating may have
 an impact on school attendance through the effects
 on respiratory illness and asthma.

 Although the mechanisms are poorly understood
 and under-researched, the quality of the home
 environment may have a large impact on health.
 This is of some importance because, in Western
 societies, people may spend up to 90% of their time
 indoors.12 Richardson et al13 in their 2005 literature
 review concluded that there is evidence of a link
 between the indoor environment and asthma.

 Ventilation, and improved insulation and heating
 are associated with reduced indoor humidity, which
 in turn reduces levels of moulds and dust mites, as
 dust mites cannot survive when relative humidity
 levels are less than approximately 50%.14 Both

 mould spores15-19 and dust mite allergen20 21 have
 been associated with asthma and respiratory
 symptoms.

 One UK study, which involved installing central
 heating into 59 cold and damp homes in Cornwall,
 England,22 showed that after the intervention,
 there was a statistically significant reduction in
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 Figure 1 The impact of home heating
 and other factors on school attendance.

 THE IMPACT OF HOME HEATING ON SCHOOL ATTENDANCE

 Socio-economic
 Status of
 Household

 INEFFECTIVE
 HEATING

 1
 Family Situation

 Childcare
 Transport
 Holidays

 Tangi/Funerals
 Cultural Factors

 School
 Attendance Policies

 ^.1 Colder House

 Overcrowding

 Increased Damp
 Increased N02
 Emissions

 Gas Cooktops  Unfilled Gas Heaters
 at School_

 Disengagement
 from School

 TIME OFF
 SCHOOL

 Educational
 Achievement

 RESPIRATORY
 ILLNESS/
 ASTHMA

 t
 Smoking in the Home

 Intergenerational Effects
 . :

 Sarah Free May 2007

 measured respiratory symptoms for the 72 asthmatic children
 participating in the study. This was particularly evident for self
 reported night coughing, which was reduced from a score of 3
 (most nights) to 1 (one or several nights) measured over a month
 (p<0.001). Night coughing has previously been found to be
 associated with loss of sleep and subsequent absence from
 school.23 In the Cornwall study self-reported school absences for
 asthma were significantly reduced to 2.1 days per 100 compared

 with 9.3 days per 100 before the intervention (p<0.01). The
 results are interesting; however, the lack of a control group and
 the use of self-reported data meant that effects of seasonality,
 age and recall bias could not be accounted for.

 LOW INDOOR TEMPERATURES AND HEALTH

 New Zealand homes tend to be poorly insulated and are cold by
 international standards.24 25 Only 5% of New Zealand homes
 have central heating,26 and up to 2% of New Zealand homes use
 no heating at all.

 Low temperatures in New Zealand homes may contribute to
 the excess winter mortality that is evident in both young chil
 dren <5 years old and older people >80 years old in New
 Zealand. 27 For New Zealand children <5 years old, mortality
 associated with respiratory disease was estimated to be almost
 2.5 times higher in winter than expected.27

 Excess winter morbidity is harder to measure than mortality,
 but there is evidence that it follows a similar pattern. New
 Zealand hospitalisation data show an excess of hospital admis
 sions in winter for the older people and children <5 years old 28

 There is also an excess of hospital admissions in winter for those
 living in highly socioeconomically deprived areas and for those
 living in certain types of housing such as prewar bungalow
 housing and villas, even after controlling for confounders such as
 income, age and ethnicity.11

 Low temperatures may also adversely affect social functioning
 within the home, with a cold house identified as contributing to
 depression, limiting mobility and the usable space within the
 home and contributing to social isolation.29 A New Zealand
 study, in which social housing was upgraded to address issues of
 general maintenance, overcrowding, and lack of insulation and
 heating, found that participants reported spending more quality

 time together in the home and being more confident and relaxed
 with visitors. Some families also reported positive changes in the
 area of their children's education and play, and increased
 enthusiasm for attending school. 30

 A large number of households in New Zealand (approximately
 28%) use unflued liquefied petroleum gas heaters, although these
 may not always be the only form of heating. Apart from
 particulates and other combustion products, these heaters
 release approximately 1.6 kg of water for every kilogram of
 liquefied petroleum gas used, which contributes to condensation
 and the growth of fungi and mould. Unflued gas heaters also
 cause elevated levels of nitrogen dioxide (NO2) in the indoor
 environment.31 More than one meta-analysis has found
 a significant association between N02 levels and exacerbation of
 bronchial hyper-responsiveness and asthma symptoms.32 33

 EDUCATION AND SCHOOL ABSENCE IN NEW ZEALAND

 New Zealand's education system compares favourably with
 other countries in the Organisation for Economic Co-operation
 and Development. The 2006 Programme for International
 Student Assessment Report, which surveyed the academic
 performance of 15-year olds from 57 countries, found that
 compared to New Zealand, only two other countries performed
 significantly better in scientific competencies, only three in
 reading literacy and only five in mathematical literacy.34
 Nevertheless, school absenteeism is increasing in New

 Zealand, as shown by the nationwide school attendance survey
 which was carried out by the Ministry of Education the week of
 21?25 August 2006 35 The overall absence rate for all students
 was 11.5% of student-days in 2006, compared to 10.9% in 2004
 and 8.7% in 2002 36 The rise in absences has largely been the
 result of an increase in truancy rates, which rose from an average
 of 2.7% in 2002 to 3.4% in 2004 and 4.1% in 2006 35

 New Zealand schools are each assigned a decile ranking (a
 measure of the socioeconomic status of the community from
 which the student population is drawn), with decile 1 being the
 lowest and decile 10 the highest. Absence increases as decile
 ranking decreases, with an average absence rate of 13.1% of
 student-days for decile 1 schools compared with 8.9% for decile
 10 schools. This was largely due to the difference in truancy

 380 J Epidemiol Community Health 2010;64:379-386. doi:10.1136/jech.2008.086520
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 rates, which were 6.3% of student-days for decile 1 schools
 compared with 1.8% for decile 10 schools. 35
 Absence tends to increase as the average age of students

 increases. This is in large part due to the sharp rise in truancy
 from about age 12. There are also variations in absence rates by
 ethnicity and sex. Girls had slightly higher rates of both
 explained absences and truancy at all ages, a finding that is well
 supported by other international studies.37-39
 Although most schools do not employ a dedicated school

 nurse, teaching staff are aware of which students have asthma.
 Students with doctor-diagnosed asthma will normally have
 a management plan for their asthma, which will include the use
 of inhalers as required. Societies such as Asthma NZ run
 educational programmes for staff and students and supply
 emergency medication packs to schools.

 STUDY METHODS
 The full methods of this study, with an outline of the health
 effects found, have been published elsewhere 40 Briefly, the study

 was carried out in five communities: Porirua, the H?tt Valley,
 Christchurch, Dunedin and Bluff. The inclusion criteria were
 a household where there was a child aged between 6 and
 12 years, with doctor-diagnosed asthma, who had asthma
 symptoms and had used asthma medication in the previous
 12 months. Further inclusion criteria were that the main form of

 household heating had to be a plug-in electric heater, open fire or
 unflued gas heater; the child had to be sleeping in the house at
 least four nights of the week, and the family had to intend to
 remain in the same home until November 2006. Households

 were recruited mainly though primary healthcare organisations
 that worked in the asthma field, although some were also
 recruited from advertisements in local newspapers and radio.
 The heater installations for the intervention group were

 carried out in the autumn of 2006, before winter. The control
 group had their heaters installed from October 2006, once all the
 study data had been collected. Households were allowed to
 choose their preferred new heater option (heat pump, wood
 pellet burner or flued gas heater). Each household was rando
 mised individually to the intervention or control group by an
 independent statistician, with two stratification limitations;
 that the number of households in both groups was the same by
 both region and preferred new heater type. This was done for
 practical considerations to ensure that each regional contractor
 installing the heaters had a similar ratio of heaters to install
 before and after the intervention. This also helped us control for
 the effects of children being in different cities, although regional
 variations in climate in New Zealand are generally small.

 Each child's school was contacted by telephone and followed
 up by email or letter. Permission forms, previously signed by
 the child and parent, were either posted or faxed if requested.
 In all cases, a customised form for the absence data was
 sent, headed with the school name and containing the relevant
 children's names. Term-by-term absence data going back to
 2004 were initially requested to have detailed information
 about previous absence patterns. However, after feedback from
 schools as the study progressed, we asked for only a term-by
 term breakdown of absence data for 2006, with some extra
 historical data if possible. This absence information for 2006 was
 critical because it allowed us to separate out the term 1 summer
 absence patterns (when the heaters had either not been installed
 or were unlikely to be in use) from the terms 2 and 3 winter
 absence patterns (after the installation, when the heaters were
 likely to have an effect). A child was only considered to have

 complete absence data if we had this term-by-term breakdown
 for 2006.

 The information provided by schools generally only specified
 days absent, without giving a reason. In a very few cases, where
 the school indicated a reason for an exceptionally long absence
 not due to illness, the absence data were adjusted accordingly.
 Absence data were entered into an Excel spreadsheet as received
 and the form from the school filed alphabetically in a secure
 location. Data were analysed using generalised linear models,

 which included the most important confounders and the quasi
 Poisson link function. Poisson models have been used in previous
 studies of school absenteeism.38 The appropriateness of the

 models was assessed by examination of the null and residual
 deviances and the dispersion factor. The statistical programme R
 V2.4.1 (www.r-project.org) was used for all analyses.

 RESULTS
 The heating intervention resulted in significant improvements in
 objective measurements of temperature and indoor pollutants.
 After the intervention, the average living room temperature of
 the intervention households was 17.07?C compared with
 15.97?C for the control group households, a difference of 1.10?C
 (p<0.001). Similarly, the average bedroom temperature of the
 intervention households was 14.84?C compared with 14.26?C
 for the control group households, a difference of 0.57?C
 (p<0.03). The geometric mean NO2 levels in the living rooms of
 intervention households was 8.5 |ig/m3 compared with
 15.75 |!g/m3 in the control households (p<0.001). Similarly, the
 geometric mean NO2 levels in the bedrooms of intervention
 households was 7.3 |ig/m3compared with 10.9 |Wg/m3 in the
 control households (p<0.001).

 Figure 2 shows the flow diagram for the study. As shown, 349
 (85%) of 409 households successfully completed the study.

 There was some further loss to follow-up in obtaining school
 absence data, with complete absence data obtained for children
 in 269 (66%) households.
 Table 1 compares the children who have complete absence

 data to children who have incomplete (or no) data. The differ
 ences in the two groups were tested by using a two-sample test
 for equality of proportions with continuity correction. There

 were no statistically significant differences at baseline in age,
 sex, the type of school attended, the use of gas appliances or
 smoking inside the home between these two groups. However,
 significant regional differences reflect the fact that much of the
 data for H?tt Valley schools was collected before the importance
 of having term-by-term data was fully realised. In addition,
 personal visits to facilitate data collection were made to schools
 in Lower H?tt, Porirua and Christchurch; however, for financial
 reasons, this was not possible for schools in Dunedin and Bluff.

 A significant variation in the amount of complete data collected
 for Maori and Pacific island children may be related to regional
 variations or to the fact that Maori children tend to have more

 frequent changes of residence 41
 Table 2 looks at the differences in possible confounders for

 children with complete data in the intervention group versus the
 control group. There are no significant differences in any variable
 except household income, where it appears that households in
 the control group were more likely (p=0.04) to be have a low
 income and less likely to have a medium income (p=0.04). There

 was no difference in the numbers of high income or unknown
 income. We have controlled for income in our analysis.

 Figure 3 shows the number of days absent in terms 2 and 3
 (100 school days) for children in the intervention and control
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 Figure 2 Study flow diagram.  Households Assessed for Eligibility 2005 (n= 899)

 Provisionally enrolled (n=462)

 Lost to follow up:
 No forms received (35)
 No heater choice (4)
 Moved early 2006 (8)
 Unable to be contacted (1)
 Withdrew from study (5)

 409 Households Randomised

 Intervention Group (n=200)
 Lost to follow up:

 Moved (9)
 Unable to be contacted (1)
 No asthmatic child (1)
 Already have heater (1)
 Unknown reasons (13)

 175 Households Completed Study

 Children for whom no absence d
 available:

 Home-schooled =1

 School did not respond =7
 No info for this child =7

 Partial 2006 data only =6
 2006 total absence only= 18

 Complete Data: 135 Children

 Control Group (n=209)
 Lost to follow up:

 Moved (9)
 Unable to be contacted (3)
 Asthmatic child moved (1)
 Heating changed (2)
 No longer interested (2)
 Family bereavement (1)
 Unknown reasons (17)

 174 Households Completed Study

 Children for whom no absence data
 available:

 School did not respond =8
 No info for this child =9
 Partial 2006 data =1

 2006 total absence only =22

 Complete Data: 134 children

 groups after the intervention. In the control group, the average
 absence was 9.6 days. The median absence was 7.5 days, with
 a maximum absence of 62 days, minimum of zero days, and
 upper and lower quartiles of 14.0 and 3.0 days, respectively. In
 comparison, in the intervention group, the average days absent
 was 7.6 days. The median absence was 7.0 days, with
 a maximum absence of 42 days, minimum of zero days, and
 upper and lower quartiles of 10.5 and 2.75 days, respectively.

 Table 3 shows the results from an analysis of covariance
 (ANCOVA). Children in the intervention group had a statisti
 cally significant reduction in the number of days absent (effect
 ratio 0.79, confidence interval (CI) 0.66 to 0.96). Children of
 Pacific Island ethnicity (effect ratio 1.24, CI 1.00 to 1.55), chil
 dren from low-income households (effect ratio 1.39, CI 1.12 to
 1.72) and children from households were there was smoking
 inside (effect ratio 1.29, CI 1.04 to 1.59) had significantly more
 days off school. There was no significant difference for children
 of Maori ethnicity, or by sex, parental history of asthma, or type
 of school.

 The analysis was repeated for a substantial subset of children
 (57%) living in households where the previous main form of
 heating had been a portable unflued gas heater. In this subset,
 children in the intervention group had a significant reduction

 (effect ratio 0.72, CI 0.55 to 0.93) in days absent compared to the
 control group.

 In addition to absence data for the children with asthma,
 complete absence data were also collected for 194 siblings, 54%
 of whom did not have asthma. The average winter absence for
 siblings in the intervention group was 6.7 days compared with
 7.4 days for siblings in the control group, an improvement of
 1.3 days. Table 4 shows the ANCOVA using the same factors as
 above, plus controlling for the presence of asthma. Although we
 found reduced school absence for siblings in the intervention
 group, the result did not quite reach statistical significance
 (p=0.09). We did not include siblings in the main study results
 to avoid household clustering effects.

 DISCUSSION
 The results reported on in this paper show that more effective
 heating in homes, previously reliant on unflued gas heating,
 open fires or low-kilowatt electric heaters, can reduce winter
 school absence for asthmatic children by an average of 21%, or
 approximately 1.9 days over the middle two (winter) school
 terms. This represents a large amount of potentially preventable
 school absence, when taken over the entire New Zealand
 population of asthmatic children living in households currently
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 Table 1 Children with complete versus incomplete data

 Complete data
 (n = 269)

 Incomplete
 (or no) data
 (n = 80)

 Significance
 of difference

 Sex (male)
 Parental asthma

 Ethnicity
 Maori
 Pacific Island

 NZ European
 Other

 Region
 Porirua

 H?tt Valley
 Christchurch

 Dunedin/Bluff

 School

 Contributing

 Full primary
 Intermediate

 Secondary
 Income

 <$38 000
 $38 000
 $60 000
 >$60 000
 Not specified

 Smoking inside

 59%
 56%

 32%
 22%
 67%
 9.3%

 27%
 24%
 33%
 16%

 32%
 32%
 20%
 16%

 38%
 27%

 17%
 18%
 21%

 160
 151

 87
 58
 180
 25

 72
 65
 89
 43

 85
 87
 53
 44

 102
 72

 46
 49
 57

 53%
 45%

 49%
 9%

 58%
 59%

 5%
 31%

 35%
 43%
 14%

 39%
 19%

 25%
 18%
 21%

 42
 36

 39
 7

 47
 5

 6
 45
 4

 25

 28
 34
 11
 7

 31
 15

 20
 14
 17

 0.62
 0.10

 0.01
 0.01
 0.22
 0.53

 0.0005
 <0.0001
 <0.0001

 0.004

 0.66
 0.12
 0.30
 0.13

 0.98
 0.19

 0.16
 0.98
 0.89

 using these forms of heating. Data from the 2006 NZ Census
 showed that there were approximately 592000 children aged
 5?14 years. Of these children, approximately one in four, or
 148 000 children, will experience symptoms of asthma.

 Data from the 2006 Census also showed that around 30% of

 New Zealand households are using either unflued heaters or no

 Table 2 Children with complete data
 group

 -intervention versus control

 Intervention

 group
 (n = 135)

 Sex (male)
 Parental asthma

 Ethnicity
 Maori
 Pacific Island

 NZ European
 Other

 Region
 Porirua

 H?tt Valley
 Christchurch

 Dunedin/Bluff

 School

 Contributing

 Full primary
 Intermediate

 Secondary
 Income

 <$38 000
 $38 000
 $60 000
 >$60000
 Not specified

 Smoking inside

 56%
 56%

 31%
 24%
 64%
 11%

 25%
 28%
 33%
 13%

 34%
 32%
 20%
 14%

 44%
 21%

 16%
 19%
 21%

 75
 75

 42
 33
 86
 15

 34
 38
 45
 18

 46
 43
 27
 19

 60
 28

 22
 25
 28

 Control
 group
 (n = 134)

 63%
 57%

 34%
 19%
 70%
 7.5%

 28%
 20%
 33%
 19%

 29%
 33%
 19%
 19%

 31%
 33%

 18%
 18%
 22%

 85
 76

 45
 25
 94
 10

 38
 27
 44
 25

 39
 44
 26
 25

 42
 44

 24
 24
 29

 Significance
 of difference

 0.23
 0.95

 0.60
 0.31
 0.32
 0.41

 0.65
 0.16
 0.97
 0.31

 0.46
 0.97
 0.98
 0.39

 0.04
 0.04

 0.48
 0.98
 0.97

 Days Absent from school during winter 2006

 Control Group Intervention Group

 Figure 3 Days absent from school during winter 2006.

 heating. Assuming that the 148 000 asthmatic children referred
 to are proportionately distributed in these households would

 mean that up to 44400 children are living with suboptimal
 heating. Using an average figure of 1.9 days of potentially
 preventable absence for each asthmatic child gives a total of
 approximately 84000 potentially preventable days of school
 absence each winter.

 These figures almost certainly under-represent the true situ
 ation, as the effect on siblings has not been accounted for nor
 have the figures included those living in households using
 inadequate electric heating. The analysis also ignores the days
 lost for the approximately 300 000 children aged 15?19, some of

 whom would still be at school. Even more importantly however,
 this simple analysis overlooks the income, housing and other
 social disparities that exist, as low-income households, who
 struggle most to afford power, are also likely to be the ones with
 the most children. Lower-income households are also less likely
 to provide private study spaces and material resources such as
 computers and study materials to support a child's learning,42 43
 and the adults in these houses are less likely to be well educated
 themselves. These factors affect the ways in which the disrup
 tion to a child's education can be accommodated for.
 The assertion is often made that absenteeism is associated

 with poorer educational outcomes and social adjustment. The
 situation is complex, as some studies have shown that a low

 Table 3 Multivariate ANC0VA model for the effect on school absence

 of specified factors

 Contributing factor Effect ratio* Cl p Value

 Intervention group 0.79 0.66 to 0.96 0.02
 Parental asthma 0.89 0.73 to 1.08 0.25
 Sex (male) 0.98 0.80 to 1.19 0.82
 Maori ethnicity 1.05 0.85 to 1.29 0.66
 Pacific Island ethnicity 1.24 1.00 to 1.55 0.05
 Full primary school 1.19 0.93 to 1.51 0.16
 Intermediate school 1.11 0.84 to 1.45 0.46
 Secondary school 1.10 0.82 to 1.47 0.53
 Low income (<$38000) 1.39 1.12 to 1.72 0.003
 Smoking inside 1.29 1.04 to 1.59 0.02
 ANC0VA, analysis of covariance.
 Ethnicity was referenced against New Zealand European or Other. The level of schooling
 was referenced against contributing schools (5-10 years). Parental asthma was
 considered to exist if either parent had ever been diagnosed with asthma. Smoking inside
 was considered to exist if any level of smoking inside was reported.
 *The effect ratio is the average number of days absent for those having the specified factor
 divided by the average number of days absent for those not having the factor after
 controlling for all other specified factors. Null deviance: 3107.7 on 251 df. Residual
 deviance: 2123.9 on 240 df. Dispersion factor=9.617085.
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 Table 4 Multivariate ANCOVA model for siblings_
 Contributing factor Effect ratio* Cl p Value

 Intervention group 0.82 0.65 to 1.03 0.02
 Asthma 1.04 0.82 to 1.31 0.74

 Parental asthma 0.89 0.73 to 1.08 0.25
 Sex (male) 0.84 0.66 to 1.07 0.16
 Maori ethnicity 1.21 0.94 to 1.57 0.14
 Pacific Island ethnicity 1.24 1.00 to 1.55 0.76
 Full primary school 1.05 0.78 to 1.41 0.88
 Intermediate school 1.21 0.84 to 1.74 0.31
 Secondary school 1.35 0.95 to 1.93 0.10
 Low income (<$38 000) 1.08 0.82 to 1.42 0.60
 Smoking inside 1.49 1.13 to 1.96 0.006
 ANCOVA, analysis of covariance.
 We have controlled for asthma, since 54% of siblings did not have asthma. Ethnicity was
 referenced against New Zealand European or other. The level of schooling was referenced
 against contributing schools (5-10 years). Parental asthma was considered to exist if
 either parent had ever been diagnosed with asthma. Smoking inside was considered to
 exist if any level of smoking inside was reported.
 *The effect ratio is the average number of days absent for those having the specified factor
 divided by the average number of days absent for those not having the factor after
 controlling for all other specified factors. Null deviance: 1881.7 on 172 df. Residual
 deviance: 1241.7 on 160 df. Dispersion factor=7.542391.

 level of absenteeism does not cause any adverse effect on
 academic outcomes.^ However, there is evidence that higher rates
 of absenteeism can have an adverse impact on achievement. New
 Zealand research on the participants of the Competent Learners
 study as they turned 16 revealed some interesting results.
 Students with good or very good attendance scored as well as
 students with excellent attendance in terms of the number of
 New Zealand Certificate of Educational Attainment Level 1

 credits gained. In contrast, only 36% of students with fair
 attendance gained a comparable number of credits, and this
 dropped to 1% of students in the group with poor attendance.44
 These New Zealand results confirm findings from a recent US
 study where absenteeism was found to have a significant
 (p<0.001) inverse relationship with standardised test scores.45
 Literature from both New Zealand and elsewhere demon

 strates that attendance and achievement are interlinked, with
 low achievement itself a risk for poor attendance.44 Unless the
 home environment is very supportive, or there are excellent
 school-based systems in place to ensure students can catch up on

 work missed during absences, there is a real risk that frequent
 absences can start a process of disengagement with schooling
 that is difficult to arrest.

 Apart from the obvious effects on academic outcomes,
 disengagement from school has also been found to be a risk
 factor for poor mental health,46 smoking, antisocial behaviour,
 and drug related offences47 and for early sexual initiation (before
 the age of 16) for both boys and girls in New Zealand.48

 STUDY LIMITATIONS

 Although this study had a robust experimental design, there
 were limitations in data collection. Compared to the population
 as a whole, our study had more low-income households and
 more Maori and Pacific Island households. Our study sample
 was geographically clustered, albeit in several different regions.
 Region was initially controlled for in the ANCOVA but was
 found to have no effect.

 The absence data collected were also biased towards propor
 tionately more complete data available from the Porirua and
 Christchurch regions. For children with complete data, more
 came from the lowest-income households in the intervention

 group than in the control group. The last factor was accounted
 for by controlling for income in the analysis.

 A second limitation is that, although the effect of the inter
 vention in reducing school absence for asthmatic children is
 clear, the mechanism by which this happens is not. We
 hypothesised that this effect is due to increased temperature and
 reduced indoor air pollution leading to reduced asthma symp
 toms, possibly through reduced illness; however, as outlined in
 figure 1, many possible alternative mechanisms exist. It is
 possible that any child who awakens in a cold home is more
 likely to stay in bed longer and miss school. Alternatively
 a warmer house may lead to better family functioning and
 routines, and hence more support for the child's education. The
 fact that the asthmatic children's siblings (54% were non-asth
 matic) also had an improvement in school absence suggests that
 whatever the mechanism are, at least some of them affect both
 asthmatic and non-asthmatic children. It is indeed possible that
 the greater benefit seen by the asthmatic children is due to their
 higher total number of days off and hence greater room for
 improvement.
 Although this study has an important strength in terms of the

 quantity and quality of absence data collected, especially when
 compared to many other studies reporting on school absence as
 an outcome,3 it is a limitation that the reasons for absences were
 unknown. The validity of these data, in showing an effect
 because of the replacement heating, relies on the proportion of
 days absent for reasons unrelated to illness or housing conditions
 being similar in both the intervention and non-intervention
 groups. This necessitated the collection of a large quantity of
 data to allow the underlying trends to emerge.

 CONCLUSION

 Our study considerably strengthens the evidence that installing
 effective non-polluting home heating reduces school absences for
 children with asthma. This is an important finding given the
 significance of asthma as a contributing factor in school absence.
 The robustness of these conclusions was strengthened by the
 collection of a previous absence history for each child and the
 use of a control group. We also used independently verified data
 from school statutory records rather than relying on parent
 reported data.

 What is already known on this subject

 Cold, damp homes increase respiratory illnesses, especially in
 children with asthma.

 Children with chronic illnesses, such as asthma, have more
 days off school.
 It was not known whether improving home heating reduced
 school absences.

 What does this study add

 Installing more effective heating in the homes of children with
 asthma raises the indoor temperature and lowers the indoor
 air pollution.
 Installing more effective home heating reduces symptoms in
 children with asthma.

 Children with asthma, living in warmer homes, have
 significantly fewer days off school due to their asthma.
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 Policy implications

 Installing effective heating in the homes of children with asthma
 is an important way of reducing their asthma symptoms and

 maintaining their school attendance.
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