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Heat recovery ventilators prevent respiratory disorders in Inuit
children
Abstract Inuit infants have high rates of reported hospitalization for
respiratory infection, associated with overcrowding and reduced ventilation. We
performed a randomized, double-blind, placebo controlled trial to determine
whether home heat recovery ventilators (HRV) would improve ventilation
and reduce the risk of respiratory illnesses in young Inuit children. Inuit children
under 6 years of age living in several communities in Nunavut, Canada were
randomized to receive an active or placebo HRV. We monitored respiratory
symptoms, health center encounters, and indoor air quality for 6 months.
HRVs were placed in 68 homes, and 51 houses could be analyzed. Subjects had a
mean age of 26.8 months. Active HRVs brought indoor carbon dioxide concentrations to within recommended concentrations. Relative humidity was
also reduced. Use of HRV, compared with placebo, was associated with a
progressive fall in the odds ratio for reported wheeze of 12.3% per week (95%CI
1.9–21.6%, P = 0.022). Rates of reported rhinitis were signiﬁcantly lower in
the HRV group than the placebo group in month 1 (odds ratio 0.20, 95%CI
0.058–0.69, P = 0.011) and in month 4 (odds ratio 0.24, 95%CI 0.054–0.90,
P = 0.035). There were no signiﬁcant reductions in the number of health center
encounters, and there were no hospitalizations. Use of HRVs was associated
with in improvement in air quality and reductions in reported respiratory
symptoms in Inuit children.
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Practical Implications

Reduced ventilation is common in the houses of Inuit children in arctic Canada, and is associated with an increased
risk of respiratory infection. Installation of HRV brings indoor carbon dioxide concentration, as a marker of adequate
ventilation, to within recommended concentrations, although relative humidity is also reduced. Installation of HRV is
associated with improvements in indoor air quality, and a reduced risk of wheezing and rhinitis not associated with
cold air exposure in young Inuit children. Further research is required to explore traditional Inuit cultural attitudes
about air movement in dwellings.
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Introduction

Inuit infants in Qikiqtaaluk (Baﬃn) Region, Nunavut,
Canada have the highest reported rate of hospitalization for severe respiratory syncytial virus infection in
the world (Banerji et al., 2001). High rates have also
been reported elsewhere in the arctic, including the
Canadian Northwest Territories, Greenland, and
Alaska (Karron et al., 1999; Koch et al., 2002; Young
et al., 2007). Serious, long-term pulmonary complications may follow these infections, including bronchiectasis and bronchiolitis obliterans (Herbert et al., 1977;
Singleton et al., 2000). Exposure to indoor tobacco
smoke (ETS), a known risk factor for respiratory
disorders including wheezing (Li et al., 1999) and
rhinitis (Johansson et al., 2008), is extremely common
in Nunavut (Kovesi et al., 2007). In addition, we have
previously shown that home ventilation was reduced in
most houses in Qikiqtaaluk region (Kovesi et al., 2006,
2007). Indoor carbon dioxide (CO2) is an indicator of
both overcrowding and reduced ventilation. We subsequently observed that higher indoor concentrations
of CO2 were associated with an increased risk of lower
respiratory tract infection in several communities in
Nunavut (Kovesi et al., 2007). This study was designed
to test the hypotheses that the installation of heat
recovery ventilators (HRV) would increase home
ventilation, which, in turn, would reduce the risk of
lower respiratory tract illness in young Inuit children.

Methodology
Study design and population

We performed a trial to evaluate the eﬀect of HRVs on
the respiratory health of young Inuit children in
Qikiqtaaluk Region. To minimize the amount of new
ductwork that would be required, we chose four
communities with a high proportion of houses heated
using ducted heating systems, rather that electric
baseboard or hot water radiator systems. In consultation with the Nunavut Housing Corporation, Clyde
River, Igloolik, Pangnirtung, and Pond Inlet were
therefore selected. We worked with local community
groups to inform each hamlet about the study. Local
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Fig. 1 Illustration of the connection of a heat recovery ventilator to a furnace in a house with forced-air heating
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Fig. 2 Illustration of the connection of a heat recovery ventilator in a typical crawlspace installation, in a home with hydronic or
baseboard heating

using a random numbers table. Active and placebo
devices were visually and sounded identical, provided
similar amounts of air movement, and were installed
using identical ducting and outside air vents. Some
active units were ﬁtted with a digital hour counter.
However, neither this information, nor which units
were active or placebos, were relayed by the study
engineers (DF and CZ) to the study personnel, research
assistants, or occupants during the study.

Outcome measurements

Occupants initially received the standard American
Thoracic Society ChildrenÕs Respiratory Questionnaire
(ATS DLD 78c) (Ferris, 1978). All study families then
received brief bi-monthly follow-up questionnaires
from October 2007 through March 2008, administered
by research assistants hired at each study site. The
research assistants were trained by the principal
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Fig. 3 Photograph of a Venmar Constructo 1.0 heat recovery ventilator installed in the furnace room of a study house

investigator (TK). Uniform translation of respiratory
symptoms into Inuktitut (Kovesi, 2008) was provided
using translators from the Ottawa Health Services
Network Inc. (Ottawa, ON, Canada). Follow-up
questionnaires were administered by telephone for
families who had telephones, and in person for the
remaining families. When questionnaires were delayed
because of inclement weather, research assistants were
instructed to inquire about the childÕs health since the
previous visit. We recorded visits to the community
health center for respiratory illnesses or otitis media,
and reported episodes of wheezing, cough, and upper

respiratory tract infections. Occupant comfort and
concerns was evaluated with the questionnaires. We
recorded hospitalizations for lower respiratory tract
illnesses at the regional hospital, the Baﬃn Regional
Hospital in Iqaluit, Nunavut, and in hospitals outside
Nunavut. The follow-up questionnaire was also based
on the ATS DLD 78c questionnaire (Ferris, 1978)
(Table 1). Reported health care encounters were crossveriﬁed with records at each community health center
by a pediatric respirologist (TK). Respiratory tract
infections were classiﬁed according to the method of
Dallaire and coworkers (Dallaire et al., 2004). We have

Table 1 Questions used for the bi-weekly follow-up health questionnaire, and question number for the analogous question in the ATS DLD-78c survey (Ferris, 1978)
Question: In the past week (or, since your last interview), has this child had:

Response type

ATS-DLD-78c Question Number

A cough?
Wheezing? (Note: wheezing is a whistling sound coming from the chest)
Difficulty breathing?
A runny nose (even when staying inside or at night)?
A sore throat?
A fever?
Chest congestion (or Ôa congested chestÕ)?
To visit the Nursing Station?
If so, what were you told at the Nursing Station was wrong with this child?
To be admitted to the Baffin Regional Hospital in Iqaluit?
If so, what were you told at the hospital was wrong with this child?
To be admitted (and stay) at a hospital outside Nunavut (for example, Ottawa or Montreal)?
If so, what were you told at the hospital was wrong with this child?
If there have been other medical problems with this child (or other things we should know
about this child) since the last interview, please type them in here:
If there have been problems with the heating or ventilation system of this house, or other
problems with this house since the last interview, please type them in here:
Check if heat recovery ventilator is unplugged?

Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Yes/No
Comment
Yes/No
Comment
Yes/No
Comment
Comment

14A and B
17A and B
18A
16C
20A
20A
15A and B
22
22
21
21
21
21
None

Comment

Not applicable

Yes/No

Not applicable
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previously observed that the great majority of Inuit
infants are exposed to ETS, and that the reported
number of smokers in the homes of Inuit infants
correlated signiﬁcantly with airborne nicotine concentration (Kovesi et al., 2006, 2007). ETS exposure was
assessed in this study by the research assistants during
the initial questionnaire (Ferris, 1978).
Indoor air quality measurements were carried out
during the middle of the study period, between January
and March 2008. Indoor relative humidity, temperature, and CO2 were measured simultaneously over 3–
5 days once or twice in each study house with a
portable YES 206LH monitor (YES Environment
Technologies Inc., Delta, BC, Canada). The monitor
logged data every 15 min. It used a non-dispersive
infrared technique for the detection of CO2 (YES
Environment Technologies Inc, 2003). The monitors
were installed in a central area in each house by the
research coordinators.
Statistical analysis

We aimed to select as many eligible houses in the study
communities as was feasible, based on time and cost.
Outcomes are presented using a conservative intentto-treat analysis. This included all subjects who had a
HRV installed in the home and who agreed to remain
in the study for at least one data collection period (e.g.
1 month). Data were analyzed using SPSS version 16
(SPSS Inc., Chicago, IL, USA). Dichotomous variables
were analyzed using FisherÕs exact test. Normally
distributed continuous variables were compared using
Student t-tests. Non-normally distributed continuous
variables were compared using Mann–Whitney rank
test. Count variables (e.g. the number of visits to the
community health centers) were analyzed using Poisson regression. The odds of reporting symptoms of
wheezing, cough, and upper respiratory tract infection
in each group were analyzed over time using a logistic
marginal model with generalized estimating equations
using an exchangeable working correlation matrix. In

one case, there were zero events in one cell of the model
making it unstable. Empirical logits were therefore
used (Agresti, 1991), by introducing a pseudo-subject
with a response of 0.5 into each group. To avoid
confounding by respondent recall, we decided to
consider each measurement as a point-in-time, rather
than assuming that each interval assessment accurately
described symptoms occurring since the previous
assessment. An interim analysis was not conducted.
Results

Sixty-eight HRVs were installed and 51 were included
in the intent-to-treat analysis (Figure 4). Counter data
were available for 14 active HRVs. In the houses with
valid counter data, the HRVs ran for a median of
3120 h (range 138–6102 h), or a median of 57.8%
(range 30–70%) of study period. This is consistent with
the units running when the furnace was on, which
would be expected to be about 60% of the time. If a
run time of 2500 h was selected as evidence that the
HRVs were left plugged in for most of the winter, 10/14
(71%) of these HRVs were plugged in for at least
2500 h.
Children included or not included in the intentto-treat analysis were generally similar, although the
children not included tended to be older, and had
signiﬁcantly fewer reported visits to the local health
center prior to the study (Table 2). Participants
receiving active or placebo HRVs were generally well
matched (Tables 3 and 4). Respiratory morbidity was
high amongst all subjects. Twenty-one of 68 (30.9%)
were reported to have previously had bronchiolitis.
Fourteen of 68 (20.6%) were reported to have previously had pneumonia. Sixteen of 68 (23.5%) were
reported to have been admitted to the regional hospital
in Iqaluit before 2 years of age. None of the children
had been admitted to hospitals outside Nunavut for
respiratory illness prior to the study. Four of 68 (5.9%)
children were reported to have previously had latent
tuberculosis, and one was reported to have had active

HRV’s installed in 68 houses
31 active
37 placebo

17 houses excluded
6 houses not powered (Clyde River)
3 families withdrew consent
3 families withdrew consent & dismantled or removed HRV
4 children moved/adopted
1 HRV motor failed
51 homes included in intent-to-treat

Fig. 4 Study ﬂow chart (HRV: heat recovery ventilator)
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Table 2 Comparison of baseline health characteristics of subjects included, or not
included, in the intent-to-treat group

Variable
Age (months)
Gender (% male)
Adopted (%)
Reported wheeze with colds prior
to study (%)
Reported wheeze apart from colds
prior to study (%)
Reported number of visits to health
center before 2 years of age
Reported number of admissions to
regional hospital before 2 years of age

In intent-to-treat
group

Not in intent-to
to treat group

26.8
32/51
17/51
19/32

34.9
8/12
7/17
5/17

(15.4) [48]
(62.7%)
(33.3%)
(37.3%)

9/51 (17.6%)

(12.4) [11]
(66.7%)
(41.2%)
(29.4%)

3.6 (3.5) [50]

0.8 (1.3) [17]*

0.3 (0.6) [51]

0.4 (0.7) [17]

Table 3 Comparison of baseline health characteristics of subjects with active or placebo
heat recovery ventilators

Age (months)
Gender (% male)
Adopted (%)
Reported wheeze with colds prior to
study (%)
Reported wheeze apart from colds
prior to study (%)
Reported number of visits to health
center before 2 years of age
Reported number of admissions to
regional hospital before 2 years
of age

Active heat recovery
ventilator

Placebo heat
recovery ventilator

30.5
16/26
10/26
12/26

22.4
16/25
7/25
7/25

(14.8) [26]
(61.5%)
(38.5%)
(46.2%)

4/26 (15.4%)

(15.1) [22]
(64.0%)
(28.0%)
(28.0%)

5/25 (20.0%)

4.3 (3.7) [25]

2.9 (3.1) [25]

0.4 (0.8) [26]

0.2 (0.4) [25]

Continuous variables are presented as mean (s.d.) [n]. There were no significant differences between the groups.

Table 4 Comparison of baseline housing characteristics of subjects with active or placebo heat recovery ventilators

Variable
Type of house (%)
Detached
Duplex
Type of heating (%)
Forced air
Radiator heat
Occupancy (persons/house)
Proportion children sharing bed
with other(s)
Proportion living with smoker(s) (%)
No. smokers in the home

Active heat recovery
ventilator

Placebo heat
recovery ventilator

19/25 (76.0%)
6/25 (24%)

18/23 (78.3%)
5/23 (21.7%)

18/25
7/25
5.0
15/26

20/23
3/23
5.9
13/25

(72.0%)
(28.0%)
(2.1) [26]
(57.2%)

21/26 (80.8%)
2.1 (1.8) [26]

Characteristic

Houses with active
heat recovery
ventilators (n = 19)

Houses with placebo
heat recovery
ventilators (n = 16)

P-value

Mean CO2 (ppm)
Mean relative humidity (%)
Mean indoor temperature (°C)

915.2 (163.2)
25.3 (2.8)
23.2 (1.6)

1358.7 (539.3)
30.3 (5.7)
24.1 (1.3)

0.002
0.008
0.14

3/17 (17.6%)

Continuous variables are presented as mean (s.d.) [n].
*P < 0.001.

Variable

Table 5 Mean indoor air parameters (s.d.) in houses with active or placebo heat recovery
ventilators (Mann–Whitney test)

(87.0%)
(13.0%)
(2.5) [25]
(52.0%)

23/25 (92.0%)
2.5 (1.6) [25]

nity health center or regional hospitalization(s) for
lower respiratory tract infection was signiﬁcantly
higher in the ﬁrst 2 years of life than during the study
(data available on request).
Indoor air quality data was available for 35 homes.
The mean indoor CO2 in homes with active HRVs was
33% lower (P = 0.002) than in homes with placebo
ventilators (Table 5). Mean relative humidity was
signiﬁcantly reduced (P = 0.008). There were no
signiﬁcant diﬀerences in the mean temperature.
Over the course of the winter season, rates of
reported wheezing rose in the placebo group but not
in the active HRV group (Table 6). Repeated measures
analysis of subjects conﬁrmed that use of an active
HRV, compared with placebo, was associated with a
progressive fall in the odds ratio for reported wheeze of
12.3% per week (95%CI 1.9%–21.6%, P = 0.022)
(Figure 5). By 5 months, the odds ratio of reported
wheeze with HRV use was 0.13 (95%CI 0.025–0.83,
P = 0.030. Rates of reported rhinitis (not associated
with cold air exposure) were signiﬁcantly lower in the
HRV group than the placebo group in month 1 (odds
ratio 0.20, 95%CI 0.058–0.69, P = 0.011) and in
month 4 (odds ratio 0.24, 95%CI 0.054–0.90,
P = 0.035) (Table 6). There was a non-signiﬁcant
reduction in the OR for reported cough (OR 0.56,
95%CI 0.27–1.18, P = 0.13). Reported attacks of
shortness of breath were infrequent in both groups
(data not presented). There were no signiﬁcant diﬀerences between groups in the number of visits to the
community health centers for any reason (0.6 vs.
0.5 visits/subject in the active and placebo groups,
respectively, P = 0.77), respiratory illness, or otitis
media (data not presented).
Reported concerns about the study devices occurred
with similar frequencies in both groups (Table 7). The
frequency that households dismantled or failed to use
their units for most of the study period tended to be
higher for placebo units (14/33, 42.4%) than active
units (8/29, 27.6%), although the diﬀerence was not
statistically signiﬁcant (P = 0.29).

Continuous variables are presented as mean (s.d.) [n].

Discussion

tuberculosis (1/68, 1.5%). Occupancy rates and rates of
exposure to ETS were high (Table 4). No hospitalizations occurred during the study. The rate of commu494

Previous research associated increased levels of occupancy and reduced ventilation rates with an increased
risk of lower respiratory tract infection in Inuit
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Table 6 Frequency and odds ratios for rhinitis and wheezing for children in houses with active or placebo heat recovery ventilators
Week frequency (%)

4

Wheezing
HRV
Wheezing
No wheeze
Odds of wheezing
Placebo Wheezing
No wheeze
Odds of Wheezing
Odds ratio of wheezing (HRV/placebo) [95%CI]
Rhinitis (apart from cold air)
HRV
Rhinitis
No Rhinitis
Odds of Rhinitis
Placebo Rhinitis
No Rhinitis
Odds of Rhinitis
Odds ratio of Rhinitis (HRV/placebo) [95%CI]

3
23
0.13
3
22
0.14
0.96
6
20
0.30
15
10
1.50
0.20

8

(11.5)
(88.5)
(12.0)
(88.0)
[0.17, 5.43]
(23.1)
(76.9)
(60.0)
(40.0)
[0.058, 0.69]

4
21
0.19
5
19
0.27
0.72
14
11
1.27
9
15
0.60
2.12

12

(16.0)
(84.0)
(20.8)
(79.2)
[0.16, 3.20]
(56.0)
(44.0)
(37.5)
(62.5)
[0.65, 6.54]

1
24
0.042
3
18
0.17
0.25
16
9
1.78
15
6
2.50
0.71

16

(4.0)
(96.0)
(14.3)
(85.7)
[0.022, 2.89]
(64.0)
(36.0)
(71.4)
(28.6)
[0.18, 2.40]

20

2
20
0.10
4
14
0.29
0.35

(9.1)
(90.9)

10
12
0.83
14
4
3.50
0.24

(45.5)
(54.5)

(22.2)
(77.8)
[0.058, 2.05]

(77.8)
(22.2)
[0.054, 0.90]

24

2
15
0.13
6
6
1.00
0.13

(11.8)
(88.2)

8
9
0.89
9
3
3.00
0.30

(47.1)
(52.9)

(50.0)
(50.0)
[0.025, 0.83]

(75.0)
(25.0)
[0.051, 1.56]

0
12
0.00
4
4
1
0.00

(0.0)
(100)

6
6
1.00
5
3
1.67
0.60

(50.0)
(50.0)

(50)
(50)
[0.0074, 0.36]*

(62.5)
(37.5)
[0.083, 3.86]

*The 95%CI is calculated using empirical logit as described in the Statistical analysis section.
Odds ratio are bold.

Proportion of reported wheeze

(a)

Table 7 Reported concerns about the heat recovery ventilators in the active and placebo
groups

0.5
0.4

Concern
House colder
House drier
Unit too noisy
Health concerns

0.3
0.2
0.1
0.0

Other building concerns

Odds ratio of reported wheeze

(b)

5.00
Total number of concerns

Details

Headache
Epistaxis
Increased cough and/or
infections (child)
More dyspnea with
colds (parent)
Unit brings in dust
and/or fumes from
outside or neighboring
house

Active
(n = 29)
4
2
1
1
1

Placebo
(n = 33)
4
5
2

2
1
1

2

10

16

1.00
0.20
0.05
0.01
4

8

12

16

20

24

Study week
Fig. 5 Wheezing during the study period in each groups. (a)
Proportion of subjects over time reporting wheeze in the placebo
and active heat recovery ventilator (HRV) groups (solid line and
ﬁlled squares – placebo, dashed line and open triangles – active
group). (b) Odds ratio between the two groups for reporting
wheeze along with 95%CIs. Odds ratios less than 1 favor the
active HRV group

children (Kovesi et al., 2006, 2007). We observed that
HRVs improved ventilation and reduced the risk of
wheezing and rhinitis in this population. No hospital-

izations occurred in either group, and subjects, on
average, had few visits to the local community health
center.
A recent systematic review concluded that there is
good evidence that reduced ventilation is associated
with an increased risk of respiratory infection with
several infectious agents, including inﬂuenza virus.
However, previous studies were generally not conducted in houses (Li et al., 2007). We are aware of only
one previous published study that evaluated HRVs in
houses (Warner et al., 2000), although two others have
been published as abstracts (Rosenbaum et al., 2008;
Wright et al., 2008). HRVs improved ventilation and
reduced relative humidity in homes (Rosenbaum et al.,
2008; Warner et al., 2000; Wright et al., 2008). Previous studies evaluated whether these devices, by reducing indoor humidity, would decrease dust-mite antigen
concentrations (Warner et al., 2000) and therefore
asthma and allergy symptoms in individuals with
495
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dust-mite allergies. However, since dust-mite antigen
concentrations are virtually undetectable in Nunavut
houses (Kovesi et al., 2006), this is not relevant to our
population. HRVs, in combination with room air
cleaners and vacuum cleaners, reduced airborne particulates, indoor CO2, and indoor carbon monoxide in
children with asthma (Rosenbaum et al., 2008).
Rates of respiratory disease (Banerji et al., 2001) and
symptoms (Koch et al., 2002) are markedly elevated in
Inuit children, and the high prevalence of ETS exposure likely contributes to this (Li et al., 1999; Nafstad
et al., 1997; Rushton, 2004). Both ﬁndings may
enhance detection of a treatment eﬀect in this population. We previously observed that concentrations of
airborne nicotine in the houses of young Inuit children
were similar to those found in the houses of smokers in
the continental United States. Airborne concentrations
of nicotine were not signiﬁcantly correlated to airﬂow
(r = 0.30, P = 0.245) or air change rates (r = 0.11,
P = 0.686); (Kovesi et al., 2006). It is possible that
some of the beneﬁcial eﬀects of the HRVs on respiratory disease was because of reductions in concentrations of indoor air contaminants, but we did not
measure the eﬀect of the devices on contaminants such
as ETS, and it is unclear to what extent concentrations
of any contaminant(s) was reduced.
Our HRVs signiﬁcantly reduced indoor CO2. Houses
with active units had mean indoor CO2 concentrations
within the Canadian recommended guidelines of less
than 1000 ppm (Health Canada, 1989). Houses with
placebo units had elevated CO2 concentrations, consistent with data obtained previously in many communities in Qikiqtaaluk region (Kovesi et al., 2006, 2007).
Modeling studies have suggested a reduction of indoor
CO2 concentrations below 1000 ppm may reduce the
risk of transmission of common respiratory pathogens
(Rudnick and Milton, 2003). In young children, rhinitis
not associated with cold air exposure is primarily
caused by viral upper respiratory tract infections,
particularly in the wintertime (Koch et al., 2002). We
found that HRVs decreased the risk of reported
rhinitis. A conservative explanation of this is that the
improved ventilation rate decreased the frequency of
upper respiratory tract infections (Myatt et al., 2004).
Wheezing is most commonly triggered by acute viral
respiratory infections in young children. The signiﬁcant
reduction in wheezing we observed is most likely
because of a reduction in viral upper respiratory
infections (Martinez et al., 1995). Wheezing rates rose
during the study in the placebo group, likely because of
increased exposure to respiratory viruses during midwinter, when rates of viral infection peak in the arctic
(Singleton et al., 2006). Asthma and atopy, including
allergy to house dust-mites, are not common in Inuit
children (Gao et al., 2008; Hemmelgarn and Ernst,
1997) and these houses have negligible concentrations
of dust-mite allergens (Hemmelgarn and Ernst, 1997;
496

Kovesi et al., 2006), so a potential reduction in dustmite levels cannot explain our results. In the case of
inﬂuenza virus, aerosol, rather than droplet or direct
contact spread, is more likely to lead to lower
respiratory tract infection (Salgado et al., 2002). A
large study of American oﬃce buildings found that
indoor CO2 concentrations were associated with
reported wheezing in adults with asthma, possibly
because of increased concentrations of a variety of
indoor air contaminants (Erdmann and Apte, 2004).
Improving home ventilation may therefore reduce the
risk of wheezing by multiple mechanisms.
The term ÔwheezingÕ may be misinterpreted in a
community setting (Elphick et al., 2001). The term is
problematic in Inuktitut, where there is no precise term
for ÔwheezingÕ (Kovesi, 2008), but we carefully ensured
that our research assistants would translate the term as
accurately as possible with the assistance of professional Inuit health translators. We used a standard
respiratory questionnaire that has been carefully validated (Torén et al., 1993) and used in many cultures
(Chatkin and Menezes, 2005; Langkulsen et al., 2006).
It has been subsequently adapted for use in international surveys on childhood asthma (Pearce et al.,
1993). We did not validate symptoms reported in the
questionnaires against symptoms noted during health
center encounters, and we did not assess the reproducibility of the familiesÕ reports.
Our ﬁndings emphasize the importance of community education, and taking occupant perceptions and
beliefs into consideration, when planning home air
quality interventions (National Research Council and
Institute of Medicine, 2005). This will be important
both for future research projects, designing new
housing, and retroﬁtting current homes. Perceptions
of indoor air temperature appear to be very important
in traditional Inuit culture, and likely inﬂuenced the
acceptability of the HRVs. The communities were
concerned that the devices would make the houses
colder and/or raise electricity bills. This reduced
recruitment, and led to several units being unplugged
or dismantled (Kovesi, 2007). More intensive community education prior to the study might have helped
avert this. We investigated the concerns of families near
the onset of the study that the units were making
houses colder. We found that the installers had not
balanced the units according to the manufacturerÕs
speciﬁcations. In some cases, there may have been
greater ingress of cold air during extremely cold
weather because the warming capacity of the HRV to
warm outside air was exceeded. The units were
subsequently balanced and we instructed families that
they could temporarily unplug units when outside
conditions were extremely cold. Mean temperatures in
both groups of houses remained higher than usually
occurs in southern Canada (Kovesi et al., 2006). Both
active and placebo units increased air circulation

Nunavut heat recovery ventilator trial
within houses which may have led to a perception that
the houses were more drafty. Relative humidity is low
in houses in Nunavut (Kovesi et al., 2006). While the
modest reduction in relative humidity by the active
devices might have aﬀected occupant comfort, the
active units tended to be unplugged less often than the
placebos, suggesting that the ventilators instead in fact
improved resident comfort. The cost of the HRV we
used in the study is approximately $2420 (Canadian) in
southern Canada (including installation) (Expair.ca,
2009), and the electrical operating cost is approximately 1000 kW h/year or $100 at $0.10/kW h (Venmar Ventilation Residential Product Group, 2003).
In addition to under-utilization of some of the
devices, a number of other factors limited our analysis.
Several children were removed from the study because
they changed houses during the data collection period.
Movement of children between families is common in
Inuit culture: young Inuit children in Nunavik (arctic
Quebec) were frequently (23.8%) given for adoption
(Dallaire et al., 2004). Data collection occurred when
the children were older than originally planned. While
we previously found that reduced ventilation was
associated with an increased risk of respiratory tract
infection in children below 5 years of age (Kovesi
et al., 2007), this risk appears to be largely conﬁned to
the ﬁrst 2 years of life. Similar observations have been
noted in Nunavik (Dallaire et al., 2004). This also
aﬀected our power calculations. While a sample size of
49 houses per group was planned to detect a clinically
signiﬁcant reduction in hospitalization rates with 80%
power (Current Controlled Trials, 2007), as no hospitalizations occurred, the planned statistical analysis on
hospitalization rates could not be performed. Although
our sample size was limited, it is one of the largest trials
of an indoor air quality intervention. For example, a
systematic review of the eﬀect of air ﬁltration systems
identiﬁed 10 trials, with a sample size ranging from 9 to
45 participants (McDonald et al., 2002).
In conclusion, improving ventilation signiﬁcantly
reduced the incidence of important respiratory symptoms in young Inuit children. Additional research is
required to explore preferences in Inuit culture regarding air movement in dwellings, given occupant concerns about the active and placebo devices. This
information may help improve the tolerability of
mechanical ventilators by Inuit families living in the
far North. Our study suggests that a multifaceted
approach, including reducing overcrowding by providing more housing stock, improving indoor ventilation,

decreasing ETS exposure (Koch et al., 2003), and
enhancing immunization strategies (Singleton et al.,
2003), will be necessary to reduce the burden of lower
respiratory tract infection and chronic disease in Inuit
children.
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