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Abstract
Background: Inuit infants have the highest reported rate of
hospital admissions because of lower respiratory tract infections in the world. We evaluated the prevalence of reduced
ventilation in houses in Nunavut, Canada, and whether this
was associated with an increased risk of these infections
among young Inuit children.
Methods: We measured ventilation in 49 homes of Inuit children less than 5 years of age in Qikiqtaaluk (Baffin) Region,
Nunavut. We identified the occurrence of lower respiratory
tract infections using a standardized questionnaire. Associations between ventilation measures and lower respiratory
tract infection were evaluated using multiple logistic regression models.
Results: The mean number of occupants per house was 6.1
people. The mean ventilation rate per person was 5.6 L/s
(standard deviation [SD] 3.7); 80% (37/46) of the houses had
ventilation rates below the recommended rate of 7.5 L/s per
person. The mean indoor carbon dioxide (CO2) concentration
of 1358 (SD 531) ppm was higher than the recommended target level of 1000 ppm. Smokers were present in 46 homes
(94%). Of the 49 children, 27 (55%) had a reported history of
lower respiratory tract infection. Reported respiratory infection was significantly associated with mean CO2 levels (odds
ratio [OR] 2.85 per 500-ppm increase in mean indoor CO2,
95% confidence interval [CI] 1.23–6.59) and occupancy (OR
1.81 for each additional occupant, 95% CI 1.14–2.86).
Interpretation: Reduced ventilation and crowding may contribute to the observed excess of lower respiratory tract infection among young Inuit children. The benefits of measures to reduce indoor smoking and occupancy rates and to
increase ventilation should be studied.
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I

nuit infants in Qikiqtaaluk (Baffin) Region, Nunavut,
Canada, have the highest reported rate of hospital admissions because of severe respiratory syncytial virus infection in the world, with annualized rates of up to 306 per 1000

infants.1 High rates of hospital admission because of lower
respiratory tract infections have also been reported among
Native infants in Alaska2 and Inuit infants in Greenland.3 Invasive Streptococcus pneumoniae infection, including pneumonia, is also relatively frequent.4 Respiratory syncytial virus
infection is also unusually severe in this population: 12% of
infants admitted to the Baffin Regional Hospital in Iqaluit
(Qikiqtaaluk Region’s regional hospital) required intubation
and mechanical ventilation, necessitating costly and difficult
air transport to tertiary care hospitals in southern Canada.1
Inuit and Alaska Native infants also have disproportionately
high rates of permanent chronic lung disease after a lower
respiratory tract infection.5 Alaska Native infants have been
reported to have the highest prevalence of bronchiectasis
recorded, nearly always preceded by recurrent severe lower
respiratory tract infection.6–8 The reasons why young Inuit
children have such severe respiratory infection remain unclear. Their immune function appears to be normal,6,9 and
cystic fibrosis and primary ciliary dyskinesia are rare.6,7 Overcrowding and exposure to environmental tobacco smoke are
believed to play important roles.1,10
Ventilation is the process by which fresh air is introduced
and stale air removed from an occupied space.11 Adequacy of
ventilation can be evaluated directly or indirectly: directly, by
measuring air change rates and occupancy and then calculating
ventilation per person; indirectly, or by monitoring the indoor
concentration of carbon dioxide (CO2), which is a function of
the number of occupants (the primary source of indoor CO2)
and the amount of airflow available to clear CO2 from the building.12 In the winter of 2003, we completed a pilot study evaluating indoor air quality in the homes of 20 Inuit infants in Cape
Dorset, Nunavut. These homes were single-storey dwellings,
raised above ground, and had no basements because of permafrost.13 They were small relative to houses in southern
Canada. Many of the houses were found to have inadequate
ventilation, determined either directly or by evaluating indoor
CO2. Exposure to environmental tobacco smoke was nearly
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universal.14 Our current study was designed to evaluate the hypothesis that inadequate ventilation is prevalent in the houses
of young Inuit children in Nunavut and that it is associated with
an increased risk of lower respiratory tract infection.15

Methods

tal tobacco smoke. These liaison officers had no background
in health care or research, but they were trained by the senior
investigator (T.K.) and an Inuktitut translator experienced in
health care terminology provided by the Ottawa Health Sciences Network Inc. (Ottawa) in how to administer the health
questionnaire. Interobserver reliability was not assessed.

Study design

Outcome measures

The study was carried out in Inuit houses in 4 communities in
Qikiqtaaluk Region, Nunavut: Cape Dorset, Igloolik, Clyde
River and Pond Inlet. Each community has a population of
780–1200 people.16 Inuit housing is owned and maintained
by the Nunavut Housing Corporation, Government of Nunavut, and all such housing is eligible for investigation of indoor air quality. The target sample size was 25 houses per
community — about 15% of the housing in each hamlet. Indoor air quality was measured in a convenience sample of 95
houses selected by the Nunavut Housing Corporation and the
local housing councils.17 Our report focuses on the subset of
houses occupied by at least 1 Inuit child less than 5 years of
age. When more than 1 child lived in a household, we included only the youngest in the study. Informed consent was
obtained from each household.
The study was conducted in consultation with 2 local Inuit
associations in Iqaluit: the Qikiqtani Inuit Association and
Nunavut Tunngavik Inc. Ethics approval was obtained from
the Research Ethics Board at the Children’s Hospital of Eastern Ontario. A research licence was obtained from the
Nunavut Research Institute (Iqaluit, Nunavut).

Our primary study outcome was whether children had ever
experienced a lower respiratory tract infection. Since lower
respiratory tract infection can be defined as infection of the
intrathoracic airways or lung parenchyma, and because infection with respiratory syncytial virus involves contiguous
spread of virus from the bronchioles to the alveoli, we considered a history of either bronchiolitis or pneumonia to constitute lower respiratory tract infection.21

Investigation of indoor air quality
A trained inspector provided by the Nunavut Housing Corporation carried out a brief home inspection, and samplers were
placed in the main living area. Indoor relative humidity, temperature and CO2 concentrations were measured simultaneously over 3–5 days with a portable monitor (YES 206LH
monitor, YES Environment Technologies Inc., Delta, BC),
which logged data every 15 minutes and detects CO2 with a
nondispersive infrared technique.18 Natural air change rates
were determined by means of the perfluorocarbon tracer gas
technique.19 The study was carried out in 2005 between January and March, under extreme Arctic weather conditions:
the mean outdoor temperature was –20°C (range –32°C to
–4.5°C). Ventilation during this time of year, when doors and
windows are normally kept shut, was expected to be poorest,
and generally coincides with the peak rates of lower respiratory tract infection.

Study population
Households received the American Thoracic Society children’s
respiratory questionnaire (ATS-DLD-C), shortened and
slightly modified for use in Nunavut. It was translated into
Inuktitut when necessary and administered by a community liaison officer from the Qikiqtani Inuit Association.15,20 Data
were collected about the child’s age and sex, prior episodes of
bronchiolitis or pneumonia, prior visits to the local nursing
station, admissions to hospital, any prior history of prematurity or asthma, home occupancy and exposure to environmen-
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Statistical analysis
Pearson correlation coefficients were used initially to measure
correlations among quantitative variables. Associations between dichotomous health outcomes and characteristics of
the infants and their homes were determined by odds ratios
with 95% confidence intervals and univariate logistic regression. Multiple logistic regressions were performed with lower
respiratory tract infection as the outcome variable. Because
the sample was small and many of the variables for indoor air
quality were highly and often causally related, we limited the
multiple logistic regressions to minimally correlated variables. The first model used mean CO2 as the main exposure
variable and was adjusted for age, sex of the infant and number of occupants in the home. Occupancy was the main exposure variable in the second model, this time adjusting for age,
sex and ventilation rate. In this model, the ventilation rate (in
litres per second) was used as the indicator of home ventilation, to separately evaluate the effects of occupancy and ventilation. For all analyses, p < 0.05 was considered to be statistically significant.

Table 1: Demographic and medical characteristics of the
children included in the study (n = 49)

Characteristic
Male sex

No. (%)
of children
20 (41)

Age, mo
< 12

26 (53)

13–24

14 (29)

> 24

9 (18)

Reported history of respiratory illness
Lower respiratory tract infection

27 (55)

Bronchiolitis

11 (22)

Pneumonia

22 (45)

Asthma
Hospital admission because
of respiratory illness
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Results
Data on respiratory health and residential indoor air quality
were collected for 49 children between 3 and 51 months of
age (mean age 15.9 months). There were 3, 7, 15 and 24 children included from the 4 communities, respectively. Twentyseven of the children (55%) were reported to have had a lower
respiratory tract infection (defined as either bronchiolitis or
pneumonia). Twenty-one of the children (43%) were reported
to have been admitted to hospital in Nunavut and 11 (22%) to
have required transfer to a tertiary care centre. Characteristics
of the children are summarized in Table 1, and observations
on indoor air quality in Table 2.22–24 Forty-six (94%) of the 49
homes had occupants who smoked, with a mean of 3 smokers (range 0–8) per household.
The 49 houses were small (Table 2), although newer
houses tended to have larger indoor air volumes (r = 0.32,
p = 0.027). The mean number of rooms (excluding bathrooms) per house was 2.8. Occupancy levels were high, with
a mean of 6.1 (range 4–12) residents per house. Six houses
(13% of 46) had ventilation below the recommended minimum of 0.35 changes of air per hour.25 Ventilation per person
was low: the mean value per person was 5.6 L/s (standard deviation [SD] 3.7 L/s) and fell below the recommended limit
(7.5 L/s per person) in 80% of these houses.26 Indoor mean
CO2 levels were elevated, with a mean of 1358 (SD 531) ppm
and a maximum of 2327 (SD 1068) ppm. The target recommended for Canadian residences (mean CO2 1000 ppm) and
maximum recommended CO2 level of 3500 ppm were exTable 2: Indoor variables in the children’s homes (n = 49)

Characteristic

Mean (SD)

Comparative
value*

174 (59)

55044

Volume of house, m3 (n = 49)
Age of building, yr (n = 48)

23.7 (10.3)

Air-quality variables

ceeded in 28 (67% of 42) and 5 (12% of 42) homes, respectively.27,28 The houses tended to be warm and dry. Relative
humidity was positively associated with mean CO 2 level
(r = 0.75, p < 0.0001) and negatively associated with ventilation per person (r = –0.54, p < 0.001; Table 3).
When the study houses were compared with 46 houses in
these communities that were not occupied by young children,
the differences in age of house, ventilation rate, temperature,
relative humidity, and mean and maximum CO2 concentration were not statistically significant (data available from the
corresponding author on request). The 46 houses not occupied by children were significantly larger (mean volume
223 m3 v. 174 m3, p = 0.002), with a lower calculated air
change rate (0.53 v. 0.70 changes/h, p = 0.038). Because occupancy data were unavailable for the houses without children, we could not compare ventilation rates per person.
In the univariate analyses, reported lower respiratory tract
infection was significantly associated with mean and maximum indoor CO2 levels, occupancy, relative humidity and age
of house (Figure 1). Reported asthma was associated with increased maximum indoor CO2 concentrations (odds ratio
[OR] 1.08, p = 0.048) but not with other measures of ventilation. The scarcity of nonsmoking households precluded any
comparisons between smoking and nonsmoking households. Having more versus fewer smokers in the household
was not associated with lower respiratory tract infection (Figure 1); although the number of cigarettes smoked would have
more accurately represented exposure to environmental tobacco smoke, we did not collect this information. In a multiple logistic regression model, lower respiratory tract infection
remained significantly associated with mean CO2 concentration (OR 3.34 per 500-ppm increase in mean CO2, 95% confidence interval [CI] 1.16–9.62) after adjusting for age, sex and
occupancy. In a separate model, lower respiratory tract infection was also significantly associated with occupancy (OR
1.83 for each additional occupant, 95% CI 1.09–3.09) after adjusting for age, sex and ventilation rate.

Interpretation

Smokers in home (n = 49)

3.0 (1.9)

Occupants (n = 49)

6.1 (1.9)

3.3–4.445

Temperature, °C (n = 42)

25.0 (1.9)

2046

Relative humidity, % (n = 42)

29.1 (5.0)

3546

Air changes, hourly (n = 46)

0.7 (0.4)

Houses in Qikiqtaaluk Region were small and crowded relative to most Canadian homes, and they had reduced ventilation both in absolute terms and relative to the number of occupants. Ventilation was reduced in about 80% of the houses
evaluated, with mean and peak CO2 levels commonly exceeding recommended values. In keeping with previous studies of

Note: SD = standard deviation.
*For southern Canada.

Table 3: Pearson correlation coefficients and p values between indoor air-quality parameters (n = 49)

Indoor variable

Air change
rate

p value

Ventilation
per occupant

p value

–0.23

0.16

Mean CO2

p value

Maximum CO2

p value

–0.54

< 0.001

0.75

< 0.001

0.69

< 0.001

Air change rate

—

0.76

< 0.001

–0.44

0.005

–0.32

0.048

Ventilation per occupant

—

—

–0.65

< 0.001

–0.55

< 0.001

CO2, mean concentration

—

—

—

0.75

< 0.001

Relative humidity

Note: CO2 = carbon dioxide.
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young Inuit children,1–3 rates of reported lower respiratory
tract infection were high compared with other populations.
Previous studies have suggested that the risk of lower respiratory tract infection in Inuit and Alaska Native infants is associated with overcrowded housing conditions. One such study1
noted that infants admitted to Baffin Regional Hospital because
of lower respiratory tract infection generally lived in very crowded housing, with a mean of 6.4 occupants, including 3.0 children per house, very similar to the mean occupancy of 6.1 occupants per dwelling that we observed. Similarly, among Native
children in Alaska, the risk of hospital admission because of
respiratory syncytial virus infection was significantly associated
with living with 7 or more additional people or with 4 or more
children, even after controlling for socioeconomic status.29
We found a strong association between indoor CO2 levels
and the risk of lower respiratory tract infection among the
Inuit infants and young children in the study. An elevated CO2
level per se would not cause a respiratory infection, but it is a
proxy for crowding and reduced ventilation, which may enhance the transmission of infection. Our findings suggest that
inadequate home ventilation and overcrowding contributes to
the high rate of lower respiratory tract infection observed
among Inuit children. Reduced ventilation may increase the
concentration of airborne virus. Crowding can increase viral
transmission from person to person and increase the probability of an infected person living in the home. Similarly, in 3

office buildings in Boston, detection of indoor airborne rhinovirus was significantly associated with reduced ventilation;
a 100-ppm increase in indoor CO2 concentration above background was associated with an increased risk of exposure to
infectious droplets.30 Rudnick and Milton,31 in a mathematical
model for predicting transmission of airborne rhinovirus in an
indoor setting, suggested that an indoor CO2 concentration of
1000 ppm could be associated with increased airborne transmission of common respiratory infections.
Environmental tobacco smoke may be another risk factor
for lower respiratory tract infection in Inuit children. In a
meta-analysis,32 environmental tobacco smoke significantly
increased the risk of hospital admission because of lower respiratory tract infection during infancy and early childhood.
Presence of smokers in the home was associated with a significantly increased risk of lower respiratory tract infection in
Sisimiut, Greenland, 10 and in Alaska. 29 Jenkins and colleagues33 reported that 94% of Inuit infants in Iqaluit were exposed to environmental tobacco smoke in the home, like the
rate of 94% we observed, and much higher than the frequency
of about 25% found in southern Canada.34 Although some
studies have found some evidence of a dose–response effect
of environmental tobacco smoke,35,36 no “safe” level has been
identified. Improving ventilation without reducing exposure
is unlikely to diminish the effects of environmental tobacco
smoke on this population. The Nunavut Department of
Increased
risk

Decreased
risk
Variable

Odds ratio (95% CI)
1.79 (0.93–3.44)

Age, per yr

0.50 (0.16–1.62)

Female sex
3

Volume of house, per 100 m

0.40 (0.15–1.11)

No. of rooms, per additional room

1.84 (0.93–3.65)

Age of house, per yr

1.10 (1.02–1.18)

Smokers in house, per additional smoker

1.00 (0.74–1.34)

Occupancy, per additional occupant

1.81 (1.14–2.86)

Temperature, per 1°C increase

0.96 (0.69–1.33)

Relative humidity, per 1% increase

1.17 (1.02–1.36)

Air change rate, per –0.1 change/h

0.98 (0.86–1.13)

Ventilation rate per person, per –1 L/s

1.21 (0.98–1.50)

Mean indoor CO2, per 500 ppm

2.85 (1.23–6.59)

Maximum indoor CO2, per 500 ppm

1.49 (1.02–2.20)

0.1

1.0

1.0

10.0

Figure 1: Forest plot (univariate logistic regression) indicating the association between demographic and housing variables and lower
respiratory tract infection among 49 young Inuit children in Qikiqtaaluk (Baffin) Region, Nunavut.
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Health and Social Services has introduced a program to reduce smoking indoors.37
Other contaminants of indoor air may be associated with
an increased risk of lower respiratory tract infection among
children. Although earlier studies suggested that indoor nitrogen dioxide concentration was associated with lower respiratory tract infection in infants,38 this has not been supported by recent investigations.39,40 In our Cape Dorset pilot
study,14 we did not find elevated indoor nitrogen dioxide concentrations. Lower respiratory tract infection in children has
been associated with reported mould and indoor fungal exposure.41 Houses in Nunavut have a very low relative humidity,
and indoor mould levels measured in the Cape Dorset pilot
study tended to be low except in infants’ mattresses, which
could increase the risk of lower respiratory tract infection.14
The reported effects of humidity on viral infection of the
lower respiratory tract have been contradictory and may depend on the viruses examined. Low relative humidity improves the survival of rhinovirus and influenza virus and reduces aerosol particle size, increasing suspended time.
However, high relative humidity increases the survival of
other important respiratory viruses, such as adenovirus.8,42
This may explain in part our observed association between
lower respiratory tract infection and relative humidity.
Our study has several limitations. First, the cross-sectional
study design precludes the demonstration of causality. Second, the study was limited by its small sample, which reduced
the precision of our odds ratio estimates. However, given the
small size of the hamlets in Qikiqtaaluk Region, a major increase in our sample size would have required either the consent of nearly every suitable household in each community
surveyed or the inclusion of nearly twice as many isolated
communities, which would have been prohibitively complex
and expensive.43 Third, indoor air quality was measured during a relatively short interval, and many variables such as indoor CO2 concentration often fluctuate. Myatt and coworkers,30 however, found a significant relationship between
recovery of airborne viruses and indoor CO2 concentration averaged over a 47-hour sampling period, similar to our observations. Fourth, because exposure to environmental tobacco
smoke was nearly universal in our study, we cannot conclude
whether an association between ventilation and lower respiratory tract infection exists in nonsmoking households. Fifth,
we did not evaluate the effects of socioeconomic status indicators such as income. Income levels in Nunavut are generally
low, and we believe income was relatively uniform among occupants of these government-funded housing units.44,45
Houses included in the study were not selected randomly;
we cannot exclude the possibility that the elders on the local
housing councils deliberately selected the most crowded or
poorest-quality housing. Although this could have skewed our
prevalence estimates for the findings of indoor air quality, this
would not have affected associations between indoor air quality and health outcomes. Also, the selected houses were similar to those studied previously by our research team in these
communities and in Cape Dorset that did not contain young
children, apart from being somewhat smaller and therefore
having a somewhat higher calculated air change rate.17

Other limitations of our study include potential diagnostic
misclassification and recall bias. Respiratory health outcomes,
including hospital admission, were determined retrospectively
via occupant survey. However, the questionnaire used was well
standardized, and self-report is a technique often used for research into indoor air quality.20,38,46 The liaison officers were not
health care professionals, and some terms (e.g., “wheezing”)
cannot be translated precisely into Inuktitut. This may have reduced the specificity of survey responses. To mitigate this, we
focused on well-defined health outcomes such as lower respiratory tract infection and hospital admission rather than on respiratory symptoms. Unfortunately, we could not verify hospital
admissions directly from health records or medical evacuation
data, in part because names can be spelled in many ways in
Inuktitut, and we did not record subjects’ health card information. However, the reported rate of bronchiolitis we obtained
(22%) is consistent with the published hospital admission rates
of 19.7 per 100 children less than 1 year of age.47
Our study suggests that reduced ventilation rates relative
to house volume and crowding are prevalent in Nunavut and
may increase the risk of lower respiratory tract infection
among young Inuit children. Efforts to improve ventilation
relative to occupancy — by developing simple and effective
methods of improving home ventilation under the extreme
Arctic winter conditions or by increasing the number of
houses, or both — are recommended. Further measures to
reduce exposure to environmental tobacco smoke in Nunavut
houses are also required. We are planning a study to examine
whether the installation of a ventilation system with an air
supply and exhaust can reduce the frequency of lower respiratory tract infection in this population. Additional research
will be needed to examine the relation between reduced ventilation and risk of respiratory infection in homes, schools and
offices, particularly as buildings become more tightly sealed
to improve energy efficiency.25
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