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mortality rates as high as 50%, and 25% to 
40% of patients will die within one year of 
diagnosis.1,9 HF patients today are primarily 
65 years or older and suffer from multiple 
comorbidities including hypertension, dia-
betes, arthritis, cognitive impairment and 
depression.10,11

The prevalence of HF translates into high 
costs for the Canadian health care system. 
The repeated hospitalizations, complex 
treatment regimen and cost of pharmaco-
therapy strain many components of health 
care including primary and specialty care, 
emergency departments (ED) and hos-
pitals.12 Among Canadians over 85 years 
of age, HF is responsible for more hospi-
talizations than ischemic heart disease or 
heart attack.8 Readmission rates for dis-
ease complications can reach 33% within 
three to six months;13 patients with HF are  
re-admitted because of poor clinical status, 
which may continue to worsen in hospi-
tal. Hospitalization itself, in fact, appears 
to lead to progressive functional decline 
and eventual placement into a long-term 
care (LTC) facility;14-16 over 10% of hospi-
talizations of older adults resulting in an 
Alternate Level of Care designation are for 
cardiovascular disease, particularly HF, as 
are up to 20% of transfers of LTC residents 
to hospital.17,18 LTC residents hospitalized 
with HF may experience long ED waits and 
spend on average six days in hospital.18 

Further, 7.4% of LTC residents hospitalized 
for HF remain in hospital as Alternate Level 
of Care patients awaiting transfer back to 
their LTC home.18 Such admissions are 
often unsuitable and potentially prevent-
able if HF were better managed in primary 
care.19-23 Specifically, the health care system 

Already a substantial burden on the 
Canadian health care system, projections of 
the future burden of HF are worrisome: HF 
incidence is projected to double in Canada 
by 2025 due to population aging, with the 
most rapid growth in prevalence expected 
in those over 85 years old.6,7

Despite advances in the overall treatment 
and management of HF, survival and 
quality of life remain poor; in Canada, 
4430  deaths were attributable to HF 
in  2004.8 HF is associated with annual 

Abstract

Introduction: The aging of the Canadian population is associated with a rising burden of 
heart failure (HF), a condition associated with significant morbidity, mortality and health 
service use. 

Methods: We used data from the Ontario Resident Assessment Instrument-Home Care 
database for all long-stay home care clients aged 65 years or older to (1) describe the 
demographic and clinical characteristics of home care clients with HF and (2) examine 
service use among home care clients with HF to promote management at home with 
appropriate services. 

Results: Compared with other home care clients, HF clients exhibit more health instability, 
take more medications, experience more comorbid conditions and receive significantly 
more nursing, homemaking and meal services. They are hospitalized more frequently, 
have significantly more emergency department visits and use more emergent care.

Discussion: HF clients are a more complex group than home care clients in general. 
Patient self-care must be tailored to the clinical characteristics, patterns of service use 
and barriers to self-care of the client. This is particularly true for older, frail and medically 
complex HF patients, many of whom require home care services. This work provides a 
background upon which to base initiatives to help these higher-needs clients manage 
their HF at home with appropriate support and services.

Introduction

Heart failure (HF) is a “complex syndrome 
in which abnormal heart function results in, 
or increases the subsequent risk of, clinical 
symptoms and signs of low cardiac output 
and/or pulmonary or systemic conges-
tion.”1 An estimated 500 000 Canadians 
live with HF 2 and its prevalence increases 
with age.3 At age 80, both men and women 
have approximately a 20% lifetime risk 
of developing HF.3 Population aging and 
improved survival of patients with hyper-
tension and myocardial infarction, two 
important risk factors for HF, contribute to 
the rising prevalence of HF.4,5 
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non-prescription medication use, and acute 
service utilization in the previous 90 days, 
including hospitalizations and ED visits. 
This breadth of information provides a 
comprehensive description of all long-stay 
home care clients within Ontario. 

Sample

All home care clients aged 65  years or 
older who received their most recent 
RAI-HC assessment between January 2004 
and December 2007 were eligible for this 
analysis, regardless of functional or cog-
nitive status, or presence of comorbidity 
(N = 264 030). Using only the most recent 
assessment allowed for a prevalence sam-
ple, providing a comprehensive profile of 
HF clients in home care. Assessments took 
place either in a community or hospital 
setting; this study included only clients 
assessed in the community. 

The Office of Research at the University of 
Waterloo provided ethics approval for our 
analyses of the anonymized data.

Measures

The RAI-HC includes valid and reliable 
items to assess HF (as well as other con-
ditions);37 clients were defined as having 
HF if this condition was recorded in the 
assessment. Trained assessors routinely 
verify this information through self-report, 
discussions with caregivers and health 
providers, review of medical records and 
more. Accuracy of the diagnostic and 
medication information collected using 
the interRAI instruments has also been 
established.37 Among individuals with HF 
in nursing homes and LTC facilities, the 
positive predictive value and sensitivity for 
the interRAI diagnosis of HF was greater  
than 0.80 compared to that found in 
administrative databases.37,38 Clinical meas-
ures such as ejection fraction and New York 
Heart Association (NYHA) class were not 
available from this data source. 

Based on previous literature and in con-
sultation with a geriatrician,* we used key 
demographic and health-related variables 
to describe the HF sample,1,11,39,40 including 
age, gender, living arrangement, marital 
status, caregiver presence, caregiver stress, 

and may also provide a means of follow-up 
beyond the initial program.32 Developing 
methodologies to assess levels of risk, 
identify barriers to self-care, and deliver 
specific community-based interventions to 
home care clients with HF would make a 
significant contribution to an overall CDM 
strategy for HF.

HF is a common disease, but there is little 
research on the demographic and clini-
cal characteristics, service use and needs 
of these clients in home care. This study 
seeks to (1) describe the demographic and 
clinical characteristics of long-stay home 
care clients with HF and (2) examine ser-
vice use among long-stay home care cli-
ents with HF to promote management at 
home with appropriate services. 

Methods

Data Source

We retrieved demographic, clinical and 
service use data from the Ontario Resident 
Assessment Instrument-Home Care 
(RAI-HC) database, a repository of all 
completed RAI-HC assessments in Ontario, 
a province of approximately 13.2  mil-
lion people. The RAI-HC evaluates the care 
needs of all long-stay home care clients in 
the province, i.e. those expected to receive 
services for longer than 60  days. The 
assessment consists of over 300 questions 
designed to generate Client Assessment 
Protocols (CAPs) that help with further 
assessment and care planning, as well as 
to provide outcome measures for cognition, 
depression and physical function. Trained 
clinicians conduct the RAI-HC assessments 
and use clinical judgment to record diagno-
ses; they verify the accuracy of the recorded 
information through discussions with phy-
sicians, family and caregivers, and review 
medical records if necessary. The RAI-HC 
is considered both reliable and valid, and 
the items contained within have excellent 
inter-rater and test-retest reliability.33-36 The 
RAI-HC database contains detailed clinical 
and demographic information observed 
in the previous 7 days, including cogni-
tive status, mood and behaviour patterns, 
informal support services, physical func-
tion, clinical diagnoses, prescription and 

needs new approaches for the management 
of HF targeted towards reducing the risk 
and duration of hospitalizations.7

Effective management of HF is challenging 
as it involves complex pharmacothera-
peutic regimens, periodic adjustment of 
medication doses, elaborate dietary and 
fluid intake regimens, exercise therapy, 
and ongoing patient education to ensure 
appropriate self-care. The Canadian Heart 
Health Strategy and Action Plan recom-
mends the Chronic Disease Management 
(CDM) model as the preferred model 
for care delivery for cardiovascular dis-
ease.24 A fundamental characteristic of 
CDM is patient-centered emphasis on 
disease self-care, which incorporates both 
self-maintenance and self-management. 
Self-maintenance requires adherence to 
prescribed treatments and health prac-
tices,25 while self-management builds on 
self-maintenance and includes recognition 
of signs and symptoms of HF, evaluation of 
the importance of these signs and symp-
toms, implementation of a treatment option 
and evaluation of the treatment chosen.25,26 
Self-management requires learning skills, 
insight, judgment, problem-solving and 
decision-making, and is more cognitively 
demanding than self-maintenance. CDM 
programs targeting HF strive to promote 
patient self-care; they have been shown 
to improve quality of life and functional 
status, reduce unplanned and repeated 
hospitalizations, and possibly reduce mor-
tality.27,28 However, HF in older patients is 
often associated with multiple medical 
comorbidities and polypharmacy, as well as 
with depression and cognitive impairment, 
all of which can interfere with self-care and 
prevent patients from fully benefitting from 
CDM programs.29,30 Further, there is no 
clear understanding of the ideal duration of 
such programs or the most effective mode 
of follow-up.28,31

Given the high prevalence of HF in popu-
lations over 65 years old, the acute health 
care system needs enhanced CDM for HF to 
ease the burden on itself. Working in part-
nership with primary care physicians and 
specialty HF clinics, home care is a poten-
tially important component of CDM for HF 

* One of our research team, Dr. G. A. Heckman.
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observed differences are statistically sig-
nificant. Compared with clients without 
HF, those with HF are older (mean age 
83.5 years vs. 81.8 years, standard devia-
tion [SD] 7.5 and 7.6, respectively), less 
likely to be women and less likely to be 
living alone. More clients with HF have 
caregivers, but there is no significant differ-
ence in levels of caregiver stress.

Clinical characteristics

Table 2 shows the clinical characteristics 
of home care clients by HF status. Again, 
due to the large sample size most observed 
differences are statistically significant; only 
clinically significant findings are reported 
here. HF clients have more complex func-
tional needs than those without HF and 
exhibit more health instability (as meas-
ured by the CHESS scale); as expected, they 
also experience significantly higher levels 
of edema and shortness of breath. They 
have less cognitive impairment, as meas-
ured by the CPS scale, although the overall 
proportion of HF patients with some degree 
of cognitive impairment is high. Prevalence 
of depression or a history of falls in the pre-
vious 90 days does not differ by HF status. 

HF clients use more medications and have 
more comorbid conditions than those  
without HF. After exclusion of three classes 

respectively. We tested for differences 
in characteristics between groups using 
unpaired, two-tailed t-tests, for variance for 
continuous variables using Satterthwaite’s 
unequal variance assumption and for cat-
egorical variables using chi-square tests 
(significance level p < .05). Stratification 
by age groups addressed potential con-
founding of observed group differences 
with clinical and service use variables. 

All analyses were conducted using SAS 
software (version 9.0, SAS Institute Inc., 
Cary, NC). 

Results

Heart failure client sample

Between January 2004 and December 2007, 
the RAI-HC assessed 264 030 unique clients 
and identified 39  247 home care clients 
with HF (14.9%) in total. The proportion 
of clients with HF in each CCAC varied sig-
nificantly (p < .0001) (see Figure 1), and 
was highest in the Northeast CCAC (19.5%, 
2899/14907) and lowest in the Central west 
CCAC (11.3%, 996/8824). 

Demographic characteristics

Table 1 shows the demographic character-
istics of clients according to the presence 
of HF. Given the size of the sample, most 

health region within Ontario (as defined 
by the geographic boundaries of each of 
the 14  Community Care Access Centres 
[CCACs], which are aligned with Local 
Health Integration Networks in Ontario), 
daily pain, edema, falls, number of medi-
cations, shortness of breath, incontinence 
and presence of comorbidity. We used the 
following comorbidities to describe this 
sample: coronary artery disease (CAD), 
arthritis, diabetes, reactive airway disease 
(including asthma, chronic obstructive 
pulmonary disease [COPD] and emphy-
sema) and hypertension. The analysis 
also included five health index scales 
for functional ability, cognition, depres-
sion and health instability. These were:  
(1) the Activities of Daily Living (ADL) self- 
performance hierarchy scale (range 
0–6); (2) the Instrumental Activities of 
Daily Living (IADL) scale (range 0–6);  
(3) the Cognitive Performance Scale (CPS) 
(range 0–6); (4) the Depression Rating Scale 
(DRS) (range 0–14); and (5) the Changes 
in Health, End-stage disease and Signs and 
Symptoms (CHESS) scale (range 0–5).35,41-44 
Each scale has been developed and vali-
dated for use with the RAI-HC, and higher 
scores in each measure indicate more 
severe impairment.36,41-44 Using the RAI-HC, 
we captured and analyzed the use of nurs-
ing, homemaking, physiotherapy and meal 
services in the previous 7 days, and hospi-
talizations, ED visits and use of emergent 
care (defined as any unplanned visit to a 
non-ED health provider) in the previous 
90 days.

Analysis

We collapsed scores from each of the five 
health index scales used (ADL, IADL, CPS, 
DRS and CHESS) into three levels to dif-
ferentiate between levels of impairment, 
divided the variables for age, falls, hospi-
talizations, ED visits and use of emergent 
care into three levels, and analyzed use of 
nursing, homemaking, physiotherapy and 
meal services in the home by comparing 
receipt of any service versus no services. 
We excluded three classes of commonly 
used HF medications (angiotensin- 
converting enzyme inhibitors, angioten-
sin receptor blockers and beta-adrenergic 
receptor blockers) from the medication 
counts. Comorbidity and medication counts 
were collapsed into three and four levels, 
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home care clients 65 years and over, Ontario, 2004–2007 (N = 264 030)
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additional therapeutic challenges (e.g. 
NSAIDs for arthritis) and diagnostic chal-
lenges (e.g. dyspnea from HF or reactive 
airways). 

The complex needs of the HF group are also 
reflected in the significantly higher levels 
of medication use in this group, even after 
adjusting to exclude three classes of medi-
cations recommended for HF. This means 
that these clients need to be more active 
in monitoring for adverse drug events as a 
component of their self-care.

HF clients are significantly older than their 
counterparts without HF. Older home care 
clients with HF exhibit more complex 
clinical characteristics than those without 
(Table 2); they have more health instability 
(as measured by the CHESS scale), are less 
able to look after themselves (impaired in 
instrumental and basic ADLs), and experi-
ence more daily pain, edema, shortness of 
breath and incontinence. While shortness 
of breath is more prevalent among HF 
clients, this symptom is not universal in 
this group, likely because such individuals 
are frail, and present atypically, especially 
among older populations.1,45,46 However, it 
may also be possible that such hallmark 
symptoms are not present in the sample 
due to proper management of HF through 
pharmacotherapy and other treatment 
modalities. The significantly higher preva-
lence of daily pain and incontinence among 
the HF group may represent common yet 
underappreciated HF manifestations,1,45 as 
may the overall higher prevalence of other 
comorbid conditions in this group. 

Clients with HF are less likely to be severely 
cognitively impaired than clients without 
HF, though rates of cognitive impairment 
are still high among both groups. Cognitive 
impairment in persons with HF is associ-
ated with a poorer outcome, including a 
greater risk of mortality and hospitaliza-
tion, and consequently institutionalization. 
In a cross-sectional study such as this, 
people with HF and concomitant cognitive 
impairment may be so unable to look after 
themselves that they have been referred to 
more intensive care settings.30 Alternately, 
cognitive impairment may be underesti-
mated through CPS scores, as IADL impair-
ment is also prevalent among clients with 

with 37.4% hospitalized more than once 
in the previous 90 days compared to only 
26.1% of clients without HF. They also 
report significantly more ED visits and use 
more emergent care. We explored potential 
confounding by age using stratification, 
and the results do not differ from those 
reported in Table 3.

Discussion

Our study provides a comprehensive 
description of older home care clients with 
HF in Ontario. The extensive RAI-HC data 
allowed us to examine many demographic 
and clinical characteristics as well as ser-
vice use, both through home care and acute 
care services. These descriptors are useful 
in identifying care needs as well as patterns 
of service use among older, community-
dwelling home care clients. These analyses 
are also useful in identifying areas for fur-
ther study or intervention strategies. 

The clustering of diseases that share risk 
factors with HF, such as diabetes, as well 
as the clustering of diseases that can pre-
cipitate HF, such as hypertension and CAD, 
is expected among clients with HF. These 
data show this clustering and provide an 
estimate of their co-occurrence in this older 
cohort. The observed clustering of HF with 
other diseases of aging, such as arthritis 
and reactive airways disease, indicates 
that this group is more complex medically. 
Further, these particular comorbidities may, 
in the setting of a history of HF, present 

of medications recommended for the 
treatment of HF (angiotensin-converting 
enzyme inhibitors, angiotensin recep-
tor blockers and beta-adrenergic receptor 
blockers), the mean number of medications 
in the HF group is 9.3 (SD = 4.1) com-
pared with 7.2 (SD = 2.9) for the group 
without. Further, 58.0% of the HF sample 
take 9 or more medications compared to 
only 35.0% of clients without HF. Almost 
half the clients with HF (45.1%) have 
five or more comorbid conditions, while 
only 26.5% of those without HF experience 
that level  of comorbidity. Hypertension, 
arthritis, CAD, diabetes, osteoporosis and 
reactive airway disease (including COPD) 
are the most prevalent comorbidities in the 
entire sample studied. Except for osteo-
porosis, rates of comorbidity are higher 
among clients with HF. Stratification was 
done to explore potential confounding by 
age (not shown) and, apart from some vari-
ation in rates of depression and falls, there 
are no differences due to age for the clinical 
characteristics presented. 

Home care and acute service use

Clients with HF receive significantly more 
nursing, homemaking and meal services 
compared with the group without HF (see 
Table 3), though receipt of physiotherapy 
services is low in both groups. Home care 
clients with HF received an average of 
1.3 days of nursing services in the 7 days 
prior to RAI-HC assessment while clients 
without HF received an average of 1.0 days. 
HF clients are hospitalized more frequently, 

TABLE 1 
Demographic characteristics of home care clients, 65 years and older,  

Ontario, 2004–2007 (N = 264 030)

Characteristic
HF sample

(n = 39 247)
% 

Non-HF sample
(n = 224 783)

% 
p-value

Age 65–74 12.9 18.8 < .0001

75–84 39.0 43.0

85+ 48.1 38.2

Gender Female 64.1 66.6 < .0001

Married 35.0 38.1 < .0001

Living alone 32.7 34.5 < .0001

Caregiver available 87.3 85.9 < .0001

Caregiver stress 16.7 17.0 .08

Abbreviations: HF, heart failure; N, overall sample size; n, sample size; p, statistical significance.
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TABLE 2 
Clinical characteristics of home care clients based on RAI-HC assessment, 65 years and older, Ontario, 2004–2007 (N = 264 030)

HF sample
(n = 39 247)

% 

Non-HF sample
(n = 224 783)

% 
p-value

Activities of Daily Living (ADL) 
hierarchy scalea

0 62.1 64.5 

< .00011–2 24.1 22.6 

3+ 13.8 12.9 

Instrumental Activities of 
Daily Living (IADL) scalea

0 2.2 4.6 

< .00011–2 17.1 21.4 

3+ 80.7 74.0

Cognitive Performance Scalea

0 48.3 46.5 

< .00011–2 41.5 39.5 

3+ 10.2 14.0 

Depression Rating Scaleb

0 63.0 63.8 

 .941–2 23.3 22.5 

3+ 13.7 13.7 

CHESS scalec

0 20.5 33.0 

< .00011–2 58.1 55.4 

3+ 21.4 11.6 

Daily pain 48.9 45.3 < .0001

Edema 37.0 21.4 < .0001

Shortness of breath 46.5 21.2 < .0001

Incontinence 43.4 39.1 < .0001

Falls

0 67.9 68.8 

 .421–2 24.8 24.0 

3+ 7.3   7.2 

Medication countd

0   1.1   2.6 

< .0001
1–4   9.1 23.8 

5–8 31.8 38.5 

9+ 58.0 35.0 

Comorbid conditions

0–1   5.9 11.8 

< .00012–4 49.0 61.7 

5+ 45.1 26.5 

Common comorbidities

Hypertension 63.2 54.5 < .0001

Arthritis 58.8 52.5  .0002

CAD 46.2 23.6 < .0001

Diabetes 32.7 22.6 < .0001

Reactive Airway Diseasee 28.7 15.0 < .0001

Osteoporosis 21.1 22.1 < .0001

Abbreviations: CAD, Coronary Artery Disease; CHESS, Changes in Health, End-stage disease and Signs and Symptoms; HF, heart failure; N, overall sample size; n, sample size; p, statistical 
significance; RAI-HC, Resident Assessment Instrument-Home Care.
a 0 = no impairment; 1–2 = mild impairment; 3+ = severe impairment.
b 0 = no indicators; 1–2 = some indicators; 3+ = many indicators.
c Changes in Health, End-stage disease and Signs and Symptoms; 0 = no instability; 1–2 = some instability; 3+ = severe instability.
d Medication count excluded the following: Angiotensin-converting enzyme inhibitors (benazepril, captopril, cilazapril, enalapril, fosinopril, lisinopril, perindopril, quinapril, ramipril, 
trandolapril), beta-adrenergic receptor blockers (acebutolol, atenolol, bisoprolol, carvedilol, metoprolol, nadolol, propranolol) and angiotensin receptor blockers (candesartan, eprosartan, 
irbesartan, losartan, telmisartan, valsartan).
e includes asthma, chronic obstructive pulmonary disease (COPD), and emphysema
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TABLE 3 
Home care and acute health care service use among home care clients,  

65 years and older, Ontario, 2004–2007 (N = 264 030)

HF sample
(n = 39 247)

Non-HF sample
(n = 224 783) p-value

% % 

Home care service usea,b

Nursing 39.4 29.8 	 < .0001

Homemaking 46.3 40.3 	 < .0001

Meals 20.8 18.4 	 < .0001

Physiotherapy   7.8   9.0 	 < .0001

Acute health care service usec

Hospitalizations

	 0 62.6 74.0 

	 < .0001	 1 28.8 22.5 

	 2+ 8.6 3.6

Emergency Department

	 0 78.1 81.7 

	 < .0001	 1 16.0 14.2 

	 2+ 5.9 4.1 

Emergent Care

	 0 91.2 92.9 

	 < .0001	 1 6.5 5.5 

	 2+ 2.3 1.6 

Abbreviations: HF, heart failure; N, overall sample size; n, sample size; p, statistical significance; RAI-HC, Resident 
Assessment Instrument-Home Care.

a Service use measured as any vs. none.

b In the seven days prior to RAI-HC assessment.

c In the 90 days prior to RAI-HC assessment.

HF, reflecting the presence of executive 
dysfunction common in this population.30 
Atypical symptoms of HF in older popula-
tions may include alterations in mood and 
behavioural symptoms, but the similar 
rates of depression among HF and non-
HF clients do not support this interpreta-
tion.46,47 History of falls is also similar 
between the two groups (Table 2), and fall 
prevalence is lower than reported in similar 
populations.48 These results indicate that 
the clinical complexity of HF clients receiv-
ing home care services is more apparent 
through functional characteristics such as 
ADL and IADL impairment than cognitive 
or depressive characteristics.

Given the clinical characteristics and medi-
cal complexity of home care clients with 
HF, it is likely that there are many barriers 
to self-care. An indirect indication of dif-
ficulty with self-care may be the high rates 
of access to an informal caregiver. It is pos-
sible that without caregivers, clients with 

HF are at higher risk of death or placement 
in an LTC facility and are thus less likely to 
be seen in this home care sample. 

Managing multiple medical conditions 
and medications, and dealing with depres-
sion, cognitive impairment and functional 
decline are likely all barriers to effec-
tive self-care. Cognitive impairment and 
depressive symptoms are present in 51.7% 
and 37.0% of clients with HF, respec-
tively. Clinic-based CDM programs may 
not be designed to overcome such barri-
ers to self-care, and the care setting may 
be inappropriate for such persons with 
HF. Functional impairment is high among 
home care clients with HF and may limit 
access to clinic-based programs. Further, 
having to schedule and attend numerous 
appointments for follow-up of multiple 
chronic conditions with many care pro-
viders may also be a barrier to attending 
clinic-based programs. Transitional care 
programs for seniors, in which specially 

trained Advanced Practice Nurses help 
coordinate care and enhance the self-care 
skills of patients with HF and their caregiv-
ers reduce readmission rates after discharge 
from hospital.49 However, the extension of 
such programs to frail home care clients 
with HF has not been evaluated. Home care  
may be a more suitable setting than LTC 
facilities in which to provide CDM for 
these medically complex clients.50 InterRAI 
assessment instruments used in the home 
care setting can offer risk assessment for 
adverse outcomes, identify barriers to self-
care and provide a potential platform for 
CDM delivery.

The geographic variation in HF prevalence 
is an interesting finding. Due to the stand-
ardized training given to RAI assessors 
throughout the province, it is unlikely that 
these are due to differences between raters 
in recording diagnoses. Given that HF risk 
increases with age, the age structures of 
the client bases of each CCAC may explain 
some of this variation. HF prevalence, how-
ever, is not highest in the CCACs with the 
oldest populations. Thus, such variations 
may indicate differences in access to home 
care services for older individuals with HF 
or, conversely, different management strat-
egies of HF on the part of the CCAC. Some 
CCACs may be more likely to push for LTC 
admission for clients with HF, while others 
may promote more aggressive management 
within the home. There are other implica-
tions of such variations in HF prevalence, 
and such profiles could help CCACs prior-
itize service planning, initiate chronic dis-
ease management strategies and re-allocate 
staffing as necessary. 

This descriptive work demonstrates that 
(1) HF is prevalent among older home 
care clients in Ontario and (2) clients  
with HF are more clinically complex, 
using home care and acute care more 
frequently than their counterparts with-
out HF. There are some limitations to 
this work. First, the cross-sectional study 
design allows a snapshot of this sample 
during a given time period, but does not 
allow any assessment of the temporality 
of the associations observed. For example,  
we do not know whether use of services 
followed or preceded HF diagnosis. 
Further, we did not examine the reason for 
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Our results depict home care clients with 
HF as a more complex, high-needs group 
with more medication use, more frequent 
use of health care services and many poten-
tial barriers to self-care, as shown by the 
high levels of functional impairment, cog-
nitive impairment, depression, comorbidity 
and medication use. Any new CDM strategy 
for home care clients with HF should take 
these factors into consideration. Capable 
caregivers may have an important role to 
play, although programs would need to be 
designed to avoid undue caregiver stress. 
Targeting intervention strategies to improve 
self-care skills may significantly reduce 
the burden on other parts of the health 
care system. Improving communication 
between primary care providers, geriatric 
or cardiology consultants, and home care 
could allow such vulnerable populations 
to remain at home and independent. Such 
interventions would align well with the 
Aging at Home Strategy in Ontario, as well 
as with the Comprehensive Canadian Heart 
Health Strategy and Action Plan. An initial 
step to such strategies may be to identify 
and target the highest-needs individuals for 
such interventions. This work has provided 
a potentially important first step in achiev-
ing that goal.
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screened between 6 weeks and 3 months 
postpartum, 13% to 32% of women with 
GDM have IGT that may persist or later 
develop into T2DM.10,11 The postpartum 
period therefore presents a unique opportu-
nity for the identification of women at high 
risk of developing diabetes and provides an 
important opportunity for early interven-
tion and prevention. 

Although the importance of postpartum 
screening with an OGTT is known, screen-
ing rates remain disappointingly low in 
routine clinical practice.12-14 Identified bar-
riers to implementing the recommended 
postpartum screenings include poor com-
munication between obstetrician and pri-
mary care provider, providers uncertain 
about screening recommendations, patients 
unaware of the risk of not screening and 
patients missing screening appointments 
due to competing time commitments.15 Our 
group previously identified that the major-
ity of women were not receiving the rec-
ommended postpartum screening in the 
Ottawa area of Ontario, Canada.12 We did 
a randomized control trial (RCT) at The 
Ottawa Hospital (TOH) where the woman, 
her family physician, both of them or nei-
ther of them received a postal reminder 
at approximately 3 months postpartum 
to have an OGTT completed. If either the 
woman, the physician or both received the 
reminder, screening rates increased 4-fold 
from 14% (no reminder) to approximately 
60%. Approximately 30% of the women in 
that study who completed the OGTT had 
an abnormal result.16 

normal glucose tolerance in pregnancy.3-6 
The Canadian Diabetes Association (CDA) 
recommends that women with GDM have 
a 2-hour oral glucose tolerance test (OGTT) 
at 6 weeks to 6 months postpartum.7 
Recommendations from the International 
Workshop Conference on GDM suggest 
screening at 6 weeks postpartum using 
the 75-gram, 2-hour OGTT, which should 
then be repeated at one-year postpartum 
and then at least every 3 years thereafter.8 
A fasting glucose blood test alone misses 
approximately 40% of those with diabetes 
and fails to identify those with IGT.9 When 

Introduction

Gestational diabetes mellitus (GDM), 
defined as hyperglycemia at the onset 
of pregnancy or first recognized in preg-
nancy, affects about 3% to 4% of non-
Aboriginal women and up to 18% of 
Aboriginal women in Canada.1,2 Although 
GDM and gestational impaired glucose 
tolerance (IGT) are associated with poor 
obstetrical outcomes, the most serious 
public health concern may be the 7-fold 
increased risk of developing type 2 dia-
betes (T2DM) compared to women with 

The effectiveness of implementing a reminder system into  
routine clinical practice: does it increase postpartum screening 
in women with gestational diabetes?
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Abstract

Introduction: During regular care, women with previous gestational diabetes mellitus 
(GDM) rarely receive the recommended screening test for type 2 diabetes, a 2-hour oral 
glucose tolerance test (OGTT), in the postpartum period. The current study examined 
whether the implementation of a reminder system improved screening rates. 

Methods: Based on our previous randomized control trial, we implemented a postpartum 
reminder (letter or phone call) protocol into routine care at two of three clinical sites. We 
verified postpartum testing by searching hospital laboratory databases and by linking to 
the provincial physician service claims database. The primary outcome was the propor-
tion of patients who underwent an OGTT within 6 months of delivery. 

Results: Women who received care in a setting using a reminder system were more likely 
to receive an OGTT within 6 months postpartum (28%) compared with usual care (14%). 
The OGTT rates for both reminder groups were lower than that found in our randomized 
control trial (28% vs. 60%). 

Conclusion: Although the screening rates remain low, postpartum reminders doubled 
screening rates using the recommended test, the OGTT. 
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service claims database using their unique 
health care number through the Institute 
for Clinical Evaluation Services (ICES). 
Because of the single-payer universal 
health care system in Ontario, the database 
includes information on all laboratory test-
ing performed outside of the hospital set-
ting, including the types and dates of tests. 
(The results of the laboratory tests are not 
available from these databases.) 

The primary outcome was the proportion 
of patients who were screened for T2DM 
with an OGTT within 6 months of delivery. 
Two additional outcomes were (1) an alter-
nate test that might have be used to screen 
for T2DM within 6 months of delivery 
(random glucose test, fasting glucose test 
or glycated hemoglobin [HbA1c] test) or  
(2) any test that might be used to screen for 
T2DM within 6 months of delivery (OGTT, 
random glucose test, fasting plasma glu-
cose (FPG) test or HbA1c test). 

Using chi-square tests and analysis of 
variance (ANOVA), we compared the base-
line demographic, clinical and metabolic 
parameters between study participants and 
excluded participants and between the three 
sites. To compare screening rates at the 
three sites, we performed a chi-square test 
for each outcome versus site of delivery. We 
used logistic regression analyses to adjust 
for the following baseline characteristics: 
maternal age at delivery; socio-economic 
status; previous GDM; pre-pregnancy body 
mass index (BMI; normal vs. overweight vs. 
obese); GDM treatment (diet only vs. insu-
lin); and family history of T2DM. We report 
unadjusted means and associated standard 
deviations for continuous variables, as well 
as the proportion of participants for each 
variable of interest (number and percent) 
for categorical variables. Differences are 
considered significant at p ≤ .05.

Results

We identified a total of 349 cases who 
attended the education classes at the three 
sites. Of these, 60 women did not meet 
the criteria for GDM and 27 did not have 
OHIP coverage (mostly because they were 
residents of the neighbouring province 
of Quebec) leaving 262 participants. The 
27  excluded women differed from the 

risks of GDM including the development 
of diabetes postpartum, on individualized 
nutrition counselling and on monitor-
ing blood glucose at home, and patients 
return to the site for ongoing GDM care. 
At reminder site A (TOH, General Campus) 
and B (QCH) women were seen by an 
endocrinologist/internist for ongoing care 
and continued with their usual obstetri-
cal care provider; at the non-reminder site 
(TOH, Civic Campus), women were seen 
by a high-risk obstetrician and obstetrical 
care could be transferred to the site if need 
be. Patients were referred to an internist if 
assistance with insulin management was 
required. Similar protocols for insulin initi-
ation, based on the CDA recommendations, 
were used at all sites. 

For Ontario residents, all physician visits, 
medical care and diagnostic testing are cov-
ered by the Ontario Health Insurance Plan 
(OHIP), provincial health insurance that is 
universally available without copayment. If 
patients lacked OHIP coverage, they were 
excluded from the study since postpartum 
testing could not otherwise be verified. 

Approximately three months after delivery, 
patients from reminder site A were mailed 
a reminder that included information on 
the importance of diabetes screening and 
a laboratory requisition for an OGTT at a 
non-hospital-based laboratory, and patients 
from reminder site B were either sent a let-
ter with a laboratory requisition or phoned 
or both. Patients from the non-reminder 
site did not receive a postal reminder or a 
reminder phone call. No sites provided rou-
tine postpartum follow-up visits for GDM.

We collected baseline characteristics and 
obstetrical outcomes by reviewing patient 
charts. We estimated socio-economic status 
using the neighbourhood income quintile, 
according to the patient’s home postal 
code. Ethnicity and education level were 
not available. We searched through two 
sources to identify diabetes screening tests 
for the study participants: the hospital-
based electronic record system to identify 
whether participants had completed post-
partum diabetes screening at the hospital 
laboratory and records of billing claims 
from community laboratories, by linking 
each participant to the provincial physician 

Based on the results from the RCT, we 
implemented a reminder system into rou-
tine practice in two of three GDM clinical 
sites in the Ottawa area. The third site 
could not institute the reminder system due 
to logistics. The aim of our current study 
was to compare whether our implementa-
tion of the reminder system at the two sites 
made a difference in screening rates using 
the CDA-recommended 2-hour OGTT. We 
hypothesized that the women who had 
received care at sites implementing the 
reminder system would have a higher post-
partum screening rate using an OGTT com-
pared to those who had not. The analyses 
were based on an intention-to-treat model.

Methods

This study was approved by the Research 
Ethics Committee of both The Ottawa 
Hospital (TOH) and the Queensway 
Carleton Hospital (QCH). TOH is a uni-
versity-affiliated tertiary centre in Ottawa, 
Ontario, Canada, that provides services to 
a catchment area of 900 000 people. TOH 
provides obstetrical services at two of its 
campuses, the Civic Campus (west) and 
the General Campus (east), each of which 
performs approximately 3500 deliveries per 
year. The QCH is a community-based hos-
pital in the west end of the city that serves 
a population of over 400 000 and provides 
2800 deliveries per year. Most women in 
the region are referred to one of these three 
sites for management of their GDM. All pri-
mary care is provided by family physicians. 

We identified all the attendees at GDM 
education classes at one of these three 
sites between July 1, 2007, and June 30, 
2008. Women were diagnosed with GDM 
following either a 50-g glucose challenge 
test (GCT) or a 75-g OGTT using the CDA 
practice guidelines criteria.7 A GDM diag-
nosis was made if the woman had either 
(1) a 50-g GCT with a plasma glucose level 
greater than or equal to 10.3 mmol/L or 
(2) a 75-g OGTT with two of the follow-
ing three results: fasting plasma glucose 
level greater than or equal to 5.3 mmol/L; 
60-minute plasma glucose levels greater 
than or equal to 10.6 mmol/L; or 
120-minute plasma glucose level greater 
than or equal to 8.9 mmol/L.7 All the GDM 
education classes give information on the 
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as expected in a comparative effective-
ness study. Our rates of screening without 
reminders had not improved (13.7% of 
women from non-reminder site completed 
the OGTT, similar to 14.3% of women in the 
RCT non-intervention group). The OGTT 
screening rates were lower at reminder site 
A, but 14.4% of participants from this site 
did not actually receive the reminder and 
there was no telephone follow-up. Based 
on the intention-to-treat model, however, 
these women were still included in the 
analyses and participants from this group 
were still more likely to receive the OGTT. 

Our results indicate that there were sig-
nificantly fewer participants from the 
non-reminder site completing an OGTT 
compared to women from the reminder 
sites, but that there was no differences in 
the proportion that completed other glucose 
tests (random glucose test, FPG or HbA1c). 
Reluctance to perform OGTTs has been 
demonstrated in the general population of 
Ontario,17 despite it being the best test for 
screening for diabetes as other types of test-
ing may lead to false-negative results. In a 
recent large-scale cohort study, women with 
a history of GDM completed both the OGTT 
and the FPG; if only the FPG was used, 38% 
of those with prediabetes and 75% of those 
who met criteria for type 2 diabetes would 
have been missed.18 Similarly, a Canadian 
study reported that when results from the 
FPG were used alone, 54% of women with 
diabetes would have been identified as nor-
mal.9 In the current study, only about half 
of the women who were screened using any 
glucose test received the recommended test 
(OGTT, 21.7% vs. 41.6% any test), which 
suggests that the CDA guidelines are not 
being followed, thus missing opportunities 
for early intervention. Women with IGT 
and a history of GDM are more likely to 
progress to T2DM within 3 years compared 
to women with IGT and without a history 
of GDM (38.4% vs. 25.7%).19 Many clinical 
trials have demonstrated that T2DM may be 
delayed, if not prevented, in these high risk 
patients through lifestyle modifications and 
pharmacotherapy.19-22 In fact, women with 
previous GDM may benefit the most from 
pharmacotherapy.19 Continued patient and 
provider education and service innovations 
are needed to improve use of an OGTT.

within 6 months of delivery, 23.3% (21/90) 
from reminder site A, 36.4% (20/55) from 
reminder site B and 13.7% (16/117) from 
the non-reminder site (p = .01) (Table 2). 
When the reminder sites are combined, 
28% (41/145) completed the OGTT, sig-
nificantly more than those from the non-
reminder site (chi-square [χ2] = 7.274; 
p =  .01; degrees of freedom [df] = 1). 
In the logistic regression analyses, sig-
nificantly more women from reminder 
site B completed an OGTT compared to 
the non-reminder site (adjusted odds ratio 
[OR] = 3.10; p = .03); reminder site A did 
not differ from either site in OGTT com-
pletion (Table 3). When we examined the 
occurrence of any glucose test (random/
fasting glucose test, HbA1c or OGTT) 
in the 6 months following delivery, we 
found that 41.6% (109/262) of women had 
completed one or more of these tests. Of 
the 57 women who had had OGTTs, 81% 
(n = 46) had records of the test in the com-
munity laboratory billing claims database. 
There were no statistically significant dif-
ferences among the sites for the proportion 
of women who completed either random/
fasting glucose testing or HbA1c or any dia-
betes screening test. 

Factors that may influence screening rates 
were entered into a logistic regression anal-
ysis (Table 3). Women treated using diet 
only (vs. insulin) were less likely to com-
plete the OGTT (adjusted OR = 0.38; CI = 
0.18–0.80; p = .01). No other factors were 
found as significant predictors of OGTT 
testing. Paradoxically, women who were 
normal weight or overweight (vs. obese) 
were more likely to go for any postpartum 
glucose test (adjusted OR = 2.40; CI = 
1.16–5.01 and adjusted OR = 3.10; CI = 
1.42–6.77, respectively; p = .03). A family 
history of T2DM and previous GDM did not 
have a significant effect on the participant 
undergoing postpartum diabetes screening.

Discussion

We found that women with previous GDM 
who received care at sites where remind-
ers are used for postpartum diabetes 
screening were more likely to receive the 
recommended test, the OGTT. The OGTT 
rates for both reminder groups were lower 
than that found in our RCT (28% vs. 60%), 

included participants in that there was a 
significantly greater proportion of cigarette 
smokers in the excluded group (p = .002); 
they also gave birth to infants with a lower 
weight (p = .028). However, the difference 
in birth weight did not remain significant 
when gestational age at delivery was con-
trolled for (p = .316). There were no other 
significant differences compared to the 
included participants, as seen in Table 1. 

The majority of women (96.6%; 253/262) 
returned to the site for GDM care following 
their education class. Of the participants 
from the reminder sites, 92.2%  (83/90) 
returned to reminder site A and 100% 
(55/55) returned to reminder site B, and 
were followed by an internist/endocrinolo-
gist for GDM care. Of the participants from 
the non-reminder site, 98.3% (115/117) 
returned and all but three were seen by 
the high risk obstetrician for GDM care; of 
these, 17.9% (21/117) were also seen by an 
internist/endocrinologist. 

Hospital birth records were available for 
91.6% (240/262) of participants. There were 
no differences among the sites for the fol-
lowing characteristics: birth weight; propor-
tion of infants born > 4000 g; proportion of 
Caesarian sections; proportion of multiple 
gestation; proportion of primigravids or 
proportion of women experiencing pre
eclampsia (See Table 1). Women from the 
non-reminder site, however, did give birth 
earlier than women from reminder site B 
(38 vs. 39 weeks, p = .010). 

At reminder site A, 96.7% of participants 
were sent a postal reminder with a labora-
tory requisition (n = 3 not sent) following 
delivery, but 11.5% (10/87) of these were 
returned because the patient no longer 
lived at that address. Of the participants 
from reminder site B, 76.3% (42/55) were 
mailed a reminder letter, 14.5% (8/55) 
were phoned by a volunteer, and 7.3% 
(4/55) received both a letter and a phone 
call; one could not be reached by telephone 
and no letter was sent. No patients from 
the non-reminder site received postal 
reminders or phone calls.

In the intention-to-treat analysis using 
all participants, 21.7% (57/262) women 
completed the OGTT postpartum screening 
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TABLE 1 
 Baseline demographic, clinical and metabolic parameters of study participants

Non-reminder
group

(N = 117)

Reminder
group Aa

(N = 90)

Reminder
group Ba

(N = 55)

Excluded

(N = 27)
p-value

Baseline characteristics

Maternal age at delivery (years) 	 34.0 ± 5.4 	 33.5 ± 5.0	 	 33.3 ± 4.0 	 33.7 ± 5.4 	 .659

Gestational age at GDM diagnosis (weeks) 	 26.9 ± 4.0 	 27.8 ± 2.8	 	 27.8 ± 2.7 	 26.6 ± 3.4 	 .106

Pre-pregnancy BMI (kg/m2) 	 27.6 ± 6.8 	 27.6 ± 6.0	 	 25.4 ± 5.3b 	 28.8 ± 7.0 	 .039 

Category of BMI (n, %) 

Unknown 	 0 (0.0) 	 27 (30.0) 	 1 (1.8)	  

Normal 	 53 (45.3) 	 23 (25.6) 	 28 (50.9)	  

Overweight 	 28 (23.9) 	 23 (25.6) 	 13 (23.6)	  

Obese 	 36 (30.8) 	 17 (18.9) 	 13 (23.6)	  

Previous GDM 	 30 (26.3) 	 20 (22.5) 	 6 (11.1)	 	 5 (18.5) 	 .082

Primigravida 	 35 (29.9) 	 27 (30.0) 	 16 (29.1)	 	 5 (18.5) 	 .992

Cigarette smoking in pregnancy 	 8 (6.8) 	 2 (2.6) 	 5 (9.1)	 	 6 (22.2) 	 .258

Glucose level in challenge 50-g OGTT (mmol/L) 	 11.1 ± 2.2 	 11.8 ± 1.8 	 11.2 ± 1.7 	 11.5 ± 1.9 	 .202

Glucose level at 0 min 75-g OGTT (mmol/L) 	 5.4 ± 0.8 	 5.5 ± 0.7 	 5.2 ± 0.7 	 5.4 ± 0.7 	 .35

Glucose level at 60 min 75-g OGTT (mmol/L) 	 11.8 ± 1.3 	 11.6 ± 1.4 	 11.7 ± 0.9 	 11.5 ± 1.1 	 .803

Glucose level at 120 min 75-g OGTT (mmol/L) 	 9.4 ± 1.7   	 9.6 ± 1.8   	 9.6 ± 1.4  	 9.3 ± 1.3 	 .835

GDM care

GDM treated with insulin 	 45 (38.5) 	 25 (27.8)	 	 14 (25.5) 	 8 (29.6) 	 .131

Birth outcomes  

Gestational age at delivery (weeks) 	 38.0 ± 2.2 	 38.7 ± 2.5 	 39.0 ± 1.5b 	 37.3 ± 3.3 	 .01 

Infant birth weight (grams) 	 3280.4 ± 682.6 	 3408.6 ± 690.0 	 3440.7 ± 513.8 	 3058.3 ± 670.0 	 .233

Multiple gestation 	 6 (5.2)  	  2 (2.8)  	  0 (0.0)	 	 2 (7.7) 	 .196

Pregnancy-induced hypertension 	 12 (10.4)  	  3 (4.2) 	   5 (9.1)	 	 5 (19.2) 	 .655

Preeclampsia 	 7 (6.1)  	  4 (5.6)   	 2 (3.6)	 	 0 (0.0) 	 .655

Caesarian section 	 50 (43.9) 	 27 (37.5) 	 20 (36.4)	 	 12 (46.2) 	 .552

Family Hx T2DM 	 59 (50.4) 	 51 (56.6) 	 27 (49.1)	 	 13 (48.1) 	 .527

Income quintile (by postal code)

Missing 	 2 (1.7)   	 1 (1.1)   	  0 (0.0)	 n/a 	  .001c

1 (lowest) 	 32 (27.4) 	 32 (35.6)    	 3 (5.5)	 n/a  

2 	 19 (16.2) 	 12 (13.3) 	 13 (23.6)	 n/a  

3 	 27 (23.1) 	 17 (18.9) 	 13 (23.6)	 n/a  

4 	 19 (16.2) 	 22 (24.4) 	 10 (18.2)	 n/a  

5 (highest) 	 18 (15.4) 	 6 (6.7) 	 16 (29.1)	 n/a  

Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus; Hx, medical history; N, overall sample size; OGTT, oral glucose tolerance test; p, significance; T2DM,  
type 2 diabetes mellitus. 

Notes: n/a = data was not available due to lack of provincial insurance number to link data.

Data represent mean ± standard deviation or counts (%).

a Reminder groups A and B were compared to the non-reminder group using chi-square and analysis of variance (ANOVA) analyses.

b Significant versus non-reminder group.

c Reminder group B differs significantly by income quintile compared to reminder group A and the non-reminder group.
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and were more likely to have been taking 
insulin during pregnancy, suggesting that 
women with less severe GDM were more 
likely to return for follow-up. We need 
further research on perceptions of risk vis-
à-vis screening to find out why high-risk 
women are not being screened.

Our study has several limitations. We 
only followed women for 6 months post-
partum in keeping with the CDA screen-
ing recommendations. (In our RCT study, 
we included testing done within one 
year.) The results from other studies are 
varied: one found that women will delay 
their testing up to 428 days postpartum,14 
whereas another demonstrated that 94.3% 
of women completed it by 12 weeks post-
partum.25 However, the performance of this 
study in one urban multicultural centre 
may limit the generalizability of the results. 

In summary, the current study shows that 
reminders are an effective method of rein-
forcing guidelines for postpartum diabetes 
screening. However, the majority of women 
continue to not receive any glucose screen-
ing, let alone the recommended OGTT. Care 
providers should consider implementing a 
structured approach to postpartum follow-
up of women with a history of GDM. 
Further studies should assess different 
methods of postpartum reminders and bar-
riers to implementation.
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independent and significant predictors 
of postpartum screening in the year post-
delivery.18 In our practice, no routine post-
partum appointments are made with the 
internist/endocrinologist. Our study was 
limited in that we were not able to access 
the out-of-hospital records for postpartum 
care by an obstetrician or primary care 
provider. 

Although there are no other direct studies 
comparing models of care delivery, case 
management may improve screening rates. 
One prospective cohort study followed 
women with GDM who were provided labo-
ratory requisitions upon hospital discharge 
and also contacted at home by a case- 
manager who could perform the test; this led 
to an OGTT screening rate of 41%.25 At 
Kaiser Permanente in Northern California, 
screening rates utilizing an OGTT increased 
from 16.6% to 71.5% when a nurse- 
managed care program was instituted.18

Women at highest risk of developing T2DM 
may not be returning for screening. In 
our study, women on insulin were more 
likely to complete postpartum screening, 
but obese women were least likely to do 
so, with a rate of only 28.8% completing 
any glucose screening. One prospective 
cohort study followed women with GDM 
who were provided laboratory requisitions 
upon hospital discharge and also contacted 
at home by a case-manager who could 
perform the test.25 The women who did 
not return had a greater incidence of previ-
ous GDM, higher diagnostic glucose levels 

Several factors may play a role in comple-
tion of postpartum screening. There are 
differences in service delivery between 
our non-reminder and reminder sites. 
In particular, at the reminder sites all 
patients were seen by an internist/ 
endocrinologist, whereas at the non-reminder 
site all patients saw a high-risk obstetri-
cian and only saw the internist for insulin 
adjustments. However, given that the rate 
of screening was the same as in the non-
intervention group in our RCT, and the 
model of care (other than the postpartum 
reminders) has remained the same at all 
sites, the difference is most likely due to 
the implementation of a reminder system. 
Further, despite our attempts to ensure that 
the reminder had been received and the 
patient was available for screening, there 
were 4 participants who were not sent a 
reminder and 10 mailed reminders were 
returned, indicating 9.6% in the reminder 
groups who were lost to follow-up. Also, 
participants in the RCT knew that they 
were taking part in a research study com-
pared to the current study where women 
were not aware of this. 

Greater contact with health care providers 
appears to increase screening rates. Visits 
to health care providers postpartum, either 
with an endocrinologist or during the 
6-week routine follow-up visit where the 
provider ordered the test, were associated 
with higher rates of screening.23,24 Similarly, 
in a cohort study of over 14 000 women 
with GDM, visits to an internal medicine 
or obstetrics/gynecology provider were 

TABLE 2 
The proportion of study participants from each group who completed  

glucose screening tests in the first 6 months postpartum

Non-reminder
group

(N = 117)

Reminder
group A
(N = 90)

Reminder
group B
(N = 55)

OGTT 	 16 	(13.7%) 	 21 	(23.3%) 	 20	  (36.4%)a

Random/fasting glucose 	 31 	(26.5%) 	 23 	(25.6%) 	 12 	 (21.8%)

HbA1c 	 16 	(13.7%) 	 12 	(13.3%) 	 9 	 (16.4%)

Any glucose test 	 44 	(37.6%) 	 38 	(42.2%) 	 27 	 (49.1%)

Abbreviations: HbA1c, glycated hemoglobin test; N, sample size; OGTT, oral glucose tolerance test;  
p, statistical  significance.

a p = .01, reminder group B vs. non-reminder group.
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TABLE 3 
Adjusted logistic regression models for predicting postpartum glucose screening among women with a history of GDM 

Outcome Effect Adjusted OR 95% CI p-value

OGTT

Site   .029

Reminder A vs. non-reminder 	 1.57 	 0.66	 –	 3.70  

Reminder B vs. non-reminder 	 3.10 	 1.35	 –	 7.14  

Age .262

< 30 vs. ≥ 40 years 	 2.51 	 0.58	 –	10.83  

30–39 vs. ≥ 40 years 	 3.06 	 0.79	 –	11.84  

Prior GDM 	 0.49 	 0.20	 –	 1.23 .131

BMI .134

Normal vs. obese 	 2.42 	 0.92	 –	 6.36  

Overweight vs. obese 	 3.30 	 1.20	 –	 9.06  

GDM treatment    

Diet vs. insulin 	 0.38 	 0.18	 –	 0.80 .012

Family Hx T2DM 	 1.07 	 0.55	 –	 2.05 .845

SES quintiles .635

1 (lowest) vs. 5 (highest) 	 0.89 	 0.29	 –	 2.63  

2 vs. 5 	 0.96 	 0.33	 –	 2.84  

3 vs. 5 	 0.85 	 0.29	 –	 2.47  

4 vs. 5 	 1.68 	 0.59	 –	 4.77  

Any test

Site   .734

Reminder A vs. non-reminder 	 1.09 	 0.56	 –	 2.13  

Reminder B vs. non-reminder 	 1.33 	 0.65	 –	 2.71  

Age .595

< 30 vs. ≥ 40 years 	 0.74 	 0.28	 –	 1.98  

30–39 vs. ≥ 40 years 	 1.05 	 0.44	 –	 2.49  

Prior GDM 	 0.68 	 0.35	 –	 1.34 .264

BMI .032

Normal vs. obese 	 2.40 	 1.16	 –	 5.01  

Overweight vs. obese 	 3.10 	 1.42	 –	 6.77  

GDM treatment    

Diet vs. insulin 	 0.60 	 0.32	 –	 1.12 .107

Family Hx T2DM 	 0.77 	 0.45	 –	 1.31 .328

SES quintiles .195

1 (lowest) vs. 5 (highest) 	 0.92 	 0.38	 –	 2.21  

2 vs. highest 	 1.33 	 0.54	 –	 3.31  

3 vs. highest 	 0.85 	 0.35	 –	 2.04  

4 vs. highest 	 2.09 	 0.85	 –	 5.13  

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes mellitus; Hx, medical history; OGTT, oral glucose tolerance test; OR, odds ratio; SES, socio-
economic status; T2DM, type 2 diabetes mellitus. 

Notes: The category listed first on each line represents the reference group.
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relevant evidence-informed community 
health indicators that provide the evidence 
necessary to support decision making 
(whether strategic, business, or program). 
That these core indictors are locally rel-
evant is more important than their being 
nationally comparable.4

Currently, Capital Health reports and takes 
action to improve acute care based on clini-
cal indicators such as wait times for hip 
and knee surgery, length of time spent in 
the emergency department, infection rates 
and medication errors. However, Capital 
Health does not have, as yet, a similar sys-
tematic review process for improving popu-
lation health; nor does it systematically 
use evidence-informed community health 
indicators to guide decision making. It also 
has lower than desired rates in preventive 
health areas such as mammography screen-
ing and physical activity.5,6 

Methods

The Population Health Committee, set up 
by Capital Health’s Board of Directors, 
established a working group to recommend 
community health indicators for Capital 
Health to monitor. Members of this work-
ing group included the Medical Officer of 
Health, the Director of Planning and Quality 
(now Performance Excellence), the Head of 
Community Health and Epidemiology, an 
epidemiologist from the Health Outcomes 
Research Unit, a decision support analyst 
and the Director of Community Health 
(chair). The group built upon previous 
organizational work in the area, since uti-
lizing change management evidence that 
indicates use of existing resources and sys-
tems increases the likelihood of acceptance 
of the change.7 

(approximately 40% of the population of 
Nova Scotia). Capital Health operates hos-
pitals, health centres and community-based 
programs throughout Halifax Regional 
Municipality and the western part of Hants 
County, which includes some of the highest 
population density areas in the province as 
well as rural areas, small villages, and towns. 

Capital Health has a budget of approxi-
mately $800 million and a staff of about 
11  000 employees and physicians, and 
is affiliated with Dalhousie University. 
It serves as a provincial and Maritime 
referral centre for tertiary and quaternary 
care. Capital Health has embarked on the 
implementation of a new strategic plan 
(QUEST, the planning initiative leading to 
Our Promise, the new strategic plan). One 
of the goals of this process is to ensure 
that its strategic directions are population 
based and evidence informed. Specifically, 
achieving the strategic direction of sustain-
ability requires the monitoring of the health 
of the community by means of locally 

Introduction

Compared to other Canadians, Nova 
Scotians have poor health status and high 
rates of chronic disease and obesity, as well 
as an aging population.1,2 Interventions to 
improve health status require multi-level, 
multi-sectoral action.3 For the health sys-
tem this means moving the focus from 
acute care to a population health approach, 
which involves developing partnerships 
beyond the traditional health care sector 
and systematically measuring the progress 
of population health initiatives. Such a 
strategy may require district health authori-
ties to reassess skill mix, decision support 
systems, budget allocations, and advocacy 
priorities as well as to shift to an organi-
zational culture that values a population 
approach to health.

The Capital District Health Authority 
(Capital Health) is Nova Scotia’s largest 
provider of health services, providing care 
to an immediate catchment area of 400 000 
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(Table 1). The working group also consid-
ered it important to identify both positive 
and negative indicators that would meas-
ure the activity and progress of community 
health strategies within the district, provide 
a balanced view of the health of the popu-
lation across program areas and objectives, 
have minimal duplication, and be ethically 
and legally measurable.8,10

During the second step—consultation—the 
list of indicators was refined through con-
sultation with district health authority and 
community stakeholders using a modified 
Delphi method. This is a structured process 
for collecting and distilling knowledge from 
informants through a series of question-
naires interspersed with feedback.11,12 It has 
the advantage of gathering opinion without 
the need for face-to-face meetings. The 
working group developed an information 
package for stakeholders consisting of a list 
of indicators, a brief memorandum outlin-
ing the process and goals of the selection 
process, and a short questionnaire solicit-
ing the stakeholders’ knowledge of and 
the utility of community health indicators 
using 5-point Likert scales (not aware to 
very aware, and not helpful to very helpful, 
respectively). The indicators were organ-
ized by age group and presented along with 
the definition, a brief rationale providing 
the link between the indicator and health 
in lay language, comparisons of district-
level data to provincial and national figures 
using the most current available rates, the 
data sources, and a brief demographic pro-
file of Capital Health. 

Stakeholders were asked to identify two 
priority indicators for each age group. They 
were also asked if the working group had 
identified the most relevant indicators, 
what indicators were missing and should 
any indicators be deleted. Respondents 
could choose to reply anonymously.

In addition to distributing the package, 
the chair of the working group presented 
the information to small group sessions of 
stakeholders. The goal of this multi-faceted 
approach (information package, supporting 
data, presentation and discussion) was to 
improve both the response rates and utili-
zation of the indicators.

populations would more readily see the 
application of the indicators to their work. 

The group developed criteria to guide selec-
tion of the indicators based on a literature 
review and environmental scan. Critical 
to selection was local relevance, since the 
purpose of the chosen indicators was to 
help guide Capital Health’s future business 
decisions. Further, they had to be consist-
ent with the definition of a good indica-
tor as provided by Accreditation Canada 
(meaningful and relevant to those using 
the indicator; collected consistently and 
accurately without significant additional 
burden; follows standard definition; rate-
based; and aligns with organizational goals 
and objectives).9 The committee adapted 
the screening criteria for indicator selec-
tion developed by Saskatchewan Health10 

because this framework is closely aligned 
with the values and objectives of our work-
ing group. The committee also considered 
the ability to compare Capital Health 
rates with provincial and national rates 
over time, in keeping with the strategy 
recommended by the National Consensus 
Conference on Population Health Indicators 
convened by the CIHI.8 

The working group used the following cri-
teria for indicator selection: linked to one 
or more of the strategic priorities of Capital 
Health, actionable by Capital Health, feasi-
ble to measure and report, evidence based, 
easily understood and easy to use, reliable 
and valid, sensitive and specific, and com-
parable across jurisdictions and over time 

Because of the district’s limited resources 
and the length of time necessary to change 
population health, the working group 
took a pragmatic approach to identifying 
a manageable number of indicators for 
Capital Health to monitor on an ongoing 
basis and a subset of indicators for prior-
ity action. In doing so, the working group 
adopted a four-step process to develop the 
community health indicators, based in 
part on the Canadian Institute for Health 
Information (CIHI) framework for indica-
tor identification.8 The steps consisted of 
gathering information to develop an initial 
set of indicators for monitoring purposes; 
consulting with stakeholders to identify 
priority indicators for immediate action; 
validating the priority indicators; and  
using the selected indicators (Figure 1). A 
logic model (Figure 2) shows the interrelat-
ing process steps (the activities) and the 
inputs, outputs and outcomes. 

In the first—information gathering—step, 
the working group considered emerging 
health issues and priorities using key age 
groups (general, infants/children, youth, 
adults, and seniors) to guide thinking in 
order to select an initial set of indicators. 
Indicators were organized by age group 
for three main reasons: community health 
and health promotion interventions are 
implemented differently by age group; chil-
dren’s services are delivered mainly by the 
IWK Health Centre, and such a breakdown 
assisted in identifying their role in tak-
ing action to improve population health; 
and practitioners working with specific 

Figure 1  
Process methodology

Step 1 Step 2 Step 3 Step 4

Gather  
information

Consult Validate Utilize

•	 Identify emerging 
health issues

•	 Develop selection 
criteria

•	 Develop indicators 
to address emerging 
health issues

•	 Select and prioritize 
indicators with 
stakeholders

•	 Confirm indicator 
selection  and priori-
ties for action

•	 Determine awareness

•	 Reassess skill mix

•	 Reallocate budget

•	 Select population 
health priorities

•	 Identify key areas for 
advocacy

•	 Continue ongoing 
research and 
innovation



67 Vol 31, No 2, March 2011 – Chronic Diseases in Canada

TABLE 1 
Health indicator selection criteria

Criteria Definition

Linked to one or more of the strategic 
priorities of Capital Health

What is measured may influence or play a role in the refinement of the district’s strategic priorities

Actionable by Capital Health Capital Health can influence a change (via advocacy, partnership, or direct intervention)

Feasible to measure and report Measurable in a practical, cost-efficient way, and derived from available/accessible management information systems

Evidence based Evidence linking a change in indicator to improved health outcomes

Easily understood/used Easy to understand by intended users (the Board, senior leadership team, staff)

Reliable and valid Scientifically sound, measured consistently (reliability) and accurately (validity)

Sensitive and specific Responsive to action; readily responds to external stimuli and has a distinct effect

Comparable Comparable across jurisdictions (e.g. other District Health Authorities, provinces, nationally) and over time

Adapted from: Saskatchewan Health Regional Health Services (2007)10

Figure 2 
Community health indicator logic model

The following logic model links steps 1-4 from the process methodology logic model (Figure 1) with the inputs, outputs and measures 
to achieve the outcomes. 

INPUTS ACTIVITIES OUTPUTS OUTCOMES

Funding
Identify working group 
members

Partnership group established
Short term 
1–2 years

Medium term 
2–5 years

Long term 
5–10 years plus

Learning

Set of indicators

System and pro-
cess to monitor 
indicators

Awareness of 
link between 
indicator and 
health

Action

Utilization of 
indicators:

- practice 
- decisions 
- policies 
- advocacy

Conditions

Improved popula-
tion health

Staff time Literature search Evidence

Participants’ time  
(colleagues and experts who 
rank indicators)

Identify what we need to know 
and emerging health issues

Understanding of key health 
issues for each age group and 
general community

Administrative databases Develop selection criteria Selection criteria

Research staff
Identify indicators using 
selection criteria

Report of findings
OUTCOME MEASURES

Audit of the new strategic plan

Documentary review of meeting minutes (Population  
Health Committee, Capital District Health Authority 
Board, executives)

Review of revised terms of reference of Quality  
Committee of Board

Organizational restructuring

Review of budget statements

Surveys/ focus groups

Confirm and prioritize  indica-
tors (modified Delphi process 
with stakeholders)

Proposed tracking & reporting 
system

Develop tracking and report-
ing process

Presentation to Population 
Health Committee of the 
Board completed

Present findings to Board 
committee

Assumptions

Staff & participants’ time, expertise & interest to participate

External factors

Competing priorities of acute care 

Limited provincial funding 

Focus on wait times 

National emphasis on Public Health improvement
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good agreement for priority indicators for 
each of the age groups (Table 2). Generally, 
indicators chosen for priority action were 
those for which there was good evidence of 
need as indicated by the additional data and 
information provided to the respondents. 

Respondents showed high scores for 
knowledge and attitudes on the Likert 
scales (medians of 4) in response to the 
questions, “On a scale of 1 to 5, has the 
information provided and discussions 
through QUEST increased your awareness 
of the health status of our community and 
the link between the indicator and health?” 
and “On a scale of 1 to 5, do you think 
monitoring and reporting these indicators 
would help guide the Board and organiza-
tion in its strategic and business decision-
making?” Unfortunately, there were no 
baseline data with which to compare 
these self-report scores. With respect to 
increasing awareness of the health status 
of the community and the link between the 
indicator and health, 73% of the respond-
ents indicated that the information pro-
vided improved their awareness and 94% 
reported that they thought monitoring and 
reporting these indicators would help guide 
the Board and the organization in its strate-
gic and business decision-making. 

Further prioritization/validation sessions 
with stakeholders had been planned as 
the third step in the process in the event 
of lack of consensus in the consulta-
tion step. However, the results indicated 
consensus regarding priorities for initial 
action. Therefore, wider dissemination 
was planned following presentation to the 
Population Health Committee of the Board. 

Survey results regarding priority indicators 
for district action were presented to the 
Population Health Committee of the Board 
for their consideration and utilization. 
Due to limited resources, the Committee 
supported one priority indicator (physical 
inactivity), which was the second most 
important issue for the youth and older 
adult age groups and the third most impor-
tant for the adult age group. As a result, 
a strategy with specific targets to increase 
physical activity levels was developed to 
demonstrate how a partnership approach 
can be used to improve community health, 

Results

Selection of indicators

The working group selected 53 initial 
indicators and sent this list to key stake-
holders. Of the 59 stakeholders surveyed, 
38 responded (64% response rate). The 
top priorities for action identified for each 
group were as follows: the population in 
general—the percentage of low-income 
families (32%); infants and children—
the percentage of mothers breastfeeding 
on leaving hospital (25%); youth—the 
percentage who are overweight or obese 
(with body mass index [BMI] greater than 
or equal to 25 kg/m2) (33%); adult—the 
percentage who are overweight or obese 
(32%); adults over 65 years old—home care 
wait times (37%). There was reasonably 

The third step in the process was the 
validation step. Upon receipt of initial 
stakeholder feedback, the indicators and 
priorities for action chosen by stakeholders 
was confirmed and planned for, by means 
of further consultation sessions with stake-
holders if necessary. 

The final step, currently underway, involves 
the utilization of the indicators to measure 
population health including reassessment 
of skill mix and reallocation of the budget. 
It also permits the identification of key 
areas for advocacy, as well as innovation in 
health care practice across service delivery 
and research. 

TABLE 2 
Priority indicators per category and identification response rates

Category Indicator Responses (%)

General 

Poverty 31.6

Food insecurity 21.1

Housing affordability 15.8

Environment/regular physician/ 
unemployment 10.5

Infant/Children

(0–11 years)	

Breastfeeding initiation 25.0

Early childhood development 23.5

Exposure to second hand smoke 20.6

MMR immunization 10.3

Youth

(12–19 years)

Overweight/obesitya 32.8

Physical inactivity 23.4

Smoking 17.2

Sexually transmitted infections 10.9

Adults

(20–64 years)

Overweight/obesitya 31.7

Literacy 19.0

Physical inactivity 12.7

Colorectal screening 9.5

Older Adults

(65+ years)

Home care wait times 36.8

Physical inactivity 31.6

Falls 19.3

Influenza immunization 12.3

Abbreviations: MMR, Measles, mumps and rubella vaccine. 
Notes: Table includes the top four priority indicators in each area due to space limitations.  
a Overweight and obesity were initially separate, but were combined for practical purposes. 
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both empirical and contextual evidence 
through consensus. The utilization of 
research evidence in decision-making is 
facilitated if decision makers are aware 
that it exists (wide dissemination) and is 
summarized concisely with implications 
for practice.15,16 A set of community health 
indicators is the first step towards this goal. 
We concluded that the use of population 
health indicators by decision makers is 
increased by: (1) involving those who will 
use the indicators during indicator devel-
opment; (2) presenting evidence clearly 
linking indicators to health in an easy-to-
manage and useful format and in plain 
language; and (3) wide dissemination.

Such a process is not without challenges. 
Selection of too many indicators dilutes the 
available information and makes the task 
of monitoring and reporting unmanageable. 
However, if too few indicators are identi-
fied, the overall picture of the health of 
the population is inaccurate. In addition, 
our information is derived from a sample 
with a 64% response rate. Organization of 
indicators by age group meant that some 
indicators received greater representation 
in the selection process. However, the 
reality of policy development and service 
delivery by age group outweighed this con-
cern. Finally, some of the indicators chosen 
in this project, such as the percentage of 
low-income families in the general popula-
tion, may not be readily amenable to direct 
action by Capital Health, though they are 
important areas for advocacy.

Understanding the community’s health 
status is essential in the development 
of population-wide strategies for health 
improvement. This project has provided 
community health indicators to monitor 
planning and performance for popula-
tion health improvement. As local health 
data are important for local health plan-
ning, Capital Health is completing a dis-
trict health assessment adapted from the 
Canadian Community Health Survey to 
obtain health data at the community health 
board level. Local data assist in mobilizing 
communities to action. The process for 
determining these indicators, as described 
here, may help other district health authori-
ties meet their legislative mandate of 
improving the health of their communities. 

evidence of the link between community 
health indicators and health outcomes, and 
the need for ”upstream,” multi-level, multi-
sectoral action, as demonstrated through 
this intervention project, has implications 
for a range of actions. These include the 
selection of actionable population health 
priorities, reallocation of budget from acute 
care to population health, reassessing skill 
mix needed to take action to improve the 
indicators (e.g. epidemiologists, health 
economists, analysts, public health person-
nel), identification of key areas for advo-
cacy, determining areas for innovation and 
research related to population health (eval-
uation of effective interventions to increase 
physical activity in the district), and shift-
ing organizational culture to include valu-
ing a population approach to health. 

Change management theory indicates that 
the first step in changing behaviour is to 
increase awareness of the issue. It was 
hoped that the evidence provided through 
the presentations and discussions, along 
with the information package material, 
would lead to an increased stakeholder 
awareness of the need to develop and sub-
sequently use community health indicators 
in decision making and of the need to move 
from a system focused on acute care to one 
that also values a broad population health 
approach. The stakeholders were influen-
tial, directly or indirectly, in identifying the 
need to include community health indica-
tors in our business and strategic plans.14 

At the board and executive level, building 
capacity for evidence-informed decision 
making related to population health has 
implications for business and strategic 
planning. It can assist an organization to 
better determine where and how to allocate 
resources. The evidence helps identify the 
areas of greatest need and where inter-
ventions are likely to succeed, and hence 
quality information is required in order to 
set priorities. The identification of com-
munity health priorities for action allows 
for focused action by the organization, 
enabling greater impact. 

The working group’s method of indicator 
identification provided evidence-informed 
information to assist Capital Health in 
selecting indicators for action. It combined 

as measured by indicators. However, rec-
ognizing the importance of the relation-
ship between poverty, health and access to 
services, the Population Health Committee 
suggested further exploration of the role 
of the district in addressing poverty fol-
lowing a review of the provincial Poverty 
Reduction Strategy.13 

Monitoring of indicators

The working group recommended a process 
for ongoing monitoring and reporting of 
the full set of community health indicators 
that involved the integration of the tracking 
and reporting process at both strategic and 
operational levels, with monitoring of the 
indicators and annual reporting on progress 
completed by a single group that includes 
an epidemiologist, health economist, data 
analyst and others as necessary. 

The working group also recommended 
development of a concise, easy-to-read 
“dashboard” report that contains key indi-
cators to support decision making at Board 
level. Supporting material would be made 
available upon request. The Population 
Health Committee would receive and 
discuss the dashboard reports, and make 
recommendations for health improve-
ment strategies to the Board in response to 
these. The Quality Committee of the Board 
should also receive the indicator reports for 
its information. This Committee currently 
monitors mainly acute care indicators but 
has recognized the need to consider the 
impact of broad community health indica-
tors on their work. Importantly, it was also 
recommended that the annual dashboard 
report be made available to the broader 
community. It is recognized that these indi-
cators reflect highly complex issues that 
will require time and effort to change. The 
Population Health Committee noted that 
it would be helpful to monitor and report 
changes to predisposing factors that would 
be expected to impact the selected indica-
tors as part of the monitoring strategy. 

Discussion

District health authorities are legislated 
to “improve the health of their communi-
ties.” The boards of district health authori-
ties make decisions based on information 
provided to them. Providing boards with 
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This project has implications beyond the 
district level by providing evidence for the 
districts and community health boards 
to advocate for further provincial invest-
ment in policies and practices that reduce 
social, economic and health inequalities. 
Ultimately, a scorecard or dashboard on 
community health indicators will be avail-
able to the community, permitting transpar-
ency and accountability. It will assist the 
community in gaining a better understand-
ing of the health of their community. 

Identifying what contributes to a healthy 
community is still not well understood by 
district health authorities. Researchers may 
be interested in implementing and evaluat-
ing population health initiatives for which 
there are no current data or evidence of 
effective interventions. This will add to the 
body of knowledge in this area. It would 
be particularly interesting in future endeav-
ours to implement these indicators across 
district health authorities in Nova Scotia 
and compare their effectiveness in support-
ing community and stakeholder action to 
address chronic diseases. 
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age-period-cohort modelling. Because only 
linear changes in the proxy variables can 
be extended into the future to make predic-
tions, cancer projections are subject to a 
great deal of uncertainty.

Moller et al. proposed a method for long-
term projection of cancer incidence using 
age-period-cohort modelling after compar-
ing several versions of the model on data 
from the Nordic countries.8 The researchers 
tested a total of 15 models by comparing 
predictions based on prior historical data 
to observed rates, and recommended those 
models that produced the most accurate 
predictions. These tested and recom-
mended techniques have been used to 
project cancer in the Nordic countries4 and 
in England5 but have not been used widely 
in Canada.9 Projections for all cancers com-
bined in the Nordic countries (1998–2002 
to 2018–2022) suggest that rates have 
levelled off for males and will level off for 
females about ten years from the start of 
the projection period.4 Results from pro-
jections in England (2004–2020) suggest 
that incidence of all cancers combined for 
males may now be starting to decrease 
after increasing over the past few decades; 
similarly, incidence of all cancers combined 
for females are projected to start decreasing 
in 2015.5

The purpose of this paper is to present 
the results of applying recommended 
projection methods to the population of 
Manitoba, Canada, for the period 2006 to 
2025. The resulting estimates of the num-
ber of new cancer patients in Manitoba 
over the projection period will help plan for 
future healthcare needs related to cancer. 
Further, the results will show how current 

Abstract

Introduction: Projecting the burden of cancer is important for evaluating prevention 
strategies and for administrative planning at cancer facilities. 

Methods: We projected cancer incidence and counts for the population of Manitoba using 
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and cancer incidence data from the Manitoba Cancer Registry for the years 1976 to 2005. 
Data were analyzed using a version of the age-period-cohort model with recommended 
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impact. Further, changes in prevention 
and cancer care that may have a signifi-
cant impact on incidence or mortality are 
unpredictable. Various statistical methods 
have been used to project cancer incidence 
in other countries.2-7 The most common 
cancer projection models use trends in the 
three time-related variables of age, period 
and birth cohort as a substitute measure-
ment of the risks associated with cancer 
incidence and mortality.1,4,5 Future rates 
are predicted by extrapolating from his-
torical trends in the proxy variables of age, 
period and cohort. Linear changes in can-
cer incidence across particular age groups, 
time periods or generations (cohorts) 
will likely continue for some time, and 
this is the major assumption made in 

Introduction

Projection estimates of the burden of can-
cer have significant implications. They 
are important for administrative planning 
at cancer facilities, including establish-
ing future policy and research plans. 
Projections also have scientific implica-
tions; by comparing projected numbers to 
actual cancer outcomes, they can be used 
as a benchmark against which to evaluate 
prevention strategies.1 In this case, age-
standardised rates allow comparison of 
cancer incidence across populations on a 
per capita basis.

Projecting cancer rates is challenging 
because many risk factors have not been 
identified; for known risk factors, it is dif-
ficult to directly measure exposure and 
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20 in all observation periods for each can-
cer site. Projections for age groups below 
this limit were based on average rates in 
the last 10 years.

Models for observed rates for each cancer 
site were fit by using the greatest predic-
tion base (between four and six 5-year 
periods) that satisfied a goodness-of-fit 
test. The parameters of the model for pro-
jected rates were derived as described for 
the Nordic countries as follows:4 the age 
component A was projected directly; the 
linear drift D was projected with the two 
modifications described earlier; the non-
linear cohort component C was projected 
directly for known cohorts and taken to 
equal the last estimated effect in the model 
for new cohorts; and the non-linear period 
component P was taken to equal the last 
estimated effect in the model for all future 
periods. Projected incidence was then cal-
culated based on the resulting models.

Spikes in prostate cancer incidence in the 
late 1980s and the 1990s coincided with the 
introduction of the prostate-specific antigen 
(PSA) test, and reflected a screening effect. 
Using the standard set of assumptions to 
project prostate cancer would result in 
projecting a substantial—and unlikely—
jump in incidence. With respect to bladder 
cancer, historical incidence shows a sharp 
decrease in the last decade because some 
neoplasms formerly considered invasive 
bladder cancer were reclassified as in situ 
neoplasms; in this case, using historical 
rates would predict a continued sharp 
decrease that is equally unlikely to occur. 
Following methods used in Norway and 
England,5,15 we used a constant rate model 
to project both prostate and bladder can-
cer. The average rates from the most recent 
time period (2001–2005) were assumed to 
remain constant throughout the projection 
period. Therefore, any projected increases 
in the number of cancer cases for these 
sites are due to changes in the population. 

We calculated the projected rates for all 
cancers combined for males and for females 
by summing the projected rates that were 
calculated for the individual cancer sites, 
including “other.” Age-standardized inci-
dence rates were calculated using the 1991 
Canadian standard population. 

age-period-cohort Poisson regression 
model13 and can be written as follows: 

Rap = exp( Aa + D . p + Pp + Cc )

where Rap is the incidence in age group a 
and period p, Aa is the age component for 
age group a, D is the common drift param-
eter accounting for the linear component 
of the trend in period and cohort (it is not 
distinguishable as uniquely a period or a 
cohort effect14), Pp is the nonlinear period 
component of period p, and Cc is the non-
linear cohort component of cohort c.

On the recommendation of Moller et al., 
we modified the model for most cancer 
sites.8 When cancer registry data are avail-
able for a period of several decades, it is 
recommended that cancer projections 
be calculated with the power model.1 To 
modify the classic age-period-cohort model 
in this way, we chose a power link function 
instead of the logarithmic link function. 
This change serves to dampen any expo-
nential increase in the rates over time. The 
model is as follows:

Rap = ( Aa + D . p + Pp + Cc )
5

This modification cut the drift parameter 
by 0%, 25%, 50%, and 75% in the first, 
second, third, and fourth 5-year periods 
respectively, with the intention of gradu-
ally decreasing the effect of current trends, 
since current trends are unlikely to con-
tinue at the same rate. 

Finally, if there were significant sharp 
changes in the historical rates, projections 
based on the entire set of historical rates 
would be inaccurate. The test for departure 
from a linear trend consisted of checking 
the significance of S in the following model:

Rap = ( Aa + D . p + S . p2 + Cc )
5

In cases where S was significant, we used 
only the trend in the most recent 10 years 
to project the drift component. This modi-
fication was made for the following cancer 
sites: lung (males), oral cavity and pharynx 
(males) and breast (females).

The lower age limit was chosen to insure 
that the number of cases was greater than 

trends may impact future incidence, and 
projected rates will serve as a reference 
point against which to measure future can-
cer control initiatives in Manitoba.

Methods

Data

We obtained cancer incidence counts from the 
Manitoba Cancer Registry for the years 1976 
to 2005. Data were summarized by sex into 
5-year periods (1976–1980, … 2001–2005) 
and 5-year age groups (0–4, 5–9, …, 80–84, 
85+) and categorized using codes from both 
the International Statistical Classification of 
Diseases, Ninth Revision (ICD-9)10 and Tenth 
Revision (ICD-10).11 Non-melanoma skin 
cancers, benign and in situ neoplasms, and 
those of uncertain behaviour or unspecified 
nature were excluded from the projections. 
In order to have enough incident cases to 
calculate reliable projections, there needed to 
be at least three age groups to satisfy the con-
dition of having at least 20 cases per period 
and age group; cancer sites that did not sat-
isfy this requirement were grouped into the 
category “other.” For females, the category 
“other” included the cancer sites oral cavity  
and pharynx, esophagus, melanomas of the 
skin, kidney and renal pelvis, brain and other 
nervous system, thyroid, Hodgkin’s lym-
phoma and all other and unspecified cancers. 
For males, the category “other” included the 
cancer sites esophagus, melanomas of the 
skin, testis, brain and other nervous system, 
thyroid, Hodgkin’s lymphoma, and all other 
and unspecified cancers. 

Using the Manitoba population projections 
for 2006 to 2026,12 we aggregated projected 
population data from the main projection 
scenario for the years 2006 to 2025 and 
actual population data for the years 1976 
to 2005 into 5-year periods and 5-year age 
groups by sex in the same manner in which 
we summarized the cancer incidence data. 

Modelling of incidence 

We calculated the projected cancer inci-
dence with NORDPRED4 in the statisti-
cal computing software R version 2.5.0.* 

Developed at the Norwegian Cancer 
Registry, NORDPRED is a package for 
predicting cancer incidence and mortality. 
The model used is based on the standard 

* www.r-project.org/
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Cancer incidence 

Overall, the age-standardized incidence 
in Manitoba for all cancers combined is 
predicted to decrease slightly over the 
projection period, 2006 to 2023 (Figure 1). 
Figure 2 shows the actual (1976–2005) and 
projected (2006–2025) age-standardized 
incidence by cancer sites. For most sites, 
rates are expected to remain stable over the 
projection period. The largest changes in 
incidence expected over the 20-year projec-
tion period are decreases in oral cavity and 
pharynx cancers (−25%) and lung cancers  
(−32%) among males. Female lung can-
cer incidence is expected to continue to 
increase for 5 to 10 years before starting to 
decrease.

was calculated by subtracting the current 
number of cases from the number of cases 
that would result by multiplying the cur-
rent incidence and the estimated future 
population.4

Results

Table 1 shows the ICD-10† codes used to 
define the cancer sites and the lower limit 
of the youngest age group included in the 
projections, the number of 5-year periods 
used in the prediction base, and whether 
or not the recent trend from the previous  
10 years or the trend over the entire predic-
tion base was used in the projection. 

† The more recent ICD-10 codes, in use since 2002, map over easily to the previous ICD-9 codes; hence only they are shown in Table 1.

We calculated the projected cancer inci-
dence counts by multiplying the projected 
rates by the projected population in cor-
responding future periods. The percent 
change in cancer incidence counts over the 
projection period was apportioned into the 
contribution from change in cancer risk 
and the contribution from change in demo-
graphics (size and age of population). The 
portion of the change due to change in risk 
was calculated by subtracting the number 
of cases that would result from multiplying 
current incidence by the estimated future 
population from the estimated number 
of future cases. Similarly, the portion of 
the change due to change in population 

TABLE 1 
ICD-10 codes,a lower limit of the youngest age group used in the models, number of periods  

used in the prediction base, and use of recent or average trend in cancer projections, Manitoba 

Cancer site ICD-10 codesa 

Females Males

Lowest ageb Number of  
periodsc

Average trendd 
or recent 

trende

Lowest ageb Number of 
periodsc

Average trendd 

or recent 
trende

Oral cavity and pharynx C000–C148 — — — 45 6 Recent

Stomach C16 70 6 Average  55 6 Average

Colorectal C18–C20, C26.0 45 6 Average 40 6 Average

Pancreas C25 65 6 Average  60 6 Average

Lung C34 45 6 Average 45 6 Recent

Breast C50 30 4 Recent  — — —

Cervix uteri C53 30 6 Average — — —

Corpus and uterus C54, C55 45 6 Average  — — —

Ovary C56 45 6 Average — — —

Prostate C61 — — —  — — —

Urinary bladder C66–C68 — — — — — —

Kidney and renal pelvis C64, C65 — — —  50 6 Average

Non-Hodgkin's lymphoma C82–C85, C96.3 55 6 Average 60 6 Average

Leukemia C90.1, C91–C95 65 6 Average  55 6 Average

Otherf 15 6 Average  15 6 Average

Abbreviations: ICD-10, International Statistical Classification of Diseases and Related Health Problems, 10th Revision;  ICD 9, International Statistical Classification of Diseases and 
Related Health Problems, 9th Revision.

a The more recent ICD-10 have been in use since 2002. ICD-10 codes map over easily to ICD-9, and hence only they are shown in Table 1.

b Lower limit of youngest age group used in the model.

c Number of periods used in the prediction base.

d Average trend over entire prediction base. 

e Average trend from last 10 years  used in the model.

f Females: C000–C148, C15, C44, C64, C65, C70–73, C81, and all other invasive cancers, not listed here or above (ICD-10: C00–C97). Males: C15, C44, C62, C70–73, C81, and all other 
invasive cancers, not listed here or above (ICD-10: C00–C97). Our analyses excluded non-melanoma skin cancers.
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Much like in England, a large part of the 
stabilization of total cancer incidence in 
Manitoba is likely due to a reduction in the 
use of tobacco,5 the probable reason for the 
downward trend in lung cancer incidence 
in Canada.16 Particularly for men, cancers 
of the oral cavity and pharynx and lung 
have been decreasing for the past two 
decades (see Figure 2) and are expected 
to continue to decrease over the projection 
period. Women have historically had lower 
smoking rates than men, although since the 
late 1980s, the difference between smoking 
prevalence in men and women has been 
quite small. Therefore, lung cancer rates 
in women have been increasing and are 
only now reaching the same levels as men’s.  
In turn, the effects from the decreased use 
of tobacco in women are not expected to be 
realized for approximately ten years, when 
lung cancer rates are predicted to begin to 
decline. Lung cancer currently accounts 
for approximately 14% of all cancers in 
Manitoba, though a large portion of other 
cancers in Manitoba can also be attributed 
to smoking.16-18 Since incidence for all 
cancers combined has been increasing in 
past decades, a change in the pattern dem-
onstrates the potential impact of primary 
prevention. 

We can expect the number of cancer cases 
in Manitoba to increase from approximately 
5500 to 7500 over the projection period. For 
most cancers, the majority of this projected 
change is attributable to the changes in the 
population. As the population of Manitoba 
increases and slowly ages, cancer services 
will need to expand to accommodate the 
predicted increase in cancer cases. The 
relative contribution to the total number 
of cancer cases by each of the four major 
sites (colorectal, lung, breast and prostate) 
is not expected to change significantly over 
the projection period. This information is 
useful for planning the allocation of future 
cancer services in Manitoba.

The method used to calculate the current 
predictions has been shown to be fairly 
accurate.8 The discrepancies between 
actual outcomes and projected numbers in 
the analysis of the rates in Nordic countries 
were generally between 10% and 20%. 
However, the projected rates and counts 
for all cancers combined are likely more 

changes in the population of Manitoba by 
age and gender. 

Overall, the total number of new cancer 
cases per year is expected to increase by 
36% from approximately 5500 in 2003 to 
approximately 7500 in 2023. Although 
the numbers of cancer cases in men and 
women have been relatively similar in 
recent years, we expect a greater increase in 
cancer cases in men (40%) than in women 
(30%) over the projection period, so that 
by 2023 there will be 7% more cancer cases 
in men than in women. 

Discussion

In Manitoba, the incidence of all cancers 
combined is expected to decrease slightly 
between 2006 and 2025, similar to the 
results for England where overall incidence 
is projected to stabilize and start to decline 
immediately for men and from 2015 for 
women.5 The expected rates for all cancers 
combined and for the individual sites will 
provide a benchmark against which to 
measure the impact of prevention strategies 
in Manitoba. For example, targeting risk 
factors such as obesity, physical inactivity 
and tobacco use may result in incidence 
lower than that predicted.

Cancer incidence and attributing change

Table 2 summarizes the predicted change 
in number of cancer cases by site and gen-
der between the midpoint of the last 5-year 
period of data (2003) and the midpoint of 
the last 5-year period of the projections 
(2023). For each cancer site, it shows the 
percent of the total change that is attributa-
ble to change in risk and the percent of the 
total change that is attributable to change 
in the size and age of the population. We 
expect notable decreases in risk of inci-
dence for the following cancers: oral cavity 
and pharynx (males), stomach (females), 
colorectal (females), pancreas (males 
and females), and lung (males). We also 
expect notable increases in risk for Non-
Hodgkin’s lymphoma in both males and 
females. The predicted increases in can-
cer cases for most cancer sites are largely 
attributable to demographic changes; the 
population of Manitoba is expected to grow 
approximately 22% (1 178 460 in 2006 to 
1 439 150 in 2025), largely due to inter-
national immigration that is expected to 
account for more than 80% of the growth 
in the population over the projection 
period.12 Simultaneously, this population 
is expected to age so that the median age 
increases by 1.3 years over the projection 
period.12 Figure 3 shows the expected 

Figure 1 
Actual and projected age-standardised incidence of all cancers combined until 2025, Manitoba
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Notes: Male rates in dark blue; female rates in grey
Thick lines represent actual rates; thin lines represent projected rates.
Other sites means all cancers excluding non-melanoma skin cancers, benign and in situ neoplasms, and those of uncertain 
behaviour or unspeci�ed nature.

Figure 2  
Actual and projected age-standardised incidence of most cancer sites to 2025, Manitoba
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TABLE 2 
Number of predicted cancer cases by site and gender in 2023, Manitoba

Cancer site 

Females Males

Number of cases Percent change (%) Number of cases Percent change (%)

2003a 2023b Overallc 
Due to  

riskd

Due to change  
in populatione 2003a 2023b Overallc 

Due to 
riskd

Due to change 
in populatione

Oral Cavity and Pharynx — — — — — 97 101 3 −37 40

Stomach 42 41 −1 −28 27 77 106 38 −6 44

Colorectal 358 429 20 −11 31 409 622 52 7 45

Pancreas 69 79 15 −16 31 65 88 36 −10 46

Lung 408 568 40 1 39 434 441 2 −47 49

Breast 776 982 27 −4 31 — — — — —

Cervix uteri 53 67 28 4 24 — — — — —

Corpus and uterus 175 248 42 7 35 — — — — —

Ovary 94 117 24 −7 31 — — — — —

Prostate — — — — — 703 1078 53 0 53

Urinary bladder 37 49 33 0 33 106 152 43 0 43

Kidney and renal pelvis — — — — — 113 169 49 6 43

Non-Hodgkin's lymphoma 119 174 45 16 29 132 204 54 13 41

Leukemia 74 97 31 2 29 96 134 40 −2 42

Other 574 775 35 6 29 537 782 46 6 40

All cancersf 2779 3625 30 −1 31 2769 3877 40 −6 46 
a Average annual incidence as recorded 2001–2005. 

b Average annual incidence as predicted 2021–2025. 

c Overall percent change in the number of cases projected for 2021–2025 compared to the actual number of cases 2001–2005. 

d Percent of the total change in the number of cases projected due to changes in risk. 

e Percent of the total change in the number of cases projected due to changes in the size and age of the population.

f All cancers combined, excluding non-melanoma skin cancers, benign and in situ neoplasms, and those of uncertain behaviour or unspecified nature; totals are a combination of counts 
and proportions from individual cancer sites.

accurate than those for individual sites, 
as the variation from individual sites will 
likely cancel out or stabilize when sites are 
combined into one category.

The constant rate model was chosen to 
predict prostate and bladder cancer inci-
dence to better control for short temporal 
variations in rates breaking away from 
the general trend. For prostate cancer, it 
is important to acknowledge that future 
trends are subject to uncertainty and 
may depend in part on future use of the 
PSA test. 

Limitations

Although the method developed in the 
Nordic countries is recommended for can-
cer projections, it is not without limitations. 

First, the projected rates are based on the 
assumption that past trends will continue 
into the future. Any changes in these trends 
will mean that the projections will not be 
realized. This is always the case when 
attempting to predict future events involv-
ing uncertainty. Further, projections are 
likely to be more accurate in the short-term 
than in later time periods, as trends are 
more likely to change over longer periods 
of time. The decreasing reliability of cancer 
predictions over time is also related to the 
decreasing reliability of the population pre-
dictions. Specifically, changes to the popu-
lation are cumulative, causing a decrease 
in the reliability of the predicted numbers 
over time.

Another limitation in the projections comes 
from the small size of Manitoba’s popula-
tion. In particular, projections were limited 
to those sites with enough cases to satisfy 
the requirements of the prediction model 
(a minimum of three age groups with at 
least 20 cases per calendar period and age 
group). All other sites were combined into 
one category called “Other,” and hence 
individual trends for these sites were not 
projected. Despite this, for those cancer 
sites with sufficient numbers, the patterns 
in the projected age-standardized rates 
were generally consistent with other pub-
lished predictions.5 
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Conclusion

This study demonstrates that cancer 
projections can be used as a benchmark 
against which to estimate the impact of 
cancer prevention initiatives. Total age-
standardized incidence for cancer in 
Manitoba is expected to decrease slightly 
over the next 20 years, with reduction in 
tobacco use likely being the largest attrib-
utable factor. The introduction of new 
and effective prevention measures may be 
necessary to increase this downward trend. 
This study also provides useful informa-
tion for planning for future provision of 
cancer services in Manitoba based on the 
expected increase in the number of people 
diagnosed with cancer as the population of 
the province grows. 
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Adequate Intake Level (AI) for healthy 
adults and 2300 mg/day the Tolerable 
Upper Intake Level (UL) for adults.11 Intake 
above this UL may increase the risk of 
adverse health effects, though the report 
summarizes studies that have documented 
a clear dose response between sodium 
intake and blood pressure below this  
UL level.11

Despite published clinical guidelines and 
increased public health messages on lim-
iting dietary sodium, a recent report from 
Statistics Canada reveals high average 
intake levels of sodium for Canadians of 
all ages.12 While reducing sodium intake is 
important for everyone, it may be particu-
larly critical for those with hypertension. 

Are people with hypertension more likely 
to receive advice from their physicians 
concerning lifestyle changes, particularly 
reducing dietary sodium? As a result, do 
they reduce their sodium intake or, at the 
very least, not increase their sodium intake 
after learning they have hypertension? 
While it is feasible for people with hyper-
tension to achieve and maintain a low 
salt diet over the long-term, the process is 
challenging and requires comprehensive 
steps to be successful.13 To understand how 
much sodium is consumed by people with 
hypertension, we examined and compared 
average daily sodium intake between peo-
ple with hypertension and without, after 
controlling for key potential confounding 
factors.

Methods

Sample

Data on individual daily sodium intake 
were collected using a 24-hour dietary 
recall interview that was conducted as part 
of the Canadian Community Health Survey 

effects in reducing blood pressure in people 
with hypertension.7,8 Sustained reduction in 
dietary sodium is associated with favour-
able cardiovascular outcomes, such as 
reduced cardiovascular events.9

The updated 2009 Canadian Hypertension 
Education Program (CHEP) guidelines 
for the management of hypertension rec-
ommend restricting dietary sodium to 
1500 mg/day and not exceeding 2300 mg/
day, in addition to eating a well-balanced 
diet.10 These sodium intake thresholds are 
based on the nutrient reference values 
developed by the Institute of Medicine in 
2004, with 1500 mg/day regarded as the 

Introduction

Hypertension is one of the most important 
risk factors for heart diseases and stroke, 
two of the leading causes of death and hos-
pitalization in Canada. An estimated 19% 
of Canadian adults aged 20 to 79 years are 
hypertensive, and an estimated 90% of the 
population will develop hypertension over 
their lifetime.1,2 Almost 30% of hyperten-
sion among Canadians may be attributed 
to excess dietary sodium.3 A dose-response 
relationship between sodium intake and 
elevated blood pressure has been repeat-
edly demonstrated in epidemiological 
studies.4-6 Restricting dietary sodium intake 
lowers blood pressure among individuals 
with and without hypertension, with larger 
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Abstract

Introduction: Almost 30% of hypertension among Canadians may be attributed to excess 
dietary sodium. 

Methods: We examined the average sodium intake of Canadians aged 30 years and over, 
with and without hypertension, by age, sex and diabetes status using 24-hour recall data 
from the 2004 Canadian Community Health Survey, Cycle 2.2, Nutrition. We compared 
absolute (crude) average sodium intake levels of those with and without hypertension 
to the 2009 Canadian Hypertension Education Program (CHEP) guidelines and adjusted 
average sodium intake between those with and without hypertension.

Results: Both those with and without diagnosed hypertension display average sodium 
intakes well above the 1500 mg/day recommended by the 2009 CHEP guidelines 
(2950 mg/day and 3175 mg/day, respectively). After confounding adjustment, those with 
hypertension have significantly higher average sodium intake (p = .0124). Stratified 
subgroup analyses found the average sodium intake among those with hypertension 
was higher for men between 30 and 49 years old (p = .0265), women between 50 and 
69 years old (p = .0083) and those without diabetes (p = .0071) when compared to their 
counterparts without hypertension. 

Conclusion: Better approaches are needed to reduce sodium intake in hypertension 
patients, as well as the general population.

Keywords: sodium intake, salt intake, hypertension, high blood pressure, Canadian 
Hypertension Education Program, CHEP guidelines
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for those with and without hypertension, 
and estimated 95% confidence intervals 
(CI) for means using the bootstrap method 
to account for the complex multistage 
survey design. We determined statistical 
significance by comparing the 95% con-
fidence intervals (CIs) for the means and 
compared average (crude) estimates of 
sodium intake for specific groups to the 
2009 CHEP guidelines.10

We compared the average intake of sodium 
for people with and without hyperten-
sion using multivariate linear regression 
in order to account for extraneous differ-
ences in age, sex, BMI, total daily energy 
intake, household income and education, 
smoking, physical activity and the pres-
ence of diabetes between the two groups. 
We log-transformed daily sodium intake 
and energy intake to achieve the normal 
distribution required for statistical analy-
ses and calculated adjusted sodium intake 
averages using marginal means and β coef-
ficients from the multivariate linear regres-
sion equations. We determined statistical 
significance from the bootstrap method 
results. Moreover, we carried out stratified 
analyses by age and gender, and compared 
differences in mean sodium intake (unad-
justed and adjusted) between hypertension 
and non-hypertension groups. 

Results

Of the 8867 Canadians aged 30 years and 
over in the study, 2455 report having 
hypertension diagnosed by a health care 
professional—19% after applying appropri-
ate survey weights. They are more likely to 
be older, obese, less educated, and a former 
daily smoker and have lower family income 
and diagnosed diabetes as a co-morbid 
chronic condition. (Table 1)

The unadjusted average daily intake of 
sodium is 2950 mg (95% CI: 2810–3090) 
for those with hypertension and 3175 mg 
(95% CI: 3078–3273) for those without 
(Table 2). The unadjusted mean sodium 
intake estimates for hypertensive and non-
hypertensives of various age, sex and dia-
betes status groups are all well above the 
2300 mg/day maximum set by the 2009 
CHEP guidelines.10 

To define household education, we used 
the highest level of education among adult 
members of the household and set up the 
following four categories: less than second-
ary graduation, secondary graduation, some 
postsecondary education and postsecond-
ary graduation. Dividing the total income 
for the household from all sources in the 
12 months prior to the interview by the 
number of people living in the household, 
we established four income categories: 
low income, lower-middle income, upper-
middle income and high income.15 Due to a 
considerable number of no responses to the 
income question, a fifth income category 
(missing) was also created. 

We defined three smoking status cat-
egories: current daily smokers (those who 
smoked cigarettes daily at the time of the 
interview and who had smoked 100 ciga-
rettes or more over their lifetime); former 
smokers (those who had smoked daily but 
quit or still smoked occasionally at the time 
of the interview) and non-smokers (those 
who had never smoked or had smoked 
fewer than 100 cigarettes in their lifetime). 
Similarly, we categorized respondents into 
three physical activity groups based on 
their level of physical activity (frequency, 
duration and intensity) during leisure time 
over the previous 3 months: inactive, mod-
erately active and physically active.15 

Diabetes status was determined by whether 
or not a respondent reported a diagnosis of 
diabetes by a health professional.

Analyses

Our analyses were restricted to adults 
aged 30 and over, with a valid 24-hour 
dietary recall (n = 15 232). Of those, we 
eliminated 189 participants whose daily 
total energy intake was less than 500 kcal, 
another 21 who were missing hyperten-
sion status, and a further 6155 who did 
not have their weight and height measured  
(to calculate BMI), leaving a total of  
8867 respondents in our analyses. We 
compared the baseline characteristics of 
respondents in terms of their self-reported 
hypertension status, including daily total 
energy intake, age, sex, BMI, leisure time 
physical activity, household education and 
income, smoking and diabetes status. We 
calculated average daily intake of sodium 

(CCHS), Cycle 2.2, Nutrition (2004).14 The 
CCHS 2.2 targeted people of all ages living 
in private dwellings in the 10 provinces, 
but excluded full-time members of the 
Canadian forces, and those in the 3 ter-
ritories, reserves, institutions and remote 
areas. As such, it represented approxi-
mately 98% of the population in the ten 
provinces. The overall response rate for the 
CCHS 2.2, Nutrition (2004) was 76.5%. 
Statistics Canada and Health Canada have 
published detailed descriptions of the 
CCHS design, sampling and interview pro-
cedures.14,15 Briefly, a total of 35 107 people 
completed an initial recall interview on all 
foods and beverages consumed from mid-
night to midnight before the interview. A 
five-step method based on the Automated 
Multiple-Pass Method developed by the 
US Department of Agriculture was used 
to optimize data collection.16 The nutrient 
values in Canadian foods came from the 
Canadian Nutrient File (CNF), a compre-
hensive, computerized bilingual database 
containing up to 143 nutrients in over 
5500 foods, including foods that are unique 
to Canada.17 Only respondents aged 30 and 
older were included in our study.

Variables

Chronic conditions in the CCHS are self-
reported and defined as “long-term con-
ditions that are expected to last or have 
already lasted for 6 months or more and 
that have been diagnosed by a health 
professional.” To determine hypertension 
status, participants were asked if they 
had “high blood pressure.” Those with a 
response other than “yes” or “no” to this 
question were excluded from our analyses. 
Other variables included in the analyses 
were age, sex, body mass index (BMI), 
household education and income, smoking 
status, leisure time physical activity, diabe-
tes status and total daily energy intake. 

We established three age categories 
for this study: 30 to 49, 50 to 69, and 
70 years and older. BMI was also catego-
rized into three groups: under or normal 
weight (BMI < 25.0 kg/m2), overweight 
(25  kg/m2  ≤  BMI  <  30.0 kg/m2) and 
obese (BMI  ≥  30.0  kg/m2). Total energy 
intake was the sum of all energy intakes 
from food sources in a single day in 
kilocalories (kcal).17 
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Table 1 
 Baseline characteristics of participants (aged 30 and older) with or without hypertension.

Hypertensive 
(95% CI)

Non-hypertensive 
(95% CI)

Sample size (n) 	 2455		  	 6412

Weighted sample (n) 	 3 415 831		  	 14 998 862

Mean energy intake (kcal) 	 1870	 (1809 – 1931)* 	 2140	 (2089 – 2190)

Mean age (years) 	 63.6	 (62.7 – 64.5)* 	 49.4	  (49.1 – 49.8)

Male (%) 	 48.8	 (45.4 – 52.3) 	 49.0	 (48.2 – 49.8)

Mean BMI (kg/m2) 	 29.6	 (29.1 – 30.1)* 	 27.0	 (26.8 – 27.3)

Age group (%)

30–49 years

50–69 years

70+ years

	 14.4	 (11.2 – 7.6)* 	 58.2	 (57.1 – 59.3)

	 49.4	 (45.9 – 52.9)* 	 32.3	 (31.1 – 33.4)

	 36.3	 (33.3 – 39.2)* 	 9.6	 (9.0 – 10.1) 

BMI (%)

 < 25 kg/m2

Between 25 kg/m2 and < 30 kg/m2

≥ 30 kg/m2

	 21.8	 (18.4 – 25.1)* 	 39.1	 (36.7 – 41.4)

	 37.2	 (33.6 – 40.8) 	 38.8	 (36.5 – 41.1)

	 41.0	 (37.2 – 44.9)* 	 22.5	 (20.2 – 24.1)

Smoking (%)

Current daily smokers

Former smokers

Non-smokers

	 18.8	 (15.7 – 21.9)* 	 25.6	 (23.5 – 27.8)

	 38.1	 (34.5 – 41.6)* 	 30.2	 (28.0 – 32.4)

	 43.1	 (39.3 – 47.0) 	 44.1	 (41.6 – 46.5)

Leisure activity (%)

Active

Moderately active

Inactive

	 14.6	 (11.9 – 17.3) 	 17.3	 (15.4 – 19.1)

	 21.6	 (18.6 – 24.7) 	 24.3	 (22.3 – 26.3)

	 63.8	 (60.2 – 67.4) 	 58.5	 (56.1 – 60.9)

Education (%)

Less than secondary graduation

Secondary graduation

Some post-secondary education

Post-secondary  graduation

	 32.6	 (29.4 – 35.7)* 	 18.2	 (16.6 – 19.9)

	 18.2	 (15.0 – 21.4) 	 18.5	 (16.4 – 20.5)

	 5.0	 (3.6 – 6.3) 	 6.2	 (5.1 – 7.3)

	 43.4	 (40.0 – 47.0)* 	 56.0	 (53.5 – 58.6)

Income (%)

Low

Lower middle

Upper middle

High

Missing

	 12.2	 (9.4 – 15.1)* 	 7.3	 (6.0 – 8.5)

	 24.9	 (21.4 – 28.5)* 	 18.2	 (16.4 – 20.0)

	 32.3	 (28.7 – 36.0) 	 33.3	 (31.0 – 35.6)

	 22.8	 (19.2 – 26.4)* 	 34.1	 (31.6 – 36.7)

	 7.7	 (5.8 – 9.6) 	 7.2	 (5.9 – 8.4) 

Diabetes (Yes, %) 	 16.6	 (14.2 – 19.0)* 	 3.7	 (2.8 – 4.6) 

Data source: Canadian Community Health Survey, Cycle 2.2, Nutrition (2004). 14 
Abbreviations: BMI, body mass index; CI, confidence interval; p, statistical significance. 
*p < .05
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Table 2 
 Mean sodium intake (mg/day), crude and adjusted by multivariate linear regression among people  

with or without hypertension (aged 30 and older) and by age, sex and diabetes status.

Hypertensive 
(95% CI)

Non-hypertensive 
(95% CI)

β coefficient Standard error p-value

All (30+ years) (n) 2455 6412

Mean sodium intake (mg/day) 2950 (2810–3090) 3175 (3078–3273)

Adjusted mean sodium intake (mg/day) 2877 2723 0.024 0.0094 .0124

Sex

Male (n) 878 2812

Mean sodium intake (mg/day) 3349 (3099–3599) 3580 (3432–3728)

Adjusted mean sodium intake (mg/day) 3162 2972 	 0.027 0.0133 .0429

Female (n) 1577 3600

Mean sodium intake (mg/day) 2570 (2458–2682) 2787 (2677–2897)

Adjusted mean sodium intake (mg/day) 2655 2512 	 0.024 0.0144 .0975

Age

30–49 years (n) 244 2761

Mean sodium intake (mg/day) 3676 (3001–4351) 3290 (3147–3433)

Adjusted mean sodium intake (mg/day) 3258 2911 	 0.049 0.0279 .0815

50–69 years (n) 1041 2404

Mean sodium intake (mg/day) 3064 (2910–3219) 3052 (2931–3172)

Adjusted mean sodium intake (mg/day) 2799 2612 	 0.03 0.0124 .0176

70+ years (n) 1170 1247  

Mean sodium intake (mg/day) 2451 (2338–2563) 2666 (2500–2832)

Adjusted mean sodium intake (mg/day) 2415 2466 	 −0.009 0.0117 .4413

Diabetes

Yes (n) 464 322

Mean sodium intake (mg/day) 2767 (2541–2992) 2915 (2644–3185)

Adjusted mean sodium intake (mg/day) 2449 2500 	 −0.009 0.0193 .6326

No (n) 1989 6090

Mean sodium intake (mg/day) 2987 (2827–3147) 3185 (3085–3286)

Adjusted mean sodium intake (mg/day) 2805 2636 	 0.027 0.0102 .0071

Data source: Canadian Community Health Survey, Cycle 2.2, Nutrition (2004).14 
Abbreviations: CI, confidence interval; p, statistical significance. 
Adjusted mean: estimated marginal mean using multivariate linear regression.
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Table 3 
 Mean sodium intake (mg/day), crude and adjusted by multivariate linear regression among people  

with and without hypertension (aged 30 and older) for men and women, by age group.

Hypertensive 
(95% CI)

Non-hypertensive 
(95% CI)

β coefficient Standard error p-value

Male 

Age 30 to 49 (n) 	 120 	1282

Mean sodium intake 
(mg/day)

	4223 (3250–5195) 	3699 (3485–3913)

Adjusted mean sodium 
intake (mg/day)

	3855 	3250 	 0.074 	 0.0335 	 .0265

Age 50 to 69 (n) 	 402 	1038

Mean sodium intake 
(mg/day)

	3384 (3121–3647) 	3505 (3282–3727)

Adjusted mean sodium 
intake (mg/day)

	2844 	2767 	 0.012 	 0.0169 	 .4834

Age 70+ (n) 	 356 	 492

Mean sodium intake 
(mg/day)

	2716 (2516–2916) 	2922 (2733–3111)

Adjusted mean sodium 
intake (mg/day)

	2729 	2716 	 0.002 	 0.018 	 .924

Female

Age 30 to 49  (n) 	 124 	1479

Mean sodium intake 
(mg/day)

	2810 (2338–3281) 	2886 (2729–3043)

Adjusted mean sodium 
intake (mg/day)

	2965 	2723 	 0.037 	 0.0509 	 .4646

Age 50 to 69 (n) 	 639 	1366

Mean sodium intake 
(mg/day)

	2753 (2585–2920) 	2694 (2531–2857)

Adjusted mean sodium 
intake (mg/day)

	2698 	2410 	 0.049 	 0.0186 	 .0083

Age 70+ (n) 	 814 	 755

Mean sodium intake 
(mg/day)

	2256 (2151–2361) 	2477 (2238–2716)

Adjusted mean sodium 
intake (mg/day)

	2143 	2218 	 −0.015 	 0.014 	 .2695

Data source: Canadian Community Health Survey, Cycle 2.2, Nutrition (2004). 14

Abbreviations: CI, confidence interval; n, sub-sample size; p, statistical significance.

Adjusted mean: estimated marginal mean using multivariate linear regression.
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to determine whether persons with hyper-
tension reduced their sodium intake and 
by how much. However, reducing sodium 
intake at the table and during cooking may 
not be particularly effective since, as men-
tioned earlier, the main source of sodium 
in the Canadian diet comes from processed 
and restaurant foods.

Our study shows that, after adjusting for 
potential confounders, adult Canadians 
with known hypertension consume higher 
levels of sodium than those without hyper-
tension. Subgroup analyses further reveal 
varying degrees of difference in sodium 
intake between people with hypertension 
and without by gender and age. Our results 
identify young men (aged 30 to 49) with 
hypertension and mid- to old-age women 
(aged 50 to 69) with hypertension to have 
higher average sodium intake compared to 
their counterparts without hypertension. 
Our study also shows that older Canadians 
(aged 70 and over) with hypertension con-
sume the same levels of sodium as those 
without. Although a survival effect may be 
playing a role in the result for the elderly, 
other studies report that urinary sodium 
reduction appears to increase with age, 
suggesting older individuals may generally 
be more health conscious and amenable 
to reducing their sodium use compared to 
younger individuals.13,26,27 A prospective 
study in Finland found no significant 
reduction in salt intake among those with 
hypertension when compared to the group 
without hypertension after a 3-year study 
period, 28 suggesting that reducing sodium 
intake is challenging. Our results suggest 
that age and gender may be important fac-
tors influencing compliance with low-salt 
diets among people with hypertension, and 
that programs should be designed to reach 
those particularly resistant to change.

A notable finding from our study, however, 
was that people diagnosed with both diabe-
tes and hypertension show no difference in 
adjusted average sodium intake from those 
with diagnosed diabetics without hyper-
tension. In contrast, among people free 
of diabetes, those with hypertension had 
significantly higher average sodium intake 
compared to those without hypertension. 
These results are particularly interesting, 
given that Canadian clinical guidelines 

causes, such as age, family history, race/
ethnicity, sodium intake, BMI, alcohol 
consumption, physical activity and diet.18 
Epidemiological studies have also con-
sistently demonstrated the association 
between dietary sodium intake levels and 
the development of hypertension.4-6 While 
adequate sodium is needed for the human 
body to regulate fluids and blood pressure 
and to keep muscles and nerves running 
smoothly, a healthy individual may need as 
little as 230 mg of sodium per day to main-
tain their sodium balance.19 Hypertension is 
predominantly seen in developed countries 
where sodium is widely added to processed 
and restaurant food; people living in remote 
and isolated societies with habitually low 
sodium intake typically demonstrate little 
hypertension and little or no increase in 
blood pressure with aging.20 In addition to 
hypertension, over-consumption of sodium 
is also associated with stomach cancer, left 
ventricle hypertrophy, obesity, and possibly 
with osteoporosis.21-25

As in previous reports summarizing 
CCHS  2.2, Nutrition (2004), our results 
show that Canadian adults 30 years and 
over are consuming levels of sodium above 
the UL. Our findings further demonstrate 
that average sodium intake is high in 
Canadian adults both with and without 
hypertension, with averages more than 
double the level considered adequate (i.e. 
the AI) and considerably higher than the 
UL. Those with diagnosed hypertension 
in Canada are clearly not reaching sodium 
reduction goals set for this sub-population 
by CHEP. 

As a modifiable lifestyle risk factor, reduc-
ing dietary sodium is recommended in 
clinical guidelines for healthy people, 
to prevent hypertension, and for those 
already diagnosed with hypertension, to 
treat hypertension prior to any pharma-
ceutical interventions.10 Canadian adults 
diagnosed with hypertension report adding 
sodium at the table and during cooking 
significantly less often than people without 
hypertension,12 which suggests that some 
proportion of the population with hyper-
tension are recommended to reduce their 
sodium reduction and take action to do so. 
However, given the cross-sectional nature 
of the data in our study, we were unable 

The average sodium intake for those with 
hypertension was then compared to those 
without hypertension, after adjusting for 
the differences in total energy intake and 
other confounding variables. Adjusted 
mean sodium intakes are significantly 
higher for people with hypertension than 
those without hypertension (p = .01) 
(Table 2). After adjusting for potential 
confounders, results also indicate that 
men with hypertension report a signifi-
cantly higher average sodium intake than 
men without (p = .04), and that, while 
women with hypertension also report a 
higher average sodium intake than those 
without, the difference is not statistically 
significant. However, men and women 
aged 50 to 69 years with hypertension 
have a significantly higher mean sodium 
intake, compared to those of the same age 
without hypertension (p = .02). A similar 
difference between those with and without 
hypertension is suggested for those aged 30 
to 49, but this is not statistically significant 
(p = .08). Among those 70 years and over, 
however, there is no difference in average 
sodium intake between those with and 
without hypertension.

For those without diabetes, sodium intake 
is considerably higher among those with 
hypertension compared to those with-
out hypertension (p  =  .007) (Table2). 
However, among those with diabetes, aver-
age sodium intake is lower, though there 
is no statistically significant difference in 
average sodium intake between those with 
and without hypertension (Table 2). 

Finally, we explored possible interactions 
between age groups and hypertension 
status for men and women separately 
(Table 3). After adjusting for potential 
confounders, only young men aged 30 to 
49 with hypertension have significantly 
higher sodium intake than men of the 
same age without hypertension (p = .03). 
For women, only those age 50 to 69 with 
hypertension have significantly higher aver-
age sodium intake compared to women the 
same age without hypertension (p = .008). 

Discussion

The risk of developing hypertension can 
be attributed to a number of component 
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CSEB Student Conference 2010 abstract winners 

At the May 2010 Canadian Society for 
Epidemiology and Biostatistics (CSEB) 
Student Conference, Chronic Diseases 
in Canada (CDIC) announced a student 
abstract contest:  an editorial panel from 
the Public Health Agency would judge the 
chronic disease abstracts put forward from 
this conference and select the top 10 to be 
published in this, the March 2011, issue of 
the journal. 

Students showed great interest in this con-
test: 57 abstracts on chronic diseases and 
injuries were submitted to the journal.  The 
editorial panel of judges comprised:

•	 Howard Morrison, PhD, Editor-in-
Chief, Chronic Diseases in Canada, 
Public Health Agency of Canada;

•	 Kenneth Johnson, PhD, Senior 
Epidemiologist, Public Health Agency 
of Canada;

•	 Fabiola Tatone-Tokuda, MSc, Editorial 
Board, Chronic Diseases in Canada, 
University of Ottawa;

•	 Michelle Tracy, MA, Managing Editor, 
Chronic Diseases in Canada, Public 
Health Agency of Canada.

The abstracts were judged using the follow-
ing criteria: (1) originality; (2) clarity; (3) 
scientific and technical excellence; and (4) 
potential impact. 

Since 2009, CDIC has been collaborating 
with CSEB to foster publishing opportuni-
ties for students.  Following the May 2009 
CSEB Student Conference, CDIC agreed 
to publish all of the accepted abstracts at 
the conference in conjunction with the 
Canada Communicable Disease Report. 
These abstracts can be viewed online at 
http://www.phac-aspc.gc.ca/publicat 
/cdic-mcc/30-2/cseb_01-eng.php for 
chronic disease and injury topics, and http://
www.phac-aspc.gc.ca/publicat/cdic-mcc 
/abstract/index-eng.php for infectious  
disease topics.

CDIC is pleased to encourage students in 
their publishing efforts.  Congratulations to 
the winners!

Michelle Tracy, MA 
Managing Editor, Chronic Diseases  
in Canada
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Further adjusting for early life confounders 
does not change the relationship. 

Conclusions: LLI measured at childhood 
can be used to predict the OwOb risk in 
adolescents. However, the underlying 
mechanism is unclear and further study is 
needed. Mother’s BMI and smoking status 
can modify childhood LLI.

1167 children (573 girls, 594 boys) had their 
weight and height measured at the 5th year 
follow-up. OwOb was defined using age- 
and sex-specific body mass index (BMI; 
kg/m2) with cut-off points corresponding 
to adults’ BMI > 25. 

Results: Overall, 34% (n = 298) of ado-
lescents were considered as OwOb. The 
results from logistic regression analysis 
indicate that with 1 unit increase in LLI, 
odds of OwOb decreases 24% (OR = 0.76, 
95% CI: 0.66–0.87) after adjusting for 
age, sex and baseline waist circumference. 

Background / Purpose / Objectives: The 
increasing prevalence of overweight and 
obesity (OwOb) in pediatric populations is 
becoming a public health concern in many 
countries. Our purpose was to determine 
if childhood stature components, particu-
larly the Leg Length Index (LLI = [overall 
height – sitting height]/ height), are useful 
in assessing risk of OwOb in adolescence. 

Study design / Methods: Approximately 
2360 Niagara Region students had their 
bodies measured to include sitting and 
standing height at baseline. Of these, 

Using childhood Leg Length Index to predict  
development of adolescent overweight and obesity
Akseer N. (1); Liu J. (2); Hay J. (3); Faught B. (4); Wade T. (4); Cairney J. (4)
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Characteristics associated with unmet support needs in families 
of school-aged children with an autism spectrum disorder
Brown H.K. (5); Ouellette-Kuntz H. (5); Hunter D. (5); Kelley E. (6)

Study design / Methods: We conducted 
a cross-sectional survey of 77 families of 
children with an autism spectrum disorder 
using the Family Needs Questionnaire and 
the Scales of Independent Behaviour—
Revised. Children’s functional independ-
ence was determined by their adaptive 
skills and problem behaviours. Their aver-
age age was 9.6 years (SD  =  2.1), and 
85.7% were male. 

Results: Generalized linear modelling 
showed that, after controlling for other var-
iables, differences in unmet needs between 

Background / Purpose / Objectives: Due to 
the recognized strain on autism services, 
the objectives of this study were (1) to 
describe unmet support needs reported by 
parents of school-aged children with an 
autism spectrum disorder and (2) to exam-
ine these needs in relation to the child’s 
functional independence. We hypothesized 
that families of children with low or high 
functional independence would have a 
greater unmet support needs than fami-
lies of children with moderate functional 
independence. 

children with low versus moderate func-
tional independence were not significant 
(RR = 1.27, 95% CI: 0.67–2.38). Contrary 
to our hypothesis, children with high func-
tional independence had a significantly 
lower risk for unmet needs compared to 
those with moderate functional independ-
ence (RR = 0.61, 95% CI: 0.43–0.85). 

Conclusions: Information about unmet 
needs may help policy makers and service  
providers effectively allocate limited 
resources.

Author references
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Screen time and risk behaviours  
in 10- to 16-year-old Canadian youth
Carson V. (1); Pickett W. (2,3); Janssen I. (1,2)

games, and computer use. Six risk behav-
iour variables (smoking, drunkenness, 
seatbelt use, cannabis use, illicit drug use, 
non-use of condoms) were combined to 
form an MRB score. We used ordinal and 
repeated measure logistic regression mod-
els to examine associations between screen 
time and MRB variables. 

Results: High computer use is associ-
ated with approximately a 50% increased 
engagement of MRB in both samples. High 
television use is also associated with mod-
estly increased engagement in MRB in the 
cross-sectional sample. 

Background / Purpose / Objectives: To 
examine television, computer, and video 
game use as possible determinants of 
multiple risk behaviours (MRB) among 
Canadian youth. 

Study design / Methods: Results were 
based on the Canadian 2005/06 Health 
Behaviour in School-Aged Children sur-
vey that included a representative cross-
sectional sample of 8215 youth in grades 6 
to 10, and a 1-year longitudinal sample of 
1424 youth in grades 9 to 10. Participants 
were grouped into quartiles based on the 
total hours per week of television, video 

Author references
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Conclusions: High computer use is the 
screen time activity that is most strongly 
associated with engagement in MRB. 
Future research should focus on the dose-
response relationship between specific 
screen time activities and adolescent health 
in an effort to strengthen current screen 
time guidelines for youth.

Prevalence and risk factors of asthma in off-reserve Canadian 
Aboriginal children 
Chang H.J. (4); Senthilselvan A. (4)

participated in the survey. A child was 
considered to have asthma if there was a 
parental report of asthma diagnosis by a 
health professional. 

Results: Among Canadian Aboriginal  
children living off-reserve, the prevalence  
of ever and current asthma is 14.3% and  
5.7 %, respectively. Children of Inuit ances-
try have significantly lower prevalence of 
asthma than children of North American 
Indian and Métis ancestries. Significant risk 
factors for ever asthma included male sex, 

Background / Purpose / Objectives: 
Asthma is a common chronic disorder 
among children; however, only a few stud-
ies have investigated asthma morbidity in 
Canadian Aboriginal children. This study 
aims to determine the prevalence and risk 
factors for ever and current asthma in this 
population. 

Study design / Methods: We used data 
for children aged 6 to 14 years from 
the 2006 Aboriginal Peoples Survey. 
Over 15  000  children living off-reserve 

allergy, low birth weight, obesity, dwelling 
needing repairs and urban residence. The 
associations between ever asthma and low 
income family, daycare attendance and psy-
chological problems were borderline signif-
icant. The risk factors for current asthma 
were similar to those for ever asthma. 

Conclusions: The risk factors for ever 
asthma observed for off-reserve Aboriginal 
children in our study were similar to those 
reported for non-Aboriginal children.
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Referral of acute ankle injuries for radiography in  
Kingston, Ontario: an evaluation of physician adherence  
to the Ottawa Ankle Rules
Dowdall H. (1); Nichol M. (1); Brison R. (1,2); Pickett W. (1,2)

hospital discharge records containing pro-
cedural codes. Proportions of ankle injuries 
referred for radiography were described 
temporally, and compared with the referral 
rate in 1993 following implementation of 
the Ottawa Ankle Rules. 

Results: Compared with a baseline referral 
rate of 57.6% (95% CI: 55.3–59.9) follow-
ing implementation of the Ottawa Ankle 
Rules, analysis of 7706 acute ankle injuries 
shows that the proportion of ankle injuries 
referred for radiography has increased 
(e.g. 70.3 % [95% CI: 67.3–72.9] in 2007). 

Background / Purpose / Objectives: The 
Ottawa Ankle Rules were established in 
1992 as evidence-based clinical decision 
rules for the ordering of radiography in 
emergency department settings. We evalu-
ated adherence to these rules over time in 
two hospital-based emergency departments 
in Kingston, using a record linkage study. 

Study design / Methods: In this popula-
tion-based, retrospective study, we linked 
records of ankle injuries from Kingston sites 
of the Canadian Hospitals Injury Reporting 
and Prevention Program (2001–2007) to 

The proportion of referrals with a diagnosis 
of fracture remains the same throughout 
the study period (18.3% to 21.9%). 

Conclusions: Physicians need to adhere to 
the Ottawa Ankle Rules in order to reduce 
costs within the emergency department and 
to limit patient exposure to radiographic 
procedures.

The relationship between adiposity and  
Gleason score in men with localized prostate cancer
Hack E.E. (3); Siemens D.R. (4); Groome P.A. (3)

obese (BMI ≥  30 kg/m2). We also inves-
tigated the role of diabetic status. We 
categorized Gleason scores into clinically 
meaningful categories, 2–4, 5–6, 7 and 8–10. 

Results: BMI was not associated with 
Gleason score; 9.7% of those with normal 
BMI have Gleason scores greater than or 
equal to 8, and 9.4% in this Gleason score 
category are overweight or obese (p = 
.73). Of those with diabetes, 11.7% have 
Gleason scores greater than or equal to 
8 compared to 9.3% in the non-diabetic 
group (p = .79). When stratified by age, 
the Gleason score distribution in the 

Background / Purpose / Objectives: The 
association between adiposity and the 
aggressiveness of prostate cancer (PCa) is 
controversial. We investigated the relation-
ship between body mass index (BMI) at 
the time of PCa diagnosis and malignant 
phenotype as measured by Gleason score. 

Study design / Methods: In this cross-
sectional study conducted on 1096 PCa 
patients treated for cure in Ontario, data 
from an electronic dataset were enhanced 
by retrospective chart review. BMI was cat-
egorized as normal (BMI < 25.0 kg/m2),  
overweight (BMI: 25.0–29.9 kg/m2) and 

youngest obese cohort trended toward 
higher Gleason scores (p = .13). 

Conclusions: Neither elevated BMI nor  
diabetic status at the time of diagnosis 
appears to be associated with Gleason 
score. The effect of adiposity on PCa 
requires further study with attention to 
length of exposure to an elevated BMI.
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Discharge against medical advice after  
traumatic brain injury: is intentional injury a predictor?
Kim H. (1); Colantonio A. (2); Bayley M. (2); Dawson D. (3)
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Registry (OTR) for the years 1993/94 
and 2000/01. The MDS review yielded 
15  684  cases of TBI; 446 (2.84%) had 
recorded DAMA events.

Results: DAMA is significantly greater in 
those with intentional TBI compared to 
unintentional TBI. Patients with intentional 
injuries are two times more likely to leave 
hospital against medical advice than those 
with unintentional injuries controlling 
for other factors. Younger ages between 
25–54 years and history of alcohol/drug 
abuse are also significantly associated 
with DAMA. 

Background / Purpose / Objectives: 
Discharges against medical advice (DAMA) 
are consistently reported as causing worse 
functional outcomes and frequent hospital 
readmissions. Our study aims to develop 
a risk profile of DAMA patients with trau-
matic brain injury (TBI), to examine factors 
associated with DAMA occurrence and to 
examine whether intentional injury is a 
significant predictor of DAMA. 

Study design / Methods: We conducted  
a retrospective cohort study using hos-
pital discharge data from the Minimal  
Data Set (MDS) of the Ontario Trauma 

Author references
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3.	 Kunin-Lunenfeld Applied Research Unit, Baycrest, Toronto, Ontario, Canada

Conclusions: TBI patients who leave hos-
pital against medical advice are a high-risk 
population. Intentional injury is an impor-
tant independent factor to consider when 
modelling DAMA studies. Early identifica-
tion of patients with intentional TBI could 
allow implementation of better preventative 
strategies, thus improving health outcomes 
and enhancing healthcare delivery.

Rehabilitation outcomes after intentional traumatic brain  
injury: functional changes and discharge destinations
Kim H. (1); Colantonio A. (2); Bayley M. (2); Dawson D. (3)

(DAD) and the National Rehabilitation 
Reporting System (NRS) from the CIHI. We 
examined absolute and relative functional 
gains in motor and cognitive subscales and 
discharge destinations as rehabilitation out-
come measures. 

Results: People with intentional TBI have 
significantly lower absolute gains in motor 
functions and relative gains in cognitive 
functions in univariate analyses at dis-
charge. Intentional TBI is also associated 
with lower relative gains in cognitive 
functions, while controlling for age, gen-
der, alcohol/drug abuse history and other 

Background / Purpose / Objectives: 
Traumatic brain injury (TBI) due to vio-
lence is a major public health issue; a 
recent report by the Canadian Institute for 
Health Information (CIHI) indicates that 
intentional TBI is increasing among young 
adults. This study aims to investigate func-
tional changes and discharge destinations 
of intentional TBI patients compared to 
unintentional TBI patients. 

Study design / Methods: In this prospective 
cohort study, we used population-based 
acute care and inpatient rehabilitation 
records, the Discharge Abstract Dataset 

demographic and clinical variables. People 
with intentional TBI are less likely to be 
discharged home, controlling for other 
independent variables. 

Conclusions: People with intentional TBI 
are a distinct population in the rehabilita-
tion setting in Canada. During in-patient 
rehabilitation, focusing on effective 
changes in cognitive functions would 
be more applicable to this population. 
Different discharge destinations would also 
imply that more careful discharge planning 
should be developed.
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General social support and work social support and the  
risk of recurrence after a first myocardial infarction: 6-year  
prospective study
Thiam A. (1); Brisson C. (1)

angina. We evaluated GSS (emotional or 
informational support and positive social 
interaction) using the French version of 
the medical outcomes study Social Support 
Survey and WSS (relationships with  
colleagues and supervisor) using Faucett’s 
questionnaire, based on the Interpersonal 
Relationships Inventory. We used Cox 
regression to analyze the data. 

Results: A total of 206 CHD events occurred 
during the follow-up period. There was 
significant moderate association between 
continuous exposure to low GSS and the 

Background / Purpose / Objectives: This 
study evaluated the effect of low general 
social support (GSS) and low work social 
support (WSS) on the risk of recurrent 
coronary heart disease (CHD). 

Study design / Methods: A cohort of 972 
women and men who had had a first acute 
myocardial infarction was recruited from 
Quebec hospitals. Three interviews were 
conducted over the 6 years of follow-up and 
medical files were examined to identify the 
following CHD events: a fatal CHD, a non-
fatal myocardial infarction and an unstable 

Author references
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risk of recurrent CHD (adjusted hazard 
ratio = 1.66, CI: 1.08–2.57). No association 
was observed between low WSS and risk of 
recurrent CHD. 

Conclusions: Our study shows that post-
myocardial patients who have little social 
support in their general environment (but 
not specifically at work) are at higher risk 
of recurrent CHD. We also show that there 
is a need for future studies on this topic.

Prevalence and risk factors for underhousing among trans  
people in Ontario: a cross-sectional study
Warner A. J. (2); Bauer G. R. (2) ; Scanlon K. (3); Pyne J. (4)

Study design / Methods: Data were 
obtained from the Trans PULSE survey, a 
cross-sectional, community-based survey 
sampling trans people living in Ontario 
(n = 433). We performed univariate and 
bivariate analyses using a logistic predic-
tive model for underhousing weighted by 
probability of recruitment. 

Results: An estimated 33.1% of Ontario 
trans people are underhoused. Significant 
risk factors from the multivariable predic-
tive model are having a personal income 
less than $15,000 (odds ratio [OR] = 3.57, 

Background / Purpose / Objectives: Lack 
of adequate housing and housing dis-
crimination, which occurs in Canada and 
worldwide, negatively impacts the health 
and well being of those affected. Trans 
populations experience disproportionately 
high rates of homelessness, which may 
compromise their ability to access safe and 
stable housing. In this study, we calculate 
prevalence estimates for underhousing and 
potential risk factors, and construct an 
exploratory predictive model of identified 
risk factors among the trans population. 

95% CI: 1.18–11.11; ref: > $30,000), always 
being perceived by others as trans (OR = 
7.14, 95% CI: 1.08–50.00; ref: never), hav-
ing a high frequency of alcohol use (OR = 
2.72, 95% CI: 1.03–7.19; ref: never users). 

Conclusions: Housing discrimination may 
be occurring, placing trans communities 
at high risk for underhousing. Additional 
study is needed to further improve and  
re-evaluate services and policies to best 
serve trans communities.

Vol 31, No 2, March 2011 – Chronic Diseases in Canada


	Inside this issue
	CDIC: Information for authors
	A profile of older community-dwelling home  care clients with heart failure in Ontario
	The effectiveness of implementing a reminder system intoroutine clinical practice: does it increase postpartum screeningin women with gestational diabetes?
	The development of community health indicators: a district-wide approach
	Projection of future cancer incidence andnew cancer cases in Manitoba, 2006–2025
	Dietary sodium intake among Canadian adults with and without hypertension
	CSEB Student Conference 2010 abstract winners



