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Health literacy and numeracy:
Key factors in cancer risk comprehension

L Donelle, RN, PhD (1); J. F. Arocha, PhD (2); L Hoffman-Goetz, PhD, MPH (2)

Abstract

In this age of chronic disease and shared decision making, individuals are encouraged to
contribute to decisions about health care. Health literacy, including numeracy, is requisite
to meaningful participation and has been accepted as a determinant of health. The purpose
of this study was to describe the influence of literacy, consisting of prose and numeracy
skill, math anxiety, attained education and context of information on participant ability
to comprehend Internet-based colorectal cancer prevention information. Prose, numeracy,
and math-anxiety data, as well as demographic details, were collected for 140 Canadian
adults, aged 50+ years. Participants had adequate prose literacy (STOFHLA) scores, high
STOFHLA numeracy scores, moderate levels of health-context numeracy, poorer general-
context numeracy and moderate math anxiety. There was better comprehension by
participants of common (9.14/11) compared with uncommon (7.64/11) colorectal cancer
information (p < 0.01). Prose literacy, numeracy, math anxiety and attained education
accounted for 60% of the variation in participant comprehension scores. Numeracy,
ranging from basic to advanced proficiency, is required to understand online cancer risk
information. Prose literacy enhances numeracy when the subject matter is less familiar.
These findings highlight the importance of presenting Web-based information that
accommodates diverse health literacy and numeracy levels.
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Introduction of individuals 60 years and older."

Inadequate health literacy skill has been

Health literacy is essential to understanding
health information and is defined as “the
degree to which individuals have the
capacity to obtain, process, and understand
basic health information and services needed
to make appropriate health decisions.”!
Furthermore, the Public Health Agency of
Canada identifies literacy as an important
determinant of health.? Yet, many adults
are limited in prose health literacy and
health numeracy skill. In particular, more
older than younger adults demonstrate
poor literacy skills.*'* Estimates of
inadequate or marginal health literacy
among seniors range from 34% of indivi-
duals aged 65 years and older*”'* to 81%

identified as an important barrier for
seniors to understand diagnoses and
treatment protocols.!31

Until recently, health literacy has been
portrayed mainly as a reading comprehen-
sion skill with health numeracy attracting
little research attention.!® Health numeracy
is “the degree to which individuals have
the capacity to access, process, interpret,
communicate, and act on numerical,
quantitative, graphical, biostatistical and
probabilistic health information needed
to make effective health decisions.”!¢
Published accounts of numeric compe-
tency within health care settings indicate

inadequate numeracy skills among
young”'”®® and older adults.’*"” Cancer
patients with decreased numeracy skills
may have a diminished ability to accurately
assess and personalize health risks.0:17:20

Colorectal cancer is the fourth leading
cause of cancer among Canadians and the
second leading cause of cancer deaths.”
Further increases in incident colorectal
cancers are anticipated resultant to an
aging population.” Although colorectal
cancer screening programs have been
introduced in select provinces, to date a
national colorectal cancer screening program
has not been implemented in Canada.
Consequently, health education and patient
vigilance regarding risk awareness and
preventive screening are encouraged. The
ability to understand cancer information is
an essential health care skill and allows
individuals to engage in meaningful
conversation with providers to assess their
risk of disease and agree on best practices
appropriate to the determined risk.?*?* The
need for shared decision making is most
compelling in cancer care where numerous
treatment options exist, and where different
benefits and risks must be evaluated under
conditions of uncertainty.”® As a component
of decision making, risk comprehension
involves the ability to judge the severity
of potential harm which, in turn, depends
on understanding the health message and
numeric risk estimates.*

Other factors which likely affect numeracy
skill are participants’ levels of math anxiety*
and the level of attained education. Risk
comprehension skill is also influenced
by prior experience and familiarity of
information.®?3¢  Risk  comprehension
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proficiency may reflect a familiarity with
terms and concepts associated with risk that
constitute specialized content vocabulary.?*
Assorted health care experiences can also
provide context from which the individual
can draw upon in order to enhance compre-
hension of the intended health care message.

With Canadians increasingly using the
Internet as an access point to health care
information,** the purpose of this study
was to determine the influence of prose
literacy skill, general- and health-context
numeracy skill, math anxiety, level of
attained education and familiarity of subject
matter on older adults’ ability to understand
Internet-based cancer risk information.

Methods
Participants and procedures

A convenience sample of 140 older adults
was recruited from Southern Ontario com-
munities. For study inclusion, participants
were required to: (1) be 50 to 90 years of
age, (2) reside independently within the
community, and (3) read and comprehend
English. Individuals volunteered for par-
ticipation with the awareness that they
would be required to read English-language
information pertaining to health issues.
Participants were excluded if they had been
diagnosed with any type of cancer. Request
for participation was publicized at regional
public libraries, community seniors’ centres
and through advertisements in local news-
papers. Eligible participants were asked
to commit to one face-to-face interview
session with an estimated participant burden
of 60 to 90 minutes. Public transportation
was available at each interview site and
each location was wheelchair accessible.
The first part of the interview involved
collecting demographic details from the
participants, as well as scores on functional
healthliteracy,* general-context numeracy, '
health-context numeracy® and math anxiety.?*
The second part of the interview assessed
participants’ comprehension of online colo-
rectal cancer information. Participants were
offered a $40.00 stipend as reimbursement
for miscellaneous costs.

Functional health literacy was assessed

using the Short Test of Functional Health
Literacy for Adults (STOFHLA).** This
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assessment consists of 36 prose multiple-
choice questions and 4 numeracy questions.
Correct responses on each of the prose and
numeracy questions are assigned 2 and
7 points respectively, with a maximum
score of 72 for the prose subscale and a
maximum score of 28 for the numeracy
subscale. A score from 0 to 55 indicates
inadequate functional health literacy
reflective of individuals who often misread
very simple materials. Scores between 56
to 66 indicate marginal health literacy and
scores between 67 to 100 indicate adequate
skill.¥® The STOFHLA has good internal
consistency, reliability (Cronbach’s a =
0.98) and validity compared with TOFHLA
(r, = 0.91) and the Rapid Estimate of Adult
Literacy in Medicine (REALM) (r, = 0.80).*

General context numeracy was assessed
using a three-question general context
numeracy assessment. This instrument
assesses the individual’s concept of proba-
bility and ability to convert percentage to
proportion, and vice versa.!®!? Scores range
from 0 to 3. This instrument has adequate
internal consistency.” Scores from this
numeracy index are consistent with
assessed National Adult Literacy Survey
(NALS) quantitative literacy scores.*

Health context numeracy was assessed
using an eight-item assessment.’ The scale
measures participants’ ability to discern dif-
ferences in magnitude of health risks and
perform mathematical operations using per-
centages and proportions contextualized to
health.? Participants score 1 point for each
correct response with scores ranging from 0
to 8. Internal consistency was reasonable
(Chronbach’s o = 0.74, 0.70 and 0.75).°

Finally, math anxiety was assessed using
the Abbreviated Math Anxiety Scale
(AMAS), a nine-item scale with strong
internal consistency (Cronbach’s o = .90)
and test-retest reliability (r = .85).% Test
item scores range from 1 (low anxiety) to 5
(high anxiety) with a maximum test score
of 45. The test requires participants to
indicate their anxiety level in mathematics-
based situations.3°

The latter part of the interview was devoted
to the assessment of risk comprehension.
Participants read two separate Internet

articles of consumer-oriented, colorectal
cancer prevention information from the
Canadian Cancer Society (CCS) Web site.
The Internet articles were selected for
similarities in terms of the cancer type, font
size and readability. Internet article selection
was based on the following criteria: (1) > 6
numerical references, (2) numerical refe-
rences in number or text form, (3) a maxi-
mum grade 12 reading level (determined
by SMOG readability assessment),*” and (4)
a maximum length of 3 pages.

Eligible Internet articles were screened by
the researchers and community cancer
prevention partner organizations for infor-
mation judged to be “common” or
“uncommon”, and one article was selected
to represent each of these categories.
Common information included material that
was widely publicized, easily accessible,
and that replicated general CCS introductory
information available for all cancer types.
For online seekers, this single page was one
of the first links within a list of colorectal
cancer topics and had a grade 10 SMOG
readability score.

The second Internet article focused on a
less common aspect of colorectal cancer:
genetics. This information, 1.25 pages in
length, scored a grade 11-12 SMOG rating.
Despite an increased awareness of heredi-
tary influences on disease, public under-
standing of genetics is often limited.3*°
Consequently, the CCS colorectal cancer
and genetics Internet article was chosen to
represent information considered uncom-
mon to the general public. Community cancer
prevention education partners contributed
to Internet article selection.

Internet article information was printed on
8% by 11 inch paper with 14-type font.
Printed versions were used to control for
the potential confound of computer skill
diversity. Given the reality of Internet site
updating, the printed pages ensured
consistency of information over the course
of the investigation.

Multiple-choice prose and numeracy ques-
tions, based on the Internet article content
were used to evaluate participant compre-
hension of the risk information. Prose and
numeracy comprehension questions were
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written at grade 8 to 9 readability. The
comprehension questions were designed to
capture participant understanding of the
intended cancer message using health lite-
racy (e.g. “What does incidence mean?”) as
well as their understanding of health numer-
acy (e.g. “What percentage of men died from
colorectal cancer?”). The research team
reviewed the comprehension test questions
(contributing to face validity and content
validity) and the questions were piloted
with 30 older adults using their feedback
for instrument revision. Participants were
allowed unrestricted use of the printed
Internet articles to respond to the compre-
hension questions. Simultaneous presenta-
tion of the two Internet articles allowed the
participant to select which page to begin with.

Statistical analysis

All analyses were conducted with SPSS,
Version 14.0 (SPSS, 2005). Descriptive
statistics and participant scores for func-
tional health literacy (STOFHLA), numeracy
and math anxiety were summarized. Using
multiple regression analysis, the authors
considered the following as response
variables: (1) total risk comprehension
scores (2) risk comprehension scores from
the common Internet article and (3) risk
comprehension scores from the uncommon
Internet article. Chosen a priori, explanatory
variables included functional health literacy
(STOFHLA), general context numeracy,
health context numeracy, math anxiety and
level of attained education. The explanatory
variables of age, self-rated English skill,
reading frequency, self-rated statistical
understanding and income were included
in subsequent regression modelling. Gender
was kept in all regression equations regard-
less of statistical significance.

The non-parametric Wilcoxon Signed Ranks
test was used to determine differences
between common and uncommon Internet
article test scores. The Mann-Whitney U
test determined score differences between
genders. In all analyses, a p value of 0.05
was taken to indicate a difference that was
unlikely to arise from chance alone.

Chronic Diseases in Canada

Results
Demographic characteristics of participants

Participants ranged in age from 50 to
90 years with 65% of participants ranging
from 50 to 69 years. There were more
women (n = 103, 73.6%) than men (n =
37, 26.4%) and the majority of participants
was retired (63.6%), well-educated (52.9%
college or university degree) and at a lower
annual income level (< $35,000; 56.5%).
Most participants (n =102, 72.9%) owned
a computer and had access to the Internet.
Further characteristics of this convenience
sample are described elsewhere.*!

Literacy and numeracy profiles

Table 1 gives the range of health literacy
prose skill, numeracy skill and math anxiety
scores. There were no significant differen-
ces between men and women on total
STOFHLA scores (Mann-Whitney = 1797.5,
p = 0.52), on the STOFHLA prose score
(Mann-Whitney = 1878.5, p = 0.89), or the
STOFHLA numeracy score (Mann-Whitney
= 1819.5, p = 0.57). Men (x = 20.02, 95%
CI = 17.71, 22.35) had less math anxiety
than women (X = 25.09, 95% CI = 23.41,
26.77) (Mann-Whitney =1136.50, p = 0.001).

Participant subjective risk appraisal

Participants were asked to respond to ques-
tions assessing their subjective appraisal
of risk. Almost 59% of participants sug-
gested that a 1 in 16 lifetime probability of
developing colorectal cancer constituted a
high-risk situation (response range = low,
medium, high). More than three quarters
of participants (76%) indicated that they
would seek screening for colorectal cancer
knowing that their lifetime risk for develo-
ping colorectal cancer was 1 in 14 for men
and 1 in 16 for women.

Thirty percent of participants were unable
to correctly list examples of first degree
family members. Participants with adequate
functional health literacy were better able
to correctly respond to this task than those
in the lower functional health literacy cate-
gories (x> = 10.02, df = 2, p = 0.004).

TABLE 1
Prose literacy, numeracy and math anxiety
assessment scores

Variable Total Mean Scores

(95% Confidence Interval)
STOFHLA prose 63.5/72

(61.54, 65.45)
STOFHLA numeracy  26.20/28

(25.58, 26.81)

Health numeracy 5.9/8
(5.54, 6.20)
Math anxiety 23.8/45
(22.37, 25.21)
STOFHLA total 89.7/100
(87.47,91.93)
Variable Total %

STOFHLA level Inadequate = 2
Marginal = 7

Adequate = 91

0-1 correct = 55
2 correct = 29
3 correct = 16

General numeracy

Risk comprehension

The mean response score for total risk
comprehension (combined common and
uncommon Internet articles) was 16.8/22
(95% CI = 16.19, 17.38). There was no
significant gender difference in risk compre-
hension test scores. There was a significant
difference between participant scores on
the common and uncommon colorectal
cancer Internet articles (Wilcoxon Signed
Ranks = -7.248, p < 0.01). Individuals
scored better on the common Internet-
based information (mean = 9.14, 95% CI =
8.85, 9.44) than the uncommon information
(mean = 7.64, 95% CI = 7.25, 8.03).

Regression modelling of
risk comprehension

To assess the contributions of STOFHLA
health literacy skill, general context numeracy
skill, health context numeracy skill, math
anxiety and attained education (a priori

Vol 29, No 1, 2008




explanatory variable set) on total risk com-
prehension scores, a multiple regression
analysis was performed (see Table 2).
Controlling for gender, approximately
60% of the variation in participant risk
comprehension (total scores) was accounted
for by the a priori explanatory variable
set of: STOFHLA prose skill, STOFHLA
numeracy skill, general context numeracy
skill, health context numeracy skill, math
anxiety and attained education (F = 27.21,
df = 7, p < 0.01, R? = 0.598). Further
modelling that incorporated the explana-
tory variables of income, self-rated English
language skill, reading frequency and self-
rated statistical understanding did not
contribute to the final model. The final,
most parsimonious regression model
included STOFHLA prose skill, STOFHLA
numeracy skill, health context numeracy
skill and participant age, and accounted for
57% of the variance in participant risk
comprehension total scores (F = 35.244,
df = 5,p < 0.01, R> = 0.568).

Additional regression modelling used the
common and uncommon risk comprehension
scores separately as response variables.
Controlling for gender, 38 % of the variation
in risk comprehension of the common
Internet-based information was accounted
for by the a priori explanatory variable set
(F = 11.08,df = 7, p < 0.01, R* = 0.377).
Further modelling revealed that STOFHLA
numeracy, health context numeracy and
participant age produced the most parsi-
monious regression model (F = 18.486,
df = 4, p< 0.01, R* = 0.354). No other
explanatory variables significantly contri-
buted to the regression model.

The a priori explanatory variable set
accounted for 56% of the variation in
risk comprehension of uncommon Internet-
based colorectal cancer information
(F = 23.453,df = 7,p < 0.01, R? = 0.562).
The most parsimonious model included
STOFHLA prose skill, general-context
numeracy skill, health-context numeracy
skill and controlled for gender (F = 34.675,
df = 4, p < 0.01, R? = 0.507). No other
explanatory variables significantly contri-
buted to the regression model.

Vol 29, No 1, 2008

Almost 60% of the variability in total and
uncommon comprehension scores of cancer
risk information was explained by prose
and numeracy skill. Only 35% of the vari-

ation in risk comprehension of common
colorectal cancer information can be
attributed to numeracy skill (prose skill
was not a significant predictor).

TABLE 2
Multiple regression modelling of participant comprehension of Internet-based colorectal
cancer information

Explanatory Variable Common Internet Uncommon Internet Combined Common
Information Information and Uncommon
Information
3 (95% CI1) f (95% CI) B (95% CI)
Gender 0.118 (-0.44, 0.67) 0.30 (-0.36, 0.96) 0.00 (-0.92, 0.92)
Age -0.26 (-0.53, -0.006)" -0.32 (-0.65, 0.009) -0.678 (-1.14, -0.21)"
STOFHLA prose 0.014 (-0.01, 0.04) 0.07, (0.04, 0.09)" 0.067 (0.03, 0.11)*
STOFHLA numeracy 0.087 (0.02, 0.16)™ 0.043 (-0.04, 0.13) 0.10 (-0.017, 0.218)

General numeracy

Health numeracy

-0.13 (-0.39, 0.14)

0.401 (0.26, 0.54)™

0.58 (0.28, 0.89)" 0.466 (-0.002, 0.89)

0.38 (0.20, 0.56)" 0.838 (0.60, 1.07)™

Math anxiety -0.004 (-0.35, 0.028) -0.006 (-0.4, 0.031) -0.01 (-0.06, 0.04)
Education 0.15 (-0.12, 0.43) 0.21 (-0.11, 0.53) 0.363 (-0.09, 0.82)
Overall Model F df R2

+ Total combined 27.21 7 0.598 ™

' Final total combined 35.24 5 0.568 ™

+ Common 11.08 7 0.377

¥ Final common 18.49 4 0.354 ™

+ Uncommon 23.45 7 0.562

13 Final uncommon 34.675 4 0.507 *

Note:

[3 = Beta coefficient, Cl = Confidence interval

Significant at p < 0.05
™ Significant at p < 0.01

+ Model Variables: STOFHLA prose, STOFHLA numeracy, general numeracy, health numeracy, math anxiety and attained education

¥ Parsimonious Final Model = STOFHLA prose and numeracy, health numeracy, age

$ Parsimonious Final Model = STOFHLA numeracy, health numeracy, age

# Parsimonious Final Model = STOFHLA prose, general numeracy, health numeracy (gender controlled in all models)
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Discussion

While recognizing the influence of patient
characteristics (i.e., social support, health
status)?**? and presentation format (i.e.,
gain/loss framing, graphical vs. text)¥4-4
on risk comprehension ability, this study
focused on the influence of prose and
numeracy skill, math anxiety, level of
attained education and information context
on the ability of older Canadians to under-
stand Internet-based colorectal cancer pre-
vention information. While the authors
found that there was adequate risk compre-
hension skill among older adults participa-
ting in this study, and that comprehension
of common cancer-prevention information
was better than comprehension of uncom-
mon cancer-prevention information, the main
findings of the study were regarding the role
of health-context numeracy skill.

To our knowledge, no other published work
has included risk comprehension of online
cancer-prevention information using the
health-context numeracy instrument. Poor
general-context numeracy skill has been
linked to decreased accuracy in assessing
and personalizing cancer risk.!1118:20
Although health-context numeracy skill
predicted comprehension success of both
common and uncommon online colorectal
cancer pages, basic (STOFHLA) numeracy
ability predicted participants’ comprehen-
sion of common online prevention infor-
mation only. In contrast, general-context
numeracy sKkill predicted comprehension of
the more challenging or uncommon infor-
mation but not comprehension of the
common colorectal cancer risk information.

To demonstrate comprehension of common
Internet article information, participants
were required to spot, for example, the
value that signifies “the risk of death from
colorectal cancer for men” (i.e., 1 in 14).
The STOFHLA numeracy instrument seems
to be best aligned with the most basic
numeracy skill category of number
identification.* Yet participants responding
to common Internet article comprehension
questions also required greater numeric
proficiency than that required by STOFHLA
(e.g. to calculate the percentage of men
dying from colorectal cancer) - a skill level
characteristic of the advanced categories
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in the health numeracy framework.!®4°
Although the uncommon Internet article
information also challenged participants’
basic and advanced numeracy skill,
STOFHLA numeracy skill was not a
significant predictor. Given the lack of
general public knowledge regarding genetic
influences on colorectal cancer,®4° it is
possible that the basic numeracy skill was
not enough, due to a lack of knowledge
content regarding the genetic basis of
disease.’® Established evidence has demon-
strated that breadth of vocabulary and
domain knowledge increased compre-
hension of information.* Topic familiarity
also enhances individual ability to
understand risk-based information.®4447:48
It is not surprising that prose health literacy
skill contributed only to comprehension of
uncommon colorectal cancer information.
The terms and phrases used within the
genetic information may have required a
vocabulary distinct from that needed to
understand the common Internet article.
Consequently, those producing health
promotion messages may wish to repeat
less familiar terms and include examples of
key concepts.* The interactive capabilities
attributable to online health sources pre-
sent an excellent avenue for unobtrusively
incorporating such information props.

Not unexpectedly, older age predicted
poorer comprehension scores for the
combined common/uncommon risk assess-
ment and for the common assessment but
not for uncommon risk comprehension
assessment scores. A recent evaluation of
older adults’ comprehension of Internet-
based colorectal cancer information also
revealed limited understanding of the
intended message.”” The relationship
between increased age and lower literacy
and numeracy skill has been previously
established.!>®3  Current findings are
consistent with international analyses of
adult literacy and numeracy skill. In fact,
an inverse relationship between age and
literacy skill exists even after controlling for
educational attainment.*® The International
Adult Literacy Survey (IALS) reports
educational attainment as an unreliable
predictor of literacy skill.” The authors also
found that level of formal education was
not a significant predictor of literacy skill in
the current study. While education plays a

key role in the development of individual
prose and numeracy skill, evidence suggests
that the relationship between education
and literacy skill involves other factors
(i.e., continued education, occupational
experience, motivation, cognitive changes)
that contribute to literacy skill acquisition,
preservation and loss over the course of a
lifetime.* In fact, educational attainment as
a proxy estimate of adult literacy skill can
result in considerable error.*

Approximately 76% of participants indi-
cated that they would seek screening for
colorectal cancer based on an awareness of
their lifetime risk. However, recent statistics
show that screening for colorectal cancer
among Canadian adults 50 years and older
is less than 15%.” While recognizing the
inconsistency between actual screening
for colorectal cancer and the intention to
be screened, the number of older adults
indicating their intention to have preventive
screening after reading information on
colorectal cancer risk was promising.
Alternatively, it was a matter of concern
that 30% of participants were unable to
identify examples of first degree family
members from those listed in the cancer
and genetics information, and that this was
linked to inadequate functional health
literacy skill. Indeed, this finding takes on
greater importance given current screening
recommendations for all first-degree family
members of individuals with known genetic
markers for colorectal cancer.?

In addition, personal connection to infor-
mation enhances thinking about the content
and promotes understanding through
increased attention to the information.*
Study participants had no apparent personal
threat of colorectal cancer and, therefore,
may have been less inclined to attend to
educational colorectal cancer messages.

Limitations

There are limitations to this study. The risk
comprehension skill of seniors living
independently in the community may be
different from those who are ill. Illness can
affect an individual’s cognitive reasoning
and decision-making skills, altering the
ability to accurately comprehend risk infor-
mation.* Similarly, the literacy skill of par-
ticipants is not representative of younger
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Canadians. However, the higher propensity
for cancer illness among older adults guided
our study design. Therefore, the current
findings reflect a well-, rather than a health-
compromised, group of seniors.

Selection bias is possible given that literate
individuals are more likely to volunteer
for a study on comprehension of health
information. Individuals who did not visit
the libraries or seniors’ centres would have
limited representation within the study.
The use of a convenience sample drawn
from these locations may have discouraged
older adults who lacked transportation
(e.g., those who cannot drive, were
physically disabled). However, there was
diverse representation of socio-economic
status of participants, providing a cross
sectional account of seniors. Hence, this
convenience sample reflected a group of
relatively mobile, active, older adults.

An additional limitation is the lack of
psychometric validation of the properties
of the general- and health-context nume-
racy indexes, despite widespread use by
researchers in the field.”*%5 Preliminary
investigations reveal adequate reliability’
for both the general- and health-context
numeracy instruments. Health numeracy is
best described as “a work in progress”.'® As
a result, the three numeracy measures used
in this study represented those instruments
that were available at the time of study
conception and were used to ensure com-
prehensive assessment of participants’
numeracy skill.

Patient characteristics** as well as presen-
tation format®**# influence risk compre-
hension ability. The authors purposefully
limited their investigation of cancer risk
comprehension to the areas of health
literacy and health numeracy. The selection
of explanatory variables was a planned
response to address the gaps in the research
literature on health numeracy as it relates
to risk comprehension skill.

Lastly, the reading levels of the online
health information scored at grade 10 and
11/12. These reading grade levels were
higher than the grade 5/6 readability level
recommended for the general public.*® This
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is an important limitation in the consi-
deration of information comprehension.
Yet, participants examined the same infor-
mation they would have reviewed though
naturalistic and independent searching of
the CCS Web site.

Conclusion and implications for practice

This research is the first to investigate the
influence of health literacy skill, particularly
numeracy skill, on the ability of older
Canadians to comprehend online colorectal
cancer-prevention information. The findings
revealed that health-context numeracy skill
was a consistent predictor of participant
ability to comprehend risk within common
as well as more challenging cancer pre-
vention information.

Finding that participant risk comprehen-
sion was jointly facilitated by prose and
numeracy skill highlights the need for
clarification of terms and concepts within
educational online health information.
Thus, impersonal prevention messages
may be enhanced by repetition of terms
and detailed explanation of less familiar
concepts to aid reader comprehension of
the colorectal cancer-prevention informa-
tion. The fact that even basic numeracy
tasks may be perceived as more demanding
if positioned within an unfamiliar context
challenges information specialists and Web
designers to construct Internet-based infor-
mation to accommodate diverse health
literacy skills.

There is the increasing expectation that
individuals take an active role in the deci-
sions about their health care. Continued
investigation is needed to refine the concept
of health numeracy, develop comprehen-
sive numeracy assessment instruments, and
further investigate the relationship between
health prose and numeracy skill with all
age cohorts, pertaining to various chronic
illnesses, and among diverse ethnic groups.
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Colorectal cancer screening in Canada:
results of a national survey

M]J Sewitch, PhD (1); C Fournier, MSc (2); A Ciampi, PhD (3); A Dyachenko, MSc (4)

Abstract

Canadian guidelines recommend colorectal-cancer (CRC) screening for individuals aged
50 to 74 years. The study objective was to estimate rates of CRC screening according to
individual and geographical characteristics, and of adherence to current CRC screening
guidelines. Respondents to the 2003 Canadian Community Health Survey Cycle 2.1 (aged
> 50 years, without past or present CRC) participated. Fecal occult blood test (FOBT)
and endoscopy utilization and screening rates were calculated. The sample included
16 747 residents of Newfoundland, Ontario, Saskatchewan and British Columbia. Overall,
the FOBT screening rate was 7.7 % in the past year, and the endoscopy screening rate was
8.8% in the past 5 years. FOBT screening rates were higher in older and male respondents;
endoscopy screening rates were higher in older respondents. Individuals aged 50 to 59 and
over 90 years were least likely to have been screened. Approximately 70% of respondents
were non-adherent to current CRC screening guidelines. Non-adherence rates were higher
in most health regions of British Columbia. National survey data suggest CRC screening in
Canada is low; younger persons and residents of British Columbia were least likely to
report CRC screening.

Key words: colorectal cancer, screening, survey, FOBT, endoscopy

Introduction
every 5 years for each of flexible sigmoi-

In Canada, colorectal cancer (CRC) is the
fourth most commonly diagnosed cancer
and the second and third leading cause
of cancer deaths in men and women,
respectively.! CRC screening reduces both
CRC incidence through removal of prema-
lignant polyps and CRC deaths through
early detection and treatment. Since 1996,
several organizations have published CRC
screening guidelines for average-risk
individuals, defined as those 50 years of
age and older with average risk for the
development of CRC. Canadian guidelines
recommend fecal occult blood testing
(FOBT) every 1 to 2 years** whereas the
US guidelines recommend annual FOBT.*¢
For other screening modalities, similar
periodicities are advocated by Canada and
the US: every 10 years for colonoscopy and

doscopy and double contrast barium
enema, although the US guidelines also
recommend a combination of annual FOBT
with flexible sigmoidoscopy every 5 years.

Despite the widespread distribution of CRC
screening guidelines, CRC screening is
underutilized. In the US, several studies
have employed national survey data and
collected information through the use of
either random-digit-dialing or in-person
interviews. Research based on data from
the National Health Interview Survey,’
the Behavioral Risk Factor Surveillance
System,® the Community Quality Index,’
the California Health Interview Survey!
and the Health Information National Trends
Survey! revealed that CRC screening rates
vary from 15% to 65% depending on the

time interval under study. In Ontario,
research derived from either administra-
tive or survey data estimates that less than
25% of the screen-eligible population has
been screened.'*' In Alberta, a population-
based survey revealed that only 14.3% of
average-risk individuals were considered
up-to-date with CRC screening.'

As CRC screening advances to the forefront
of preventive health care through public
and professional awareness, rates of CRC
screening in Canada are of growing
interest. However, the extent to which
Canadians are screened for CRC according
to guidelines remains unclear. Moreover,
little is known about the characteristics
of the individuals who undergo CRC screen-
ing and the use of CRC screening proce-
dures over time. With the launching of
several provincial CRC screening programs
in Canada, understanding CRC screening
disparities is pivotal to fostering effective
planning, implementation and functioning
of CRC screening endeavors. Thus, the
purpose of this population-based study was
to estimate rates of 1) FOBT and endoscopy
as CRC screening procedures; and 2) adhe-
rence to current CRC screening guidelines.

Methods
Data sources

The main data source was the Statistics
Canada Canadian Community Health
Survey (CCHS) Cycle 2.1 (January to
December 2003),'® which aimed to provide
estimates of health determinants, health
status and health system utilization in
Canada. This survey included household
residents aged 12 years and older in all
provinces and territories. Residents living
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on Indian Reserves or in remote areas, and
full-time members of the Canadian Armed
Forces were excluded. The CCHS Cycle 2.1
survey contained basic socio-demographic
information on all respondents in all health
regions. However, the CRC screening module
was administered at the discretion of health
regions. Respondents to the CRC screening
module were from all health regions of
Newfoundland and British Columbia, and
from 14 of 37 and 7 of 11 health regions of
Ontario and Saskatchewan, respectively.!”
Health regions are defined by provincial
health ministries and generally comprise
legislated administrative areas representing
geographic areas of responsibility for
hospital boards or regional health author-
ities.’® Survey data are non-nominative;
respondents were not identified.

Study population

The study population included survey
respondents who completed the CRC screen-
ing module and reported being 50 years of
age and older and without past or present
CRC. Respondents failing to provide infor-
mation on when both FOBT and endoscopy
were last performed were excluded. Socio-
demographic characteristics included age,
sex, highest level of education achieved
and household income. Clinical charac-
teristics included bowel disease (having
received a diagnosis of either Crohn’s
disease or ulcerative colitis from a health
care professional). Geographical charac-
teristics included residential area (urban
vs. rural), health region and province of
residence.

Outcome variables

FOBT and endoscopy (defined as sig-
moidoscopy or colonoscopy) screening
and utilization rates were based on
questionnaire responses that assessed
when the procedure was last performed
and the indication for the procedure
(screening, non-screening). Screening rates
were derived from screening procedures,
which were defined as those performed
for “regular check-up”, “age”, “race”, or
“family history of CRC”. The degree of an
affected family member was not assessed.
Utilization rates were derived from
screening and non-screening procedures,
which were defined as those performed for
“follow-up of previous problem” or “other

Vol 29, No 1, 2008

reason”. FOBT can be used in a non-
screening context, for example, to detect
the presence of blood in the stool of a
patient with anemia. Three adherence rates
were defined according to CRC screening
guideline-recommended periodicities in
place at the time of the study. (1) Adherence
to FOBT screening guidelines was defined as
having an FOBT in the past 2 years; (2)
Adherence to endoscopy screening guide-
lines was defined as having an endoscopy
in the past 10 years; (3) Adherence to
current CRC screening guidelines was
defined as either (1) or (2). The three
adherence rates, which were based on
procedures performed for all indications,
provide an estimate of the number of respon-
dents considered up-to-date with CRC scree-
ning. The underlying assumption is that
once the procedure is performed, repeat
testing for screening purposes should follow
guideline-recommended periodicities.

Statistical analysis

Descriptive statistics were used to char-
acterize the study population overall and
according to screening modality. Screening
rates were calculated as the number of
respondents reporting a screening proce-
dure, divided by the number of respondents
reporting a screening procedure plus those
reporting never undergoing the procedure,
according to the timing of the last screening
procedure. Respondents who underwent
the procedure for non-screening purposes
were excluded. Utilization rates were
calculated as the number of respondents
reporting either a screening or non-
screening procedure divided by the total
number of respondents in the study
population, according to the timing of the
last procedure. FOBT rates were calculated
according to the following 5 time intervals:
less than 1 year ago, 1 to 2 years ago, 2 to
3 years ago, more than 3 years ago and
never. Endoscopy rates were calculated
according to the following 4 time intervals:
within the last 5 years, 6 to 10 years ago,
more than 10 years ago and never. These
time intervals differ from the guideline-
recommended periodicities to allow for
comparisons over time. Overall screening
and utilization rates were computed for the
entire study population. Screening rates
were also computed by sex, age group,
household income level, education level,

bowel disease status and geographical
areas (residential area, health region and
province of residence).

Rates were computed by aggregating
weighted data over the participating health
regions. Rates may not be representative of
the entire province when only some health
regions are sampled. Thus, only regional
screening rates were reported for Ontario
and Saskatchewan. By comparison, regional
and provincial screening rates were reported
for Newfoundland and British Columbia,
where all health regions were sampled.
Rates for the 3 adherence outcomes were
calculated overall and according to health
regions. Although rates of adherence to
current CRC screening guidelines were
based on FOBT and endoscopy utilization,
respondents having valid information on
only one procedure were included and
classified accordingly. Bootstrap weights
provided by Statistics Canada were
employed to compute a 95% confidence
interval (95% CI) using the BOOTVARE_V30
program (Version 3.0)." All analyses were
performed using SAS statistical software.?

The sizes of both the Canadian population
at survey time and the study population
(i.e. number of Canadians represented by
the respondents) were estimated using the
weighted design previously mentioned. All
figures presented are weighted values, in
keeping with the policies of Statistics Canada.

Results
Study population

The CRC screening module was adminis-
tered to 39 178 individuals (Figure 1). Of
these, 16 747 respondents met eligibility
criteria and were estimated to represent
2394 124 Canadians (according to weighting
procedures). The size of the Canadian
population aged 12 and over was estimated
at 26 578 128. Of the eligible respondents,
16 545 and 16 648 provided information
on utilization of FOBT and endoscopy,
respectively; 14 482 and 13 949 provided
information on FOBT and endoscopy
screening, respectively.
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Table 1 presents the socio-demographic,
clinical and geographical characteristics
of the study population overall and accord-
ing to screening modality. Overall, more of
the respondents were female, aged 50 to
64, post high-school graduates, born in
Canada, white, not employed, without bowel
disease, living in urban areas and from
British Columbia. Of the 14 482 respondents
with FOBT screening information, 21.6%
underwent FOBT screening in their
lifetimes. Compared to the total study
population, a greater percentage of those
reporting FOBT screening were aged 50 to
64 and were not employed outside the
home. Of the 13 949 respondents with
endoscopy screening information, 11.3%
underwent endoscopy screening in their
lifetimes. Compared to the total study
population, a greater percentage of those
reporting endoscopy screening were not
employed outside the home and were
residents of Ontario; a smaller percentage
were residents of British Columbia.

FOBT screening rates

Table 2 presents FOBT screening rates
by time interval, according to socio-
demographic, clinical and geographical
characteristics. Overall FOBT screening
rates were 7.7 % in the past year, 5.1% 1 to
2 years ago, 2.5% 2 to 3 years ago, and
6.3% over 3 years ago; 78.4% never had a
screening FOBT. FOBT screening rates in
the past year and 1 to 2 years ago were
higher in males, those with bowel disease
and those aged 65 years and older; rates
were lowest among the 50 to 59 year age
group. No rural vs. urban difference was
observed. Provincial FOBT screening rates
were higher in residents of British Columbia
compared to Newfoundland. Health regional
FOBT screening varied within each province
(Table 3). Across the 43 health regions of
all provinces, FOBT screening rates in the
past year ranged from 2.4% to 21.5% and
rates of never undergoing FOBT screening
ranged from 54.3% to 89.2%. In compa-
rison, overall FOBT utilization rates were:
9.1% in the past year, 6.0% 1 to 2 years
ago, 11.8% over 3 years ago; 69.3% never
had an FOBT (data not shown).
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Endoscopy screening rates

Table 4 presents endoscopy screening rates
by time interval, according to socio-
demographic, clinical and geographical
characteristics. Overall endoscopy screening
rates were 8.8% in the past 5 years and
1.5% in the past 6 to 10 years; 88.7% never
had a screening endoscopy. Endoscopy
screening rates in the past 5 years were
higher in respondents with bowel disease
and those aged 65 years and older; rates
were lowest among the 50 to 59 year and
90 to 100 year age groups. No rural vs.
urban difference was observed. Provincial
endoscopy screening rates were higher in
residents of Newfoundland compared to
British Columbia. Health regional endoscopy
screening rates varied within each province
(Table 3). Across the 43 health regions (i.e.
all provinces), endoscopy screening rates
in the past 5 years ranged from 4.2% to

16.5%, and rates of never undergoing
endoscopy screening ranged from 81.1%
to 94.3%. In comparison, overall endoscopy
utilization rates were 16.7% in the past
5 years and 3.9% in the past 6 to 10 years;
75.6% never had an endoscopy (data
not shown).

Adherence to FOBT screening guidelines

Table 5 shows that 15.1% of respondents
were adherent to FOBT screening guidelines.
Figure 2 shows that rates of adherence to
FOBT screening guidelines were highest in
the southern health regions of British
Columbia and some health regions of
Saskatchewan and Ontario. Rates of never-
use of FOBT across all health regions (Figure
3) were highest in eastern health regions of
British Columbia, the Saskatoon region, north-
eastern Ontario and parts of Newfoundland.

FIGURE 1
Study population selection from the CCHS Cycle 2.1 CRC screening module respondents

CRC screening module administration
n = 39 178 respondents
(7 175 026 Canadians)

v

Aged > 50 years
n = 17 696 respondents
(2 558 525 Canadians)

v

No past/present CRC
n = 17 498 respondents
(2 529 577 Canadians)

v

Complete information on
FOBT or endoscopy
n = 16 747 respondents
(2 394 124 Canadians)

FOBT utilization
n = 16 545 respondents
(2 362 140 Canadians)

FOBT screening
n = 14 482 respondents
(2 089 024 Canadians)

Endoscopy utilization
n = 16 648 respondents
(2380 175 Canadians)

Endoscopy screening
n = 13 949 respondents
(2 029 620 Canadians)
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TABLE 1
Socio-demographic, clinical and geographical characteristics of the study population according to FOBT and endoscopy screening status

Characteristic Category Overall FOBT screening® Endoscopy® screening
n (2394 124) % © n (451 669) % © n (229 578) % ©
Socio-demographic
Sex male 1 140 566 47.6 233 372 51.7 112 541 49.0
female 1253 559 52.4 218 298 48.3 117 037 51.0
Age 50 to 64 1429 679 59.7 222 473 493 122 450 53.3
65+ 964 446 40.3 229 197 50.7 107 128 46.7
Education < high school 630 647 27.0 110 676 25.1 56 249 25.0
high school grad. 462 201 19.8 89 306 20.3 42 533 18.9
post high school 143 139 6.1 23708 5.4 17793 7.9
post high school grad. 1095 953 47.0 216 554 49.2 108 544 48.2
Country of birth Canada 1653 452 70.3 315 685 70.9 171337 75.5
other 697 280 29.7 129 554 29.1 55543 24.5
Cultural/racial origin ~ white 2 067 992 88.0 405 037 91.1 205 344 90.8
other 281 342 12.0 39630 8.9 20 748 9.2
Household income low to low medium 656 704 33.2 116 925 31.1 64 074 33.7
upper medium 685 018 34.7 132 543 35.2 64 003 33.6
high 635229 32.1 126 742 33.7 62 152 32.7
Employment status full-time 864 382 37.0 126 254 28.6 68 193 30.2
(over past year) part-time 211 809 9.1 39937 9.0 21600 9.6
no job 1258 634 53.9 275747 62.4 135673 60.2
Clinical
Bowel disease yes 86 080 3.6 16 664 3.7 10 699 4.7
no 2 305 488 96.4 434 428 96.3 218770 95.3
Geographical
Residential area urban 1895 462 79.2 355944 78.8 183 465 79.9
rural 498 663 20.8 95725 21.2 46 114 20.1
Residential province  Newfoundland & 155 166 6.5 19 859 4.4 15673 6.8
Labrador
Ontario 889 608 37.2 171 566 38.0 111762 48.7
Saskatchewan 168 279 7.0 31603 7.0 15 508 6.8
British Columbia 1181072 49.3 228 641 50.6 86 636 37.7

All numbers are weighted

Numbers may not be equal to the population n due to missing data
? Respondents reporting lifetime FOBT screening

b Respondents reporting lifetime endoscopy screening

< Based on valid responses (excludes missing values)
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TABLE 2
FOBT screening rates by time interval according to socio-demographic, clinical and geographical characteristics (n* = 14 482)

Characteristic Last reported FOBT screening
<1 year 1 to 2 years 2 to 3 years 3+ years never
OVERALL Rate 95% CI Rate 95% CI Rate 95% CI Rate 95% Cl1 Rate 95% Cl1
7.7 7.1 8.4 5.1 4.6 5.6 2.5 2.2 2.8 6.3 5.8 69 | 784 775 793
Sex
male 9.3 8.2 10.3 5.8 5.0 6.6 23 1.8 2.7 5.7 5.0 6.5 76.9 75.5 78.4
female 6.2 5.5 7.0 4.4 3.8 5.0 2.7 23 3.2 6.9 6.2 7.6 79.7 78.6 80.9
Age (years)
50 to 64 6.6 5.7 7.4 4.5 3.8 5.1 1.8 1.5 2.2 4.8 4.1 5.4 82.4 81.2 83.6
65+ 9.5 8.4 10.6 6.0 5.3 6.8 3.5 3.0 4.1 8.7 7.9 9.6 72.2 70.7 73.7
50 to 59 5.7 4.8 6.6 3.8 3.2 4.5 1.7 1.2 2.2 4.2 3.5 49 845 832 859
60 to 69 9.3 8.1 10.5 5.9 49 6.9 2.7 2.1 33 6.5 5.4 7.6 75.6 73.8 77.4
70 to 79 10.3 8.8 11.8 6.5 5.4 7.7 3.7 2.8 4.5 9.0 7.7 10.2 70.6 68.4 72.8
80 to 89 7.7 47 106 6.2 4.5 8.0 3.8 2.7 50 11.8 9.5 14.2 70.5  66.8  74.1
90 to 100 n/a n/a n/a 3.7 0.6 6.8 n/a n/a n/a 10.5 n/a 21.5 83.0 72.0 93.9
Residential area
urban 7.7 6.9 8.4 49 4.4 5.4 2.6 2.2 3.0 6.4 5.8 7.0 78.5 77.4 79.5
rural 7.9 6.7 9.2 5.8 4.7 6.8 2.0 1.5 2.6 6.3 53 7.3 78.0 76.1 79.8
Education
< high school 6.9 5.9 8.0 4.8 4.0 5.7 2.5 2.0 3.1 6.3 53 7.2 79.5 77.8 81.1
high school grad. 7.7 6.1 9.3 5.6 4.5 6.7 2.7 1.9 3.4 5.7 4.7 6.6 78.4 76.3 80.6
post high school 9.1 64 119 3.7 1.8 5.6 1.9 1.0 2.9 5.2 3.1 7.2 80.1 758 844
post high school 8.0 7.0 9.0 5.1 4.4 5.8 2.5 2.0 3.0 6.9 6.0 7.7 77.5 76.1 79.0
graduate
Household income
low to low medium 6.8 5.6 7.9 4.4 3.7 5.1 2.6 2.0 3.2 7.1 6.1 8.2 79.1 77.5 80.8
upper medium 7.9 6.8 9.1 49 4.1 5.7 2.1 1.6 2.6 7.3 6.3 8.3 77.8 76.1 79.5
high 9.0 7.5 10.5 5.7 4.7 6.8 2.8 2.0 3.5 5.0 4.0 59 776 754 79.7
Bowel disease
yes 11.9 7.8 15.9 5.5 2.8 8.2 3.0 1.2 4.8 10.1 6.5 13.8 69.5 63.8 75.1
no 7.6 6.9 8.2 5.1 4.5 5.6 2.5 2.2 2.8 6.2 5.7 6.8 78.6 77.7 79.6
Residential province*
Newfoundland 3.8 2.7 4.9 2.8 1.7 3.8 2.0 0.8 3.1 6.1 4.6 7.7 85.4 83.2 87.5
&lLabrador
British Columbia 8.1 7.0 9.2 5.1 43 59 2.1 1.7 2.5 6.4 5.6 7.3 78.4 76.8 79.9

Rate percentages represent weighted data

2 Number of respondents providing information on FOBT screening and representing 2 089 024 Canadians

b Respondents categorized according to the last reported date of screening FOBT

FOBT performed for non-screening purposes are excluded

¢ Ontario and Saskatchewan provincial rates are not reported because data are not available for all health regions

n/a = not available because non-weighted data cells contained less than 5 individuals (Statistics Canada privacy protection regulation)
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TABLE 3
Summary of health regional screening rates of FOBT and endoscopy by province
Province Health regions FOBT Endoscopy
range® range®
n (%)
past year never past 5 years never

Overall® 43 2.4 to 21.5 54.3 to 89.2 4.2t0 16.5 81.1t094.3
Newfoundland 6 (100%) 28t054  83.6t089.1 4.8t012.0 84.6 t0 94.3
& Labrador

Ontario 14 (37.8%) 3.9t013.1 62.5 to 85.3 8.2t0 16.5 81.1t0 88.4
Saskachewan 7 (63.6%) 3.8to021.5 54.3 to 85.5 7.5t0 10.8 82.6 t0 90.8
British Columbia 16 (100%) 2.4t015.1 56.5 to 89.2 42t013.4  83.4t093.8

2 All health regions/provinces combined

b Range values are percentages

Adherence to endoscopy
screening guidelines

A total of 20.6% of respondents were
adherent to endoscopy screening guidelines
(Table 5). Figure 4 shows that health
regional rates of adherence to endoscopy
screening guidelines were highest in
southeastern British Columbia, southern
Alberta, northern Ontario and parts of
Newfoundland. Rates of never-use of
endoscopy (Figure 5) were highest in British
Columbia and parts of Newfoundland. No
clear geographical pattern emerged for
Saskatchewan, as less than half of provincial
health regions were sampled.

Adherence to current CRC
screening guidelines

In this study population, 30.1% of
respondents were adherent and 69.9%
were non-adherent to current CRC screening
guidelines (Table 5). Figure 6 shows that
non-adherence rates were highest in most
health regions of British Columbia and
lowest in many health regions of Ontario.
Non-adherence rates for Newfoundland
and Saskatchewan varied by health region.

Discussion

The overarching goal of this Canadian
population-based study was to increase our
knowledge of the extent to which Canadians

Vol 29, No 1, 2008

50 years of age and older undergo CRC
screening. Our results indicate that rates of
CRC screening by FOBT and endoscopy
were low and subject to considerable
geographic variation. Provincial screening
rates (Newfoundland and British Columbia)
revealed that up to 85.4% and 91.4% of
residents had never been screened with
FOBT and endoscopy, respectively. Health
regional screening rates (Saskatchewan and
Ontario) were also low, with up to 85.5%
and 90.8% of the population having never
been screened with FOBT and endoscopy,
respectively. The large geographical varia-
tion echoes findings from one Alberta-
based study* and several US studies that
show large regional and state level differ-
ences in CRC test use.”? Geographical
variation in use of health preventive services
is evident for other types of screening in
Canada. Health regional rates of the
Papanicolaou (Pap) test in Ontario reportedly
vary from 12% to 74%,* while across
Canada provincial rates vary between 70%
to 88 %.% Similarly, survey data indicate that
Canadian provincial breast cancer screen-
ing rates vary from approximately 9% in
Nunavut to 67% in New Brunswick.?®

CRC screening rates varied by age as well.
People 65 years of age and older were
screened more often by both FOBT and
endoscopy compared to their younger

counterparts, similar to the findings of
others.?*** Individuals aged 50 to 59 were
less likely to report CRC screening,
suggesting a delayed uptake of CRC screen-
ing recommendations by either or both
physicians and younger patients, since at
the time of the survey no CRC screening
programs were in place. Furthermore, FOBT
and endoscopy screening declined in the 80
to 89 year age group and, for endoscopy,
dropped off dramatically in the 90 to 100
year age group. These findings may reflect
the cost-effective model proposed for the
Canadian population, which recommends
to stop screening at age 74.%3°

No meaningful differences were found in
CRC screening rates according to urban vs.
rural residence, suggesting that variation in
screening was not due to availability of
health care resources. One might have
expected that rural areas would have been
disadvantaged in terms of accessibility to
sigmoidoscopy and colonoscopy and, conse-
quently, more likely to have employed FOBT,
which is readily available. Our finding
corroborates that reported by another
Canadian similar study that found CRC
procedure rates in rural and urban areas.?
One possible explanation for the lack of
variability between residential areas may
rest in regional similarities in physician prac-
tice style. Since both FOBT and endoscopy
are considered primary screening modalities,
physicians who adhere to endoscopy screen-
ing may recommend endoscopy regardless of
whether facilities are located outside of the
patient’s residential area.

Rates of FOBT increased moderately between
1 to 2 years ago and the past year, while
rates of endoscopy increased almost 6-fold
in the past decade. Not only do these trends
indicate a steady rise in CRC screening,
they may also depict a shift from FOBT to
endoscopy for primary CRC screening.?3+3639
These findings should alert decision- and
policy-makers of an impending increased
demand for screening endoscopy, since
at the present time there are insufficient
resources to meet that demand.*®
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TABLE 4
Endoscopy screening rates by time interval according to socio-demographic, clinical and geographical characteristics (n* = 13 949)

Characteristic Last reported endoscopy screening®
0 to 5 years 6 to 10 years 10+ years never
OVERALL Rate 95% ClI Rate 95% CI Rate 95% CI Rate 95% ClI
8.8 8.2 9.5 1.5 1.2 1.8 1.0 0.8 1.2 88.7 88.0 89.4
Sex
male 9.0 8.0 10.0 1.3 0.9 1.7 1.1 0.7 1.5 88.7 87.6 89.7
female 8.7 7.8 9.6 1.7 1.3 2.1 0.9 0.7 1.2 88.7 87.7 89.7
Age (years)
50 to 64 8.1 7.3 9.0 1.1 0.8 1.5 0.6 0.4 0.9 90.1 89.2 91.0
65+ 10.0 8.9 11.0 2.0 1.6 2.5 1.6 1.2 2.0 86.5 85.3 87.6
50 to 59 7.3 6.4 8.3 1.0 0.7 1.4 0.5 0.3 0.8 91.1 90.1 92.2
60 to 69 10.4 9.2 11.6 1.8 1.2 24 1.0 0.6 1.4 86.9 85.6 88.2
70 to 79 10.3 8.8 11.8 2.1 1.6 2.7 1.7 0.9 24 86.0 84.3 87.7
80 to 89 9.7 6.6 12.8 1.6 0.7 2.5 2.1 1.3 3.0 86.6 83.4 89.8
90 to 100 2.7 n/a 5.7 n/a n/a n/a n/a n/a n/a 94.6 90.5 98.8
Residential area
urban 9.0 8.2 9.8 1.5 1.2 1.8 0.9 0.7 1.1 88.6 87.7 89.4
rural 8.2 7.1 9.4 1.4 0.9 1.9 1.2 0.6 1.9 89.1 87.8 90.4
Education
< high school 8.2 7.1 9.2 1.6 1.1 2.0 1.0 0.6 1.4 89.3 88.1 90.6
high school grad. 8.4 6.8 10.0 13 0.7 1.9 1.0 0.5 1.4 89.3 87.6 91.1
post high school 10.8 7.6 13.9 2.6 0.5 4.7 1.7 n/a 3.7 84.9 81.3 88.6
post high school grad. 9.3 8.2 10.4 1.4 1.0 1.8 0.9 0.7 1.2 88.4 87.2 89.5
Household income
low to low medium 8.8 7.5 10.2 1.6 1.1 2.0 1.2 0.8 1.7 88.4 87.0 89.8
upper medium 8.5 7.4 9.6 1.7 1.2 2.1 1.1 0.6 1.6 88.7 87.5 90.0
high 9.1 7.7 10.4 1.5 0.8 2.2 0.7 0.4 1.0 88.7 87.2 90.2
Bowel disease
yes 23.2 16.5 29.9 4.1 1.6 6.6 n/a n/a n/a 71.0 63.7 78.2
no 8.6 7.9 9.2 1.4 1.2 1.7 1.0 0.8 1.2 89.0 88.3 89.7
Residential province*
Newfoundland 9.0 73 10.8 1.7 0.7 2.7 1.2 0.5 2.0 88.1 86.1 90.0
& Labrador
British Columbia 6.5 5.7 7.4 1.2 0.8 1.6 0.8 0.5 1.2 91.4 90.5 92.4

Percentages represent weighted data

2 Number of respondents providing information on endoscopy screening and representing 2 029 620 Canadians

Rates are based on valid responses (excludes missing values)

b Respondents categorized according to the last reported date of screening endoscopy (sigmoidoscopy or colonoscopy)
Endoscopies performed for non-screening purposes are excluded

¢ Ontario and Saskatchewan provincial rates are not reported because data are not available for all health regions

n/a = not available because non-weighted data cells contained less than 5 individuals (Statistics Canada privacy protection regulation)
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TABLE 5
Frequency of the three adherence outcomes

Outcome n % ?

Adherence to FOBT screening guidelines®

yes 356 535 15.1

no 2 005 605 84.9
Adherence to endoscopy screening guidelines*

yes 490 128 20.6

no 1890 047 79.4
Adherence to current CRC screening guidelines®

yes 720 899 30.1

no¢ 1673 225 69.9

All numbers are weighted

Includes procedures for all indications

2 Based on valid responses (excludes missing values)

b Reported use in the past 2 years for 16 545 respondents (1.3% missing values)

¢ Reported use in the past 10 years for 16 648 respondents (0.6% missing values)

4 Reported use of FOBT in the past 2 years or endoscopy in the past 10 years for 16 747 respondents

¢ Includes 1.3% of respondents classified according to only one procedure

FIGURE 2.
Health regional rates of adherence to FOBT screening guidelines”

[6.4% - 10.9%]
[11.0% - 14.0%]
W [14.1% - 17.5%]
W [17.6% - 33.1%]

*Utilization of FOBT in the past 2 years
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FIGURE 3
Health regional rates of never-use of FOBT

[47.3% - 63.3%]

[63.4% - 70.1%)
W [70.2% - 74.8%)]
W [74.9% - 81.0%)]

FIGURE 4
Health regional rates of adherence to endoscopy screening guidelines*

[9.7% - 18.6%)

[18.7% - 22.3%]
M [22.4% - 25.5%]
M [25.6% - 32.9%]

*Utilization of sigmoidoscopy or colonoscopy in the past 10 years
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FIGURE 5
Health regional rates of never-use of endoscopy

[64.7% - 69.4%)

[69.5% - 73.6%]
W [73.7% - 78.1%]
W (78.2% - 88.0%)

FIGURE 6
Health regional rates of non-adherence to current colorectal-cancer screening guidelines*

[54.7% - 64.1%)
[64.2% - 67.8%]
MW [67.9% - 72.7%)]
W [72.8% - 86.4%)

"Non-use of FOBT in the past 2 years and endoscopy in the past 10 years
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In Canada in 2003, 78.4% and 88.7% of
respondents had never been screened by
either FOBT or endoscopy, respectively.
These findings mirror those of US
population-based studies that found that
up to 65% of individuals had never received
either of these exams”"3 and of one
Canadian study that reported that up to
77% had never been screened for CRC."
Likewise, in a 6-year follow-up study of
Ontario beneficiaries, nearly 80% of CRC
screen-eligible individuals aged 50 to
59 years did not receive any large bowel
evaluation. Not only do our findings point
to the gross underuse of CRC screening,
they also convey the message that CRC
screening rates are considerably lower
than those for either breast or cervical
cancer.®3”% In 2003, the proportion of
screen-eligible women who underwent
guideline-recommended screening was
79% forPaptestand 61 % formammography,
the latter increasing from 53% in 2001.%
The rise in breast-cancer screening rates
may be explained by the increasing number
of enrollees in provincially organized
breast-cancer screening programs, which
have been adopted by all Canadian
provinces.* Multimodal endeavors that
proved effective for improving breast-
cancer screening rates may be effective
at boosting rates of CRC screening.
Undoubtedly, providing CRC screening
within the context of an organized program
may prove to be advantageous by promoting
awareness of CRC screening, especially in
the younger age group, and monitoring
guideline-recommended CRC screening in
average-risk Canadians.

Several limitations and strengths are
important to consider when interpreting
our findings. Endoscopy screening rates
may have been overestimated if respondents
with bowel disease indicated a screening
procedure: since inflammatory bowel
disease is a risk factor for the development
of CRC, affected individuals are advised to
undergo surveillance colonoscopy at more
frequent time intervals compared to those
considered at average-risk. However, this
would not have meaningfully affected the
rates of screening because less than 1% of
the study population would have been
misclassified (3.6% of respondents with
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bowel disease, of which 23% had a
screening endoscopy in the past 5 years).
Adherence to endoscopy screening guide-
lines may have been overestimated if
individuals who underwent sigmoidoscopy
beyond the recommended 5 years were
included. Adherence to current CRC
screening guidelines may have been under-
estimated as 1.3% of respondents were
classified as non-adherent based on only
one procedure. CRC screening rates may
have been slightly underestimated as some
of the 50-year-old respondents who reported
not being screened at survey time may have
been screened before the end of their
50™ year. Given the large variability by geo-
graphic location, results are likely not gener-
alizable to Canadian provinces for which CRC
screening data were not available.

Determining the extent to which CRC
screening is performed nationally is
methodologically challenging. Whereas
administrative database studies cannot
distinguish screening exams from those
that are performed for other indications,
surveys such as the CCHS Cycle 2.1 include
responses that permit the determining of
the indication for undergoing the procedure.
In contrast, surveys that rely on self-report
may be problematic for distinguishing
sigmoidoscopy from colonoscopy. However,
good sensitivity and specificity for self-
reported use are found when the two
procedures are grouped together,*>* as was
done in the CCHS.

Study strengths include 1) defining
adherence to current CRC screening
guidelines according to both FOBT and
endoscopy, which provides a snapshot of
the proportion of the population that has
undergone CRC screening; and 2)
determining outcomes in a population
where over 96% are at average-risk for the
development of CRC. Finally, rates by
geographical location are likely to remain
stable over short time intervals given that
only 4.1% of Canadians aged 45 and over
move out of province each year.** Because
this study used data from 2003 and
awareness of CRC screening has increased
substantially in the last few years, current
CRC screening rates are likely higher than
those reported.

Conclusion

In summary, most average-risk respondents
had never been screened for CRC by either
FOBT or endoscopy, with close to 70%
being non-adherent to current screening
guidelines. Higher rates of non-adherence
to CRC screening guidelines in those aged
50 to 59 suggest delayed uptake of CRC
screening recommendations by physicians
and younger, average-risk Canadians. It is
unclear why screening rates were lower in
most regions of British Columbia. Greater
use of endoscopy compared to FOBT
suggests that it may be used increasingly
as a primary CRC screening strategy. The
absence of an urban vs. rural difference
suggests that a lack of resources in rural
areas is not impeding CRC screening. The
very low screening rates found in this study
coupled with the evidence that CRC
screening can reduce incidence of and mor-
tality from CRC suggest that multimodal
efforts are needed to increase Canadians’
awareness and use of CRC screening.

Acknowledgments

This research was supported by a grant
from the Canadian Institutes for Health
Research (CIHR), MOP 77666.

Maida J. Sewitch, PhD, is supported as a
Research Scientist of the Canadian Cancer
Society through an award from the National
Cancer Institute of Canada.

Ethical approval from the Research Ethics
Board of the Research Institute of the McGill
University Health Centre and permission
from Statistics Canada were obtained prior
to study inception.

References

1. Canadian Cancer Society/National Cancer
Institute of Canada. Canadian Cancer
Statistics, 2008. Toronto, 2008.

2. Public Health Agency of Canada. Reducing
Canadian colorectal cancer mortality through
screening. 2002. URL: http://www.phac-aspc.
gc.ca/publicat/ncces-cndec/cesrec-eng.php.

Vol 29, No 1, 2008




10.

11.

12.

Leddin D. The Canadian Association of

Gastroenterology  position on colon
cancer screening. Can J Gastroenterol.

2003;17(2):133-134.

Canadian Cancer Society. Screening for
colorectal cancer. 2004. URL: http://www.
cancer.ca/ccs/internet/standard/0,3182,
3649_10175_74549480_langld-en,00.html.

u.s.
Screening for colorectal cancer: recom-

Preventive Services Task Force.
mendations and rationale. Ann Intern Med.

2002;137(2):129-131.

Winawer S, Fletcher R, Rex D et al.
Colorectal cancer screening and surveil-
lance: clinical guidelines and rationale-
update based on new evidence.

Gastroenterology. 2003;124:544-560.

Ata A, Elzey JD, Insaf TZ, Grau AM,
Stain SC, Ahmed NU. Colorectal cancer
prevention: adherence patterns and
correlates of tests done for screening
purposes within United States populations.

Cancer Detect Prev. 2006;30(2):134-143.

Increased use of colorectal cancer tests —
United States, 2002 and 2004. MMWR Morb
Mortal Wkly Rep. 2006;55(11):308-311.

McGlynn EA, Asch SM, Adams J, et al. The
quality of health care delivered to adults
in the United States. N Engl J Med.
2003;348(26):2635-2645.

Etzioni DA, Ponce NA, Babey SH et al.
A population-based study of colorectal
results from the 2001
California Health Interview Survey. Cancer.
2004;101(11):2523-2532.

cancer test use:

McQueen A, Vernon SA, Meissner HI,
Klabunde CN. Are there gender differences
in colorectal cancer test use prevalence and
correlates? Cancer Epidemiology, Biomarkers
& Prevention. 2006;15(4):782-791.

Rabeneck L, Paszat LF. A population-based
estimate of the extent of colorectal cancer
screening in Ontario. Am J Gastroenterol.
2004;99(6):1141-1144.

Vol 29, No 1, 2008

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Vinden C, Schultz S, Rabeneck L. ICES
Research Atlas: Use of Large Bowel
ON:
Institute for Clinical Evaluative Sciences

(ICES), 2004.

Procedures in Ontario. Toronto,

Ramji F, Cotterchio M, Manno M, Rabeneck
L, Gallinger S. Association between subject
factors and colorectal cancer screening partic-
ipation in Ontario, Canada. Cancer Detection
and Prevention. 2005;29(3):221-226.

McGregor SE, Hilsden RJ, Li FX, Bryant HE,
Murray A. Low uptake of colorectal cancer
screening 3 years after release of national
recommendations for screening. Am J
Gastroenterol. 2007;102(8):1727-1735.

Statistics Canada. Canadian Community
Health Survey Cycle 2.1. 2003. URL:http://
www.statcan.ca/english/concepts/health/

cycle2_1/cchsinfo.htm.

Statistics Canada. The Canadian Community
Health Survey, Cycle 2.1. 2002.

Statistics Canada. Health regions: Boundaries
and correspondence with census geo-
graphy. 2003. Catalogue no. 82-402-XIE.

Statistics Canada. Canadian Community
Health Survey 2003: User Guide for the
Public Use Microdata File of 2005:22-32.

SAS Version 8.02. Cary, North Carolina,
USA, 2001.

Hilsden RJ. Patterns of use of flexible

sigmoidoscopy, colonoscopy and gas-
troscopy: a population-based study in a
Canadian province. Can J Gastroenterol.

2004;18(4):213-2119.

Ko CW, Kreuter W, Baldwin L-M. Persistent
demographic differences in colorectal cancer
screening utilization despite Medicare reim-
bursement. BMC Gastroenterol. 2005;5(1):10.

Cooper GS, Koroukian SM. Geographic
variation among Medicare beneficiaries
in the use of colorectal carcinoma screen-
ing procedures. Am J Gastroenterol.
2004;99(8):1544-1550.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Fehringer G, Howlett R, Cotterchio M,
Klar N, Majpruz-Moat V, Mai V. Comparison
of papanicolaou (Pap) test rates across
Ontario and factors associated with
cervical screening. Can J Public Health.

2005;96(2):140-144.

Canadian Cancer Society/National Cancer
Institute of Canada. Canadian Cancer

Statistics 2006.

Lemon S, Zapka J, Luckmann R, Chasan-
Taber
participation: comparisons with mammo-

L. Colorectal cancer screening
graphy and prostate-specific antigen
screening. Am J Pub Health. 2001;91(8):
1264-1272.

Cokkinides VE, Chao A, Smith RA, Vernon
SW, Thun MJ. Correlates of underutilization
of colorectal cancer screening among U.S.
adults, age 50 years and older. Prev Med.
2003;36(1):85-91.

Nadel MR, Blackman DK, Shapiro JA, Seeff
LC. Are people being screened for colorectal
cancer as recommended? Results from the
National Health Interview Survey. Prev
Med. 2002;35(3):199-206.

Walsh JME, Posner SF, Perez-Stable J. Colon
cancer screening in the ambulatory setting.
Prev Med. 2002;35(3):209-218.

Thompson B, Coronado GD, Solomon CC,
McClerran DF, Neuhouser ML, Feng Z.
Cancer prevention behaviours and socio-
economic status among Hispanics and non-
Hispanic whites in a rural population in the
United States. Cancer Causes and Control.
2002;13(8):719-728.

DR, Mucci LA.
Correlates of colorectal cancer testing in

Brawarsky P, Brooks

Massachusetts men and women. Prev Med.
2003;36(6):659-668.

Ioannou GN, Chapko MK, Dominitz JA.
Predictors of colorectal cancer screening
participation in the United States. Am J
Gastroenterol. 2003;98(9):2082-2091.

Chronic Diseases in Canada




33.

34.

35.

36.

37.

38.

39.

40.

41.

Madlensky L, Esplen MJ, Gallinger S,
McLaughlin JR, Goel V. Relatives of colo-
rectal cancer patients. Factors associated
with screening behavior. Am J Prev Med.
2003;25(3):187-194.

Harewood GC, Lieberman DA. Colonoscopy
practice patterns since introduction of
Medicare coverage for  average-risk
screening. Clin Gastroenterol Hepatol.
2004;2(1):72-77.

Flanagan WM, LePetit C, Berthelot JM,
White KJ, Coombs BA, Jones-McLean E.
Potential impact of population-based
colorectal cancer screening in Canada.
Chronic Dis Can. 2003;24(4):81-88.

Colorectal cancer test use among persons
aged > or = 50 years - United States, 2001.
MMWR Morb Mortal Wkly Rep. 2003;
52(10):193-196.

Swan J, Breen N, Coates RJ, Rimer BK, Lee
NC. Progress in cancer screening practices
in the United States. Results from the 2000
National Health Interview Survey. Cancer.
2003;97(6):1528-1540.

Robertson RH, Burkhardt JH, Powell MP,
Eloubeidi MA, Pisu M, Weissman NW.
Trends in colon cancer screening procedures
in the US Medicare and Tricare populations:
1999-2001. Prev Med 2006;42(6):460-462.

Meissnner HI, Breen N, Klabunde CN, Vernon
SW. Patterns of colorectal cancer screening
uptake among men and women in the United
States. Cancer Epidemiology, Biomarkers &
Prevention 2006;15(2):389-394.

Miedema BB, Tatemichi S. Breast and
cervical cancer screening for women
between 50 and 69 years of age: what
prompts women to screen? Womens Health
Issues. 2003;13(5):180-184.

Wadden N, Doyle GP. Breast cancer
screening in Canada: a review. Can Assoc
Radiol J. 2005;56(5):271-275.

Chronic Diseases in Canada

42.

43.

44.

Baier M, Calonge N, Cutter G et al. Validity
of self-reported colorectal cancer screening
behavior. Cancer Epidemiology, Biomarkers
& Prevention. 2000;9(2):229-232.

Madlensky L, McLaughlin J, Goel V. A
comparison of self-reported colorectal
screening with medical records. Cancer
Epidemiology, Biomarkers & Prevention.
2003;12(7):656-659.

Statistics Canada. Population 1 year and
over by age groups, showing mobility status
(place of residence 1 year ago), for Canada,
provinces and territories, 1996 census (20 %
sample data). URL: http://www.statcan.ca/
english/census96/aprl4/mob2.htm.

Vol 29, No 1, 2008




Stroke surveillance in Manitoba, Canada:
Estimates from administrative databases

DF Moore, MD, PhD (1); LM Lix, PhD (2); MS Yogendran, MSc (3); P Martens, PhD (3); A Tamayo, MD (4)

Abstract

This study investigated the use of population-based administrative databases for stroke
surveillance. First, a meta-analysis was conducted of four studies, identified via a PubMed
search, which estimated the sensitivity and specificity of hospital data for ascertaining
cases of stroke when clinical registries or medical charts were the gold standard.
Subsequently, case-ascertainment algorithms based on hospital, physician and prescription
drug records were developed and applied to Manitoba’s administrative data, and prevalence
estimates were obtained for fiscal years 1995/96 to 2003/04 by age group, sex, region of
residence and income quintile. The meta-analysis results revealed some over-ascertainment
of stroke cases from hospital data when the algorithm was based on diagnosis codes for
any type of cerebrovascular disease (Mantel-Haenszel Odds-Ratio [OR] - 1.70 [95%
confidence interval (CI): 1.53 — 1.88]). Analyses of Manitoba administrative data revealed

that while the total number of stroke cases varied substantially across the algorithms, the
trend in prevalence was stable regardless of the algorithm adopted.

Key words: administrative data, surveillance, population health, stroke,
longitudinal, diagnoses
Introduction

Death due to stroke is ranked third in
Canada and in other developed countries
after heart diseases and cancer, while the
stroke burden and case fatality rate is
estimated to eclipse that of other chronic
diseases.!® Despite advances in acute
stroke care, prevention of stroke-related
risk factors is likely to remain the most
effective mechanism to reduce the disease
burden.* Population-based surveillance
allows researchers and policy analysts to
describe the disease burden for population
groups defined by such characteristics as
age, sex, region of residence and income
level. Surveillance can also facilitate
assessments of the effectiveness of risk
prevention strategies over time. Large-scale
administrative databases have been used
for population-based surveillance of a
number of chronic conditions, including

stroke.>® The advantages of administrative
data include: (a) ability to generalize
prevalence estimates to the whole
population rather than just to specific sub-
populations, (b) lower costs associated
with establishment and maintenance of a
surveillance system,’ (c) ability to monitor
trends in prevalence, and (d) opportunity
to investigate associated co-morbidities.”

Hospital administrative data have often
been used to identify stroke cases in the
population, but there has been only limited
investigation of physician billing claims
for this purpose.®!? The choice of diagnosis
codes to identify stroke cases has been
a critical issue in the development of case-
ascertainment algorithms using adminis-
trative data. An algorithm based on
diagnostic codes for all forms of cerebro-
vascular disease will have improved

sensitivity, but could result in possible
over-ascertainment of stroke cases when
compared with a clinical data source. An
algorithm based on a narrower set of
diagnostic codes will have improved
specificity, but may result in conservative
estimates of the number of stroke cases.!*!4
In the medical literature, ischemic stroke is
often classified according to the TOAST
(Trial of ORG 10172 in Acute Stroke
Treatment) criteria.'®'” This classification
better defines the aetiology of ischemic
stroke by focusing on clinical treatment
strategies such as the use of warfarin for
cardio-embolic stroke or anti-platelet
therapy for large and small vessel disease.

At present, no studies have extended the
methodology of stroke case ascertainment
to include data from population-based
prescription drug dispensation records,’
which are now routinely maintained in a
number of jurisdictions. It is possible that
the combination of three data sources -
hospital separations, physician billing
claims, and prescription drug records -
may improve stroke case ascertainment. '8
In fact, in one study of six chronic diseases
(hypertension, heart failure, chronic lung
disease, arthritis, glaucoma and diabetes),
the use of multiple administrative data-
bases to ascertain disease cases resulted in
specificity greater than 0.95 and sensitivity
greater than 0.90 when compared with an
independent validation data source.®

In the current study we begin by using
meta-analysis techniques to assess the
validity of diagnoses in administrative data
for stroke case ascertainment. We then
apply the meta-analysis results to develop
case-ascertainment algorithms based on
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diagnoses in hospital and physician data as
well as records of dispensations for pres-
cription drugs used in the treatment of
stroke. The algorithms are applied to admin-
istrative data from Manitoba, Canada, to
estimate the prevalence of stroke by age,
sex, region of residence and income group
over time.

Methods
Meta-analysis of stroke case ascertainment

A comprehensive PubMed search on the
terms administrative database AND stroke
OR cerebrovascular disease identified a
total of 28 references for the period 1965-
2005. After full review of these articles by
the first author, four were selected for
investigation using meta-analytic tech-
niques. All of the selected studies used a
“gold standard”, that is, an independently
maintained stroke registry or a prospective
or retrospective chart review to validate
administrative data for stroke case ascer-
tainment. The studies selected for the
meta-analysis relied on hospital data in
which diagnoses were coded using the
International Classification of Diseases,
9th revision (ICD-9). Studies excluded from
the meta-analysis did not validate the
administrative data, did not use ICD-9
codes to ascertain disease cases, and/or
did not disclose the information necessary
to construct a 2 x 2 classification table
composed of the number of stroke cases
and non-cases in the administrative and
validation datasets.

The studies selected for the meta-analysis
identified acute stroke cases using a
“sensitive” algorithm based on all diagnosis
codes for cerebrovascular disease (i.e.
ICD-9-CM 430 to 438) and/or a “specific”
algorithm based on a subset of ICD-9-CM
codes most likely to identify only acute
stroke cases in administrative data.

Odds ratios (ORs) were calculated for each
of the studies included in the meta-analysis
for the sensitive and specific algorithms.
Pooled odds ratios were calculated for the
sensitive and specific algorithms using the
Mantel-Haenszel method.”* The pooled
ORs were based on three datasets for the
sensitive algorithm and four datasets for
the specific algorithm. An OR = 1.0 indicates
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that the probability of the event (i.e. stroke
case ascertainment) is equally likely in
both the administrative data and validation
data source. An OR > 1.0 indicates an
overestimate of stroke ascertainment by
the administrative data compared to the
validation data source while an OR < 1.0
indicates that stroke case ascertainment is
lower in administrative data than in the
validation data source. The meta-analysis
was conducted using SAS software.?

Stroke case ascertainment in Manitoba’s
administrative data

The Research Data Repository housed at
the Manitoba Centre for Health Policy
(MCHP) was used to estimate stroke
prevalence for sensitive and specific case-
ascertainment algorithms. The Repository
has been used in many studies of population
health and health services use.?**

MCHP maintains comprehensive population-
based administrative data, including hospital
separations, physician billing claims, and
out-patient prescription drug dispensation
records, for all health insurance registrants.’
The Manitoba population is approximately
1.2 million according to Statistics Canada
Census figures.?® Nonparticipation in the
provincial health insurance program is
minimal since no premium payment
requirement exists.> Administrative data
files in the Repository can be linked over
time via a unique anonymized personal
health identification number (PHIN).
Demographic information for health insu-
rance registrants, including age, sex and
geographic location of residence is available
in the Repository by linking to the popu-
lation registry. As well, income groups have
been derived by linking the Repository data
to data for dissemination areas. These are
the smallest geographic areas for which
Statistics Canada Census data are provided.

A hospital separation abstract is completed
at the point of discharge from an acute
care facility; each abstract contains up to
16 diagnosis codes. Physician billing claims
contain a single diagnosis code. A small
number of physicians in Manitoba are
salaried; however, most of them submit
“shadow billing claims” for billing purposes.
It has been estimated that shadow billing
results in at least 80% capture of services

(Katz A., personal communication, February
2007). Diagnoses in hospital and physician
data are recorded using ICD-9-CM codes up
to fiscal year 2003/04, but commencing in
fiscal year 2004/05, ICD-10-CA coding was
introduced in hospital separations.

The Drug Programs Information Network
(DPIN) is an on-line point-of-sale pres-
cription drug database linking all retail
pharmacies in Manitoba. DPIN captures
prescription drug dispensations for all
Manitoban residents regardless of coverage
mechanism. Prescription drugs are identified
via drug identification numbers (DINs)
which are linked to the Drug Product
Database maintained by Health Canada.
Anatomic Therapeutic Chemical (ATC)
codes* are added to allow categorization of
drugs into appropriate therapeutic and
pharmacological subgroups.

All 16 diagnosis fields in a hospital sepa-
ration abstract were searched to identify
stroke cases. Table 1 lists ICD-9-CM codes
for cerebrovascular disease, the stroke type
to which each code corresponds, and its
relationship to the TOAST criteria. Using
TOAST, ischemic stroke is categorized as
stroke related to (a) large artery athero-
sclerosis (including large artery thrombosis
and artery-to-artery embolism), (b) cardio-
embolism, (c) small artery occlusion, (d)
stroke of other determined cause, and/or
(e) stroke of undetermined cause. The
TOAST cardio-embolic stroke category can-
not be identified from ICD-9-CM codes.

After reviewing the literature and consulting
with clinical experts, the authors selected
the following drug categories for identi-
fication of stroke cases from the DPIN data:
(a) anti-platelet agents such as aspirin
(ASA) at 81 or 325 mg once a day, clopi-
dogrel, ticlopidine, dipyridamole and com-
bination agents such as Aggrenox (ASA
25 mg dipyridamole 200 mg slow release)
and (b) oral anti-coagulants such as war-
farin, phenindione, and nicoumalone. The
ATC codes (fifth level) were B01AAO02,
BO1AAO3, BO1AAO7, BO1AC07, BO1ABO1,
BO1AC30, BO1ACOS5, BO1AC06, BO1ACO04,
B01AB09, B0O1AB04,B01AB10. Thrombolytic
agents such as rt-PA (recombinant tissue
plasminogen activator) and intravenous
anti-platelet agents (anti GP 2b/3a) such as
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abciximab, tirofiban and eptifibatide cannot
be identified in DPIN data.

Stroke cases were identified by the following
rules: at least one hospital separation in
one fiscal year (i.e. 1+ H), or at least two
ICD-9-CM physician billing claims in one
fiscal year (i.e. 2 + P), or at least one
physician billing claim in one fiscal year
together with at least two prescription drug
records in one fiscal year (i.e. 1+ P and
2+ Rx). Case counts were derived for each
of the fiscal years 1995/96 to 2003/04. The
fiscal year extends from April 1 to March 31
of the following year. This time period was
chosen because in 1994/95 the DPIN
system originated, while in 2004/05 ICD-
10-CA coding was introduced. Consistency
was therefore maintained by the yearly
application of a case-ascertainment algorithm
based on ICD-9-CM codes.

Frequencies of stroke cases were compiled
for both sensitive and specific algorithms
by study year, age group (19 to 44, 45 to 54,
55 to 64, 65 to 74, 75 to 84, 85 years and
older), sex, region of residence (Northern
Regional Health Authorities, Southern
Regional Health Authorities and Winnipeg

Regional Health Authority, with the Regional
Health Authority representing the health
administrative unit of the province) and
income quintile (Q1 to Q5, with Q1
representing the lowest income group). The
geographic areas broadly correspond to
sparsely populated rural, rural, and urban
communities. Individuals were assigned to
income quintiles using average household
income data for dissemination areas, and
then ranked according to these areas. The
quintiles are defined so that approximately
20% of the total population is assigned to
each group.” Income quintiles are defined
separately for urban and rural areas.
Prevalence estimates were calculated using
data from the provincial registry to compute
the denominator of the estimate.

Regression analyses were conducted to test
for differences in the relative rate (RR) of
stroke for different population sub-groups
and over time. The data for each study year
were first analyzed using generalized linear
models* to relate stroke counts to the main
effects of age group, sex, region of residence,
income quintile and algorithm (i.e. sensi-
tive, specific), as well as selected two-way
interactions among these variables. To

TABLE 1
1CD-9-CM codes for ascertaining cases of stroke in administrative data, relationship to
TOAST criteria and frequency in Manitoba hospital separations, 1995/96 to 2003/04

1CD-9- Stroke Type TOAST Criterion Freq® %

CM Code

430 Subarachnoid hemorrhage N/A? 901 1.7

431 Cerebral hemorrhage N/A 2038 4.0

432 Other and unspecified N/A 951 1.8
intracranial hemorrhage

433 Occlusion and stenosis of Large vessel disease 5957 {12
pre-cerebral arteries

434 Occlusion of cerebral arteries Large and small vessel disease 5968 11.9

435 Transient cerebral ischemia N/A 8189 16.3

436 Acute but ill-defined Stroke of other determined cause 12 061 24.0
cerebrovascular disease

437 Other and ill-defined Stroke of undetermined cause 2667 6.5
cerebrovascular disease

438 Late effects of N/A 12 266 22.4
cerebrovascular disease

All 50 098 100.0

2 N/A = not applicable

® Frequencies are the number of individuals (19 years and older) with at least hospital separation having the identified

1CD-9-CM code
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ensure a parsimonious model, only those
interactions that resulted in a significant
improvement in model fit, as evaluated
with a likelihood ratio test, were retained.
An offset, the log of the total population,
was included in all models. The data
were initially parameterized using Poisson,
negative binomial and gamma distributions.
Goodness-of-fit statistics were compared,
and the distribution resulting in the best
fitting model was selected. The longitudinal
data were analyzed using a generalized
linear model with generalized estimating
equations (GEEs) to account for correlation
among the stroke case counts over time.*
The main effects of age group, sex, region
of residence, income quintile, algorithm
and year/time were included in the model.
Selected two-way interactions wereincluded,
but these model effects were only retained
if they resulted in a significant improvement
in model fit. Again, the data were initially
parameterized using Poisson, negative
binomial and gamma distributions, and
goodness-of-fit statistics were compared.
The correlation structure was chosen to be
exchangeable after examination of the sample
correlation matrix. The regression analyses
were conducted using SAS software.?

Results
Meta-analysis of stroke case ascertainment

Table 2 reports the study-specific ORs for
stroke case ascertainment from hospital
administrative data. The specific algorithm
based on the restricted set of ICD-9-CM
codes, for which there were three datasets
available for analysis, resulted in ORs
which were smaller in magnitude and
closer to 1.0 than the ORs for the sensitive
algorithm based on all diagnosis codes for
cerebrovascular disease, for which there
were four datasets available for analysis.
As Table 2 reveals, the pooled OR for the
datasets that used a sensitive algorithm
was 1.70 (95% CI: 1.53, 1.88) while the
pooled OR for the datasets that used a
specific algorithm was 1.02 (95% CI: 0.93,
1.13), indicating some over-ascertainment
for the former but not for the latter.
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TABLE 2
Odds ratios (ORs) for the meta-analysis of stroke case ascertainment in hospital data for
sensitive and specific sets of diagnosis codes

Study

Sensitive Algorithm
OR (95% CI)?

Specific Algorithm
OR (95% CI)®

Ellekjaer et al. 3
Leibson et al. '®
Reker et al.*®

Tirschwell et al.

1.76 (1.51, 2.05)
1.47 (1.17, 1.86)
1.76 (1.46, 2.10)

1.17 (1.00, 1.38)
1.20 (0.95, 1.53)
0.72 (0.58, 0.89)
1.02 (0.80, 1.31)

Pooled OR

1.70 (1.53, 1.88)

1.02 (0.93, 1.13)

 The sensitive algorithm is based on ICD-9-CM codes 430 to 438 for all studies except for Reker et al. 33 who excluded

437 and 438

® The specific algorithm is based on ICD-9-CM codes 430, 431, 434 and 436 for all studies except Reker et al. 33
(excluded 436), Leibson et al. 18 (included 437), and Tirschwell et al. 13 (included 435)

Stroke case ascertainment in Manitoba’s
administrative data

Table 1 shows the frequency of stroke cases
identified from hospital data for each of
ICD-9-CM codes 430 to 438 for the period
1995/96 to 2003/04. More than half (54.7 %)
of cases had non-specific diagnostic codes of
432, 436, 437 and 438.

The frequency of stroke cases from hospital,
physician, and pharmacy administrative data
is reported next. The number of cases
satisfying the 1 + H rule was identified first,
followed by the number of cases identified
with the 2 + P rule, and then the number
of additional cases identified with the 1 + P
and 2 + Rx rule. The results are reported
separately for the sensitive algorithm based
on all diagnoses for cerebrovascular disease
in hospital and physician administrative
data and the specific algorithm based on a
subset of diagnoses most likely to identify
acute stroke cases. For the latter, we initially
reported the results for two different subsets
of ICD-9-CM codes: one set included
transient ischemic attacks while the other
did not. Only the results for the first specific
algorithm are included in subsequent
regression analyses.

As Table 3 reveals for the sensitive algorithm,
49.9% of stroke cases were identified from
hospital data at the beginning of the study
period (i.e. 1995/96); this percentage
dropped substantially to 38.5% by the end
of the study period. However, the per-
centage of stroke cases identified solely
from physician data remained relatively
constant over time. The percentage of cases
identified from a combination of physician
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data and prescription drug data increased
over time, from 5.6% in 1995/96 to 15.8%
in 2003/04. The same trend of decreasing
numbers of stroke cases identified from
hospital data and increasing numbers
identified from physician and prescription
drug data was also observed when the
more specific algorithm was adopted.

The crude provincial prevalence estimates
(Table 3) are relatively unchanged across time
regardless of the algorithm used. However,
the rate based on the smallest set of ICD-9-
CM codes is approximately half the value
of the rate derived using the full set of
diagnostic codes for cerebrovascular disease.

Next, the number of stroke cases in each
year was analyzed using generalized linear
models. The negative binomial distribution
provided a better fit to the data than either
the Poisson or gamma distributions as
judged by the ratio of the residual deviance
to the model degrees of freedom. The
likelihood ratio test showed that models
containing two-way interactions were not
a significantly better fit to the data than a
simpler model containing main effects only
(p > .05), thus the latter was retained. The
model results for fiscal year 1998/99 are
reported in Table 4; similar results were
observed for all other years of data and are
therefore not reported here. The relative
rate (RR) of stroke was significantly lower
in both southern rural and urban regions
than in northern Manitoba, and significantly
higher in older groups. An income gradient
was observed, such that the RR of stroke
was lower in higher income quintiles. The
rate was higher in males than in females,

and the rate for the specific algorithm was
significantly lower than for the sensitive
algorithm.

The longitudinal prevalence data were also
modeled. A negative binomial distribution
was again selected because it resulted in
a better fit to these data than either the
gamma or Poisson distributions. The inclu-
sion of year x region and year x age group
interaction terms resulted in a significant
improvement in model fit; other two-way
interaction terms were not retained in the
model because they did not significantly
improve model fit. For the year x region
interaction, the analyses revealed that after
adjusting for other model effects, the RR of
change in stroke prevalence was greater for
southern rural (RR = 1.01, 95% CI = 1.00,
1.02) and for urban (RR = 1.02, 95% CI =
1.01, 1.04) regions than for the northern
regions of Manitoba. For the latter, the
analyses showed that compared to the
19 to 44 years age group, the RR of change
in stroke prevalence was lower for 55 to
64 years (RR = 0.96; 95% CI = 0.95,0.99),
65 to 74 years (RR = 0.96; 95% CI = 0.94,
0.97), 75 to 84 years (RR = 0.95;95% CI =
0.94, 0.97), and 85+ vyears (RR = 0.96;
95% CI = 0.94, 0.98). Figures 1 and 2 illus-
trate the nature of the trends in prevalence
estimates for age groups and regions. Main
effects of sex, income quintile and algorithm
were also significant (p < 0.05), and the
RR estimates were similar to those reported
in Table 4.

Discussion

This study builds on previous research that
has explored the potential role of adminis-
trative data for stroke surveillance. A number
of case-ascertainment algorithms were
applied to administrative databases available
in Canadian provinces and territories. The
stroke prevalence estimates were indirectly
validated via a meta-analysis of previous
studies that compared hospital data to
medical chart or registry data. The results
of the meta-analysis revealed that the odds
of agreement between administrative data
and chart or registry data were better when
a specific set of diagnostic codes was used
instead of a sensitive set of codes.
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TABLE 3

Frequency (%) of stroke cases by data source and ICD-9-CM codes and crude prevalence of stroke, 1995/96 — 2003/04

Hospital® Physician Physician + Drug Total
(1+H) (2+P) (1+P&2+Rx)
Fiscal Year I Freq I % I Freq I % I Freq I % I Freq I Prev (%)
Sensitive Algorithm (ICD-9-CM 430 to 438)
1995/96 4882 49.9 4349 44.5 551 5.6 9782 1.16
1996/97 5053 51.5 4203 42.9 547 5.6 9803 1.16
1997/98 4790 48.7 4339 44.1 701 7.1 9830 1.16
1998/99 4777 48.6 4357 443 702 7.1 9836 1.16
1999/00 4488 45.8 4398 44.9 920 9.4 9806 1.16
2000/01 4585 443 4587 443 1176 11.4 10 348 1.21
2001/02 4276 41.5 4557 443 1462 14.2 10 295 1.20
2002/03 3948 39.9 4447 45.0 1488 15.1 9883 1.14
2003/04 3993 38.5 4746 45.7 1635 15.8 10 374 1.19
Specific Algorithm #1 (ICD-9-CM 430, 431, 434, 435, 436)
1995/96 3283 43.8 3704 49.4 517 6.9 7504 0.89
1996/97 3239 43.8 3573 48.3 584 79 7396 0.88
1997/98 3166 42.3 3656 48.9 662 8.8 7484 0.89
1998/99 3234 43.4 3554 47.7 656 8.8 7444 0.88
1999/00 2956 39.9 3603 48.6 855 11.5 7414 0.87
2000/01 2955 37.5 3836 48.7 1084 13.8 7875 0.92
2001/02 2831 36.1 3726 47.5 1281 16.3 7838 0.91
2002/03 2666 35.6 3546 47.4 1275 17.0 7487 0.87
2003/04 2705 33.8 3869 48.4 1422 17.8 7996 0.92
Specific Algorithm #2 (1CD-9-CM 430, 431, 434, 436)
1995/96 2431 45.1 2518 46.7 439 8.1 5388 0.64
1996/97 2406 45.7 2433 46.2 426 8.1 5265 0.62
1997/98 2281 43.2 2525 47.9 468 8.9 5274 0.62
1998/99 2328 44.1 2478 46.9 475 9.0 5281 0.62
1999/00 2091 40.1 2507 48.1 614 11.8 5212 0.61
2000/01 2197 39.5 2599 46.8 761 13.7 5557 0.65
2001/02 2113 37.7 2601 46.3 898 16.0 5612 0.65
2002/03 2035 37.8 2468 45.9 875 16.3 5378 0.62
2003/04 2023 353 2683 46.8 1024 17.9 5730 0.66

2 Hospital separations (1 + H) have precedence over physician billing claims (2 + P), which in turn have precedence over combined physician and prescription drug data (1 + P and 2 + Rx)

for identification of stroke cases

Examination of the distribution of stroke
cases across the diagnosis codes can yield
insights into health-care resource require-
ments. In Manitoba we found that in hospital
data, almost 1000 stroke cases per year
(i.e. about 16%) are identified as transient
ischemic attacks with, by definition, no
extended functional neurological deficits.
Patients with such events are good candi-
dates for secondary prevention through the
correct assessment of cerebrovascular risk
factors together with subsequent treatment
involving surgery or medical therapy. The
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number of subarachnoid and cerebral hemor-
rhages was seen to represent approximately
10% of all stroke cases in Manitoba com-
pared to the usually quoted 20% rate for
hemorrhagic stroke in most population
studies. While it is likely that coding for
hemorrhagic stroke is reliable due to the
nature of the clinical encounter, such discrep-
ancies in ascertainment can only really be
resolved by validation studies involving
direct chart review or by development of
an inclusive stroke registry.

The use of physician billing claims and
prescription drug records in addition to
hospital separations increased the total
number of stroke cases identified with
Manitoba’s administrative data. In fact, the
number of identified cases nearly doubled
merely by inclusion of the physician billing
data. The use of prescription drug records
in combination with physician billing claims
resulted in identification of a small but
increasing number of cases over time.
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TABLE 4

Regression analyses of the relative rate (RR) of stroke in Manitoba, 1998/99
Model Effect Estimate (se)" RR (95% CI)*
South Rural -0.27 (0.05) 0.77 (0.70, 0.84)
Winnipeg -0.25 (0.05) 0.78 (0.71, 0.85)
North Rural Ref -
85 years and older 4.54 (0.05) 93.41 (84.92, 102.76)
75-84 years 4.24 (0.05) 69.61 (63.67, 76.10)
65-74 years 3.55 (0.05) 34.97 (31.95, 38.28)
55-64 years 2.72 (0.05) 15.20 (13.83, 16.72)
45-54 years 1.70 (0.05) 4.47 (4.93, 6.06)
19-44 years Ref -
Quintile 5 -0.30 (0.03) 0.74 (0.69, 0.79)
Quintile 4 -0.20 (0.03) 0.82 (0.49, 0.62)
Quintile 3 -0.16 (0.03) 0.86 (0.81, 0.91)
Quintile 2 -0.13 (0.03) 0.88 (0.83, 0.93)
Quintile 1 Ref -
Male 0.23 (0.02) 1.26 (1.21, 1.31)
Female Ref -
Specific! algorithm -0.27 (0.02) 0.77 (0.74, 0.80)
Sensitive algorithm Ref -

 se = standard error

b Parameter estimates were obtained using a generalized linear model with a negative binomial distribution

¢ Cl = confidence interval

4 The specific algorithm was based on the following ICD-9-CM codes: 430, 431, 434, 435 and 436

The total number of stroke cases identi-
fied with Manitoba’s administrative data
changed very little over time, although the
total number of cases identified with
hospital data decreased. This has important
implications for future stroke surveillance
studies. Use of a single administrative data
source could give a misleading picture of
changes in stroke prevalence over time.

Analyses of the annual stroke data revealed
significant variations across both income
groups and geographic areas of Manitoba,
even after adjusting for differences in age
and sex. The trend analyses showed that
the prevalence of stroke decreased slightly
across older age groups relative to the
youngest age group, but increased slightly
across urban and southern rural regions
relative to the northern region. Our study
results are largely consistent with other
epidemiological studies, such as the
Framingham study, which shows a greater
prevalence of stroke in males compared to
females and a stroke burden that is largely
unchanged over time.* These results have
important implications for stroke therapy,
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post stroke dependency, rehabilitation and
the development of targeted stroke preven-
tion programs. For example, thrombolytic
therapy in the older age group results in a
higher mortality, although this age group
has higher mortality than younger age
groups even without rt-PA.303

This study has some limitations. We have
estimated the annual prevalence of stroke,
but stroke incidence is not investigated.
However, the stroke incidence rate can be
estimated using the slope of the prevalence
trend. The stability of the prevalence
estimates over time suggests that incidence
remains relatively constant in Manitoba.
A complete picture of incidence would,
however, use provincial vital statistics data
in addition to hospital, physician, and
prescription drug data. Like all epidemio-
logical studies, investigations of stroke case
ascertainment from administrative data-
bases represent a snapshot of events with
an implied estimation error. While estima-
tion error was not quantified in the current
study, it was approximated by reporting
results for both sensitive and specific

algorithms, which likely represent the upper
and lower bounds of stroke prevalence.

The data capture all residents of Manitoba
having health registration coverage from
Manitoba Health in any one year. No
attempt was made to eliminate residents
who were only partially covered during the
fiscal year due to in-province or out-of-
province migration, and therefore may have
had a lower probability of meeting the
criteria required for identification of stroke
cases. At the same time, the inclusion of
residents with only partial coverage during
the fiscal year because of death means that
the data represent a better estimate of all
stroke cases in Manitoba, not just stroke
Survivors.

In a recent review of the transition from
ICD-9 to ICD-10 coding, no significant
difference was found between the two clas-
sification systems for stroke case ascer-
tainment or risk factors.® However, the
effect of the change in coding on stroke
case ascertainment in hospital separa-
tions warrants further investigation using
Manitoba data.

In conclusion, administrative data can be
used for population-based surveillance of
a variety of chronic conditions, including
stroke. Administrative data can be used to
describe socio-demographic variations in
the population-prevalence of stroke and to
conduct retrospective studies of change over
time. These data represent a cost-effective
tool for providing information about the
burden of stroke on the population and for
informing health policy decisions.
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FIGURE 1
Trends in crude prevalence of stroke by age group for (a) the sensitive algorithm and
(b) the specific algorithm,? 1995/96 to 2003/04
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Chronic Diseases in Canada Vol 29, No 1, 2008




FIGURE 2
Trends in crude prevalence of stroke by region of residence for (a) the sensitive
algorithm and (b) the specific algorithm,a 1995/96 to 2003/04
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Population-based data sources for chronic disease surveillance
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ABSTRACT

This study estimated agreement between population-based administrative and survey data
for ascertaining cases of arthritis, asthma, diabetes, heart disease, hypertension and stroke.
Chronic disease case definitions that varied by data source, number of years and number
of diagnosis or prescription drug codes were constructed from Manitoba’s administrative
data. These data were linked to the Canadian Community Health Survey. Agreement
between the two data sources, estimated by the k coefficient, was calculated for each case
definition, and differences were tested. Socio-demographic and comorbidity variables
associated with agreement were tested using weighted logistic regression. Agreement was
strongest for diabetes and hypertension and lowest for arthritis. The case definition
elements that contributed to the highest agreement between the two population-based data
sources varied across the chronic diseases. Low agreement between administrative and
survey data is likely to occur for conditions that are difficult to diagnose, but will be
mediated by individual socio-demographic and health status characteristics. Construction
of a chronic disease case definition from administrative data should be accompanied by a
justification for the choice of each of its elements.

Key words: chronic disease, case ascertainment, record linkage,
population health, surveillance
Introduction

Systematic investigations of the effect that

Population-based data about chronic the choice of an administrative case defi-

disease prevalence are essential to describe
the burden of disease and to plan and
evaluate disease prevention, treatment and
management strategies.! Administrative
databases and self-report responses from
health surveys are two key sources of
population-based data to estimate chronic
disease prevalence.”® Both sources have
limitations - the former because of concerns
about the accuracy of diagnostic infor-
mation, and the latter because of concerns
about the validity of self-reports of disease
diagnosis.>*® The congruence between the
two data sources has been investigated in
a few studies using subject-specific record-
linkage techniques.?1° Record linkage also
allows for investigation of the individual
characteristics that modify agreement
between the two data sources.

nition has on agreement between the two
population-based data sources are largely
absent from the literature. Chronic disease
case definitions are constructed by select-
ing specific combinations of the following
administrative data elements: source of
data, diagnosis or treatment codes, number
of years of data and number of contacts in
administrative records with the selected
code(s).”" There is no consensus about
the optimal case definition, and the choice
of case definitions is often based on the
availability of data in one’s jurisdiction.

This study investigates multiple defini-
tions for ascertaining cases of arthritis,
asthma, diabetes, heart disease, hyper-
tension and stroke from administrative
data and compares them with self-reports
of chronic disease from population-based

survey data. The specific objectives are to:
1) test the agreement between adminis-
trative and survey data while the elements
of a chronic disease case definition are
systematically manipulated; and 2) exam-
ine individual demographic, geographic,
socioeconomic and health status charac-
teristics that may affect agreement between
these two data sources.

Methods

The study was conducted using population-
based data from Manitoba, a centrally
located province in Canada with a universal
health care system. The Research Data
Repository housed at the Manitoba Centre
for Health Policy contains administrative
records provided by the provincial health
ministry under the Manitoba Health
Services Insurance Plan (MHSIP). The
Repository also houses population-based
survey data from the national Canadian
Community Health Survey (CCHS), and
the two sources can be directly linked via
a unique, anonymized personal health
identification number (PHIN).

Hospital, physician and prescription drug
databases were selected to construct the
case definitions. These administrative
databases have been used in other studies
to ascertain chronic disease cases.®”10:12
A hospital abstract is completed when
a patient is discharged from an acute
care facility. Each record includes up to
16 diagnosis codes from the International
Classification of Diseases, 9" Revision,
Clinical Modification (ICD-9-CM). All
16 codes were searched to identify disease
cases in this study. Physician claims are
submitted to the provincial ministry of
health by all physicians who are paid on a
fee-for-service basis. These claims capture
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all outpatient services, including those
for hospital emergency and outpatient
departments, and for residents of long-term
care facilities. While some physicians are
salaried (approximately 7% of family phy-
sicians in Manitoba'?), approximately 90%
of these physicians also submit parallel
billing claims for administrative purposes.
Accordingly, the billing claims database
captures almost all contacts with physicians
in Manitoba. Physician billing claims
contain a single ICD-9-CM code. Outpatient
prescription drug records are captured in
the Drug Programs Information Network
(DPIN), a centralized, electronic, point-
of-sale database connecting all retail phar-
macies in Manitoba. DPIN collects a
variety of information for each dispensa-
tion, including the date, drug name and
drug identification number (DIN). DINs are
linked to Anatomic Therapeutic Chemi-
cal (ATC) codes developed by the World
Health Organization; these codes classify
prescription drugs into groups at each of
five levels according to the organ or system
on which they act and/or their therapeutic
and chemical characteristics.!* DPIN data
have been deemed to be accurate both for
capture of drug dispensations as well as the
prescription details.' The prescription drug
database does not contain information
about any medications that are obtained
without a prescription, including over-the-
counter medications, complimentary med-
ication samples distributed directly from
physicians to patients, or medications
dispensed to hospitalized inpatients or
residents of long-term care facilities.

The CCHS provides cross-sectional estimates
of health status, health determinants, and
health system use for residents of 136 health
regions in Canada, including 11 Manitoba
regions.'® The survey uses a multi-stage
stratified clustered design. It represents
approximately 98% of the Canadian
population aged 12 years or older. In cycle
1.1, collected between September 2000 and
November 2001, there were 8120 Manitoba
respondents.

Anonymizedlinkagebetweenadministrative
and survey data was conducted for those
survey respondents who provided their
consent (n = 7560; 93.1%). After removing
invalid or missing PHINs, direct linkage

Vol 29, No 1, 2008

between administrative and survey data
was achieved for 6812 respondents (i.e.
83.9% of respondents). A cohort of survey
respondents with at least five years of
continuous coverage under the MHSIP
prior to their interview date was created
(n = 6422). The study excluded respondents
with less than five years of coverage
because preliminary analyses revealed that
discontinuous health insurance coverage
was associated with lower agreement
between survey and administrative data.
The administrative data were from fiscal
years 1997/98 to 2001/02.

The survey interview schedule included
the following directions: “Now I'd like to
ask about certain chronic health conditions
which you may have. We are interested in
‘long-term conditions’ that have lasted or
are expected to last six months or more and
that have been diagnosed by a health profes-
sional”. Table 1 lists the relevant questions.

A total of 152 case definitions were inves-
tigated (the complete list is available from
the corresponding author upon request),
and were developed using previous research
as a guide.>1727 Some definitions were
based only on a single administrative data
source, while others were based on multiple
data sources. The case definitions varied by
the number of years of administrative data
(one, two, three and five), in accordance
with previous research.” Some case def-
initions required only a single contact in
administrative data, while other definitions
required more than one contact. The

constants in the construction of the case
definitions were the diagnosis (i.e. ICD-9-
CM) and prescription drug (i.e. ATC) codes
(Table 1); these were identified from a
comprehensive literature review.

Cohen’s kappa coefficient (x) was used to
quantify agreement between the two data
sources; 95% confidence intervals (95%
CIs) were also computed. The estimates
and CIs were computed using the sample
weights from the survey data. Kappa is a
commonly adopted measure because it
corrects the agreement between two sources
by taking account of the proportion of
agreement expected by chance. The magni-
tude of agreement was assessed as follows:?’
poor agreement: & < 0.20; fair agreement:
0.20 <& < 0.40; moderate agreement: 0.40
< & < 0.60; good agreement: 0.60 < K <
0.80; and very good agreement: K > 0.80.

Differences between selected « coefficients
(.e. Hy x Kk, ) were tested using a
goodness-of-fit statistic,*® which approx-
imately follows an ¥ distribution. The tests
were conducted for case definitions based
on different sources or years of data or
number of contacts. All comparisons were
identified a priori, and the per-comparison
error rate was set at o = 0.05.

For each chronic disease, a single case
definition with the highest estimated agree-
ment was selected to further investigate the
respondent characteristics associated with
agreement between population-based admin-
istrative and survey data. Weighted logistic

TABLE 1
Survey questions, ICD-9-CM diagnosis codes, and ATC prescription drug codes
for chronic disease case ascertainment

Disease Survey Questions 1CD-9-CM Codes ATC Codes”

Arthritis Do you have arthritis 714, 715, 446, 710, 720, 274, A07, )01, LO1, LO4, MOT1, P01,
or rheumatism, 711-713, 716, 717, 718 719, NO02, RO5, HO2
excluding fibromyalgia? 721, 725-729, 739

Asthma Do you have asthma? 493 R03, R06

Diabetes Do you have diabetes? 250 A10

Heart Disease Do you have heart disease? * 410-414 €01, C07, C08, C09

Hypertension Do you have high blood pressure? 401

Stroke Do you suffer from the effects of

a stroke?

€02, €03, €07, C08, C09

430-438 BO1

* Individuals with congestive heart failure were excluded from the “heart disease” category

b Not all drugs in each ATC category were selected. For a comprehensive list of prescription drug inclusions and exclusions
please refer to the following URL: http://mchp-appserv.cpe.umanitoba.ca/reference/chronic.disease.pdf
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regression analyses modeled agreement
as a function of socio-demographic and
disease variables, including age group
(12 to 18, 19 to 49, 50 to 64, 65 to 74, 75+
[reference]), sex (male, female [reference]),
region of residence (rural, urban [reference]),
income adequacy quintile (highest income
group was the reference) and presence/
absence of comorbid conditions (presence
was thereference) .32 CCHS methodologists
developed income adequacy quintiles using
self-reported total household income and
number of persons living in the household.
The following comorbid conditions were
selected: allergies, emphysema or chronic
obstructive pulmonary disease for asthma;
heart disease or hypertension for diabetes;
diabetes or hypertension for heart disease;
diabetes or heart disease for hypertension;
and heart disease or diabetes for stroke.
Odds ratios (ORs) and 95% CIs are reported.
All analyses were conducted using SAS
software, version 9.1.

Ethics approval was obtained from the
University of Manitoba Health Research
Ethics Board. Approval for data access was
from the Manitoba Health Information
Privacy Committee.

Results

Only adult (19 years and older) respon-
dents (n = 5589; 87.0%) were the subject
of the investigation on agreement between
population-based administrative and health
survey data for diabetes, heart disease,
hypertension, arthritis and stroke, while
both adult and youth respondents were
selected for the asthma analyses. Almost
half (46.1%) of individuals in the adult
study cohort were 50 years of age or older.
Slightly less than half of the entire cohort
(45.3%) was male, and almost one-quarter
of the individuals (23.1%) were urban
residents. The CCHS oversampled rural
residents so that estimates could be gen-
erated for individual health regions.

The number and percent of the study
cohort that reported each of the chronic
diseases is given in Table 2. Weighted
estimates of chronic disease prevalence
were computed from the survey data (see
Table 2), and ranged from 1.5% for stroke
to 18.6% for arthritis. These provincial
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estimates are consistent with estimates
reported in self-report survey data from
other provincial and national studies.?*3

Figure 1 depicts the variation in estimates
of the « coefficient for all investigated case
definitions. For arthritis, & ranged from 0.15
to 0.34, indicating poor to fair agreement.
For asthma, the estimates ranged from 0.27
to 0.59, which represents fair to moderate
agreement. Agreement for diabetes was
good or very good, and ranged from 0.65 to
0.83. For heart disease, & ranged from 0.29
to 0.55, indicating fair to moderate agree-
ment. For hypertension, the range was from
0.53 to 0.72, indicating moderate to good
agreement. Finally for stroke, & ranged
from 0.27 to 0.58, which represents fair to
moderate agreement.

Table 3 reports & for selected case definitions
along with the results of the inferential
analyses. Tests of the differences in agree-
ment between case definitions that required
only a single contact in physician claims,
and case definitions that required two or
more contacts in physician claims, were
conducted. When one year of administrative
data was used, significantly lower values of
& were observed for the latter case definition
than for the former for all chronic diseases.
However, when two or more years of admin-
istrative data were used to construct the
case definition, the pattern of differences in
agreement varied. For arthritis and diabetes,
estimates of agreement were always signif-
icantly higher for the two-contact case def-
inition than the one-contact case definition,

FIGURE 1
Weighted & for chronic disease case definitions from administrative data
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TABLE 2
Frequency (percent) of study cohort with self-reported chronic disease and prevalence
estimates from the Canadian Community Health Survey cycle 1.1

Disease Adult Cohort Youth Cohort Prevalence (%)
(n =5589) (n=833) (95% ClI)?

Arthritis 1344 (24.0) = 18.6 (17.4 to 19.8)
Asthma 418 (7.5) 111 (13.5) 8.6 (7.6 t0 9.6)
Diabetes 337 (6.0) - 4.5(3.9t05.2)
Heart Disease 371 (6.6) - 5.1 4.4t05.7)
Hypertension 1033 (18.5) - 15.3 (14.2 to 16.5)
Stroke 108 (1.9) - 1.5 (1.1 to 1.8)

2 Prevalence estimates were calculated for the population 19 years and older, except for asthma prevalence, which was
calculated for the population 12 years and older. Prevalence estimates are based on survey weights, and confidence
intervals were calculated using bootstrap variance estimation methods
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TABLE 3

Weighted « (95% Cl) for selected chronic disease case definitions from administrative data®"<¢

Source and Years of Data Arthritis Asthma Diabetes Heart Disease Hypertension Stroke
Physician (P)* 1P 1P 1P 1P 1P 1P
1 0.27 (0.26,0.27) 0.40 (0.35,0.44) 0.69 (0.68,0.69) 0.44 (0.39,0.49) 0.64 (0.64,0.64) 0.47 (0.47,0.48)
2 0.29 (0.28,0.29) 0.49 (0.45,0.54) 0.72 (0.72,0.73) 0.51 (0.46,0.55) 0.66 (0.66,0.67) 0.54 (0.53,0.54)
3 0.27 (0.27,0.28) 0.53 (0.49,0.57) 0.70 (0.69,0.70) 0.52 (0.48,0.56) 0.66 (0.66,0.67) 0.51 (0.50,0.52)
5 0.24 (0.24,0.24) 0.55 (0.51,0.59) 0.69 (0.69,0.69) 0.52 (0.48,0.57) 0.63 (0.63,0.64) 0.54 (0.54,0.55)
2+P 2+P 2+P 2+P 2+P 2+P
1 0.23 (0.23,0.23)" 0.27 (0.23,0.32)° 0.65 (0.65,0.66) 0.37 (0.31,0.42)" 0.53 (0.52,0.53)" 0.41 (0.40,0.42)
2 0.31 (0.30,0.31)" 0.40 (0.35,0.44)" 0.76 (0.75,0.76)" 0.47 (0.42,0.52)" 0.64 (0.64,0.65)" 0.49 (0.48,0.50)"
3 0.34 (0.33,0.34)" 0.46 (0.42,0.51)" 0.78 (0.78,0.79) 0.50 (0.46,0.55)" 0.68 (0.68,0.68)" 0.55 (0.54,0.56)"
5 0.33 (0.33,0.34)" 0.54 (0.50,0.58) 0.78 (0.78,0.79)" 0.54 (0.49,0.58)" 0.70 (0.70,0.70)" 0.58 (0.57,0.59)"
Hospital (H), Physician(P)® 1T+Hor2+P 1T+Horl1+P 1T+Horl1+P 1T+Hor2+P 1T+Hor2+P 1T+Hor2+P
1 0.23 (0.23,0.24) 0.40 (0.36,0.45) 0.72 (0.72,0.73)t 0.40 (0.34,0.45)t 0.54 (0.54,0.54)t 0.48 (0.47,0.48)F
2 0.31 (0.31,0.31) 0.50 (0.46,0.54) 0.74 (0.73,0.74)t 0.49 (0.44,0.54)t 0.66 (0.65,0.66)t 0.52 (0.51,0.53)t
3 0.34 (0.34,0.34) 0.53 (0.50,0.57) 0.70 (0.70,0.71)1 0.53 (0.49,0.58) 0.70 (0.69,0.70) 0.55 (0.54,0.55)
5 0.33 (0.33,0.34) 0.55 (0.51,0.59) 0.70 (0.69,0.70)t 0.55 (0.51,0.59)1 0.71 (0.71,0.71)1 0.56 (0.55,0.57)t
Hospital (H), Physician(P), 1+ Hor2 +Por 1+Hor1+ 1+Hor1+ T+Hor2+Por 1+Hor2+Por 1+Hor2+Por
Prescription(Rx)* (1+P&2+Rx Por1+ Rx Por1+ Rx (1+P&2+Rx (1+P&2+Rx (1+P&2+Rx
1 0.28 (0.28,0.28)+ 0.52 (0.48,0.56) 0.79 (0.79,0.80)% 0.46 (0.41,0.51)% 0.66 (0.66,0.67)+ 0.51 (0.50,0.52)%
2 0.33 (0.33,0.33)+ 0.54 (0.50,0.57)% 0.76 (0.76,0.77)% 0.52 (0.48,0.57)% 0.71 (0.71,0.71)% 0.51 (0.51,0.52)
3 0.33 (0.33,0.34)+ 0.51 (0.48,0.55) 0.71 (0.71,0.72)% 0.55 (0.50,0.59)% 0.72 (0.71,0.72)f 0.54 (0.53,0.55)
5 0.31 (0.31,0.31)% 0.48 (0.45,0.51)% 0.69 (0.69,0.70) 0.55 (0.51,0.60) 0.70 (0.70,0.71)% 0.55 (0.54,0.55)%

# Numeric values in bold typeface represent the highest kappa value(s) in each set of case definitions

b Star () denotes a statistically significant difference between an algorithm based on one contact in physician claims and an algorithm based on two or more contacts in physician claims
(p < 0.05); all comparisons are based on the same number of years of data

¢ Dagger (1) denotes a statistically significant difference between an algorithm based on physician data (either one contact or two contacts) and an algorithm based on hospital and physician
data (p < 0.05); all comparisons are based on the same number of years of data

4 Double Dagger () denotes a statistically significant difference between an algorithm based on hospital and physician data and an algorithm based on hospital, physician and prescription
drug data (p < 0.05); all comparisons are based on the same number of years of data

while for asthma the reverse was true. For
heart disease, hypertension and stroke,
agreement could be significantly higher or
lower depending on the number of years of
data used to construct the case definition.

Tests of the differences between case defi-
nitions based on diagnoses in physician
records (either one or two contacts, depend-
ing on the disease) and case definitions based
on both hospital and physician records were
conducted for single and multiple years
of administrative data (Table 3). When
hospital data were included, statistically
significant improvements in agreement
were observed for all diseases with the
exception of arthritis and asthma. For the
other conditions, agreement almost always
improved regardless of whether single or
multiple years of data were used to
construct the case definition.
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Finally, Table 3 reports tests of the dif-
ferences between case definitions based on
diagnoses in hospital and physician records
and case definitions based on both diagnosis
and prescription drug codes. For all chronic
diseases, the combination of diagnostic and
prescription drug data resulted in a sta-
tistically significant improvement in agree-
ment when one year of data were used to
construct the case definitions. This was not
consistently the case when two or more
years of data were used to construct the
case definition. In fact when five years of
data were used, agreement either did not
improve or got worse for all diseases.

The ORs for the weighted logistic regression
analyses are reported in Table 4. Age was
statistically significant in all models (p <
0.0001). The odds of agreement between

administrative and survey data were almost
always higher for individuals in younger
than in older age groups. Sex was also
associated with agreement for all chronic
diseases, although the magnitude and direc-
tion of the effect varied. It was strongest for
diabetes and stroke. For arthritis, asthma,
diabetes and stroke, the odds of agreement
were significantly higher for males than
females, while the converse was true for
heart disease, hypertension and stroke.

Region of residence was statistically sig-
nificant for all chronic diseases (p <
0.0001) with the exception of asthma. The
strength of the association was weakest for
arthritis and hypertension. The odds of
agreement were higher for rural than
urban residents for arthritis, diabetes, heart
disease and stroke, while the converse
was true for hypertension.
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TABLE 4

Odds Ratios® (95% Cls) for predictors of agreement between administrative and survey data for chronic diseases

Arthritis Asthma Diabetes™? Heart Disease® Hypertension Stroke?
Age
12 to 18 years - 1.38 (1.33 to 1.43) - - - -
19 to 49 years 3.67 (3.62 to 3.77) 2.17 2.11 t0 2.24) = = 6.00 (5.83 t0 6.17) =
50 to 64 years 1.57 (1.53 to 1.60) 1.86 (1.79 to 1.92) 2.34 (2.28 to 3.46) 8.46 (8.21t0 8.72) 2.42 (2.35t02.48)  13.47 (12.75 to 14.23)
65 to 74 years 1.39 (1.35 to 1.42) 1.85 (1.78 to 1.93) 0.85 (0.81 to 0.89) 1.77 (1.71 to 1.82) 1.93 (1.88 to 1.99) 1.90 (1.81 to 1.99)
75+ years Ref Ref Ref Ref Ref Ref
Sex
Males 1.09 (1.08 to1.11) 1.05 (1.03 to 1.07) 1.40 (1.35 to 1.45) 0.83 (0.81 to 0.85) 0.81 (0.79 to 0.82) 0.44 (0.42 to 0.46)
Females Ref Ref Ref Ref Ref Ref
Residence
Rural 1.06 (1.04 to 1.07) 1.01 (0.99 to 1.02) 1.18 (1.14 to 1.22) 1.31 (1.28 to 1.34) 0.89 (0.88 to 0.91) 1.28 (1.23 to 1.33)
Urban Ref Ref Ref Ref Ref Ref
Income quintile
Lowest 0.66 (0.68 to 0.71) 0.33 (0.31 t0 0.34) = = 0.84 (0.80 to 0.89) 0.07 (0.06 to 0.09)
Low-middle 1.06 (1.03 to 1.09) 0.71 (0.68 to 0.74) 1.07 (1.00 to 1.13) 0.87 (0.83 to 0.91) 1.06 (1.02 to 1.11) 0.10 (0.09 to 0.13)
Middle 0.98 (0.96 to 1.00) 0.59 (0.57 to 0.60) 1.04 (0.99 to 1.09) 0.66 (0.63 to 0.68) 1.10 (1.07 to 1.13) 0.19 (0.17 to 0.21)
Upper-middle 0.91 (0.90 to 0.93) 0.66 (0.64 to 0.68) 1.32 (1.26 to 1.38) 0.78 (0.76 to 0.82) 1.15 (1.12 to 1.18) 0.18 (0.16 to 0.20)
Highest Ref Ref Ref Ref Ref Ref
Comorbid conditions
Absent - 1.90 (1.82 to 1.94) 3.09 (2.97 to 3.21) 2.73 (2.66 to 2.80) 2.96 (2.89 to 3.03) 2.97 (2.84 to 3.10)
Present Ref Ref Ref Ref Ref Ref

* Statistically significant at oL = .05

2 The 19 to 49 and 50 to 64 years age groups were combined because of small cell sizes for the former category

b Low-middle and middle income quintile categories were combined because of small cell sizes for the former category

Income quintile was also associated with
agreement between administrative and
survey data (p < 0.0001). The odds of
agreement were generally lower for
individuals in poorer income quintiles than
for those in wealthier quintiles, except for
diabetes and hypertension, where the
converse was true.

Finally, the comorbidity variable was sta-
tistically significant in all models (p <
0.0001); the odds of agreement were consis-
tently higher when a comorbid condition
was absent than when it was present. The
association between comorbidity and
agreement was of a similar magnitude for
all chronic diseases except asthma, for
which the relationship was weakest.

Conclusions

This record-linkage study compared chronic
disease case ascertainment in population-
based administrative and self-report survey
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data while the elements of the case defi-
nition in administrative data were sys-
tematically manipulated. It also investigated
the individual characteristics that moderate
agreement between these two data sources.
The results show that regardless of the case
definition adopted, agreement between
these two data sources was highest for
diabetes and hypertension, and lowest for
arthritis. These findings are consistent with
previous research that has compared
administrative case definitions and self-
reported chronic disease in population-
based and clinical samples.??1%19:2231 Qkura
et al. theorize that although diabetes and
hypertension are not usually characterized
by distinct and dramatic clinical presen-
tations, they are “...chronic and require
ongoing repeated engagement with the
medical care system.”?® 10U which
increases their likelihood of identification
in administrative data. For arthritis, the
selection of non-specific diagnostic codes
by practitioners, potentially inaccurate

diagnoses by non-specialized practitioners
and the low probability that this condition
will contribute to a hospital stay may all be
factors contributing to the lack of concor-
dance between the two data sources.’® As
well, some diseases may not be accurately
captured via self-report. For example,
Kriegsman et al.*” argues that because of
the non life-threatening nature of arthritis,
it may be overreported in surveys, but
underreported in administrative data,
contributing to the lack of agreement
between the two sources. Questionnaire
wording is also an important factor in
assessing the accuracy of survey data.

Agreement between administrative and
survey data varied significantly as a
function of the elements of type of data,
number of years of data and number of
contacts,”' although the magnitude of the
differences in x estimates among the case
definitions was sometimes quite small.
Multiple types and/or years of data usually
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resulted in improved agreement between
administrative and survey data, but
this observation cannot be generalized
across all of the investigated diseases.
Improvements in agreement were not
always evident when three or five years of
data were used to construct the case
definition. Using prescription drug data in
addition to hospital and physician data to
ascertain disease cases had mixed effects
on agreement. While case ascertainment
for asthma benefited from the use of both
diagnostic and prescription drug infor-
mation when the definition was based on
one or two years of administrative data,
improvements in agreement were less
substantial for diabetes. For hypertension,
there was also some improvement in agree-
ment associated with using both diagnosis
and prescription drug data for case ascer-
tainment, but not for other diseases. A
specific set of prescription drugs are used
to treat asthma and diabetes; for other
chronic diseases such as hypertension or
arthritis, the drugs prescribed for an
individual may be used to treat more than
one chronic disease, and therefore may not
be helpful for identifying cases.

The moderating effect of demographic,
geographic, socioeconomic and health
status variables on agreement between
survey and administrative data has been
observed in other studies.*®*° Simpson et
al.*? found, however, that the absence of
comorbid conditions was associated with
both increased and decreased agreement,
depending on the disease, while this study
found that agreement consistently improved
when comorbid conditions were absent.

One potential limitation of this research is
that a fixed set of diagnosis and prescription
drug codes was selected. Some studies
have compared case ascertainment results
for different sets of diagnosis codes. For
example, studies of stroke case ascer-
tainment have sometimes excluded non-
specific diagnostic codes such as 437,
which represents stroke of undetermined
causes.”**! The exclusion of non-specific
diagnostic codes might improve estimates
of agreement between administrative and
survey data. However, when our analyses
for stroke were repeated and restricted to a
narrow set of diagnostic codes (i.e. 430,
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431, 434, 345, 436), estimates of the x
coefficient were never higher than the
estimates obtained using the full set of
codes. This study was conducted using
administrative data coded with ICD-9-CM.
In the 2004/05 fiscal year, a change was
made to ICD-10-CA in Manitoba’s hospital
databases. Future research will investigate
the effect of this change on chronic disease
case ascertainment. Agreement between
the two data sources may have been
moderated by the survey interview date, a
factor that was not considered in this study.
Finally, this study was limited to a set of
conditions for which there were sufficient
data available to investigate agreement;
absent from this list are other forms of
chronic respiratory disease, such as chronic
obstructive pulmonary disease, muscu-
loskeletal conditions such as osteoporosis,
and gastro-intestinal conditions such as
inflammatory bowel disease.

The strengths of this study are that it
assesses agreement using three admin-
istrative databases that are available in
many jurisdictions. It focuses on the
incremental benefits of using different data
elements in constructing a case definition,
and it systematically examines the effect of
using both diagnosis and prescription drug
information. Finally, it uses record-linkage
techniques for individuals to investigate
the variables associated with agreement
between two population-based data sources.
Researchers who construct case defini-
tions from administrative data should
be cognizant of the effect that the choice
of administrative data elements has on
case ascertainment. The selection of a case
definition should be justified by describ-
ing the potential effects associated with
manipulating each data element.

The results of this study suggest a number
of further opportunities for research on
constructing case definitions from admin-
istrative data. The first is to stratify the
population on important socio-demographic
and/or health status variables and then
specify and test case definitions for each
of these strata. For example, an algorithm
based on a single contact in physician claims
in one year of data might result in high
agreement for youth with asthma, whereas
an algorithm based on two or more contacts

in physician claims might result in higher
agreement for older adults with asthma.
Researchers might also consider a model-
based approach that uses classification
techniques to construct a case definition.***?
A model-based approach can accommodate
a large set of variables (i.e. data features),
including comorbid conditions, contacts
with specialists, socio-demographic vari-
ables and indicators of disease diagnosis
and treatment, and test the relative contri-
bution of these variables to improving case
ascertainment. Finally, additional validation
studies that use data repositories in other
provinces or that adopt a “gold standard”
data source, such as laboratory test results
or clinical data about disease diagnosis, will
aid in understanding the strengths and
limitations of administrative data for
monitoring chronic disease. In particular,
studies that adopt a gold standard can
provide estimates of the sensitivity and
specificity of case definitions derived from
administrative data. However, because an
unbiased gold standard does not exist for
some chronic diseases, such as arthritis and
irritable bowel disease, further research is
also needed about validation techniques in
the presence of measurement error.*+>

Acknowledgements

This research was supported by funding
from Manitoba Health & Healthy Living
and a grant from the Canadian Institutes of
Health Research (#PPR79240). The authors
are indebted to Manitoba Health & Healthy
Living for the provision of data under
project #2004/05-01. The results and conclu-
sions are those of the authors, and no
official endorsement by Manitoba Health &
Healthy Living is intended or should be
inferred. The authors have no competing
interests to declare.

References

1. Thacker SB, Stroup DF, Rothenberg RB,
Brownson RC. Public health surveillance
for chronic conditions: a scientific basis for
decisions. Stat Med. 1995;14:629-641.

2. Cricelli C, Mazzaglia G, Samani F, Marchi M,
Sabatini A, Nardi R, Ventriglia G, Caputi AP.
Prevalence estimates for chronic diseases
in Italy: exploring the differences between

Chronic Diseases in Canada




10.

self-report and primary care databases. J
Public Health Med. 2003;25:254-257.

Powell KE, Diseker RA, Presley RJ, Tolsma
D, Harris S, Mertz KJ, Viel K, Conn DL,
McClellan W. Administrative data as a tool
for arthritis surveillance: estimating pre-
valence and utilization of services. J Public
Health Manag Pract. 2003;9:291-298.

Umphrey GJ, Kendall O, MacNeill IB.
Assessing the surveillance capability of
Canada’s national health surveys. Chronic
Dis Canada. 2001;22:50-56.

Mayo NE, Chockalingam A, Reeder BA,
Phillips S. Surveillance for stroke in Canada.
Health Rep. 1994;6:62-72.

Saydah SH, Geiss LS, Tierney E, Benjamin
SM, Engelgau M, Brancati F. Review of the
performance of methods to identify diabetes
cases among vital statistics, administrative
and survey data. AEP. 2004;14:507-516.

Maio V, Yuen E, Rabinowitz C, Louis D,
Jimbo M, Donatini A, Mall S, Taroni F. Using
pharmacy data to identify those with chronic
conditions in Emilia Romagna, Italy. J Health
Serv Res Policy. 2005;10:232-238.

Mahonen M, Salomaa V, Brommels M,
Molarius A, Miettinen H, Pyorala K,
Tuomilehto J, Arstila M, Kaarsalo E, Ketonen
M, Kuulasmaa K, Lehto S, Mustaniemi H,
Niemela M, Palomaki P, Torppa J,
Vuorenmaa T. The validity of hospital
discharge register data on coronary heart
disease in Finland. Eur J Epidemiol.
1997;13:403-415.

Robinson JR, Young TK, Roos LL, Gelskey
DE. Estimating the burden of disease.
Comparing administrative data and self-
reports. Med Care. 1997;35:932-947.

Rector TS, Wickstrom SL, Shah M, Greenlee
NT, Rheault P, Rogowski J, Freedman V,
Adams J,
sensitivity of claims-based algorithms for

Escarce JJ. Specificity and
identifying members of Medicare plus
Choice health plans that have chronic
medical conditions. Health Serv Res.

2004;39:1839-1861.

Chronic Diseases in Canada

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hux JE, Ivis F, Flintoft V, Bica A. Diabetes
in Ontario: determination of prevalence
and incidence using a validated admin-
istrative data algorithm. Diabetes Care.
2002;25:512-516.

Virning BA, McBean M. Administrative data
for public health surveillance and planning.
Annu Rev Public Health. 2001;22:213-230.

Watson DE, Katz A, Reid RJ, Bogdanovic B,
Roos NP, Heppner P. Family physician
workloads and access to care in Winnipeg:
1991 to 2001. CMAJ. 2004;171:339-342.

World  Health WHO
Collaborating Centre for Drug Statistics

Organization.

Methodology: ATC classification index
with DDDs ATC
classification and DDD assignment. Oslo,

and Guidelines for

Norway: Norwegian Institute of Public
Health, 2006.

Kozyrskyj AL, Mustard CA. Validation of an
electronic, population-based prescription data-
base. Ann Pharmacother. 1998;32:1152-57.

Statistics Canada. Canadian Community
Health Survey (CCHS) - Cycle 1.1. Ottawa:
Statistics Canada. 2005. URL: http://www.
statcan.ca/english/concepts/hs/index.htm.

Wilchesky M, Tamblyn RM, Huang A.
Validation of diagnostic codes within
medical services claims. J Clin Epidemiol.
2004;57:131-141.

Kozyrskyj AL, Mustard CA, Becker AB.
Identifying children with persistent asthma
from health care administrative records.
Can Respir J. 2004;11:141-145.

Huzel L, Roos LL, Anthonisen NR, Manfreda
J. Diagnosing asthma: the fit between
survey and administrative database. Can
Respir J. 2002;9:407-412.

Macy E, Schatz M, Gibbons C, Zeiger R.
The
obstruction and/or methacholine hyper-

prevalence of reversible airflow
reactivity in random adult asthma patients
identified by administrative data. J Asthma.

2005;42:213-220.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Morgan CL, Currie CJ, Stott NC, Smithers
M, Butler CC, Peters JR. Estimating the
prevalence of diagnosed diabetes in a
health district of Wales: the importance
of adjustment for death and migration.
Diabet Med. 2000;17:141-145.

Muhajarine N, Mustard C, Roos LL, Young
TK, Gelskey DE. Comparison of survey and
physician claims data for detecting hyper-
tension. J Clin Epidemiol. 1997;50:711-718.

Leibson CL, Maessens JM, Brown RD,
Whisnant JP. Accuracy of hospital discharge
abstracts for identifying stroke. Stroke.
1994;25:2348-2355.

Tirschwell DL, Longstreth WT. Validating
administrative data in stroke research.
Stroke. 2002;33:2465-2470.

Rawson NS, Malcolm E. Validity of the
recording of ischaemic heart disease and
chronic obstructive pulmonary disease in
the Saskatchewan Health care data files.
Stat Med. 1995;14:2627-2643.

Shah BR, Hux JE, Zinman B. Increasing
rates of ischemic heart disease in the native
population of Ontario, Canada. Arch Intern
Med. 2000;160:1862-1866.

Bullano MF, Kamat S, Willey VJ, Barlas S,
Watson DJ, Brenneman SK. Agreement
between administrative claims and the
medical record in identifying persons with
a diagnosis of hypertension. Med Care
2006;44:486-490.

Lix LM, Yogendran M, Burchill C, McKeen
N, Metge C, Moore D, Bond R. Defining and
validating chronic diseases: An administra-
tive data approach. University of Manitoba:
Manitoba Centre for Health Policy, 2006.

Altman DG. Practical Statistics for Medical
Research. London: Chapman & Hall, 1991.

Donner A, Shoukri MM, Klar N, Bartfay E.

Testing the equality of two dependent kappa
statistics. Stat Med. 2000;19:373-387.

Vol 29, No 1, 2008




31.

32.

33.

34.

35.

36.

37.

38.

39.

Okura Y, Urban LH, Mahoney DW, Jacobsen
SJ, Rodeheffer RJ. Agreement between
self-report questionnaires and medical
record data was substantial for diabetes,
hypertension, myocardial infarction and
stroke but not for heart failure. J Clin
Epidemiol. 2004;57:1096-1103.

Borzecki AM, Wong AT, Hickey EC, Ash AS,
Berlowitz DR. Identifying hypertension-
related comorbidities from administrative
data: what’s the optimal approach? Am J
Med Qual. 2004;19:201-206.

Heart and Stroke Foundation of Canada.
The Changing Face of Heart Disease and
Stroke in Canada 2000. Ottawa: Health
Canada, 2000.

Health Canada. Diabetes in Canada. 2nd
ed. Ottawa: Health Canada, 2002.

Wolff HK, Andreou P, Bata IR, Comeau DG,
Gregor RD, Gephart G, MacLean DR, Sketris
I. Trends in the prevalence and treatment of
hypertension in Halifax county from 1985-
1995. CMAJ. 1999;161:699-704.

Harrold LR, Yood RA, Andrade SE, Reed JI,
Cernieux J, Straus W, Weeks M, Lewis B,
Gurwitz JH. Evaluating the predictive
value of osteoarthritis diagnoses in an
administrative database. Arthritis Rheum.
2000;43:1881-1885.

Kriegsman DM, Penninx BW, van Eijk JT,
Boeke AJ, Deeq DJ. Self-reports and general
practitioner information on the presence of
chronic diseases in community dwelling
elderly. J Clin Epidemiol. 1996;49:1407-1417.

Haapanen N, Miilunpalo S, Pasanen M, Oja P,
Vuori I. Agreement between questionnaire
data and medical records of chronic diseases
in middle-aged and elderly Finnish men and
women. Am J Epidemiol. 1997;145:762-769.

Simpson CF, Boyd CM, Carlson MC, Griswold
ME, Guralnik JM, Fried LP. Agreement
between self-report of disease diagnoses and
medical record validation in disabled older
women: factors that modify agreement. J
Am Geriatr Soc. 2004;52:123-127.

Vol 29, No 1, 2008

40.

4]1.

42.

43.

44.

45.

Verbrugge LM, Lepkowski JM, Imanaka Y.
Comorbidity and its impact on disability.
Milbank Q. 1989;67:450-484.

Benesch C, Witter DM, Wilder AL, Duncan
PW, Samsa GP, Matchar DB. Inaccuracy of
the International Classification of Disease
(ICD-9-CM) in identifying the diagnosis
of ischemic cerebrovascular disease.
Neurology. 1997:49:660-664.

Hirsch S, Shapiro JL, Turega MA, Frank TL,
Niven RM, Frank PI. Using a neural network
to screen a population for asthma. Ann
Epidemiol. 2001;11:369-376.

Shanker M, Hu MY, Hung MS. Estimating
probabilities of diabetes mellitus using
neural networks. SAR QSAR Environ Res.
2000;11:133-147.

Ladouceur M, Rahme E, Pineau CA, Joseph L.
Robustness of prevalence estimates derived
from misclassified data from administrative
databases. Biometrics 2007;63(1):272-279.

Cole SR, Haitao C, Greenland S. Multiple-
imputation for measurement-error correc-
tion. Int J Epidemiol. 2006;35:1074-1081.

Chronic Diseases in Canada




The Second National Sun Survey: Workshop report

Bronwen Waller, MHSc (1); Erin Pichora, MSc (1); Loraine Marrett, PhD (1,2)

Introduction

Ultraviolet radiation (UVR) from the sun
is the major cause of skin cancer. An
estimated 77 600 Canadians are diagnosed
with skin cancer each year, making it the
most common form of cancer.! Developing
public health programs to decrease its
incidence by reducing unnecessary sun
exposure requires accurate, up-to-date
information about how much time people
spend in the sun, their use of sun protec-
tion, and their knowledge, attitudes and
behaviours concerning tanning, sun expo-
sure and sun protection.

The Second National Sun Survey (NSS2)
was conducted in 2006, 10 years after
the Canadian National Survey on Sun
Exposures and Protective Behaviours, 1996
(NSS1),% under the auspices of the National
Skin Cancer Prevention Committee of the
Canadian Strategy for Cancer Control. The
NSS2 was designed to estimate:

e current levels of sun exposure,
protective behaviours and use of
tanning equipment in adults 16+
by age, sex and region (province or
aggregations thereof);

e current levels of sun exposure and
protective behaviours in children aged
1-12 for Canada as a whole; and

e levels of knowledge, attitudes and
beliefs about sun safety in adults
16+ by age, sex and region.

The NSS2 was also designed to compare
levels of sun exposure and protective beha-
viours in Canadian adults aged 16 years and
older by age and sex between the NSS2 and
the NSS1.

For the first three objectives, a sample of
7121 Canadian adults (the base sample),
was interviewed by telephone, with a ques-
tionnaire that encompassed all specified
areas of interest. To address the fourth objec-
tive, an additional 2115 adults (the com-
parison sample) were asked a reduced set
of questions from the NSS1.

An important objective of the survey is
knowledge transfer. Therefore, components
such as promoting awareness of the survey
and its data, enhancing capacity to analyze
the data, and producing reports to meet
the needs of a wide range of stakeholders,
including public health professionals, health
promotion experts, planners, policy-makers
and sun safety researchers were included
in the survey design. To this end, a one-day
workshop was held on September 19th 2007
in Toronto. Thirty people attended by invi-
tation, including specialist speakers, project
staff and those with policy, program plan-
ning, and analysis skills to represent regions
across Canada (the participants are listed at
the end of this report).

NSS2 workshop planning
and objectives

The planning committee included repre-
sentatives from the National Skin Cancer
Prevention Committee, co-investigators and
collaborators on the NSS2 project, and study
staff. The objectives of the workshop were to:

e share basic design features and
preliminary descriptive results from
the NSS2;

e stimulate discussion of priority areas
for national and regional analyses;

e identify ways to translate results into
products that would be useful for
shaping policy and prevention
(reduction of UVR exposure and skin
cancer prevention);

e explore methods for disseminating
these products to enhance impact on
health promotion, planning and
surveillance; and

e provide a preliminary base sample
data file, as well as hands-on data-
analysis training.

To prepare participants, a summary of
workshop goals, an overview of the NSS2,
and detailed documentation about its content
and data files were provided in advance.

Workshop agenda

The morning session began with an
overview of skin cancer and UVR, NSS2
methods and preliminary base sample
results by the NSS2 principal investigator,
Dr. Loraine Marrett (Cancer Care Ontario).
Figures 1 and 2 demonstrate components
of survey design and results. Figure 1 illus-
trates the number of survey respondents by
region: one of the NSS2’s strengths lies in
its relatively large sample sizes for all
regions in order to allow extensive and
varied analyses at the national level, as
well as a broad selection at the regional
level. Figure 2 shows the regional variation
depicting the proportion of adults who
spent at least 2 hours in the sun on a typical
summer day.

Dr. Vitali Fioletov (Environment Canada)
then shared the results of estimating the
UV index for each respondent’s location of
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Second National Sun Survey (NSS2) sample sizes by province/region, 2006
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residence during the summer of 2006.
These estimates will allow a more com-
prehensive assessment of individual-level
UVR dose, as well as exploration of reported
behaviours in relation to climatology.
Dr. Scott Leatherdale (Cancer Care Ontario)
presented an overview of NSS2 results
regarding knowledge, attitudes and beliefs
about sun safety.

After lunch, participants split into two groups:

Group 1. NSS2 staff led the 7 data analysts
in a hands-on training session covering the
following areas:

¢ basic survey sampling methodology;

e contents of the draft NSS2 Data User
Guide, with emphasis on the NSS2
sampling design and computation of
weights, calculation of precision
indicators (i.e. sampling variance)
and data release guidelines;

e structure and contents of the prelimi-
nary base sample public use data
file; and

e methodology and syntax for gene-
rating NSS2 estimates using SAS
and SPSS.

Analysts were given the preliminary base
sample public use data file on CD. The final
base sample public use data file was
distributed at a second analyst workshop
(held in March 2008) that resulted in part
from participants’ very positive evaluations
of the September 2007 workshop and the
expression of a need for further analysis
training.

Group 2. The remaining attendees
participated in an interactive discussion
session designed to provide study staff with
some direction around:

e priority UVR protection issues and
how the NSS2 could help address them;

e key target audiences for information/
reports from the NSS2;

e useful and effective characteristics
of reports; and
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e methods of ongoing collaboration
and communication.

A synopsis of these discussions and main
themes is presented in Table 1.

During this session, Dr. Steve Manske
(University of Waterloo) provided an
overview of knowledge transfer and
exchange. He emphasized the importance
of relevant, simply-stated information, as
well as interaction taking into account all
participants’ needs, as the main elements
for translation of knowledge into action.?

Recommendations

The NSS2 Workshop participants provided
key advice and recommendations about
translation of data into useful products to

shape policy and prevention efforts. Many
of the participants identified two main
issues, namely the importance of forming
and delivering messages about sun safety
correctly and consistently, and tailoring
messages to target groups identified through
NSS2 data.

A context discussion elicited the suggestion
to examine what kinds of laws and media
messages effectively promote behaviour
change, both at the system and individual
levels. Laws and regulations force people
into new behaviours, while social marketing
encourages and motivates people to adopt
new behaviours by promoting messages
and interventions that demonstrate the
benefits of these behaviours and how
to overcome barriers. A successful example
of these two methods of influence working

TABLE 1
Sun safety issues and recommendations from the Second National Sun Survey Workshop

Issues identified

the priorities

Context for
implementation

Key stakeholders

Target audiences

Means of engaging

Recommended outputs
from the NSS2

Priorities for UVR safety

How the NSS2 can address

Artificial tanning equipment and increase
in use, legislation issues

Accurate messages regarding Vitamin D

Target groups such as outdoor workers
and youth

Key and consistent messaging around
sun safety

Descriptive analyses of target groups

Identification of those who seek the sun/
do not protect themselves

Examine beliefs about and use
of tanning equipment

Identification of further data-

collection opportunities

Use the above to create/change messages
Public and regional health units, other
organizations with sun safety as a focus

Children (through pediatricians, schools,
parents), young adults, shade planners,
media, parks and recreation, outdoor
worker employers

Form community of practice
(stakeholder organization)

Examine what has worked —
tobacco strategies

Sell the relevance through media

Simple text summaries of results — fact-sheet style

Peer-reviewed publications with complex analysis/modeling
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together is tobacco taxation and the denor-
malization of smoking through social
marketing.

Participants suggested that reports with
short descriptive chapters and simple text
summaries of results would be most
effective. Peer-reviewed publications could
be used for complex analyses involving
modeling, while SunSurv, a data system
designed to provide users with access
to NSS2 background documentation and
basic descriptive results, will be crucial for
generating basic descriptive data by non-
analysts. Participants agreed that the NSS2
data could play a key role in motivating
sun behaviour change through translating
data into useable material for policy-makers,
ultimately to aid in the prevention of skin
cancer.
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Announcements

Our Principal Scientific Editor
at the Journées annuelles
de santé publique

Dr. Sylvie Stachenko, Deputy Chief Public
Health Officer and Principal Scientific Editor
of Chronic Diseases in Canada, will parti-
cipate in the opening plenary panel of
the International Francophone Meeting on
Social Inequalities in Health on Monday,
November 17, 2008. This meeting kicks off
the Journées annuelles de santé publique
in Quebec City.

Dr. Stachenko, whose presentation is
entitled “Social Inequalities: Perspectives,
Issues and Recent Developments,” will
discuss the significance of the WHO
Commission on Social Determinants of
Health and its contribution to policy action
globally and in Canada. She will highlight
recent parallel developments in Canada,
including the release of the Chief Public

Health Officer’s Report on the State of
Public Health in Canada, the work of the
Senate Subcommittee on Population Health
and the Canadian Reference Group on
Social Determinants of Health. She will
conclude with reflections on the ongoing
role of health promotion in advancing
action on determinants of health and health
inequalities.

WORKSHOP PARTICIPANTS
NEEDED: “Is Prevention Better
than Cure?”

Background

In 2004, Laurie Goldsmith, Brian Hutchison
and Jeremiah Hurley published “Economic
Evaluation Across the Four Faces of
Prevention: A Canadian Perspective.” This
paper, commissioned by the Canadian
Medical Association, aimed to create an
updated review of economic evaluation
evidence on prevention to assist in priority-
setting in the Canadian context.

The National Collaborating Centre for
Healthy Public Policy (NCCHPP) recently
published a French translation of the paper
to make it available to a larger audience
and to expand the base of actors who may
participate in pan-Canadian workshops.

To read the paper in English, please go
to the following link: http://www.
evaluationcanada.ca/distribution/200405_
goldsmith_laurie_hutchison_brian_hurley_
jeremiah.pdf.

To read the paper in French, please go to
the following link: http://www.ccnpps.ca/
docs/FR-EvaluationEconomique.pdf.

PAN-CANADIAN WORKSHOPS

In collaboration with Laurie Goldsmith of
Simon Fraser University, the NCCHPP is
organizing workshops to update the healthy
public policy sections of the 2004 report.

If you wish to participate in this activity or
if you want more information, please con-
tact the NCCHPP at ncchpp@inspg.qc.ca.
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