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ABSTRACT 

Background 

Secondhand smoke exposure (SHSe) is associated with numerous adverse health effects and is a major burden for those who do not smoke. SHSe has been 

primarily characterized via questionnaire, but exposure levels can also be estimated using a specific biomarker, such as cotinine (COT). 

Data and methods 

Urinary COT measurements and questionnaire data from three cycles (2007 to 2013) of the Canadian Health Measures Survey were combined and analyzed 

as indicators of regular SHSe for nonsmokers aged 6 to 79 years. Exposure extent was examined by demographic and socioeconomic variable, dwelling type, 

and exposure location. 

Results 

Among Canadian nonsmokers, 22% reported having been regularly exposed to smoke; of those, 26% had detectable COT. The range of SHSe significantly 

differed by age group and exposure location. While the most frequently reported location category was “outside their home” (16%), the most important 

contributor to elevated COT was exposure “at home”. The creatinine-adjusted COT geometric mean (C_COT-GM) for the nonsmokers aged 6 to 79 reporting 

regular home exposure was 3.7 μg/g, but the C_COT-GM was almost three times higher for those living in an apartment than for those in a single-detached 

home. Some discrepancy appeared between self-reported SHSe and detectable COT estimates for the assessed subpopulations. 

Interpretation 

Surveillance by questionnaire and biomonitoring both have their own advantages and are fundamental in identifying the subpopulations most susceptible to 

SHSe. Using a biomarker provides a quantitative estimate of relative exposure that can be compared over time and with other studies, and this is of particular 

interest for effective public health interventions. 
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xposure to tobacco smoke has been associated with 
adverse health effects, and there is no risk-free level of 
secondhand smoke exposure (SHSe).1-3 As a result, steps 

are being taken to reduce the prevalence of tobacco use and 
SHSe.4

Secondhand smoke (SHS) is a mixture of exhaled and 
sidestream smoke from burning tobacco, the composition of 
which changes by interaction over time with compounds found 
in the surroundings.5,6 Indoor smoke chemicals are especially 
important because of their lasting presence in dwellings where 
smoking is allowed and also in those that are adjacent.3,7-11

SHSe may occur from living, working or socializing with a 
smoker; being exposed to smoke in enclosed areas; or being in 
close proximity to a smoker in outdoor areas.3 It occurs in 
various environments, with the home being the most common 
for children and adolescents.12

Self-reported information surveys are commonly used to assess 
the prevalence of SHSe; however, socially undesirable 
behaviours are particularly prone to underreporting. Tobacco 
specific biomarker studies provide increased objectivity in 
evaluating SHSe,13,14 but they are more intrusive for participants 
and costly to conduct. Biomarker studies often measure cotinine 
(COT), which is the major metabolite of nicotine and has 
excellent specificity for SHSe13,15,16 in the absence of nicotine 
medication usage.17 However, caution should also be exercised 
with biomonitoring results: urinary COT estimates are not 
necessarily equal to exposure levels, as they can be influenced 
by interindividual factors.  

Data from the Canadian Health Measures Survey (CHMS) offer 
a unique opportunity to estimate nationwide SHSe using both 
questionnaire and biomonitoring approaches. The main 
objectives were, first, to characterize the subpopulations of 
Canadian nonsmokers who are regularly exposed to smoke, by 

location, socioeconomic variable and dwelling type; second, to 
identify determinants of higher SHSe; and, lastly, to provide, 
with the biomonitoring data, relative levels of SHSe for 
temporal trends and future comparisons.  

Methods 

Data collection 

The CHMS is a nationally representative survey conducted by 
Statistics Canada, in partnership with Health Canada and the 
Public Health Agency of Canada. The CHMS excludes full-
time members of the Canadian Forces and residents of Crown 
lands, Indian reserves, institutions and certain remote regions. 
Together, these exclusions make up about 4% of the target 
population. Data collection was completed in two steps: an in-
person household interview and a visit by the respondent to a 
mobile examination centre (MEC). The data are from the first 
(2007 to 2009), second (2009 to 2011) and third (2012 to 2013) 
CHMS cycles. No significant statistical differences between 
each cycle were observed for the exposure estimates assessed 
by questionnaire and biomonitoring.  

For increased statistical power and for detailed information on 
SHSe, data from the three cycles were combined. The overall 
response rate was 52.9%, resulting in 16,606 respondents aged 
6 to 79. Statistics Canada obtained ethics approval from the 
Health Canada and Public Health Agency of Canada Research 
Ethics Board for conducting the CHMS. All respondents 
provided informed consent or assent before participating.18

Household interview 

Through household interviews, the CHMS gathered 
information on smoking behaviours, SHSe and use of 
medications. Respondents aged 12 to 79 were asked if they had 

E

What is already known on this subject? 

• There is no risk-free level of secondhand smoke exposure (SHSe), which has been mainly assessed by questionnaire. 

• Cotinine is a specific biomarker of SHSe. 

• Quantitative biomonitoring SHSe estimates have not been available at the national level for the Canadian population. 

What does this study add? 

• This study provided baseline smoke exposure levels in Canada, which can be used for comparisons over time or with other 
studies. 

• This study identified differences in smoke exposure between various subpopulations, using biomonitoring and questionnaire 
approaches. 

• This study found based on a biomarker (cotinine) that Canadian nonsmokers living in apartments and aged 6 to 19 were the 
subpopulations with the highest SHSe. SHSe discrepancies by age groups were also identified for respondents who reported 
no exposure. 
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smoked cigars or a pipe or used snuff or chewing tobacco in the 
past month, and if they had smoked cigarettes daily, 
occasionally or not at all. Those who responded “not at all” were 
considered nonsmokers. All respondents aged 6 to 11 were 
assumed to be nonsmokers. 

For each household, respondents were asked if they had been 
exposed to tobacco smoke in the past month inside their own 
home every day, almost every day, at least once a week, at least 
once in the past month, or never. Those who responded “every 
day” or “almost every day” were considered to be regularly 
exposed to SHS in their home. Respondents were also asked if 
in the past month they had been regularly (daily or almost every 
day) exposed to SHS (a) in a car or other private vehicle, (b) in 
public locations, or (c) at their place of work (respondents older 
than 12 only) . Respondents who answered “yes” to any of these 
locations were considered to be regularly exposed to smoke 
outside their home. Parents and guardians were invited to attend 
and assist respondents aged 6 to 11 with the questionnaire, but 
they were asked to leave for respondents aged 12 to 19. 

Urinary free cotinine analysis 

Spot urine samples were collected on average 17 days after 
household interviews using mid-stream in cycle 1, then first 
catch starting in cycle 2. In addition, from cycle 2 onwards, 
guidelines provided to respondents instructed them to avoid 
urinating at least two hours prior to their MEC visit. 
Standardized procedures were used at the MEC from 
biospecimen collection to shipping. The testing laboratory 
(Institut national de santé publique du Québec) is accredited 
under ISO 17025. COT was extracted from urine for the three 
cycles as previously described.19 In cycle 3, COT from 
respondents aged 12 to 79 was analyzed using a slightly 
modified method.20 The limit of detection (LOD) was set at 
1.1 ng/ml for all three cycles. 

Statistical analysis 

Respondents were excluded from the analyses if they reported 
that they currently smoked cigarettes daily or occasionally (n = 
2,349), did not have a valid COT result (n = 187), had 
incomplete self-reported data (n = 248), reported smoking 
cigars or a pipe or using snuff or chewing tobacco in the past 
month (n = 452), reported using a medication with nicotine (n = 
92), or reported being a nonsmoker but had a COT above 
50 ng/ml (n = 358).13 Some respondents met more than one 
exclusion criterion. Only nonsmokers reporting regular SHSe 
from any location and whose COT was between 1.1 ng/ml and 
50 ng/ml were included in the analysis.

To evaluate quantitative SHSe estimates, COT concentrations 
were adjusted with urine creatinine, and geometric means 
(C_COT-GM) and 90th percentiles (C_COT-P90) were 
calculated. Nonsmokers were categorized by sex and, where 
possible, by detailed age group: 6 to 11 (children), 12 to 19 
(adolescents), 20 to 59 (adults) and 60 to 79 (seniors). They 
were further categorized by socioeconomic variable (ethnicity, 
education and income) and dwelling type. Ethnicity was defined 

based on respondents’ choice among a list of cultural 
backgrounds: those who indicated “White” were classified as 
such; all others were classified as “non-White”. Education was 
dichotomized based on the highest household education level: 
less than or at least a postsecondary graduation. Total household 
income was classified by tertile: low (less than $50,000), middle 
($50,000 to $89,999) and high ($90,000 or more). Two dwelling 
types were considered in this study—single-detached home and 
apartment. Low-rise and high-rise dwellings, including condos, 
were collapsed into the “apartment” category. For each category 
of nonsmokers, SHSe was characterized based on three 
locations: (a) only in their home, (b) only outside their home 
(i.e., only in private vehicles, public places and workplaces) and 
(c) in multiple locations (i.e., in their home and in at least one 
outside location).  

The data were analyzed with SAS 9.3 and SUDAAN 11.0.1 
software. Analyses used the CHMS Canadian representative 
survey weights. To account for the survey design, coefficients 
of variation and 95% confidence intervals (CIs) were calculated 
using the bootstrap technique.21,22 Differences between 
estimates were tested using Student’s t-test for statistical 
significance established at the p < 0.05 level. The results are 
presented with two significant numbers. 

Results 

The SHSe distribution by reported frequency in any location for 
nonsmokers aged 6 to 79 from 2007 to 2013 was 22% for 
regular exposure (every day or almost every day), 9.5% for 
exposure at least once a week, 19% for exposure at least once a 
month, and 50% for never. Among nonsmokers who reported 
being exposed regularly to SHS, 26% had detectable COT. 

By age group, and based on questionnaire data, the prevalence 
of nonsmokers regularly exposed to SHS was 14% for children 
(ages 6 to 11), 33% for adolescents (ages 12 to 19), 24% for 
adults (ages 20 to 59) and 13% for seniors (ages 60 to 79). 
However, the prevalence of nonsmokers regularly exposed to 
SHS with detectable COT was 60% for children, 37% for 
adolescents, and 21% for adults and seniors.  

The percentages of nonsmokers were sorted into three locations 
by sex and age group (Figure 1). Nonsmokers were more likely 
to report exposure “outside their home” (16%) than in their 
home (2.5%) or "in their home and outside" (2.3%). Children 
(5.1%) and adolescents (3.7%) were significantly more likely to 
report having been exposed to smoke in their home than adults 
(2.2%) and seniors (1.5%). In contrast, children reported 
significantly less SHSe “outside their home”, compared to other 
age groups. Adolescents (21%) and adults (20%) reported about 
double the frequency of exposure “outside their home”, 
compared to seniors (9.7%). The proportion of adolescents who 
answered that they had been exposed "in their home and 
outside" was 5.8%, the highest proportion among all age 
groups. By questionnaire, the only difference observed between 
sexes was that males (18%) reported significantly higher 
exposure “outside their home” than females (15%). 
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The percentages of nonsmokers with detectable COT, overall, 
by sex, age group and location, are shown in Tables 1-1 and 1-
2. The majority (71%) of nonsmokers reporting exposure “at 
their home” had biomarker levels consistent with SHSe. In 
contrast, only 12% of those reporting exposure “outside their 
home” had detectable COT. Comparisons of biomonitoring data 
between age groups revealed that adults were significantly less 
exposed “in their home” than children.  

Seniors exposed “outside their home” had the lowest percentage 
of detectable COT (5.1%), about two times lower than adults 
and four times lower than children and adolescents. Adults 
(12%) were also significantly less exposed “outside their home” 
than children (23%). Among those declaring no SHSe, adults 
and seniors had significantly lower proportions of detectable 
COT than children and adolescents suggesting and supported by 
the combined age group category that the younger aged 6-19 
had higher exposure (almost double) that was not reported by 
the older age group (20-79). For the exposure categories “at 
home only” and “outside home only” the combined child and 
adolescent group was significantly more exposed than 
nonsmokers aged 20 to 79. Males had significantly greater 
detectable COT proportions than females when reporting 
exposure “at home and outside” as well as when reporting no 
regular exposure. 

As shown in Tables 2-1 and 2-2, C_COT-GMs were compared 
for exposure “at home” and “at home and outside”. For people 

aged 6 to 79, the results were 3.7 μg/g and 4.6 μg/g, 
respectively. A significantly higher C_COT-GM was observed 
for the younger age group (6 to 19, compared with 20 to 79) “at 
home”. No significant differences were observed by sex. An 
examination of dwelling types revealed that the C_COT-GM for 
nonsmokers reporting exposure “at home” was almost three 
times higher for those living in an apartment than for those in a 
single-detached home (8.4 μg/g CI: 4.9 to 14, n = 219, vs. 
3.0 μg/g, CI: 1.8 to 4.8, n = 70). C_COT-P90s provide an 
indication of the relative SHSe and were about eight times lower 
for exposure “outside the home” compared to the other two 
location categories. 

To further characterize the Canadians exposed to smoke, their 
proportions were evaluated by self-reported location and 
sociodemographic variable (Tables 3-1, 3-2 and 3-3). For 
education level, nonsmokers with lower educational attainment 
reported more SHSe for all three location categories, but the 
percentages were significant only for exposure “at home” and 
for combined exposure “at home and outside”. In contrast, in 
terms of detectable COT, nonsmokers with lower educational 
attainment had a significantly greater exposure only for “outside 
their home”. For ethnicity, White respondents were 
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Notes: Coefficient of variation 16.6% to 33.3% when used with the symbol E. Significantly different (p < 0.05) from estimate for respondents aged 6 to 11 (a), aged 12 to 19 (b), aged 20 to 59 (c), and between sexes (d). 
Source: Statistics Canada, Canadian Health Measures Survey.

Figure 1
Percentage of nonsmokers aged 6 to 79 reporting regular exposure to secondhand smoke, overall, by sex and age group, Canada, 2007 to 2013 
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significantly more exposed than non-White respondents based 
on self-declared SHSe “at home and outside”. However, the 
results using the C_COT-GM were conflicting—exposure was 
significantly greater for non-White respondents. Nonsmokers 
living in the highest-income households reported significantly 
lower exposure “at home” and “at home and outside”. A 
significantly lower proportion of detectable COT supported the 
estimated exposure in the latter location category. The relative 
SHSe estimated with C_COT-GM was significantly lower for 
the highest-income households, compared to the lowest-income 
households, when exposed at multiple locations.  

Discussion 

A better understanding of SHSe is required to improve 
interventions and minimize negative effects. The present study 
characterizes the extent of Canadian SHSe as estimated by 
questionnaire and biomonitoring for different subpopulations. 
Wong et al.19 published a paper on SHSe based on cycle 1 of 
the CHMS. Their overall estimated SHSe was similar to that 
found in this study; however, by pooling three cycles of data, 

this study obtained additional details on tobacco smoke 
exposure. The increase in sample size made it possible to 
subdivide the adult group into younger and older adults and 
enabled the quantitative estimation of SHSe. Identifying 
susceptible subpopulations is of particular interest for public 
health interventions, especially for children and seniors, who 
are at even greater risk of SHSe.1,3,23-25 

Almost one-quarter of nonsmoking Canadians aged 6 to 79 
reported regular SHSe and, of those, 26% had detectable COT. 
The most frequently reported of the three location categories 
studied was public or other settings “outside their home”, yet 
this location category demonstrated a weak association with 
measured COT. This suggests that the exposures were brief or 
of low concentration and thus less likely to be identified by the 
COT biomarker.  

Analysis of the data by location showed that SHSe “at home” 
was highest for ages 6 to 19, compared to ages 20 to 79, 
according to the questionnaire, detectable COT proportions and 

Number Estimate (%) CI lower bound CI higher bound Number Estimate (%) CI lower bound CI higher bound

Total, 6 to 79 years 376 71 59 81 1,849 12 9.6 15

Male, 6 to 79 years 190 77 60 90 889 14 11.0 19
Female, 6 to 79 years 186 67 50 80 960 10 E 6.6 15
Total, 6 to 19 years 262 84 d 74 90 713 19 d 14.0 25
Total, 20 to 79 years 114 65 48 79 1,136 11 7.6 15
Total, 6 to 11 years 139 86 75 92 149 23 16.0 31

Total, 12 to 19 years 123 82 67 91 564 18 E 13.0 25

Total, 20 to 59 years 76 62 a 43 79 899 12 a,E 8.1 16

Total, 60 to 79 years 38 75 55 88 237 5.1  a,b,c, E 2.7 9.3

Table 1-1
Percentage of nonsmokers aged 6 to 79 with detectable urinary cotinine concentrations, overall, by age group, sex and reported regular 
secondhand exposure location, Canada, 2007 to 2013 — Part 1

E use with caution 

Notes: Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Number = the number of individuals self-reporting regular or no exposure by location. CI = confidence interval. 
Significantly different (p < 0.05) from estimate for respondents aged 6 to 11 (a), aged 12 to 19 (b), aged 20 to 59 (c), aged 6 to 19 vs 20 to 79 (d), and between sexes (g).
Source: Statistics Canada, Canadian Health Measures Survey.

At home only Outside home only

Self-reported secondhand smoke exposure locations

Number Estimate (%) CI lower bound CI higher bound Number Estimate (%) CI lower bound CI higher bound

Total, 6 to 79 years 312 83 75 88 10,674 4.6 3.7 5.7
Male, 6 to 79 years 145 90 g 82 95 4,983 5.4 E 4.3 6.7
Female, 6 to 79 years 167 77 64 85 5,691 3.9 2.9 5.3
Total, 6 to 19 years 215 87 77 93 4,377 7.2 d 5.7 9.1
Total, 20 to 79 years 97 80 67 88 6,297 3.9 3.0 5.1
Total, 6 to 11 years 60 92 84 96 2,111 7.1 5.4 9.2
Total, 12 to 19 years 155 85 75 92 2,266 7.3 5.3 10.0
Total, 20 to 59 years 68 82 68 90 3,938 4.0 a,b 3.1 5.3
Total, 60 to 79 years 29 73 47 89 2,359 3.7 a,b, E 2.4 5.5
E use with caution 
Notes: Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Number = the number of individuals self-reporting regular or no exposure by location. CI = confidence 
interval. Significantly different (p < 0.05) from estimate for respondents aged 6 to 11 (a), aged 12 to 19 (b), aged 20 to 59 (c), aged 6 to 19 vs 20 to 79 (d), and between sexes (g).
Source: Statistics Canada, Canadian Health Measures Survey.

Self-reported secondhand smoke exposure locations

Table 1-2
Percentage of nonsmokers aged 6 to 79 with detectable urinary cotinine concentrations, overall, by age group, sex and reported 
regular secondhand exposure location, Canada, 2007 to 2013 — Part 2 

At home and outside Not exposed



Research Article Exposure to tobacco smoke among Canadian nonsmokers based on questionnaire and biomonitoring data 

Statistics Canada, Catalogue no. 82-003-X 21 Health Reports, Vol. 32, no. 2, February 2021  

C_COT-GM. However, when data were available for all four 
age groups, the only significant difference observed for 
exposure “at home” was with detectable COT, the results of 
which demonstrated that adults were less exposed than children. 
Children are more likely than adults to live with someone who 
smokes indoors and have less control in terms of avoiding the 
smoking behaviour of household members and visitors.26-28

Similarly to children, people living in apartments have little 
control over their SHSe since the air entering their apartment 
can originate somewhere else in the building and can increase 
their exposure levels.3,8,11,29 Specifically, their ability to manage 
the ventilation of the apartment may be limited. In addition, a 
higher proportion of people might choose to smoke inside 
because of the distance to an exterior door or the stigma of being 
seen smoking outside. Apartments also generally tend to be 
smaller than single-detached homes. This is consistent with the 
finding that significantly higher C_COT-GMs were observed in 

apartment residents than in those living in single-detached 
homes.  

For exposure “outside their home”, children reported the lowest 
tobacco exposure relative to all other age groups, while seniors 
had the lowest percentage of detectable COT. The total 
clearance of nicotine is decreased in seniors compared to 
younger adults, and this may explain the difference.16

According to the biomonitoring data, children and adolescents 
had similar SHSe “outside their home”, and this contrasts with 
the information obtained from the questionnaire. Discrepancies 
between self-reported and biomonitoring estimated exposure 
may reflect differences in aspects that were not captured by the 
questionnaire, such as the frequency, duration and intensity of 
exposure, as well as ventilation characteristics. The greater 
estimated SHSe for children based on detectable COT could be 
due to exposure in a vehicle, an enclosed space for which a 
higher COT correlation with SHSe has been observed.30-32

Other residential settings that better characterize exposure 

Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound Estimate Estimate
CI lower 

bound
CI higher 

bound
Total, 6 to 79 years 3.7 2.6 5.2 18.0 12 23 … 2.7 2.1 3.3
Total, 6 to 19 years 5.4 a 3.9 7.6 28.0 E 16 42 … 4.4 E 2.5 6.3
Total, 20 to 79 years 3.0 E 1.9 4.8 13.0 9.6 16 … 2.5 1.9 3.1

Male, 6 to 79 years 4.5 E 3.1 6.5 21.0 E 10 31 … 2.6 E 1.7 3.6
Female, 6 to 79 years 3.1 E 1.9 5.2 16.0 12 20 … 2.9 2.2 3.7

Table 2-1
Creatinine-adjusted urinary cotinine geometric means and 90th percentiles for nonsmokers by reported location of regular secondhand smoke 
exposure, age group and sex, Canada, 2007 to 2013 — Part 1

At home only Outside home only

Source: Statistics Canada, Canadian Health Measures Survey.

Self-reported secondhand smoke exposure locations

… not applicable
E use with caution 
F too unreliable to be published
X suppressed to meet the confidentiality requirements of the Statistics Act

Notes:  Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Coefficient of variation > 33.3% when used with the symbol F. C_COT-GM = creatinine-adjusted cotinine geometric 
mean. C_COT-P90 = creatinine-adjusted cotinine 90th percentile. CI = confidence interval. N/A= not calculated as more than 40% of results less than limit of detection. Significance testing was limited 
to CRE-GMs by age group, sex and location of exposure. An "a" indicates significant differences (p < 0.05). 

Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound

Total, 6 to 79 years 4.6 3.7 5.8 23 E 12.0 34
Total, 6 to 19 years 5.7 E 4.1 8.0 24 E 8.5 40
Total, 20 to 79 years 4.0 E 2.8 5.7 X … …

Male, 6 to 79 years 5.8 E 4.0 8.4 24 14.0 34
Female, 6 to 79 years 3.8 2.8 5.2 F … …

… not applicable
E use with caution 
F too unreliable to be published
X suppressed to meet the confidentiality requirements of the Statistics Act
Notes: Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Coefficient of variation > 33.3% when used with the symbol F. C_COT-GM = 
creatinine-adjusted cotinine geometric mean. C_COT-P90 = creatinine-adjusted cotinine 90th percentile. CI = confidence interval. N/A= not calculated as more 
than 40% of results less than limit of detection. Significance testing was limited to C_COT-GMs by age group, sex and location of exposure. An "a" indicates 
significant differences (p < 0.05). 
Source: Statistics Canada, Canadian Health Measures Survey.

Table 2-2
Creatinine-adjusted urinary cotinine geometric means and 90th percentiles for nonsmokers by reported location of 
regular secondhand smoke exposure, age group and sex, Canada, 2007 to 2013 — Part 2

At home and outside
Self-reported secondhand smoke exposure locations
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“outside their home” were not assessed for the 2007 to 2013 
period. In addition, depending on their interindividual attributes 
and their age-related behaviour, children might also be more 
sensitive to SHSe and therefore have higher COT estimates. 
However, a study has suggested that higher COT levels in 
children exposed to smoke versus adults were due to greater 
SHSe rather than different COT pharmacokinetics.33

The only location category where a self-reported difference 
between the sexes was observed was “outside their home” while 
for measurable COT, it was the category “at home and outside”. 
In both cases, males had higher measured COT than females, 

but women have a faster nicotine metabolism than men.16 The 
observed discrepancy between the two approaches in terms of 
location of SHSe may reflect that COT is poorly associated with 
reported estimates when the specific outside locations are not 
well defined.  

Low socioeconomic status, whether defined by income or level 
of education, was identified in the literature as of greater risk 
for SHSe.3,29,32,34-37 However, this study did not identify a 
difference for exposure “at their home location”. This could be 
because the sample size is insufficient to detect one, there is 

Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound
Highest household education

Low education 162 4.6  a 3.3 6.5 81 70 89 5.0 E 2.9 8.4
High education 214 1.9 1.4 2.5 65 46 80 3.0 E 1.9 4.7

Ethnicity
White 314 2.6 2.2 3.1 76 64 85 4.4 3.3 5.8
Non-White 62 2.2 E 1.2 4.0 55 E 27 80 F … …

Total household income
Low income (<$50,000) 185 3.2 E 2.3 4.5 74 53 88 4.7 E 2.5 8.9
Middle income ($50,000 to $89,999) 111 2.9 E 2.1 4.1 75 56 88 3.3 E 2.1 5.4
High income ($90,000 or more) 80 1.5  b,c, E 1.0 2.5 61 E 36 81 2.9 E 1.8 4.6

Source: Statistics Canada, Canadian Health Measures Survey. 

Self-reported secondhand smoke exposure locations

Notes: Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Coefficient of variation > 33.3% when used with the symbol F. Low education category = Less than post-
secondary graduation. High education category = with a post-secondary graduation. C_COT-GM = creatinine-adjusted cotinine geometric mean (not calculated for exposure outside home). 
Significant differences (p < 0.05) are indicated by (a) between dichotomized categories, by (b) if different from low income and by (c) when different from middle income. CI = confidence 
interval.

Category and sub-categories

Table 3-1
Questionnaire and biomonitoring estimates for nonsmokers aged 6 to 79 reporting regular exposure to secondhand smoke by reported 
location of exposure and sociodemographic variable, Canada, 2007 to 2013 — Part 1

At home only 

Number

Reported % Detectable cotinine %

… not applicable
E use with caution 
F too unreliable to be published 
X suppressed to meet the confidentiality requirements of the Statistics Act 

Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound
Highest household education

Low education 454 18 15 22 22.0  a, E 15.0 31.0
High education 1,395 16 15 18 9.0 6.6 12.0

Ethnicity
White 1,410 17 15 19 12.0 9.4 16.0
Non-White 439 16 14 18 11.0 E 7.7 17.0

Total household income
Low income (<$50,000) 626 16 14 18 18.0 E 13.0 26.0
Middle income ($50,000 to $89,999) 542 16 14 19 16.0 E 9.5 25.0
High income ($90,000 or more) 681 18 15 21 5.2  b,c, E 3.2 8.3

Table 3-2
Questionnaire and biomonitoring estimates for nonsmokers aged 6 to 79 reporting regular exposure to secondhand smoke by 
reported location of exposure and sociodemographic variable, Canada, 2007 to 2013 — Part 2

Category and sub-categories Number

Outside home only

Source: Statistics Canada, Canadian Health Measures Survey. 

Self-reported secondhand smoke exposure locations

… not applicable

E use with caution
F too unreliable to be published 
X suppressed to meet the confidentiality requirements of the Statistics Act 

Notes:  Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Coefficient of variation > 33.3% when used with the symbol F. Low education category = Less than post-
secondary graduation. High education category = with a post-secondary graduation. C_COT-GM = creatinine-adjusted cotinine geometric mean (not calculated for exposure outside 
home). Significant differences (p < 0.05) are indicated by (a) between dichotomized categories, by (b) if different from low income and by (c) when different from middle income. CI = 
confidence interval.

Reported % Detectable cotinine %
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variability in the data or there is no significant difference in the 
Canadian population. People with lower income and education 
are less likely to be covered by smoke-free laws in worksites, 
restaurants and bars.34 Biomonitoring results agreed with the 
literature that people with lower education had increased SHSe 
“outside their home”.  

Among those who declared not having been regularly exposed 
to smoke, 4.6% had detectable COT, but some subpopulations 
are more prone to this bias, as reported in pregnant women.29 At 
first glance, this small percentage might indicate that 
nonsmokers generally reported their SHSe accurately, but it is 
worth considering that, for example, 12% of nonsmokers in the 
most frequently reported location category (outside their home) 
had detectable COT, as well as the significant differences 
among age groups underreporting their SHSe. The present study 
indicated that about twice as many children and adolescents as 
older nonsmokers who did not report SHSe had evidence of 
smoke exposure based on detectable COT.  

There was also evidence of a considerable discrepancy between 
reported SHSe and COT measurements for children. The 
reasons for this underreported SHSe may be attributable to self-
reported estimates potentially introducing recall and social 
desirability biases. Parents and guardians reported the SHSe of 
children. Efforts by stakeholders involved in tobacco control, 
and heavy advertising on the dangers of SHSe for children, may 
have affected the social perception for this particular 
subpopulation38 and may therefore have led to underreporting 
of proxy smoke exposure. The underreporting could also 
indicate that parents and guardians do not know to what extent 
their children are exposed and that these children are perhaps 
more often exposed in an enclosed environment with a smoker.

In addition to genetic factors, interindividual factors,16

including age, can influence estimated biomonitored levels, and 
this may therefore contribute to the discrepancy between 
urinary COT and self-reporting. One-quarter of the United 
States (U.S.) population aged older than 3 had a detectable 
serum COT in the 2013 to 2014 period,35 compared to about 6% 
for urinary COT in this study. Generalization and comparison 
between studies are not recommended without careful 
consideration.39,40 The Canadian and U.S. surveys differed in 
methodology, including in the biological matrix, assay, age 
groups and data collection periods. Biomarker studies are 
recognized for their specificity, but their sensitivity can be poor. 
Low detectable COT levels were observed for the three assessed 
location categories, but were particularly observed for “outside 
their home”. Unsurprisingly, in an enclosed environment like a 
home, 71% of nonsmokers reporting exposure “at home” had 
detectable COT. While the urinary COT analytic method was 
robust and the LOD was acceptable for studies of low-level 
SHSe like this study of the Canadian population, methods with 
even higher sensitivity are now required. A urinary COT cut-off 
value of 50 ng/ml was presented by Jarvis et al.41 in the 1980s
to distinguish between smokers and nonsmokers. Since then, the 
threshold for serum COT has been revised downwards and 
evaluated for different ethnicities.42 The threshold for urinary 
COT has not been reassessed, and uncertainties persist. 
However, a cut-off range of 30 ng/ml to 200 ng/ml has been 
widely used;43 therefore, the 50 ng/ml cut-off was considered 
appropriate for this study. The impact of varying levels by 
ethnicity is not considered significant for the Canadian 
population compared to the U.S. The larger C_COT-GM for the 
White subpopulation observed for the location category that 
includes exposure both in and outside their home may be 

Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound Estimate
CI lower 

bound
CI higher 

bound

Highest household education

Low education 120 3.9  a 2.9 5.5 86 75 92 5.2 E 3.6 7.4
High education 192 1.7 1.4 2.1 81 70 88 4.3 3.1 5.9

Ethnicity

White 262 2.5  a 2.1 3.1 82 73 88 4.3  a 3.3 5.6

Non-White 50 1.5 E 1.0 2.1 X … … 7.0 E 4.5 11
Total household income

Low income (<$50,000) 148 3.2 2.5 3.9 84 75 91 6.3 4.8 8.4
Middle income ($50,000 to $89,999) 111 2.5 E 1.7 3.7 89 78 95 4.3 E 2.7 7.0
High income ($90,000 or more) 53 1.3  b,c, E 0.8 1.9 69 46 85 2.8 b, E 1.5 5.0

Table 3-3
Questionnaire and biomonitoring estimates for nonsmokers aged 6 to 79 reporting regular exposure to secondhand smoke by reported 
location of exposure and sociodemographic variable, Canada, 2007 to 2013 — Part 3

Category and sub-categories Number

At home and outside

X suppressed to meet the confidentiality requirements of the Statistics Act 

Notes:  Coefficient of variation 16.6% to 33.3%  when used with the symbol E. Coefficient of variation > 33.3% when used with the symbol F. Low education category = Less than post-
secondary graduation. High education category = with a post-secondary graduation. C_COT-GM = creatinine-adjusted cotinine geometric mean (not calculated for exposure outside home). 
Significant differences (p < 0.05) are indicated by (a) between dichotomized categories, by (b) if different from low income and by (c) when different from middle income. CI = confidence 
interval.

Source: Statistics Canada, Canadian Health Measures Survey. 

Self-reported secondhand smoke exposure locations

… not applicable
E use with caution 
F too unreliable to be published

Reported % Detectable cotinine %
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explained by greater exposure in enclosed areas, such as “at 
home” or in a vehicle.  

There have been important developments in the use of 
questionnaires and biomarkers, but there is still no gold standard 
assessment of SHSe, posing challenges for direct comparisons 
with other studies. SHSe assessments are most frequently based 
on self-reported questionnaires because of their cost efficiency, 
but these can be prone to biased reporting and complexity, as 
many items, including specific inferences, must be collected. 
Indeed, the results of the present study suggest that while self-
reporting is fairly accurate, it may be less exact for certain 
subpopulations (e.g., younger age groups, certain types of 
dwelling, certain characteristics of the exposure location) when 
questionnaires are used to estimate SHSe. While the use of a 
biomarker such as COT generally reduces these uncertainties, 
providing a more accurate and objective estimate of recent 
SHSe, it is subject to interindividual differences, as well as 
variations in sample collection. 

Other potential limitations may explain the observed 
differences between the self-reported and biomonitoring SHSe 
estimates. The urine sample was collected at a different time 
than the administration of the questionnaire, and some self-
reported assessment issues (e.g., lack of detail, longer recall 
period than recommended44) likely limited the ability to 
characterize SHSe in this study in ways that better correlate with 
COT. This biomarker is also a reliable measure of potential 
SHSe only over the previous few days,45 and the urine matrix 
used in this study also complicated the interpretation of the 
results.46 It is unlikely that vaping nicotine sources contributed 
to the COT estimated in this study’s population, since the 
prevalence assessed by questionnaire in 2013 was very low.47

This study provides a detailed characterization of regular SHSe 
in Canada by combining questionnaire and biomonitoring data. 
Almost one-quarter of Canadians aged 6 to 79 were still 
regularly exposed, and disparities existed by socioeconomic 

variable, dwelling type, exposure location and method of 
assessment.  

Researchers’ preferred method for evaluating SHSe is by 
questionnaire. However, this study compares the results of this 
method with those obtained for the same population through 
biomonitoring, not only increasing SHSe knowledge but 
showing possible limitations of each approach.  

Since smoking and SHSe are a costly social and public health 
problem,48 accurate data will further assist in devising effective 
interventions aimed at driving down their risks. This study 
provides, for the first time at the national level, Canadian 
quantitative exposure estimates for comparison over time or 
with other studies, the identification of discrepancies for 
respondents self-reporting no exposure, and insights on SHSe 
locations for certain highly susceptible populations.  

Given that there is no safe level of SHSe,3 sustained efforts to 
reduce exposure disparities are warranted, and ongoing 
surveillance is paramount. 

Acknowledgments 

The authors wish to thank Janine Clarke (Statistics Canada) for 
her data analysis contributions to this study. 

Supplementary data  

Additional tables with unadjusted-creatinine cotinine estimates 
are available by contacting the authors.  



Research Article Exposure to tobacco smoke among Canadian nonsmokers based on questionnaire and biomonitoring data 

Statistics Canada, Catalogue no. 82-003-X 25 Health Reports, Vol. 32, no. 2, February 2021  

References  
1. U.S. Department of Health and Human Services. The Health 

Consequences of Smoking—50 Years of Progress: A Report of the Surgeon 

General. Atlanta, Georgia: Centers for Disease Control and Prevention, 

2014. Available at: http://www.cdc.gov/tobacco/data_statistics/sgr/50th-

anniversary/index.htm. Accessed February 25, 2017. 

2. International Agency for Research on Cancer. Tobacco Smoke and 

Involuntary Smoking (IARC Monographs on the Evaluation of 

Carcinogenic Risks to Humans, volume 83). Lyon, France: International 

Agency for Research on Cancer, 2004. Available at: 

http://monographs.iarc.fr/ENG/Monographs/vol83/mono83.pdf. Accessed 

September 15, 2018. 

3. U.S. Department of Health and Human Services. The Health 

Consequences of Involuntary Exposure to Tobacco Smoke: A Report of the 

Surgeon General. Atlanta, Georgia: Centers for Disease Control and 

Prevention, 2006. Available at: 

https://www.ncbi.nlm.nih.gov/books/NBK44324/. Accessed February 25, 

2017. 

4. World Health Organization. WHO Report on the Global Tobacco 

Epidemic, 2017: Monitoring Tobacco Use and Prevention Policies. 

Geneva: World Health Organization, 2017. 

5. Matt GE, Quintana PJ, Destaillats H, et al. Thirdhand tobacco smoke: 

emerging evidence and arguments for a multidisciplinary research agenda. 

Environmental Health Perspectives 2011; 119(9): 1218-26.  

6. Canadian Centre for Occupational Health and Safety. Environmental 

Tobacco Smoke (ETS): General Information and Health Effects. Available 

at: https://www.ccohs.ca/oshanswers/psychosocial/ets_health.html. 

Accessed September 15, 2018. 

7. Klassen AC, Lee NL, Pankiewicz A, et al. Secondhand smoke exposure 

and smoke-free policy in Philadelphia public housing. Tobacco Regulatory 

Science 2017; 3(2):192-203. 

8. King BA, Travers MJ, Cummings KM, et al. Secondhand smoke transfer 

in multiunit housing. Nicotine & Tobacco Research 2010; 12(11): 1133-

41. 

9. Wilson KM, Klein JD, Blumkin AK, et al. Tobacco-smoke exposure in 

children who live in multiunit housing. Pediatrics 2011; 127(1): 85-92. 

10. Hewett MJ, Sandell SD, Anderson J, Niebuhr M. Secondhand smoke in 

apartment buildings: renter and owner or manager perspectives. Nicotine 

& Tobacco Research 2007; 9(Suppl. 1): S39-47. 

11. Snyder K, Vick JH, King BA. Smoke-free multiunit housing: a review of 

the scientific literature. Tobacco Control 2016; 1(25): 9-20. 

12. Makadia LD, Roper PJ, Andrews JO, Tingen MS. Tobacco use and smoke 

exposure in children: new trends, harm, and strategies to improve health 

outcomes. Current Allergy and Asthma Reports 2017; 17(8): 53-68. 

13. SRNT Subcommittee on Biochemical Verification. Biochemical 

verification of tobacco use and cessation. Nicotine & Tobacco Research

2002; 4(2): 149-59. 

14. Knight JM, Eliopoulos C, Klein J, et al. Passive smoking in children: racial 

differences in systemic exposure to cotinine by hair and urine analysis. 

Chest 1996; 109(2): 446-50. 

15. Bernert JT, Jacob P 3rd, Holiday DB, et al. Interlaboratory comparability 

of serum cotinine measurements at smoker and nonsmoker concentration 

levels: a round-robin study. Nicotine & Tobacco Research 2009; 11(12): 

1458-66. 

16. Benowitz NL, Hukkanen J, Jacob P 3rd. Nicotine chemistry, metabolism, 

kinetics and biomarkers. Handbook of Experimental Pharmacology 2009; 

(192): 29-60. 

17. Jacob P 3rd, Hatsukami DK, Severson H, et al. Anabasine and anatabine as 

biomarkers for tobacco use during nicotine replacement therapy. Cancer 

Epidemiology, Biomarkers & Prevention 2002; 11(12): 1668-73. 

18. Day B, Langlois R, Tremblay MS, et al. Canadian Health Measures 

Survey: ethical, legal and social issues. Health Reports 2007; 18(Suppl.): 

35-52. 

19. Wong SL, Malaison E, Hammond D, Leatherdale ST. Secondhand smoke 

exposure among Canadians: cotinine and self-report measures from the 

Canadian Health Measures Survey 2007-2009. Nicotine & Tobacco 

Research 2013; 15(3): 693-700. 

20. Institut national de santé publique du Québec, Laboratoire de toxicologie. 

Analytical method for measuring nicotine, nicotine metabolites and 

anabasine in urine using HPLC-MS/MS method (C-569). Condensed 

version for the CHMS. Québec, Canada: Institut national de santé publique 

du Québec, 2015. 

21. Rust KF, Rao JNK. Variance estimation for complex surveys using 

replication techniques. Statistical Methods in Medical Research 1996; 5(3): 

283-310. 

22. Rao JNK, Wu CF, Yue K. Some recent work on resampling methods for 

complex surveys. Survey Methodology 1992; 18(2): 209-17. 

23. Samet JM, Chanson D, Wipfli H. The challenges of limiting exposure to 

THS in vulnerable populations. Current Environmental Health Reports

2015; 2(3): 215-25. 

24. Cancer.Net Editorial Board. Health Risks of Secondhand Smoke. Available 

at: http://www.cancer.net/navigating-cancer-care/prevention-and-healthy-

living/stopping-tobacco-use-after-cancer-diagnosis/health-risks-

secondhand-smoke. Accessed September 22, 2018. 

25. García-Esquinas E, Navas-Acien A, Rodríguez-Artalejo F. Exposure to 

secondhand tobacco smoke and the frailty syndrome in US older adults. 

Age 2015; 37(2): 26-34. 

26. Centers for Disease Control and Prevention. Vital signs: nonsmokers’ 

exposure to secondhand smoke—United States, 1999–2008. Morbidity 

and Mortality Weekly Report 2020; 59(35): 1141-6. 

27. Schwartz J, Graham RB, Richardson CG, et al. An examination of 

exposure and avoidance behavior related to second-hand cigarette smoke 

among adolescent girls in Canada. BMC Public Health 2014; 14: 468-77. 



Research Article Exposure to tobacco smoke among Canadian nonsmokers based on questionnaire and biomonitoring data 

Statistics Canada, Catalogue no. 82-003-X  26  Health Reports, Vol. 32, no. 2, February 2021 

28. Brown C. Second-hand smoke exposure higher for kids and teens. CMAJ

2015; 187(14): 1040. 

29. Arbuckle TE, Liang CL, Fisher M, et al. Exposure to tobacco smoke and 

validation of smoking status during pregnancy in the MIREC study. 

Journal of Exposure Science & Environmental Epidemiology 2018; 28(5): 

461-9. 

30. Aurrekoetxea JJ, Murcia M, Rebagliato M, et al. Second-hand smoke 

exposure in 4-year-old children in Spain: sources, associated factors and 

urinary cotinine. Environmental Research 2016; 145: 116-25. 

31. Florescu A, Ferrence R, Einarson T, et al. Methods for quantification of 

exposure to cigarette smoking and environmental tobacco smoke: focus on 

developmental toxicology. Therapeutic Drug Monitoring 2009; 31(1): 14-

30. 

32. Prochaska JJ, Grossman W, Young-Wolff KC, Benowitz NL. Validity of 

self-reported adult secondhand smoke exposure. Tobacco Control 2015; 

24(1): 48-53. 

33. Dempsey DA, Sambol NC, Jacob P 3rd, et al. CYP2A6 genotype but not 

age determines cotinine half-life in infants and children. Clinical 

Pharmacology & Therapeutics 2013; 94(3): 400-6.  

34. Huang J, King BA, Babb SD, et al. Sociodemographic disparities in local 

smoke-free law coverage in 10 states. American Journal of Public Health

2015; 105(9): 1806-13. 

35. Tsai J, Homa DM, Gentzke AS, et al. Exposure to secondhand smoke 

among nonsmokers—United States, 1988–2014. Morbidity and Mortality 

Weekly Report 2018; 67: 1342-6. 

36. Truth Initiative. Tobacco Is a Social Justice Issue: Low-income 

Communities. Available at: https://truthinitiative.org/news/smoking-and-

low-income-communities. Accessed December 20, 2018. 

37. Marbin JN, Gribben V. Tobacco use as a health disparity: what can 

pediatric clinicians do? Children 2019; 6(2): 31. Available at: 

https://doi.org/10.3390/children6020031.  

38. Azagba, S. Trends in adult exposure to secondhand smoke in vehicles: 

findings from the 2009-2012 Canadian Tobacco Use Monitoring Survey. 

Drug and Alcohol Dependence 2015; 155: 141-6. 

39. LaKind JS, Levesque J, Dumas P, et al. Comparing United States and 

Canadian population exposures from national biomonitoring surveys: 

bisphenol A intake as a case study. Journal of Exposure Science & 

Environmental Epidemiology 2012; 22(3): 219-26. 

40. LaKind JS, Pollock T, Naiman DQ, et al. Factors affecting interpretation of 

national biomonitoring data from multiple countries: BPA as a case study. 

Environmental Research 2019; 173: 318-29. Available at: 

https://doi.org/10.1016/j.envres.2019.03.047. 

41. Jarvis MJ, Tunstall-Pedoe H, Feyerabend C, et al. Comparison of tests used 

to distinguish smokers from nonsmokers. American Journal of Public 

Health 1987; 77(11): 1435-8. 

42. Benowitz NL, Bernert JT, Caraballo RS, et al. Optimal serum cotinine 

levels for distinguishing cigarette smokers and nonsmokers within different 

racial/ethnic groups in the United States between 1999 and 2004. American 

Journal of Epidemiology 2009; 169(2): 236-48. 

43. Kim S. Overview of cotinine cutoff values for smoking status 

classification. International Journal of Environmental Research and 

Public Health 2016; 13(12): 1236-51. 

44. Avila-Tang E, Elf JL, Cummings KM, et al. Assessing secondhand smoke 

exposure with reported measures. Tobacco Control 2013; 22(3): 156-63. 

45. Jarvis MJ, Russell MA, Benowitz NL, Feyerabend C. Elimination of 

cotinine from body fluids: implications for noninvasive measurement of 

tobacco smoke exposure. American Journal of Public Health 1988; 78(6): 

696-8. 

46. LaKind JS, Naiman DQ. Temporal trends in bisphenol A exposure in the 

United States from 2003-2012 and factors associated with BPA exposure: 

Spot samples and urine dilution complicate data interpretation. 

Environmental Research 2015; 142: 84-95.  

47. Health Canada. Canadian Tobacco Alcohol and Drugs (CTADS): 2013 

Summary. Ottawa: Health Canada, 2015. Available at: 

https://www.canada.ca/en/health-canada/services/canadian-tobacco-

alcohol-drugs-survey/2013-summary.html. Accessed December 12, 2017. 

48. Dobrescu A, Bhandari A, Sutherland G, Dinh T. The Costs of Tobacco Use 

in Canada, 2012. Ottawa: The Conference Board of Canada, 2017. 

Available at: http://www.conferenceboard.ca/e-

library/abstract.aspx?did=9185. Accessed January 27, 2018.


