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The role of knowledge translation for cancer control
in Canada

Eva Grunfeld, Louise Zitzelsberger, Charles Hayter, Neil Berman, Roy Cameron, William K Evans and Hartley Stern

Abstract

The definition and scope of cancer control has been evolving since its inception. The most
recent model of cancer control in Canada has acknowledged the importance of knowledge
translation to ensure that research results are implemented in practice and will be used to
inform policy. However, without effort, the process of translation does not happen on a
consistent basis. Knowledge translation focusses on improving the adoption of an innova-
tion, e.g., research results. A number of health organizations in Canada have identified
knowledge translation as an important activity and have begun to develop departments or
initiatives dedicated to its achievement. As the emphasis in cancer control is on the appli-
cation of knowledge, knowledge translation has a role to play in attaining the objectives of
cancer control in Canada. It is an ideal time for the Canadian Strategy for Cancer Control
and other Canadian cancer control initiatives to determine where they will locate know-
ledge translation in relation to their objectives.

Key words: cancer control; knowledge translation

Introduction

Currently accepted frameworks of cancer
control emphasize the importance of apply-
ing research findings at the individual or
population level towards the aim of reduc-
ing the cancer burden.1 The literature has
shown, however, that without determined
efforts to disseminate and encourage adop-
tion of research – knowledge translation –
research results are not consistently inte-
grated into practice.2 To date, cancer con-
trol activities in Canada have been and
continue to be mainly local and provincial
in scope. However, since 1999, efforts have
been underway to create a national strat-
egy, the Canadian Strategy for Cancer Con-
trol (CSCC). One of the characteristics of the
CSCC is a focus on research-to-policy-to-

practice.3 Research in the field of knowl-
edge translation can make an important
contribution towards realizing the goals of
cancer control by encouraging the active
use of research.

In this paper, we provide an introduction
to cancer control in general, and its devel-
opment in Canada in particular. Knowl-
edge translation has received growing
recognition as an important field in the re-
search process. A number of Canadian ini-
tiatives, including those associated with
cancer, have acknowledged knowledge
translation as an important activity. The
principal aim of this paper is to highlight
the importance of knowledge translation to
the achievement of cancer control objec-
tives in Canada.

Cancer control

Cancer control, as defined by the National
Cancer Institute of Canada (NCIC)4 and
adopted by the CSCC,5 aims “…to prevent
cancer, cure cancer, increase survival and
quality of life for those who develop can-
cer, by converting knowledge gained
through research, surveillance and out-
come evaluation into strategies and
actions.”

The basic goal of cancer control is the
“useful application of results”6 of cancer
research. Over time, cancer control has
developed into a scientific field in its own
right that bridges basic and applied re-
search.7 It covers the spectrum of activi-
ties related to cancer within a population:3

fundamental research, interventional re-
search, surveillance and monitoring, plus
implementation (policies and program de-
livery) across the cancer continuum from
health promotion/prevention, through
screening/detection to treatment and
care. Accordingly, it requires a multi-
disciplinary approach including involve-
ment of biomedical, behavioural, social
and population researchers; health care
providers; policy-makers; administrators;
educators; volunteers; patients; advo-
cates; fund raisers; and others involved in
cancer control.6,8 The concept of cancer
control is used in contradistinction to
“cancer care”, which is a health care sys-
tem activity. Cancer control, on the other
hand, is a population-based activity,
which aims to ensure that developments
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in cancer control research translate into
benefits for the population as a whole.7,9

Cancer control frameworks

Several frameworks that capture the theo-
retical bases and broad spectrum of cancer
control activities have been developed in
the United States and Canada. The frame-
works were developed to define and guide
the cancer control activities1 of initiatives
at the national level. In 1984, Greenwald
and Cullen published a formative paper
presenting a framework to guide the can-
cer control research of the US National
Cancer Institute.7 Until then, the role of re-
search in cancer control was not explicit.
The focus had been on service delivery
without any overt statement about the key
role played by research in defining best
practices for service delivery.

The Greenwald and Cullen framework7

conceptualized cancer control activities as
linear and sequential, from basic research
at one end to delivery of cancer control
programs to the public at the other end.
While this framework did underscore the
pivotal role of research in the process, it
did not fully develop the complex steps
from research to application. Nor did it
consider the research-to-practice process
as going beyond the demonstration pro-
ject, and therefore, missed the important
phase of knowledge translation.

More recent frameworks have captured the
iterative nature of cancer control activities,
highlighted the need for a multidisciplinary
effort, and acknowledged the importance of
knowledge translation.1,8,10

In 1994, the Advisory Committee on Cancer
Control (ACOCC) of the NCIC published a
framework intended to capture all activities
that contributed to the reduction of the can-
cer burden in Canada8 (see Figure 1).
ACOCC’s aim in developing the framework
was to provide the breadth needed to en-
compass the NCIC’s planning needs and aid
in decision-making around funding priori-
ties. Four main activities – fundamental re-
search, interventional research, surveillance
and monitoring, and program delivery –
were linked to knowledge synthesis and

decision-making. These activities were to
operate within a set of operating principles
of accountability, empowerment, ethics and
efficiency.

Most recently, the CSCC has expanded
upon the framework originally developed
by the NCIC (see Figure 2).3 The analytic
framework identifies the direction of
knowledge flow via the various cancer con-
trol activities to actualize the “research-
to-policy-to-practice” process. Knowledge
translation activities take place across the
cancer continuum, from promotion/pre-
vention to treatment/care. Foundations and
infrastructure include anything that acts to
support the activities in the framework (for
example, resources, facilities, standards,
and coalitions). This is the framework the
CSCC has adopted to help guide its develop-
ment and implementation.

Knowledge translation

It is well recognized that the results of re-
search are unevenly adopted in practice.2

Recognition of this gap has focussed atten-
tion on understanding factors affecting the
transfer of knowledge. Knowledge transla-
tion, as defined by the Canadian Institutes
of Health Research (CIHR), is “the ex-
change, synthesis and ethically-sound
application of research findings within a
complex system of relationships among re-
searchers and knowledge users”.11 As a

relatively new discipline it lacks consistent
terminology.12 Some related terms are as
follows: knowledge utilization,13 knowl-
edge translation,11 knowledge transfer,14,15

and research use.16 These terms are some-
times clearly defined and sometimes used
interchangeably.17,18,19

There is a growing body of research on
the topic of knowledge translation rele-
vant to health care, and two overviews of
systematic reviews20,21 have synthesized
the key findings: no one intervention
strategy works and no one theoretical
model is fully explanatory or predictive;
rather, successful translation requires
multifaceted intervention strategies with
different theoretical underpinnings de-
pending on the characteristics of the en-
vironment, the innovation, and the
potential adoptors.2,17,20,22,23

Knowledge translation
models

Knowledge translation was originally seen
as a linear process – if research findings
were made available, it was assumed that
they would be read and used.21 However,
recent literature suggests that the process
is complex,24 interactive25 and reliant on
the user’s knowledge, beliefs and experi-
ences.17 Several models or frameworks of
knowledge translation have been pre-
sented.13,16–18,23 Most identify similar
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elements,17,26 and no one model has been
generally accepted as superior.13,14,27

The following three models are examples
of those developed in Canada. The Ottawa
Model of Research Use (OMRU)16 and the
CIHR model28 are models developed
within the context of health research.
Landry et al.’s model13 identifies stages
outlining the process of research use in
general.

The OMRU16 is a theoretical, interdiscipli-
nary model. Unlike less comprehensive
models, it was created to encompass the
key elements of the complete knowledge
translation process, including its impact on
health outcomes. Key elements are the
characteristics of the practice environ-
ment, potential adopters, and the
evidence-based innovation (e.g., evidence
new to the adopter); strategies for transfer-
ring the innovation into practice, adoption
and use of the innovation, and the impact
of adoption – outcomes. The model is in-
tended as a guide for policymakers con-
cerned with the transfer of evidence-based
research results into practice and for re-
searchers studying the knowledge transla-
tion process.

Landry et al.13 conceptualized the process
of research use as a hierarchical scale called
the “Ladder of Research Utilization”. The

higher the level achieved on the “ladder”,
the more successful the degree of transla-
tion. The first stage of the process is trans-
mission, indicating that the researcher has
transmitted research results to the commu-
nity concerned. The second stage is cogni-
tion – the research has been read and
understood. The third stage sees the re-
search being cited as a reference by others.
Efforts by practitioners and professionals to
adopt the research results comprise stage
four. At stage five, the results have influ-
enced the decisions of practitioners and
professionals. In the final stage, research re-
sults have been applied and extended by
those concerned. Landry et al.’s research
focus is on understanding what factors are
involved in researchers climbing up one
stage of the ladder to the next, and why
some succeed while others fail.

CIHR situates knowledge translation in a
different location than both the OMRU16

and Ladder of Research Utilization.13 Both
outline activities to implement innovations
(e.g., research findings) whereas CIHR
initiates knowledge translation within the
research cycle. Knowledge translation is
seen as an integral part of the research cy-
cle beginning with the definition of re-
search questions and methodologies
through to influencing future research ac-
cording to the impact of knowledge use.28

Within the research cycle, CIHR identifies
six opportunities where there is occasion
for knowledge exchange that go beyond
the basic approach of publication after re-
search. These opportunities occur at the
time of definition of research questions
and methodologies; while conducting re-
search (e.g., participatory research);
through publishing findings in accessible
formats; by contextualizing research find-
ings; by decision-making and taking action
based on findings, and finally through in-
fluencing future research.

CIHR suggests that researchers need to be
trained in the most effective approaches for
knowledge exchange on the basis of how
knowledge will be used. The uses to which
knowledge can be applied, as identified by
CIHR, include research policy-making,
planning and administration, health care
provision, maintenance and improvement
of personal health, and commercialization.

The three models presented here each
describe knowledge translation from a
somewhat different perspective. Eveland
recommends that the knowledge transla-
tion process be iterative and evolutionary,
and that any model should be selected for
its utility for a particular purpose.14

Knowledge translation
initiatives in Canada

Recognition of the importance of knowl-
edge translation in the research process is
evidenced by the number of organizations
that have identified knowledge translation
as an important activity. The CIHR web-
site28 provides a list of resource materials
that identifies university sites, local, pro-
vincial and national organizations, Cana-
dian funding agencies, as well as US and
international organizations as useful links
on knowledge translation. A publication
prepared in 2001 by the Canadian Popula-
tion Health Initiative (CPHI) of the Cana-
dian Institute for Health Information29

identified 17 organizations (16 Canadian,
one US) involved in health or social re-
search and/or policy with an identified fo-
cus on knowledge translation. CPHI
performed an environmental scan examin-
ing the range of strategies used by these
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organizations for the transfer of research
knowledge. The strategies used by these
organizations were analyzed according to
three criteria: target audience (who was
engaged), timing (when during the re-
search process did this engagement occur)
and method (how was the target audience
engaged). The scan highlighted a number
of specific methods organizations can use
to engage policy makers in the results of re-
search. Taken together, the strategies used
by organizations in the scan represent a
valuable tool kit for CPHI and others in ap-
plying research knowledge to policies af-
fecting the health and well-being of
Canadians.

Knowledge translation and
cancer control

In 1937, the US Congress defined cancer
control as the “useful application of
[research] results with a view to the wide-
spread use of the most effective methods of
prevention, diagnosis, and treatment”.30

This phrase captures perfectly the relation
between cancer control and knowledge
translation.18 Research on the process and
outcomes of knowledge translation has
been recently identified as an essential part
of the cancer control framework.6,7

From a historical perspective, the products
of research have not always been well inte-
grated with other aspects of cancer control
in Canada. Early cancer control activities
centred on patient care.31 When the
Canadian Medical Association discussed
the form of its national cancer control strat-
egy in the 1930s, there was much debate
about whether research or education
should be the main priority.32 The Cana-
dian Cancer Society, established in 1937,
chose public and professional education as
its mandate. The NCIC, which came into
being approximately a decade later, de-
cided to focus on research.33 Thus, re-
search was fragmented from cancer
control in the early efforts to establish a na-
tional strategy.

More recently, both the NCIC framework
for cancer control (see Figure 1)8 and the
analytic framework adopted by the CSCC
(see Figure 2)3 have recognized knowledge

translation as an important component.
The 1994 NCIC framework integrated the
linear model proposed by Greenwald and
Cullen into one of its main activities –
interventional research. However, it took
Greenwald and Cullen’s work one step fur-
ther. While the process described by the
model began with basic research and
ended with the delivery of health care pro-
grams, the NCIC framework added dissem-
ination and adoption studies as a final
step.

The expanded NCIC framework adopted
by the CSCC3 retains three of the four main
activities of the framework on which it is
based: interventional research, fundamen-
tal research and surveillance and monitor-
ing. However, it differs in that decision
making has been separated from knowl-
edge synthesis and becomes an activity
further along the research-to-policy-
to-practice progression. Program delivery
is changed to implementation and now in-
corporates not only program but policy de-
livery. Implementation is considered the
final step in the cancer control process –
implementing policies and programs
where applicable in the cancer continuum
to reduce the burden of cancer.

A recent review of how cancer control has
been conceptualized in the US and Canada
(e.g., through the frameworks already de-
scribed above) has emphasized the need to
both accelerate the translation of research
into practice and “plan for, study and re-
source the research to practice and policy
cycle”.1 Otherwise there is a danger that
research efforts will continue to be poorly
disseminated and adopted.

Specifically with respect to cancer initia-
tives in Canada, a number of organizations
have added knowledge translation as a
new and important activity.1 Although it
does not mention knowledge translation
specifically, the CSCC has identified a re-
search-to-policy-to-practice progression as
the overall activity of its analytic frame-
work. The Joint Advisory Committee on
Cancer Control in conjunction with the Ad-
visory Committee on Research (ACOR) of
the NCIC have highlighted the translation
of research to practice as one of the four

top priorities for action.34 As well, the part-
nership between NCIC and the Canadian
Cancer Society has led to the funding of
initiatives such as the Canadian Tobacco
Control Research Initiative, the Centre for
Behavioural Research and Program Evalu-
ation, and the Sociobehavioural Cancer
Research Networks, all of which focus on
the links between research and applica-
tion.1

The CSCC model as a knowledge transla-
tion vehicle is not specific to cancer con-
trol. The concept and organizational
structure is applicable to any disease site or
health issue, however, the practical imple-
mentation is more easily achieved in the
cancer control sector due to pre-existing
dedicated government (e.g., cancer
agencies), non-governmental (e.g., NCIC)
and professional (e.g., Canadian Associa-
tion of PsychoOncology) entities that all
share a common goal. Such a vehicle is
achievable in any area where the knowl-
edge creators and synthesizers (research-
ers, academics) and knowledge implemen-
ters (service providers such as cancer
agencies), can be brought together to
address common goals.

Relevance of knowledge
translation to cancer control
in Canada

A role for knowledge translation is implicit
within the NCIC definition of cancer con-
trol – the conversion of knowledge gained
into strategies and actions to reduce the
cancer burden.4 Miller35 has identified a
number of strategies implemented at the
policy and practice levels that have begun
to have an impact on trends in cancer inci-
dence and mortality in Canada, e.g., to-
bacco control policies affecting lung
cancer, and dietary modification affecting
colorectal cancer. Prevention strategies are
thought to be the biggest priority for the
future.

While fundamental and clinical research
continues to add to the control of cancer,
there is increased recognition of the impact
of behavioural and social factors, and of
the need for research in these areas.1,6 Co-
inciding with this recognition is a focus of

Vol 25, No 2, Spring 2004 4 Chronic Diseases in Canada



recent research interest on knowledge
translation of behavioural factors that in-
fluence the adoption of innovations.36–38

The CSCC, as a national level broad-based
initiative, has an opportunity to act in
Canada as a key agent10 responsible for
knowledge translation with respect to can-
cer control. While the CSCC has identified
six areas of priority for action (Standards;
Guidelines; Primary Prevention; Rebalanc-
ing Focus; Human Resource Planning; and
Strategic Research), identifying specific ac-
tivities to be carried out within each of
these priorities and ways in which they
will be implemented and evaluated is at an
early stage. It is an ideal time for the CSCC
to determine where it will locate knowl-
edge translation in relation to its objec-
tives. Ho et al.39 stated that knowledge
translation includes the application of re-
search findings to practice on at least three
levels: the practices of health professionals
(and we would add, to the practices of the
population), policy-making by health au-
thorities and governments; and implemen-
tation of strategies to enable health
professionals and policy makers to work
together to put policies into practice. The
challenge for the CSCC, and all cancer con-
trol and cancer research initiatives in
Canada, is to consider how they will actu-
alize knowledge translation on each of
these levels.

Conclusion

Despite the knowledge gains made by re-
search with respect to cancer control, there
remains a gap between what is known and
what is practised across the entire spec-
trum of cancer control activities.6 Transla-
tion of research knowledge has been
identified as one of the key phases of can-
cer control.5,6 Knowledge translation is a
new and evolving field, the importance of
which is beginning to be recognized by
cancer control initiatives in Canada.
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Occupational exposure to chemical and petrochemical
industries and bladder cancer risk in four western
Canadian provinces

Anne-Marie Ugnat, Wei Luo, Robert Semenciw, Yang Mao and The Canadian Cancer Registries Epidemiology
Research Group

Abstract

Occupational factors have been proposed to play a critical role in bladder cancer. This pop-
ulation-based case-control study was conducted to confirm the association between
selected occupational and non-occupational risk factors and risk of bladder cancer using
data collected from the four western Canadian provinces. Unconditional logistic regres-
sion analyses were based on 549 histologically confirmed bladder cancer cases and 1,099
controls. Bladder cancer risk was found to increase with increasing pack-years of cigarette
smoking with an odds ratio (OR) in the highest quartile of 3.32 (95% confidence interval
[CI], 2.28–4.82). A dose-response relationship was demonstrated between bladder cancer
and pack-years of smoking (p<0.0001). A positive trend was observed with coffee con-
sumption in men (p<0.0001), with the highest risk in the highest category of exposure:
drinkers of four cups or more per day had an OR of 1.77 (95% CI 1.11–2.82). Increased
bladder cancer risk was associated with self-reported exposure at work to several chemi-
cals: asbestos (OR 1.69 [95% CI 1.07–2.65]); mineral, cutting or lubricating oil (1.64
[95% CI 1.06–2.55]); benzidine (2.20 [95% CI 1.00–4.87]). The population attributable
fraction (PAF) estimates were 51% for cigarette smoking, 17% for heavy coffee consump-
tion, 10% for mineral, cutting or lubricating oil exposure, 6% for asbestos exposure, and
1% for benzidine exposure. Although self-reported chemical exposures have important
limitations, the findings are suggestive of increased risk for several associations previously
reported between chemical agents or industries and risk of bladder cancer.
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Background

Bladder cancer is the fourth most fre-
quently diagnosed cancer in Canadian
men.1 It has been estimated that 3,700 new
cases will be diagnosed in 2004, corres-
ponding to an annual rate of 23 per
100,000 Canadian men.

Environmental exposure to certain chemi-
cals has been linked to increased risk of
bladder cancer.2–4 In industrialized coun-

tries, cigarette smoking has been identi-
fied as the most important risk factor, ac-
counting for about 50% of bladder cancer
cases in men.5 Occupational exposure
ranks second as a risk factor.6 Many
chemicals evaluated by the International
Agency for Research on Cancer (IARC)7

because of their potential carcinogenic risk
to humans originate in the chemical and
petrochemical industries. It is hypothe-
sized that most chemical carcinogens

affect the urothelial cells through their
presence in the urine.

The National Enhanced Cancer Surveillance
System (NECSS) coordinated by Health
Canada provided an excellent opportunity to
confirm the association between selected
occupational and non-occupational risk fac-
tors and risk of bladder cancer in a large
population-based Canadian sample. Because
other studies have shown that, in industrial-
ized countries, the population-attributable
risk for bladder cancer associated with occu-
pational exposure is less than 10% among
women8 compared with up to 25% among
men,9 we chose to focus our study on
Canadian men.

Materials and methods

Selection of cases and controls

Developed in the mid-1990s, the NECSS
used questionnaires to collect detailed risk
factor information on 19 types of cancer
from a nationwide sample of 20,755 re-
cently diagnosed cancer patients and 5,039
population control subjects. It was de-
signed to explore the relation between en-
vironmental factors and risk of cancer.10

From the NECSS data, we assembled all
histologically confirmed incident cases of
bladder cancer (International Classifica-
tion of Diseases, Ninth Revision, code C67)
in men aged 20 to 75 that were reported
between 1994 and 1997 in the four western
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Canadian provinces (British Columbia,
Alberta, Saskatchewan and Manitoba). We
based our study on these provinces be-
cause the NECSS did not collect bladder
cancer data in Ontario, Quebec or New
Brunswick, and the remaining major
Canadian chemical and petrochemical in-
dustries are located in the west.

Applying province-specific methods, rep-
resentative samples of each province were
accumulated to form a population control
pool in the NECSS database. From this
pool, control groups were selected with an
age distribution (by five-year age groups)
similar to that of the bladder cancer cases.
In British Columbia, Saskatchewan and
Manitoba, a random sample was obtained
through the provincial health insurance
plans, which generally cover more than
95% of the provincial populations.
Random-digit dialing was used to derive
the control sample in Alberta.

Data collection

Mailed self-administered questionnaires,
with telephone follow-up when necessary
for clarification, were used to collect infor-
mation on all subjects’ residential and
occupational histories and on other risk
factors for bladder cancer. Questions were
included on demographic data, socioeco-
nomic status, lifestyle, behaviour, diet pat-
tern, physical activity and occupational
history. Overall, response rates in the
western provinces were 60% for male
bladder cancer cases and 59% for controls.

Occupational exposure

The data collection questionnaire included
questions on employment history. For each
job held for at least 12 months, details were
requested about the type of industry, main
job duties, job location, title, status (full,
part-time or seasonal) and duration. Sub-
jects were also asked whether they had ever
worked with any of 17 particular chemical
substances for more than one year, and the
total years of exposure. Occupational expo-
sure was obtained in two ways.

a) Since only a small number of subjects
reported having ever been exposed to

the 17 chemical substances, all the oc-
cupational exposure variables were
treated as dichotomous: ever exposed
versus never exposed. Duration of oc-
cupational exposure to the chemical
substances was categorized into
long-term (20 years or more), medium
long-term (10 to 19 years), short-term
(1 to 9 years) and no exposure.

b) Standard Occupational Codes (SOCs)
and Standard Industrial Codes deve-
loped by Statistics Canada11 were coded
from the job title, job duties and indus-
try fields on the questionnaire. The fol-
lowing three occupational groups were
defined using the first three digits of the
SOC:

• chemical-unrelated occupations (e.g.,
clerical, sales or service)

• chemical-related occupations, but
not major chemical-related indus-
tries (e.g., farming, mining)

• occupations in any of the three ma-
jor chemical-related industries (i.e.,
metal processing, pulp and paper
making or processing of chemicals,
petroleum, rubber, plastic and re-
lated materials)

Years of occupation in these industries
were categorized into long-term (20 years
or more), medium long-term (10 to 19
years), short-term (1 to 9 years) and no
exposure.

Statistical analysis

Due to the availability of information on a
large number of variables, we implemented
a screening process based on biological and
statistical associations supported by the liter-
ature and the univariate analysis. All the
variables on which the differences between
cases and controls in the univariate analysis
were statistically significant were included in
the final multivariate analysis model.

Unconditional multiple logistic regression
models (SAS software)12 were used to esti-
mate the odds ratios (ORs) while adjusting
for potential confounders. Since different
sampling methods were used in each
province, the province of residence was

controlled for in the univariate analysis. The
multivariate analysis model included age
(20–54, 55–64, 65–74), years of exposure,
province of residence, education, pack-years
of smoking, coffee consumption and tea
consumption.

The PAF was calculated using a method
presented by Bruzzi et al.,13 which allows
estimation on the basis of data from
case-control studies. The calculations apply
the knowledge of the OR and distribution of
exposure only among cases, assuming that
they are representative of all cases in the
population. In addition to the total PAF, the
summary attributable risk for each of the
multiple factors was estimated with adjust-
ment for the other risk factors.

Results

A total of 549 male bladder cancer cases
and 1,099 male controls were included in
the study. Table 1 compares cases and con-
trols with respect to characteristics reported
in the literature to be risk factors for bladder
cancer. The controls were more likely to
have more years of education than the
cases. The risk increased with pack-years of
smoking and with greater coffee consump-
tion. A dose-response relationship was ob-
served in men, with the highest risk in the
highest category of exposure: smokers with
smoking pack years of 30 or more had an
OR of 3.32 (95% CI 2.28–4.82) and drinkers
of four cups or more per day had an OR of
1.77 (95% CI 1.11–2.82).

Self-reported chemical exposure
at work

Table 2 shows the ORs for bladder cancer
based on occupational exposure to the
chemical substances specifically asked
about in the questionnaire. After adjusting
for province of residence, pack-years of
smoking, age, education, years of exposure
to chemical substance, coffee consumption
and tea consumption, we found signifi-
cantly elevated risks of bladder cancer
among subjects who reported occupational
exposure to these chemical agents: asbestos
(OR = 1.69, 95% CI 1.07–2.65); mineral,
cutting or lubricating oil (OR = 1.64, 95%
CI 1.06–2.55); and benzidine (OR = 2.20,
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95% CI 1.00–4.87). A non-significantly ele-
vated risk was observed for men who re-
ported exposure to the following chemical
substances: dyestuffs (OR = 3.05, 95% CI
0.87–10.68); pesticides (OR = 1.50, 95% CI
0.89–2.53); herbicides (OR = 1.18, 95% CI
0.66–2.12); radiation sources (OR=1.39,
95% CI 0.75–2.56); isopropyl oil (OR =
1.31, 95% CI 0.43–3.98); asphalt and creo-
sote (OR = 1.30, 95% CI 0.89–1.92); and
welding materials (OR = 1.11, 95% CI
0.74–1.66).

Table 3 presents adjusted ORs for bladder
cancer in men in relation to their length of
exposure to the chemicals studied. The risk
of bladder cancer increased with increasing

years of exposure to dyestuffs. The ORs were
1.1 (95% CI 0.4–2.8) for 1 to 9 years; 3.4
(95% CI 0.6–20.9) for 10 to19 years; and 4.7
(95% CI 0.9–23.8) for 20 years or more. The
tests for trend were significant (p = 0.03).

SOC-grouped chemical-related
industries

The results of examining occupational expo-
sure based on SOC groups (Table 4) indi-
cated that, compared with men who worked
only in occupations unrelated to chemicals,
men who had ever worked in chemical-
related occupations (but not in major
chemical-related industries) had a non- sig-
nificantly higher risk of bladder cancer (OR

= 1.20, 95% CI 0.90–1.60). Men who had
ever worked in metal processing or pulp and
paper making industries had a non-
significantly higher risk of bladder cancer:
the ORs were 1.30 (95% CI 0.55–3.30) and
2.33 (95% CI 0.75–7.25) respectively. Men
who had ever worked in any of the major
chemical related industries (metal process-
ing, pulp and paper making, or petroleum-,
rubber- or plastic-related industries) also
showed a non-significantly higher risk of
bladder cancer (OR = 1.27, 95% CI
0.65–2.47). Similar results were observed
when adjusting for province of residence
and age only.
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No. of cases No. of controls
Adjusted odds ratio (OR) and confidence

interval (CI)

n = 549 % n = 1,099 % OR (95% CI)* OR (95% CI)** p value for trend

Education

< 10 years 160 29.1 247 22.5 1.00 1.00

10–12 years 227 41.4 404 36.8 0.99 (0.76–1.30) 0.95 (0.71–1.26)

> 12 years 162 29.5 448 40.8 0.70 (0.53–0.93) 0.79 (0.59–1.08)

Smoking pack years†

0 62 11.5 300 27.9 1.00 1.00 < 0.0001

1–9 59 10.9 234 21.8 1.21 (0.81–1.81) 1.15 (0.76–1.74)

10–19 113 20.9 201 18.7 2.48 (1.73–3.57) 2.23 (1.53–3.25)

20–29 104 19.3 136 12.6 3.17 (2.16–4.63) 2.67 (1.78–4.00)

� 30 202 37.4 205 19.1 3.93 (2.78–5.56) 3.32 (2.28–4.82)

Coffee consumption

< 1 cup per month 34 6.2 142 13.1 1.00 1.00 < 0.0001

� 1 cup per month and
� 1 cup per day 89 16.3 263 24.2 1.24 (0.78–1.96) 1.13 (0.69–1.83)

2–3 cups per day 214 39.1 400 36.8 1.92 (1.25–2.93) 1.56 (0.99–2.46)

� 4 cups per day 210 38.4 282 25.9 2.77 (1.80–4.25) 1.77 (1.11–2.82)

Tea consumption 0.3232

< 1 cup per month 165 30.9 336 31.3 1.00

� 1 cup per month and
� 1 cup per day 250 46.8 475 44.2 1.04 (0.81–1.33) 1.16 (0.89–1.52)

2–3 cups per day 85 15.9 190 17.7 0.79 (0.57–1.10) 0.91 (0.65–1.29)

� 4 cups per day 34 6.4 73 6.8 0.83 (0.52–132) 0.92 (0.56–1.51)

TABLE 1
Odds ratios associated with selected risk factors for bladder cancer, males,

four western Canadian provinces, NECSS study, 1994–1997

* Adjusted for age and province of residence.

** Adjusted for age, province, education, smoking (pack years), coffee, and tea consumption.

† Pack years = number of years smoked * average number of cigarettes smoked per day/25.

Note: Pack years was a continuous variable, and coffee consumption was a categorical variable.



Population attributable fraction
(PAF)

Estimation of PAF is presented in Table 5.
Overall, PAF was 51% for smoking, 33%
for coffee consumption, and 16% for occu-
pational exposure to asbestos, mineral, cut-
ting or lubricating oil, and benzidine. These
three factors together explained more than
70% of bladder cancer cases in this popula-
tion. The largest PAF was observed in those
with 30 or more pack-years of somking
(26%). Coffee consumption of four cups or
more accounted for 17% of bladder cancer.
The risk attributable to occupation ranged
from 1.4 to 10.1%.

Discussion

In this case-control study, we found a
significant positive association between risk
of bladder cancer and occupational expo-
sure of Canadian men to specific chemicals:
mineral, cutting or lubricating oil, asbestos,

and benzidine. It was estimated that 16% of
bladder cancer could have been prevented
by elimination of occupational exposure to
these chemicals. Compared with men who
never worked in chemical-related occupa-
tions, men who were ever employed in
metal processing or pulp and paper indus-
tries, or any of the major chemical-related
industries (metal processing, pulp and
paper making, or petroleum processing)
had a non-significantly higher risk of blad-
der cancer. We also confirmed that smoking
and coffee consumption were significantly
related to increased bladder cancer risk.
The proportion of bladder cancer attribut-
able to smoking and heavy coffee consump-
tion were 51% and 17% respectively.

An IARC review concluded that “there is
sufficient evidence from studies in humans
that mineral oils (containing various addi-
tives and impurities) that have been used
in occupations such as mulespinning,
metal machining and jute processing are

carcinogenic to humans.”14 Several blad-
der cancer case-control studies have noted
an association between bladder cancer risk
and work as a machinist, with ORs ranging
from 1.5 to 5.0.15 In our study, we also
found an increased risk of bladder cancer
among men with occupational exposure to
mineral, cutting or lubricating oil. Preven-
tion strategies to reduce the impact of oc-
cupational exposure to such oils should be
considered. The US Department of Labour
– Occupational Safety and Health Adminis-
tration has established two exposure limits
that may apply to cutting fluids. Employ-
ees should be exposed to no more than
5mg/m3 of mineral oil mist for an eight
hour time weighted average (TWA), and
no more than 15 mg/m3 for any particu-
late, as an eight hour TWA.16

Bladder cancer has long been known to be
related to occupational exposure in the
dye-producing industries.17 We observed a
dose-response relationship between num-
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No. of cases exposed No. of controls

Substance† n = 549 % n = 1,099 % OR (95% CI)‡

Asbestos 84 15.3 122 11.1 1.69 (1.07–2.65)

Coal tar, soot, pitch, creosote, asphalt 95 17.3 152 13.8 1.30 (0.89–1.92)

Mineral, cutting or lubricating oil 141 25.7 209 19.0 1.64 (1.06–2.55)

Benzidine 14 2.6 15 1.4 2.20 (1.00–4.87)

Dyestuffs 21 3.8 23 2.1 1.13 (0.43–2.96)

Mustard gas 8 1.5 5 0.5 3.05 (0.87–10.68)

Welding materials 145 26.4 238 21.7 1.11 (0.74–1.66)

Arsenic salts 8 1.5 13 1.2 0.94 (0.20–4.52)

Chromium salts 8 1.5 20 1.8 1.03 (0.29–3.67)

Cadmium salts 8 1.5 15 1.4 1.08 (0.43–2.70)

Isopropyl oil 16 2.9 20 1.8 1.31 (0.43–3.98)

Vinyl chloride 16 2.9 26 2.4 0.90 (0.34–2.38)

Pesticides 66 12.0 12.0 10.9 1.50 (0.89–2.53)

Herbicides 65 11.8 115 10.5 1.18 (0.66–2.12)

Radiation sources 38 6.9 76 6.9 1.39 (0.75–2.56)

Wood dust 121 22.0 271 24.7 0.81 (0.55–1.21)

TABLE 2
Chemical substance exposure and risk of bladder cancer in males, 1994–1997

† Ever exposed for more than one year.

‡ Adjusted for province, age, pack years of smoking, education, exposure years, coffee and tea consumption.

Note: Pack years was a continuous variable and coffee consumption was a categorical variable.



Chronic Diseases in Canada 11 Vol 25, No 2, Spring 2004

Exposure to chemicals (years)*
No. of cases

n = 549          %
No. of controls

n = 1,099         % OR (95% CI)† p value for trend

Asbestos

Never exposed

1–9

10–19

� 20

462

42

16

19

84.2

7.7

2.9

3.5

971

57

26

28

88.4

5.2

2.4

2.6

1.0

1.7 (1.1–2.6)

1.1 (0.6–2.2)

1.4 (0.7–2.7)

0.20

Coal tar, soot, pitch, creosote, asphalt

Never exposed

1–9

10–19

� 20

445

54

13

20

81.1

9.8

2.4

3.6

928

87

27

26

84.4

7.9

2.5

2.4

1.0

1.3 (0.9–1.9)

0.8 (0.4–1.6)

1.2 (0.6–2.3)

0.43

Mineral, cutting or lubricating oil

Never exposed

1–9

10–19

� 20

400

42

29

54

72.9

7.7

5.3

9.8

873

68

49

81

79.4

6.2

4.5

7.4

1.0

1.6 (1.0–2.5)

1.4 (0.8–2.3)

1.3 (0.9–1.9)

0.02

Benzidine

Never exposed

1–9

10–19

� 20

535

6

0

5

97.5

1.1

0.0

0.9

1,083

4

3

5

98.5

0.4

0.3

0.5

1.0

2.7 (0.7–10.5)

2.7 (0.7–9.1)

0.26

Dyestuffs

Never exposed

1–9

10–19

� 20

526

7

4

6

95.8

1.3

0.7

1.1

1,075

15

2

3

97.8

1.4

0.2

0.3

1.0

1.1 (0.4–2.8)

3.4 (0.6–20.9)

4.7 (0.9–23.8)

< 0.01

Mustard gas

Never exposed

1–9

10–19

� 20

541

2

0

0

98.5

0.4

0.0

0.0

1,093

4

0

0

99.5

0.4

0.0

0.0

1.0

0.8 (0.1–5.1)

Welding materials

Never exposed

1–9

10–19

� 20

383

45

52

0

69.8

8.2

9.5

0.0

835

101

80

0

76.0

9.2

7.3

0.0

1.0

1.1 (0.7–1.6)

1.3 (0.9–1.9)

0.21

Arsenic salts

Never exposed

1–9

10–19

� 20

541

2

1

4

98.5

0.4

0.2

0.7

1,085

10

2

3

98.7

0.9

0.2

0.1

1.0

0.9 (0.2–4.3)

1.2 (0.1–14.1)

6.6 (0.6–68.9)

0.16

Chromium salts

Never exposed

1–9

10–19

� 20

541

4

1

2

98.5

0.7

0.2

0.4

1,078

9

8

1

98.1

0.8

0.7

0.1

1.0

1.0 (0.2–3.6)

0.2 (0.0–1.8)

3.2 (0.2–41.0)

0.58

TABLE 3
Length of chemical substance exposure and risk of bladder cancer in males, 1994–1997



ber of years exposed to dyestuffs and blad-
der cancer risk in men in the present study
as observed elsewhere.17–19 The carcino-
genic risk to the bladder of benzidine is well
known,20,21 and our study provides further
support.

The results of epidemiological studies of
bladder cancer and asbestos are inconsis-
tent. Silverman and colleagues22 suggested
that asbestos and insulation workers may be
at increased risk of bladder cancer, whereas
other researchers found no association.23,24

In our study, the higher bladder cancer risk

seen among men exposed to asbestos could
have occurred because the men exposed to
asbestos were highly likely to have been ex-
posed to mineral, cutting or lubricating oil
(more than half of the men exposed to asbes-
tos [118/206] also had been exposed to lu-
bricating oil).
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Exposure to chemicals (years)*
No. of cases

n = 549             %
No. of controls

n = 1,099             % OR  (95% CI)† p value for trend

Cadmium salts

Never exposed

1–9

10–19

� 20

541

0

2

3

98.5

0.0

0.4

0.6

1,084

8

4

1

98.6

0.7

0.4

0.1

1.0

0.8 (0.1–4.4)

6.8 (0.7–71.7)

0.20

Isopropyl oil

Never exposed

1–9

10–19

� 20

531

6

4

4

96.7

1.1

0.7

0.7

1,079

9

6

4

98.2

0.8

0.6

0.4

1.0

1.3 (0.4–3.9)

1.1 (0.3–4.1)

1.6 (0.4–6.7)

0.14

Vinyl chloride

Never exposed

1–9

10–19

� 20

533

8

3

2

97.1

1.5

0.6

0.4

1,072

16

4

5

97.5

1.5

0.4

0.5

1.0

0.9 (0.3–2.4)

1.4 (0.3–6.7)

0.6 (0.1–3.3)

0.58

Pesticides

Never exposed

1–9

10–19

� 20

434

29

9

22

79.1

5.3

1.6

4.0

898

40

25

47

81.7

3.6

2.3

4.3

1.0

1.5 (0.9–2.5)

0.8 (0.3–1.7)

0.9 (0.5–1.6)

0.21

Herbicides

Never exposed

1–9

10–19

� 20

451

22

8

27

82.2

4.0

1.5

4.9

910

37

21

47

82.8

3.4

1.9

4.3

1.0

1.2 (0.7–2.2)

0.9 (0.4–2.1)

1.1 (0.6–1.9)

0.98

Radiation sources

Never exposed

1–9

10–19

� 20

509

20

7

7

92.7

3.6

1.3

1.3

1,021

34

12

26

92.9

3.1

1.1

2.4

1.0

1.4 (0.7–2.5)

0.9 (0.3–2.6)

0.5 (0.2–1.3)

0.98

Wood dust

Never exposed

1–9

10–19

� 20

365

45

20

44

66.5

8.2

3.6

8.0

740

119

53

75

67.3

10.8

4.8

6.8

1.0

0.8 (0.6–1.2)

0.8 (0.4–1.4)

1.2 (0.8–1.8)

0.13

* Ever exposed for more than one year.

† Adjusted for province, age, pack years of smoking, education, exposure years, coffee and tea consumption.

TABLE 3
Length of chemical substance exposure and risk of bladder cancer in males, 1994–1997

(continued)



The PAFs of occupational exposure were
estimated to be 10% for mineral, cutting or
lubricating oil, 6% for asbestos and 1% for
benzidine. The PAF for mineral, cutting or
lubricating oil is considerably greater than
asbestos and benzidine. Although the OR
for mineral, cutting or lubricating oil is
moderate (1.64), the frequency of occupa-
tional exposure to this substance is greater
than asbestos and benzidine. We exam-
ined the SOCs of people who self-reported
with occupational exposure to mineral,
cutting or lubricating oil. The results indi-
cated that 26% of men had occupations re-
lated to farming, fishing, forestry, mining
and quarrying; 63% of men had occupa-
tions related to processing, machining,
product fabricating, construction trades,
transport equipment operating, material
handling, and equipment operating.

In our study, statistically significant eleva-
tions of two- to three-fold were observed in
the ORs at all smoking levels above 10
pack-years. A dose-response relationship
was demonstrated between bladder cancer
and pack-years of smoking. Such associa-
tions are well-documented in the litera-

ture.25–27 Our data support an association
between coffee consumption and risk of
bladder cancer which is consistent with
other studies.28,29 To rule out a possibility
of residual effect of smoking, coffee con-
sumption and the risk of bladder cancer
was also examined among non-smokers. A
statistically significant excess risk was con-
sistently observed for subjects having drunk
more than 4 cups per day (OR=6.17, [95%
CI 1.73–21.96]). However, a recent system-
atic literature review has suggested that cof-
fee and tea consumption are probably not
associated with bladder cancer.30 Coffee
drinking has been studied extensively as a
potential risk factor, but the inconsistency of
the observed associations suggests that the
relationship is either quite weak, noncausal,
or dependent in a complex way on unmea-
sured factors.31 The attributable risk esti-
mates indicated 33% of bladder cancers
among men could have been prevented by
elimination of coffee consumption. A previ-
ous study by D’Avanzo et al.32 found that
coffee consumption was potentially respon-
sible for 23% of bladder cancer. The possi-
bility of recall bias cannot be discarded in
our study.

The main advantage of this study is that it
is population based. We were able to ex-
amine bladder cancer risk according to
self-reported exposure to certain chemical
substances at work and by occupational
group based on SOCs. We also controlled
for major bladder cancer risk factors.

The average response rates of both bladder
cancer cases and controls were low (60%
and 59% respectively). Since exposure in-
formation for non-respondents was not
available for analysis, we could not exam-
ine whether or not systematic differences
existed between respondents and non-
respondents with respect to occupational
exposure. Potential non-response bias
might be introduced due to the low re-
sponse rate.

This study only considered jobs held for
more than one year, but this might be a
substantial issue for people who were sea-
sonally employed (and exposed). How-
ever, the underestimation of exposure
would likely be the same for cases and con-
trols, resulting in an OR biased towards 1.
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SOC groups*
No. of cases

n = 549 %
No. of controls

n = 1,099 % OR (95% CI)† OR (95% CI)‡

All chemical-unrelated
occupations

114 20.8 287 26.1 1.00 1.00

Ever had chemical-related
occupations, but not in major
chemical-related industries

395 71.9 725 66.0 1.37 (1.06–1.77) 1.20 (0.90–1.60)

Ever had occupations in metal
processing industries

9 1.6 18 1.6 1.22 (0.53–2.83) 1.30 (0.55–3.30)

Ever had occupations in pulp and
paper industries

7 1.3 7 0.6 2.59 (0.86–7.79) 2.33 (0.75–7.25)

Ever had occupations in
petroleum industries

6 1.1 9 0.8 1.48 (0.51–4.34) 0.99 (0.28–3.53)

Ever had occupations in any of
the major chemical-related
industries (metal processing, pulp
and paper making or processing
of petroleum, etc.)

22 4.0 34 3.1 1.56 (0.86–2.81) 1.27 (0.65–2.47)

SOC = Standard Occupational Code (from Statistics Canada)
* Ever employed for more than one year.

† Adjusted for province of residence and age.

‡ Adjusted for province, age, pack years of smoking, education, exposure years, coffee and tea consumption.

TABLE 4
Occupations and risk of bladder cancer in Canadian males, 1994–1997
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We developed our exposure assessment
methods without peer review. Because these
methods were never validated, the potential
for misclassification could not be quantified.
Information on occupational chemical expo-
sure was based solely on subjects’ recall of
contact with chemical agents selected a pri-
ori and listed on the questionnaire. We made
no attempt to obtain all the job titles held by
subjects to link with local exposure patterns.
However, we examined the SOCs of respon-
dents’ self-reported occupational exposure to
asbestos, mineral, cutting or lubricating oil,
or benzidine. The results show that more
than 90% of these people had ever been em-
ployed in chemical-related industries. There-
fore, it is unlikely that this method
introduced a strong information bias, it is
very likely that it introduced exposure
misclassification and caused true associa-
tions to be missed or underestimated. Self-re-
ported exposure to chemicals at work could
also introduce recall bias since people who
have adverse health outcomes tend to

remember and report past exposures dif-
ferently than do those who did not develop
such health outcomes.

We used only the first three digits of the
SOC codes to determine subjects’ occupa-
tions. Grouping jobs meant that people
with different work duties and exposures
were included in the same occupational
group; this is usually expected to result in
non-differential misclassification and bias
of risk estimates to the null.33

Multiple comparison is also a concern for
this study. There is a potential of generat-
ing false-positive results due to random
variation. The results of this study should
be interpreted with caution.

Conclusion

In conclusion, this study suggests that
occupational exposure to certain chemical
substances is associated with increased
risk of bladder cancer. However, further

investigations are needed in order to pro-
vide sufficient evidence of causal relations
and to instigate preventive measures. We
confirmed that chemical-related occupa-
tions pose a risk of bladder cancer in
Canadian men. The findings of this investi-
gation support an association between life-
style factors (cigarette smoking and coffee
consumption) and bladder cancer in men.
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The occurrence of abruptio placentae in Canada:
1990 to 1997

Teresa Broers, Will D King, Tye E Arbuckle and Shiliang Liu

Abstract

Abruptio placentae is a serious obstetric condition associated with an increased incidence
of perinatal mortality and morbidity. Despite this, there is little information on the occur-
rence of abruptio placentae in Canada. The Discharge Abstract Database from the
Canadian Institute for Health Information was used to identify a cohort of women who
had singleton live or stillbirth deliveries in Canada between 1990 and 1997
(n = 2,162,815). Rates of abruptio placentae and abruptio placentae ending in stillbirth
were examined by calendar year, province, maternal age and urban/rural status. There is
a trend towards an increasing rate of abruptio placentae by year, from 10.9 (95% confi-
dence interval [CI] 10.5–11.3) cases/1,000 deliveries in 1990 to a high of 12.1 (95% CI
11.6–12.5) cases/1,000 deliveries in 1996, while the rate ending in stillbirth remained
relatively constant. The abruptio placentae rate was highest in mothers over 40 years of
age and the case-fatality rate highest in those under 20. These results provide a baseline
reference for rates of abruptio placentae in Canada.

Key words: abruptio placentae; Canada; epidemiology; placenta diseases; pregnancy
complications

Introduction

Abruptio placentae, the premature separa-
tion of a normally implanted placenta be-
fore delivery, can be a serious pregnancy
complication to both mother and infant. It
is associated with an increased incidence
of preterm delivery as well as maternal and
perinatal mortality, causing between 15%
and 25% of all perinatal deaths.1–3

The rate of abruptio placentae in North
America is approximately 0.1–0.2 per
1,000 pregnancies,4–7 but reported rates
can range from 0.04–0.35/1,000.1,3,8,9 This
wide range in reported incidence rates may
be explained partly by the differing criteria
for diagnosing abruptio placentae as well

as the increased recognition of milder
forms of the event, i.e., the separation of
the placenta from the uterine wall can be
complete, partial, or marginal (involving
only the placental margin). Complete de-
tachment of the placenta from the uterus is
more likely to result in a fetal death than
partial or marginal separation,4 while a
marginal abruption may go undetected.

The primary etiology for abruptio placen-
tae is still unknown, but several risk fac-
tors have been identified, including
pre-eclampsia, pre-pregnancy hyperten-
sion, previous history of placental
abruption, increased maternal age, ciga-
rette smoking, and cocaine use.1,3,9–11 It
has also been hypothesized that the

etiology for a marginal or partial abruptio
placentae may differ from that of a com-
plete abruptio placentae.4

Despite the potential severity of abruptio
placentae, particularly in the case of still-
birth and maternal death, no data have
been reported on the geographic and tem-
poral distribution of abruptio placentae
cases in Canada. The Canadian Perinatal
Health Report – 2000, prepared by Health
Canada’s Bureau of Reproductive and
Child Health and the Canadian Perinatal
Surveillance System Steering Committee,
provides information on numerous repro-
ductive indicators.12 Abruptio placentae,
and other placental conditions such as pla-
centae previa, are not monitored, how-
ever. Descriptive information on abruptio
placentae is important in order to gain a
better understanding of the event across
the country. This paper describes rates of
abruptio placentae, abruptio placentae
ending in stillbirth and case fatality by
year, province, maternal age and urban/
rural residence in Canada between 1990
and 1997.

Methods

The Discharge Abstract Database, main-
tained by the Canadian Institute for Health
Information (CIHI), was the source of
abruptio placentae cases in this descriptive
study. CIHI receives data from participat-
ing acute care hospitals on all inpatient
separations in Canada (i.e., discharges,
transfers, or death).13 Few hospitals in
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Quebec send discharge data to CIHI; there-
fore data from the Province of Quebec are
not included in the present study. This
study does, however, include data from
Manitoba, which includes slightly more
than one third of hospital deliveries over
the study period, and Nova Scotia, which
sent more than one third of all discharge
data from 1990 to 1993 and complete data
for 1994 to 1997.12,14 All deliveries were ex-
tracted from the complete set of hospital
separations for the 1990 to 1997 period us-
ing Case Mix Group codes from the CIHI
complexity grouping methodology for the
mother’s records.13,14 Abruptio placentae
cases were coded in the database using the
International Classification of Diseases –
Ninth Revision (ICD–9: 641.2).15 Deliver-
ies that are registered in the Discharge
Abstract Database have a gestational age of
20 weeks or greater.

Births from the Northwest Territories and
Yukon were combined into one category
due to small numbers of cases. Urban and
rural status was determined using the sec-
ond digit of the Forward Sortation Area
segment of the postal code, where ‘0’ indi-
cated a rural residence and all others indi-
cated an urban residence. Observations
with invalid postal codes (approximately
2% of total records in the database) were
not included in the final cohort.

Rates are calculated for all abruptio placen-
tae cases and for those abruptio placentae
cases ending in stillbirth (abruptio-stillbirth).
The occurrence of abruptio-stillbirth cases
was analyzed separately as a proxy for a
complete placental abruption, since a strong
association has been shown between the
degree of placental separation and fetal
death.4 Case-fatality rates were expressed as
number of the abruptio-stillbirth cases per
100 total abruptio placentae cases. All data
were analyzed using the Statistical Analysis
System software package (version 8.0, SAS
Institute, Inc., Cary, NC) and exact binomial
95% CI were calculated for all rates.

Results

The cohort of births from which rates were
calculated comprised 2,162,815 hospital de-
liveries with singleton live births or still-
births among nine Canadian provinces
(excluding Quebec) and two territories be-
tween 1990 and 1997. Table 1 presents the
rate of abruptio placentae and abruptio-
stillbirth for singleton deliveries by year.
Rates of abruptio placentae increased over
the first six years of the study period, from
10.90 (95% CI 10.51–11.30) per 1,000
deliveries in 1990 to a high of 12.05
(11.64–12.47) cases per 1,000 deliveries in
1996. There was a slight decrease in the rate
for 1997. Over the entire period of

observation, the abruptio placentae rate
was 11.25 (95% CI 11.1–11.4) per 1,000
singleton births. The rate of abruptio-still-
birth cases was 0.78/1,000 (95% CI
0.75–0.82) over the period and was rela-
tively consistent across the period of obser-
vation. The case-fatality rate was
approximately 7% over this time period.

The rates of abruptio placentae varied
across provinces (Table 2), with rates be-
low 8/1,000 in Newfoundland and Prince
Edward Island and rates above 13/1,000 in
Nova Scotia, Saskatchewan, and Yukon/
North West Territories. This provincial pat-
tern of rates was similar for abruptio-
stillbirth, with the exception of
Saskatchewan, which had a high rate of
abruptio placentae and a moderate rate
ending in stillbirth. A case-fatality rate sta-
tistically higher (p < 0.05) than the rest of
Canada was observed in New Brunswick,
and the case-fatality rate in Saskatchewan
was significantly lower than that in the rest
of Canada. Although the highest case- fatal-
ity rate was observed in Prince Edward Is-
land, this was based on a small number of
events and was not statistically different
from the case-fatality rate for the rest of
Canada (p=0.17).
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Year No. of singleton births
Abruptio placentae

rate per 1,000
Abruptio-stillbirth

rate per 1,000
Case-fatality (%)

1990 270,118 10.90 (10.51–11.30) 0.71 (0.61–0.82) 6.52

1991 271,712 10.77 (10.39–11.17) 0.84 (0.74–0.96) 7.82

1992 273,979 10.59 (10.21–10.98) 0.73 (0.63–0.83) 6.86

1993 271,075 11.09 (10.70–11.49) 0.79 (0.69–0.91) 7.15

1994 271,886 11.10 (10.71–11.51) 0.82 (0.71–0.93) 7.35

1995 275,767 11.80 (11.40–12.21) 0.83 (0.72–0.94) 7.01

1996 268,929 12.05 (11.64–12.47) 0.84 (0.73–0.95) 6.94

1997 259,349 11.71 (11.30–12.14) 0.72 (0.62–0.83) 6.12

1990–1997 2,162,815 11.25 (11.11–11.39) 0.78 (0.75–0.82) 6.97

* Excludes Quebec.

TABLE 1
Occurrence of abruptio placentae and abruptio-stillbirth by year in Canada*, 1990–1997



The rate of abruptio placentae is highest
for mothers in the two older age groups,
aged 35–39 years and aged 40 years and
over (Table 3). However, the case-fatality
rate is highest in women under 20 years of
age (11%), and it decreases with age to 5%
in those aged 40 years and over.

Table 4 presents rates by urban and rural
status for abruptio placentae cases and
abruptio-stillbirth. Rates of abruptio placen-
tae are similar for urban (11.33/1,000, 95%
CI 11.17–11.49) and rural (10.95/1,000,
95% CI 10.65–11.25) residence. However,
case-fatality rates are higher for rural

residence (7.89%) compared to urban
residence (6.72%) (p=0.004).

Discussion

This descriptive analysis of over two mil-
lion singleton deliveries recorded in the
Discharge Abstract Database indicates that
the incidence of abruptio placentae in
Canada was approximately 1% over the
1990–1997 period. This abruptio placentae
rate is comparable to rates found in other
population-based studies. A large cohort
study in the US found an overall rate of
11.5/1,000 over the 1979–1987 period,7

while in Norway, a rate of 6.6/1,000 was
seen over a longer study period, from
1967–1991.16

The increase over time has also been ob-
served in an earlier study. In Norway, the
abruptio placentae rate in 1971 was
5.3/1,000, while in 1990, this rate rose to
9.1/1,000.16 A study by Saftlas et al. in the
US saw a similar increase, from 8.2/1,000
in 1979 to 11.5/1,000 in 1985.7 Saftlas
speculated that a change of rates such as
that observed in our study may reflect a
true increase in the rate of abruptio placen-
tae, or it may result from changes in
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Year
No. of singleton

births
Abruptio placentae

rate per 1,000
Abruptio-stillbirth

rate per 1,000
Case-fatality (%)

Newfoundland 48,236 7.77 (7.01–8.60) 0.60 (0.40–0.86) 7.73

Prince Edward Island 13,253 6.34 (5.06–7.84) 0.68 (0.31–1.29) 10.71

Nova Scotia 33,281 13.07 (11.88–14.35) 1.14 (0.81–1.57) 8.74

New Brunswick 67,232 8.15 (7.48–8.86) 0.74 (0.55–0.98) 9.12

Ontario 1,147,060 11.21 (11.02–11.41) 0.75 (0.70–0.80) 6.71

Manitoba 79,192 8.70 (8.07–9.37) 0.83 (0.65–1.06) 9.58

Saskatchewan 102,492 13.66 (12.96–14.39) 0.76 (0.60–0.95) 5.57

Alberta 307,491 12.31 (11.92–12.71) 0.85 (0.75–0.96) 6.90

British Columbia 355,987 11.31 (11.00–11.69) 0.82 (0.73–0.92) 7.26

Yukon and North
West Territories

8,519 13.27 (10.96–15.92) 1.05 (0.48–1.99)
7.89

Canada 2,162,815 11.25 (11.11–11.39) 0.78 (0.75–0.82) 6.97

TABLE 2
Occurrence of abruptio placentae and abruptio-stillbirth by province in Canada, 1990–1997

Year No. of singleton births
Abruptio placentae

rate per 1,000
Abruptio-stillbirth

rate per 1,000
Case-fatality (%)

Under 20 141,462 11.40 (10.86–11.97) 1.25 (1.07–1.45) 10.97

20–24 413,533 10.93 (10.62–11.25) 0.89 (0.80–0.99) 8.16

25–29 733,164 10.23 (10.00–10.47) 0.64 (0.58–0.70) 6.26

30–34 625,315 11.41 (11.15–11.67) 0.70 (0.64–0.77) 6.14

35–39 218,511 13.87 (13.38–14.37) 0.97 (0.85–1.11) 7.03

40+ 30,830 17.26 (15.83–18.77) 0.94 (0.63–1.35) 5.45

All Ages 2,162,815 11.25 (11.11–11.39) 0.78 (0.75–0.82) 6.97

TABLE 3
Occurrence of abruptio placentae and abruptio-stillbirth by mother’s age



detecting abruptio placentae cases, i.e., an
increase in partial or marginal abruptions,
due to better ultrasound technology or
more sensitive case definition. Similar de-
tection changes may account for the rise in
rates in Canada. However, the increase
over time may also be real. The prevalence
report in previous studies1,4,9,10,17–19 of a
number of the risk factors associated with
abruptio placentae have been on the
decline. For example, smoking rates have
decreased in Canada over the past
decade.20 Live birth rates have also de-
clined among women of reproductive age
in Canada, from 61.1 per 1,000 in 1981 to
51.1 per 1,000 in 1997.12 Although these
factors were not available for analysis in
our data, we speculate that the observed
increased rates of abruptio placentae are
attributable to other factors, including
changes in ascertainment and reporting.

Our reported case-fatality rates are compa-
rable to those reported in the US (7.1%)
between 1979 and 1987;7 however, the US
study did not examine trends in this rate by
year, region, or maternal age.

Factors that could account for associations
between abruptio placentae rates and in-
creased maternal age may include in-
creased parity and prior abruptio
placentae.9 Pre-pregnancy hypertension, an-
other risk factor for abruptio placentae,10

also increases with age.19 The high propor-
tion of cases ending in a stillbirth among
the youngest maternal age groups could be
related to underutilization of prenatal
health care services in this age group.21

Findings on the association between ma-
ternal age and abruptio placentae have

been inconsistent in the literature. A
case-control study in the US with 884 cases
found no association,3 while an Italian
case-control study and a US cohort study
both found significant associations, either
with increasing age11 or with maternal age
greater than 35.10 The Saftlas study on inci-
dence of abruptio placentae in the US
examined the rates of abruptio placentae
by age for two specific time periods,
1979–1982 and 1983–1991, for white
versus black women.7 Rates for the first
period remained relatively consistent
among white women, but in the more
recent period, abruptio placentae rates
were highest among teenagers, at approxi-
mately 13/1,000, then dropped to 8/1,000
for women between 20–24, and finally in-
creased to 10/1,000 and 11/1,000 for the
25–29 and 30+ age groups, respectively. A
similar pattern, but at slightly lower rates,
was seen among black women for the
1979–1982 period, while in the second
study period, rates fell from 13/1,000 for
teenagers, 12/1,000 for the 20–24 group,
11/1,000 for the 25–29 age group, and then
increased to 13/1,000 for women aged 30
or older.7 Our study reported a similar
U-shaped relationship with age, with even
higher rates for women over 40.

No literature was found that reported
regional variations of abruptio placentae
rates within a population. The variations
in rates observed in several provinces in
Canada could be attributable to differences
in unmeasured risk factors (e.g., some
environmental contaminant) or due to dif-
ferences in ascertainment and reporting.

The accurate identification of abruptio
placentae cases is the primary limitation in

this study. The number of abruptio
placentae cases is influenced by potential
under-reporting of mild cases that may be
less likely to be recorded in the administra-
tive database utilized in this study. In addi-
tion, the definitive diagnosis of abruptio
placentae may occur after delivery when
the placenta is sent to the pathology labo-
ratory, so information on the final diagno-
sis may not be available when data
abstracting is conducted. This would
under-estimate the abruptio placentae rate
reported in our study.

However, a quality check of the data had
positive findings. Wen et al. examined the
CIHI database used in this study and found
that the number of illogical and
out-of-range values were few.14 Further-
more, for most adverse pregnancy condi-
tions and outcomes, including abruptio
placentae, Wen et al. found the prevalence
to be within a reasonable range of that re-
ported in the literature.14 An additional
strength of the study is the very large num-
ber of births that were analyzed
(n = 2,162,815) over the 1990–1997 time
period, using quality data.

Thus, these study results provide a base-
line reference for rates of abruptio placen-
tae in Canada as well as those that
specifically end in stillbirth. The significant
variation that was identified in abruptio
placentae rates and case-fatality rates
according to time and maternal age under-
line the need for further investigation into
this condition. Because abruptio placentae
is related not only to stillbirth but also to
perinatal death and sequelae from
perinatal asphyxia, inclusion of abruptio
placentae as an indicator in the Canadian
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Year No. of singleton births
Abruptio placentae

rate per 1,000
Abruptio-stillbirth

rate per 1,000
Case-fatality (%)

Urban 1,692,592 11.33 (11.17–11.49) 0.76 (0.72–0.80) 6.72

Rural 470,223 10.95 (10.65–11.25) 0.86 (0.78–0.95) 7.89

All Canada* 2,162,815 11.25 (11.11–11.39) 0.78 (0.75–0.82) 6.97

* Excludes Quebec.

TABLE 4
Occurrence of abruptio placentae and abruptio-stillbirth by urban and rural residence



Perinatal Surveillance System should be
considered to better understand the distri-
bution of this event and to facilitate future
observational investigations on the
condition.
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Computer assisted telephone interviewing (CATI)
for health surveys in public health surveillance:
Methodological issues and challenges ahead

Bernard CK Choi

Abstract

This article describes methodological issues, challenges, and a vision for using computer
assisted telephone interviewing (CATI) in a comprehensive public health surveillance
system in the 21st century. Methodological issues include funding of surveys, survey fre-
quency, sample size considerations, response rates, and types of bias to be considered in
questionnaire design. Challenges include the recognition of the merits and limitations of
CATI, and the potential for greater use in surveillance of public health issues in health
regions requiring rapid and regular data. The vision of a CATI survey-based, rapid, flexi-
ble, cost-effective public health surveillance system is described. It is concluded that
further discussion and views on improvements with regard to CATI methodological and
practical issues will help build a better CATI survey-based public health surveillance
system for the future.

Key words: CATI; computer assisted telephone interviewing; methodology; public health
surveillance; questionnaire bias; survey

Introduction

In the development of methods for compre-
hensive public health surveillance in the 21st
century,1–3 health surveys using computer
assisted telephone interviewing (CATI) play
an important role.4 CATI is a technique
based on a combined use of long-standing
methods, such as interview and surveys,
and modern technologies, such as the tele-
phone and the computer.5 It is becoming the
data collection method of choice in an in-
creasing number of health surveys.6–8 How-
ever, CATI health surveys raise
methodological issues.9–11 The question is
how to move forward with CATI health
surveys in public health surveillance.

This article reviews a number of method-
ological issues and proposes a number of
strategies to tackle the challenges ahead. It

describes the usefulness of the CATI
method for surveys as a component of
public health surveillance system. Two im-
portant concepts are proposed to stimulate
further discussion and debate on a vision
of a CATI survey-based surveillance: the
importance of local CATI surveys in public
health surveillance and the ability to
generate rapid data.

Methodological issues

1. Sources of funding

An important question concerning health
surveys is: Who pays for the survey?

Frequency distributions of the funding
sponsors for the 67 Canadian health
surveys carried out between 1950 and

1997, derived from the results of Kendall et
al.,12 indicate that the major sources of
funding were the federal government
(75% of the surveys), followed by the
provincial government (54%) and re-
search institutes, foundations or societies
(15%) (Table 1).

Many federal government departments be-
sides Health Canada also funded health
surveys (see the “Other” category in Table
1). Local government has traditionally not
played a role in funding health surveys
(0%). In terms of data collection, the
provincial government played a more im-
portant role (42% of the surveys) than the
federal government (30%), universities
(21%) and survey contractors (6%). The
management role of surveys was shared by
the provincial government (42% of the
surveys), the federal government (34%)
and the universities (24%).

It is important to identify stakeholders and
funding sources for CATI surveys. Local
governments are a potential funding
source that traditionally has not been
tapped. Methods may be developed to
better coordinate the funding efforts of all
levels of government and stakeholders.

2. Frequency of surveys

Another question concerning health
surveys is: How frequently should a survey
be conducted?

The frequency of health surveys in Canada
from 1950 to 1997 ranged from four times a
year (2% of the surveys) to only once (the
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majority, or 61%) (Table 2). Most of the
surveys collected data only once (50% of
the 30 national health surveys and 70% of
the 37 provincial surveys). In general,
national health surveys tended to be more
frequent (14% were done every year) than
provincial health surveys (16% were done
every five years).

Extreme survey frequency leads to the con-
cept of continuous survey. For example,
the annual sample can be spread evenly
over 12 months to keep the survey going
continuously. In other words, 100 inter-
views per month can be carried out instead
of 1,200 interviews per year in a survey
region. Indeed, in Cycle 1.1 of the 2000
Canadian Community Health Survey
(CCHS) data were collected on a monthly
basis.13 There are many advantages of a
continuous survey, such as better data
quality, timeliness of data, ability to detect
seasonal trends, and continuous employ-
ment of staff and interviewers, which
means consistency of the data. In addition,
there is no increased cost; in fact,
continuous surveys may lead to a de-
creased expenditures through elimination
of the cost of advertising positions, hiring

staff, and training interviewers, etc., every
time the survey is restarted.

The concept of “repeated sampling of the
same population” was first described by
Cochran in 1963.14 With a dynamic popu-
lation, a large survey at infrequent

intervals is of limited use; a series of small
samples at shorter intervals is more infor-
mative, and may be published regularly.
With a population in which time changes
are slow, on the other hand, an annual
average taken over 12 monthly samples or
four quarterly samples may be adequate.
With just a slight change in the sample
methodology, the survey becomes so
much more versatile and informative.

3. Sample size

The next question is: What sample size is
adequate?

In Canada, national health surveys have
bigger sample sizes than provincial health
surveys, e.g., 30% with samples of 10,000
to 19,999, versus 33% with samples of
2,000 to 2,999 (Table 3). However, given
the fact that there are 10 provinces in
Canada, the provincial health surveys may
provide a larger coverage of the population
than national health surveys.

Samples sizes are strongly affected by avail-
able funding. In Australia, the 1989 South
Australia Health Omnibus Survey conducted
3,000 interviews/year15 and the 1997–1998
New South Wales Health Survey conducted
17,000 (1,000/year per Area Health
Service).16 In the US, the 1998 US Behavioral
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Frequency of
survey

National health
surveys

(1950–1997)

Provincial
health surveys
(1977–1997) Total

Once 15 (50%) 26 (70%) 41 (61%)

Twice 3 (10%) 4 (11%) 7 (10%)

Occasional 2 (7%) 0 (0%) 2 (3%)

Every 5 years 1 (3%) 6 (16%) 7 (10%)

Every 4 years 1 (3%) 0 (0%) 1 (2%)

Every 3 years 1 (3%) 0 (0%) 1 (2%)

Every 2 years 2 (7%) 1 (3%) 3 (4%)

Every year 4 (14%) 0 (0%) 4 (6%)

4 times a year 1 (3%) 0 (0%) 1 (2%)

Total* 30 (100%) 37 (100%) 67 (100%)

TABLE 2
Canadian health surveys, 1950–1997, by type and frequency, based on

analysis of data by Kendall et al.12

* Each survey was counted only once; duplicate entries in the original data were eliminated.

Survey sponsor Data collector Management

Federal government

Health Canada

Statistics Canada

Other*

50 (75%)

40 (60%)

9 (13%)

12 (18%)

20 (30%)

1 (2%)

19 (28%)

0 (0%)

23 (34%)

6 (9%)

14 (21%)

3 (5%)

Provincial government 36 (54%) 28 (42%) 28 (42%)

Local government 0 (0%) 1 (2%) 0 (0%)

Universities 2 (3%) 14 (21%) 16 (24%)

Research institutes,
foundations, societies

10 (15%) 3 (5%) 6 (9%)

Industries 2 (3%) 0 (0%) 0 (0%)

Survey contractor 0 (0%) 4 (6%) 0 (0%)

Total** 67 (100%) 67 (100%) 67 (100%)

TABLE 1
Canadian health surveys, 1950–1997, by sponsor, data collector and

management, based on analysis of data by Kendall et al.12

* Examples include: Agriculture, Citizenship Culture & Recreation, Communications, Consumers &
Corporate Affairs, Fitness, Indian Affairs, Mortgage & Housing, National Defence, Secretary of State,
Veterans Affairs.

** Numbers do not add to total because categories are not mutually exclusive, e.g., some surveys have
multiple sponsors.



Risk Factor Surveillance System (BRFSS) in-
volved 120,000 participants per year (100 to
400/month per state).17 In Canada, the 1994
National Population Health Survey (NPHS)
longitudinal panel had a sample size of
17,27618 and the 2000 CCHS had 130,000 re-
spondents (2,000 to 42,000/year per
province).13

It is easy to calculate sample size if one hy-
pothesis is tested. However, it is difficult to
perform sample size calculations for a
CATI survey because there are usually
many items of interest in the survey.
Survey experience indicates that for most
purposes a minimum sample size of 100
interviews per month per survey region is
probably adequate.

4. Response rate

What response rate is adequate?

Most health surveys in Canada from 1950
to 1997 achieved a high response rate of
70% to 100% (Table 4). National health
surveys in general had a higher response
rate than provincial surveys. It has been
suggested that the target response rate

should be 80% or more.19 In Canada, the
1994 NPHS had a response rate of 96%,20

and in 1996 a response rate of 94%.21 The
2000 CCHS had a response rate of 85%.22

There are ways to promote high response
rates, such as by using trained interviewers
and voices that encourage compliance (e.g.,
female), paying attention to speech pace
and rhythm, and selecting the appropriate
design and length of the questionnaire.
There is usually a lower response to inter-
viewers with “foreign” accents and young
male interviewers. Questionnaires must be
pretested for wording, order and misinter-
pretation of questions.

5. Questionnaire design

Choi and Pak provided a catalogue of 109
epidemiologic biases in biostatistics: litera-
ture review four, study design 31, study
execution three, data collection 46,
analysis 15, interpretation seven, and pub-
lication three.23 Most of the biases (46/109
or 42%) occur in the data collection stage.

There are a number of questionnaire biases
that specifically affect telephone inter-
views. For example, complex and lengthy
questions should be avoided in a telephone
interview. When the precise wording of a
question changes from survey to survey, or
the measurement scale for a quantity
changes over surveys, the results may not
be comparable. Some questions may be
framed in such a manner that respondents

Chronic Diseases in Canada 23 Vol 25, No 2, Spring 2004

Sample size
National health surveys

(1950–1997)
Provincial health surveys

(1977–1997)

150,000–199,999 1 (3%) 0 (0%)

100,000–149,999 1 (3%) 0 (0%)

50,000–99,999 2 (7% 1 (3%)

40,000–49,999 0 (0%) 1 (3%)

30,000–39,999 3 (10%) 1 (3%)

20,000–29,999 5 (16%) 0 (0%)

10,000–19,999 9 (30%) 2 (5%)

5,000–9,999 2 (7%) 3 (8%)

4,000–4,999 2 (7%) 2 (5%)

3,000–3,999 1 (3%) 7 (19%)

2,000–2,999 2 (7%) 12 (33%)

1,000–1,999 2 (7%) 3 (8%)

Less than 1,000 0 (0%) 2 (5%)

Not reported 0 (0%) 3 (8%)

Total 30 (100%) 37 (100%)

TABLE 3
Canadian health surveys, 1950–1997, by type and sample size,

based on analysis of data by Kendall et al.12

Response rate

National health surveys
(1950–1997)

Provincial health surveys
(1977–1997)

90%–100% 3 (10%) 1 (3%)

80%–90% 8 (27%) 11 (30%)

70%–80% 7 (23%) 13 (35%)

60%–70% 2 (7%) 3 (8%)

50%–60% 0 (0%) 0 (0%)

40%–50% 1 (3%) 0 (0%)

30%–40% 0 (0%) 0 (0%)

20%–30% 0 (0%) 0 (0%)

10%–20% 0 (0%) 0 (0%)

0%–10% 0 (0%) 0 (0%)

Not reported 9 (30%) 9 (24%)

Total 30 (100%) 37 (100%)

TABLE 4
Canadian health surveys, 1950–1997, by type and response rate, based on

analysis of data by Kendall et al.12



are misled to a wrong choice (framing
bias). The mindset of the respondents can
affect their perception of questions, and
therefore their answers. Questionnaires
that are too long can induce fatigue in
respondents and result in uniform and in-
accurate answers (response fatigue bias).
In a lengthy interview, e.g., a telephone in-
terview that lasts for more than an hour,
interviewees are unable to concentrate and
give correct answers, and tend to say "yes"
so as to quickly get through the interview
(yes-saying bias).

Characteristics of CATI

In order to further advance the technique
of CATI for public health surveillance, the
merits and limitations must be fully appre-
ciated (Table 5).

1. Merits of CATI

Interview

The interview is an efficient way to obtain
a wide variety of information (compared
with record searching, dosimeter reading,
laboratory testing, etc.). It is the only way
to obtain opinion and information on atti-
tudes and, in many cases, it can collect in-
formation not available from other
sources. An interview can target specific
subgroups in the population (e.g., using
surnames to identify ethnic groups).24

Telephone

Use of the telephone is a cost-effective
method that can provide access to large
samples (compared with personal inter-
view) and instant results (compared with
mailed surveys). Random digit dialing
(RDD) can select reasonably random
samples, by reaching unlisted numbers
and recent connections. Telephone inter-
views can facilitate responses to sensitive
questions (e.g., about sexual behaviours)
as compared with personal interviews and
are less likely to lead to socially desirable
answers.

Computer assisted

CATI can link with a Survey Management
System (SMS) to log interviewer activity,
schedule repeat calls, select interviewees

randomly, remove numbers from the call
queue, produce operational reports, and
perform automatic dialing. CATI can help
interviewers to do their job more effi-
ciently by eliminating tedious paperwork
and by providing on-screen instructions.
For example, the screen may display previ-
ously provided names of family members
so that the interviewer can refer to them by
name in follow-up questions. It can facili-
tate data collection by randomizing the or-
der of questions and response options, by
programming edits and consistency checks
into the questionnaire and by providing

automatic question skips for complex
questions. The CATI technique may be es-
pecially useful if the question structure is
complicated or there are many possible re-
sponses. This was the case in a survey that
required information about asthma medi-
cation in terms of 486 possible combina-
tions of drug, dose and delivery systems.25

Furthermore, checks can be built in and an
immediate warning given if a reply lies
outside an acceptable range or is inconsis-
tent with previous replies.
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Merits Limitations

Interview 1. Efficient way to obtain
information

2. Only way to obtain
opinion, information on
attitudes

3. Can target specific subgroups
in the population

1. Self-report is always a
problem

2. The ability of persons to
understand the questions

3. The ability to identify their
status

4. Willingness to report their
status

5 Need for data to be
validated, e.g., by record
searching

Telephone 1. Cost-effective

2. Provides large samples

3. Provides instant results

4. Random digit dialling can
provide reasonably random
sample

5. Facilitates sensitive questions

1. Not applicable if the per-
centage of household
owning telephone is low

2. Tendency for people who
stay at home to be
interviewed

3. Random digit dialling may
reach invalid numbers

4. Attention span problem

5. Cannot show visual aids

6. People are tired of tele-
phone market surveys

Computer assisted 1. Can link with a SMS

2. Helps interviewers (on-screen
instructions)

3. Facilitates data collection
(randomizes questions, edits
and consistency checks,
question skips)

4. Facilitates data entry (direct
entry, programmed coding)

1. Large initial cost

2. Requires specific software

3. More time to develop and
test questionnaire

4. More time to train interviewers

5. Possible data entry errors
(typing slips)

TABLE 5
Merits and limitations of computer assisted telephone interviewing (CATI)



CATI permits direct data entry in an elec-
tronic format (reducing processing time
and costs) and therefore quick data turn-
around. Coding procedures can be pro-
grammed into the computer. A number of
alternative coding methods are available,
ranging from a simple pick list (shown on
the screen) to more sophisticated coding
tools that guide the selection of an appro-
priate code according to pre-specified rules
and which require only a few letters to be
typed. This not only reduces the costs of
office coding, but also allows for better
data quality.

2. Limitations of CATI

Interview

Self-report in any survey is a problem.
First, respondents may not understand the
questions. Second, they may not be able to
identify their status. For example, up to
50% of people with diabetes do not know
they have diabetes.26 Third, they may not
want to report their status (e.g., sexual be-
haviours). Data collected from interview
still need to be occasionally validated by
record searching.

Telephone

A telephone survey is not applicable if the
percentage of households owning a tele-
phone is low, because it can only reach
those who can afford a telephone.27 People
who normally stay at home (e.g., older or
retired people, or housewives) are the ones
who tend to be interviewed. RDD may
reach disconnected, non-household, fax or
other invalid numbers. In general, respon-
dents’ concentration and patience are
shorter over the telephone than in personal
interview. Therefore, long blocks of text
should be avoided, concepts should be
relatively simple, rating scales straightfor-
ward, response alternatives short (maxi-
mum of five or six), and the interview
normally should be limited to 20 minutes.
Interviewers cannot show cards, life his-
tory calendars, or other tools that they
need to show the respondents during the
interview. A telephone survey loses per-
sonal touch and rapport compared with a
personal interview. Finally, people

nowadays are tired of telephone inter-
views, as there are already too many con-
sumer and market surveys.

Computer assisted

CATI requires a large cost for initial set-up
(hardware, software and personnel). It re-
quires software specifically developed for
the questionnaire, and more time and ef-
fort to develop and test the questionnaire.
Automatic question skips can cause prob-
lems if not fully tested. More effort is
needed to train interviewers to use com-
puters. There is a possibility of data entry
errors, e.g., typing slips when entering the
answers. It has been found that 2.0% of re-
corded responses were erroneous, as com-
pared with 1.1% when a paper-and-pencil
technique was used.28

Discussion

To practise public health, we need infor-
mation that is timely, appropriate, afford-
able, and accurate. There is great potential
for CATI survey technology to address sur-
veillance needs within a public health con-
text. In this regard, the vision and
framework of a rapid, flexible, cost-
effective, and CATI survey-based public
health surveillance system needs to be fur-
ther developed and tested.29 The feasibility
of using on-going local CATI sample
surveys to supplement national health
surveys is worth further exploring.

Traditionally, health surveys are funded by
the federal and, to a lesser extent, the provin-
cial governments. It is important to recog-
nize that there are shared and separate
responsibilities of federal, provincial, re-
gional and local agencies and organizations.
Recent experience in Canada in the develop-
ment of a Rapid Risk Factor Surveillance
System (RRFSS) indicates that regional and
local governments are perhaps interested in
providing funding for a nation-wide local
CATI-survey based surveillance system that
can address regional and local needs.30 Local
CATI surveys have enormous potential
within public health and health surveillance.
Further exposition of their roles and their ad-
vantages would better serve that potential.
In the US, work is underway to further de-
velop a local and state level CATI

survey-based surveillance system, the State
and Local Area Integrated Telephone
Survey, to supplement national CATI
surveys.31

It is also necessary to place the use of local
CATI surveys such as RRFSS in the context
of the expensive and ambitious National
Health Survey program which includes the
CCHS being jointly funded by Statistics
Canada, Health Canada, and the Canadian
Institute for Health Information. For exam-
ple, what is the added value of rapid health
region data, given that official national
data are now also available at the health
region level but after a certain time lag? Are
specialized CATI survey surveillance units
within individual health regions
necessarily the answer to obtaining critical
information?

There is a question of CATI survey
capacity at the local and regional level,
even when local CATI surveys are justi-
fied. Given the complexity of setting up
CATI surveys, is it practicable for regional
health units to conduct their own CATI
surveys? Or is it more cost-effective to
employ specialized contractors to conduct
local CATI surveys through a national or
provincial coordination scheme?

At the local health region level, many
health units do not have analytical or data
processing resources. An example is the re-
cent CCHS that collected data at the health
region level. The CATI survey has great
amounts of data that might be relevant to
health regions, but many of them cannot
access and analyze the data independently
because of a lack of staff and resources, in-
cluding hardware and software. However,
these types of problems can be worked out
through communications with the parties
that have an interest in the data. Auto-
mated standard data analysis software,
which produces a standard set of statistics,
tables and graphs, may be helpful to the
health regions in this regard.1,29

One must stress the importance of having
an analytical plan for the data that are
collected in the local CATI surveys. There
should be a clear understanding of what
descriptive statistics should be compiled
quickly and then a plan should be in place
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for more detailed analysis.1 If the data are
timely, there is a great sense of immediacy
if important changes in population health
are detected. Standard statistics and stan-
dard analysis protocols help to maintain
the saliency and therefore the policy value
of the information.

In modern society, the type of surveillance
information that might be critical to the in-
fectious disease patterns of a population is
more likely to come from networks of clini-
cians rather than through surveys of the
general client population, as in the case,
for example, of West Nile virus, E. coli con-
tamination of the Walkerton water supply
and severe acute respiratory syndrome. Of
course, this does not entirely diminish the
importance of more general survey surveil-
lance information. But does this mean that
the local and national CATI surveys should
be geared more towards chronic diseases
and their risk factors?

Many national health surveys are con-
ducted every year or every two years. In
many situations, monthly data are shown
to be desirable. For example, the CCHS,
which started in 2000, is administered on a
monthly basis.13 The BRFSS has been a
continuous surveillance system in the US
for some years.17 In Australia, NSW Health
has converted its annual risk factor survey
to a continuous collection system.16

Despite the ongoing debate about whether
data collected more frequently than annu-
ally (e.g., monthly) are needed for chronic
diseases, monthly and seasonal trends in
chronic disease risk factors, e.g., physical
inactivity, or low intake of fruits and vege-
tables, are indeed observed, according to
initial analysis of the 2000 CCHS and 1999
RRFSS pilot results. Monthly data can al-
low better and statistically more powerful
detection and evaluation of the success of
public health prevention and control pro-
grams and campaigns. Further data from
the monthly CCHS and RRFSS should be
able to clarifiy the true benefit of monthly
data compared with the traditional annual
or biennial data.

Sample size is a statistical question. There
are formal procedures to calculate what
sample size is needed to allow the reliable

detection of differences from administra-
tion to administration (or between sample
subgroups within a single administra-
tion).32 However, it is very difficult to sta-
tistically estimate a sample size for CATI
surveys, because there are many items of
interest in the questionnaire. CATI survey
sample sizes are better estimated empiri-
cally. For example, on the basis of the ex-
perience of the 1997–1998 New South
Wales Health Survey,16 the 1998 US
BRFSS17 and the 2000 Canadian CCHS13 it
seems that for most purposes a sample size
of 100 interviews per month per survey
region is adequate.

The complex nature of survey design and
the various issues associated with surveys,
such as methods to increase response rate,
questionnaire design, and data collection
biases, are difficult to address in a short
paper like this. Moser’s textbook on Survey
Methods in Social Investigation is over 350
pages long.33 Interested readers are re-
ferred to a number of recent textbooks on
survey methods.34–36 The important point
is that one has to be careful when conduct-
ing survey operations, especially CATI.

The use of CATI has the advantage of
built-in data quality feedback. However,
there is a problem of data entry errors. This
implies the need to design data quality
checks at the entry level. The complexity
of setting up CATI surveys, including ex-
tensive programming requirements and
testing, needs to be carefully tackled.

Telephone surveys have a number of diffi-
culties. Non-operating telephone banks or
telephone numbers that are assigned to
businesses are one problem that leads to
difficulties in obtaining samples. The issue
of cellular phones is emerging as a poten-
tial problem in CATI survey design be-
cause there are cases in which every
member of a family has his or her own
cellular phone and there may not be a con-
ventional telephone in the household. The
existence of multiple telephone numbers
relating to the same household may influ-
ence the likelihood that a household would
be selected to participate in the survey.
Cellular phone numbers are excluded in
current survey sample frames. That

implies a possibility of bias in telephone
samples.

CATI health surveys also face increasing
difficulties in competing with tele-
marketing surveys for interview time and
cooperation from the general public. With
the increasing number of daily CATI
surveys, including health and telemarket-
ing, the response rate to any specific CATI
survey will drop. Are we nearing the end of
the useful life of the telephone, and there-
fore up CATI survey technology?

Besides CATI surveys, there are other
vehicles for obtaining health information,
such as routine records, registry data, and
research databases. It may be time to
explore, discover, or invent new data
sources to supplement CATI data with re-
gard to health information for public
health and health surveillance.

CATI technology has only been in use for
several decades. It has a number of advan-
tages to be utilized, and a number of disad-
vantages to be minimized. Resolving the
CATI methodological issues and building a
CATI survey-based public health surveil-
lance system will help us in charting a path
forward in the 21st century.
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Reliability of self-reports: Data from the Canadian
Multi-Centre Osteoporosis Study (CaMos)

Victoria Nadalin, Kris Bentvelsen and Nancy Kreiger

Abstract

Reliable questions enhance study design. We assessed the reliability of questions that
gather demographic, sun exposure, reproductive history, and physical activity informa-
tion. Subjects were participants in the Canadian Multicentre Osteoporosis Study (CaMos),
a cohort study of Canadian adults recruited January 1996 to September 1997 in nine
cities, stratified by sex, age, and location. Following personal interviews, 367 subjects were
re-administered part of the questionnaire by telephone. Reliability was assessed using
kappa and intra-class correlation. Reliability was excellent for employment status, repro-
ductive history, weight and height (0.91 to 0.97), not differing greatly when stratified by
age group or sex. Physical activity and sun exposure were reported with fair to good reli-
ability (0.44 to 0.58), except for moderate activity (kappa=0.30, 95% confidence interval
0.23, 0.37). Stratification by body mass index did not show significant differences. Many
items can be reported reliably, especially those of height, weight, employment status and
reproductive history, and, to a lesser extent, physical activity and sun exposure. Similar
questions might be used reliably in future studies.

Key words: data collection; questionnaire design; reliability

Introduction
Since epidemiologic reports often rely on
data collected through interviewer-
administered questionnaires, it is important
to determine the reliability of information
obtained in this manner. The use of ques-
tions that have been proven reliable can
add to the integrity of a study’s results, and
reliability assessments can aid in the design
of subsequent questionnaires. We assessed
the reliability of a number of demographic,
reproductive, physical activity and sun ex-
posure questions, items commonly ex-
plored in etiologic studies.

Developed to inform disease prevention
strategies, the Canadian Multicentre Osteo-
porosis Study (CaMos) is a prospective

cohort study that collects information on
the skeletal health and risk factor exposures
of a random sample of Canadian adults.1

CaMos data were obtained through the use
of questionnaires, spinal x-rays and bone
density scans. While similar questions have
been assessed in the literature for test-retest
reliability, the intent to use these data in an
applied, prevention-oriented manner, along
with differences in study design, study pop-
ulations, and the wording of questions ne-
cessitates an examination of the reliability
of the CaMos questionnaire. The purpose of
this analysis was to assess the test-retest re-
liability of a portion of the CaMos question-
naire using a combination of administration
modes.

Materials and methods

Test subjects (recruited January 1996 to
September 1997) were those individuals
who participated in the personal interview
portion of CaMos. Subjects were over 24
years of age, randomly chosen within
households, and selected through tele-
phone lists. Households were first con-
tacted via introductory letter, followed by a
telephone call in which a personal inter-
view was arranged. Questionnaires
collected demographic, medical history,
reproductive event, and lifestyle (diet,
physical activity and tobacco exposure)
information.

Three to five months following original
(test) interviews, subjects from three study
centres (Hamilton, Toronto, Québec City)
were administered the retest questionnaire
over the telephone by the interviewer who
conducted the test interview. Retest ques-
tionnaires included questions on height,
weight, physical activity, sun exposure,
and reproductive history.

Subjects were recruited until there was a
minimum of 35 subjects in each stratum
(as defined by study centre, age and sex).
Up to six attempts were made to contact
each respondent. Those who refused or
could not be contacted were declared
non-responders and recruitment continued
with the next subject on the list of test re-
spondents. Ethics approval for the study
was obtained from the Research Ethics
Board of each study centre.
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Data were analyzed using SAS software.2

To quantify the agreement between test
and retest responses, statistics appropriate
to the level of measurement were calcu-
lated: kappa and percent agreement for
categorical, and intra-class correlation for
continuous. In an attempt to explore differ-
ences between risk groups, reliability sta-
tistics were estimated within strata: age
group (45–64, 65–80), sex, city, province,
smoking status, family history of osteopo-
rosis, and body mass index (<25, 25–29,
30+, for selected variables).

The agreement implied by the kappa statis-
tic was quantified as follows: values below
0.40 represent poor agreement, those
between 0.40 and 0.75 represent fair to
good agreement, and those greater than
0.75 represent excellent agreement beyond
chance.3

Results

Of the 422 respondents who were con-
tacted, 367 (87%) completed the retest
questionnaire. Table 1 shows the charac-
teristics of respondents and non-respon-
dents. Fifty-nine percent of respondents
were female, and most respondents (69%)
resided in Ontario. All City of Québec test
participants completed the retest question-
naire. Kappa (K), percent agreement, and
intra-class correlation (ICC) values for the
level of agreement between test and retest
are shown in tables 2–4 (stratum-specific

data not shown). Table 2 displays the
questions asked. Due to space limitations,
actual questions are not shown in tables 3
and 4; they are, however, available from
the authors.

Employment status, height and greatest
adult weight were reported with excellent
consistency in the total sample with reli-
ability values ranging from 0.82 to 0.97.
Excellent results for these variables were
seen across strata defined by age, sex, and
BMI, with the exception of those 65 years
of age and older, who reported employ-
ment status with fair consistency (K=0.46,
95% confidence interval [CI] 0.33, 0.59).

Sun exposure and physical activity report-
ing were fair to good across strata, with
two exceptions: hours per week of moder-
ate activity in the last year showed poor
agreement (K=0.30, 95% CI 0.23, 0.37)
for the total sample and across all strata,
and sun exposure at 50 years showed poor
agreement in females (K=0.39, 95% CI
0.25, 0.53). When asked about ever
experiencing a 10-pound weight loss,
agreement was fair to good (K=0.52, 95%
CI 0.44, 0.61).

Reproductive history information was re-
ported with excellent consistency; K and
ICC values fell between 0.91 and 0.97,
findings that held true within age strata.
Body mass index comparisons showed lit-
tle change across three categories. As ex-
pected, all percent agreement values
demonstrate higher agreement than do the
results of kappa, as kappa is a statistic that
corrects for chance agreement. Other anal-
yses, stratified by location, province, fam-
ily history of osteoporosis, and smoking
status were performed, but there were too
few respondents in each cell to derive sta-
ble estimates.

Discussion

The objective of this analysis was to assess
the test-retest reliability of the survey ques-
tions in CaMos that measure sun exposure,
physical activity, and reproductive history.
Results demonstrate the excellent
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Variable
Respondents

n
Non-respondents

n

Sex

Male

Female

150

217

27

28

Age group

45–64

65–80

184

183

31

24

Location of centre

Hamilton

City of Québec

Toronto

148

114

105

23

–

32

Total subjects 367 (87%) 55 (13%)

TABLE 1
Description of sample, respondents vs. non-respondents

General information
Effective

sample size
Reliability statistics

(95% CI)
Percent

agreement

What is your current employ-
ment status? (7 categories)

365 0.821 (0.77, 0.87) 86.6%

What was your greatest adult
height?

349 0.972 (0.96, 0.97) –

What was your greatest adult
weight?

349 0.952 (0.94, 0.96) –

Have you ever lost more than
10 lbs (other than after child-
birth, one year post-partum)?
(yes/no)

365 0.521 (0.44, 0.61) 76.2%

1Kappa statistics
2Intraclass correlation coefficient

TABLE 2
Reliability of general information



reliability of height, weight and reproduc-
tive history reporting and the generally fair
to good reproducibility of physical activity
and sun exposure information. Results
were stable across strata; reliability esti-
mates remained similar when stratified by
age group, sex and body mass index.

The level of agreement for sun exposure
variables was generally fair to good in our
data. Rosso et al.4 found higher levels of
consistency in sun exposure reporting,
with ICC values ranging from 0.68 for out-
door work to 0.79 for leisure time outside.
English et al.5 reported excellent agree-
ment when subjects were questioned
about the amount of time they spent out-
doors (ICC=0.77, 95% CI 0.71, 0.83).

In our data, female reproductive history
variables were reported with consistency.
Similar results have been found in recent
studies. Lin et al.,6 and Kelly et al.7 also
found that number of pregnancies result-
ing in live births and age of menarche were
reported with excellent consistency, and

Bosetti8 found similar values for the same
variables, as well as for age at first birth.

In our analysis, height and weight were re-
ported with consistency, an outcome that
is supported by the literature. Kelly et al.7

reported high levels of reliability for

current height (ICC=0.90) and weight
(ICC=0.87) as indicated by subjects inter-
viewed less than one year after test inter-
views. Cumming and Klineberg9 analyzed
the responses of an elderly population
(median age = 80 years) re-interviewed
one to three months after test interviews;
weight (0.97) and height (0.95) agreement
both were high.

Our subjects reported with good to fair
consistency on activity level at work and
weekly time spent on strenuous sports in the
last year, while hours per week spent on
moderate activity was reported with poor
consistency. It is possible that strenuous
sports are played outdoors more often, and
that time outdoors is more salient to
respondents than is physical activity, which
might explain the different kappa values for
strenuous sports and moderate activity.
Cumming and Klineberg9 found that at age
50, leisure (physical) activity level (K=0.61)
and work activity (K=0.68) were reported
with fair to good reliability in their sample of
the elderly. Similarly, Batty,10 in a study of
male factory workers (72% re-interviewed
in 23 months or less, the remainder re-
interviewed at >23 months), found that the
reliability of physical activity reporting was
not high; fair to good results were obtained
for overall leisure activity (K=0.69) and
overall work activity (K=0.49). Although
physical activity is likely to vary by season,
this questionnaire did not collect historical
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Physical activity and
sun exposure

Effective
sample size

Reliability statistics2

(95% CI)
Percent

agreement

Description of activities at
work (physical activity level)
(4 categories)

361 0.58 (0.50, 0.65) 71.5%

Number of hours/week spent
on strenuous sports in last
year (6 categories)

365 0.57 (0.47, 0.68) 83.8%

Number of hours/week spent
on moderate activity in last
year (8 categories)?

365 0.30 (0.23, 0.37) 31.5%

Frequency of exposure to
direct sun in last 12 months
(4 categories)

365 0.56 (0.49, 0.64) 74.3%

Frequency of exposure to
direct sun at 50 (4 categories)

234 0.44 (0.35, 0.54) 62.4%

Frequency of exposure to
direct sun at 30 (4 categories)

365 0.49 (0.42, 0.55) 59.5%

Frequency of exposure to sun
during childhood (4 categories)

363 0.53 (0.47, 0.59) 54.3%

1Actual questions are available from the authors.
2Kappa

TABLE 3
Reliability of physical activity and sun exposure variables1

Reproductive variables
Effective

sample size
Reliability statistics

(95% CI)
Percent

agreement

Removal of uterus (yes/no) 216 0.942 (0.89, 0.99) 97.2%

Removal of ovaries
(3 categories)

213 0.912 (0.84, 0.97) 96.2%

Number of pregnancies result-
ing in live births

182 0.963 (0.94, 0.97) –

Age at first birth 178 0.973 (0.96, 0.98) –

Breast feeding of children
(yes/no)

178 0.922 (0.86, 0.98) 96.1%

Age of first period 213 0.953 (0.93, 0.96) –

1Actual questions are available from the authors.
2Kappa
3Intraclass correlation coefficient.

TABLE 4
Reliability of female reproductive history variables1



activity information, and the majority of re-
test interviews (n=224) were completed in
the winter months; as such, meaningful sea-
sonal comparisons are not possible.

Results reported here may have been
affected by the interval between test and
retest, reporting errors, and differences in
data collection techniques between test
and retest. Although the test-retest time in-
terval was minimal (three to five months),
changes may have occurred that would al-
ter responses. It is difficult to assess if the
low reliability of variables that asked about
physical activity over the last year reflects
a change in level (possibly related to sea-
sonal differences) rather than the unreli-
ability of questions asked.11,12 To minimize
this source of error, Batty10 asked respon-
dents if their physical activity level
changed between test and retest (separated
by a period of 4–6 weeks). Kappa values
were higher when those with changed
activity levels were excluded. The
reliability of work activity values over the
last year increased from 0.49 to 0.54 when
those who reported a changed activity
level were excluded. Our physical activity
results may have shown greater reliability
had those who changed their activity level
been excluded.

The results of this study may be affected by
the data collection technique; interview
data can be affected by interviewer-
respondent dynamics, and it is also
possible that the changed method between
test (in-person) and retest (telephone) in-
terviews may affect the results. Studies
comparing the information obtained from
different data collection strategies, how-
ever, have generally found little difference
between telephone and in-person inter-
views,13,14 and the high level of reliability
reported for reproductive history indicates
the acceptability of the data collection
technique.

Results of this study demonstrate that
height, weight, employment status and re-
productive history questions (as asked in
CaMos) can be answered reliably, as, to a
lesser extent, can those which relate to
physical activity and sun exposure. Using
comparable questions, studies of similar

populations may expect reliable data. Such
questions can be used as a means of
identifying and targeting high-risk
individuals for prevention programs, and
may also be used in a test-retest manner to
assess the impact of public health
interventions. It is important to note how-
ever, that it is important for each study to
assess the reliability of the questions upon
which its conclusions rely.
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Rates of carpal tunnel syndrome, epicondylitis, and
rotator cuff claims in Ontario workers during 1997

Dianne Zakaria

Abstract

The primary objective of this research was the calculation of crude and specific rates of
first-allowed, lost-time carpal tunnel syndrome (CTS), epicondylitis, and rotator cuff syn-
drome/tear (RCS/RCT) claims in Ontario workers during 1997. A secondary objective was
to determine if results related to these diagnoses were consistent with findings for all
cumulative trauma disorders affecting the specific part of upper extremity region. Rates
were calculated by combining claim counts and population “at-risk” estimates derived
from the Ontario Workplace Safety and Insurance Board databases and Canadian Labour
Force Survey, respectively. The prevention index was used to prioritize occupations for
intervention. Gender-specific rates declined as one moved proximally along the upper
extremity. Similarly, female to male claim rate ratios declined from 1.61 for CTS to 0.47
for RCS/RCT. Frequently occurring highest rate and prevention index occupational
categories across gender and diagnoses included “textiles, furs & leather goods” and “other
machining occupations”. Diagnosis-specific findings were consistent with previously
reported part of upper extremity findings.

Key words: carpal tunnel syndrome; claim rates; epicondylitis; gender differences; preven-
tion index; rotator cuff; workers’ compensation

Introduction

Work-related cumulative trauma disorder of
the upper extremity (CTDUE) claims are
more costly and work disabling than trau-
matic upper extremity1,2 or workers' com-
pensation claims in general.3–5 Additionally,
diagnoses which tend to be associated with a
gradual onset and have established typical
symptoms and objective physical examina-
tion findings, such as carpal tunnel syn-
drome (CTS), epicondylitis, rotator cuff
syndrome (RCS), and rotator cuff tear
(RCT),6,7 may be more costly and work dis-
abling than less clinically defined gradual
onset disorders, such as myalgia.1,4,8 In par-
ticular, CTS appears most disabling. Accord-
ing to the US Bureau of Labor Statistics’
release on lost-worktime injuries and ill-
nesses in private industry during 2001, CTS

had the greatest median days away from
work, 25 days; followed by fractures, 21
days; and amputations, 18 days
(http://www.bls.gov/iif/home.htm, released
Thursday March 27, 2003).

Workers’ compensation databases provide
a means of surveillance for work-related
CTDUE or specific diagnoses. Although
many limitations in the use of workers’
compensation data exist,9 these databases
provide easy access to population level
data which can be used to assess costs, tar-
get research and prevention efforts, and
evaluate prevention or control activi-
ties.10–15 For example, previous research
examined the rate of definite and definite
+ possible cumulative trauma disorder
claims of the “neck & shoulder/ shoulder &
upper arm”, “elbow & forearm”, and

“wrist & hand” in Ontario Workplace
Safety & Insurance Board-covered workers
during the 1997 calendar year.16 This re-
quired an extraction algorithm which used
“part of body”, “event or exposure”, and
“nature of injury” codes to classify a claim
into one of three mutually exclusive cate-
gories: definite, possible, or non-CTDUE.17

It may be that targeting clinically well de-
fined diagnoses, which tend to be associ-
ated with a gradual onset, would provide
similar information using a simpler, “na-
ture of injury” extraction method. How-
ever, if results using the two extraction
methods differ, research related to parts of
the upper extremity cannot be generalized
to the more costly and disabling specific
diagnoses within these parts and vice
versa.

Hence, the primary objective of this re-
search was the estimation of crude and
specific rates of CTS, epicondylitis, and
RCS/RCT claims in Ontario Workplace
Safety & Insurance Board-covered workers
during the 1997 calendar year. A se-
condary objective was to determine if a
simple extraction algorithm, which used
clinically well defined diagnoses as a sur-
rogate for part of upper extremity-specific
cumulative trauma disorders, produced re-
sults consistent with a previously used,
more complex cumulative trauma disorder
extraction algorithm.

Material and methods

Information on gender, age, “part of body”,
“event or exposure”, “nature of injury”, and
occupation for all first-allowed, lost-time
claims occurring in Ontarians, aged 15 years
or greater with a date of injury or disease in
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the 1997 calendar year (105,556), was ob-
tained from the Ontario Workplace Safety
and Insurance Board. A first-allowed claim is
a newly registered claim for a previously un-
reported injury or illness deemed com-
pensational. Lost-time refers to the loss of
wages.18

Claims with the following Z795-96 Coding of
Work Injury or Disease Information Stan-
dard “nature of injury” codes were ex-
tracted: “12410 carpal tunnel syndrome”;
“17393 epicondylitis”; “17391 rotator cuff
syndrome”; and “02101 rotator cuff tear”.
RCS and RCT claims were combined for two
reasons. First, only a small number of RCS
claims (n=24) were present. Second, the
distinction between a gradual versus sudden
onset may not always be clear for RCT
claims. “Event or exposure” distributions,
which describe the manner in which the in-
jury or disease was produced or inflicted by
the identified source,10 were presented by
“nature of injury”. Demographic informa-
tion was compared across the three “nature
of injury” groups using ANOVA and
chi-square tests. In the presence of a statisti-
cally significant (�=0.05) ANOVA, Tukey’s
multiple comparison test was utilized to
identify which groups significantly differed.

Since the Ontario Workplace Safety and In-
surance Board and 1997 Canadian Labour
Force Survey collected information on gen-
der, age, and occupation, crude and specific
rates were calculated by combining claim
counts and population “at-risk” estimates
derived from the two data sources, respec-
tively. Population “at-risk” estimates were
derived as per Zakaria et al.19 Briefly, this
involved extracting that class of worker
most likely to be insured by the Ontario
Workplace Safety and Insurance Board and
using actual hours worked to calculate
full-time equivalents (FTEs) “at-risk”. Oc-
cupational categories were defined as per
the 1997 Canadian Labour Force Survey,
which used Statistics Canada’s Standard
Occupational Classification, 1980.20 Since
directly age-standardized gender, “nature of
injury”, and occupation-specific rates pro-
duced conclusions generally consistent
with the non-standardized rates, they will
not be presented.
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% Distribution

Carpal tunnel syndrome (n = 1167)

repetitive motion, not elsewhere classified

repetitive placing, moving objects, except tools

repetitive use of tools

typing or key entry

repetitive motion unspecified

other

34.45

24.94

18.59

11.40

2.57

8.05

Epicondylitis (n = 638)

repetitive placing, moving objects, except tools

repetitive motion, not elsewhere classified

repetitive use of tools

typing or key entry

repetitive motion unspecified

overexertion, not elsewhere classified

other

35.42

32.13

14.89

4.55

3.29

3.29

6.43

Rotator cuff syndrome/tear (n = 208)

overexertion, not elsewhere classified

overexertion in lifting

fall to floor, walkway, or other surface

overexertion in pulling or pushing

repetitive motion, not elsewhere classified

bodily reactions & exertions, nec

repetitive placing, moving objects, except tools

struck by falling object

bodily reaction, nec

overexertion in holding, carrying

bending, climbing, crawling, reaching

other overexertion

other repetition

other traumatic

25.96

19.23

7.69

7.21

6.25

5.29

4.81

2.88

2.88

2.40

2.40

0.96

2.88

9.13

Note: NEC = not elsewhere classified.

TABLE 1
Event or exposure codes by nature of injury

Characteristic
CTS

n = 1167
Epicondylitis

n = 638
RCS/RCT
n = 208

% Male 46.10 54.86 74.52

Age, mean years (sd)

median years

40.66 (9.37)

40.00

40.62 (8.53)

40.00

43.95 (11.69)

44.00

Age (%)

15–24 years

25–34

35–44

45–54

55 plus

unknown

4.63

21.08

40.36

25.96

7.88

0.09

3.76

20.53

42.63

27.74

5.17

0.16

3.37

20.67

27.40

28.37

20.19

0.00

Note: Only first-allowed, lost-time claims have been considered. CTS = Carpal Tunnel Syndrome;
RCS = Rotator Cuff Syndrome; RCT = Rotator Cuff Tear.

TABLE 2
Descriptive statistics for carpal tunnel syndrome, epicondylitis, and rotator cuff

syndrome/tear claims



Rate standard errors were calculated
according to Armitage and Berry 21 and
used for approximate standard normal
95% confidence intervals (CI). Interac-
tions between gender, age, and “nature of
injury” were examined using Poisson re-
gression.22

Finally, since focussing intervention
efforts on the highest risk occupation will
have little impact on claim numbers if the
“at-risk” population is small, a prevention
index was used to prioritize occupations
for intervention purposes.4 For each
“nature of injury”, occupational categories
were ranked according to the frequency of
claims and the rate of claims. The preven-
tion index is the mean of these two ranks.
For example, an occupational category
that ranks first with respect to frequency of
claims and rate of claims will have a pre-
vention index equal to one making it
worthy of increased attention and re-
sources from a population, public health
perspective. However, the prevention
index does not provide information on the
feasibility or potential success of inter-
ventions.

Results

Table 1 presents “event or exposure” codes
by “nature of injury”. More than 90% of
CTS and epicondylitis claims were
associated with repetition. Eighty percent
of RCS/RCT claims were associated with
non-traumatic events or exposures primar-
ily involving overexertion and repetition.
Of the 24 claims coded RCS, 21 (88%)
were associated with repetition and none
were traumatic.

Table 2 presents sex and age characteristics
by “nature of injury”. When comparing CTS,
epicondylitis and RCS/RCT, the proportion
of male claims increased with more proxi-
mal upper extremity diagnoses
(�2=60.5726, df=2, p<0.0001). Mean age
significantly varied across “nature of injury”
(F=11.53, df=2, 2008, p<0.0001). Tukey’s
multiple comparison test (�=0.05) indi-
cated that the mean age of RCS/RCT claim-
ants was significantly greater than that of
CTS or epicondylitis claimants.

Gender-specific claim rates (Table 3) de-
clined as one moved proximally along the
upper extremity. Similarly, the female to
male rate ratio declined from 1.61 for CTS
to 0.47 for RCS/RCT.

When examining age-specific rates
(Figures 1 and 2), CTS and epicondylitis
demonstrated a parabolic relationship
between age and rate for men and women
with the peak generally occurring in the 35
to 44 or 45 to 54 year age categories. For
RCS/RCT, the rate generally rose with age,
particularly in males aged 55+. Poisson
regression using detailed gender, “nature
of injury” and age-specific claim counts
and “at-risk” estimates revealed significant
gender*nature of injury, gender*age, and
age*nature of injury interactions
(�=0.05).

Table 4 presents those occupations with
the highest rates and prevention indexes
by gender and “nature of injury”.
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Syndrome Overall Females Males Female: male RR

CTS a29.07 (27.31, 30.83) 37.22 (34.22, 40.21) 23.15 (21.14, 25.16) 1.61

Epicondylitis 15.89 (14.62, 17.17) 17.04 (15.04, 19.04) 15.06 (13.45, 16.67) 1.13

RCS/RCT 5.18 (4.47, 5.89) 3.14 (2.29, 3.98) 6.67 (5.61, 7.73) 0.47

Note: Only first-allowed, lost-time claims have been considered.
CTS = Carpal Tunnel Syndrome; RCS = Rotator Cuff Syndrome; RCT = Rotator Cuff Tear; RR = Relative Rate.

aRate per 100,000 full-time equivalents (1 full-time equivalent = 50 wks/year * 40 hours/week = 2,000 hours) with 95 percent confidence interval (CI).

TABLE 3
Crude and gender-specific rates of carpal tunnel syndrome, epicondylitis, and rotator cuff syndrome/tear

claims in Ontario employees, 1997
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FIGURE 1
Age-specific rates of carpal tunnel syndrome (CTS), epicondylitis, and rotator
cuff syndrome/tear (RCS/RCT) claims in Ontario employees, 1997.  Rates are

expressed per 100,000 full-time equivalents (FTEs).  One full-time equivalent is
2,000 worked hours (50 wks/year * 40 hrs/wk).



Frequently occurring highest rate occupa-
tions across gender and “nature of injury”
included “textiles, furs & leather”, “other
machining occupations”, and “other trans-
portation operators”. Frequently occurring
highest prevention index occupations
across gender and “nature of injury” in-
cluded “textiles, furs & leather goods”,
“other machining occupations”, and
“food, beverage & related processing”. In
men, “metal products, not elsewhere clas-
sified” was consistently identified as hav-
ing a high prevention index across “nature
of injury”. Table 5 lists occupations in-
cluded in these occupational categories.
There was greater consistency in the high-
est rate occupations across gender for a
particular “nature of injury” than there
was across “nature of injury” for a particu-
lar gender. Notwithstanding, the effect of
gender was not consistent across “nature
of injury” or occupational categories with-
in a particular “nature of injury”.

Discussion

Other workers’ compensation studies have
noted a reduction in the proportion of fe-
male claims as one moves proximally
along the upper extremity;4 a higher rate of
CTS in women relative to men; 11,23,24 a

reduction in the female to male rate-ratio
as one moves proximally along the upper
extremity;24 and a parabolic relationship
between age and the rate of CTS.23,24 Po-
tential reasons for gender differences in-
clude gender differences in occupational
distributions;16 gender segregation of tasks
within the same job title;25,26 and many bi-
ological and social factors not examined by
this research.9 In fact, female CTS rates
have been found to be comparable to male
rates in occupations which supply similar
exposures to both genders.27 Potential rea-
sons for the parabolic relationship between
CTS and epicondylitis claim rates and age
include the healthy worker survivor ef-
fect;28–30 workers progressing to physically
less stressful jobs as they gain seniority; or
policies of the Ontario Workplace Safety &
Insurance Board. Specifically, once a claim
has been established any recurrences or as-
sociated disorders are documented on the
initial claim and thus would not be ac-
knowledged in analyses of first-allowed,
lost-time claims.18

A direct comparison of work-related rates
of CTS, epicondylitis, and RCS/RCT claims
with previously reported workers’ com-
pensation claim rates is difficult because
the present research deals with lost-time
claims whereas previous work has

examined all claims.1,4,11,23,24,31 However,
the Bureau of Labor Statistics’ estimate for
the incidence rate of occupational CTS in-
volving days away from work was 3.0 per
10,000 FTEs in private industry for 2001
(http://www.bls.gov/iif/home.htm, re-
leased Thursday March 27, 2003). This is
comparable to the 2.9 per 10,000 FTEs ob-
tained in the present study.

Although the method of categorizing occu-
pations or industries varies across studies,
some consistencies were noted regarding
high-risk occupations. For example, pre-
vious research has identified the following
as high risk for CTS: grinding, abrading,
buffing and polishing operators; butchers
and meat cutters; textile sewing machine
operators;23 shellfish packing; meat/
poultry dealers; packing house; fish canner-
ies processing;11 poultry processing; and
meat packing.31 These appear consistent
with the presently identified occupational
categories at high risk of CTS: “textiles, furs
& leather goods”; “food, beverage & related
processing”; and “other machining occupa-
tions” (Tables 4 and 5).

CTS and epicondylitis findings were very
similar to previously noted definite “wrist
& hand” and “elbow & forearm” cumula-
tive trauma disorder findings, respec-
tively.16 This might be expected as 59% of
definite “wrist & hand” cumulative trauma
claims had CTS as their “nature of injury”,
and 69% of definite “elbow & forearm” cu-
mulative trauma claims had epicondylitis
as their “nature of injury” (unpublished
observations). However, the RCS/RCT
claim findings were consistent with the
definite+possible “neck & shoulder/
shoulder & upper arm” cumulative trauma
disorder findings despite the fact that only
3.4 percent of the latter claims had RCS or
RCT as their “nature of injury”. Additional
reasons for consistency across extraction
algorithms include “nature of injury”
misclassification, or a common etiology for
disorders segregated to an anatomical
region.

Comparisons of work-related, diagnosis-
specific claim rates with general popula-
tion rates are difficult because of the
lost-time nature of the claims and the
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FIGURE 2
Gender and age-specific rates of carpal tunnel syndrome (CTS), epicondylitis,

and rotator cuff syndrome/tear (RCS/RCT) claims in Ontario employees, 1997.
Rates are expressed per 100,000 full-time equivalents (FTEs).  One full-time

equivalent is 2,000 worked hours (50 wks/year * 40 hrs/wk).
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Men Rate 95% CI Women Rate 95% CI

Carpal tunnel syndrome

Rates

Fishing, hunting, trapping & related

Stenographic & typing

Textiles, furs & leather goods

Mining & quarrying

Food, beverage & related  processing

a298.15

284.21

215.95

128.65

93.15

–

(0.00, 766.62)

(103.87, 328.04)

(51.37, 205.93)

(53.55, 132.75)

Mining & quarrying

Other machining occupations

Mechanics & repairmen

Food, beverage & related processing

Other construction

2146.29

714.68

297.75

254.16

247.28

–

(258.67, 1,170.70)

(33.29, 562.21)

(164.74, 343.58)

(0.00, 508.28)

bPrevention index

Metal products, not elsewhere classified

Other machining occupations

Textiles, furs & leather goods

Food, beverage & related processing

Metal shaping & forming

57.16

92.23

215.95

93.15

58.42

(41.54, 72.79)

(59.52, 124.93)

(103.87, 328.04)

(53.55, 132.75)

(34.58, 82.25)

Food, beverage & related processing

Textiles, furs & leather goods

Wood products, rubber, plastics & related & other

Other machining occupations

Other service

254.16

202.87

171.48

714.68

112.27

(164.74, 343.58)

(133.54, 272.21)

(108.03, 234.93)

(258.67, 1,170.70)

(67.03, 157.50)

Epicondylitis

Rates

Textiles, furs & leather goods

Other machining occupations

Other transportation operators

Food, beverage & related processing

Metal products, not elsewhere classified

215.95

67.07

56.31

51.75

50.38

(103.87, 328.04)

(40.37, 93.77)

(11.43, 101.20)

(23.67, 79.84)

(35.82, 64.94)

Other machining occupations

Other transportation operators

Other processing

Textiles, furs & leather goods

Wood products, rubber, plastics & related & other

372.88

168.86

144.91

128.35

105.52

(93.78, 651.97)

(0.00, 455.47)

(57.86, 231.95)

(76.64, 180.06)

(58.51, 152.54)

Prevention index

Other machining occupations

Metal products, not elsewhere classified

Textiles, furs & leather goods

Wood products, rubber, plastics & related & other

Food, beverage & related processing

67.07

50.38

215.95

43.51

51.75

(40.37, 93.77)

(35.82, 64.94)

(103.87, 328.04)

(27.37, 59.65)

(23.67, 79.84)

Textiles, furs & leather goods

Wood products, rubber, plastics & related & other

Other machining occupations

Other processing

Metal products, not elsewhere classified

128.35

105.52

372.88

144.91

56.12

(76.64, 180.06)

(58.51, 152.54)

(93.78, 651.97)

(57.86, 231.95)

(29.18, 83.06)

Rotator cuff syndrome/tear

Rates

Fishing, hunting, trapping & related

Textiles, furs & leather goods

Other transportation operators

Other machining occupations

Other construction

298.15

61.70

56.31

16.77

15.96

–

(9.10, 114.30)

(11.43, 101.20)

(4.69, 28.84)

(8.21, 23.71)

Other transportation operators

Other crafts and equipment operators & NEC

Other service

Textiles, furs & leather goods

Nursing, therapy & related

84.43

20.92

18.11

16.56

13.94

(0.00, 269.44)

(0.00, 50.56)

(1.84, 34.37)

(0.01, 33.11)

(6.76, 21.13)

Prevention index

Other construction

Other service

Other machining occupations

Other transportation operators

Metal products, not elsewhere classified

Textiles, furs & leather goods

15.96

14.59

16.77

56.31

10.66

61.70

(8.21, 23.71)

(5.85, 23.33)

(4.69, 28.84)

(11.43, 101.20)

(4.27, 17.04)

(9.10, 114.30)

Other service

Nursing, therapy & related

Textiles, furs & leather goods

Other crafts and equipment operators & NEC

Food, beverage & related processing

18.11

13.94

16.56

20.92

11.30

(1.84, 34.37)

(6.76, 21.13)

(0.01, 33.11)

(0.00, 50.56)

(0.00, 27.11)

Note: Only first-allowed, lost-time claims have been considered. Confidence intervals were not calculable when “at-risk” estimates were less than
500 full-time equivalents because approximate coefficients of variation for estimates of annual averages for Ontario, 1997 were not available.
NEC = Not Elsewhere Classified.

aRate per 100,000 full-time equivalents (1 full-time equivalent = 50 wks/year * 40 hours/week = 2,000 hours) with 95% CI.
bOccupational categories are presented in order of prevention index rank. Since the prevention index is the mean of the frequency of claims rank and rate of
claims rank, rates will not necessarily appear in descending order.

TABLE 4
Top five rate and prevention index occupational categories by gender and nature of injury in Ontario employees, 1997



sparse general population data. Compared
to present CTS findings, general popula-
tion incidence rates are much greater;32,33

peak in older age categories;32–34 and have
an older mean age at diagnosis.33,34 How-
ever, an increased risk in women relative to
men has been noted in the general popula-
tion.32–34 Similarly, RCS/RCT claim findings
are inconsistent with general population
studies indicating that neck and shoulder
disorders are more common among women
than men, but are consistent with the in-
creased incidence of neck and shoulder
problems with age.35 These comparisons

suggest that work-related diagnosis-specific
disorders may have aetiologies that differ
from those in the general population.

Limitations

The limitations of this research have been
previously detailed16 and thus will be
briefly reviewed. First, the specificity of the
occupational categories was limited by the
level of detail used in the Labour Force Sur-
vey. Consequently, some occupations at
high risk of CTS, epicondylitis, or RCS/RCT
claims may be masked by the aggregation,

but an elevated risk in light of the aggrega-
tion is certainly worthy of increased atten-
tion. Second, exposure was quantified
using broad occupational categories.
Hence, this research does not identify the
risk factors for CTS, epicondylitis, or
RCS/RCT but rather the high-risk occupa-
tional categories.

Third, first-allowed, lost-time claims rather
than all first-allowed claims were used be-
cause only the former were coded in detail.
Thus, the rates reflect those injuries signifi-
cant enough to result in a loss of wages.
Therefore, it is possible that occupational
categories identified as low risk may have a
substantial occurrence of claims that do not
result in lost wages. Fourth, as the rates be-
came more and more specific, stability was
compromised by a decreasing number of
events and smaller population “at-risk” esti-
mates.36 One solution could be the combin-
ing of data from consecutive calendar years.
Finally, previous research has demonstrated
substantial under-reporting of cumulative
trauma disorders of the upper extremity.37–39

If reported CTS, epicondylitis, and RCS/RCT
injuries are not representative of all such in-
juries, bias may result.

Conclusions
CTS, epicondylitis, and RCS/ RCT claims
had differing gender, age and event or ex-
posure distributions. RCS/RCT claimants
were primarily male, of older age, and had
events or exposures related to overexer-
tion. Gender-specific claim rates and
female-to-male rate ratios declined as one
moved proximally along the upper extrem-
ity. Frequently occurring highest rate and
prevention index occupational categories
across gender and “nature of injury” in-
cluded “textiles, furs & leather goods” and
“other machining occupations” making
both worthy of further investigation. A
simple extraction algorithm, which used
clinically well defined diagnoses as a sur-
rogate for part of upper extremity-specific
cumulative trauma disorders, produced re-
sults which were consistent with a previ-
ously used, more complex cumulative
trauma disorder extraction algorithm.
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Textiles, furs & leather
goods

patternmaking, marking and cutting; tailors and dressmakers;
furriers; milliners; shoemaking and repairing; upholsterers; sewing
machine operators

Other machining
occupations

tool and die making; machinist and machine tool setting-up
occupations; machine tool operating occupations; wood
patternmaking occupations; wood sawing and related
occupations; planing, turning, shaping and related; wood sanding;
cutting and shaping clay, glass, stone; abrading and polishing clay,
glass, stone; engravers, etchers and related occupations, nec; filing,
grinding, buffing, cleaning and polishing, nec; patternmakers and
mouldmakers, nec; inspecting, testing, grading, and sampling

Other transportation
operators

air pilots, navigators, and flight engineers; air transport operating
support; air transport operating occupations, nec; locomotive
operating occupations; conductors and brake workers; railway
transport operating support; railway transport operating
occupations, nec; deck officer; engineering officers, ship; deck
crew, ship; engine and boiler-room crew, ship; water transport
operating occupations, nec; subway and street railway operating
occupations; rail vehicle operators, except rail transport; other
transport equipment operating occupations, nec

Food, beverage &
related processing

flour and grain milling occupations; baking, confectionery making
and related occupations; slaughtering and meat cutting, canning,
curing and packing occupations; fish canning, curing and packing
occupations; fruit and vegetable canning, preserving and packing
occupations; milk processing and related occupations; sugar
processing and related occupations; inspecting, testing, grading,
and sampling; beverage processing and related occupations

Metal products, nec engine and related equipment fabricating and assembling occupa-
tions, nec; motor vehicle fabricating and assembling occupations,
nec; aircraft fabricating and assembling occupations, nec; indus-
trial, farm, construction, and other mechanized equipment and
machinery fabricating and assembling occupations, nec; business
and commercial machines fabricating and assembling occupa-
tions, nec; inspecting, testing, grading and sampling occupations;
precision instruments and related equipment

Note: NEC = not elsewhere classified.

TABLE 5
Description of occupational categories
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measuring gene-environment interactions in the development of childhood leukemia.
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