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ABSTRACT
Background Tuberculosis (TB) remains a significant
health burden among Inuit in Canada. Social
determinants of health (SDH) play a key role in TB
infection, disease and ongoing transmission in this
population. The objective of this research was to estimate
the prevalence of social determinants of Inuit health as
they relate to latent TB infection (LTBI) among people
living in residential areas at high risk for TB in Iqaluit,
Nunavut.
Methods Inperson home surveys were conducted
among those who lived in predetermined residential
areas at high risk for TB identified in a door-to-door TB
prevention campaign in Iqaluit, Nunavut in 2011. Risk
ratios for SDH and LTBI were estimated, and multiple
imputation was used to address missing data.
Results 261 participants completed the questionnaire.
Most participants identified as Inuit (82%). Unadjusted
risk ratios demonstrated that age, education, smoking
tobacco, crowded housing conditions and Inuit ethnicity
were associated with LTBI. After adjusting for other SDH,
multivariable analysis showed an association between
LTBI with increasing age (relative risk, RR 1.07, 95% CI
1.04 to 1.11), crowded housing (RR 1.48, 95% CI 1.10
to 2.00) and ethnicity (RR 2.76, 95% CI 1.33 to 5.73)
after imputing missing data.
Conclusion Among high-risk residential areas for TB in
a remote Arctic region of Canada, crowded housing and
Inuit ethnicity were associated with LTBI after adjusting
for other SDH. In addition to strong screening and
treatment programmes, alleviating the chronic housing
shortage will be a key element in the elimination of TB in
the Canadian Inuit Nunangat.

INTRODUCTION
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There are 45 000 Inuit that live in the Arctic regions
of Canada.1 The Inuit Nunangat (Inuit homeland)
is comprised of four regions: Nunavik (northern
Quebec), Nunatsiavut (northern Labrador), Nunavut
and the Inuvialuit region of the north-west territories. The Inuit population is young and rapidly
growing.1 Inuit experience significant health disparities with other Canadians including higher rates of
infant mortality, suicide and infectious diseases.2 In
2016, the tuberculosis (TB) incidence among Inuit
in Canada was approximately 300 times higher
than the Canadian-born non-indigenous population
(170 vs 0.5 per 100 000).3 In their Inuit-specific TB
strategy, the national organisation that represents
Inuit in Canada, Inuit Tapariit Kanatami, stated that

‘a better understanding of the drivers of high rates of
TB disease among Inuit’ is paramount and 'changes
to the approach of TB prevention, control, and care
for Inuit should proceed strategically, beginning with
an improved understanding of the current state and
impact of TB disease and social determinants of health
(SDH) in the Inuit regions’.2
It is well known that inequities in the distribution
of SDH are inextricably linked to poverty.4–6 Many of
these inequities in key SDH, such as level of education attained, income, food security and availability
of housing have been noted to be disproportionally
represented in Inuit communities. Of Inuit aged 25–64
years living in the Nunangat, only 34% have attained
a high school diploma or equivalent.1 Food insecurity
is present in 70% of households across Nunavut.7
Across the Inuit Nunangat 39% of Inuit have been
living in crowded homes.1 The significant inequities
in SDH experienced by Inuit have been linked with
the high TB incidence rates in the Nunangat. After
a TB outbreak among Inuit in Nunavik (northern
Quebec), case-control studies demonstrated associations between latent TB infection (LTBI) and both
diet8 and crowding.9 Inadequate nutrition was associated with increased susceptibility for TB infection.8
Crowded housing was also associated with increased
odds of newly diagnosed TB infection among people
who lived in smear-positive TB households during
a TB outbreak.9 In another case-control study done
among Inuit from Greenland, Inuit ethnicity, living in
a settlement, unemployment, frequent alcohol intake,
and low hygienic standards were associated with
active TB disease.10
The present study aims to further understand the
complex relationships of SDH and TB among Inuit.
We set out to estimate the prevalence of inequities
in SDH within residential areas at high risk for TB
in Iqaluit, Nunavut. We then examined the risk of
LTBI associated with different SDH. An understanding of the SDH among Inuit at risk for TB is
essential for policy development in this area.

METHODS
Study population

In 2016, the population of the Territory of Nunavut
in the Canadian Arctic was estimated at 37 082,11 12
with Inuit representing 84% of the total population. Iqaluit is the capital and largest community
in Nunavut with a population of 7590 people and
55% of the population of Iqaluit is Inuit.12 Iqaluit
can only be accessed by plane or ship.
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Social determinants of health among residential
areas with a high tuberculosis incidence in a remote
Inuit community
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Ethics approval

The study was approved by the Ottawa Hospital Research
Institute Ethics Board. A research license was obtained from
the Nunavut Research Institute. Written informed consent was
obtained from all of the participants.

Figure 1 Exclusion of participants for the SDH Questionnaire. *Other
includes lost questionnaire or unable to complete due to cognitive
disability. SDH, social determinants of health.
An inperson home survey was designed to document SDH in
a sample of people in high TB burden zones in Iqaluit, Nunavut
in 2011. Our questionnaire was part of a larger study (Taima
TB)13 offering door-to-door screening and treatment for TB in
high TB burden zones in Iqaluit. The questionnaire was offered
in English and Inuktitut. High-risk residential areas were defined
as more than five active TB cases in the previous 4 years, and the
areas were determined using addresses of the active TB cases
and Google maps. Four high-risk residential areas were identified, from which our data were collected.13 The premise of the
Taima TB study was to offer screening to all eligible individuals based on residence in an identified high-risk geographical
area and not individual risk factors for TB. The questionnaire
documented self-reported household income for those over 18
years of age, highest education level attained, food security, and
lifestyle measures including cigarette/pipe/marijuana smoking
and alcohol consumption (see online supplemental material
for definitions). The questions that were used in the questionnaire were adapted from previous questionnaires used in other
populations14 15 (see online supplemental material for questionnaire). The crowding variable was calculated by self-reporting of
number of people living in household divided by the number of
bedrooms (see online supplemental material).

Analysis

Unadjusted risk ratios were derived to provide descriptive associations between SDH and LTBI. Multivariable log binomial regression
analysis was performed to estimate risk ratios for the association of
each SDH with LTBI while adjusting for other SDH. In both analyses, household was considered as a random effect to account for
the correlation among multiple residents in each dwelling. Discordant survey responses within a dwelling for number of people living
in the home, number of rooms, average income of the household
and food insecurity were resolved by taking the most conservative
response (eg, lowest total income). Allowed responses to survey
questions included ‘don’t know’ but occasionally residents refused
to answer particular questions. To avoid a sizeable loss of respondents due to missing data as a result of not knowing the answer
in several survey responses, notably with 54 (21%) of individuals
not knowing the household income, we used a combination of
2

RESULTS

Our team visited 162 dwellings located within the high-risk
neighbourhoods, where 590 participants provided consent for
review of medical records and first home visit13 (see online
supplemental appendix). Of the 590 participants who provided
consent, 146 were excluded due to loss to follow-up, declining
participation in the Taima TB study or moving after being
contacted. Four hundred and forty-four participants received a
first visit from a nurse and TB champion who spoke Inuktitut
(Inuit language). The TB champions provided TB education
and offered the questionnaire in Inuktitut or English. Of those,
183 participants were excluded because they were younger than
12 years old, declined the questionnaire, lost the questionnaire
(classified as other) or were unable to complete due to mental
disability (classified as other). The final sample of participants
who consented and completed the questionnaire was 261
(figure 1).
The prevalence of SDH and descriptive statistics in this population are provided in table 1, stratified by LTBI status. Missing
data are noted for each characteristic (eg, ‘don’t know’). LTBI
status was missing for five individuals. Overall, 84 (32%) individuals had incomplete survey data (missing at least one value).
The median age of the participants was 37 years, and most
were Inuit. A significant proportion of participants had not
completed high school (173 individuals, 67%). Almost half had
very low income (115 individuals, 44%), many experienced
crowding (167 individuals, 75%) and almost a third experienced
hunger (75 individuals, 29%). A significant proportion smoked
tobacco (201 individuals, 77%) and marijuana (161 individuals,
62%). No cases of serology-positive HIV were identified among
LTBI-positive participants.
Unadjusted analyses demonstrated that age, education,
smoking tobacco, crowded housing conditions and Inuit
ethnicity had statistically significant associations with LTBI
status (table 2).
The relative risk estimates for the complete case analysis and
multiple imputation analyses were similar, with the exception
of ethnicity. Age and crowding, after covariate adjustment, still
showed statistically significant associations with LTBI status.
Under the multiple imputation analyses, Inuit ethnicity became
positively associated with LTBI status (table 3).
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simple and multiple imputation.16 Household income was imputed
using the most common response of others in the same household,
if possible. Otherwise, we used multiple imputation to create and
analyse imputed data sets (m=20). This is thought to be a scientifically sound approach to analyses with missing data16 if the mechanisms and assumptions are approximately true. Our imputation
model included all variables described in the analysis model. Log
binomial regression models were fit in each imputed data set separately, and coefficient and variance estimates for SDH were then
combined using Rubin’s rules. Complete case analyses were also
conducted for comparison purposes. We imputed missing values
using logistic regression for binary and ordinal variables and
discriminant methods function for nominal variables with the SAS
procedures Proc MI and proc MiAnalyze. All the analysis was done
using SAS V.9 by SAS Institute, Cary, North Carolina, USA.
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Demographics of participants stratified by LTBI status

Characteristics*
Median age
(years) (range)

All participants†
(n=261) (%)

LTBI positive
(n=154) (%)

37 (12–82)

LTBI negative
(n=102) (%)

44

31

Sex
Male

103 (39)

60 (39)

42 (41)

Female

158 (61)

94 (61)

60 (59)

148 (58)

94 (61)

214 (82)

142 (92)

67 (66)

38 (15)

6 (4)

32 (31)

9 (3)

6 (4)

3 (3)

21 (8)

18 (12)

1 (1)

7 (3)

7 (5)

0 (0)

Middle school (grades 6–9)

68 (26)

44 (29)

24 (23)

Grades 10–11

77 (30)

47 (31)

28 (27)

High school or equivalent

39 (15)

20 (13)

18 (18)

Post high school

BCG status
Immunised
Ethnicity
Inuit
Canadian—born non-Aboriginal
Other (first Nations and foreign born)
Education level
No schooling
Elementary school

45 (17)

15 (10)

30 (29)

Refused

1 (0)

1 (1)

0 (0)

Don’t know

3 (1)

2 (1)

1 (1)

Household income (>18 years old)
<20 000

115 (44)

65 (42)

46 (45)

20 000–40 000

30 (12)

16 (10)

14 (14)

40 001–60 000

24 (9)

14 (9)

10 (10)

60 001–80 000

16 (6)

10 (7)

6 (6)

80 001–100 000

11 (4)

5 (3)

6 (6)

>100 000

11 (4)

4 (3)

7 (7)

Don’t know

53 (20)

39 (25)

13 (13)

1 (1)

1 (1)

0 (0)

167 (75)

101 (84)

65 (65)

Experienced hunger

75 (29)

53 (34)

20 (20)

Reduced food intake

67 (26)

45 (29)

20 (20)

No

82 (31)

53 (34)

26 (25)

Yes

175 (67)

98 (64)

75 (74)

Don’t know

1 (1)

1 (1)

0 (0)

Refused

3 (1)

2 (1)

1 (1)

Refused
Housing
Crowding (>1 person per room)
Food Insecurity

Alcohol intake

Smoking history (cigarettes/pipes)
No

59 (23)

24 (16)

33 (33)

Yes

201 (77)

130 (84)

68 (67)

No

99 (38)

57 (37)

40 (39)

Yes

161 (62)

96 (63)

62 (61)

Smoking history (marijuana)

*Details on the specific questions asked can be found in the questionnaire (online supplemental appendix).
†LTBI status for five patients was missing, three patients with active TB disease who had never been tested for LTBI were excluded from this table.
LTBI, latent TB infection; TB, tuberculosis.

DISCUSSION

Among residential areas at high risk for TB in a remote Arctic
region of Canada, a high proportion of residents were Inuit.
Many residents had not completed high school, had very low

income, lived in crowded housing and/or experienced food insecurity. A substantial proportion smoked tobacco and marijuana.
Unadjusted risk ratios showed that increasing age, lower education, smoking, crowding and Inuit ethnicity were associated with

Kilabuk E, et al. J Epidemiol Community Health 2019;0:1–6. doi:10.1136/jech-2018-211261

3

J Epidemiol Community Health: first published as 10.1136/jech-2018-211261 on 6 February 2019. Downloaded from http://jech.bmj.com/ on 8 February 2019 by guest. Protected by
copyright.

Table 1
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Table 3 Adjusted associations between various social determinants
of health and latent tuberculosis infection

Social determinant of health

Relative risk (RR) (95% CI)

Age, years (5-year increase)

1.07 (1.05 to 1.10)

Social determinants of
health

Adjusted RR (95% CI),
n=177

Multiple imputation RR
(95% CI), m=20, n=261

Age, years (5-year
increase)

1.12 (1.01 to 1.03)

1.07 (1.04 to 1.11)

Female

1.16 (0.88 to 1.53)

1.02 (0.85 to 1.23)

Male

1

Sex
Female

1.05 (0.86 to 1.27)

Male

1

Sex

Income
<$20 000*

1.25 (0.98 to 1.60)

$20 000–40 000

1.54 (0.63 to 3.69)

<$20 000*

0.98 (0.42 to 2.29)

1.09 (0.57 to 2.07)

$40 000–60 000

1.77 (0.73 to 4.27)

$20 000–40 000

1. 04 (0.40 to 2.69)

1.11 (0.56 to 2.19)

$60 000–100 000

1.65 (0.68 to 3.96)

$40 000–60 000

1.03 (0.42 to 2.53)

1.18 (0.60 to 2.33)

>$100 000

1

$60 000–100 000

1.37 (0.57 to 3.32)

1.44 (0.73 to 2.84)

>$100 000

1

Income

Education
Grades 0–8

2.12 (1.44 to 3.13)

Grades 9–11

1.76 (1.21 to 2.57)

Grades 0–8

1.31 (0.73 to 2.34)

1.22 (0.83 to 1.81)

High school

1.47 (0.94 to 2.30)

Grades 9–11

1.49 (0.88 to 2.52)

1.19 (0.80 to 1.76)

Post high school

1

High school

1.16 (0.59 to 2.28)

1.13 (0.73 to 1.74)

Post high school

1

Education

Food insecurity
Yes

1.23 (0.99 to 1.53)

No

1

Food insecurity

Smoker (cigarette/pipe)
Yes

1.41 (1.06 to 1.89)

No

1
1.01 (0.82 to 1.25)

No

1
0.87 (0.71 to 1.07)

No

1

Yes

1.73 (1.19 to 2.53)
1

Inuit

3.85 (1.92 to 7.69)
1

1.18 (0.72 to 1.94)

No

1

1.15 (0.85 to 1.54)

Yes

1.22 (0.82 to 1.83)

No

1

1.10 (0.86 to 1.42)

Yes

0.96 (0.72 to 1.28)

No

1

0.97 (0.79 to 1.19)

Yes

1.67 (1.00 to 2.81)

No

1

1.48 (1.10 to 2.00)

Ethnicity

*Income represents household income for those over 18 years of age.
†Persons per room.
Results in bold are those that are statistically significant.

Inuit

2.00 (0.91 to 4.37)

Canadian-born nonindigenous

1

2.76 (1.33 to 5.73)

m, number of imputations; n, sample size; RR, relative risk.
Results in bold are those that are statistically significant.

higher frequency of LTBI. After adjustment for all measured
SDH, age, crowding and Inuit ethnicity remained statistically
significant determinants of LTBI status.
The prevalence of the measured SDH underscores the vulnerability of this population to TB. The fact that almost half of the
households had less than $20 000 of income per year is striking.
This is particularly true given that the median individual total
income of tax filers in Nunavut was $29 220 for the year in
which the study was done.12 Our estimate of household income
may reflect people who were not tax filers but at the same time
may underestimate all incomes as per tax laws. Smoking is a
well known risk factor for the acquisition of LTBI,17 development
of active TB disease18 and death due to TB.19 The prevalence of
smoking is high in this population compared with the rest of
Canada. However, it is similar to previous prevalence studies
done in Nunavut where 63% of Inuit >12 years of age smoked
daily20compared with 16% in the rest of Canada21 during the
year our data was collected. Smoking cannabis may increase
4

Yes

Crowding (prersons per
room>1)

Ethnicity
Canadian-born non-indigeneous

1.10 (0.89 to 1.35)

Alcohol intake

Crowding (†>1)
No

1

Smoker (marijuana)

Alcohol intake
Yes

1.22 (0.91 to 1.64)

No
Smoker (cigarette/pipe)

Smoker (marijuana)
Yes

Yes

the risk of acquiring TB.22 In our study, 62% of participants
reported ever smoking cannabis, which is high compared with
the rest of Canada.14 23 24 TB was associated with poor nutrition
in a previous case control study among Inuit living in a remote
Arctic setting who were in a TB outbreak.8 In the current study,
food insecurity was not independently a strong determinant of
LTBI status. The reason may have been that food security alone
does not capture nutrient-level data as was done in the previous
study.8
In our multivariate model, age, crowding and Inuit ethnicity
remained in the model after adjusting for all other SDH collected
in the data set. The increased risk of LTBI with increasing age
was an expected finding since the older the person, the higher
the likelihood that they will have been exposed to TB in these
high-risk residential areas. Crowding as measured by person
per room was associated with LTBI after adjusting for all of the
other SDH measured. In addition, the prevalence of crowding
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Table 2 Unadjusted associations of social determinants of healthDH
with latent tunerculosis infection status, with complete cases (n=261)
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Our study has several limitations. We conducted our study in
only those residential areas that were at high risk for TB in the
context of a public health programme. This suggests that interpretation of our results on SDH needs to account for the selective nature of our study population. Our study was limited by
sample size which is often the case given that the population in
this Arctic region is small compared with the rest of Canada. The
results need to be interpreted cautiously due to potential sparse
data issues among some of the SDH variables. We also did not
explicitly account for the number of wage earners per dwelling,
however our cohort did not have many participants that were
between the ages of 12–18 years (n=23) that may have had a
higher likelihood of not being wage earners. Further, our multivariate analyses adjusted for crowding and income. However,
our study has the largest sample size of data collected prospectively used to develop a model to study SDH and TB among
this population in the current literature. Our chosen outcome
measure of LTBI status at any time in the participant’s history
may complicate simple interpretations of our results, in that
LTBI status may predate changes to some SDH, which can vary
throughout a person’s lifetime. Although we attempted to document many possible determinants, there are some notable determinants that were not included in our survey, such as mental
health, access to care, early childhood development, personal
safety and security, culture and language barriers. Future studies
should include these determinants for a more robust analysis.
Finally, we attempted to address the influence of missing data
using multiple imputation under the common assumption
of missingness being dependent on measures present in our
data set (the ‘missing at random’ assumption). This is possibly
incorrect—for example, missing income may have been more
common in the lowest and highest categories of income—but we
attempted to address this by including all available variables in
our data set in the imputation model, which may have lessened
problems due to violations of this assumption.
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What is already known on this subject
► Tuberculosis (TB) remains a significant health burden among

Inuit in Canada. Social determinants of health play a key
role in TB infection, disease and ongoing transmission in this
population. Policy makers are faced with difficult decisions
when tackling SDH in the Canadian Nunangat given the long
list of inequities that are present between the Nunangat and
the rest of Canada which can make prioritization a challenge.

What this study adds
► The present study determined that after adjusting for many

other key social determinants of health, crowding and
Inuit ethnicity were associated with latent TB infection
in residential areas at high risk for TB. On World TB day,
March 24, 2018, the Federal Government and Inuit Tapariit
Kanatami (ITK, National Inuit organization) vowed to
eliminate tuberculosis among Inuit communities by 2030. In
addition to screening and treatment of TB, the present study
offers support to solving the housing crises in the Nunangat
as a priority if TB elimination is to be achieved in this remote
region of Canada.
5
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among residential areas at high risk for TB was very high at
74% compared with 35% prevalence in all of Nunavut during
the same period of the study.12 Among First Nations communities in Canada, an increase in 0.1 persons per room was associated with a 40% increase in the risk of two or more cases
of TB occurring,22 however the findings were limited due to
the lack of data on other SDH in the models. In the case-control study in Nunavik, crowding was associated with increased
odds of newly diagnosed TB infection among people who lived
in smear-positive TB households.9 Our findings provide additional support to these findings by adjusting for several other
SDH and highlights that small incremental increases in the
persons per room can result in significant increases in TB cases.
A possible explanation for crowding being a consistent variable associated with TB in this part of Canada may be related
to the severe climate conditions experienced in the Arctic
where people cannot live outside as they do in southern urban
cities. People use temporary or transient housing (also known
as ‘couch surfing’) which likely increases crowding and also
increases the probability of TB transmission. In the most recent
housing survey done in Iqaluit, which coincided with the time
this study was done, 5% of the population was in immediate
need of housing and was living temporarily in another person’s
dwelling. About 3/10 dwellings housed temporary residents
without a usual home elsewhere in the 12 months prior to the
survey.12 Unfortunately, the chronic housing shortage remains a
significant challenge among this population but it does not take
into account the fact that many houses are also in need of major
repairs. Taken together, 49% of houses in Nunavut in the year
the study was done, were either crowded or in need of major
repairs or a combination of both.12
Ethnicity was demonstrably the strongest determinant of LTBI
status in our study, with Inuit having two to three times the risk
of having had LTBI than Canadian-born non-Indigenous people.
Two previous case control studies done among a similar population did not ascertain if ethnicity could be a risk factor for
TB infection or disease,8 9 however they did acknowledge that
genetic factors could be contributing to TB incidence among
the Inuit.8 A case control study done in Greenland which has
a similar Inuit population and similar Arctic conditions found
that Inuit ethnicity was significantly associated with TB disease
after adjustment of SDH with large effect size (OR 15.3).10 The
authors used a stringent definition of ethnicity (all four grandparents had to be Inuit) to be considered Inuit in their study.
Those tentative findings may suggest a genetic susceptibility to
TB among Inuit and may partly help to explain the high rates of
TB in these regions. At the turn of the century, some of the highest
rates of TB ever recorded were noted among the Inuit.25 It is
possible that because Inuit only came in contact with Europeans
in the past century, they have not developed genetic mechanisms
necessary to protect them against TB disease. Evidence exists
that people may have genetic signatures that predispose them to
develop active TB disease.26 We agree with other researchers8 10
that further study in this area is warranted.
Our study has several strengths. The study was a prospective
cohort that attempted a completed census of residents in highrisk TB areas. We had TB champions who were able to speak
Inuktitut (Inuit language) supported by TB nurses. This allowed
for more precise questionnaire responses which provided a more
precise description of the population at risk for TB disease. It also
included several SDH variables to attempt to reduce confounding
due to missing SDH. The definition of Inuit ethnicity is also a
challenge but in our study it was objectively determined by the
health card number.
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CONCLUSIONS

Among residential areas in a remote Arctic region of Canada that
were at high risk for TB, crowded housing and Inuit ethnicity
were associated with LTBI after adjusting for other SDH. On
World TB Day, 24 March 2018, the Federal Government and
Inuit Tapariit Kanatami (ITK, National Inuit organization) vowed
to eliminate TB among Inuit communities by 2030.27 In addition
to screening and treatment of TB, alleviating the chronic housing
shortage will be a key element in the elimination of TB in Inuit
Nunangat in Canada.
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Policy makers are faced with difficult decisions when tackling
SDH in the Inuit Nunangat in Canada given the long list of inequities that are present between the Inuit Nunangat and the rest of
Canada, which can make prioritisation a challenge. The present
study offers support to solving the housing crises as a priority in
this population if TB elimination is to be achieved in this remote
region of Canada. It should also be noted that access to quality
diagnosis and treatment of TB needs to go along with action on
key SDH.6

