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Association between neighbourhood socioeconomic features
and residential fire incidence, related casualties and children:
a cross-sectional population-based study in 4 Canadian
provinces
Emilie Beaulieu MD, Jennifer Smith BFA, Alex Zheng MSc, Ian Pike PhD

Abstract
Background: This study assessed whether socioeconomic factors affect the rates of residential fire incidence and fire-related injuries and deaths, and whether children are affected differently than the general population.
Methods: We employed a cross-sectional study design using data for British Columbia, Alberta, Manitoba and Ontario from the
National Fire Information Database, which includes fire incidents and losses reported by provincial fire marshals across Canada
between 2005 and 2015. It also contains 2011 census subdivision social domain data from Statistics Canada based on fire location.
Multivariable negative binomial regressions tested the significance of relations between census subdivision socioeconomic factors
(average household size, educational attainment, median income and unemployment rate) and the rates of residential fires and casualties per person-year, and casualties per fire incident.
Results: Census subdivisions with higher educational attainment and unemployment rates had higher rates of residential fires (incidence rate ratio [IRR] 1.07, 95% confidence interval [CI] 1.05–1.10, and IRR 1.24, 95% CI 1.18–1.31, respectively) and of residential
fire casualties per person-year (IRR 1.09, 95% CI 1.05–1.13, and IRR 1.29, 95% CI 1.20–1.40, respectively). Census subdivisions
with smaller average households had higher rates of residential fire casualties per person-year (IRR 0.43, 95% CI 0.22–0.83) and per
fire incident (IRR 0.75, 95% CI 0.58–0.97), and the association was even stronger for children (IRR 0.17, 95% CI 0.08–0.36, and IRR
0.41, 95% CI 0.20–0.86, respectively).
Interpretation: The results suggest that efforts to prevent residential fires should be prioritized in neighbourhoods with higher educational attainment and unemployment, whereas house fire safety programs should be intensified in neighbourhoods with smaller
households to prevent fire casualties, especially among children, once a fire does occur.

A

lthough important progress has been made in fire
safety in recent years,1 residential fires cause many
deaths and injuries in Canada every year.2–4 Some
provinces have reported 5–10 deaths per 1 million population and thousands of injuries annually.5–7 These traumatic
events result in acute and long-lasting suffering — devastating for the individual, the family and the community —
which renders residential fires an unquestionable public
health issue. Because residential fires are largely preventable,8 advancing our understanding of the factors that contribute to these events is essential for the effective application of preventive clinical and community interventions.
Given the absence of national fire data in Canada until
recently,9 Canadian research on this topic to date has been
limited to individual provinces and has mainly assessed contributing factors such as circumstances of fire and victims’
demographic characteristics.2,3,6,10
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Identifying contributing factors at the population level is
also important to guide public health efforts toward house fire
safety and effectively prevent residential fire and related injuries and deaths (casualties). According to the US Fire Administration, “socio-economic factors are among the best predictors
of fire rates at the neighborhood level.”11 Studies from the
United States and the United Kingdom11–15 showed that socioeconomic deprivation was associated with higher risk of residential fires and related casualties; however, very few Canadian
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studies have examined socioeconomic factors contributing to
residential fires in recent decades.16 Given the different welfare
state and public policies between countries,17 assuming that
findings from US and UK studies are generalizable to the
Canadian context may lead to erroneous conclusions and ineffective efforts to protect vulnerable populations. Children in
particular have been generally overlooked in previous literature examining socioeconomic factors and the risk of injury
from residential fires.2,12 Additional knowledge about these
relations is key to ensuring that house fire safety counselling
and prevention programs protect the most vulnerable Canadians, including children.
The purpose of this study was to explore the relation
between socioeconomic status and residential fires in Canada;
specifically, to determine whether socioeconomic status
affects the rates of fire incidence and fire-related casualties,
and whether children are affected differently than the general
population. A second aim of this study was to assess the effect
of socioeconomic status on injury severity.

Methods
Study design and setting

We applied a population-based cross-sectional study design to
data from the National Fire Information Database (NFID), a
demonstration project carried out by the Canadian Association of Fire Chiefs and a division of Statistics Canada, and
funded by the Canadian Safety and Security Centre, Defence
Research and Development Canada and Public Safety Canada
to standardize fire data throughout Canada and enable
national analyses and provincial comparisons. The NFID
includes 11 years (2005–2015) of microdata information on
fire incidents and losses reported by regional fire services to
provincial/territorial fire marshals and fire commissioners
offices from 6 jurisdictions across Canada (British Columbia,
Alberta, Saskatchewan, Manitoba, Ontario and New Brunswick) and the Canadian Armed Forces. The database includes
many variables, such as the time and location of the fire, property details, fire protection features, circumstances of the fire
and victims’ demographic characteristics. It also contains
social domain data at the census subdivision and census metropolitan area/census agglomeration levels, provided by the
Statistics Canada 2006 census and the 2011 National Household Survey. Additional information pertaining to the NFID
has been published previously.16,18

Analytic sample

All residential fires reported by provincial/territorial fire marshals and fire commissioners offices, as well as all casualties
that resulted from these residential fires among people of all
ages were included in the study. We identified residential fires
through the combination of the major occupancy and the
property classification variables categorized as “residential.”
Residential buildings included, but were not limited to, single
detached homes, duplexes, semidetached homes, row/garden/
town housing, apartments, tenements, hotels/motels, hostels/
boarding houses and dormitories. The Canadian Armed

Forces and New Brunswick did not provide residential information, and Saskatchewan did not provide socioeconomic
data; all 3 were excluded from the study.

Study variables

Both social and economic characteristics have been shown to
influence health and injury risk.19 Economic factors studied in
the literature usually include income, education and employment, and social factors comprise factors such as social isolation, lone-parent families and size of household. We extracted
the following socioeconomic variables at the 2011 census subdivision (neighbourhood) level from the NFID and used them
as continuous variables: average number of persons in private
households, educational attainment (percentage of population
aged ≥ 25 yr with certificate, diploma or degree), annual
median per capita after-tax income, percentage of lone-parent
family households and unemployment rate. We categorized
age to separate vulnerable populations of interest: 4 years or
less (babies), 5–14 years (children), 15–19 years (youth),
20–64 years (adults), and 65 years or more (older adults).
Injury severity was based on NFID classification (minor, light,
severe) and was dichotomized as minor injury (including both
minor and light injury) (hospital stay < 3 d) and severe injury
(hospital stay ≥ 3 d).

Statistical analysis

We calculated rates per person-year by dividing the number
of residential fires or casualties by population estimates for
census subdivisions. We conducted a collinearity test on
socioeconomic variables and subsequently excluded lone parent from the analysis.
Neighbourhoods with a greater number of house fires
likely report more fire injuries and deaths. Adjusting house
fire casualties for the number of house fire incidents in the
neighbourhood (rates of casualties per fire incidents) identifies
which socioeconomic factors directly affect the risk of house
fire casualties once a fire does occur. We performed 5 different negative binomial regression models to test the strength
of the relation between socioeconomic status exposure variables (average number of persons in private households, educational attainment, annual median per capita after-tax
income and unemployment rate) and the following outcomes:
1) rate of fire incidents per person-year, 2) rate of casualties
per person-year, 3) rate of casualties per person-year among
children, 4) rate of casualties per fire incidents and 5) rate of
casualties per fire incidents among children. Each model was
adjusted for province. We selected negative binomial regression because overdispersion was observed when conducting
Poisson models.
Second, we applied a multivariable logistic regression to
examine the relation between the 4 socioeconomic status
exposure variables and injury severity (severe injury and
death v. minor injury), which was set as the binary outcome
variable. The model was adjusted for province, age and victim gender.
All tests were 2-tailed, with significance set at a p value of
0.05. We analyzed the data using SAS University Edition.
CMAJ OPEN, 7(3)
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Given the secondary use of anonymous data from the NFID,
this study was exempted from review by the University of
British Columbia/Children’s and Women’s Health Centre of
British Columbia Research Ethics Board.

Results
From 2005 to 2015, 145 252 residential fires and 9952 casualties
were reported. Sixty-six fire incidents and 4.5 casualties, including 1.1 casualties among children, occurred per 100 000 personyears. The rate of casualties per 1000 fire incidents was 68.5
among the general population and 2.9 among children. Table 1
presents injury severity among subgroups. Of the casualties for
whom sex and age were known, the majority were male (4317
[66.2%]) and adult (5078 [87.5%]); 6090/9952 (61.2%) were

injured in Ontario. Minor injuries were most common among
all subgroups except for adults aged 65 years or more and those
in Manitoba, for whom death was more frequent.
Results of the multivariable negative binomial models1–5
are presented in Table 2. Model 1 showed that only educational attainment and unemployment rate were significantly
associated with the rate of fire incidents per person-year: the
rate of fire incidents per person-year increased by 7% for every
1% increase in educational level attained (incidence rate ratio
[IRR] 1.07, 95% confidence interval [CI] 1.05–1.10) and by
24% for every 1% increase in unemployment rate (IRR 1.24,
95% CI 1.18–1.31). In model 2, educational attainment and
unemployment rate showed similar associations with the rate
of casualties per person-year. The average number of persons
in private households was significantly associated with the rate
of casualties per person-year (IRR 0.43, 95% CI 0.22–0.83),

Table 1: Residential fire injury severity by gender, age, province and census subdivision socioeconomic
factor, 2005–2015
Injury severity; no. (%) of casualties*
Total
n = 9952

Minor injury
n = 7033

Severe injury
n = 1795

Death
n = 1124

4317 (43.4)

2875 (66.6)

734 (17.0)

708 (16.4)

Female

2201 (22.1)

1456 (66.2)

330 (15.0)

415 (18.8)

Missing

3434 (34.5)

–

–

–

112 (1.1)

75 (67.0)

15 (13.4)

22 (19.6)

5–14

313 (3.1)

215 (68.7)

59 (18.8)

39 (12.5)

15–19

298 (3.0)

202 (67.8)

62 (20.8)

34 (11.4)

20–64

4271 (42.9)

2875 (67.3)

752 (17.6)

644 (15.1)

807 (8.1)

336 (41.6)

108 (13.4)

363 (45.0)

4151 (41.7)

–

–

–

British Columbia

2059 (20.7)

1606 (78.0)

196 (9.5)

257 (12.5)

Alberta

1661 (16.7)

1259 (75.8)

196 (11.8)

206 (12.4)

Variable
Gender
Male

Age, yr
≤4

≥ 65
Missing
Province

Manitoba
Ontario

142 (1.4)

32 (22.5)

19 (13.4)

91 (64.1)

6090 (61.2)

4136 (67.9)

1384 (22.7)

570 (9.4)

Census subdivision socioeconomic variable, median (5th–95th percentile)
Average no. of
persons in private
household

–

2.5 (2.2–3.1)

2.5 (2.2–3.3)

2.5 (2.1–3.0)

Educational
attainment, %†

–

82.5 (74.74–87.3)

81.04 (74.60–87.1)

81.08 (68.82–87.1)

Annual median per
capita after-tax
income, $10 000s

–

4.27 (3.47–5.6)

4.27 (3.60–5.4)

4.22 (3.32–5.6)

Unemployment
rate, %

–

7.9 (5.2–10.8)

8.4 (5.8–10.5)

7.6 (4.6–12.2)

*Except where noted otherwise. Proportions for minor injury, severe injury and death are for variable subcategories.
†Percentage of the population aged 25 years or more with a certificate, diploma or degree.
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Table 2: Multivariable negative binomial regression results for the relation between 2011 census subdivision* socioeconomic
variables and the rate of fire incidents per person-year, the rate of casualties per person-year and the rate of casualties per fire
incident
Model; IRR (95% CI)

Variable

1: Fire incidents per
person-year

2: Casualties per
person-year

3: Casualties per
person-year
among those
aged ≤ 14 yr

4:Casualties per fire
incident

5: Casualties per
fire incident
among those
aged ≤ 14 yr

0.43 (0.22–0.83)

0.17 (0.08–0.36)

0.75 (0.58–0.97)

0.41 (0.20–0.86)

Census subdivision socioeconomic variable
Average no. of persons
in private household

0.75 (0.50–1.15)

Educational attainment

1.07 (1.05–1.11)

1.09 (1.05–1.13)

0.96 (0.93–1.00)

1.01 (0.99–1.02)

0.99 (0.95–1.02)

Annual median per
capita after-tax income

0.95 (0.86–1.06)

0.92 (0.78–1.09)

1.22 (0.96–1.54)

1.04 (0.95–1.13)

1.25 (0.98–1.60)

Unemployment rate

1.24 (1.18–1.31)

1.29 (1.20–1.40)

1.01 (0.93–1.10)

1.02 (0.99–1.05)

1.00 (0.91–1.09)

19.80 (12.60–30.90)

0.59 (0.36–0.95)

0.97 (0.80–1.16)

0.54 (0.36–0.80)

Province (reference = British Columbia)
Ontario

18.90 (13.90–25.75)

Manitoba

7.02 (4.12–11.70)

1.91 (0.79–4.60)

0.48 (0.16–1.50)

0.22 (0.14–0.35)

0.36 (0.14–0.92)

Alberta

4.51 (2.85–6.88)

6.38 (3.33–12.20)

0.82 (0.41–1.63)

1.32 (1.01–1.72)

1.32 (0.77–2.27)

Note: CI = confidence interval, IRR = incidence rate ratio.
*Results based on 735 census subdivisions.

Table 3: Multivariable logistic regression results for the
relation between injury severity* and 2011 census
subdivision socioeconomic variables†

Variable

Multivariable OR
(95% CI)

Census subdivision socioeconomic variable
Average number of persons in private
household

0.80 (0.66−0.97)

Educational attainment

0.96 (0.95–0.97)

Annual median per capita after-tax
income

1.09 (0.98−1.21)

Unemployment rate

0.99 (0.96−1.21)

Female sex (ref = male sex)

1.12 (1.02−1.25)

Age, yr (ref = 20–64)
≤4

0.98 (0.65−1.49)

5–14

0.80 (0.62−1.04)

15–19

1.01 (0.77−1.31)

≥ 65

2.95 (2.51−3.47)

Unknown

0.37 (0.33−0.42)

Province (reference = British Columbia)
Ontario

2.46 (2.10−2.87)

Manitoba

7.88 (5.13−12.10)

Alberta

0.85 (0.70−1.03)

Note: CI = confidence interval, OR = odds ratio.
*Defined as a binary variable: severe injury and death versus minor injury.
†Results based on 9228 people.

with an even stronger relation for children, as shown in
model 3. For every 1-person increase in the average number
of persons in private households, there was an 83% decrease
in the rate of casualties per person-year among children aged
14 years or less (IRR 0.17, 95% CI 0.08–0.36). In model 4,
only the average number of persons in private households
showed a significant relation with the rates of casualties once a
fire occurred: for every 1-person increase in the average number of persons in private households, the risk decreased by
25% (IRR 0.75, 95% CI 0.58–0.97); the relation was stronger
for children aged 14 years or less than among the general population (model 5) (IRR 0.41, 95% CI 0.20–0.86).
Multivariable logistic regression showed that, for every
1-person increase in the average number of persons in private
households, the odds of death and severe injury (v. minor
injury) decreased by 20% (odds ratio [OR] 0.80, 95% CI
0.66–0.97) (Table 3). For every 1% increase in educational
level attained, the odds of death and severe injury decreased
by 4% (OR 0.96, 95% CI 0.95–0.97).
Income was not significantly associated with any outcomes.

Interpretation
We found that neighbourhoods with higher educational
attainment and unemployment rate experienced higher rates
of residential fires and fire-related casualties. However, when
assessing the rates of casualties once a fire does occur, educational attainment and unemployment no longer affected the
relation. In addition to being associated with casualty rates per
person-year, average household size was the only socioeconomic status variable associated with the rates of casualties per
CMAJ OPEN, 7(3)
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fire incident. Smaller household size was the only socioeconomic status variable to influence the risk of casualty once a
fire occurred, and this association was even stronger for children. This is concerning, given the considerable decline of the
average household size in Canada in recent decades.20 Our
results also showed that neighbourhoods with larger average
household size and higher educational attainment had lower
odds of severe injury and death compared to minor injury.
Income was not associated with residential fires, casualties or
injury severity.
Although the literature suggests that socioeconomic deprivation increases the risk of fire incidents and related casualties
overall,11,15,21 mixed findings across studies render the association between educational attainment, residential fire incidents
and casualties inconclusive.21,22 However, 2 recent studies
showed that higher level of education was associated with
increased risk of residential fire incidents,23,24 consistent with
our findings. Our results for employment status are consistent
with those of previous studies.21,22,25 Although the absence of a
relation between income and risk of residential fire incidents
and casualties was surprising, recent studies have also shown
no association.23,24,26 This may be explained by various financial support and fire safety programs delivering free smoke
detectors and education, which may limit the influence of
poverty on some risk factors for residential fires in Canada,
but additional studies are needed.
Previous investigators also found that household size was
not associated with risk of fire incidents.21,23,24 However, the
literature is sparse regarding the strength of the relation
between household size and fire casualty rates. Studies have
shown that people living alone who were alone at the time of
a fire and lone-parent households were at increased risk for
residential fire injuries and deaths,16,25,27,28 consistent with our
finding regarding small household size and increased rates of
fire casualties once a fire occurs. Nonetheless, neighbourhoods with a predominance of smaller households have seldom been examined and reported as indicators of populations
at high risk for residential–fire-related casualties. Although
recent studies in low- and middle-income countries have
reiterated overcrowding as a risk factor for residential fire
casualties,29,30 this association has not been shown in Canada
among the general population.31 Household overcrowding,
defined as a people per room ratio above 1, is reported in only
3% of the Canadian population.32 Given that the neighbourhood average number of persons in private households
included in this study ranged between 1.8 and 4.4, it likely did
not meet household overcrowding criteria, which may explain
why no association between residential fire and overcrowding
was observed. To our knowledge, no other ecological studies
have adjusted the risk of casualties by fire incidents, which
limits comparisons to our results.
Additional research with individual-level data is essential to
confirm our results, particularly as they apply in the Canadian
context. Further studies are needed to clarify the impact of
income on residential fire casualties and to understand why
neighbourhoods with high educational attainment have
higher rates of residential fires and casualties. The influence
E566
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of average household size on fire-related casualty risk should
also be further investigated. We hypothesize that help may be
more readily available in neighbourhoods with larger average
household size, thereby reducing the likelihood of injuries and
deaths regardless of the presence of a house fire safety plan. In
neighbourhoods with smaller households, the house fire safety
plan may mediate this relation as the only tool available at the
time of a fire to escape and to avoid potential injuries or
death. Further investigation could inform practical actions to
reduce the increased risk of fire casualties in neighbourhoods
with a predominance of smaller households.

Limitations

Not all provinces provided socioeconomic or residential data
in the NFID; only 4 provinces were included in our final
analyses. Not all fire services provided consistent data for
some variables, with possible underreporting of residential
fire incidents and casualties. Among the 4 provinces included
in this study, there were almost no missing data for residential fire incidence, casualties and socioeconomic factors, but
age and gender were unknown for more than a third of victims. However, these cases were still included in the final
logistic model as a separate age and gender category. Missing
age data resulted in inclusion of a small number of casualties
in the negative binomial regression for children, which may
have affected the measure of association toward the null. Second, the NFID used hospital length of stay to categorize
injury severity, which may limit the validity of this variable.
Tables 1 and 3 should be interpreted with caution. Third,
because the socioeconomic data used were provided at the
census subdivision level, inference cannot be made at the
individual level (ecological fallacy).33 Associations may not be
observable between neighbourhoods if household socioeconomic conditions are heterogeneous among neighbourhoods.
Moreover, they may be influenced by mediators that were
not directly assessed through our study, such as type of building, and proportion of refugee and immigrants living in the
neighbourhood.

Conclusion

By estimating rates of fire casualties per fire incident, our
study identifies which neighbourhood socioeconomic factors
influence the risk of being injured or killed in a house fire,
after adjustment for neighbourhood residential fire rates. In
the context of fiscal constraint, the study provides evidence to
intensify residential fire prevention in neighbourhoods with
higher educational attainment and unemployment rates and
to prioritize education programs regarding house fire safety in
areas with a predominance of smaller households, including
neighbourhoods with single-parent families. Physicians working in identified high-risk neighbourhoods can contribute by
including systematic fire prevention and safety counselling
about a smoke-free house, matches and lighter safety, fire
escape plans and smoke alarms during patient visits. Our
findings emphasize the importance of acknowledging the differences between children and adults, and physicians and public health practitioners are ideally positioned to support
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prevention efforts through direct counselling and through
collaboration with schools and other agencies to regularly
develop and integrate fire prevention activities.
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