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Abstract
Background: This study summarizes the linkage of the Canadian Community Health Survey (CCHS) and the Canadian Mortality Database (CMDB), which 
was performed to examine relationships between social determinants, health behaviours and mortality in the household population.
Data and methods: The 2000/2001-to-2011 Canadian Community Health Surveys were linked to the 2000-to-2011 CMDB using probabilistic methods based 
on common identifiers (names, date of birth, postal code and sex) for eligible respondents (85%; n = 614,774). Mortality records from January 1, 2000 through 
December 31, 2011 for people aged 12 or older were eligible for linkage (n = 2.774 million). The linkage was enhanced with information from the Historical Tax 
Summary File. Quality assessment consisted of internal and external validation. Cox survival analysis (age-adjusted) was conducted to estimate hazard ratios 
(HRs) associated with selected health behaviours.
Results: Overall, 5.3% of eligible CCHS respondents linked to a mortality record; false positive and false negative rates were 0.04% and 2.43%, respectively. 
Linkage rates were higher among males (5.8%) and people aged 75 or older (20.2%), reflecting known mortality risks. Survival analyses confirmed elevated 
mortality risk associated with heavy (HR 2.36, CI 1.84, 2.89) and light smoking (HR 1.91, CI 1.52, 2.33), compared with not smoking; underweight and obesity, 
compared with normal and overweight; low fruit and vegetable consumption; and lack of physical activity. 
Interpretation: Linking health behaviour information from the CCHS to mortality data from the CMDB allows for a greater understanding of modifiable 
determinants of mortality. 
Key words: Data linkage, health survey, mortality, risk factors
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In most industrialized countries, vital statistics registries 
and national health surveys are cornerstones of health 

surveillance. 
Mortality data compiled by vital statistics registries for 

administrative purposes can be tabulated by basic demographic 
characteristics (age and sex), province and cause of death. 
However, little is known about the socioeconomic, cultural or 
linguistic characteristics of those who die, or about the contribu-
tions of lifestyle and social factors to mortality risk.

Health surveys, by contrast, collect information about the 
health status and health behaviours of individuals, as well as 
their socioeconomic and cultural characteristics. However, these 
surveys are typically cross-sectional; no information is provided 
about respondent health beyond the date of the survey. 

When complementary health survey and administrative data 
are combined through record linkage,1-3 relationships between 
social determinants and health outcomes such as death can be 
analyzed in more depth.4-8 For example, in Canada, mortality 
data have been linked to census results to examine differences 
in the risk of death across socioeconomic groups.9,10 These 
linked data have also been used to calculate mortality rates for 
subpopulations such as immigrants and Aboriginal groups.11-13 
Similarly, researchers in other countries have used linked data 
to investigate mortality among immigrants, Indigenous peoples 
and prisoners.14-17 A landmark Ontario study used linked health 
survey and mortality data to explore associations with smoking, 

poor diet, physical inactivity and high stress. Results demon-
strated that 60% of Ontario deaths were attributable to these risk 
factors.18 

The linkage described in the present study combines infor-
mation from the Canadian Community Health Survey with 
mortality data from the Canadian Mortality Database. This 
article explains the record linkage process and presents results 
about associations between health behaviours and mortality 
among a representative sample of Canadians. 

Data and methods
Canadian Community Health Survey 
The cross-sectional Canadian Community Health Survey 
(CCHS) collects information about the health, health behaviours 
and health care use of the non-institutionalized household popu-
lation aged 12 or older. The survey excludes full-time members 
of the Canadian Forces and residents of reserves and some 
remote areas, together representing about 4% of the target popu-
lation. The CCHS was first conducted in 2000/2001 (cycle 1), 
and again in 2003 (cycle 2) and 2005 (cycle 3), each time with 
a sample of size of approximately 130,000. Starting in 2007, 
the survey was conducted annually (sample size of 65,000). 
Response rates ranged from 69.8% to 78.9%. Details about the 
sampling strategy and content are available elsewhere (www.
statcan.gc.ca).19 

mailto:Claudia.sanmartin@canada.ca
http://www.statcan.gc.ca
http://www.statcan.gc.ca
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The CCHS records eligible for linkage 
to the Canadian Mortality Database were 
respondents who consented to share their 
survey information with provincial and 
federal ministries of health and to link 
their responses to administrative data. 
Overall, 85.3% (n = 614,774) of CCHS 
respondents were eligible for linkage 
(Table 1). Special sampling weights 
were created for the linked CCHS data 
to adjust for those who did not agree to 
share and link. 

Canadian Mortality Database 
The Canadian Mortality Database 
(CMDB) is a census of all deaths regis-
tered in Canada. Deaths are reported 
by the provincial and territorial Vital 
Statistics Registries to Statistics Canada; 
the information provided includes cause 
and date of death, names, date of birth, 
and postal code at the time of death. 
Cause-of-death information is coded 
using the version of the International 
Classification of Diseases (ICD) in effect 
at the time of death. CMDB records eli-
gible for linkage were deaths of people 
aged 12 or older (n = 2.774 million) that 
occurred from January 1, 2000 through 
December 31, 2011. 

Historical Tax Summary File 
The Historical Tax Summary File 
(HTSF) is a compilation of annual tax 
return files representing unique indi-
viduals for whom a tax declaration was 
produced in a given year. The HTSF 

contains only personal identifier infor-
mation (names, date of birth, sex and 
postal code) from the T1 Income Tax 
Personal Master File; the file does not 
include income data. Statistics Canada 
uses the HTSF to assist in record linkage, 
specifically, through the provision of 
additional linkage information (names, 
postal code), and in manual resolution of 
doubtful links. 

HTSF data for 1996 through 2011, 
representing about 33.5 million records, 
were used in the linkage. Information 
derived from the HTSF and used during 
linkage is removed from the final ana-
lytical file.

Linkage
Linkage involved three steps: 1) data 
preparation; 2) record linkage; and 
3) quality assessment. The linkage 
was approved by Statistics Canada’s 
Executive Management Board.20 Use 
of the linked data is governed by the 
Directive on Record Linkage.21 

Data preparation
The following variables, which were 
chosen based on commonality among 
datasets, data quality and discriminatory 
power, were used for the linkage: given 
name, last name, date of birth, sex and 
postal code. Invalid responses for any of 
the variables were set to missing. 

The rate of missing among the linkage 
variables was typically less than 3%. 
The exception was last names captured 
in the CCHS, where an average of 10% 
of respondents had missing information 
across survey cycles. The percentage of 
missing last names ranged from 4.1% 
in 2000/2001 to 17.1% in 2011. With 
linkage to the HTSF, the percentage of 
CCHS respondents with no last name 
was reduced to 2%. To reduce missed 
links due to misspelling, all names 
(given and last) were converted to their 
phonetic forms using the New York State 
Individual Intelligence System. 

The discriminatory power of the 
linkage variables was assessed with 
Shannon entropy scores.22 Higher levels 
of entropy reflect higher discriminatory 

Table 1 
Canadian Community Health Survey 
respondents eligible for record linkage 
to Canadian Mortality Database, by 
survey year, 2000/2001 to 2011

Canadian Community  
Health Survey year 
(cycle) number 

Agreed to share  
and link

number %

Total 720,426 614,774 85.3
2000/2001 (1.1) 131,535 117,837 89.6
2003/2004 (2.1) 135,573 112,851 83.2
2005/2006 (3.1) 132,947 113,880 85.7
2007 65,946 57,083 86.6
2008 66,013 55,592 84.2
2009 61,679 52,475 85.1
2010 63,191 52,198 82.6
2011 63,542 52,858 83.2
Source: 2000/2001 to 2011 Canadian Community Health Survey.

power. Variables with larger numbers of 
distinct values (for example, last name) 
have higher discriminatory power and 
entropy levels, compared with variables 
with fewer distinct values (for example, 
sex).23 Entropy levels among the linkage 
variables ranged from 0.43 for given 
names to 0.85 for postal codes (data not 
shown in tables). This information was 
employed in the record linkage strategy 
to assign initial linkage weights. 

A single linkage cohort was created by 
concatenating the linkage variables of all 
CCHS cycles. This approach was more 
efficient and reduced the probability of 
false links, compared with linking each 
cycle separately. Additional details about 
the record linkage are available in an 
internal report.24

Record linkage 
Record linkage of the CCHS and CMDB 
was accomplished in two steps. First, 
eligible CCHS respondents were linked 
to the HTSF to attach alternative postal 
codes and names. This information was 
used in the second step, where the CCHS 
was linked to the CMDB. All eligible 
CCHS respondents were linked to the 
CMDB, regardless of whether the record 
was linked to the HTSF. 

The linkages were conducted in 
G-Link using probabilistic linkage meth-
odology based on the Fellegi-Sunter 
theory of record linkage.25 G-Link is a 
SAS-based generalized record linkage 
software developed at Statistics Canada 
to facilitate large-scale probabilistic 
record linkage.26 

The CCHS was linked to the HTSF 
using the following variables: given and 
last names, date of birth, postal code and 
sex. The CCHS was linked to the CMDB 
using the same variables, which were 
available in both datasets. For records 
that linked to the HSTF, the following 
variables were also used: alternative 
postal codes, alternative names (for 
example, maiden name, father’s name), 
death date and interview date. The avail-
ability of alternative postal codes in the 
HTSF has been found to improve linkage 
rates, particularly over time.27 
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Linkage rates were calculated for 
both the CCHS-to-HTSF linkage and 
the CCHS-to-CMDB linkage. Rates 
represent the number of linked CCHS 
respondents divided by the number of 
CCHS respondents eligible for linkage 
(unweighted and weighted).

Quality assessment
Internal and external validation was con-
ducted to evaluate the accuracy of the 
linkage process and the fitness of the data 
for use in analysis. 

Internal validation
False positive and false negative rates 
were calculated. Manual review (blind) 
was conducted on a random sample of 
1,000 pairs uniformly selected across 
eight strata of linkage weights repre-
senting the full range of linkage weights 
above the threshold (that is, links), but 
only a limited range of weights just below 
the threshold (non-links). This approach 
is recommended given the large number 
of non-links generated in the initial cre-
ation of pairs, which, if fully represented, 
would result in an artificially low false 
negative rate.28 

Three reviewers independently con-
ducted a manual review of the same 
information used in the linkage (names, 
date of birth, postal code and sex). 
Additional information available for the 
manual review included date of death 
from the HTSF for CCHS respondents 
who linked to the tax data and had died. 
Each pair was then assigned a link or 
non-link status. 

Results of the manual review were 
compared with G-Link results to calcu-
late stratum-specific estimates of false 
positive and false negative links.26,29 

Global false positive and false negative 
rates were estimated using a weighting 
function based on the distribution of 
all possible pairs. Although a uniform 
sample allocation was used to select pairs 
from each weight stratum, the sampling 
fractions differed because some strata 
contained more pairs than did others. 
About 75% of pairs belonged to the first 
stratum, where linkage weights were 

Table 2 
Number and percentage of Canadian Community Health Survey (CCHS) respondents who linked to Historical Tax Summary File 
(HTSF) and to Canadian Mortality Database (CMDB), by survey year, 2000/2001 to 2011

Canadian Community  
Health Survey year

Linked to HTSF Linked to CMDB 
Linked to CMDB (CCHS 

respondents who linked to HTSF)
Unweighted Weighted Unweighted Weighted Unweighted Weighted

number % number % number % number % number % number %

Total 517,725 84.2 23,015,391 82.8 32,889 5.3 . . 31,274 6.0 . .
2000/2001 (1.1) 101,495 86.1 22,063,102 85.5 11,768 10.0 1,979,060 7.7 11,187 11.0 1,869,609 8.5
2003/2004 (2.1) 92,881 82.3 21,302,890 80.2 8,672 7.7 1,399,526 5.3 8,222 8.9 1,327,901 6.2
2005/2006 (3.1) 98,590 86.6 23,190,360 85.5 6,685 5.9 1,092,021 4.0 6,345 6.4 1,033,059 4.5
2007 49,096 86.0 23,725,215 85.2 2,302 4.0 763,537 2.7 2,211 4.5 723,362 3.0
2008 47,046 84.6 23,696,053 84.0 1,689 3.0 552,636 2.0 1,620 3.4 534,562 2.3
2009 43,723 83.3 23,483,307 82.2 992 1.9 316,691 1.1 951 2.2 302,384 1.3
2010 42,962 82.3 23,534,665 81.5 622 1.2 220,092 0.8 586 1.4 199,831 0.8
2011 41,932 79.3 23,127,535 79.2 159 0.3 63,076 0.2 152 0.4 57,034 0.2
. not available for any reference period
Sources: 2000/2001 to 2011 Canadian Community Health Survey; 1996 to 2011 Historical Tax Summary File; 2000 to 2011 Canadian Mortality Database.

Table 3 
Number and percentage of Canadian Community Health Survey (CCHS) respondents 
aged 12 or older who linked to Canadian Mortality Database (CMDB), by province/
territory, sex and age group, 2000/2001 to 2011

Province/Territory,  
sex and age group 

CCHS respondents who  
linked to CMDB

Unweighted Weighted
number % number %

Total  32,889 5.3 .. ..
Province/Territory
Newfoundland  950 5.0  15,374 3.4
Prince Edward Island  746 6.6  4,279 3.6
Nova Scotia  1,622 6.6  30,644 3.8
New Brunswick  1,372 5.6  21,683 3.4
Quebec  6,068 4.9  198,841 3.0
Ontario  10,382 5.3  291,177 2.7
Manitoba  2,228 6.2  32,065 3.4
Saskatchewan  2,413 6.6  28,913 3.6
Alberta  2,638 4.5  65,655 2.3
British Columbia  4,144 5.7  108,248 2.9
Yukon  122 3.0  532 1.9
Northwest Territories  118 2.4  587 1.7
Nunavut  86 2.5  327 2.0

Sex
Male  16,439 5.8  429,275 3.1
Female  16,450 5.0  369,054 2.6

Age group
12 to 24  310 0.3  9,138 0.2
25 to 34  356 0.4  10,804 0.2
35 to 44  932 1.0  29,068 0.6
45 to 54  2,242 2.4  73,536 1.5
55 to 64  4,482 4.8  122,125 3.2
65 to 74  8,233 11.4  191,224 8.0
75 or older  16,334 27.0  362,432 20.5
.. not available for a specific reference period
Sources: 2000/2001 to 2011 Canadian Community Health Survey; 2000 to 2011 Canadian Mortality Database.
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from the CMDB alone for people aged 12 
or older. Distributions by geography, age, 
sex and major cause of death were exam-
ined. Age-standardized mortality rates 
(ASMRs) were calculated by calendar 
year for each CCHS cycle and compared 
with official mortality statistics.32 

Cox proportion hazards survival 
models (age-adjusted) were used to 
assess the impact of several behavioural 
risk factors on mortality. The analysis 
pertained to respondents aged 20 or older 
from the 2003 and 2005 CCHS linked 
data, with up to eight years of mortality 
follow-up. Based on the external valid-
ation, the first year of follow-up was 
excluded from the analysis. 

Covariates
Results of the linkage are presented by 
province and territory, sex and age at 
the time of the CCHS interview. Results 
of the survival analysis are reported for 
five risk factors as defined in the CCHS: 
smoking status, body mass index (BMI), 
alcohol consumption, physical activity, 
and fruit and vegetable consumption. 
Self-reported BMI values were adjusted 
with the recommended correction 
factor.33 Analyses were conducted using 
the special sampling weights to adjust for 
the exclusion of CCHS respondents who 
did not agree to share and link their data.

Respecting respondent privacy
Statistics Canada ensures respondent 
privacy during the linkage process and 
subsequent use of the linked files. Only 
employees directly involved in the 
process had access to the unique iden-
tifying information required for linkage 
(such as names); these individuals 
did not access health-related information. 
Once the data linkage was completed, an 
analytical file was created from which 
identifying information was removed. 
This de-identified file could then be 
accessed by analysts for validation and 
analysis.

lowest; fewer than 1% of pairs belonged 
to the last stratum (stratum 8), where 
linkage weights were highest. 

External validation
Linkage rates to the CMDB were calcu-
lated by basic respondent characteristics 
(for instance, age and sex). It was antici-

pated that patterns of linkage rates would 
reflect the differential risk of death among 
groups at higher risk, such as males and 
older adults.30,31 

The linked data were also externally 
validated by comparing the distribution 
of deaths identified in the linked cohort 
with the distribution of deaths derived 

Table 4 
Unweighted and weighted percentage distribution of deaths among those aged 12 
or older identified in Canadian Community Health Survey (CCHS) linked cohort, 
compared with Canadian Mortality Database (CMDB), by province/territory, sex,  
age group and cause of death, 2000/2001 to 2011

CCHS respondents who  
linked to CMDB  

Unweighted Weighted CMDB
%

Province/Territory
Newfoundland 2.9 1.9 1.9
Prince Edward Island 2.3 0.5 0.5
Nova Scotia 4.9 3.8 3.6
New Brunswick 4.2 2.7 2.7
Quebec 18.4 24.9 24.3
Ontario 31.6 36.5 37.0
Manitoba 6.8 4.0 4.3
Saskatchewan 7.3 3.6 3.9
Alberta 8.0 8.2 8.4
British Columbia 12.6 13.6 13.2
Yukon 0.4 0.1 0.1
Northwest Territories 0.4 0.1 0.1
Nunavut 0.3 0.0 0.0

Sex
Male 50.0 53.8 50.5
Female 50.0 46.2 49.5

Age group
12 to 24 0.9 1.1 1.2
25 to 34 1.1 1.4 1.2
35 to 44 2.8 3.6 2.6
45 to 54 6.8 9.2 6.0
55 to 64 13.6 15.3 10.6
65 to 74 25.0 24.0 17.7
75 or older 49.0 45.4 60.7

Cause of death
Diseases of blood and blood-forming organs and certain 
disorders involving immune system 0.4 0.5 0.4

Cancers 33.9 36.1 30.2
Diseases of circulatory system 31.0 28.9 31.2
Diseases of digestive system 4.0 3.8 3.9
Endocrine, nutritional and metabolic diseases 4.1 3.9 4.2
External causes of morbidity and mortality 5.5 5.7 6.4
Diseases of genitourinary system 2.3 2.4 2.2
Certain infectious and parasitic diseases 1.7 2.0 1.8
Congenital malformations, deformations 
and chromosomal abnormalities 0.1 0.2 0.2

Mental and behavioural disorders 3.0 3.0 4.0
Diseases of musculoskeleteral system and connective tissue 0.7 0.7 0.7
Diseases of nervous system 3.4 3.7 4.8
Diseases of respiratory system 8.6 8.3 8.6
Diseases of skin and subcutaneous tissue 0.2 0.1 0.2
Symptoms, signs and abnormal clinical and laboratory findings 
and chromosomal abnormalities 1.0 0.9 1.1

Other causes 0.0 0.0 0.0
Sources: 2000/2001 Canadian Community Health Survey; Canadian Mortality Database.
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Results 
Linkage 
A large majority (84.2%) of eligible 
CCHS respondents linked to the HTSF, 
with rates ranging across survey years 
from 79.3% to 86.6% (Table 2). Linkage 
rates were low (78%) for British 
Columbia and Nunavut compared with 
other regions (data not shown in tables). 
As well, linkage rates were low among 
respondents younger than 25 (74.3%) 

or older than 74 (79.4%), and high 
among 25- to 34-year-olds (89%) (data 
not shown in tables). These patterns by 
region and age persisted over the survey 
years (data not shown). 

Overall, 5.3% of eligible CCHS 
respondents linked to the CMDB 
(Table 2). The linkage rate to the CMDB 
was slightly higher among CCHS 
respondents who linked to the HTSF 
(6.0%). As expected, given the shorter 

follow-up period, linkage rates were 
lower for more recent survey years. 
Respondents in the territories were 
less likely to link to the CMDB (2.4% 
to 3.0%) than were those in other regions. 

Quality assessment
The false positive and false negative rates 
were 0.04% and 2.43%, respectively 
(data not shown in tables). As expected, 
linkage rates (unweighted) to the CMDB 
were higher among males (5.8%) than 
females (5.0%) and rose with age, with 
the highest rates among those aged 75 or 
older (27.0%) (Table 3). This pattern of 
linkage rates was similar across survey 
years (data not shown in tables). 

Geographic distributions of deaths 
in the linked CCHS-CMDB data were 
similar to those derived from the CMDB 
alone. The majority of deaths occurred in 
the largest provinces (Ontario, Quebec 
and British Columbia) (Table 4). While 
overall patterns persisted, the weighted 
distribution of deaths across provinces 
and territories resembled results from 
the CMDB more closely than did the 
unweighted distributions. Differences 
were particularly evident for the Atlantic 
Provinces. 

The distribution of deaths by age 
group revealed the expected increase at 
older ages (Table 4). However, as a per-
centage of all deaths, 49% were among 
people aged 75 or older in the linked data, 
compared with 61% in the CMDB data. 
The difference largely reflects deaths 
among the institutionalized population 
in the CMDB, which are not represented 
in the linked CCHS-CMDB data. When 
only deaths captured in the CMDB 
among people aged 12 through 74 were 
considered, the distributions were similar 
(data not shown). The distribution of 
deaths by cause derived from the linked 
data was similar to the distribution in the 
CMDB (Table 4). 

Annual age-standardized mortality 
rates (ASMRs) derived from the linked 
CCHS-CMDB data were generally lower 
than those derived from official mortality 
rates (Figure 1). ASMRs were lowest in 
the first year of follow-up for all CCHS 
years, indicating a potential “healthy 

Figure 1
Age-standardized mortality rates per 100,000 person-years, by sex and survey year, 
Canadian Community Health Survey (CCHS)-Canadian Mortality Database linked 
data and CANSIM, 2000 to 2011

Source: 2000/2001 to 2011 Canadian Community Health Survey; CANSIM table 102-0504.
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respondent bias,” which supports the 
decision to exclude the first year of fol-
low-up from the survival models. 

Survival analysis
The survival analysis generally reveals 
higher hazard ratios (HRs) for mortality 
among groups at greater risk (Table 5). 
Heavy smokers (males = 2.36; females = 
2.91) and light smokers (males = 1.92; 
females = 1.81) had elevated HRs com-
pared with non-smokers. The mortality 
risk associated with BMI was U-shaped, 
with elevated HRs for individuals in 
the underweight class (males = 1.77; 
females = 1.50) or in obese class II or 
above (males = 1.51; females = 1.20). 
HRs for former drinkers (males = 1.65; 
females = 1.56) were high, compared 
with moderate drinkers. Reporting no 

physical activity or less than 30 minutes 
a day was associated with greater mor-
tality risks, compared with reporting 60 
or more minutes a day. Finally, eating 
fewer than five servings of fruit and 
vegetables per day was associated with 
elevated mortality risks, compared with 
consuming more than five servings; find-
ings for no servings were not significant, 
likely because of small sample sizes. 

Discussion 
Overall, 5.3% of eligible Canadian 
Community Health Survey respondents 
were linked to a death record in the 
Canadian Mortality Database; false 
positive and false negative rates were 
0.04% and 2.43%, respectively. Use 
of the Historical Tax Summary File 

yielded slightly higher linkage rates to 
the CMDB. External validation revealed 
patterns in mortality rates in the linked 
CCHS-CMDB data that were compar-
able to nationally reported estimates. 
These patterns attest to the quality of the 
linked data and the suitability of these 
data for mortality research at the popu-
lation level. 

What is already 
known on this 
subject?

 ■ Vital statistics registries and national 
health surveys are complementary 
sources of data.

 ■ When administrative and health 
survey data are combined through 
record linkage, relationships between 
social determinants and health 
outcomes such as death can be 
analyzed in more depth. 

 ■ In Canada, mortality data have 
been linked to census results to 
examine differences in the risk of 
death across socioeconomic groups 
and to calculate mortality rates for 
subpopulations such as immigrants 
and Indigenous people.

 ■ An Ontario study used linked health 
survey and mortality data to explore 
associations with smoking, diet, 
physical activity and stress.

What does this study 
add?

 ■ Data from the 2000/2001 to 2011 
Canadian Community Health 
Survey (CCHS) have been linked 
to the Canadian Mortality Database 
(CMDB). 

 ■ Overall, 5.3% of CCHS respondents 
were linked to a death record in the 
CMDB.

 ■ The similarity of patterns in mortality 
rates based on the linked data and 
those in nationally reported estimates 
indicates that the linked data are 
suitable for studying mortality at the 
population level in Canada.

Table 5 
Age-adjusted hazard ratios for mortality associated with selected health behaviours, 
by sex, respondents aged 20 or older to 2003 and 2005 Canadian Community Health 
Surveys linked to Canadian Mortality Database

Health behaviour 

Men Women

Hazard 
ratio

95% 
confidence 

interval Hazard  
ratio

95% 
confidence 

interval
from to from to

Smoking 
Non-smoker§ 1.00 ... ... 1.00 ... ...
Light smoker 1.92* 1.51 2.33 1.81* 1.52 2.11
Heavy smoker 2.36* 1.84 2.89 2.91* 1.92 3.91
Former smoker 1.23* 1.05 1.40 1.31* 1.16 1.46

Body Mass Index (BMI), with correction
Underweight (less than 18.5) 1.77* 1.06 2.47 1.50* 1.16 1.85
Normal weight (18.5 to less than 25.0)§ 1.00 ... ... 1.00 ... ...
Overweight (25.0 to less than 30.0) 0.87* 0.79 0.95 0.86* 0.78 0.94
Obese I (30.0 to less than 35.0) 0.96 0.85 1.07 0.91 0.80 1.02
Obese II (35.0 or more) 1.51* 1.25 1.76 1.20* 1.00 1.40

Alcohol consumption 
Light or non-drinker 1.20* 1.09 1.31 1.15* 1.01 1.29
Moderate drinker§ 1.00 ... ... 1.00 ... ...
Heavy drinker 1.35* 1.06 1.63 2.29 0.41 4.16
Former drinker 1.65* 1.46 1.83 1.56* 1.36 1.75

Minutes of physical activity per day
None 1.89* 1.61 2.16 2.04* 1.65 2.43
Less than 30 1.23* 1.08 1.38 1.22* 1.03 1.41
30 to 60 0.99 0.86 1.12 1.10 0.92 1.28
More than 60§ 1.00 ... ... 1.00 ... ...

Fruit and vegetable servings per day
None 1.93 0.49 3.36 1.71 0.57 2.85
Less than 2 1.52* 1.30 1.74 1.82* 1.51 2.13
2 to 5 1.18* 1.03 1.32 1.18* 1.05 1.32
More than 5§ 1.00 ... ... 1.00 ... ...
... not applicable
* siginficantly different from reference category (p < 0.05)
§ reference category
Sources: 2003 and 2005 Canadian Community Health Survey; 2004 to 2011 Canadian Mortality Database.
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Limitations
A degree of caution is warranted in using 
the linked CCHS-CMDB data. The low 
mortality rates in the first year of fol-
low-up suggest a “healthy respondent” 
bias. Consequently, it is recommended 
that at least the first year of follow-up be 
excluded from mortality estimates. As 
well, although the CCHS is cross-sec-
tional, individuals may be represented 
more than once within and across cycles. 
These respondents were not removed, 
but rather, identified and flagged in order 
to link them to the same death record. 
However, this affects only analyses 
requiring more than one survey year. 

Conclusions 
The CCHS can be linked to the CMDB 
to examine associations between health 
risk factors and mortality. The linkage 
constitutes a resource for research on 
mortality outcomes. These data can be 
used to refine estimates of associations 
between risk behaviours and mortality in 
predictive models of all-cause and cause-
specific mortality. ■
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Age-standardized mortality rates 
derived from the linked data were con-
sistently lower in the first and second 
years of follow-up, compared with 
national official mortality estimates. This 
was anticipated, given that the official 
estimates are based on the entire popu-
lation, which includes institutionalized 
individuals, whereas rates estimated 
from the linked CCHS-CMDB data rep-
resent only the household population. 

Low ASMRs in the first two years of 
follow-up may also reflect a “healthy 
respondent” bias. CCHS respondents may 
have a more favourable morbidity and 
mortality profile than non-respondents. 
People who are ill or near death may 
be less likely to respond to a survey. 
Evidence from a Scottish health survey 
linked to mortality data revealed higher 
mortality rates among non-respondents 
(55 or older) than respondents.34 
Similarly, in Finland, linked survey 
and mortality data showed higher mor-
tality rates among non-respondents than 
respondents to the annual health survey.35 

Differences in mortality rates could 
be influenced by the demographic 
and socioeconomic status of survey 
respondents versus non-respondents.35,36 
In addition, non-respondents may be 
at higher risk for alcohol-, drug- and 
smoking-related mortality than are 
respondents.37 This suggests that the 
impact of survey non-respondents may 

be to underestimate overall mortality and 
the influence of risk behaviours.

Consistent with international find-
ings,18,38-41 the survival analysis based on 
the linked CCHS-CMDB data revealed 
elevated hazard ratios for mortality 
among smokers, people with very low or 
very high BMI, those who reported fewer 
than five servings of fruit and vegetables 
per day, and those who reported less than 
30 minutes of physical activity per day. 

For more than half a century, large 
epidemiological studies have docu-
mented risks of premature mortality 
related to smoking.42 A U-shaped curve 
for BMI and mortality has been shown in 
both Canadian and American research.43 
The pattern for alcohol consumption and 
mortality aligns with an international 
meta-analysis,44 and the elevated risk 
among former drinkers compared with 
moderate drinkers supports the “sick 
quitter” effect (individuals stop drinking 
because of disease onset).45 

Recent research46,47 has indicated 
that, paradoxically, some traditional risk 
factors might actually reverse at older 
ages, hypotheses that future analyses 
might test with linked CCHS-CMDB 
data. Other social determinants of health, 
such as social interactions and support 
that may contribute to mortality risk, par-
ticularly among the elderly,48-51 could be 
investigated using the linked data.
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