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Abstract

Highlights

Introduction: Surveillance of childhood cancer incidence trends can inform etiologic
research, policy and programs. This study presents the first population-based report on
demographic and geographic variations in incidence trends of detailed pediatric diagnostic groups in Canada.
Methods: The Canadian Cancer Registry data were used to calculate annual age-
standardized incidence rates (ASIRs) from 1992 to 2010 among children less than
15 years of age by sex, age and region for the 12 main diagnostic groups and selected
subgroups of the International Classification of Childhood Cancer (ICCC), 3rd edition.
Temporal trends were examined by annual percent changes (APCs) using Joinpoint
regression.
Results: The ASIRs of childhood cancer among males increased by 0.5% (95% confidence interval (CI) = 0.2–0.9) annually from 1992 to 2010, whereas incidence among
females increased by 3.2% (CI = 0.4–6.2) annually since 2004 after an initial stabilization. The largest overall increase was observed in children aged 1–4 years (APC = 0.9%,
CI = 0.4–1.3). By region, the overall rates increased the most in Ontario from 2006 to
2010 (APC = 5.9%, CI = 1.9–10.1), and increased non-significantly in the other regions
from 1992 to 2010. Average annual ASIRs for all cancers combined from 2006 to 2010
were lower in the Prairies (149.4 per million) and higher in Ontario (170.1 per million).
The ASIRs increased for leukemias, melanoma, carcinoma, thyroid cancer, ependymomas and hepatoblastoma for all ages, and neuroblastoma in 1–4 year olds. Astrocytoma
decreased in 10–14 year olds (APC = −2.1%, CI = −3.7 to −0.5), and among males
(APC = −2.4%, CI = −4.6 to −0.2) and females (APC = −3.7%, CI = −5.8 to −1.6)
in Ontario over the study period.
Conclusion: Increasing incidence trends for all cancers and selected malignancies are
consistent with those reported in other developed countries, and may reflect the
changes in demographics and etiological exposures, and artefacts of changes in cancer
coding, diagnosis and reporting. Significant decreasing trend for astrocytoma in late
childhood was observed for the first time.
Keywords: childhood cancer, ICCC, age-standardized incidence rate, annual percent change

Introduction
While cancer in children is rare and represents less than 1% of all new cancer cases
in Canada, it is the most common cause of
death (following accidents) among children > 1 year of age in Canada.1,2
Although treatment advances have
increased the overall five-year survival
rate from 71% to 83% over the last three
decades, childhood cancer has a lifelong

health, psychosocial, and financial impact
on children and their families.1,3 Patients
who survive five years remain at risk of
recurrence or progression of their primary
cancer and are at an increased risk of
developing subsequent malignancies,
chronic diseases, and functional impairments as a result of treatment.
A Statistics Canada report has documented a statistically significant increase

• Childhood cancer incidence increased
by 0.5% annually from 1992 to
2010 among males, and increased
by 3.2% from 2004 to 2010 among
females.
• The overall increase was observed
in the most recent decade, and
among children aged 1–4.
• The overall incidence tended to
increase in each region from 1992
to 2010. The rates were lower in
the Prairies and higher in Ontario
from 2006 to 2010.
• Significant increases were observed
for leukemias, melanoma, carcinoma, thyroid cancer, ependymomas and hepatoblastoma for all
ages combined, and neuroblastoma in children aged 1–4.
• Astrocytoma incidence decreased
among children aged 10–14 years.
• The findings can help inform etiologic research, public health policy
and programs.

of 0.4% per year in overall incidence of
pediatric cancers from 1992 to 2010 at the
national level.4 In recent years, the possibility that the incidence rates of certain
pediatric malignancies are increasing has
become a topic of public and scientific
concern.5-8 Reasons for such changes are
not yet understood. Surveillance of cancer
incidence trends may provide insight to
develop new hypotheses for future etiologic studies, and may inform the need for
health services in particular populations.
However, the recent temporal trends in
incidence have not been examined in

Author reference:
Public Health Agency of Canada, Ottawa, Ontario, Canada
Correspondence: Lin Xie, Centre for Surveillance and Applied Research, Public Health Agency of Canada, 785 Carling Avenue, AL 6807A, Ottawa, ON K1A 0K9; Tel: 613-513-6357;
Fax: 613-960-0944; Email: lin.xie@canada.ca

Vol 38, No 3, March 2018

79

Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

detail by pediatric diagnostic groups or in
regional contexts. This study presents
detailed recent population-based data on
demographic and geographic variations in
childhood cancer incidence trends in
Canada.

Methods
Data sources
The cancer incidence data were extracted
from the Canadian Cancer Registry
(CCR),9 except for Quebec where, from
2008 to 2010, data were obtained in a
summary format from the province
directly. The incidence data are collected
by the provincial and territorial cancer
registries, which report data annually to
the CCR at Statistics Canada. The CCR is a
dynamic, person-oriented, population-based
database with cases newly diagnosed
from 1992 onward.
Cancer diagnoses were coded according to
topography, morphology and behaviour
using the International Classification of
Diseases for Oncology, Third Edition
(ICD-O-3)10 and were converted to the
International Classification of Childhood
Cancer, Third Edition (ICCC-3).11,12 All primary malignancies diagnosed during the
period 1992 through 2010 among those
aged 0–14 years were included. The
ICCC-3 includes non-malignant intracranial and intraspinal tumours in categories
III and X. In accordance with this classification, non-malignant central nervous
system (CNS) tumours were also included
as a separate analysis.
Population estimates for Canada and the
provinces/territories used in the calculation of incidence rates were based on
quinquennial censuses conducted from
1991 to 2011. We used intercensal estimates prepared by Statistics Canada for
the years between these censuses.13

Statistical analysis
Cancer incidence counts and population
estimates were summarized by age group
(< 1 [infants], 1–4, 5–9, and 10–14 [late
childhood] years), year of diagnosis, sex,
and geographical region at diagnosis
(British Columbia, the Prairie provinces
[Alberta, Saskatchewan and Manitoba],
Ontario, Quebec, the Atlantic provinces
[New Brunswick, Prince Edward Island,
Nova Scotia, and Newfoundland and
Labrador], and the Territories [Yukon,
Health Promotion and Chronic Disease Prevention in Canada
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Northwest Territories and Nunavut]).
Given that the number of cancer cases
was too small to provide stable estimates
for some cancers for each of the Prairie
provinces, the Atlantic provinces or the
Territories, aggregated regions were created for analysis. Rates for each category
were calculated by dividing the number of
cases in each category by the corresponding population figure. These age-specific
rates were standardized to the 2011
Canadian population, using the direct
method, to obtain age-standardized incidence rates (ASIRs) per million children.

individual values. ASIRs were derived
using the actual counts. The ASIRs and
APCs are not reported when the corresponding rounded counts are less than 30.
In addition, the extended classifications of
lymphoid leukemias, except for precursor
cell lymphoblastic leukemia, are not presented, as the cases in these subgroups
originally coded in ICD-O-2 do not have
the required information to be converted
to ICD-O-3.10 Also, the results by region
are only reported for the 12 major diagnostic categories and the subtypes with
significant APCs.

Joinpoint Regression Program, which is a
statistical software for the analysis of
trends, was used to identify changes in
the trends of annual age-standardized
incidence rates of selected cancers over
the period from 1992 to 2010.14 The
response variable was the natural logarithm of the ASIR, and the independent
variable was the year of cancer diagnosis.
Separate analyses were run by cancer
type, sex, age and region. The annual percent change (APC) in cancer incidence
rates was calculated by fitting a piecewise
linear regression model, assuming a constant rate of change in the logarithm of
the annual ASIR in each segment.15 The
estimated slope from this model was then
transformed back to represent an annual
percentage increase or decrease in the
rate. The test of APC is based on asymptotic t-test. The APC was considered statistically significant if its 95% confidence
interval (CI) did not include zero (p < 0.05).
The connecting points of the linear segments are referred to as changepoints or
joinpoints. The models incorporated estimated standard errors of the ASIRs. To
reduce the likelihood of reporting spurious changes in trends, we used a minimum of five observations from a joinpoint
to either end of the data and a minimum
of four observations between joinpoints.
Statistical significance in changes of the
trends (joinpoints) was determined using
Monte Carlo permutation tests with the
Bonferroni adjustment to control the overfitting probability of the multiple tests (the
overall significance level was 0.05).

Results

To ensure confidentiality and limit the
possibility of residual disclosure, in keeping with CCR reporting requirements, incidence counts presented in the tables and
Figure 1 have been randomly rounded
either up or down to a multiple of 5. As a
result, when these data are grouped, the
totals may not equal the sums of
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Since the completeness of non-malignant
CNS tumor data collection varied by province (data not shown), which may have
an impact on comparisons across region
and time (see Discussion), the results
addressed in this section for all cancers
combined and CNS tumors are based on
malignancies only, whereas results of the
best fit joinpoint regression models for
these two categories including non-malignant CNS tumors are also provided in
Tables 1–5.

Recent incidence counts and rates
(2006–2010)
Figure 1 summarizes the distribution of
primary cancers for Canada from 2006 to
2010 by age groups for males and females
combined and separately. During this
period, an average of 910 new diagnoses
each year; i.e., a total of 4550 new cases,
were reported among children 14 years
and under in Canada: 2440 (53.6%) in
males and 2110 (46.4%) in females, which
amounts to a male:female ratio of 1.2:1.
The average annual ASIR was 163.4 per
million children, with males having a
higher rate than females (170.9 vs. 155.5
per 106 children). Average annual ASIRs
for all cancers combined from 2006 to
2010 were lower in the Prairies (149.4 per
106) and higher in Ontario (170.1 per 106)
(Figure 2).
While most adult cancers are carcinomas,
childhood cancers show much histologic
and biologic diversity, and are mainly not
of epithelial origin. Overall, the most common childhood cancers diagnosed from
2006 to 2010 were leukemias (32.3%),
CNS tumors (18.9%), and lymphomas
(11.1%) (Figure 1). Next most common
were neuroblastoma (7.8%), soft tissue
sarcoma (6.5%), and renal tumors (5.2%).
Vol 38, No 3, March 2018

FIGURE 1
Distribution of new cancer cases diagnosed in children less than 15 years of age by sex and
age groups, Canada, 2006-2010

10–14 years, leukemias (21.5%) and CNS
tumours (19.0%) predominated.

Overall temporal trends (1992–2010)
Age (years)

Males

<15

18.7

33.3

10 to 14

21.7

13.6

20.2

5 to 9
1 to 4

3.7

26.4

3.9 6.4 2.6 4.7

6.2

10.2

6.9

9.8

685/131.2

6.9 4.2

9.5

15.5

16.9

9.8

2440/170.9

6.1 4.5 4.3 3.2 2.5 2.2

7.5

23.4

43.8
19.9

7.6

25.2

36.3

<1

Total counts/Ratesa

4.6 7.0

610/132.2

2.8

900/244.9

3.6

4.1 5.7

250/260.5

6.9

Females

<15

31.1

10 to 14

19.1

21.3

17.7

5 to 9

33.5

1 to 4
19.2

8.0

1.3

3.7

26.3

15.1

10.9
8.5

2110/155.5

6.1 4.5 6.1 3.8 3.1

9.5

7.9 3.7

17.7
13.8

7.0

7.1

25.8

40.8

<1

8.2
16.4

8.7

6.4

5.4

10.1

4.9 1.8 8.0

625/126.0

7.4
6.2 3.7

480/109.9

1.5 5.0

780/233.6
225/249.9

11.2

All

<15

32.3

10 to 14

18.9

21.5

5 to 9

19.0
35.1

1 to 4
<1
0

7.8

11.7

20

12.2

17.3
2.6

5.1

26.4

7.7

40

60

4550/163.4

6.5 5.2 4.4 4.6 3.1 2.6

7.3

24.5

42.4
19.6

11.1
21.0

9.5
3.8 7.4

10.5

5.7

1305/128.7

4.3 5.4 3.2

1095/121.4

10.8

4.9

8.4

7.4 3.0 6.8

1685/234.6

4.2

470/255.3

8.9

80

100

Percentage
Leukemias
Soft tissue sarcomas
Germ cell

CNS tumors
Renal tumors
Retinoblastoma

Lymphomas
Bone
Hepatic tumors

Neuroblastoma
Carcinomas
Others

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
Note: The rates were standardized to the 2011 Canadian population for all ages combined.
a
The number of new cases were randomly rounded either up or down to a multiple of 5.

The top 5 most common cancers were
similarly distributed within each region,
with some variations in proportions and
ranking in the Atlantic region (Figure 2),
possibly due to Type I error from the small
population in the region. The distribution
of the most frequent childhood cancers
was generally the same for males and
females, except lymphomas were more
common in males (13.6% compared to
8.2% ), and carcinomas (especially, thyroid carcinoma) were more common in
females (6.1% vs. 3.2%) (Figure 1).
Around half of children’s cancer cases
(47.4%) were diagnosed among those
under the age of five years (Figure 1). The
age-specific incidence rates in children
aged less than 5 years were around twice
those of their older counterparts. The
Vol 38, No 3, March 2018

highest incidence was observed in infants
under the age of one year and generally
declined with age. Patterns of diagnoses
varied considerably by age group. In
infants, neuroblastoma formed the most
commonly diagnosed cancers and accounted
for nearly a third of all cases (26.4%), followed by leukemias (19.6%) and CNS
tumours (11.7%). The embryonal tumors
of neuroblastoma, retinoblastoma, and
nephroblastoma jointly accounted for 42.6%
of all diagnoses in infants. Leukemias prevailed among 1–4 year olds, accounting
for 42.4% of all diagnoses, while in
5–9 year olds and 10–14 year olds, lymphomas and bone tumours became
increasingly common (lymphomas: 12.2%
and 21.0%; bone cancers: 5.4% and
9.5%, respectively). Also in children aged

81

Trends varied greatly by cancer type,
although the small numbers of some types
may have resulted in extensive random
fluctuations in rates even when the trend
was statistically significant. The incidence
rates of childhood cancer increased by an
average of 0.4% per year (95% CI = 0.1–
0.8), from 154.8 per million children in
1992 to 169.7 per million in 2010 (Table
1). Leukemia overall and lymphoid leukemia specifically had an equally increase
from 1992 through 2010 (APC = 0.6%,
CI = 0.1–1.2). Lymphoid leukemia is the
most common type in children, accounting for nearly four-fifths (78.5%) of all
leukemias and as such largely determined
the incidence pattern for leukemia overall.
Rates which increased by at least 2%
annually over the study period included:
unspecified lymphomas (APC = 3.4%;
CI = 0.7–6.2), ependymomas (APC = 2.3%,
CI = 0.2–4.3), hepatoblastoma (APC = 2.4%,
CI = 0.4–4.4), carcinoma (APC = 2.5%,
CI = 0.2–4.7), thyroid cancer (APC = 4.2,
CI = 1.4–7.1) and melanoma (APC = 2.7%,
CI = 0.1–5.4). The data suggested a decrease
for malignant gonadal germ cell tumors
(APC = −2.3%, CI = −4.4 to −0.03).
Figure 3 highlights the trends for all cancers combined and the most common five
cancers in children under 15 years of age.

Trends by sex
The trends for all cancers combined
(APC = 0.5%, CI = 0.2–0.9) and leukemias
(APC = 0.8%, CI = 0.03–1.6) among
males paralleled the increases observed
overall (Table 1). A break in trend was
observed for all cancers combined among
females; the rate increased by 3.2% per
year (CI = 0.4–6.2) from 2004 to 2010,
which followed an initial period of stable
rates. Positive trends were also observed
for other hematologic malignancies over
the entire period: miscellaneous lymphoreticular neoplasms in both males
(APC = 6.8%, CI = 2.2–11.7) and females
(APC = 4.6%, CI = 0.7–8.6), and unspeci
fied lymphomas among males (APC = 3.3%,
CI = 0.5–6.2). Some embryonal tumors
demonstrated increasing trends in males.
An increase occurred for neuroblastoma
overall in males (APC = 1.4%, CI = 0.2–
2.6), as did its subgroup of neuroblastoma
and ganglioneuroblastoma (IV(A)) which
comprised nearly all male neuroblastoma
Health Promotion and Chronic Disease Prevention in Canada
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Leukemias, myeloproliferative diseases, and myelodysplastic diseases

190

II(E) Unspecified lymphomas

45

195

III(E) Other specified intracranial and intraspinal neoplasms

III(F) Unspecified intracranial and intraspinal neoplasms

1545

805

475

III(B) Astrocytomas including non-malignancies

III(C) Intracranial and intraspinal embryonal tumors including
non-malignancies

III(D) Other gliomas including non-malignancies

360

475

III(D) Other gliomas

III(A) Ependymomas and choroid plexus tumor including
non-malignancies

805

III(C) Intracranial and intraspinal embryonal tumors

3770

1505

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms
including non-malignancies

325

III(A) Ependymomas and choroid plexus tumor

3345

130

CNS and miscellaneous intracranial and intraspinal neoplasms

270

II(D) Miscellaneous lymphoreticular neoplasms

600

II(C) Burkitt lymphoma

715

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

1905

Lymphomas and reticuloendothelial neoplasms

II(A) Hodgkin lymphomas

85

200

I(E) Unspecified and other specified leukemias

140

I(D) Myelodysplastic syndrome and other myeloproliferative diseases

755

I(C) Chronic myeloproliferative diseases

4075

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

4305

17380

All childhood cancers including non-malignancies brain

I(A) Lymphoid leukemias

16955

All childhood cancers (malignancies only)

Total cases

2.73

4.61

8.90

2.07

21.69

1.13

0.25

2.72

4.61

8.64

1.86

19.22

1.09

0.75

1.55

3.45

4.10

10.94

1.13

0.48

0.81

4.36

23.45

24.78

31.57

100.00

97.54

% (including
non-malignancies)

2.80

4.73

9.12

2.12

22.23

1.16

0.26

2.79

4.73

8.86

1.91

19.71

1.12

0.77

1.59

3.53

4.21

11.22

1.16

0.49

0.83

4.47

24.04

25.41

32.36

102.52

100.00

% (malignancies
only)

25

40

85

15

195

10

5

25

45

80

15

175

10

5

15

35

35

100

10

5

10

40

215

225

285

915

890

Average
annual cases

Both sexes combined

4.29

7.33

13.98

3.34

34.25

1.79

0.40

4.29

7.33

13.59

3.02

30.41

1.71

1.22

2.41

5.39

6.28

17.01

1.84

0.78

1.29

6.98

37.68

39.86

50.74

159.55

155.71

Average
ASIR

2004–2010

18.36

1.29

−0.45

−0.98

1.58

−0.03

2.37

11.39

1.27

−0.45

−0.97

2.25

0.13

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2006–2010

38.05
3.41

1992–2006

1992–2010

1992–2010

1992–2010

−0.40

−2.54

0.14

0.34

1992–2010

2001–2004

−31.47
0.48

1992–2001

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

17.13

4.06

0.01

−0.49

0.02

0.61

0.64

0.40

0.45

APC

TABLE 1
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.49

0.07

0.08

0.89

0.37

< 0.01

0.22

0.49

0.09

0.03

0.65

0.02

0.02

0.88

0.13

0.86

0.60

0.24

0.04

0.45

< 0.01

0.05

1.00

0.56

0.95

0.02

0.03

0.02

0.02

p-value

−0.80 to 3.43
0.21
Continued on the following page

−1.77 to 0.89

−2.04 to 0.09

−0.22 to 3.42

−0.51 to 0.45

−2.96 to 7.98

7.70 to 15.20

−0.82 to 3.41

−1.77 to 0.89

−2.10 to 0.16

0.23 to 4.31

−0.46 to 0.71

0.72 to 6.18

7.48 to 77.31

−5.98 to 5.52

−5.82 to 0.85

−1.58 to 1.89

−1.00 to 1.70

−0.35 to 1.32

0.99 to 38.72

–

6.18 to 29.21

−0.08 to 8.36

−2.63 to 2.71

−2.20 to 1.25

−0.78 to 0.83

0.09 to 1.13

0.08 to 1.20

0.08 to 0.73

0.08 to 0.81

95% CI
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230

X(C) Malignant gonadal germ cell tumors

0.87

1.19

155

205

280

XI(D) Malignant melanomas

XI(F) Other and unspecified carcinomas

Other and unspecified malignant neoplasms

1.61

1.49

260

XI(B) Thyroid carcinomas

0.20

35

3.86

1.33

0.76

0.91

XI(A) Adrenocortical carcinomas

670

130

Other malignant epithelial neoplasms and malignant melanomas

155

X(B) Malignant extracranial and extragonadal germ cell tumors

3.19

0.71

125

555

1.75

0.57

3.04

6.08

0.22

0.17

1.73

2.19

4.39

0.21

1.23

1.49

0.18

5.16

5.47

2.47

7.15

7.26

1.52

1.85

% (including
non-malignancies)

305

X(A) Intracranial and intraspinal germ cell tumors

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

IX(E) Unspecified soft tissue sarcomas

IX(D) Other specified soft tissue sarcomas

100

35

1060

VIII(E) Unspecified malignant bone tumors

Soft tissue and other extraosseous sarcomas

530

30

VIII(D) Other specified malignant bone tumors

IX(B) Fibrosarcomas, peripheral nerve sheath tumors, and other
fibrous neoplasms

300

VIII(C) Ewing tumor and related sarcomas of bone

IX(A) Rhabdomyosarcomas

380

VIII(A) Osteosarcomas

35

760

VII(B) Hepatic carcinomas

Malignant bone tumours

210

VII(A) Hepatoblastoma

260

30

Hepatic tumours

895

VI(B) Renal carcinomas

950

VI(A) Nephroblastoma and other nonepithelial renal tumors

430

Renal tumours

1245

Retinoblastoma

IV(A) Neuroblastoma and ganglioneuroblastoma

1260

265

III(F) Unspecified intracranial and intraspinal neoplasms including
non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

320

III(E) Other specified intracranial and intraspinal neoplasms
including non-malignancies

Total cases

1.65

1.22

0.89

1.53

0.20

3.95

1.36

0.78

0.94

3.27

0.73

1.79

0.58

3.12

6.23

0.22

0.18

1.77

2.24

4.50

0.22

1.26

1.53

0.19

5.29

5.60

2.54

7.33

7.44

1.56

1.90

% (malignancies
only)

15

10

5

10

5

35

10

10

10

30

5

15

5

30

55

5

0

15

20

40

5

10

15

5

50

50

25

65

65

15

20

Average
annual cases

Both sexes combined

2.61

1.85

1.36

2.29

0.32

5.99

2.07

1.26

1.42

5.05

1.13

2.73

0.91

4.83

9.60

0.34

0.27

2.66

3.35

6.76

0.33

2.07

2.47

0.28

8.42

8.90

4.13

11.86

12.03

2.42

2.89

Average
ASIR

2.78

−0.84

2.68

4.20

4.22

2.45

−2.25

1.20

1.91

−0.38

0.40

0.25

0.41

−0.52

−0.08

−0.89

−3.39

0.63

−0.89

−0.50

−3.00

2.42

1.35

−5.27

−0.71

−0.68

0.30

0.83

0.74

0.25

1.88

APC

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.56

0.04

0.01

0.10

0.03

0.05

0.29

0.17

0.54

0.83

0.83

0.83

0.56

0.90

0.72

0.13

0.49

0.29

0.37

0.23

0.02

0.07

0.02

0.33

0.32

0.75

0.14

0.21

0.91

0.20

p-value

−0.02 to 5.65
0.05
Continued on the following page

−3.73 to 2.13

0.08 to 5.35

1.37 to 7.11

−0.95 to 9.66

0.23 to 4.72

−4.42 to −0.03

−1.12 to 3.57

−0.88 to 4.79

−1.64 to 0.90

−3.38 to 4.33

−2.18 to 2.74

−3.51 to 4.49

−2.37 to 1.36

−1.46 to 1.31

−5.83 to 4.31

−7.70 to 1.12

−1.27 to 2.57

−2.61 to 0.85

−1.66 to 0.66

−7.92 to 2.18

0.44 to 4.42

−0.13 to 2.86

−9.53 to −0.81

−2.16 to 0.77

−2.07 to 0.73

−1.66 to 2.30

−0.30 to 1.98

−0.45 to 1.95

−4.24 to 4.95

−1.08 to 4.93

95% CI
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3000

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

1.36

130

480

240

100

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(F) Unspecified intracranial and intraspinal neoplasms

205

795

III(A) Ependymomas and choroid plexus tumor including nonmalignancies

III(B) Astrocytomas including non-malignancies

2040

770

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms
including non-malignancies

185

III(A) Ependymomas and choroid plexus tumor

CNS and miscellaneous intracranial and intraspinal neoplasms

1795

90

II(E) Unspecified lymphomas

0.95

230

II(D) Miscellaneous lymphoreticular neoplasms

8.48

2.20

21.77

1.07

2.55

5.16

8.18

1.96

19.13

2.42

4.28

4.45

13.46

II(C) Burkitt lymphoma

1260

Lymphomas and reticuloendothelial neoplasms

0.94

400

90

I(E) Unspecified and other specified leukemias

0.50

0.80

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

45

I(D) Myelodysplastic syndrome and other myeloproliferative
diseases

3.99

24.31

25.80

32.03

415

75

I(C) Chronic myeloproliferative diseases

97.36

100.00

II(A) Hodgkin lymphomas

375

2280

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

2420

9380

I(A) Lymphoid leukemias

9135

All childhood cancers including non-malignancies brain

8.71

2.26

22.36

1.10

2.62

5.30

8.40

2.02

19.65

1.40

0.97

2.49

4.39

4.57

13.82

0.96

0.51

0.82

4.10

24.97

26.50

32.90

102.72

100.00

Total cases

All childhood cancers (malignancies only)

% (malignancies
only)

% (including
non-malignancies)

Males

1.43

1.40

245

0.22

XII(B) Other unspecified malignant tumors

0.21

% (malignancies
only)

35

% (including
non-malignancies)

XII(A) Other specified malignant tumors

Total cases

45

10

105

5

10

25

40

10

95

10

5

15

20

25

70

5

0

5

20

120

125

160

495

480

Average
annual cases

10

5

Average
annual cases

Both sexes combined

14.05

3.70

36.19

1.78

4.23

8.62

13.56

3.32

31.86

2.25

1.63

3.94

7.03

7.18

22.04

1.58

0.86

1.35

6.74

41.14

43.73

54.26

168.01

163.68

Average
ASIR

2.26

0.35

Average
ASIR

2006–2010

32.16

−0.83

0.94

−0.12

1.95

0.99

−0.38

−0.83

1.71

0.12

3.29

6.82

−2.72

0.47

0.61

0.51

0.97

7.68

−0.43

−0.50

0.19

0.82

0.82

0.45

0.52

APC

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1999–2006

1.68

1992–1999

15.83

Year

−10.31

APC

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.45

0.75

0.37

0.46

0.62

0.37

0.17

0.79

0.02

0.01

0.13

0.59

0.53

0.30

0.74

0.01

0.80

0.64

0.68

0.04

0.04

0.02

0.01

p-value

0.27

< 0.01

0.44

0.01

p-value

−2.61 to 0.98
0.34
Continued on the following page

−1.62 to 3.56

−0.93 to 0.69

−2.46 to 6.56

−1.77 to 3.82

−1.96 to 1.23

−2.71 to 1.09

−0.81 to 4.29

−0.85 to 1.11

0.50 to 6.15

2.15 to 11.71

−6.22 to 0.90

−1.32 to 2.30

−1.39 to 2.66

−0.50 to 1.53

−4.92 to 7.24

2.51 to 13.11

−4.02 to 3.28

−2.71 to 1.75

−0.76 to 1.16

0.05 to 1.60

0.03 to 1.62

0.09 to 0.81

0.16 to 0.88

95% CI

−1.42 to 4.88

12.48 to 55.27

−33.63 to 21.19

5.45 to 27.22

95% CI
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170

145

III(E) Other specified intracranial and intraspinal neoplasms
including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including
non-malignancies

155

70

IX(D) Other specified soft tissue sarcomas

IX(E) Unspecified soft tissue sarcomas

90

X(C) Malignant gonadal germ cell tumors

120

XII(B) Other unspecified malignant tumors

1.28

1.45

1.03

95

135

XI(F) Other and unspecified carcinomas

Other and unspecified malignant neoplasms

0.84

75

XI(D) Malignant melanomas

0.77

75

2.87

0.93

0.50

1.17

2.72

0.71

1.66

0.53

3.13

6.05

1.70

2.04

4.16

1.41

1.73

4.24

4.53

2.30

6.86

6.94

1.52

1.86

2.56

5.16

XI(B) Thyroid carcinomas

270

45

X(B) Malignant extracranial and extragonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

110

X(A) Intracranial and intraspinal germ cell tumors

255

50

IX(B) Fibrosarcomas, peripheral nerve sheath tumors, and other
fibrous neoplasms

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

290

IX(A) Rhabdomyosarcomas

565

160

VIII(C) Ewing tumor and related sarcomas of bone

Soft tissue and other extraosseous sarcomas

195

390

Malignant bone tumours

VIII(A) Osteosarcomas

130

160

VII(A) Hepatoblastoma

Hepatic tumours

400

425

Renal tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

215

645

Retinoblastoma

IV(A) Neuroblastoma and ganglioneuroblastoma

650

240

III(D) Other gliomas including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

485

III(C) Intracranial and intraspinal embryonal tumors including
non-malignancies

Total cases

% (including
non-malignancies)

1.31

1.49

1.06

0.87

0.79

2.95

0.95

0.51

1.20

2.79

0.73

1.71

0.55

3.22

6.21

1.74

2.09

4.27

1.45

1.77

4.36

4.65

2.37

7.04

7.13

1.57

1.91

2.63

5.30

% (malignancies
only)

Males

5

10

5

5

5

15

5

0

5

10

5

5

5

15

25

10

10

20

10

5

20

25

10

35

35

10

10

10

25

Average
annual cases

2.19

2.49

1.71

1.38

1.24

4.70

1.57

0.88

1.92

4.58

1.18

2.72

0.90

5.22

10.02

2.76

3.29

6.74

2.47

3.00

7.33

7.80

4.04

12.01

12.15

2.53

3.04

4.25

8.62

Average
ASIR

2.31

3.86

−0.22

3.19

2.88

1.61

−4.02

1.15

1.89

−0.49

0.16

−1.02

0.12

−0.87

−0.84

2.28

−1.52

0.11

3.22

2.18

−0.36

−0.25

−1.30

1.36

1.37

−1.41

−0.17

1.02

−0.38

APC

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.30

0.08

0.91

0.12

0.14

0.27

0.01

0.67

0.30

0.60

0.92

0.56

0.96

0.40

0.30

0.14

0.25

0.91

0.02

0.05

0.74

0.81

0.29

0.03

0.03

0.38

0.92

0.44

0.62

p-value
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−2.24 to 7.08

−0.55 to 8.46

−4.22 to 3.94

−0.89 to 7.44

−1.05 to 6.98

−1.37 to 4.69

−6.71 to −1.24

−4.30 to 6.91

−1.80 to 5.72

−2.41 to 1.46

−3.19 to 3.62

−4.58 to 2.66

−4.22 to 4.65

−2.96 to 1.26

−2.46 to 0.82

−0.81 to 5.47

−4.19 to 1.22

−1.86 to 2.12

0.60 to 5.91

0.01 to 4.40

−2.60 to 1.94

−2.38 to 1.93

−3.76 to 1.23

0.14 to 2.60

0.15 to 2.60

−4.66 to 1.94

−3.67 to 3.45

−1.70 to 3.81

−1.96 to 1.23

95% CI
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2480

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

40

65

II(D) Miscellaneous lymphoreticular neoplasms

II(E) Unspecified lymphomas

315

235

25

95

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(E) Other specified intracranial and intraspinal neoplasms

III(F) Unspecified intracranial and intraspinal neoplasms

155

750

III(A) Ependymomas and choroid plexus tumor including non-malignancies

III(B) Astrocytomas including non-malignancies

1730

735

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms
including non-malignancies

140

III(A) Ependymomas and choroid plexus tumor

1545

40

II(C) Burkitt lymphoma

CNS and miscellaneous intracranial and intraspinal neoplasms

200

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

295

640

Lymphomas and reticuloendothelial neoplasms

II(A) Hodgkin lymphomas

40

105

I(E) Unspecified and other specified leukemias

70

I(D) Myelodysplastic syndrome and other myeloproliferative diseases

380

I(C) Chronic myeloproliferative diseases

1795

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

1885

8000

All childhood cancers including non-malignancies brain

I(A) Lymphoid leukemias

7820

All childhood cancers (malignancies only)

Total cases

9.39

1.92

21.58

1.20

0.30

2.92

3.97

9.19

1.75

19.34

0.77

0.51

0.54

2.47

3.70

8.00

1.36

0.45

0.82

4.80

22.45

23.58

31.02

100.00

97.75

% (including
non-malignancies)

9.60

1.97

22.08

1.23

0.31

2.99

4.07

9.40

1.79

19.78

0.79

0.52

0.55

2.53

3.78

8.18

1.39

0.46

0.84

4.91

22.96

24.13

31.74

102.30

100.00

% (malignancies
only)

Females

40

10

90

5

0

15

15

40

5

80

0

5

0

10

15

35

5

0

5

25

95

100

130

420

415

Average
annual cases

13.91

2.96

32.22

1.80

0.45

4.34

5.97

13.62

2.70

28.89

1.14

0.79

0.79

3.66

5.34

11.72

2.10

0.70

1.22

7.22

34.04

35.79

47.04

150.65

147.32

Average
ASIR

2004–2010

27.43

2001–2004

65.74

−1.21

2.37

0.03

1992–2010

1992–2010

1992–2010

2004–2010

1996–2001

−16.38

−28.95

1992–1996

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

58.43

11.38

0.88

−0.57

−1.19

2.99

0.07

3.29

4.57

−1.13

−0.61

−0.25

1992–2010

2001–2004

−34.96
0.31

1992–2001

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

16.69

1.65

0.71

−0.50

−0.18

0.36

0.43

1992–2010

2004–2010

3.23
0.35

1992–2004

Year

−0.72

APC

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.11

0.03

0.95

< 0.01

0.28

0.25

0.03

< 0.01

0.53

0.61

0.13

0.02

0.89

0.21

0.02

0.59

0.68

0.75

0.64

0.02

0.45

0.02

0.48

0.75

0.62

0.74

0.43

0.24

0.22

0.03

0.15

p-value

Continued on the following page

−2.71 to 0.32

0.27 to 4.51

−0.96 to 1.04

−40.97 to −14.47

–

−40.10 to 16.75

–

5.49 to 17.60

−1.98 to 3.81

−2.84 to 1.76

−2.76 to 0.39

0.60 to 5.43

−0.96 to 1.10

−1.97 to 8.83

0.72 to 8.57

−5.41 to 3.34

−3.66 to 2.53

−1.88 to 1.41

−1.08 to 1.72

4.88 to 54.84

–

2.75 to 32.52

−3.05 to 6.59

−3.90 to 5.55

−2.55 to 1.60

−1.31 to 0.96

−0.57 to 1.30

−0.32 to 1.19

−0.22 to 0.92

0.35 to 6.20

−1.71 to 0.29

95% CI
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150

120

III(E) Other specified intracranial and intraspinal neoplasms
including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including
non-malignancies

190

140

VIII(A) Osteosarcomas

VIII(C) Ewing tumor and related sarcomas of bone

150

60

IX(D) Other specified soft tissue sarcomas

IX(E) Unspecified soft tissue sarcomas

145

X(C) Malignant gonadal germ cell tumors

XI(B) Thyroid carcinomas

185

405

85

X(B) Malignant extracranial and extragonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

50

X(A) Intracranial and intraspinal germ cell tumors

300

50

IX(B) Fibrosarcomas, peripheral nerve sheath tumors, and other
fibrous neoplasms

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

235

IX(A) Rhabdomyosarcomas

490

375

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

85

100

VII(A) Hepatoblastoma

Hepatic tumours

500

525

Renal tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

215

595

Retinoblastoma

IV(A) Neuroblastoma and ganglioneuroblastoma

610

235

III(D) Other gliomas including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

315

III(C) Intracranial and intraspinal embryonal tumors including
non-malignancies

Total cases

2.34

5.01

1.80

1.06

0.61

3.74

0.71

1.85

0.61

2.94

6.11

1.76

2.36

4.66

1.02

1.21

6.24

6.56

2.67

7.49

7.62

1.52

1.85

2.92

3.97

% (including
non-malignancies)

2.39

5.13

1.84

1.09

0.63

3.82

0.73

1.89

0.63

3.00

6.25

1.80

2.42

4.77

1.05

1.24

6.38

6.71

2.74

7.66

7.80

1.56

1.89

2.99

4.07

% (malignancies
only)

Females

10

20

10

5

0

20

0

10

5

10

25

5

10

15

5

5

25

30

10

30

35

5

10

15

20

Average
annual cases

3.40

7.34

2.60

1.67

0.89

5.55

1.07

2.75

0.92

4.42

9.17

2.55

3.42

6.77

1.64

1.92

9.56

10.05

4.23

11.71

11.91

2.29

2.74

4.34

5.97

Average
ASIR

4.85

2.93

−1.39

1.10

3.43

−0.35

0.86

2.07

0.58

−0.12

0.82

−0.63

−0.43

−1.21

1.58

0.29

−0.76

−0.85

2.23

0.22

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2005–2010

−31.76
0.04

1992–2005

1992–2010

1992–2010

1992–2010

Year

8.90

4.03

0.88

−0.57

APC

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

< 0.01

0.02

0.40

0.39

0.09

0.75

0.74

0.10

0.75

0.90

0.26

0.59

0.68

0.13

0.39

0.86

0.37

0.28

0.12

0.77

0.96

0.11

0.03

0.05

0.53

0.61

p-value
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1.80 to 7.99

0.56 to 5.36

−4.72 to 2.06

−1.49 to 3.75

−0.58 to 7.59

−2.58 to 1.93

−4.36 to 6.37

−0.45 to 4.65

−3.10 to 4.39

−2.14 to 1.94

−0.66 to 2.33

−2.96 to 1.77

−2.60 to 1.79

−2.76 to 0.37

−2.13 to 5.44

−3.04 to 3.75

−2.48 to 0.99

−2.43 to 0.75

−0.63 to 5.16

−1.38 to 1.85

−1.62 to 1.74

−57.68 to 10.04

1.10 to 17.31

0.08 to 8.14

−1.98 to 3.81

−2.84 to 1.76

95% CI
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110

145

125

XI(F) Other and unspecified carcinomas

Other and unspecified malignant neoplasms

XII(B) Other unspecified malignant tumors

1735

340

All childhood cancers including non-malignancies brain

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

45

55

I(E) Unspecified and other specified leukemias

Lymphomas and reticuloendothelial neoplasms

35

60

50

III(B) Astrocytomas

III(C) Intracranial and intraspinal embryonal tumors

185

III(A) Ependymomas and choroid plexus tumor

CNS and miscellaneous intracranial and intraspinal neoplasms

35

35

I(C) Chronic myeloproliferative diseases

II(D) Miscellaneous lymphoreticular neoplasms

110

120

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

125

1705

Total cases

All childhood cancers (malignancies only)

I(A) Lymphoid leukemias

1.54

1.80

1.36

0.90

Females

1.57

1.84

1.39

0.92

% (malignancies
only)

5

5

5

5

Average
annual cases

2.34

2.73

1.99

1.34

Average
ASIR

1.00

1.46

−0.80

1.27

APC

2.88

3.69

2.02

10.78

1.90

3.17

2.60

2.13

6.40

6.81

7.15

19.38

100.00

98.10

% (including
non-malignancies)

2.94

3.76

2.06

10.99

1.94

3.23

2.65

2.18

6.53

6.94

7.29

19.75

101.94

100.00

% (malignancies
only)

Age <1 year

0

5

0

10

0

5

5

0

5

5

5

20

95

85

Average
annual cases

7.40

9.26

5.15

27.33

4.78

8.05

6.67

5.37

16.19

17.30

18.22

49.23

253.47

248.64

Average
ASIR

−1.01

−0.24

5.60

0.41

−4.43

−2.81

0.97

−0.10

−2.06

−2.54

−1.83

−0.27

−0.20

−0.16

APC

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

TABLE 2
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
a
The ASIRs were standardized to the 2011 Canadian population.

75

XI(D) Malignant melanomas

Total cases

% (including
non-malignancies)

TABLE 1 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by sex, Canada, 1992–2010

0.68

0.90

< 0.01

0.75

0.03

0.14

0.71

0.96

0.10

0.09

0.19

0.74

0.69

0.75

p-value

0.57

0.31

0.63

0.53

p-value

Continued on the following page

−5.92 to 4.15

−4.22 to 3.91

1.94 to 9.38

−2.29 to 3.18

−8.14 to −0.58

−6.55 to 1.08

−4.41 to 6.66

−4.01 to 3.97

−4.49 to 0.43

−5.45 to 0.46

−4.62 to 1.04

−1.95 to 1.44

−1.23 to 0.84

−1.21 to 0.90

95% CI

−2.56 to 4.69

−1.48 to 4.50

−4.17 to 2.68

−2.84 to 5.57

95% CI
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50

30

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

30

X(C) Malignant gonadal germ cell tumors

70

65

Other and unspecified malignant neoplasms

XII(B) Other unspecified malignant tumors

6165

6245

All childhood cancers (malignancies only)

All childhood cancers including non-malignancies brain

Total cases

30

XI(F) Other and unspecified carcinomas

50

65

X(B) Malignant extracranial and extragonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

105

30

IX(B) Fibrosarcomas, peripheral nerve sheath tumors, and other fibrous neoplasms

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

30

110

60

60

IX(A) Rhabdomyosarcomas

Soft tissue and other extraosseous sarcomas

VII(A) Hepatoblastoma

Hepatic tumours

120

130

Renal tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

150

440

Retinoblastoma

IV(A) Neuroblastoma and ganglioneuroblastoma

445

65

III(B) Astrocytomas including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

40

220

III(A) Ependymomas and choroid plexus tumor including non-malignancies

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Total cases

100.00

98.69

% (including
non-malignancies)

3.81

4.15

1.73

2.88

1.56

3.81

6.00

1.85

1.79

6.29

3.46

3.58

6.98

7.38

8.59

25.55

25.61

1.90

2.88

3.81

2.25

12.69

% (including
non-malignancies)

101.33

100.00

% (malignancies
only)

Age 1 to 4 years

3.88

4.23

1.76

2.94

1.59

3.88

6.11

1.88

1.82

6.41

3.53

3.64

7.11

7.52

8.76

26.04

26.10

1.94

2.94

3.88

2.29

12.93

% (malignancies
only)

Age <1 year

325

325

Average
annual cases

5

0

5

5

5

5

5

0

5

5

0

5

5

5

5

25

25

0

5

5

5

10

Average
annual cases

222.24

219.32

Average
ASIR

9.63

10.52

4.36

7.34

3.87

9.71

15.20

4.70

4.53

15.93

8.85

9.16

17.86

18.89

21.70

64.41

64.56

4.78

7.40

9.57

5.73

32.16

Average
ASIR

0.87

0.89

APC

−6.47

−5.42

−2.09

1.03

−0.28

3.44

1.86

0.73

−4.82

0.40

1.93

1.95

0.65

0.38

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1996–2010

2.86
−0.60

1992–1996

1996–2010

2.78
−14.22

1992–1996

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

−14.00

−5.87

−1.01

−0.16

5.04

0.19

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

< 0.01

< 0.01

p-value

0.02

0.04

0.34

0.65

0.91

0.04

0.25

0.78

0.04

0.81

0.43

0.44

0.65

0.80

0.73

0.08

0.11

0.09

0.11

< 0.01

0.68

0.94

0.01

0.83

p-value

Continued on the following page

0.42 to 1.32

0.44 to 1.34

95% CI

−11.68 to −0.96

−10.35 to −0.21

−6.45 to 2.47

−3.63 to 5.92

−5.42 to 5.15

0.17 to 6.82

−1.38 to 5.21

−4.53 to 6.27

−9.23 to −0.19

−2.95 to 3.87

−3.02 to 7.12

−3.15 to 7.31

−2.34 to 3.74

−2.72 to 3.58

−4.08 to 3.02

−0.43 to 6.25

−29.13 to 3.83

−0.50 to 6.17

−28.97 to 4.13

−8.37 to −3.30

−5.92 to 4.15

−4.06 to 3.90

1.20 to 9.03

−1.64 to 2.06

95% CI
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35

II(E) Unspecified lymphomas

290

135

55

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(F) Unspecified intracranial and intraspinal neoplasms

290

135

55

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

III(D) Other gliomas including non-malignancies

III(E) Other specified intracranial and intraspinal neoplasms including non-malignancies

Retinoblastoma

IV(A) Neuroblastoma and ganglioneuroblastoma

Neuroblastoma and other peripheral nervous cell tumors

260

620

620

75

425

III(B) Astrocytomas including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

170

III(A) Ependymomas and choroid plexus tumor including non-malignancies

1155

415

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

170

III(A) Ependymomas and choroid plexus tumor

1070

50

II(D) Miscellaneous lymphoreticular neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

60

300

Lymphomas and reticuloendothelial neoplasms

II(C) Burkitt lymphoma

65

I(E) Unspecified and other specified leukemias

130

30

I(D) Myelodysplastic syndrome and other myeloproliferative diseases

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

260

2160

2265

2640

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

I(A) Lymphoid leukemias

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Total cases

4.18

9.88

9.97

1.20

0.90

2.15

4.64

6.76

2.79

18.43

0.88

2.15

4.64

6.61

2.69

17.11

0.54

0.82

0.94

2.05

4.77

1.04

0.43

4.13

34.63

36.25

42.27

% (including
non-malignancies)

4.23

10.01

10.11

1.22

0.91

2.17

4.70

6.85

2.82

18.67

0.89

2.17

4.70

6.70

2.73

17.34

0.55

0.83

0.96

2.08

4.83

1.05

0.44

4.19

35.09

36.73

42.83

% (malignancies
only)

Age 1 to 4 years

10

30

35

5

0

10

15

20

10

65

5

5

15

20

10

55

0

5

5

5

15

0

0

15

115

120

135

Average
annual cases

9.26

22.01

22.22

2.68

2.02

4.80

10.32

15.03

6.18

41.02

1.98

4.80

10.32

14.70

5.97

38.10

1.23

1.82

2.08

4.59

10.63

2.32

0.98

9.15

76.82

80.59

93.95

Average
ASIR

0.85

1.66

1.62

−0.52

1.12

1.46

1.20

0.50

1.77

1.06

1.15

1.46

1.20

0.52

1.59

1.20

2.09

6.91

−2.82

3.03

2.22

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2002–2010

−7.10
2.60

1992–2002

1992–2010

1992–2010

1992–2010

1992–2010

Year

17.66

−0.11

0.43

0.92

0.82

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

0.47

0.02

0.03

0.84

0.54

0.29

0.31

0.61

0.13

0.10

0.70

0.29

0.31

0.61

0.16

0.07

0.40

0.01

0.08

0.08

0.05

0.29

0.31

< 0.01

0.93

0.39

0.03

0.08

p-value

Continued on the following page

−1.56 to 3.32

0.28 to 3.07

0.20 to 3.05

−5.58 to 4.81

−2.63 to 5.02

−1.37 to 4.38

−1.22 to 3.68

−1.53 to 2.57

−0.57 to 4.16

−0.22 to 2.35

−4.95 to 7.65

−1.37 to 4.38

−1.22 to 3.68

−1.59 to 2.67

−0.70 to 3.94

−0.09 to 2.51

−2.89 to 7.34

2.31 to 11.73

−5.91 to 0.36

−0.39 to 6.56

−0.03 to 4.52

−2.41 to 7.86

−20.03 to 7.91

8.49 to 27.61

−2.80 to 2.65

−0.61 to 1.49

0.09 to 1.76

−0.10 to 1.74

95% CI
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60

XII(B) Other unspecified malignant tumors

1485

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

160

45

I(E) Unspecified and other specified leukemias

1165

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

1235

4460

All childhood cancers including non-malignancies brain

I(A) Lymphoid leukemias

4335

All childhood cancers (malignancies only)

Total cases

75

Other and unspecified malignant neoplasms

35

X(C) Malignant gonadal germ cell tumors

50

45

X(B) Malignant extracranial and extragonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

110

40

IX(D) Other specified soft tissue sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

215

280

IX(A) Rhabdomyosarcomas

Soft tissue and other extraosseous sarcomas

35

60

Malignant bone tumours

VIII(C) Ewing tumor and related sarcomas of bone

135

145

540

555

VII(A) Hepatoblastoma

Hepatic tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

Renal tumours

Total cases

1.08

3.57

26.06

27.70

33.30

100.00

97.31

% (including
non-malignancies)

1.01

1.22

0.77

0.61

0.75

1.71

0.64

3.41

4.48

0.61

1.02

2.18

2.34

8.61

8.84

% (including
non-malignancies)

1.11

3.66

26.78

28.46

34.22

102.77

100.00

% (malignancies
only)

Age 5 to 9 years

1.02

1.23

0.78

0.62

0.76

1.74

0.65

3.46

4.54

0.62

1.04

2.21

2.37

8.73

8.96

% (malignancies
only)

Age 1 to 4 years

0

10

60

65

80

235

225

Average
annual cases

5

5

0

0

0

10

5

10

15

5

5

5

5

30

25

Average
annual cases

1.31

4.33

31.57

33.62

40.42

121.22

118.00

Average
ASIR

2.28

2.75

1.71

1.33

1.66

3.78

1.44

7.51

9.90

1.35

2.27

4.87

5.21

19.04

19.53

Average
ASIR

1992–1999
1999–2010

−2.34

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

31.75

0.50

−0.14

0.60

0.85

0.36

0.37

APC

2.71

3.90

6.00

−4.20

−1.78

−1.74

1992–2010

2004–2010

15.86
−1.06

1992–2004

2003–2010

8.78
−5.42

1992–2003

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

−4.09

1.67

−0.89

3.73

2.83

−0.88

−0.86

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

0.55

0.07

0.76

0.80

0.25

0.09

0.05

0.05

p-value

0.34

0.10

0.03

0.21

0.24

0.26

0.61

0.08

0.06

0.06

0.07

0.50

0.65

0.01

0.05

0.31

0.29

p-value

Continued on the following page

−10.19 to 6.20

−2.28 to 77.63

−2.89 to 4.01

−1.27 to 1.01

−0.45 to 1.66

−0.14 to 1.86

0.00 to 0.73

−0.01 to 0.76

95% CI

−3.05 to 8.81

−0.81 to 8.83

0.61 to 11.69

−10.68 to 2.75

−4.77 to 1.30

−4.81 to 1.43

−5.28 to 3.34

−1.97 to 36.94

−10.76 to 0.24

−0.57 to 19.01

−8.31 to 0.33

−3.41 to 7.03

−4.79 to 3.18

1.10 to 6.43

0.04 to 5.70

−2.62 to 0.89

−2.50 to 0.80

95% CI
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110

65

II(C) Burkitt lymphoma

II(E) Unspecified lymphomas

290

190

55

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(F) Unspecified intracranial and intraspinal neoplasms

290

185

100

70

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

III(D) Other gliomas including non-malignancies

III(E) Other specified intracranial and intraspinal neoplasms including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

225

105

95

VIII(A) Osteosarcomas

VIII(C) Ewing tumor and related sarcomas of bone

205

220

150

Malignant bone tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

Renal tumours

IV(A) Neuroblastoma and ganglioneuroblastoma

150

550

III(B) Astrocytomas including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

70

III(A) Ependymomas and choroid plexus tumor including non-malignancies

1260

530

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

60

III(A) Ependymomas and choroid plexus tumor

1140

210

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

CNS and miscellaneous intracranial and intraspinal neoplasms

135

540

II(A) Hodgkin lymphomas

Lymphomas and reticuloendothelial neoplasms

Total cases

2.20

2.33

4.98

4.60

4.84

3.34

3.41

1.59

2.15

4.19

6.53

12.27

1.53

28.26

1.28

4.19

6.53

11.89

1.35

25.57

1.46

2.44

4.69

2.96

12.13

% (including
non-malignancies)

2.26

2.40

5.12

4.72

4.98

3.43

3.50

1.64

2.21

4.31

6.71

12.61

1.57

29.04

1.31

4.31

6.71

12.21

1.38

26.27

1.50

2.51

4.82

3.04

12.47

% (malignancies
only)

Age 5 to 9 years

5

5

10

10

15

5

10

5

5

10

15

25

5

65

5

10

15

30

5

60

5

5

15

5

30

Average
annual cases

2.66

2.84

6.03

5.54

5.83

4.06

4.14

1.94

2.60

5.09

7.87

14.84

1.84

34.18

1.56

5.09

7.87

14.39

1.62

30.95

1.77

2.95

5.66

3.59

14.71

Average
ASIR

−1.26

−0.75

−0.95

−0.97

−0.83

−0.01

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2005–2010

−34.00
−0.32

1992–2005

2001–2010

−4.60
11.58

1992–2001

1992–2010

1992–2010

1992–2010

1992–2010

17.06

0.93

−0.67

−0.81

−2.04

1992–2010

2005–2010

−32.87
−0.24

1992–2005

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

14.98

0.93

−0.67

−0.85

−1.11

−0.24

2.78

−0.41

−0.59

−1.62

0.10

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

0.61

0.68

0.55

0.48

0.54

1.00

0.80

0.11

0.02

0.30

0.01

0.55

0.56

0.30

0.33

0.66

0.06

< 0.01

0.55

0.56

0.28

0.60

0.67

0.23

0.81

0.62

0.29

0.89

p-value

Continued on the following page

−6.25 to 3.99

−4.41 to 3.04

−4.17 to 2.38

−3.77 to 1.91

−3.55 to 1.97

−2.61 to 2.67

−2.89 to 2.31

−60.57 to 10.46

2.22 to 21.81

−13.20 to 4.85

4.32 to 31.35

−2.26 to 4.23

−3.01 to 1.73

−2.38 to 0.78

−6.20 to 2.30

−1.34 to 0.88

−55.39 to 1.03

5.25 to 25.61

−2.26 to 4.23

−3.01 to 1.73

−2.44 to 0.77

−5.38 to 3.36

−1.38 to 0.92

−1.89 to 7.67

−3.84 to 3.14

−3.02 to 1.90

−4.65 to 1.50

−1.40 to 1.62

95% CI
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1025

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

250

100

85

II(C) Burkitt lymphoma

II(E) Unspecified lymphomas

1010

Lymphomas and reticuloendothelial neoplasms

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

40

I(E) Unspecified and other specified leukemias

555

50

I(C) Chronic myeloproliferative diseases

II(A) Hodgkin lymphomas

230

630

I(B) Acute myeloid leukemias

Lymphoid leukemias, precursor cell leukemias

685

4945

All childhood cancers including non-malignancies brain

I(A) Lymphoid leukemias

4750

Total cases

45

All childhood cancers (malignancies only)

XII(B) Other unspecified malignant tumors

55

35

XI(D) Malignant melanomas

Other and unspecified malignant neoplasms

55

XI(B) Thyroid carcinomas

120

35

X(C) Malignant gonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

35

X(A) Intracranial and intraspinal germ cell tumors

70

85

IX(D) Other specified soft tissue sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

170

295

IX(A) Rhabdomyosarcomas

Soft tissue and other extraosseous sarcomas

Total cases

1.70

2.06

5.02

11.21

20.40

0.79

1.03

4.65

12.81

13.84

20.74

100.00

96.09

1.06

1.22

0.76

1.27

2.77

0.78

0.78

1.64

1.91

3.89

6.89

% (malignancies
only)

1.77

2.15

5.22

11.67

21.23

0.82

1.07

4.84

13.33

14.41

21.59

104.06

100.00

% (malignancies
only)

Age 10 to 14 years
% (including
non-malignancies)

1.03

1.19

0.74

1.23

2.69

0.76

0.76

1.59

1.86

3.79

6.71

% (including
non-malignancies)

Age 5 to 9 years

5

5

15

30

55

5

0

10

30

35

50

260

250

Average
annual cases

0

0

0

0

5

0

0

5

5

10

15

Average
annual cases

2.16

2.63

6.41

14.29

26.00

1.01

1.31

5.95

16.38

17.67

26.47

127.53

122.57

Average
ASIR

1.26

1.46

0.92

1.51

3.28

0.91

0.93

1.93

2.26

4.59

8.15

Average
ASIR

2006–2010

18.51

5.25

−4.35

−1.06

0.82

0.36

4.39

3.27

−0.34

−0.54

0.09

0.36

0.08

0.17

APC

0.63

2.07

6.13

3.19

3.24

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1999–2006

−10.62

−1.20

1992–1999

1992–2010

1992–2010

1992–2010

1992–2010

Year

16.29

1.65

−0.16

0.00

0.15

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

< 0.01

0.10

0.49

0.32

0.56

0.12

0.16

0.78

0.48

0.87

0.54

0.80

0.62

p-value

0.76

0.27

< 0.01

0.07

0.05

0.64

0.16

0.13

0.02

0.47

0.94

1.00

0.87

p-value

Continued on the following page

2.30 to 8.28

−9.35 to 0.94

−4.20 to 2.17

−0.87 to 2.53

−0.94 to 1.68

−1.28 to 10.38

−1.35 to 8.11

−2.87 to 2.26

−2.10 to 1.04

−1.06 to 1.25

−0.85 to 1.57

−0.57 to 0.72

−0.54 to 0.88

95% CI

−3.58 to 5.03

−1.70 to 5.98

3.16 to 9.19

−0.33 to 6.84

−0.06 to 6.65

−6.37 to 4.26

−7.47 to 51.80

−23.06 to 3.83

2.48 to 31.96

−2.95 to 6.47

−4.18 to 4.03

−1.82 to 1.85

−1.72 to 2.05

95% CI
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170

140

65

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(F) Unspecified intracranial and intraspinal neoplasms

170

145

150

85

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

III(D) Other gliomas including non-malignancies

III(E) Other specified intracranial and intraspinal neoplasms including non-malignancies

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

260

160

VIII(A) Osteosarcomas

VIII(C) Ewing tumor and related sarcomas of bone

155

55

IX(D) Other specified soft tissue sarcomas

IX(E) Unspecified soft tissue sarcomas

100

130

X(A) Intracranial and intraspinal germ cell tumors

X(C) Malignant gonadal germ cell tumors

270

35

IX(B) Fibrosarcomas, peripheral nerve sheath tumors, and other fibrous neoplasms

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

115

IX(A) Rhabdomyosarcomas

370

475

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

30

35

55

35

Hepatic tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

Renal tumours

IV(A) Neuroblastoma and ganglioneuroblastoma

40

510

III(B) Astrocytomas including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

80

III(A) Ependymomas and choroid plexus tumor including non-malignancies

1135

495

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

60

945

III(A) Ependymomas and choroid plexus tumor

CNS and miscellaneous intracranial and intraspinal neoplasms

Total cases

2.67

2.04

5.50

1.17

3.20

0.73

2.35

7.45

3.30

5.32

9.55

0.55

0.67

1.09

0.67

0.85

1.74

3.04

2.85

3.46

10.34

1.60

23.03

1.30

2.83

3.46

10.02

1.23

19.13

% (including
non-malignancies)

2.78

2.13

5.73

1.22

3.33

0.76

2.44

7.75

3.43

5.54

9.94

0.57

0.70

1.14

0.70

0.88

1.81

3.16

2.97

3.60

10.76

1.66

23.97

1.35

2.95

3.60

10.43

1.28

19.90

% (malignancies
only)

Age 10 to 14 years

10

5

15

0

10

0

5

15

10

15

25

5

0

0

0

5

5

10

10

10

25

5

60

5

5

10

25

0

50

Average
annual cases

3.41

2.62

7.03

1.50

4.07

0.93

3.00

9.49

4.19

6.79

12.18

0.70

0.85

1.39

0.85

1.08

2.20

3.86

3.64

4.43

13.22

2.02

29.36

1.63

3.62

4.43

12.80

1.56

24.40

Average
ASIR

−0.61

−0.16

−0.80

1.80

−1.03

−0.81

−1.54

−0.54

1.39

−0.56

−0.30

−5.02

−0.32

−1.32

−0.01

−1.01

1.79

−0.30

0.73

−2.34

−2.11

3.82

−1.02

4.34

0.69

−2.34

−2.07

5.11

−0.77

APC

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

0.70

0.92

0.52

0.35

0.54

0.69

0.40

0.66

0.23

0.63

0.64

0.01

0.90

0.56

0.99

0.56

0.33

0.86

0.66

0.05

0.01

0.03

0.12

0.04

0.69

0.05

0.02

0.01

0.20

p-value

Continued on the following page

−3.81 to 2.71

−3.37 to 3.15

−3.31 to 1.78

−2.11 to 5.86

−4.40 to 2.45

−4.85 to 3.41

−5.18 to 2.23

−3.05 to 2.04

−0.94 to 3.78

−2.90 to 1.85

−1.59 to 1.01

−8.68 to −1.21

−5.27 to 4.89

−5.91 to 3.50

−4.72 to 4.92

−4.58 to 2.68

−1.93 to 5.65

−3.85 to 3.38

−2.70 to 4.28

−4.64 to 0.02

−3.69 to −0.50

0.37 to 7.38

−2.31 to 0.28

0.19 to 8.67

−2.82 to 4.34

−4.64 to 0.02

−3.67 to −0.45

1.45 to 8.91

−1.98 to 0.45

95% CI
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95

135

80

70

XI(D) Malignant melanomas

XI(F) Other and unspecified carcinomas

Other and unspecified malignant neoplasms

XII(B) Other unspecified malignant tumors

1.38

1.60

2.73

1.92

3.93

9.15

% (including
non-malignancies)

1.43

1.66

2.84

2.00

4.09

9.52

% (malignancies
only)

5

5

10

5

15

25

Average
annual cases

1.75

2.03

3.49

2.45

5.01

11.67

Average
ASIR

7.52

7.20

−0.28

−1.34

3.47

1.72

APC

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

3.84 to 11.32

3.71 to 10.80

−3.78 to 3.34

−4.01 to 1.41

−0.37 to 7.47

−0.77 to 4.27

95% CI

2030

2110

695

220

380

460

155

50

110

35

All childhood cancers (malignancies only)

All childhood cancers including non-malignancies brain

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

Retinoblastoma

Renal tumours

Hepatic tumours

Total cases

1.61

5.07

2.32

7.34

21.74

18.00

10.37

32.92

100.00

96.26

% (including
non-malignancies)

1.67

5.27

2.41

7.63

22.59

18.70

10.78

34.20

103.89

100.00

% (malignancies
only)

British Columbia

0

5

5

5

25

20

10

40

110

105

Average
annual cases

2.61

8.15

3.87

12.19

34.09

28.30

15.81

52.82

158.01

152.22

Average
ASIR

1992–1999
1999–2002
2002–2005
2005–2010

−32.48
43.69
−14.53

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

9.86

−1.32

−1.54

2.44

0.79

0.43

1.03

0.33

0.32

0.23

APC

0.09

0.37

0.33

0.06

0.30

0.36

0.06

0.33

0.61

0.48

0.64

0.51

0.65

p-value

< 0.01

< 0.01

0.87

0.32

0.07

0.16

p-value

Continued on the following page

−29.37 to 3.43

–

−71.72 to 61.22

−0.72 to 21.56

−3.89 to 1.32

−4.88 to 1.92

−0.11 to 5.06

−0.87 to 2.47

−1.29 to 2.18

−1.92 to 4.06

−1.14 to 1.83

−0.67 to 1.31

−0.80 to 1.27

95% CI

TABLE 3
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males and females combined, Canada, 1992–2010

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
a
The ASIRs were standardized to the 2011 Canadian population.

190

455

XI(B) Thyroid carcinomas

Other malignant epithelial neoplasms and malignant melanomas

Total cases

Age 10 to 14 years

TABLE 2 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnoses by age, Canada, 1992–2010

Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

96

Vol 38, No 3, March 2018

135

75

60

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Other malignant epithelial neoplasms and malignant melanomas

205

75

185

55

125

Neuroblastoma and other peripheral nervous cell tumors

Retinoblastoma

Renal tumours

Hepatic tumours

Malignant bone tumours

All childhood cancers (malignancies only)

Other malignant epithelial neoplasms and malignant melanomas

6655

Total cases

80

40

105

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

X(C) Malignant gonadal germ cell tumors

175

Soft tissue and other extraosseous sarcomas

45

760

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

VIII(C) Ewing tumor and related sarcomas of bone

610

325

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

945

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

115

3040

All childhood cancers including non-malignancies brain

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

2885

All childhood cancers (malignancies only)

Total cases

115

Malignant bone tumours

Total cases

100.00

% (including
non-malignancies)

2.67

1.32

3.49

5.69

1.55

4.15

1.68

6.02

2.44

6.68

25.07

20.04

3.82

10.73

31.16

100.00

94.97

% (including
non-malignancies)

2.98

3.55

6.30

5.45

% (including
non-malignancies)

100.00

% (malignancies
only)

b

Ontario

2.81

1.39

3.67

5.99

1.63

4.37

1.77

6.34

2.56

7.03

26.40

21.10

4.02

11.30

32.81

105.30

100.00

% (malignancies
only)

Prairies

3.10

3.69

6.55

5.66

% (malignancies
only)

British Columbia

350

Average
annual cases

0

0

5

5

0

10

0

10

5

10

40

30

5

15

50

160

155

Average
annual cases

5

157.62

Average
ASIR

3.87

1.93

5.12

8.40

2.23

5.98

2.57

9.10

3.71

10.22

36.85

29.47

5.60

15.64

46.71

148.50

141.12

Average
ASIR

4.56

5.44

9.74

5
5

8.18

Average
ASIR

5

Average
annual cases

1992–2006
2006–2010

5.91

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

Year

−0.05

APC

−1.39

−5.85

−0.68

−0.12

4.14

1.25

3.48

−1.65

−0.31

0.17

−0.39

−0.09

4.81

1.86

0.84

0.26

0.35

APC

0.49

−2.11

−0.69

−1.12

APC

0.01

0.85

p-value

0.49

0.01

0.63

0.92

0.02

0.42

0.14

0.22

0.87

0.83

0.53

0.90

0.01

0.07

0.22

0.47

0.33

p-value

0.81

0.34

0.63

0.50

p-value

Continued on the following page

1.90 to 10.08

−0.67 to 0.56

95% CI

−5.45 to 2.85

−9.49 to −2.06

−3.56 to 2.28

−2.68 to 2.52

0.72 to 7.68

−1.90 to 4.50

−1.25 to 8.44

−4.29 to 1.07

−4.14 to 3.68

−1.43 to 1.79

−1.69 to 0.92

−1.49 to 1.33

1.58 to 8.14

−0.17 to 3.94

−0.55 to 2.25

−0.47 to 1.00

−0.39 to 1.10

95% CI

−3.65 to 4.79

−6.51 to 2.49

−3.58 to 2.29

−4.46 to 2.34

95% CI

TABLE 3 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males and females combined, Canada, 1992–2010
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105

285

395

205

290

Hepatic tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Other malignant epithelial neoplasms and malignant melanomas

110

350

Renal tumours

XI(B) Thyroid carcinomas

165

145

III(F) Unspecified intracranial and intraspinal neoplasms

Retinoblastoma

185

III(D) Other gliomas

445

575

III(B) Astrocytomas

Neuroblastoma and other peripheral nervous cell tumors

115

1340

III(A) Ependymomas and choroid plexus tumor

CNS and miscellaneous intracranial and intraspinal neoplasms

155

II(E) Unspecified lymphomas

775

Lymphomas and reticuloendothelial neoplasms

65

90

I(E) Unspecified and other specified leukemias

II(D) Miscellaneous lymphoreticular neoplasms

30

1480

1675

2110

I(C) Chronic myeloproliferative diseases

Lymphoid leukemias, precursor cell leukemias

I(A) Lymphoid leukemias

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Total cases

1.65

4.33

3.06

5.93

4.28

1.59

5.29

2.43

6.67

2.16

2.76

8.65

1.68

20.14

2.28

0.98

11.63

1.40

0.45

22.29

25.17

31.69

% (including
non-malignancies)

1.65

4.33

3.06

5.93

4.28

1.59

5.29

2.43

6.67

2.16

2.76

8.65

1.68

20.14

2.28

0.98

11.63

1.40

0.45

22.29

25.17

31.69

% (malignancies
only)

Ontariob

10

15

10

25

15

5

15

10

25

5

5

30

5

70

5

0

40

5

0

80

90

110

Average
annual cases

2.49

6.66

4.82

9.32

6.58

2.60

8.45

4.03

10.94

3.35

4.32

13.47

2.69

31.49

3.50

1.55

17.91

2.21

0.70

2004–2010

14.23

6.34

3.85

1.46

0.28

−0.90

1.15

−0.63

1.10

1.85

−21.74

12.13

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2005–2010

1992–2005

1992–2010

2004–2010

5.65
4.52

1992–2004

−5.90

1992–2010

2004–2010

4.99
3.33

1992–2004

1992–2010

1992–2010

−1.40

4.34

7.59

1992–2010

2001–2010

−12.68
0.64

1992–2001

18.50

1992–2010

2000–2004

−13.91

−9.02

1992–2000

1992–2010

1992–2010

Year

1.12

1.33

39.87
35.26

0.78

APC

50.12

Average
ASIR

< 0.01

0.01

0.21

0.75

0.39

0.46

0.47

0.34

0.09

0.07

0.01

< 0.01

0.12

< 0.01

0.02

0.02

0.06

0.01

< 0.01

0.37

0.03

0.01

< 0.01

< 0.01

0.14

0.55

0.02

0.16

p-value

Continued on the following page

2.98 to 9.81

1.07 to 6.71

−0.88 to 3.85

−1.49 to 2.08

−3.02 to 1.28

−2.01 to 4.42

−2.40 to 1.17

−1.26 to 3.52

−0.35 to 4.09

−40.25 to 2.51

3.76 to 21.17

2.34 to 6.74

−1.56 to 13.39

−7.96 to −3.80

0.68 to 6.05

0.96 to 9.18

−2.82 to 0.05

1.27 to 7.51

3.09 to 12.29

−0.83 to 2.12

−22.51 to −1.59

5.61 to 32.96

−13.48 to −4.33

7.50 to 21.37

−29.82 to 5.62

−2.78 to 5.17

0.24 to 2.44

−0.34 to 1.92

95% CI

TABLE 3 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males and females combined, Canada, 1992–2010
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Leukemias, myeloproliferative diseases, and myelodysplastic diseases

115

235

45

185

265

130

35

Renal tumours

Hepatic tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

X(B) Malignant extracranial and extragonadal germ cell tumors

80

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

Retinoblastoma

910

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

385

770

CNS and miscellaneous intracranial and intraspinal neoplasms

Neuroblastoma and other peripheral nervous cell tumors

460

Lymphomas and reticuloendothelial neoplasms

35

4290

All childhood cancers including non-malignancies brain

I(D) Myelodysplastic syndrome and other myeloproliferative diseases

4140

0.77

3.05

6.25

4.31

1.10

5.57

2.66

8.97

1.84

21.28

17.88

10.72

0.77

30.54

100.00

96.60

% (including
non-malignancies)

Total cases

All childhood cancers (malignancies only)

2.70

180

XII(B) Other unspecified malignant tumors

2.96

195

% (including
non-malignancies)

Other and unspecified malignant neoplasms

Total cases

0.80

3.16

6.47

4.46

1.13

5.77

2.75

9.29

1.91

22.03

18.51

11.10

0.80

31.61

103.52

100.00

% (malignancies
only)

Quebec

2.70

2.96

% (malignancies
only)

Ontariob

0

10

15

5

5

15

5

20

5

45

40

25

0

70

225

220

Average
annual cases

10

10

Average
annual cases

1.41

5.31

10.78

7.21

1.99

10.01

4.79

16.08

3.14

36.78

31.01

18.16

1.38

53.70

174.36

168.59

Average
ASIR

4.27

4.69

Average
ASIR

2004–2010

−33.06

1992–2004
2004–2010

−26.73

1992–2010
9.46

−1.21

1992–2010

2002–2010

6.19
0.04

1992–2002

1992–2010

1992–2010

1992–2010

−4.88

4.06

0.08

−0.20

1992–2010

2001–2004

47.35

−1.27

1992–2001

2005–2010

−10.14
−14.70

1992–2005

1992–2010
2.58

0.50

1992–2010

2004–2010

−12.36
−1.06

1992–2004

1992–2010

1992–2010

1992–2010

18.53

0.57

0.05

0.13

Year

1996–2010

−2.18

APC

1992–1996

1992–2010

Year

65.13

2.17

APC

0.01

0.01

0.51

0.97

0.04

0.01

0.07

0.95

0.90

0.27

0.04

0.55

0.02

< 0.01

< 0.01

0.41

0.27

0.09

0.01

0.29

0.87

0.69

p-value

0.26

0.03

0.29

p-value

Continued on the following page

−40.96 to −9.06

2.62 to 16.75

−4.90 to 2.63

−2.27 to 2.41

0.39 to 12.32

−8.45 to −1.16

−0.33 to 8.64

−2.61 to 2.85

−3.46 to 3.17

−3.56 to 1.08

−54.59 to −1.34

–

−25.16 to −2.77

−16.05 to −3.83

1.19 to 3.99

−0.75 to 1.77

−2.97 to 0.90

−24.97 to 2.35

4.42 to 34.55

−0.52 to 1.67

−0.60 to 0.71

−0.53 to 0.79

95% CI

−6.07 to 1.87

5.53 to 158.41

−2.01 to 6.54

95% CI
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Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males and females combined, Canada, 1992–2010
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230

280

CNS and miscellaneous intracranial and intraspinal neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

50

90

35

50

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Other malignant epithelial neoplasms and malignant melanomas

55

All childhood cancers including non-malignant CNS tumors

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
a
The ASIRs were standardized to the 2011 Canadian population.
b
There were no non-malignant cases in Ontario.

55

All childhood cancers (malignancies only)

Total cases

65

Renal tumours

30

120

Lymphomas and reticuloendothelial neoplasms

Retinoblastoma

410

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

75

1225

All childhood cancers including non-malignancies brain

Neuroblastoma and other peripheral nervous cell tumors

1180

Total cases

60

75

180

All childhood cancers (malignancies only)

Other and unspecified malignant neoplasms

XI(B) Thyroid carcinomas

Other malignant epithelial neoplasms and malignant melanomas

Total cases

100.00

98.21

% (including
non-malignancies)

4.32

3.10

7.01

4.00

5.22

2.45

5.87

22.68

18.68

9.71

33.44

100.00

96.00

1.38

1.79

4.37

% (malignancies
only)

101.82

100.00

% (malignancies
only)

Territories

4.50

3.23

7.31

4.16

5.44

2.55

6.12

23.62

19.46

10.11

34.83

104.16

100.00

% (malignancies
only)

Atlantic provinces
% (including
non-malignancies)

1.33

1.72

4.22

% (including
non-malignancies)

Quebec

5

5

Average
annual cases

0

0

5

5

5

0

5

15

10

5

20

65

60

Average
annual cases

0

5

10

Average
annual cases

108.15

106.35

Average
ASIR

6.43

4.88

10.77

5.91

8.81

4.19

10.12

34.69

28.77

14.72

53.90

158.19

152.27

Average
ASIR

2.36

2.94

7.20

Average
ASIR

2002–2006
2006–2010

163.12
−55.12

0.53

0.51

APC

0.63

−0.87

0.07

3.84

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1996–2002

−30.80

1.27

1992–1996

1992–2010

1998–2010

55.50

2.22

−7.22

1992–1998

1998–2010

−6.38
10.74

1992–1998

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

Year

8.63

1.38

0.90

0.23

0.34

APC

1.09

8.21

3.47

APC

−2.88 to 4.07

−2.90 to 4.04

95% CI

−2.27 to 3.61

−3.88 to 2.23

−4.28 to 4.62

−1.65 to 9.64

−2.62 to 5.32

−71.86 to −28.43

–

−44.84 to −13.17

–

−0.60 to 5.11

−10.52 to −3.79

1.84 to 20.43

−10.19 to −2.40

−1.07 to 19.29

−1.47 to 4.30

−1.20 to 3.05

−1.01 to 1.49

−0.90 to 1.59

95% CI

−4.07 to 6.53

3.61 to 13.02

0.40 to 6.63

95% CI

TABLE 3 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males and females combined, Canada, 1992–2010

0.75

0.76

p-value

0.66

0.56

0.97

0.16

0.51

< 0.01

0.04

0.01

0.23

0.12

< 0.01

0.02

< 0.01

0.08

0.33

0.38

0.70

0.57

p-value

0.67

< 0.01

0.03

p-value
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380

150

190

235

70

30

60

55

70

40

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

Retinoblastoma

Renal tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

100

30

Retinoblastoma

80

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

410

75

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

III(C) Intracranial and intraspinal embryonal tumors

335

210

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

535

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

75

1660

All childhood cancers including non-malignancies brain

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

1580

All childhood cancers (malignancies only)

Total cases

30

1135

All childhood cancers including non-malignancies brain

Other malignant epithelial neoplasms and malignant melanomas

1095

All childhood cancers (malignancies only)

Total cases

1.98

6.01

4.63

24.83

4.63

19.96

4.45

12.75

32.35

100.00

95.13

% (including
non-malignancies)

2.29

3.52

5.99

4.85

5.02

2.47

6.17

20.70

16.92

13.04

2.09

6.32

4.87

26.11

4.87

20.99

4.68

13.40

34.01

105.12

100.00

% (malignancies
only)

Prairies

2.38

3.66

6.23

5.04

5.22

2.56

6.41

21.52

17.58

13.55

34.98

103.94

100.00
33.66

100.00

% (malignancies
only)

British Columbia

96.21

% (including
non-malignancies)

0

5

5

20

5

15

0

15

30

85

85

Average
annual cases

5

0

5

0

0

5

5

10

10

10

20

60

55

Average
annual cases

3.27

9.84

7.27

38.94

7.27

31.36

6.91

19.78

51.70

158.35

150.77

Average
ASIR

3.68

5.72

9.66

7.64

8.48

4.26

10.70

33.73

27.64

20.83

56.45

165.02

158.93

Average
ASIR

−2.99

1992–2010

1992–2010

1996–2010

6.34
1.04

1992–1996

−18.75

1992–2010

1996–2010

6.34
0.64

1992–1996

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

−18.75

0.99

3.84

1.16

1.54

0.76

0.85

APC

0.15

−4.24

−0.62

−1.88

0.68

−3.92

3.71

0.48

−0.24

2.72

0.94

0.53

0.41

APC

−0.41 to 8.00

−2.05 to 3.08

−2.61 to 2.18

−0.77 to 6.32

−0.84 to 2.74

−0.90 to 1.98

−1.06 to 1.90

95% CI

0.20

0.48

0.04

0.23

0.36

0.04

0.23

0.24

0.04

0.31

0.11

0.09

0.07

p-value

0.94

0.07

0.76

0.52

0.68

0.01

0.08

0.70

0.83

0.12

0.28

0.45

0.56

p-value

Continued on the following page

−7.49 to 1.73

−1.98 to 4.15

0.33 to 12.71

−43.00 to 15.83

−0.80 to 2.10

0.33 to 12.71

−43.00 to 15.83

−0.72 to 2.74

0.29 to 7.51

−1.15 to 3.52

−0.40 to 3.52

−0.12 to 1.64

−0.09 to 1.79

95% CI

−4.13 to 4.63

−8.65 to 0.37

−4.66 to 3.59

−7.61 to 4.22

−2.70 to 4.19

−6.78 to −0.97

TABLE 4
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35

65

95

50

40

Hepatic tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Other malignant epithelial neoplasms and malignant melanomas

145

220

Soft tissue and other extraosseous sarcomas

65

Hepatic tumours

Malignant bone tumours

150

Renal tumours

55

80

Retinoblastoma

VII(A) Hepatoblastoma

250

90

III(D) Other gliomas

Neuroblastoma and other peripheral nervous cell tumors

285

730

100

505

820

III(B) Astrocytomas

CNS and miscellaneous intracranial and intraspinal neoplasms

II(E) Unspecified lymphomas

Lymphomas and reticuloendothelial neoplasms

Lymphoid leukemias, precursor cell leukemias

935

1150

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

I(A) Lymphoid leukemias

3585

All childhood cancers (malignancies only)

Total cases

90

Renal tumours

Total cases

6.19

4.02

1.48

1.84

4.13

2.26

6.89

2.51

8.01

20.31

2.79

14.06

22.93

26.05

32.11

100.00

% (including
non-malignancies)

2.22

2.89

5.65

3.67

2.10

5.29

% (including
non-malignancies)

6.19

4.02

1.48

1.84

4.13

2.26

6.89

2.51

8.01

20.31

2.79

14.06

22.93

26.05

32.11

100.00

% (malignancies
only)

Ontariob

2.34

3.03

5.94

3.86

2.21

5.56

% (malignancies
only)

Prairies

10

5

5

5

10

0

10

5

15

40

5

25

45

45

60

190

Average
annual cases

0

0

5

5

0

5

Average
annual cases

10.17

6.47

2.54

3.13

7.00

3.92

11.87

4.14

13.09

33.34

4.51

22.79

38.16

43.43

53.46

165.70

Average
ASIR

3.44

4.55

8.87

2005–2010

5.00

2004–2010

13.60

−0.74

−0.71

5.80

3.58

−0.15

−1.36

1.30

4.71

−2.42

0.26

4.46

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2001–2004

−18.31

1.15

1992–2001

1992–2010
1.28

1.36

1992–2010

2002–2005

−5.12

0.89

1992–2002

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1.55

APC

1.75

−2.61

−1.35

1.32

4.34

3.43
5.67

−3.27

APC

8.50

Average
ASIR
95% CI

0.56

0.62

< 0.01

0.03

0.91

0.47

0.28

0.02

0.03

0.68

< 0.01

0.22

< 0.01

0.39

0.49

0.02

0.06

< 0.01

0.42

0.01

p-value

0.44

0.22

0.45

0.50

0.09

0.04

p-value

Continued on the following page

−3.30 to 1.89

−3.66 to 2.32

2.68 to 9.02

0.32 to 6.94

−2.75 to 2.53

−5.10 to 2.53

−1.16 to 3.83

1.01 to 8.54

−4.58 to −0.22

−1.07 to 1.61

1.69 to 7.30

−0.76 to 3.09

5.26 to 22.61

−50.22 to 34.07

−2.63 to 5.34

0.28 to 2.45

−0.06 to 1.84

1.87 to 8.23

−17.46 to 9.05

0.45 to 2.66

95% CI

−2.90 to 6.62

−6.80 to 1.76

−4.96 to 2.40

−2.64 to 5.45

−0.78 to 9.71

−6.35 to −0.09

TABLE 4 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males, Canada, 1992–2010
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Leukemias, myeloproliferative diseases, and myelodysplastic diseases

60

105

30

100

140

60

70

30

Renal tumours

Hepatic tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Other malignant epithelial neoplasms and malignant melanomas

Other and unspecified malignant neoplasms

50

III(F) Unspecified intracranial and intraspinal neoplasms including non-malignancies

Retinoblastoma

55

III(E) Other specified intracranial and intraspinal neoplasms including non-malignancies

195

515

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

425

320

CNS and miscellaneous intracranial and intraspinal neoplasms

Lymphomas and reticuloendothelial neoplasms

30

2325

All childhood cancers including non-malignancies brain

I(C) Chronic myeloproliferative diseases

2230

Total cases

95

All childhood cancers (malignancies only)

Other and unspecified malignant neoplasms

35

115

Other malignant epithelial neoplasms and malignant melanomas

XI(B) Thyroid carcinomas

85

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

Total cases

1.33

2.92

2.66

6.01

4.17

1.29

4.38

2.58

8.29

2.10

2.28

22.16

18.08

13.57

1.25

30.63

100.00

95.92

% (including
non-malignancies)

2.54

0.86

3.18

2.48

% (including
non-malignancies)

1.39

3.05

2.78

6.27

4.34

1.34

4.57

2.69

8.64

2.19

2.37

23.11

18.85

14.15

1.30

31.93

104.25

100.00

% (malignancies
only)

Quebec

2.54

0.86

3.18

2.48

% (malignancies
only)

Ontariob

5

5

5

10

5

0

5

5

10

5

0

25

20

20

0

35

125

115

Average
annual cases

5

0

5

5

Average
annual cases

2.54

5.28

4.94

10.93

7.38

2.49

8.40

4.89

15.87

3.78

4.05

40.59

33.30

24.37

2.35

56.99

184.65

177.37

Average
ASIR

4.25

1.36

5.16

4.14

Average
ASIR

2006–2010

−47.06

4.58

2.62

1.02

−0.58

0.99

2.12

0.97

−0.92

0.38

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

2000–2006

14.61

−7.94

1992–2000

2004–2010

−7.38
−13.60

1992–2004

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

Year

2.06

0.35

−1.80

5.96

0.14

−0.05

0.14

APC

1.20

5.68

1.36

1.31

APC

0.14 to 4.01

−1.50 to 2.24

−3.96 to 0.40

1.38 to 10.75

−1.49 to 1.80

−0.79 to 0.70

−0.63 to 0.92

95% CI

−4.34 to 7.06

1.91 to 9.58

−2.09 to 4.93

−2.62 to 5.39

95% CI

0.04

0.26

0.56

0.72

0.49

0.34

0.65

0.55

0.75

< 0.01

0.06

0.09

0.01

0.02

0.04

0.69

0.10

0.01

0.86

0.89

0.71

p-value

0.66

0.01

0.42

0.50

p-value

Continued on the following page

0.13 to 9.23

−2.05 to 7.51

−2.55 to 4.73

−3.89 to 2.85

−1.95 to 4.02

−2.37 to 6.81

−3.36 to 5.50

−4.05 to 2.32

−2.10 to 2.93

−12.27 to −3.41

−73.25 to 4.77

−2.67 to 34.97

−22.56 to −3.60

−12.91 to −1.50
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645

210

80

120

145

40

30

45

All childhood cancers including non-malignancies brain

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

25

All childhood cancers including non-malignant CNS tumors

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
a
The ASIRs were standardized to the 2011 Canadian population.
b
There were no non-malignant cases in Ontario.

25

All childhood cancers (malignancies only)

Total cases

615

All childhood cancers (malignancies only)

Total cases

100.00

100.00

% (including
non-malignancies)

6.53

4.67

6.22

22.71

18.20

12.29

33.13

100.00

95.49

% (including
non-malignancies)

100.00

100.00

% (malignancies
only)

Territories

6.84

4.89

6.51

23.78

19.06

12.87

34.69

104.72

100.00

% (malignancies
only)

Atlantic provinces

0

0

Average
annual cases

5

5

5

5

5

5

10

35

35

Average
annual cases

95.99

95.99

Average
ASIR

10.22

7.12

10.96

35.30

28.53

19.19

54.85

161.76

154.99

Average
ASIR

2006–2010

−25.26

0.42

0.42

1992–2010

1992–2010

Year

1998–2006

21.86

APC

1992–1998

1992–2010

−24.40

1.69

1992–2010

1997–2010

−7.45
0.35

1992–1997

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

12.16

−2.78

1.72

1.61

−0.12

0.06

APC

−5.99 to 0.54

−2.17 to 5.77

−1.38 to 4.68

−2.08 to 1.89

−1.81 to 1.96

95% CI

−3.46 to 4.45

−3.46 to 4.45

95% CI

−49.89 to 11.46

0.80 to 47.31

−37.07 to −9.17

−4.36 to 8.13

−3.31 to 4.15

−12.19 to −2.45

−5.79 to 33.52

TABLE 4 (continued)
Annual percent changes (APC) of age standardized incidence rates (ASIRs)a (per million) of selected ICCC diagnosis categories by geographic region, males, Canada, 1992–2010

0.82

0.82

p-value

0.14

0.04

0.01

0.57

0.84

0.01

0.18

0.09

0.37

0.27

0.90

0.95

p-value
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310

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

280

350

100

45

95

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

Neuroblastoma and other peripheral nervous cell tumors

Retinoblastoma

Renal tumours

110

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

410

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

45

1375

All childhood cancers including non-malignancies brain

II(B) Non-Hodgkin lymphomas (except Burkitt lymphoma)

1305

All childhood cancers (malignancies only)

% (including
non-malignancies)

Total cases

6.90

2.98

7.49

25.36

20.13

3.05

8.28

29.72

100.00

94.77

3.59
3.79

6.66

6.15

40

60

Malignant bone tumours

5.12

Other malignant epithelial neoplasms and malignant melanomas

50

Renal tumours

8.71

35

85

Neuroblastoma and other peripheral nervous cell tumors

22.95

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

220

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

19.26

65

190

CNS and miscellaneous intracranial and intraspinal neoplasms

7.27

5.02

32.07

100.00

96.31

% (including
non-malignancies)

Soft tissue and other extraosseous sarcomas

70

Lymphomas and reticuloendothelial neoplasms

50

975

All childhood cancers including non-malignancies brain

I(B) Acute myeloid leukemias

940

All childhood cancers (malignancies only)

Total cases

7.29

3.14

7.90

26.76

21.24

3.22

8.74

31.37

105.52

100.00

% (malignancies
only)

Prairies

3.94

3.72

6.91

6.38

5.32

9.04

23.83

20.00

7.55

5.21

33.30

103.83

100.00

% (malignancies
only)

British Columbia

5

0

5

15

15

0

5

20

75

70

Average
annual cases

5

5

5

5

0

5

15

10

5

5

9.73

4.18

10.61

34.64

27.47

4.21

11.28

41.42

138.09

130.92

Average
ASIR

5.48

5.14

9.83

8.75

7.80

13.76

34.49

29.01

10.49

7.50

48.97

150.57

50
20

145.09

Average
ASIR

50

Average
annual cases

1999–2010

−10.68

−0.07

−1.50

−1.29

−1.62

−1.38

6.03

3.50

−0.02

−0.35

−0.24

APC

0.30

2.86

0.67

−1.80

−2.06

1.44

0.93

0.95

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1996–1999

38.45

−1.96

1992–1996

1992–2010

1992–2010

1992–2010

Year

−17.65

−0.57

0.00

−0.07

APC

–

−37.50 to 8.50

−2.78 to 1.70

−1.50 to 1.52

−1.56 to 1.43

95% CI

0.97

0.37

0.40

0.13

0.18

0.01

0.04

0.98

0.45

0.61

p-value

0.89

0.24

0.72

0.37

0.37

0.40

0.47

0.48

0.35

< 0.01

0.38

0.15

0.60

1.00

0.92

p-value

Continued on the following page

−3.92 to 3.94

−4.86 to 1.99

−4.42 to 1.93

−3.76 to 0.56

−3.43 to 0.72

1.64 to 10.61

0.26 to 6.84

−1.47 to 1.46

−1.31 to 0.62

−1.18 to 0.72

95% CI

−4.31 to 5.14

−2.08 to 8.04

−3.22 to 4.73

−5.81 to 2.37

−6.62 to 2.73

−2.01 to 5.01

−1.73 to 3.67

−1.80 to 3.77

−6.17 to 2.43

−16.27 to −4.72

TABLE 5
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285

100

95

75

195

80

205

III(B) Astrocytomas

III(C) Intracranial and intraspinal embryonal tumors

III(D) Other gliomas

III(F) Unspecified intracranial and intraspinal neoplasms

Neuroblastoma and other peripheral nervous cell tumors

Retinoblastoma

Renal tumours

615

CNS and miscellaneous intracranial and intraspinal neoplasms

50

270

Lymphomas and reticuloendothelial neoplasms

III(A) Ependymomas and choroid plexus tumor

45

665

I(E) Unspecified and other specified leukemias

Lymphoid leukemias, precursor cell leukemias

960

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Total cases

3070

% (including
non-malignancies)

40

Other malignant epithelial neoplasms and malignant melanomas

All childhood cancers (malignancies only)

3.20

60

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

6.64

2.64

6.41

2.41

3.06

3.29

9.40

1.56

19.95

8.79

1.50

21.54

31.21

100.00

4.22

5.74

75

Soft tissue and other extraosseous sarcomas

4.72

65

% (including
non-malignancies)

Malignant bone tumours

Total cases

6.64

2.64

6.41

2.41

3.06

3.29

9.40

1.56

19.95

8.79

1.50

21.54

31.21

100.00

% (malignancies
only)

b

Ontario

3.37

4.45

6.06

4.98

% (malignancies
only)

Prairies

15

5

10

5

5

5

15

5

35

15

5

35

50

165

Average
annual cases

0

0

0

5

Average
annual cases

9.98

4.15

9.97

3.54

4.52

4.91

13.86

2.38

29.54

12.79

2.26

32.22

46.64

149.15

Average
ASIR

4.32

5.73

7.92

6.30

Average
ASIR

1992–1998
1998–2002
2002–2010

−19.07
7.57

1992–2010
10.47

3.98

1992–2010

2005–2010

−36.13
2.50

1992–2005

1992–2010

1992–2010

15.32

3.26

4.01

1992–2010

2003–2010

17.38
−3.74

1992–2003

1992–2010
−4.60

0.34

1992–2010

1999–2010

−5.28
−0.41

1992–1999

17.14

2004–2010

1996–2004

−8.94
14.42

1992–1996

10.41

1992–2010

2006–2010

8.96
0.58

1992–2006

Year

−0.48

APC

1992–2010

2005–2010

11.42
−4.46

1992–2005

1992–2010

1992–2010

Year

−4.00

1.72

0.64

APC

−8.74 to 33.58

−1.29 to 2.48

0.15 to 18.56

−1.82 to 0.87

95% CI

−8.19 to −0.59

−7.78 to 34.62

−8.39 to 0.60

−1.76 to 5.33

−4.14 to 5.66

95% CI

0.02

0.12

0.04

0.01

0.10

0.03

< 0.01

0.02

< 0.01

< 0.01

0.02

0.21

0.64

0.66

0.08

0.03

0.01

0.04

0.28

0.53

0.05

0.45

p-value

0.03

0.24

0.08

0.32

0.79

p-value

Continued on the following page

1.47 to 14.05

−38.41 to 6.33

0.76 to 21.12

0.91 to 7.15

−0.51 to 5.60

−57.62 to −3.75

6.45 to 24.93

0.62 to 5.98

1.83 to 6.24

−5.84 to −1.59

3.29 to 33.38

−11.72 to 3.08

−1.17 to 1.86

−2.34 to 1.56

−10.93 to 0.73

1.88 to 34.69

3.53 to 26.46

−16.60 to −0.57
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170

115

35

175

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

X(B) Malignant extracranial and extragonadal germ cell tumors

Other malignant epithelial neoplasms and malignant melanomas

600

145

345

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

Lymphomas and reticuloendothelial neoplasms

CNS and miscellaneous intracranial and intraspinal neoplasms

195

55

135

90

130

65

Retinoblastoma

Renal tumours

Malignant bone tumours

Soft tissue and other extraosseous sarcomas

Germ cell tumors, trophoblastic tumors, and neoplasms of gonads

75

395

Neuroblastoma and other peripheral nervous cell tumors

III(C) Intracranial and intraspinal embryonal tumors including non-malignancies

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

75

1965

All childhood cancers including non-malignancies brain

III(C) Intracranial and intraspinal embryonal tumors

1910

Total cases

105

All childhood cancers (malignancies only)

Other and unspecified malignant neoplasms

75

140

Malignant bone tumours

XI(B) Thyroid carcinomas

40

180

Hepatic tumours

VI(A) Nephroblastoma and other nonepithelial renal tumors

Total cases

3.52

6.52

4.49

6.98

2.75

9.79

3.87

20.23

3.87

17.64

7.34

30.43

100.00

97.40

% (including
non-malignancies)

3.45

2.57

5.66

1.11

3.74

5.63

4.59

1.30

5.92

% (including
non-malignancies)

3.61

6.70

4.60

7.17

2.83

10.05

3.98

20.77

3.98

18.11

7.54

31.24

102.67

100.00

% (malignancies
only)

Quebec

3.45

2.57

5.66

1.11

3.74

5.63

4.59

1.30

5.92

% (malignancies
only)

Ontariob

5

5

5

10

0

10

0

25

5

15

5

30

105

100

Average
annual cases

5

5

10

0

10

10

5

0

10

Average
annual cases

5.69

10.63

7.02

11.71

4.68

16.30

6.24

32.77

6.24

28.61

11.64

50.25

163.57

159.41

Average
ASIR

5.14

3.69

8.23

1.74

5.54

8.43

6.70

2.04

8.91

Average
ASIR

2002–2010

8.81

−2.02

0.83

−2.39

−1.30

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1997–2010

2.01
1.03

1992–1997

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

1992–2010

−16.35

−4.69

0.92

−4.69

0.60

0.39

1.06

0.18

0.12

APC

2.82

7.33

5.25

4.76

1.28

1.43

−1.37

1992–2010

1998–2002

−20.40

−1.61

1992–1998

Year

12.18

APC

−8.61 to −0.61

−1.54 to 3.44

−8.61 to −0.61

−1.48 to 2.73

−3.03 to 3.93

−0.30 to 2.43

−0.68 to 1.04

−0.73 to 0.99

95% CI

−1.04 to 6.83

2.42 to 12.47

1.67 to 8.97

0.38 to 9.34

−1.79 to 4.45

−0.58 to 3.48

−3.93 to 1.26

−6.45 to 3.48

1.69 to 16.43

−42.21 to 9.65

0.83 to 24.81

95% CI

0.37

0.47

0.11

0.25

0.65

0.37

0.03

0.03

0.44

0.03

0.55

0.82

0.12

0.67

0.76

p-value

0.14

0.01

0.01

0.03

0.40

0.15

0.28

0.51

0.02

0.15

0.04

p-value

Continued on the following page

−6.55 to 2.73

−1.51 to 3.24

−5.30 to 0.60

−3.55 to 1.00

−3.59 to 5.87

−2.54 to 6.78

−28.80 to −1.73
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195

Leukemias, myeloproliferative diseases, and myelodysplastic diseases

35

All childhood cancers including non-malignant CNS tumors

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
a
The ASIRs were standardized to the 2011 Canadian population.
b
There were no non-malignant cases in Ontario.

30

% (including
non-malignancies)

Total cases

All childhood cancers (malignancies only)

5.15

30

100.00

96.77

7.55

Other malignant epithelial neoplasms and malignant melanomas

6.17

5.49

45

35

Neuroblastoma and other peripheral nervous cell tumors

22.64

Soft tissue and other extraosseous sarcomas

130

CNS and miscellaneous intracranial and intraspinal neoplasms including non-malignancies

19.21

35

115

CNS and miscellaneous intracranial and intraspinal neoplasms

6.86

6.52

33.79

100.00

96.57

Renal tumours

40

Lymphomas and reticuloendothelial neoplasms

35

585

All childhood cancers including non-malignancies brain

I(B) Acute myeloid leukemias

565

% (including
non-malignancies)

Total cases

1.36

2.77

5.91

% (malignancies
only)

103.33

100.00

% (malignancies
only)

Territories

5.33

7.82

6.39

5.68

23.45

19.89

7.10

6.75

34.99

103.55

100.00

% (malignancies
only)

Atlantic provinces

1.33

2.70

5.76

% (including
non-malignancies)

30

50

110

All childhood cancers (malignancies only)

Other and unspecified malignant neoplasms

XI(B) Thyroid carcinomas

Other malignant epithelial neoplasms and malignant melanomas

Total cases

Quebec

5

0

Average
annual cases

5

0

0

5

5

10

5

0

15

30

30

Average
annual cases

0

5

5

Average
annual cases

121.20

117.51

Average
ASIR

7.50

11.35

10.08

9.25

34.04

29.00

10.02

10.43

52.90

154.41

149.37

Average
ASIR

2.19

4.32

9.22

Average
ASIR

1999–2003
2003–2010

88.43
−13.52

−1.33

−1.43

APC

4.07

2.60

1992–2010

1992–2010

Year

1992–2010

1992–2010

1992–2010

1999–2010

2.00
−0.16

1996–1999

1992–1996

1992–2010

1992–2010

71.74

−38.68

−0.49

−0.32

1992–2010

2003–2010

−13.02
−0.94

1992–2003

1992–2010

1992–2010

1992–2010

14.42

0.30

0.35

0.42

Year

1996–1999

−66.08

APC

1992–1996

1992–2010

1992–2010

Year

26.90

8.43

3.63

APC

4.23 to 25.60

−2.58 to 3.27

−1.67 to 2.41

−1.69 to 2.58

95% CI

−29.24 to 5.70

–

–

−4.07 to 67.87

3.96 to 13.09

0.25 to 7.12

95% CI

−6.34 to 3.96

−6.31 to 3.72

95% CI

−0.19 to 8.52

−2.42 to 7.88

−3.71 to 3.51

−5.28 to 9.83

–

−57.57 to −11.37

−4.13 to 3.29

−4.18 to 3.69

−4.82 to 3.09

−24.21 to −0.17
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0.60

0.56

p-value

0.06

0.29

0.92

0.57

0.46

0.01

0.79

0.87

0.62

0.05

0.01

0.83

0.72

0.68

p-value

0.13

0.39

0.98

0.09

< 0.01

0.04

p-value

FIGURE 2
Average annual age-standardized incidence rates (ASIRs) (per million) of all cancers combined and most common cancers (%)
by region, age < 15, Canada, 2006-2010

ASIR
77.26
149.40
158.78
163.88
166.77
170.10
30.0 30.0

0.0
10.0

10.0

19.9
7.0

22.1

22.4

34.5

20.0

32.8

6.1

8.7

18.6

6.8

11.4

24.6
12.1

35.7

7.9
31.3

13.2

8.9

19.9

12.1

6.4
9.5
24.5

10.3

17.9

31.5

6.2

Leukemias
CNS
Lymphomas
Neuroblastoma
Soft tissues
Others

7.1

10.8

20.0

Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
Notes: 1. The pie charts represent the percentage distribution of new cancer cases in each region.
2. The ASIRs were standardized to the 2011 Canadian population.

cases. Hepatoblastoma constituted fourfifths (81.3%) of all hepatic cancer cases
in males; rates of hepatoblastoma increased
by 3.2% per year (CI = 0.6–5.9), and
drove the increase of 2.2% per year for
hepatic cancers overall (CI = 0.01–4.4).

decreased (APC = −4.0%, CI = −6.7 to
−1.2), with a non-significant less rapid
decline in rates noted in females
(APC = −1.4%, CI = −4.7 to 2.1).

While incidence rates for CNS tumors
have remained stable, some of its divisions
showed
significant
changes.
Notably, ependymomas increased among
females (APC = 3.0%, CI = 0.6–5.4),
echoing the rate transition of this disease
overall. Incidence of carcinoma among
females increased (APC = 2.9%, CI = 0.6–
5.4), as did its subgroup of thyroid cancer
(APC = 4.9%, CI = 1.8–8.0). For malignant
gonadal germ cell tumors, the rate in males

The overall increasing trend for all cancers
combined was suggested among children
aged 1–4 years (APC = 0.9%, CI = 0.4–
1.3), whereas the rates appeared stable in
other age groups (Table 2). Specifically,
the incidence rate of lymphoid leukemias
increased among children aged 1–4 years
(APC = 0.9%, CI = 0.1–1.8).

two-fifths (45.0%) of the total. The incidence proportion of astrocytoma increased
with age, from 32.4% in infants to 52.4%
in late childhood. The rates of astrocytoma decreased by 2.1% annually among
children aged 10–14 years (CI = −3.7 to
−0.5) and appeared stable in the undertens over the entire study period. In line
with the trend observed overall and in
females, the rates of ependymomas
increased in infants and late childhood
(APC = 5.6%, CI = 1.9–9.4 and APC = 5.1%,
CI = 1.5–8.9, respectively), although the
rates were based on small numbers of
cases.

Astrocytoma formed the largest subgroup
of all CNS tumors, constituting more than

Several types of embryonal tumors demonstrate age difference in incidence trends.

Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

Trends by age group

108

Vol 38, No 3, March 2018

FIGURE 3
Age-standardized incidence rates (ASIRs) for all cancers combined and top five most common cancers
in children under 15 years of age, Canada, 1992-2010
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Data sources: Canadian Cancer Registry (CCR) database at Statistics Canada and Quebec Cancer Registry (2008-2010).
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The rates increased by 1.6% per year
(CI = 0.2–3.1) for neuroblastoma overall
and equally for neuroblastoma and ganglioneuroblastoma (IV(A)) for children
ages 1–4 years. Hepatoblastoma comprised nearly all hepatic cancer cases in
children under 5 years of age. In children
aged 1–4 years, rates of hepatoblastoma
increased by 3.7% per year (CI = 1.1–6.4).

Trends by geographic area
Trends by geographic area are presented
for both sexes combined (Table 3) and
individually (Table 4 and 5). The rates of
all cancers combined increased the most
in Ontario from 2006 (APC = 5.9%,
CI = 1.9–10.1) after a preceding stable
period, and increased non-significantly in
the other regions from 1992 to 2010.
Positive trends in Ontario were noted for
both sexes: while the trend among females
was very similar to those observed overall, increases in trends in males occurred
between 1992 and 2002 (APC = 1.6%,
CI = 0.5–2.7), and more rapidly between
2005 and 2010 (APC = 5.0%, CI = 1.9–8.2).
Some lymphohematopoietic malignancies
demonstrated increasing trends in Ontario
and the Prairies: lymphoid leukemias
among males (APC = 1.4%, CI = 0.3–2.5)
and among all children (APC = 1.3%,
CI = 0.2–2.4), and unspecified lymphomas (APC = 4.3%, CI = 1.3–7.5) in
Ontario; as well as lymphomas in females
(APC = 3.5%, CI = 0.3–6.8), and nonHodgkin lymphomas (except Burkitt lymphoma) in males and females combined
(APC = 4.8%, CI = 1.6–8.1) and separately (males: APC = 3.8%, CI = 0.3–7.5;
females: APC = 6.0%, CI = 1.6–10.6) in
the Prairies. Two joinpoints suggest shifts
in the direction of the trend for a subgroup
of lymphoid leukemia, precursor cell lymphoblastic leukemia in Ontario for both
sexes individually and combined: an early
non-significant rise and a recent significant more rapid increase since 2004.
Amphi-directional incidence trends of
CNS tumors were noted in some regions.
Rates of CNS tumors in Ontario decreased
non-significantly by 1.4% per year from
1992 to 2004 (CI = −2.8 to 0.1), and subsequently increased significantly by 5.0%
per year from 2004 to 2010 (CI = 1.0–9.2).
In comparison, the rates in the Atlantic
region displayed a reverse trend. The ASIRs
of CNS tumors in the Atlantic region were
the highest in the country during 2002–
2004 and then dropped to the lowest in
Health Promotion and Chronic Disease Prevention in Canada
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2005, and 2007–2010 (data not shown).
Incidence of astrocytoma in Ontario
decreased consistently over the study horizon in males (APC = −2.4%, CI = −4.6
to −0.2) and females (APC = −3.7%,
CI = −5.8 to −1.6), while increases were
observed for ependymomas (APC = 3.3%,
CI = 0.7–6.1), intracranial and intraspinal
embryonal
tumors
among
females
(APC = 4.0%, CI = 1.8–6.2), and other
gliomas in males and females combined
(APC = 4.5%, CI = 2.3–6.7) and separately (males: APC = 4.7%, CI = 1.0–8.5;
females: APC = 3.3%, CI = 0.6–6.0).
Significant changes were also observed for
other embryonal tumors in central Canada.
Neuroblastoma in females in Quebec
decreased significantly by 16.4% per year
from 1992 to 1997, but increased non-significantly by 2% thereafter. For neuroblastoma in males in Quebec, a joinpoint was
not suggested for the best fitted model, but
an one-joinpoint model showed a similar
but non-significant trend as that in females:
the rates dropped by 7.0% (CI = −22.6 to
11.7) per year during 1992–1997, and then
rose by 2.6% (CI = −2.1 to 7.5) (data not
shown). Retinoblastoma increased by 4%
annually (CI = 0.9–7.2) over the entire
period in females in Ontario. Two breaks in
trend show that there have been early (in
the 1990s) and recent (since 2002), significant increases in the incidence of nephroblastomas in females in Ontario, and a
corresponding trend was evident in renal
tumors as a whole. There is a suggestion,
however, that renal tumors among males
decreased by 3.3% per year (CI = −6.4 to
−0.1) in the Prairies.
The increases were similar for carcinoma
in Ontario and Quebec, mainly driven by
the increases in thyroid cancers more specifically among females. Bone cancer in
Quebec decreased by 4.9% (CI = −8.5 to
−1.2) per year from 1992 to 2002 for males
and females combined and increased by
6.2% (CI = 0.4–12.3) thereafter.

Discussion
Our study found that the incidence rates
of childhood cancer increased by an average of 0.4% per year from 1992 to 2010.
Similar increases have been documented
in the United States,5 Australia,6 in
European countries,7 in Asian nations,8
and internationally.16 A study using data
from the National Cancer Institute’s
Surveillance, Epidemiology, and End
Results (SEER) program indicated that the
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overall cancer incidence rates increased
non-significantly by 0.4% per year
between 1992 and 2004 in the US,5 consistent with our change magnitude. The nonsignificant increase was updated to
continue (APC = 0.3%, CI = −0.1 to
0.7) during 2001–2009 based on data
which provided greater population coverage.17 Considering the findings on all cancers combined from Ellison et al. who
examined the top 5 most common cancers
at the national level over the same time
frame,4 our study had comparable results
for males and both sexes combined; however, it also revealed a recent substantial
increase among females.
For the period from 2001 to 2010, our
study showed an annual increase in overall rates of 1.5% (CI = 0.6–2.4), driven
mainly by the increase in cancer rates in
females (APC = 2.5%, CI = 1.2–3.8)
(data not shown). The overall trend in
females is due in large part to the rate
increases in leukemias (APC = 2.3%,
CI = 0.5–4.2), lymphomas (APC = 1.8%,
CI = −1.9 to 5.6), neuroblastoma (APC =
3.7%, CI = −0.8 to 8.5), soft tissue sarcoma (APC = 3.9%, CI = −0.8 to 8.8),
and most pronouncedly in thyroid cancer
(APC = 10.4%, CI = 3.4–17.8) (data not
shown). Regarding an earlier period
(1985–1992), Health Canada reported that
the incidence rates for all cancers combined in children and teenagers aged
under 20 tended to increase slightly.18
Broad similarities in the increase of ASIRs
for some cancers raise questions as to the
potential for common etiologies, given the
etiology of pediatric cancer is largely
unknown. Several hypotheses have been
put forward to explain the trends. The
changes may partially be artefacts of
changes in classification, increased use of
advanced diagnostic technology, and
improved cancer reporting. The overall
increases were confined to 1992–1999 and
2003–2010, mirrored trends in leukemias,
lymphomas, soft tissue sarcoma, and CNS
tumors (data not shown). The increases
which occurred in 1992–1999 coincided
with the introduction of ICCC in 1996 and
the increased use of magnetic resonance
imaging (MRI) during 1990–2001, whereas
the increase which occurred in 2003–2010
coincided with the introduction of ICD-O-3
in 2001 and the increased use of molecular tests to supplement pathological diagnosis in an attempt to improve the
precision and objectivity of the histopathological diagnosis. The incidence trends in
Vol 38, No 3, March 2018

children have also been associated with
changes in environmental exposures or
gene-environment interactions, parental
lifestyle, changes in birth weight, or
changes in social structures.7
The observed increased incidence trends
could, in part, be explained as an artefact
of increases in survival. Prognosis has been
improving in the last three decades as a
result of more accurate diagnoses and
improved treatment strategies. Research
has shown that risk for subsequent malignant neoplasms is higher for childhood
cancer survivors than is the risk for cancer
in people of the same age in the general
population.19 Our data show that the percentage of second or third cancers
increased from 0.7% in 1992 to 4.1% in
2006 (with an interruption in 2004), and
then dropped sharply in males; as it did in
females but with a smaller increase (data
not shown). These increases of subsequent
malignant neoplasms in Canada coincide
with the magnitude and significance of the
increases in the overall incidence trends.
Risk of pediatric cancer has been linked to
maternal age at birth. A large US case–control study reported an increase of 8% in
overall childhood cancer risk for each quinquennial increase in maternal age, with
similar increases for most of the frequent
cancers.20 Maternal age could also be a
marker for unknown environmental exposures which may have changed over time.6
As in most developed countries, the average maternal ages at both first and all
childbirths have risen since the mid-1970s
in Canada.21 During our study period, the
average age at all childbirths increased
from 27.9 years in 1992 to 30.1 years in
2010.21 The rise of maternal age might have
contributed to the incidence increase, but
the extent to which this might occur is
unknown.
Childhood cancer is characterized by heterogeneity, different cancers likely have different etiologies. To follow up our findings,
it would be useful to identify the tumour
types and population groups that were specifically affected by these trends. The strongest increase of ASIRs for all cancers
combined is seen in children aged 1–4
years. The rise is driven, in large part, by
an increase in leukemia, which is the most
common cancer (accounting for a third of
all cancers) in children. Ontario experienced the most pronounced increase from
2006 to 2010 for all cancers combined, and
Vol 38, No 3, March 2018

for leukemia, subgroups of lymphomas,
CNS tumors, embryonal tumors, carcinoma
and thyroid cancer. While demographic
and/or etiologic differences could potentially exist between the geographic regions,
the variation in cancer registry practices
could also explain the geographical differences in cancer incidence.
Leukemia overall and lymphoid leukemia
specifically had an equally significant
increase. The incidence rate of lymphoid
leukemia also increased significantly in
those aged 1–4 years. Similar increases in
leukemia have been reported in other
developed countries.5,6,22 Previous studies
have shown that ionizing radiation, certain genetic disorders, high birth weight,
cytotoxic alkylating agents, parental age,
parental smoking, prenatal and postnatal
pesticide exposures, residential trafficrelated air pollution and prenatal exposure
to infectious agents such as John
Cunningham virus have been associated
with leukemia in children.23-27 Fetuses and
young children might be more susceptible
to the exposures because of their underdeveloped detoxification mechanisms or
higher intake rates relative to their body
weight compared with older children.
There is considerable evidence of a positive association between improving socioeconomic status and a peak incidence of
precursor B-cell acute lymphoblastic leukemia (ALL) in children aged 2–3.28 It has
also been suggested that aberrant immune
response to delayed infection by unknown
agents may play a role in conversion of
preleukemic clones into overt precursor
B-cell ALL.23 Precursor cell lymphoblastic
leukemia increased non-significantly by
0.4% per year (CI = −0.6 to 1.5) among
Canadian children aged 1–4 years from
1992 to 2010 (Table 2), whereas a significant increase of the disease in Ontario
was confined to 2004–2010 (Table 3). A
Canadian spatial study found that areas
with a higher proportion of immigrants
had higher childhood leukemia incidence
rates.29 The proportion of immigrants in
Canada steadily increased from 16.1% of
the total population in 1991 to 18.4% in
2001 and 20.6% in 2011.30 The percentage
of immigrants who settled in Ontario was
over 50% from 1992 to 2006,31 with the
proportion of immigrants increasing from
25.6% of the total provincial population
in 1996, to 26.8% in 2001 and 28.3% in
2006.32 The increased immigrant population may play a role in the observed
increases in cancer incidence. However
this association is from a single study.
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The stable rate of CNS tumors was also
observed in the US for similar reporting
periods (1992–20045 and 1987–200933).
The increase of CNS tumors in the US
confined to 2000–2010 is comparable to
the Ontario trend.22 Also, a significant
change in rate was found for non-malignant brain tumors in the US population. It
has been suggested that the increase is
likely attributable to changes in the detection and reporting of these diseases.34 The
recent increase of CNS tumors in Ontario
may reflect the increased use of molec
ular markers to supplement pathological
diagnosis.
The International Agency for Research on
Cancer (IARC) stated that X-radiation and
gamma-radiation, forms of ionizing radiation, are the only established risk factors
for CNS cancers.35 IARC also groups radiofrequency non-ionizing radiation from
telecommunications as a possible cause of
CNS malignancies, with limited evidence.35,36 Genetic and hereditary conditions are associated with an increased
risk. Changes in environmental and medical exposures or gene-environment interactions, such as ionizing radiation and
pesticides have been linked to the recent
increases in incidence of CNS tumors.37 A
Canadian study found a positive association between astrocytoma and maternal
exposure to residential air pollution.24
Our study shows that incidence of hepatoblastoma has risen 2.4% per year between
1992 and 2010. An annual increase of 4%
was observed in the US between 1992 and
2004.5 Although few causes of hepatoblastoma have been established, several clues
have emerged. Studies38-40 have found a
strong association between hepatoblastoma and very low birth weight (VLBW)
(< 1500 g), suggesting an iatrogenic etiology. Risk of hepatoblastoma was elevated
20-fold in Children with VLBW, and doubled in children with moderately low birth
weight (1500–2500 g).38 It has been previously noted that the rise in hepatoblastoma corresponds to the increase in the
frequency of low or very low weight births
in the US.41 The Public Health Agency of
Canada reported that the low birth weight
rate generally increased from 2001 to 2010
in Canada.42 Furthermore, the survival
rate of low birth weight babies in Canada
has increased with improved neonatal
care. These together may, in part, account
for the increased trend in hepatoblastoma
in this study.
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As presented in our data, neuroblastoma
is the most common pediatric cancer diagnosed in infants,43 accounting for 26.4%
of all diagnoses in Canada. It is the third
most frequent cancer in children 1–4 year
olds, accounting for 10.5% of all cases
(Figure 1). The incidence of neuroblastoma increased significantly in children
1–4 year olds during 1992–2010, similar to
patterns observed in Europe.43 Increased
use of advanced diagnostic techniques,
detecting latent or asymptomatic tumours,
may have contributed to the observed
increase in incidence.44 The large declines
in neuroblastoma in Quebec noted in the
1992–1997 period reflects the ending of a
large screening trial in 1994 which
resulted in the identification of many
cases of neuroblastoma which may otherwise never have been clinically detected.45
The rapid increase of pediatric thyroid
cancer was confirmed by other studies.17,46
Siegel et al. reported that thyroid cancer
incidence rates increased by 4.9% per
year (CI = 3.2–6.6) among US children
and adolescents (less than 20 years of
age) during 2001–2009.17 Previous studies
have also revealed increased rates of thyroid cancers among adults in Canada and
other countries.1,47,48 It is unknown if
causes for the increase in thyroid carcinomas in children are the same as those in
adults. Increased use of advanced diagnostic technologies has contributed to the
detection of small, subclinical thyroid
tumors.49 More frequent use of imaging to
diagnose benign thyroid diseases, which
are more common in females than males,
may explain the more increase of thyroid
cancer in females.49 On the other hand, it
has been shown that exposure to radiation
by increased use of CT scans50 may
increase risk of thyroid cancer.51,52 There is
also evidence of a positive association
between obesity and adult thyroid cancer
risk.53-54 The increased obesity prevalence
among the pediatric population55-57 may be
responsible for some of the increases in
thyroid cancer.
The annual significant decrease of 2.1%
in astrocytoma incidence among children
aged 10–14 years is similar to the non-significant decrease (APC = −1.9, CI = −4.4
to 0.8) in the same age group between
1992 and 2004 observed in the US.5 The
decrease of astrocytoma could be partially
explained by improvements in diagnosis
and classification with implementation of
the ICD-O-3 in 2001. As per ICD-O-3,
pilocytic astrocytomas are coded as
Health Promotion and Chronic Disease Prevention in Canada
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uncertain/borderline tumors (morphological code 9421/1), and thus, were excluded
from analysis of the malignant cases. In
addition, the decrease of astrocytomas not
otherwise specified (NOS) suggests improve
ments in precise diagnostic classification
of CNS tumors.33 Declining incidence
trends for malignant gonadal germ cell
tumors accords with the reduction in
prevalence of congenital anomalies.20,58

Strengths and limitations
Our findings should be interpreted in the
context of study limitations and strengths.
Although the provincial and territorial
cancer registries strive to find and define
new cancer cases according to the national
standard, reporting procedures and completeness remain inconsistent across the
registries.1 The incidence of some cancers
in Quebec, particularly for those that rely
more heavily on pathological diagnosis,
are underestimated as a result of the registry’s dependence on hospitalization data
during the study period. Although all provincial and territorial cancer registries
now record cancers according to the SEER
rules for multiple primaries, not all registries were able to report according to the
new requirements beginning in 2007.9
Cancer incidence may be under-reported
in some provinces due to missing information on “death certificate only” (DCO)
cases or incomplete linkage of cancer data
with vital statistics information for the
data used in this study. The number of
DCO cases from 2008 to 2010 in
Newfoundland and Labrador (NL) was
estimated based on 2007 data. NL has
recently implemented death clearance
processes to improve case ascertainment
and have also improved the case reporting
from areas that previously under-registered cases. In Quebec, DCO cases were
incompletely recorded before 2000. The
number of DCO cases for 2010 in Quebec
was calculated as the average of 2005 to
2009 data. Ontario did not report DCO
cases for 2008 to 2010. Their number of
DCO cases for these three years was estimated by averaging the DCO cases in 2003
to 2007. The number of DCO cases is
below 2% of total new cases.
Non-malignant brain tumors are not routinely captured or reported to CCR, and
these cases in CCR are underreported
based on our analysis (data not shown).
Inclusion of benign brain tumors in the
analysis could result in an artefact when
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comparing incidence across time and geographic area, given the incompleteness of
the data collection. For example, the analysis based on the dataset comprising nonmalignant along with malignant CNS
tumors did not detect the statistically significant break in the ASIR trend for all
cancers combined in females. Another
example is that the addition of a preponderance of non-malignant cases (86%) to
the total of other specified intracranial
and intraspinal neoplasms (III(E)) resulted
in a significant joinpoint trend in the
5–9 year age group (Table 2).
A Type I error may have biased the results
for the diagnostic groups with only a
small number of cases. Multiple tests were
performed with adjustment to control the
overall over-fitting error probability of
0.05; because of small numbers, random
fluctuations in rates may erroneously
show as significant certain trends. There
fore, trends involving a small number of
cases and those with wide confidence
intervals should be interpreted critically.
For example, the increase of non-Hodgkin
lymphomas (except Burkitt lymphoma)
among females in the Prairies involved a
small number of cases (45) between 1992
and 2010. Some significant findings show
significance that is close to the cut-off of
0.05, e.g. decreasing malignant gonadal
germ cell tumors, and increasing hepatic
cancers in males. These trends should be
further validated.
The increases of all cancers and selected
malignancies varied in magnitude and significance among regions. The statistical
significance achieved in Ontario may be a
reflection of the size of its population.
Differences in trends by tumor type, sex,
age, and region were described in this
study but the relationships among the
trends were not tested statistically. The
results therefore may include spurious
associations.
The principal strength of CCR is the complete population coverage and high data
quality. Our analysis provides current
trends in childhood cancer incidence, and
to our knowledge represents the first
report for the detailed diagnostic groups
in demographic and geographic context.

Conclusion
In summary, overall incidence rates of
childhood cancer have slowly increased
Vol 38, No 3, March 2018

since 1992. Statistically significant increases
were observed in several malignancies
such as leukemia, unspecified lymphoma,
ependymoma, hepatoblastoma, thyroid
and melanoma. The differences in the
temporal trends were also registered by
sex, age, and geographic area. The rates
for all cancers combined increased the
most in Ontario, and increased non-significantly in the other regions from 1992 to
2010. Another new finding is that astrocytoma incidence decreased significantly
among children aged 10–14 years. Given
the limited understanding of pediatric
cancer etiology, this study underscores the
value of surveillance in creating opportunities to seek insights into the factors driving incidence trends. This knowledge may
ultimately help inform public health policy and programs.
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Abstract

Highlights

The National Collaborating Centres for Public Health (NCCPH) collaborated on the
development of an action framework for integrating equity into population health status
reporting. This framework integrates the research literature with on-the-ground experience collected using a unique collaborative learning approach with public health practitioners from across Canada.
This article introduces the Action Framework, describes the learning process, and then
situates population health status reporting (PHSR) in the current work of the public
health sector. This is followed by a discussion of the nature of evidence related to the
social determinants of health as a key aspect of deciding what and how to report.
Finally, the connection is made between data and implementation by exploring the concept of actionable information and detailing the Action Framework for equity-integrated
population health status reporting. The article concludes with a discussion of the importance of putting knowledge mobilization at the core of the PHSR process and makes
suggestions for next steps. The purpose of the article is to encourage practitioners to
use, discuss, and ultimately strengthen the framework.
Keywords: population health status reporting, health equity, inequity, social determinants
of health, knowledge mobilization

Introduction
Describing differences in health status
between and within populations or groups
is central to population health status
reporting in Canada.1 However, we are
particularly interested in differences in
health status that can be judged as systematic, unfair and avoidable. These differences in health outcomes are often
described as social inequalities, or inequities, and are rooted in unequal power relationships and structures across societies.2,3
In order to address inequities and improve
health equity, we must therefore take collaborative action to improve the social
determinants at the root of the health

disparity, which include a range of social,
political and economic factors.4 This is at
the heart of an equity-integrated population health status reporting process.
The public health sector has a number of
roles in addressing the social determinants
of health and improving health equity.5
The role we focus on in this article is
‘assess and report’. Reporting purposefully
on differences in health status between
socio-economic groups, rather than
adjusting for the effect of this difference
on health status, has been identified as a
promising practice for improving health
equity.6 Purposeful reporting of health
inequities leverages both the core public

• Population health status reporting
is a core public health practice, but
in Canada it does not tend to
explicitly describe health inequities or make recommendations for
action to improve health equity.
• This project used a unique collaborative learning circle approach to
examine how to better integrate a
focus on health equity in pop
ulation health status reporting
processes.
• The result of the project is an
action framework that puts knowledge mobilization at the centre to
support the implementation of a
population health status reporting
process that is more likely to result
in action to improve health equity.

health function of surveillance and the
common practice of population health status reporting (PHSR). By assessing and
reporting on health inequities, including
effective strategies to reduce these inequities, the argument has been made that
public health organizations are more
likely to take action and be better able to
support others to collaborate to decrease
health inequities.7
We went looking for population health
status reports in Canada that demonstrate
the effective integration of health equity
issues and the social determinants of
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health and found they were not common.
When we did find them, there did not
seem to be a consistent or standard
approach.8-11 This led us to ask: What does
the effective integration of health equity
look like in a PHSR process? What do we
need to pay attention to in order to do it
well? How does such a process contribute
to action on the social determinants of
health to improve health equity? While
exploring these questions we developed
the Equity-Integrated Population Health
Status Reporting: Action Framework,12 an
action framework for the PHSR process
that we thought might help to guide public health organizations in their work of
‘assessing and reporting’ in a manner that
would drive action on the social determinants of health and health inequity.
This article introduces the Action Framework
and provides the context for its development. We start by briefly describing our
learning process, and then situate PHSR in
the work of the public health sector. This
is followed by a discussion of the nature
of evidence related to the social determinants of health as a key aspect of deciding
what and how to report. Finally, we make
the connection between data and implementation by exploring the concept of
actionable information, and then introduce our Action Framework for equityintegrated PHSR. We conclude with a
discussion of the importance of putting
knowledge mobilization at the core of the
PHSR process and make suggestions for
next steps.

Methods: our framework
development process
Our learning process was led by the
National Collaborating Centre for the
Determinants of Health (NCCDH), one of
six national collaborating centres for public health established in 2005 to strengthen
knowledge translation and exchange for
public health in Canada.13 A learning circle of health equity champions from
across Canada was established by the
NCCDH, representing a diversity of perspectives from ten different public health
organizations (such as program managers,
medical health officers, policy analysts
and epidemiologists from health units/
regional health authorities, and provincial
public health departments) and universities

(researchers specifically). They were tasked
with identifying and exploring the core
issues associated with integrating health
equity into population health status
reporting, and identifying promising practices in the Canadian context. This
resulted in the Learning Together Series,14
a collection of documents describing the
learning circle process and the key questions explored during each meeting of the
circle. This became the foundation for a
collaboration with the other five NCCPH
centres to develop the Equity-Integrated
Population Health Status Reporting: Action
Framework.12 This Action Framework was
developed and refined through interviews
with ten key stakeholders at local, provincial and national levels in Canada.
Iterations of the Action Framework were
also presented and discussed during
workshops at three Canadian public
health conferences* and a webinar.†
Feedback from over 100 public health
practitioners attending these events was
collected via notes of the proceedings and
evaluations, and used to inform the final
version of the framework.

Results: production of an equityintegration population health
status report
What is a population health status report?
The six core functions of public health in
Canada include: population health assessment, health promotion, disease and
injury control and prevention, health protection, surveillance, and emergency preparedness and epidemic response.15,16 All
levels of government (federal, provincial,
territorial and their delegated authorities
including regional health authorities) perform some or all of these functions. All
governments appoint a chief public or
medical health officer to provide leadership to their public health efforts in their
respective jurisdictions,15 with the legislation and roles varying somewhat across
provinces and territories.
Reporting is not a core function but is an
essential tool for fulfilling the public
health mandate across the six core functions. In a summary of the structural profile of public health in Canada, the
National Collaborating Centre for Healthy
Public Policy found that the mandate to

report on population health assessment
and surveillance (as the key functions
most relevant to population health status
reporting) varied across jurisdictions. At
the federal level “[t]he Chief Public Health
Officer shall, within six months after the
end of each fiscal year, submit a report to
the Minister on the state of public health
in Canada.”17 An example from the provincial level comes from British Columbia
(BC), where the BC Public Health Act
stipulates that population health assessment is mainly the responsibility of the
Provincial Health Officer (PHO). At the
regional level, an example from Manitoba
positions population health assessment as
a public health function that is partially
assumed on the regional level with some
of its components instituted by the
Regional Health Authorities Act.17

Integrating the concept of equity
For our project, we used a definition of
equity-integrated population health status
reports to include “any instrument that
uses existing scientific and local knowledge to inform decisions, improve health
programs, and reduce health inequities.”1,p.2
Population health status reports generally
include surveillance and other data, and
tend to be used to highlight specific public
health issues or topics.1 Having said that,
one of the challenges of examining health
equity in the context of a population
health status report is that there is no
standardized format, content or process
for this report. If we consider PHSR at the
broadest level to be a type of population
health assessment, we can frame it within
the larger context of health knowledge
(Figure 1).18 Based on this, a population
health status report can be understood as
a product (e.g., print document, electronic
file, or webpage) that provides an assessment of the health of the population and
generates actionable public health knowledge. It is based on the same multiple
data sources that inform both public
health surveillance and public health
research (Figure 1).18

Characterizing the assessment process and
its objectives
Information about how to undertake an
effective and actionable population health
status reporting/assessment process is

* Public Health Association of British Columbia Annual Conference (PHABC), Vancouver, BC, November 2013; The Ontario Public Health Convention (TOPHC), Toronto, ON, April 2014;
Canadian Public Health Association Annual Conference (CPHA), Toronto, ON, May 2014.
†

Hosted by CHNET-Works!, March 2014.
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Our learning circle of public health practitioners and researchers came to the conclusion that a successful report is one that
is used. What makes the information in
the report actionable is the critical consideration for how to best integrate health
equity into a population health status
report. What we learned from public health
practitioners across Canada is that, in
order to ensure a report is used, we need
to attend to the format and content of a
population health status report, as well as
how we engage with stakeholders in the
community as part of the data gathering
and reporting process.
We will more closely examine engagement
as a key principle of PHSR, but first we
need to apply an equity lens to what is
considered valid evidence for a population
health status report.

Source: Lexicon, definitions, and conceptual framework for public health surveillance.18,p.13

hindered by the lack of established reporting and process guidelines. Community
health assessment is a comprehensive
community development approach, which
is normally part of a larger community
health improvement process.19 It is often
led by community organizations in partnership with the health sector and is most
commonly found in the United States.20
Like community health assessment, population health status reporting (PHSR) is
both the activity and product of identifying and prioritizing population health
issues, and it varies according to the size
and nature of the community, the lead
organization or partners and their goals,
the resources available and other local
factors.20 However, PHSR as a process in
Canada is led by the public health sector
and is therefore more likely to be undertaken as a method of generating actionable information for the public health
sector, not the wider community. As we
shall explain, this presents a particular
challenge for reporting on health inequities with the objective of generating action
to improve the social determinants of
health.

recommendations for action.21 With respect
to action on the social determinants of
health, this second “external” audience is
critical. Health equity is determined by
social factors related to broad public policy, norms and values—most of which are
outside the influence of the health sector.
Therefore, if the information is only
actionable by the public health sector, it
will be insufficient to reduce systemic
health inequities.

In our review of public health reports
across Canada, we found that the intended
purpose of any particular report was context/topic specific and could include any
or all of: a) a program/service focus
around improving accountability and
assessing quality/effectiveness; b) a population focus to assess changes in health
status over time and across geographic
regions; and c) a health disparity focus to
identify or quantify health differences
between groups.21 We concluded that the
evidence-based and public nature of population health status reports, while not
standardized or necessarily inclusive of
equity issues, has helped them become a
key building block for the construction
and realignment of public health policies
and programs.1
However, there is a second audience of
healthy public policy stakeholders outside
of the public health sector (including
other government departments, municipalities, and community organizations)
that is often targeted by these reports,
usually through the inclusion of crosssectoral intervention examples and
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The evidence base for “health inequity” as
a public health issue and area for action
The evidence base for health inequity as a
public health issue and area for action is
growing; helped considerably by the
establishment of the World Health
Organization (WHO) Commission on
Social Determinants of Health (CSDH).
One of the CSDH knowledge networks
created a guide for constructing the evidence base on the social determinants of
health, including six conceptual and theoretical problems.22 One of the most important points they make for translating
knowledge about health inequities into
action is that evidence on its own does
not ensure success or provide an imperative for action. It needs refinement and
engagement of all the players involved in
generating evidence, turning it into policy,
and turning policy into action and practice. The guide concludes with a recognition that—although we know a lot about
the social factors that affect health—what
is known is not universal in its applicability. What is known “… must therefore be
read through a lens which deals with its
Vol 38, No 3, March 2018

salience, meaning and relevance in particular local contexts.”22,p.218 This underscores the importance of engaging those
who understand the local context in the
process of gathering, analyzing and
reporting data on population heath status
in order to effectively integrate health
equity considerations.
There are a number of population health
status reports in Canada that have tackled
the conceptual challenges in different
ways in order to effectively integrate a
health equity lens.8-11,23-26 These reports
share the distinction of being explicit
about their focus on equity and intention
to drive action to improve health equity,
and referencing the collaborations and
consultations with both organizations and
citizens that were necessary to produce
the reports. However, these reports do not
share a standardized approach, and most
are one-time-only reports making it difficult to track change over time and evaluate their collective impact on reducing
health inequities. Notable exceptions to
the one-time-only reports are the Toronto
Unequal City reports from 2010 and 2015,11
and the Community Health Assessments
from Brandon 2004, 2009, and 201523 and
Winnipeg 2004, 2009-10 and 2015.26
Part of the challenge of tracking change
over time has been the diversity of measures and indicators used to assess and
monitor health equity. This challenge has
been of particular interest over the past
decade or so in Canada, resulting in collaborative equity indicator development processes,27,28 the development and application
of a variety of socio-economic deprivation
indices29-31 and an equity indicator trend
report.32 Epidemiologists continue to discuss the best methods to measure and
track health equity and inequity,33-36 but
some argue that it is not the quality of the
measures that are the issue, but establishing agreement on which indicators to use
and encouraging consistent collection and
reporting over time.37,38
There continue to be significant conceptual
and methodological issues that create barriers to accessing appropriate and highquality data. For example, administrative
health data do not normally include
income, ethnicity, employment and education data that would allow us to disaggregate population data in a manner that
would support a health equity assessment.
This makes it very difficult to look at differences in health status between populations;
Vol 38, No 3, March 2018

particularly change over time for groups
who have been traditionally marginalized
and oppressed (e.g. people with disabilities, members of the LGBTQ community).
We can also see these challenges in the
poor quality and lack of Indigenous health
information in Canada, the United States,
New Zealand and Australia. Only recently
have health surveys in Canada and elsewhere made it possible for people to selfidentify as Indigenous, allowing analysts to
better understand health inequities for
Indigenous people living off-reserve and in
urban settings. Finally, causal pathways
between interventions and impacts on
health inequities are not clearly understood,22 making it difficult to know how
and what data to collect as part of standard
program evaluations. All of this has
impeded “… the strategic implementation
of evidence-based public health interventions aimed at preventing avoidable
mortality.”39,p.644

the health research and policy agenda, the
evidence base that is used, and the social
actors who are deemed expert enough to
participate in these decisions. As a result, it
is the process of developing and using indicators of health equity/inequities that create opportunities for new healthy and
equitable governance.38 This is reinforced
in the WHO Europe report on governance
for health equity,43 where they recommend
equity and health equity as essential markers of a fair and sustainable society, requiring evidence and analysis connected to
broad sectoral goals and joint assessment
methods across sectors and stakeholders.

In Canada, data associated with First
Nation, Inuit and Métis populations are
often not available, incomplete, culturally
inappropriate, and impacted by fundamental power and control issues, including
jurisdictional arguments among different
levels of government.40,41 There have been
attempts to overcome these challenges, for
example through the work of the First
Nations Information Governance Centre
(FNIGC). The FNIGC has worked to put
communities at the heart of the population
health status reporting process by developing the First Nations Regional Health
Survey (RHS). This has given communities
control over the PHSR process, including
decisions about participation, choice of
indicators, ownership of data and the information reported.42 However, this is only a
first step as the First Nations RHS does not
include the large number of Indigenous
people living in urban settings across
Canada or other Indigenous groups (e.g.
Métis people).

[t]raditional indicators that measure morbidity and mortality tend to either place
responsibility for improving health on the
medical or public health communities or
on vaguely identified institutions such as
the economy, education, or built environment. The result is an overemphasis on
medical and public health solutions
while failing to articulate the specific
institutions and policies that might need
to change to promote greater health
equity.38,p.5

Engagement and actionable health
information
Corburn and Cohen make the case that
“drafting, measuring, tracking, and reporting of indicators can be viewed not as a
technical process for experts alone, but
rather as an opportunity to develop new
participatory science policy making, or
what we call governance.”38,p.2 They refer
to governance not just of formal institutions, but also “norms, routines and practices” that help shape issues that get onto
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For public health institutions, using indicators to shape policy and drive action to
improve health equity requires capacity to
move beyond traditional indicators and
engage with a broad range of stakeholders
in non-traditional ways. It is important to
recognize that

A community-engaged approach to PHSR is
critical for integrating health equity in a
manner that informs the development and
delivery of public health programs and services, but also drives intersectoral action on
health inequity. This requires that the public health sector move beyond traditional
monitoring and surveillance approaches
and not be limited to population health status defined by aggregating individual-level
health data. Given that evidence is never
free of values, if we do not apply an equity
lens to collecting, analyzing and synthesizing evidence, we run the risk of ignoring
systemic power and oppression issues
potentially embedded in population health
status measures.
By adopting a community-engaged approach
to the ‘assess and report’ role, the public
health sector can benefit from the power of
PHSR to blend evidence with values—in
this case values of equity and fairness. A
community-engaged approach to PHSR
Health Promotion and Chronic Disease Prevention in Canada
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makes these values explicit in evidence and
increases the potential of the evidence to be
actionable. The Action Framework identifies
three essential components guiding the
engagement process for equity-integrated
PHSR, including communicate, collaborate,
and apply a health-equity values lens12 (see
the “knowledge mobilization core” in
Figure 2).

less common, there are increasing numbers
of examples in Canada.9,11,24

The Action Framework draws from two
similar evidence-driven frameworks: the
Evidence informed public health model from
the National Collaborating Centre for
Methods and Tools (NCCMT)44 and the
Action Cycle developed by the Robert Wood
Johnson Foundation (RWJF).45 A brief summary of our framework is provided here, but
a complete description—including promising-practice examples—can be found in the
document Equity-Integrated Population
Health Status Reporting: Action Framework12
available from the NCCDH website.

Orientation to action
We are proposing a PHSR framework that
is oriented to action, putting equityinformed knowledge mobilization at the
core and surrounded by population health
status reporting steps, as depicted in
Figure 2. Although improved equity in
population health status is the intended
long-term outcome, the framework is
unique in that it includes outcomes to
ensure “the community is better equipped
to take action to address health equity
issues”12,p.9 and therefore puts local intersectoral leadership at the very centre. The
framework also identifies roles and specific outcomes for each of the three core
stakeholder groups as a result of engaging
in this process, including public health,
community partners, and researchers.

Discussion: an action framework
for PHSR
In traditional population health status
reports, the knowledge to action process
emphasizes evidence and concludes with a
summary of health status. In reporting processes oriented to action, however, the
knowledge mobilization approach combines research knowledge with other types
of knowledge and turns them into policy
recommendations to drive practice. Although
this action-oriented approach to PHSR is

Knowledge mobilization
The knowledge mobilization core of the
framework is the foundation for the essential knowledge synthesis, translation and
exchange that happens throughout the
PHSR process. It is specific to the intended
users of the framework (intersectoral community leadership) and is based on a

FIGURE 2
Equity-Integrated Population Health Status Reporting: Action Framework
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collaborative approach that integrates
health equity throughout. It includes three
main elements related to where, who, and
how (see Box 1). Concrete examples of
strong knowledge mobilization for an
equity-integrated PHSR approach in
Canada and internationally can be found in
the Action Framework document.12 These
include reports that apply an explicit health
equity lens, as well as those that provide

BOX 1
Knowledge mobilization core
Where – a PHSR process can be done at
any level: local, regional, or national. At
each level there are different people,
organizations, political cultures, and
available data. Ultimately, however, the
community context and local issues
inform the reporting process, and are
impacted by it as part of the larger
system(s). Over time, the community is
better equipped to take action to address
health equity issues, and the outcome is
improvement in health equity within the
local community context.
Who – the primary actors in a strong
equity-integrated population health status reporting process are the public
health sector, community partners, and
researchers; a process led by any actor
alone is less likely to result in action.
The capacity for leadership and action
of each is critical to being able to effectively integrate health equity into a
PHSR process. The public health sector
is essential in implementing PHSR, and
public health actors and advocates are
well positioned to provide leadership for
an effective PHSR process. Community
partners (including government, community organizations and other grassroots leaders) are critical throughout
the entire process, and researchers
working in a variety of settings and disciplines are important at different
points in the process.
How – There is no ‘one size fits all’
approach to mobilizing knowledge in a
PHSR process. However, there are principles that are essential to apply throughout the process, which have been
captured in the framework as a series of
questions that must be considered. These
questions can be clustered into three
groups: a) Apply a health-equity-values
lens, b) Collaborate, and c) Communicate.
Source: Adapted from Summary - Equity-Integrated Population
Health Status Reporting: Action Framework.49,p.3
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good examples of collaboration and communication practices around health equity
and PHSR.

Steps for developing and implementing
reports
The ‘reporting process/steps’ in our frame
work include seven steps for developing
and implementing PHSR. Each step
includes key questions to guide activities
to ensure the right structures are implemented to support the work of the equityintegrated PHSR process (see Box 2). Just
as we did for the knowledge mobilization
core of the framework, we identified a
number of promising practices in association with one or more of the seven steps
of the reporting process. These can also be
found in the Action Framework document.12

As a side note, the one step in the process
that we were unable to find a promising
practice for is the ’evaluate‘ step. One of
the challenges around evaluating outcomes such as the impact of policy
changes is the long-term nature of the
process. As Hilary Graham has pointed
out, this has an impact on political commitment to greater health equity, which
“… may quickly wane, particularly if the
policy changes … prove insufficient to
secure a narrowing of inequalities …
within the short time periods that governments typically set for their policy
goals.”46,p.475 Through our consultation
process we learned from some informants
that they are either evaluating or planning
to evaluate their PHSR activities, but we
were not able to document concrete examples. As a next step in developing the

BOX 2
Key questions for each of the seven steps of the equity-integrated PHSR process
1.

Prepare - Who needs to be part of the process? What are the key questions and
issues/problems? In what ways are equity values integrated into our investigation
questions?

2.

Search - What is the best way to find the relevant research evidence? What indicators will help us answer the research question? What other data are available? Do
we need to develop a plan to collect additional data?

3.

Assess - What are the data sources and the quality of the data? What limitations
are inherent in the sources and data? Is there evidence available from other quantitative, qualitative or participatory research that can be used to complement the
data? How do research approaches, data collection and analysis integrate health
equity values? Do the various indicators adequately measure both assets and deficits? How well are population demographics disaggregated by geographic, economic and social characteristics?

4.

Synthesize and adapt - How can we synthesize, adapt and integrate different types
of evidence to paint a more complete picture of inequities? What recommendations can we make for practice based on the available evidence? How are health
equity values integrated into our recommendations? How do the recommendations relate to the local context?

5.

Report - Who is our audience and what is the best way to communicate what we
have learned?

6.

Implement - How can we frame the findings so that they engage everyone? What
is the best way to explore potential actions, spanning from community mobilization to policy development? How can we collaborate to implement these potential
actions?

7.

Evaluate - How well did the PHSR process contribute to achieving our organizational goals for the report, where improved equity is included and integrated
among those goals? In what ways did increased community capacity to take action
on the social determinants of health and health equity result from the process?

Source: Adapted from: Equity-Integrated Population Health Status Reporting: Action Framework.12,p.35
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equity-integrated PHSR framework, it will
be important to seek out and learn from
any evaluations that have been undertaken.

Conclusion: contribution and
further development of the action
framework
As our learning circle and other public
health informants told us, a report that
doesn’t get used won’t help us to improve
health equity.21 As a result, knowledge
mobilization is a central feature of an
equity-integrated PHSR framework. We
learned that an equity-integrated PHSR process needs to be built around an iterative
process that can be applied to fit the context
and capacity of stakeholders, and that can
draw on promising practices from other disciplines and jurisdictions. In our conver
sations with a range of public health
practitioners, we also learned that to do it
well, equity-integrated PHSR must be transparent in how it brings together evidence
and social justice values. This makes it more
likely that the data will be used to inform
other larger processes, including community
health assessment and improvement, antipoverty initiatives and sustainable development work, all of which will contribute to
improved health equity.
Although ‘evaluate’ is an important step in
the framework, we were not able to find
evaluations describing how PHSR contributes to action on the social determinants of
health specifically. Collectively, we need to
strengthen the evidence base for ‘assess and
report’ as a promising public health practice
to address health inequities.14 We propose
two main areas of inquiry and look forward
to supporting research-to-practice collaborations in these areas:

own PHSR processes to improve health
equity in their communities.
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Abstract

Tweet this article
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Introduction: Poor diet quality has been shown to increase the risk of common chronic
diseases that can negatively impact quality of life and burden the healthcare system.
Canada’s Food Guide evidence-based recommendations provide dietary guidance aimed
at increasing diet quality. Compliance with Canada’s Food Guide can be assessed with
the Canadian Healthy Eating Index (C-HEI), a diet quality score. The recently designed
Canadian Diet History Questionnaire II (C-DHQ II), a comprehensive food frequency
questionnaire could be used to estimate the C-HEI in Canadian populations with the
addition of food group equivalents (representing Canada’s Food Guide servings) to the
C-DHQ II nutrient database. We describe methods developed to augment the C-DHQ II
nutrient database to estimate the C-HEI.

• High diet quality is important for
chronic disease prevention.
• The Canadian Healthy Eating Index
(C-HEI), a dietary pattern score
which reflects age- and sex-specific
dietary recommendations in the
2007 Eating Well with Canada’s
Food Guide (CFG), can be used to
measure and monitor diet quality.

Methods: Food group equivalents were created using food and nutrient data from existing
published food and nutrient databases (e.g. the Canadian Community Health Survey —
Cycle 2.2 Nutrition [2004]). The variables were then added to the C-DHQ II companion
nutrient database. C-HEI scores were determined and descriptive analyses conducted for
participants who completed the C-DHQ II in a cross-sectional Canadian study.

• Food group equivalents (representing CFG servings) are required to
derive the C-HEI, however, these
variables are absent from most
Canadian nutrient databases.

Results: The mean (standard deviation) C-HEI score in this sample of 446 adults aged
20 to 83 was 64.4 (10.8). Women, non-smokers, and those with more than high school
education had statistically significant higher C-HEI scores than men, smokers and those
with high school diplomas or less.

• This study demonstrates a rigorous
yet feasible approach for adding
food group equivalents to the
Canadian Diet History Questionnaire
II nutrient database.

Conclusion: The ability to assess C-HEI using the C-DHQ II facilitates the study of diet
quality and health outcomes in Canada.
Keywords: diet quality, healthy eating index, food frequency questionnaire, dietary
assessment, nutrient database

Introduction
Dietary pattern indices are multidimensional measures that capture several components of diet and can be used to assess
diet quality.1 There is growing interest in
the development, estimation, and application of dietary pattern indices because of
the relation between diet and chronic diseases2–5 and mortality risk.6 From a surveillance perspective, some dietary pattern

indices are useful in determining how
well populations meet national dietary
recommendations.7,8
The Healthy Eating Index (HEI)9 is a diet
quality score originally developed by the
United States Department of Agriculture.
Similarities between the dietary recommendations for Canada and the United
States facilitate the adaptation of the
American HEI for Canada.8,10–13 In one

• Now, the Canadian Diet History
Questionnaire II can be used to
derive the C-HEI to quantify diet
quality in Canadian populations.

adaptation8, the Canadian Healthy Eating
Index 2005 (C-HEI) was created using the
2007 Eating Well with Canada’s Food
Guide (CFG)14 recommendations and serving equivalents, thus reflecting the Canadian
age- and sex-specific dietary recommendations. The C-HEI is therefore appropriate
for monitoring and evaluating the diet
quality of Canadians.8,10
C-HEI scores range from 0 to 100, representing total diet quality through adequacy
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TABLE 1
Scoring criteria for Canadian adapted Healthy Eating Index (C-HEI)

and moderation components8 with higher
scores representing closer alignment with
CFG recommendations. The C-HEI adequacy components reflect intakes of total
fruits and vegetables, whole fruit, dark
green and orange vegetables, milk and
alternatives, meat and alternatives, total
grain products, whole grain products and
unsaturated fats. The moderation components reflect intakes of sodium, saturated
fats, and other foods not recommended in
CFG. Table 1 outlines the C-HEI8 scoring
criteria.

Component (food group)

Methods
An overview of the steps required to
derive the C-HEI from the C-DHQ II is presented in Figure 1. Eight new variables
representing food group equivalents (CFG
servings) for total fruits and vegetables,
whole fruit, dark green and orange vegetables, milk and alternatives, meat and
alternatives, total grain products, whole
grains and other foods, were created for
each of the 331 C-DHQ II nutrient database food categories. Algorithm steps for
creating the new variables from Canadian
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Adequacya

0 to 60 points

Total vegetables and fruit

0 to 10 points

Whole fruit

0 to 5 points

Dark green and orange
vegetables

0 to 5 points

Total grain products

0 to 5 points

Whole grain products

0 to 5 points

Milk and alternatives

0 to 10 points

Meat and alternatives

0 to 10 points

Unsaturated fats

0 to 10 points

Moderation

0 to 40 points

Scoring criteria

Minimum: 0
Maximum: 4 to 10 servingsb
Minimum: 0

The Canadian Diet History Questionnaire
II (C-DHQ II), a comprehensive food frequency questionnaire, was recently adapted
for use in Canada from the US National
Cancer Institute’s DHQ II, using dietary
intake data reported in the Canadian
Community Health Survey, Cycle 2.2,
Nutrition (2004)15 to create the 331 C-DHQ
II database food categories. The C-DHQ II
is available online16,17 and is used in
numerous Canadian studies currently in
progress18,19 and there is growing interest
in using it to assess diet quality as was an
earlier version of the questionnaire.20
We describe methods used to create food
group equivalents (representing CFG servings) required to derive the C-HEI (total
fruits and vegetables, whole fruit, dark
green and orange vegetables, milk and
alternatives, meat and alternatives, total
grain products, whole grain products and
other foods) for foods queried on the
C-DHQ II. We also present food group
equivalents and C-HEI scores derived
from the C-DHQ II for a sample of
Canadian adults enrolled in the “Pathways
to Health Study.”21 This article is based on
a larger study reported in the graduate
thesis Associations between the Neighbour
hood Food Environment, Neighbourhood
Socioeconomic Status and Diet Quality in
Canadian Adults.22

Range of scores

Maximum: 0.8 to 2.1 servings (21% of recommendation for total vegetables and fruit)b
Minimum: 0
Maximum: 0.8 to 2.1 servings (21% of recommendation for total vegetables and fruit)b
Minimum: 0
Maximum: 3 to 8 servingsb
Minimum: 0

c

8 to 10 points

Saturated fats

0 to 8 points
8 to 10 points

Sodium

0 to 8 points

“Other food”

0 to 20 points

Maximum: 1.5 to 4 servings (50% of recommendation
for total grain products)b
Minimum: 0
Maximum: 2 to 4 servingsb
Minimum: 0
Maximum: 1 to 3 servings (75 to 225 grams)b
Minimum: 0
Maximum: 30 to 45 gramsb

Maximum 7% to 10% of total energy intake

Adequate intake to tolerable upper intake level
Minimum: 5% or less of total energy intake
Maximum: 40% or total energy intake

Source: Garriguet D. Diet quality in Canada. Health Rep. 2009;20(3):41-52.
For adequacy components, 0 points for minimum or less, 5 or 10 maximum or more, and proportional for amounts between
minimum and maximum.
a

b

According to age and sex, as specified in Canada’s Food Guide.

For moderation components, 10 or 20 points for minimum or less, 0 points for maximum or more, and proportionally between
minimum and maximum.
c

Community Health Survey foods are shown
in Figure 2.
Multiple data sources were used to compute the new variables: the C-DHQ II
nutrient database, the most recent US
DHQ II nutrient database, Health Canada’s
Classification of Foods in the Canadian
Nutrient File According to Eating Well
with Canada’s Food Guide report and
accompanying database (hereafter referred
to as CNF/CFG Classification)23,24, the
detailed food and recipe file derived from
the Canadian Community Health Survey15
and used in the development of the
C-DHQ II nutrient database, the National
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Health and Nutrition Examination Survey
food and nutrient database used to create
the US DHQ II nutrient database, and the
US Food Patterns Equivalent Database.25
Of the 331 food categories in the C-DHQ II
nutrient database, 302 were divided into
four broad groups based on their composition (ingredients). Algorithms of varying
complexity were required to disaggregate
the food categories according to the components of the C-HEI (food group equivalents). The four algorithm groups were:
1) simple foods; 2) mixed foods; 3) fatadded foods; and 4) exception foods
(Figure 2). The 29 remaining food groups
Vol 38, No 3, March 2018

FIGURE 1
Process overview

three top reported foods per C-DHQ II
food category). This approach, while conservative, was considered reasonable based
on the expert opinion of the authors (MM,
IR, IM and IC).

C-DHQ II Nutrient Database 331 food categories
Apply simple foods, mixed foods, fat-added foods, and exception foods
algorithms to generate C-HEI food group variables

Update C-DHQ II nutrient database with 8 new C-HEI food group
equivalent variables:
•
•
•
•
•
•
•
•

Food group equivalents for vegetables and fruits
Food group equivalents for whole fruits
Food group equivalents for dark green and orange vegetables
Food group equivalents for total grain products
Food group equivalents for whole grain products
Food group equivalents for milk and alternatives
Food group equivalents for meat and alternatives
Total number of calories from “other foods” not recommended
in CFG
Diet*Calc Nutrient Analysis
C-DHQ II output: daily intake of food group equivalents
SAS macro for generating the C-HEI score

C-HEI score
Abbreviations: C-DHQ II, Canadian Diet History Questionnaire II; CFG, Eating Well with Canada’s Food Guide; C-HEI, Canadian
Healthy Eating Index; SAS, Statistical Analysis System Software.

were allocated on an individual basis. The
simple foods category represented C-DHQII
foods that comprise mainly single food
items (e.g. milk, bananas, peppers,
breads, and meats). The mixed foods category represented C-DHQII foods that
comprise multiple foods (e.g. pasta with
meat sauce, chicken mixtures [sandwiches], pizza with vegetables and meat).
The fat-added foods category represented
C-DHQII foods that comprise simple food
items identified in the C-DHQII as having
fat added in the cooking or preparation
process (e.g. peppers with fat added). The
exception foods category represented
C-DHQII foods that were usually not consumed as stand-alone foods (e.g. sauces,
spreads, and condiments).
For each of the 302 food categories we
identified the top one to three most frequently reported foods in the Canadian
Community Health Survey food and recipe
file (hereafter referred to as the primary
foods) to represent the corresponding
C-DHQ II food category for deriving food
group equivalents. The top two or three
foods were examined if multiple foods
Vol 38, No 3, March 2018

with similar nutrient profiles were
reported at similar frequencies of intake.
In cases of multiple primary foods, we
estimated the average standard CFG serving weight in grams and then weighted
the food group allocations accordingly.
The primary food(s) identified in the
Canadian Community Health Survey food
and recipe file were further examined to
confirm that they were sufficiently representative of corresponding C-DHQ II food
categories by comparing their nutrient
profiles to the category-specific nutrient
profiles in the C-DHQ II nutrient database.
Nutrient content for key nutrients [energy
(kcal), total sugar (g), total fat (g), total
saturated fat (g), and sodium (mg)] were
compared for 100 gram equivalents of
food. The primary food was deemed sufficiently representative if the key nutrient
values from the Canadian Community
Health Survey file and the C-DHQ II nutrient database profile differed by ≤ 5%. In
cases where the difference was > 5%, the
next most frequently reported foods were
additionally considered until a sufficient
representation was found (exploring up to
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In reality, the number of nutrient profiles
examined to identify a primary food varied when the top most frequently reported
foods were reported at similar frequencies. In such cases, the key nutrients of all
the top reported foods were examined to
determine similarities amongst their nutrient profiles. If the nutrient profiles differed
by ≥ 10%, then up to five foods were considered for analysis. We then calculated
food group equivalents for each food and
then averaged the nutrient values to determine a final value. Other exceptions
occurred in the mixed foods algorithm
where up to 20 nutrient profiles could be
examined to determine the most representative primary food(s) by consensus established amongst co-authors. This was done
to account for the diversity of foods
included in C-DHQ II mixed foods. Two coauthors (IM and IR) randomly reviewed
10% of the food group equivalent variables
as a quality assurance check by manually
recalculating the food group equivalents to
ensure the algorithms were correctly applied.
The CNF/CFG classification was designed
by Health Canada to assess the Canadian
population’s adherence to the CFG recommendation for food group intakes for
healthy eating.23,24 The CFG classification
was applied to the Canadian Nutrient File
(2001b)26 which was the nutrient composition database linked to reported foods in
the Canadian Community Health Survey.
The CNF/CFG classification assigns each
CNF food to a CFG food group and subgroup. For the four major CFG food groups
(vegetables and fruits, grain products,
milk and alternatives, meat and alternatives) CNF foods are classified into “Tiers”
according to the quality of their alignment
with CFG recommendations with additional consideration given to fat, sugar,
and sodium content.23,24 Tier 1 and 2 are
“foods in line with CFG guidance”; Tier 3
foods are “foods partially in line with CFG
guidance”; and Tier 4 food are “foods not
in line with CFG guidance.”23,24
We used the CNF/CFG classification and
accompanying database to identify the
weight of one standard CFG serving size
of the primary food and the CFG food
group(s) to which the primary food
Health Promotion and Chronic Disease Prevention in Canada
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FIGURE 2
Basic algorithms
All 331 C-DHQ II food categories
N=331
All C-DHQ II food groups are categorized into 4 mutually exclusive groups.
Simple foods
N=208

Mixed foods
N=38

Fat-added foods
N=19

Exception foods
N=37

Step 1: Identify primary foods in
CCHS detailed file.

Step 1: Identify primary foods in
CCHS detailed file.

Step 1: Identify primary foods in
CCHS detailed file using C-DHQ
II food groups without the fat
added.

Step 1: Complete steps 1 to 4
as in "simple foods" for foods
with 7000, 8000 and 9999
classification in CNF/CFG
classification.

Step 2: Query primary food in
the CNF/CFG classification to
determine weight
in grams (g) of
1 CFG serving.

Step 2: Query primary food in
US DHQ II MPED/FPED detailed
file and determine up to 3
primary MPED/FPED equivalents
(measured in US cup or oz/100g).

Step 2: Determine the CFG food
group(s) from Tier allocation for
primary food in the CNF/CFG
classification.

Step 2: 7000 and 9999 coded
foods are not considered for
allocation toward any of the CFG
equivalent variables.

Step 3: Compare nutrient profile
of food identified in the CNF/CFG
classification to nutrient profile in
the C-DHQ II nutrient database.

Step 3: Adjust the MPED/FPED
equivalent to be MPED/FPED
value per gram weight of each
C-DHQ II portion weight (g).

Step 3: Determine grams of fat
added by subracting the weight
(g) of the non-fat-added C-DHQ II
group weight from the fat-added
C-DHQ II group in the C-DHQ II
nutrient database.

Step 3: 8000 coded foods: assess
sugar, fat, and sodium content
of C-DHQ II group using
RA values, the method and
thresholds described in CNF/CFG
classification for Tiers.

Step 4: Determine the CFG
food group(s) allocation for
primary food in the CNF/CFG
classification database.

Step 4: Query the weight (g) of
1 CFG serving and 1 US serving
for each food that constitutes the
primary MPEDs/FPEDs identified
in step 2, in the CNF/CFG
classification tool and the MPED/
FPED User Guide, respectively.

Step 4: Determine the primary
type of fat added (saturated vs
unsaturated) using C-DHQ II
nutrient database.

Step 4: if the food is determined
to be Tier 4, allocate the caloric
value to the "other foods"
variable. All other variables
receive value of 0. If the food
is determined to be Tier 1-3,
repeat steps 2 to 6 as described in
"mixed foods".

Step 5: Divide the weight (g) of
each C-DHQ II portion size by the
weight (g) of 1 CFG serving of the
primary food identified in step 2.

Step 5: Using values determined
in step 4, adjust the US standard
serving weight to reflect the CFG
standard weight for MPEDs/
FPEDs value in step 3. Product
is the number of CFG serving
equivalents.

Step 5: For primarily unsaturated
fats as the added fat, use the
gram weight of fat the fat added
C-DHQ II food group to repeat
steps 3 to 6 as described in
"simple foods".

Step 6: In the C-DHQ II nutrient
database, allocate the value to
the appropriate CFG serving
equivalents variable(s) (identified
in step 4). All other CFG serving
equivalent variables receive a
value of 0.

Step 6: In the C-DHQ II nutrient
database, allocate CFG serving
equivalents to appropriate CFG
serving equivalent variable (s)
which align with the MPED/FPED
allocations. All other CFG serving
equivalent variables receive a
value of 0.

Step 6: For primarily saturated
fats as added fat, use the gram
weight of no fat added C-DHQ II
food group to repeat steps 3 to 6
as described in "simple foods".
In addition, calculate the caloric
value of added saturated fat and
allocated the caloric value to the
"other foods" CFG equivalent
variable.

Abbreviations: CCHS, Canadian Community Health Survey; C-DHQ II, Canadian Diet History Questionnaire II; CFG, Eating Well with Canada’s Food Guide; C-HEI, Canadian Healthy Eating Index;
CNF/CFG, Health Canada’s Canadian Nutrient File/Canada’s Food Guide Classification Tool; DHQ II, Diet History Questionnaire II; FPED, Food Patterns Equivalents Database; MPED, MyPyramid
Equivalents Database; RA, Reference Amounts (from CNF/CFG).
Notes: N = 29 food groups did not follow any of the algorithms because the foods were either not found in the CNF/CFG, the foods comprising the C-DHQ II group could not be determined, or
there was substantial conflict in Tier allocation for the most frequently reported foods. These food groups were considered on an individual basis and reviewed by at least 3 reviewers.
According to the CNF/CFG Tool: 7000 = “other foods recommended in the CFG”; 8000 = “recipes not classified”; 9999 = “food and beverage not classified”.
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belonged (i.e. where the food group
equivalent should be allocated). All Tier 4
foods and those coded in the CNF/CFG
classification as “other foods”; “meal
replacements and supplements” and,
“foods and beverages not classified” were
allocated to the food group equivalent for
“other foods”. In cases where the primary
food was not found in the CNF/CFG classification, or if the exact type of food was
unknown (e.g. “bread” with no further
descriptors) the standard weight for such
foods in the CFG14 was used (e.g. in CFG
the serving weight for bread is 30 g). For
primary food(s) not found in the CNF/
CFG classification or in the US DHQII or
National Health and Nutrition Examination
Survey database, consultation among
authors determined the most appropriate
CFG food group allocation(s).
For multiple primary foods and where
there was discrepancy in Tier classification between the primary foods, the Tier
classification that best represented the primary food was assumed (i.e. the Tier allocation that appeared most frequently).
When the predefined algorithms could not
be used due to missing information (e.g.
primary food was not found in the CNF/
CFG classification database), and for
foods coded in the CNF/CFG classification
as “recipes”, similar foods or ingredients,
were identified to determine an appropriate Tier allocation for the C-DHQ II category. In such cases, authors discussed and
decided on appropriate group allocation.
For the mixed food algorithm, we employed
the US Food Patterns Equivalents (FPED)
and MyPyramid Equivalent Database
(MPED) food group allocations in the
National Health and Nutrition Examination
Survey foods and recipes database to
guide food group equivalent allocation.
MPEDs were used for grain products
(instead of FPEDs) since the methods
employed to derive their values aligned
more closely with the current method for
deriving food group equivalents.26
To determine the ingredients of mixed
foods (e.g. type of meat, vegetable, grain),
the descriptors of the primary food(s)
found in the Canadian Community Health
Survey food and recipe file were used. In
some cases, assumptions were based on
the authors’ knowledge of ingredients
typically included in mixed food recipes
(e.g. for vegetable spring rolls, cabbage
was assumed as the primary contributor
Vol 38, No 3, March 2018

to the vegetables and fruit CFG food
group). To confirm acceptability of assump
tions, we compared the nutrient profiles
of primary food(s) in the National Health
and Nutrition Examination Survey database to nutrient profiles for the food category in the C-DHQ II nutrient database,
with attention to key nutrients previously
mentioned. An approximate threshold of
20% difference between the two nutrient
profiles was deemed acceptable given the
difference in food composition between
the US and Canada.17 For each primary
food, the three highest contributing FPED
(and in the case of grains, MPED) values
were adjusted to reflect the total gram
weight of each ingredient of the mixed
food found in each of the six C-DHQ II
portion sizes. The gram weights were then
adjusted from US standard serving
weights26 to standard CFG serving weights.24
There were 29 C-DHQ II food categories
that could not be allocated according to
the four mutually exclusive food groups
because either the foods were not found
in the CNF/CFG classification, the foods
comprising the C-DHQ II food categories
could not be determined, there was substantial conflict in Tier allocation for the
most frequently reported foods, or the
food was not relevant for C-HEI estimation (e.g. spices, coffee, tea). We reviewed
these 29 C-DHQ II food categories on an
individual basis.
Because no brand names were available in
the Canadian Community Health Survey
foods and recipes file for ready-to-eat
breakfast cereals, they could not be identified in the CNF/CFG classification to
determine if they contributed to whole
grains. As such, an algorithm was
designed to minimize the under-estimation of whole grains. To determine a standard gram weight for ‘ready-to-eat’
breakfast cereals in the C-DHQ II food categories, an average weight from all ‘readyto-eat’ breakfast cereals in the CNF/CFG
classification database was calculated. To
ensure that an accurate amount of whole
grains were allocated, the US DHQ II databases allocation of whole grains for
‘ready-to-eat’ breakfast cereals was used.
The MPED groups considered were “total
grains” and “whole grains” and used in
the formula:

129

We then multiplied the percent whole
grain in total grain MPED by the Canadian
total grains value (using the simple foods
algorithm) to estimate the value to be
assigned to whole grains food group
equivalent variable.
Completed food group equivalents for all
C-DHQ II food categories were added to
the C-DHQ II nutrient database. Daily
intake of food group equivalents for each
food group was estimated by the DietCalc
software (version 1.5.1), the nutrient analysis program for the C-DHQ II. SAS was
used to analyze the C-DHQ II output and
to derive the C-HEI (the SAS code to derive
the C-HEI is available from authors).

Test sample and procedure
Participants recruited from the “Pathways
to Health Study”21, a study aimed at investigating the relation between diet quality
and neighbourhood environments in adults,
completed the C-DHQ II. The study began
in April 2014 and included a two-staged
stratified random sample of adults from
12 Calgary neighbourhoods, in Alberta,
Canada. The 446 participants who responded
to mailed invitations to complete the
online C-DHQ II are included in this
analysis.
All analyses were stratified by sex.
Descriptive statistics (means, standard
deviations, median, minimums, and maximum) were computed for: C-HEI total
score, C-HEI component scores, energy
intake, and the number of CFG servings.
Mean energy intake and CFG servings
were examined to determine the plausibility of results based on ‘a priori’ knowledge of food intakes in comparable
populations.
Previous reports suggest that C-HEI scores
vary by socio-demographic characteristics
(e.g. sex, age, ethnicity, immigrant status,
household income, education level, and
smoking status).8 We used ANOVA with
post-hoc Bonferroni adjustments to estimate differences in total C-HEI scores by:
age group, marital status, level of education, gross household income, smoking
status, and ethnicity in the total population and by sex. In addition, we assessed
the linear trend in C-HEI scores for household income category and education level
in the total population and by sex. We
used independent t-tests to estimate differences in C-HEI component scores, by
sex. Statistical significance was set at
Health Promotion and Chronic Disease Prevention in Canada
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α < 0.05. All significance testing was
completed using Stata statistical software:
Release 13.0 (StataCorp LP, College Station,
TX, US).

had lower C-HEI scores than women (66.3
[10.6]), and non-smokers (64.7[10.6]),
respectively. Further, there was a statistically significant increasing linear trend with
level of education. Non-smoking status and
higher education was also associated with
higher C-HEI scores amongst women but
only non-smoking status was associated
with a higher C-HEI score in men.

Results
The study sample consisted of 172 men
and 274 women. A majority of the participants were married/living with a partner,
had at least a high-school diploma, had a
household income above $60 000, were
non-smokers, and were white (Table 2).

The mean (standard deviation) daily
energy intake was 1650 (717) kcal (Table 3).
The highest mean number of average
daily CFG servings was reported for total
vegetables and fruit 6.3 (3.2) and the lowest was for whole grains 0.4 (0.4). For
every CFG food group, the mean number
of daily servings was below the CFG age
and sex-specific recommendations.

The distribution of C-HEI scores was
approximately normal (data not shown).
The mean daily C-HEI score was 64.4
(standard deviation: 10.8) (Table 2). Men
(61.5 [10.5]) and smokers (56.9 [11.8])

C-HEI component scores are presented in
Table 3. Compared to men, women had
significantly (p < .05) higher ‘unsaturated fat’, ‘sodium’, ‘meat and alternatives’, and ‘other food’ component scores
while men had significantly (p < .05)
higher ‘saturated fat’ component scores.
Figure 3 illustrates the multidimensional
aspect of the C-HEI and the variation in
compliance with recommendations for
adequacy of food group intakes and moderation in the intake of not recommended
dietary components. On average, none of
the recommendations for these components are met 100%, and men and women
follow similar patterns of alignment with
C-HEI component intakes. The lowest
scoring component was whole grains while

TABLE 2
Demographic characteristics of participants and distribution of average daily total C-HEI scores, by sex
Total

Men

Women

%

Mean (SD)

Median

Min, max

n

Mean (SD)

Median

Min, max

n

Mean (SD)

Median

Min, max

N = 446

64.4 (10.8)

65.3

30.2, 88.5

172

61.5 (10.5)

62.9

31.4, 79.2

274

66.3 (10.6)a

67.5

30.2, 88.5

21–39

20.4

65.6 (10.1)

66.4

37.1, 88.5

23

60.0 (10.5)

62.9

37.1, 77.4

68

67.4 (9.4)b

68.4

46.1, 88.5

40–59

44.8

64.2 (10.8)

65.4

30.2, 85.1

68

61.6 (10.2)

62.9

31.5, 78.6

132

65.6 (10.9)

67.0

30.2, 85.1

60+

34.8

64.1 (11.0)

65.1

31.4, 84.2

81

61.9 (11.0)

63.0

31.4, 79.2

74

66.5 (10.7)

67.6

7.1, 84.2

Married or living
with partner

78.5

65.1 (10.6)

65.7

31.4, 88.5

141

61.8 (10.3)

62.1

31.4, 79.2

209

67.3 (10.3)b

68.5

36.9, 88.5

All other arrangements

21.5

62.1 (11.0)

64.2

30.2, 84.0

31

60.1 (11.8)

63.9

31.5, 75.8

65

62.1 (11.0)

64.2

30.1, 84.0

High school diploma
or less

12.6

60.9 (9.8)

60.3

39.9, 79.6

21

59.4 (9.4)

59.9

41.0, 79.2

35

61.7 (10.1)

60.8

39.9, 79.6

College/vocation/
trade/certificate

17.5

64.2 (11.8)

65.5

31.4, 84.3

31

61.7 (11.6)

63.2

31.4, 78.0

47

65.9 (11.7)

67.0

37.0, 84.3

University

70.0

65.2 (10.6)c

66.3

30.2, 88.5

120

61.8 (10.5)

63.3

31.5, 79.2

192

67.2 (10.1)b,c

68.5

30.2, 88.5

0–$59 999

8.7

63.1 (10.4)

63.0

43.3, 84.2

18

64.7 (10.6)

64.7

43.3, 79.2

21

61.7 (10.3)

59.6

45.0, 59.6

$60 000–$119 999

33.9

63.5 (10.7)

65.5

31.4, 85.1

61

59.0 (10.6)

60.1

31.4, 79.2

90

66.6 (9.6)b

68.2

31.4, 79.2

≥ $120 000

43.3

65.7 (10.7)

67.0

30.2, 88.5

76

62.6 (10.4)

63.5

31.4 ,78.9

117

b

67.7 (10.5)

68.9

30.2, 88.5

Refused

14.1

65.6 (10.1)

62.8

40.5, 84.8

17

62.3 (10.0)

58.9

3.5, 75.7

46

64.0 (11.5)

63.2

40.5, 84.8

Non-smoker

6.4

64.7 (10.6)d

65.5

30.2, 88.5

166

61.8 (10.6)

63.0

31.4, 79.2

264

66.6 (10.3)b,d

67.5

30.2, 88.5

Smoker

.6

56.9 (11.8)

54.2

36.9, 73.2

6

54.7 (8.6)

51.6

44.6, 67.0

10

58.2 (13.7)

61.8

36.9, 73.2

White

93.5

64.4 (10.8)

65.3

30.2, 88.5

5

61.3 (10.8)

62.9

31.4, 79.2

14

66.2 (10.4)b

67.5

30.2, 88.5

All other

6.5

65.4 (10.0)

66.1

40.0, 79.3

57

63.8 (7.8)

64.2

49.6, 76.6

260

67.1 (12.0)

69.7

40.0, 73.3

Overall C-HEI scores
Age (years)

Marital status

Education

Gross household income

Smoking status

Race

Abbreviations: C-HEI, Canadian Healthy Eating Index; SD, standard deviation.
a
Significant difference by sex p < .05, independent t-test.
b
Significant difference by sex within socio-demographic groups p < .05, ANOVA post-hoc bonferonni.
c
Significant p < .05 linear trend across socio-demographic groups, ANOVA post-hoc test.
d
Significant difference between socio-demographic groups p < .05, ANOVA post-hoc bonferonni.
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TABLE 3
Distribution of daily reported intake of food group equivalents (in Canada’s Food Guide servings),
Canadian Healthy Eating Index component scores and energy, by sex
Total (n = 446)

Men (n = 172)

Women (n = 274)

Mean
(SD)

Median

Min, max

CFG
rangea

Mean (SD)

Median

Min, max

CFG
rangea

Mean (SD)

Median

Min, max

Total vegetables
and fruits

6.3 (3.2)

5.7

0.7, 22.8

7–10

6.3 (3.3)

5.5

1.6, 22.8

7–8

6.3 (3.2)

5.8

0.7, 19.1

Whole fruits

1.8 (1.1)

1.7

0.0, 5.9

1.7 (1.1)

1.4

0.1, 5.9

1.9 (1.1)

1.7

0.0, 5.8

Dark green and
orange vegetables

2.0 (1.8)

1.5

0.0, 15.8

1.6 (1.2)

1.3

0.2, 7.7

2.2 (2.1)

1.6

0.0, 15.8

Total grains

3.2 (1.9)

3.0

0.1, 12.8

7–8

3.9 (2.2)

3.6

0.4, 12.8

6–7

2.8 (1.6)

2.6

0.1, 9.11

Whole grains

0.4 (0.4)

0.3

0.0, 2.7

3.5–4

0.5 (0.5)

0.4

0.0, 2.7

3–3.5

0.4 (0.4)

0.3

0.0, 2.6

Milk and alternatives

1.6 (1.2)

1.3

0.0, 7.0

2–3

1.7 (1.1)

1.4

0.1, 1.4

2–3

1.5 (1.2)

1.2

0.0, 7.0

Meat and alternatives

1.9 (1.1)

1.6

0.1, 10.3

2–3

2.1 (1.3)

1.8

0.3, 10.3

2

1.7 (1.0)

1.5

0.1, 9.4

Sodium (mg)

2344 (922)

2158

570, 7384

2690 (1180)

2373

723, 7384

2128 (781)

2004

570, 4893

Saturated fat (g)

19.9 (9.4)

17.6

4.2, 64.7

22.5 (10.2)

18.5

5.4, 64.7

18.6 (8.5)

16.3

4.2, 60.9

Energy (calories)

1650 (717)

1545

483, 4514

1989 (717)

1734

538, 4514

1440 (505)

1433

483, 3899

Calories from other
foods

339 (219)

283

21, 1926

422 (253)

356

43, 1721

287 (177)

255.3

21, 1926

Calories from other
foods (%)

20.3 (8.8)

19.1

3.3, 55.8

22.1 (9.6)

21.1

3.7, 55.8

19.1 (8.1)

17.7

3.3, 49.5

C–HEI components
scores

Mean
(SD)

Median

Min, max

Scale

Mean (SD)

Median

Min, max

Scale

Mean (SD)

Median

Min, max

Total vegetables and
fruits

7.6 (2.4)

7.8

0.8, 10.0

0–10

7.4 (2.5)

7.6

2.1, 10.0

0–10

7.7 (2.3)

8.1

0.8, 10.0

Whole fruits

4.1 (1.3)

5.0

0.1, 5.0

0–5

3.9 (1.4)

4.5

0.2, 5.0

0–5

4.3 (1.2)

5.0

0.1, 5.0

Dark green and
orange vegetables

3.9 (1.4)

4.8

0.1, 5.0

0–5

3.7 (1.5)

4.0

0.5, 5.0

0–5

4.0 (1.3)

5.0

0.1, 5.0

Total grains

2.4 (1.2)

2.3

0.1, 5.0

0–5

2.6 (1.2)

2.5

0.3, 5.0

0–5

2.3 (1.2)

2.1

0.1, 5.0

Whole grains

0.6 (0.6)

0.5

0.0, 4.3

0–5

0.7 (0.6)

0.5

0.0, 3.7

0–5

0.6 (0.6)

0.4

0.0, 4.3

Milk and alternatives

5.5 (3.1)

5.2

0.0, 10.0

0–10

5.5 (3.0)

5.4

0.3, 10.0

0–10

5.4 (3.1)

5.1

0.0, 10.0

Meat and alternatives

6.9 (2.5)

6.9

0.7, 10.0

0–10

6.3 (2.5)

6.0

1.1, 10.0

0–10

7.3 (2.5)b

7.6

0.7, 10.0

Unsaturated fats

8.5 (1.9)

10.0

1.8, 10.0

0–10

7.9 (2.2)

8.4

1.8, 10.0

0–10

8.9 (1.7)b

10.0

2.8, 10.0

Saturated fats

6.3 (2.9)

7.0

0.0, 10.0

0–10

6.7 (2.6)

7.4

0.0, 10.0

0–10

6.0 (3.0)

6.7

0.0, 10.0

Sodium

7.3 (2.6)

8.3

0.0, 10.0

0–10

6.5 (3.0)

7.7

0.0, 10.0

0–10

7.9 (2.1)b

8.5

0.0, 10.0

Other foods

11.4 (4.7)

12.0

0.0, 20.0

0–20

10.5 (4.9)

10.8

0.0, 20.0

0–20

12.0 (4.5)

12.7

0.0, 10.0

CFG serving

b

Abbreviations: CFG, Eating Well with Canada’s Food Guide; C-HEI, Canadian Healthy Eating Index; SD, standard deviation.
Note: CFG range = recommended number of food guide servings per day, adults 19 years and older.
a
Canada’s Food Guide recommendation range for adults 19 years and older.
b
Significant difference by sex p < .05.

the highest scoring components were
unsaturated fat, whole fruits, dark green
and orange vegetables, and total fruits
and vegetables.

Discussion
We describe methods for creating food
group equivalents (CFG serving variables)
for the C-DHQ II nutrient database estimation of the C-HEI. Algorithms were developed to create the food group equivalent
variables and applied to the most commonly
Vol 38, No 3, March 2018

consumed foods from the Canadian
Community Health Survey food and recipes file which were linked to food questions on the C-DHQ II. This approach was
an efficient and robust strategy since the
C-DHQ II food category nutrient profiles
were weighted most heavily on foods that
contributed substantially to Canadian
diets15 and hence were foods that were
most representative of C-DHQ II food categories. The mean C-HEI in the participants from the Pathways to Health study
was comparable, albeit somewhat higher,
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than values previously reported for the
Canadian population.8 Consistent with
findings from previous Canadian data8 we
found differences in the C-HEI by sex,
smoking status, and education.
The range and normal distribution of the
mean daily food group equivalent intakes
observed suggest that the method applied
yielded reasonable estimates of intake
given their similarities to previous reports
in the Canadian population.8 The intakes
of the number of total fruits and vegetables,
Health Promotion and Chronic Disease Prevention in Canada
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FIGURE 3
Radar graph of average daily C-HEI component scores for total sample and by sex,
comparing to perfect C-HEI score
Total vegetables and fruits

100%
90%

Other

Whole fruit

80%
70%
60%
50%

Sodium

Dark green and
orange vegetables

40%
30%
20%
10%
0%

Saturated fats

Total grain products

Whole grain products

Unsaturated fats

Meat and alternatives
Women

Men

Milk and alternatives
Total

whole fruits, dark green and orange vegetables, and meat servings were slightly left
skewed which is expected given that
North American diets tend to be high in
animal protein27,28 and over-reporting of
fruit and vegetable consumption is common due to social desirability.29 Consistent
with previously reported Canadian dietary
patterns, women reported a higher median
number of fruit and vegetable servings per
day compared with men30,31, while men
reported a higher median number of meat
and alternatives servings per day.30 Intake
of grains and whole grains as measured
by mean daily CFG equivalent intake was
low. A potential explanation for low total
grain and whole grains intakes may be the
increase in non-celiac gluten sensitivity32
and a trend toward the adoption of glutenfree and low-carbohydrate diets33–35 which
can limit the intake of grain products.
Finally, the food group equivalents intake
distributions were similar to what has
been previously observed in Alberta.20
The mean daily C-HEI score (64.4) was
somewhat higher than what has been previously observed nationally (58.8)8 and in
Alberta (men: 51; women: 56).20 The differences between the C-HEI scores reported
in this study population and those reported
Health Promotion and Chronic Disease Prevention in Canada
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Maximum (100%)

by others likely reflect differences in the
study sample designs and data collection
strategies. Nevertheless, the differences in
C-HEI scores across levels of socio-demographic characteristics in our study were
consistent with findings from another
Canadian study that reported differences
in C-HEI by sex, smoking status, and education level.8 For the C-HEI component
scores, with the exception of total vegetables and fruits, meat and alternatives, and
whole grains, all possible minimum and
maximum values were observed, demonstrating that the primary food method
allowed a full spectrum of component
scores to be obtained.

Limitations
Underreporting is known to exist with
most methods of dietary assessment36,37
and is expected to have played a role in
our study.38 Food frequency questionnaires
have been observed to be associated with
substantial energy intake underreporting
when compared with the objective measure doubly labelled water38–40; and hence
underreporting is also expected with the
C-DHQ II. Underreporting of the C-DHQ II
likely led to the underestimation of overall
energy intake. However, evidence suggests
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there is also differential misreporting by
food type on food frequency questionnaires.41,42 For example, vegetables and
fruits tend to be overestimated while sugars, sweets, jams and some grain products
are underestimated.42 Additionally, social
desirability response bias is plausible
given that those who chose to respond to
the questionnaire may have underreported
food groups labeled as ‘unhealthy’ in popular media (e.g. grain products). Hence,
dietary misreporting may lead to the
under- or over-estimation of C-HEI adequacy and moderation components, and
total C-HEI scores. Although the average
daily food group equivalents and C-HEI
estimates in the current study are generally consistent with existing CFG food
group servings30 and C-HEI distributions8,
some estimates may be low (particularly
grain and whole grain estimates). This
could be an artefact of not being able to
identify the primary food given the lack of
name brands and the difficulty of estimating the grain component of mixed foods
or using only the most commonly consumed foods reported in the Canadian
Community Health Survey and linked to
food questions on the C-DHQ II.
The cut-off values for confirming sufficient representativeness of the primary
foods (< 5% difference) and the difference in compositions of mixed foods using
the US MPED and FPEDs (~20%) were
determined by the authors. If the cut-offs
were too liberal or conservative, it could
have resulted in misclassification of the
C-DHQ II food group into the C-HEI
variables.

Conclusion
The addition of food group equivalents to
the C-DHQ II nutrient database allows
researchers to compare average daily food
group intakes to the healthy eating recommendations of the CFG. Further, the derivation of the C-HEI allows Canadian
researchers to examine the relation
between diet quality and chronic disease
risk using a questionnaire designed specifically for Canadian populations.
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Abstract
Introduction: HANS KAI is a unique health promotion intervention to improve participants’ health by focussing on interrelated chronic disease prevention behaviours
through peer support and strengthening of social support networks. The study objective
was to determine the effectiveness of HANS KAI in an urban Canadian setting.
Methods: We used a mixed methods intervention research design that involved multiple sites from November 2010 to April 2015. Data was obtained from participant surveys
as well as in-person interviews at zero, 6, 12 and 24 months. Participants met in groups
at least once a month during the research period, to self-monitor health indicators, prepare and share a healthy snack, participate in a physical activity, set a healthy lifestyle
goal (optional) and socialize.
Results: There were statistically significant mental health improvements from pre- to
post-program, and 66% of the participants described specific behaviour changes as a
result of HANS KAI participation. Additional positive health impacts included peer support; acquiring specific health knowledge; inspiration, motivation or accountability; the
empowering effect of monitoring one’s own health indicators; overcoming social isolation and knowing how to better access services.
Conclusion: The need to identify innovative ways to address chronic disease prevention
and management has been the driver for implementing and evaluating HANS KAI.
While further research will be required to validate the present findings, it appears that
HANS KAI may be an effective approach to create environments that empower community members to support each other while promoting healthy lifestyle choices and
detecting early changes in health status.

Tweet this article
Highlights
• Innovative methods are needed to
address chronic disease prevention
and management in socioeconomically challenged communities.
• HANS KAI harnesses peer support
to empower community members
to support each other while promoting healthy lifestyle choices
that address interrelated chronic
disease prevention behaviours and
detecting early health changes.
• HANS KAI is unique as it focusses
on health where most peer support
interventions are disease specific.
• Participation in HANS KAI resulted
in statistically significant improvement in mental health scores.
• Participants also reported decreased
social isolation, healthy behaviour
change, increased knowledge of
and access to services, and empow
erment from self-monitoring personal health indicators.

Keywords: health promotion, chronic disease, prevention, social support, peer group,
self-help groups, peer support

Introduction
This paper reports on an innovative community-based health promotion intervention offered by a Manitoba-based health
care co-operative that explored the relationship between peer support and perceptions of wellness. Peer support was
defined as “a system of giving and receiving help founded on key principles of
respect, shared responsibility, and mutual
agreement of what is helpful.”1,p.137 It is
about understanding another’s situation
empathically through shared experience.
As trust in their relationship builds,

people are able to respectfully challenge
each other, try out new behaviours with
one another and move beyond previously
held self-concepts. This is referred to as
mutual empowerment.1
Peer support has been used to help individuals adjust to life-transitioning changes,
such as the birth of a child, significant
losses or long-term disabilities / chronic
diseases, and in health promotion initiatives, including support for health behaviour changes.2-4 Ford et al. stated that peer
support programs “are emerging as highly
effective and empowering ways for people

to manage health issues”5,p.5507 in a socially
supportive context. We found no documented examples in the literature of
Canadian community-based initiatives
using a peer support model to create
social networks to support personal wellness that did not primarily have a diseasespecific focus.

Intervention
HANS KAI is a unique health promotion
intervention to improve the health of participants through peer support and
strengthening of social support networks.
HANS KAI is modelled after a han, a style
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of health management started by Japanese
health cooperatives in the mid-1950s to
encourage people to take responsibility for
their own health and to promote preventive medicine.6 In Japanese, han means
“group” and kai means “assembly” or
“meeting.” The han group approach was
intended to take the burden off primary
care, and encourage peer support and personal empowerment.6 HANS KAI groups
(HANS groups) typically consist of about
10 members matched on characteristics
such as age, community area and availability. Integral to this intervention is the
idea that people who spend time together
and monitor their health will live longer,
healthier lives.7
Social learning theory8 and empowerment
theory9 form the theoretical foundation for
the HANS KAI intervention. Social learning theory explains human behaviour as a
continuous interaction between cognitive,
behavioural and environmental influences:
people learn through observing others’
behaviour and attitudes as well as the outcomes of the behaviour.7 Like Bandura’s
social learning theory,8 empowerment
includes the concept of self-efficacy,
where perceptions of competence, personal control and positive self-image support individuals to think positively about
their ability to effect change and have
mastery over issues.9 The empowerment
approach “redefines the professional’s
role … to one of collaborator … [where]
participants have an active role in the
change process.”9,p.44-45
A review of the literature did not produce
any research on the effectiveness of peer
support groups to improve the health of
participants without a specific disease
focus. We undertook this research project
to implement and evaluate the effectiveness of HANS KAI in an urban Canadian
setting. In our program design, peers in
HANS groups were fellow group members. Participants would attend a “Health
School” at enrolment to receive baseline
knowledge about a variety of health topics
as well as training on how to take their
own health measures and work independently as a group. Participants then would
meet in small groups at least once a
month for about two hours to learn about
health topics from each other and from
health care providers, participate in physical exercise, make and share a nutritious
snack, monitor and record their health
measures in logbooks, and have time to
socialize.
Health Promotion and Chronic Disease Prevention in Canada
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Setting
NorWest Co-op Community Health (NorWest)
is committed to engaging its community
in cooperative health and wellness with a
vision of people taking control of their
health. NorWest is situated in the Inkster
community of Winnipeg, a socioeconomically challenged community where 20%
of families live below the low-income cutoff.10 The area lacks recreational facilities,
and, in a 2008 report, 86% of residents
felt that social support was key to changing behaviours related to eating and physical activity, and that it was the most
important factor for joining healthy lifestyle
programs.11 NorWest decided that HANS
KAI matched their vision, mission and values, and wanted to see if implementing
HANS KAI was feasible and beneficial.

Research objectives
The purpose of this research study was to
determine if structured, peer-led community groups could be successfully initiated
within an urban Canadian context and
have a positive impact on participant
health and well-being. The objectives of
the intervention were to:
1. create social and peer support networks to increase participants’ ability
to make healthier lifestyle choices to
support personal wellness, empower
participants to take action to improve
their health and develop connections
with others to reduce social isolation;
2. increase participants’ awareness of the
connection between personal wellness,
healthy lifestyle choices, healthy weights
and those factors within and outside of
their control;
3. maintain or improve measurable health
indicators; and
4. increase access to primary care services and other community programs/
services.

Methods
Research design
We used a participatory community-based
design, involving community members
during each stage of the research. A community board sought an investigator
through a solicitation of interest (SOI), to
explore the impact of participation in a
HANS group on a range of health outcomes. The community board reviewed
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the responses to the SOI, selected, then
met with the research team and had input
in the final design. NorWest staff had the
primary role to support the implementation of HANS and work closely with the
researchers during the research processes.
Members in pre-existing community groups
participated in piloting the HANS KAI
model and provided invaluable feedback
to guide the finalization of the research
tools. Preliminary results were shared via
presentations to the community board
and the HANS groups, and at community
events and the NorWest AGM in June
2017.
A mixed methods intervention research
design, involving multiple sites, was used
as its flexible form of inquiry captured
multiple perspectives about, and promoted a more complete understanding of,
the intervention experience.12
Quantitative pre-test, post-test data were
obtained from participant surveys and
data were entered into a purpose‑built
database. Qualitative findings were obtained
through one-on-one interviews with participants. Data collection took place from
November 2010 to April 2015. The survey
and interviews were done at 0 (baseline),
6, 12 and 24 months. The study received
written approval from the University of
Manitoba’s Education/Nursing Research
Ethics Board, protocol #E2010:102.

Recruitment
A variety of recruitment techniques were
used, including community or workplace
presentations; mail-outs to NorWest clients; health care provider referrals; posters located in areas where people
congregate (grocery stores, pharmacies,
community centres and medical clinics);
and in‑person recruitment through HANS
awareness presentations at community
events and groups. Inclusion criteria were:
resident of the Inkster or Seven Oaks community areas of Winnipeg, 18 years of age
or over, able to speak and read English,
and be in relatively good health, including
individuals with chronic conditions as
long as the condition was stable.
A targeted approach was used to enrol
participants who were socially isolated
and/or economically challenged such as
seniors, new mothers and new Canadians.
Individuals who wished to participate in
HANS had to complete an application
form and were then assigned into either
Vol 38, No 3, March 2018

TABLE 1
HANS KAI participant attendance for in-person interviews (2010-2015)

pre-existing or new groups, according to
age, community area and availability.
Group participants attended a HANS KAI
“Health School,” which consisted of six
2-hour face-to-face sessions to help participants learn how to monitor their own
health and work independently as a
group. Sessions supported the concept
that many factors influence health. Topics
included health indicators, chronic disease, nutrition, physical activity, sleep,
stress, general health, primary care
through the years, medications, supplements, smoking, social supports and how
to work effectively as a group. It was
mandatory for participants to attend
Health School to ensure all participants
had the same information, knowledge and
engagement.
HANS groups were designed to be participant led and consisted of 8 to 15 people,
with support and guidance from NorWest
health professionals as needed. Access
issues were assessed during the research
period and steps taken to mitigate economic challenges to participation, for
example, by providing child care or free
exercise sessions, and encouraging carpooling. The groups met at least once a
month for 1.5- to 2-hour sessions. Some
met more often. Each session had required
components including: 1) monitor health
indicators; 2) prepare a healthy snack;
3) participate in physical activity; 4) share
action plan for the month (set a lifestyle
goal) – optional; 5) exchange contact
information with a “buddy” to do regular
check-ins; and 6) socialize.
Thirteen groups were started over a threeyear enrolment period. While some groups
succeeded at meeting regularly throughout the research period, others only met
briefly and were unable to achieve the
group cohesiveness necessary to continue
meeting. Nine groups (and their members,
n = 77) were included in this research.
Criteria for inclusion were groups that met
regularly and participated in at least three
of the data collection periods within the
time frame of the research (0, 6, 12,
24 months). Seven groups participated in
community venues and two were workplace groups. Participant attendance at
in‑person interviews varied between
groups (Table 1).
NorWest staff suggested a variety of reasons for the dropouts, e.g. that the group
Vol 38, No 3, March 2018

Group type

Enrolment

Participated in 3 or more data collection periods

Group 1

Community

5

5

Group 2

Community

7

3

Group 3

Community

12

4

Group 4

Community

12

7

Group 5

Workplace

9

8

Group 6

Community

5

5

Group 7

Community

7

6

Group 8

Workplace

10

8

Group 9

Community

Total

10

7

77

53

was not a good fit for the individual,
changing demographics, returning to
work, workplace limitations, changing
needs of individuals, time-stressed families, people getting what they needed from
the participation and leaving, and people
moving.

Data collection
Data collection was accomplished using a
participant survey and individual faceto-face interviews. Participant logbooks
tracked selected health indicators but were
used inconsistently and did not provide
sufficient quantitative data for analysis.
HANS KAI participant survey
A comprehensive questionnaire, adapting
validated instruments from multiple
sources,13-19 was developed specifically for
this study to measure the effects of HANS
group participation on the following
health‑related topics:
•

knowledge of diabetes and
hypertension;

•

nutrition, physical activity and sleep
self-assessments;

•

smoking status;

•

mental health status;

•

access to health care providers;

•

awareness of community programs
and services;

•

understanding of how to improve
overall health; and

•

connectedness to people in the
neighbourhood and community.
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The project questionnaire, which was
developed to maximize content validity
and reliability, was edited and modified
by a multidisciplinary expert group with
experience and expertise in community
mobilization and service delivery.
NorWest staff distributed and collected
the completed surveys, consisting of baseline surveys when newly enrolled participants attended their first Health School
session (Time 1), and follow-up surveys at
6, 12 and 24 months. Data from the completed surveys were entered into a database by NorWest support staff.
Individual interviews
The researchers interviewed all participants at baseline (Time 1), with follow-up
interviews taking place at 6, 12 and
24 months. The baseline interview included
two questions about participant perception of factors that had a positive or negative impact on health. The follow-up
interviews included the two original questions plus questions intended to elicit
feedback about the perceived impact of
regular participation in a HANS group and
ways to improve HANS KAI. The baseline
interviews were documented by the interviewers on paper and then transcribed;
however, all follow-up interviews were
audio recorded and then transcribed for
analysis. The interview questions and
schedule are presented in Table 2.
Baseline interviews (Time 1) were scheduled at the first HANS group meeting of
each group following group initiation.
Although follow-up interviews were planned
at 6 and 12 months after the study began,
not all participants could be interviewed
at all time intervals due to participant
Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

TABLE 2
Individual interview questions for HANS KAI participants

a
b

FIGURE 1
Age of HANS participants

Question

Baseline
interviewsa

Follow-up
interviewsb

1. In the last 6 months, what has helped or made it easier to
stay healthy and feel good?





2. In the last 6 months, what has not helped or made it
harder for you to stay healthy and feel good?






4. Since joining the HANS group, have you provided support
to a member of the group? If yes, describe.



5. How has being part of a HANS group helped you to
improve your health or stay healthy?



6. What did you like best about the HANS program?



7. What didn’t you like about the HANS program?



8. What changes would make it better?



Baseline interviews (pre-intervention).
Follow-up interviews at 6, 12 and 24 months.

Data analysis
Survey
A t test was the test statistic used to perform the pre/post analysis of the survey
data with alpha (or p) set at .05. This
analysis approach was modified from the
intent-to-treat approach often used in clinical trials.20 A z test was used to compare
the demographic characteristics between
the participants who completed the project and those who did not complete the
project and were lost to follow-up.
Interviews
A thematic analysis of all interview
responses was conducted. The principal
investigators separately analyzed data
transcripts of the first 48 baseline interviews and the first 24 follow-up interviews. They then generated initial codes
to search for, define and name themes, the
outcome of which was a coding template.
A principal investigator and research
assistant then independently reviewed
and coded all transcripts; together they
discussed their separate analyses and
reached agreement on the interpretation
of the data.
Health Promotion and Chronic Disease Prevention in Canada
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32%

24%

3. Since joining the HANS group, have you received support
from a member of the group? If yes, describe.

attendance issues and the inability to
arrange meeting times. Consequently, the
researchers were unable to obtain interviews at all three time intervals for most
participants; however, responses were
tracked for 53 individuals who participated in a baseline interview (Time 1) and
at least two follow-up interviews (Time 2
and Time 3) at either 6, 12 or 24 months.

32%

13%

35-49 years

20-34 years

50-64 years

65 and over

FIGURE 2
Years HANS participants have lived
in the community

Results

32%

Demographic data
Client demographics were obtained from
63 participants though not all participants
answered every question. Participants were
primarily female (60/63) with an age
range from 20 to 72 years (Figure 1). Of
those who answered the question, marital
status was equally split between married/
common law (30/63) and single/widowed/divorced/separated (30/63). Thirtyseven percent (23/63) had children living
at home, 52% (33/63) had no children living at home, and half of the participants
(28/63) lived alone. Thirty-five percent
had community college/university education, and 41% were high school graduates. Almost one-third of the participants
had lived in their community for at least
25 years (Figure 2), more than one-third
were unemployed (Figure 3), and a similar number reported an annual household
income of less than $40,000 (although
38% [24/63] of the participants did not
answer the last question; Figure 4).
The z test that compared the demographic
data, identified statistically significant differences between the participants who
completed the project and those who did
not complete the project and were lost to
follow-up. Those lost to follow-up were
less educated and had higher unemployment and lower household incomes.

21%

21%
19%

8%

1-4 years

5-14 years

15-25 years
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Unknown

FIGURE 3
Employment status of HANS participants
56%

35%

10%

Pre/post program responses on
health-related measures
The key finding for the pre/post analyses
of the survey (Table 3) was that the only

25 or
more years

Unemployed

Employed

Unknown
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FIGURE 4
Annual household income of HANS participants

$80 000 and over
$70 000 - $79 999

as negative impacts on health across all
time periods. Table 4 groups the factors
that had positive or negative health impacts
into themes with representative quotes.

11%

Findings from individual interviews:
positive impact of HANS participation

6%

Questions 3 to 6 were intended to identify
if involvement in HANS had a positive
impact on participants’ health and what
participants liked about HANS. The different themes that emerged from our analysis are presented pictorially with number
of responses (Figure 5) and described
more fully below.

$60 000 - $69 999 0%
10%

$50 000 - $59 999
$40 000 - $49 999 0%
8%

$30 000 - $39 999
$20 000 - $29 999

5%

$19 999 or less

22%

Not reported

statistically significant improvements from
pre- to post-program were in the Mental
Health Continuum score. The Mental
Health Continuum score assesses wellbeing and establishes results as “flourishing,” “moderately mentally healthy” or
“languishing.”18
The other post‑program health‑related
measures were not statistically significant.

Findings from individual interviews:
factors affecting health
Participants were asked to identify factors
that had a positive or negative impact on
their health in the previous six months.
The responses were consistent across data
collection times, with the only change at
6, 12 and 24 months being increased identification of HANS group participation as a
positive impact.
Positive factors affecting health
Seven factors were identified as having a
positive effect on health. Supportive relationships with family and friends was the
most frequently mentioned factor having
a positive effect. This was consistent
across all interview periods. Support from
fellow HANS group members was also
identified. Physical activity, including both
organized activities and leisure activities,
and improved nutrition were consistently
identified across interview periods as
improvinging one’s health. Community
Vol 38, No 3, March 2018

38%

supports were identified at the beginning
(baseline/pre-intervention); however, at
subsequent time periods, HANS group
participation was the most frequent
response regarding community supports.
Participants also identified good mental
health as having a positive impact on
overall health, including being happy at
work and experiencing less stress, and
having a positive attitude and beliefs.
More participants identified the positive
impact of access to services over time and,
in particular, services at NorWest.
Negative factors affecting health
Six factors were identified as having a
negative impact on health. Compromised
mental health/stress was most commonly
cited as negatively affecting overall health.
Participants decribed being overwhelmed
and experiencing work, family or other
stresses. However, by Time 3, fewer participants identified compromised mental
health or stress as having a negative
impact on their health. Many participants
identified poor nutrition as having a negative impact, including social environments
that contributed to increased eating,
unhealthy food choices and challenges in
maintaining weight or weight gain.
However, by Time 3, fewer participants
identified poor nutrition as negatively
affecting their health. Lack of physical
activity, compromised health, lack of time/
work–life balance and unsupportive relationships were also consistently identified
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Peer support
The most common responses about the
benefits and impact of participation in a
HANS group were related to peer support.
A much repeated phrase was “we all support each other.” Participants described
listening to or supporting one another,
sharing problems, providing support during a difficult life situation and feeling
safe and unjudged. They also described
their new friends and sense of community
as a result of HANS group participation.
One participant recalled how she provided
support to another whose child was being
bullied at school and helped her pursue it
further and “reach a resolution.” Some
described giving or receiving rides to the
group meetings or to medical appointments, or sharing resources that might be
helpful. Others described reaching out to
another outside the group meeting and
keeping connected between meetings
through regular phone contact, emails,
texts, walks or coffee outings.
Learning/knowledge
Participants described how they received
information about health-related topics
and healthy choices from the Health
School, guest speakers and each other.
They identified the impact of the new
skills they had learned, including chair
exercises; measurements (e.g. blood sugar,
blood pressure); Zumba; cooking; and
meditation.
Reported behaviour change
Sixty-six percent of the participants were
able to describe specific behaviour
changes as a result of participating in the
HANS group. Behaviour changes were primarily in the areas of nutrition and exercise, and in other areas such as stress and
weight, blood sugar and/or blood pressure
Health Promotion and Chronic Disease Prevention in Canada
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TABLE 3
Analysis of HANS participants’ pre/post-program responses on health-related measures
Data collection event

p
(for column comparison)

Health-related measure

Response

First survey (%)

Last survey (%)

Diabetes knowledge score
(n = 57)

Low score

19.3

7.0

> .05

High score

80.7

93.0

> .05

Hypertension knowledge score
(n = 58)

Low score

6.9

5.2

> .05

High score

93.1

94.8

> .05

Low nutrition risk

31.1

41.0

> .05

Moderate nutrition risk

37.7

37.7

> .05

High nutrition risk

31.1

21.3

> .05

Nutrition score
(n = 61)

Physical activity score
(n = 61)

Sleep scale
(n = 60)
Mental Health Continuum score
(n = 60)

Very active

4.9

9.8

> .05

Active

34.4

39.3

> .05

Acceptable

23.0

21.3

> .05

Inactive

13.1

13.1

> .05

Sedentary

24.6

16.4

> .05

Not a problem

70.0

68.3

> .05

Problematic

30.0

31.7

> .05

Flourishing

43.3

63.3

< .05

Languishing

10.0

6.7

> .05

Moderate

46.7

30.0

> .05

No

55.0

58.3

> .05

Yes

45.0

41.7

> .05

No

93.3

91.7

> .05

Have you ever smoked
(n = 60)
Do you smoke now
(n = 60)

Yes

6.7

8.3

> .05

Access to health care provider
(n = 61)

Neutral

6.6

3.3

> .05

Disagree

14.8

8.2

> .05

Agree

78.7

88.5

> .05

Aware of community programs and
services
(n = 61)

Neutral

14.8

11.5

> .05

Disagree

24.6

11.5

> .05

Understand how to improve health
(n = 61)

Connected to people in neighbourhood
(n = 59)

management. Participants also described
the positive aspects of goal setting and
other changes. Additionally, participants
described how learning from the HANS
group had extended farther with positive
impacts on other members of their
families.
Inspiration/motivation/accountability
Participants described how participation
in a HANS group has had an impact on
their health through inspiration, motivation or accountability. Participants also
Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

Agree

60.7

77.0

> .05

Neutral

6.6

3.3

> .05

Disagree

16.4

6.6

> .05

Agree

77.0

90.2

> .05

Neutral

13.6

11.9

> .05

Disagree

27.1

16.9

> .05

Agree

59.3

71.2

> .05

described their desire to share the benefits
of HANS group participation by encouraging others to join or sharing the information they had received in the group.
Monitoring indicators
Participants identified that taking responsibility for monitoring their own health
indicators in their logbooks was empowering, reassuring and motivating. They
appreciated being able to do their own
monitoring, and these measures also
spurred action to seek medical support if
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needed (e.g. “Because I discovered high
blood pressure at HANS KAI I went to see
my doctor and it is now under control”).
Overcoming social isolation
Some participants identified that participation in a HANS group contributed to
their sense of belonging and motivated
them to “get out.”
Access to services
Participants noted that their involvement
in HANS provided a gateway to access
Vol 38, No 3, March 2018

TABLE 4
Positive and negative factors affecting health with representative quotes from HANS participants
Factors impacting health

Positive
factors

Negative
factors

Quotes

Supportive relationships

“a very supportive family”; “my husband”; “my kids”; “my friends”; “HANS members have helped”;
“[they] play a good role in it”; “love talking to them and some are good friends and we socialize outside
HANS KAI so it’s good to talk out things and share”

Physical activity

“regular exercise”; “exercise class 3x per week”; “Hip Hop”; “Zumba”; “walking”; “playing with kids”; “yoga”

Improved nutrition

“change in diet”; “eating healthy foods”; “eating better”

Community supports

“meeting with other people”; “interacting with the [HANS] group helps me … [the] relationships we have built”

Good mental health

“love my work”; “changes at my work”; “quit work”; “learning to cope with issues”; “less stress”

Positive attitude and beliefs

“accountability to the group”; “motivated when [I’m] with others”; “self reliant”

Access to services

[Access to]“doctor”; “dietician”; “psychologist”; “nurse practitioner”; “I have a team now”; “all kinds of
[NorWest] specialists”

Compromised mental health / stress

“I feel overwhelmed”; “busy schedules”; “work responsibities and issues with … family and friends”;
“lack of support … [at work]”; “I have a very stressful job”; “I work too many hours … have too many
responsibilities”; “family life is always stressful”; “my … [son, daughter, husband, mom, children]”;
“death in the family”

Poor nutrition

“attending … gatherings”; “eating out”; “the holidays”; “bad eating habits”; “[we eat unhealthy] when I
don't have time”; “being overweight”;

Lack of physical activity

“not enough time”; “don’t make time [to exercise]”; “pain from injury”; “the weather”

Compromised health

“heart condition”; “diabetes”; “arthritis”; “pain”

Lack of time / work–life balance

“work demands”; “family demands”; “just been really busy … not much time for myself”

Unsupportive relationships

“not having enough family support”; “family has made it harder”

services: services provided by NorWest,
encouragement to see health care providers regularly and information about other
services in the community.
Table 5 summarizes the positive health
impacts of HANS participation with representative quotes.
FIGURE 5
Benefits of HANS participation (# responses)
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Findings from individual interviews:
recommendations for improving HANS
groups
Questions 7 and 8 were intended to gather
participant feedback on how to improve
HANS. Participants identified three main
areas for improvement.
Meeting format
Participants described issues such as frequency and duration but did not agree on
optimal frequency and duration. Some
identified the need to have additional
group members.
Leadership/structure/organization
HANS groups are participant led, but the
most common feedback about improvement was for more leadership and structure. In most groups a leader emerged;
however, not all participants shared the
leadership role. Groups were destabilized
when the leader was no longer available
to lead, and groups became smaller due to
attrition and changes in meeting dates
and/or locations. Some groups were more
successful than others in identifying the
types of education sessions they wanted.
Participants wanted more interaction with
their NorWest contact person and suggested a number of program improvements
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such as regular meetings with planned
agendas.
Access
Consistent attendance at HANS groups was
a challenge for some participants. Partic
ipants identified busy schedules and competing responsibilities as well as issues
such as transportation and meeting location. Workplace groups had particular challenges with the meeting times.
Table 6 summarizes the suggested improve
ments to HANS KAI with representative
quotes from participants.

Discussion
The purpose of this study was to determine if structured peer-led community
groups could be successfully initiated
within an urban Canadian context and
have a positive impact on the health of
participants. A meta-analysis of 148 studies found that having supportive relationships was related to decreased mortality
risks.21 Berkman and Glass22 identified
that adults who are socially isolated have
a two- to five-fold higher death rate than
others. While peer support has been used
in health promotion initiatives, it has been
more widely used in disease-specific
health promotion initiatives.23-25
Health Promotion and Chronic Disease Prevention in Canada
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TABLE 5
Positive health impacts of HANS particpation and representative quotes
Health impacts of HANS participation
Sharing/listening/supporting: “We share many of the same problems … it’s a relief to know you are not alone.… My problems … seem
so much more manageable.… If they can do this, I can … do this too”; “HANS KAI may have saved my life”; “I pick her up [to get to
HANS]”; “She drove me to my doctor’s appointment”; “I’ve been giving her cookbooks because she doesn’t have any”
Peer support

Feeling safe and unjudged: “If someone brings out a problem we can talk about it … [with] no judgment … I feel so supported”; “If I need
help, I'm not afraid to ask”; “Everyone has their own struggles and in [this] environment we have a safe place to talk about these things.…”
Friendship/sense of community: “feel a part of the community”; “they are my friends now”; “we meet outside the group”; “[the calls
and texts] just help to kinda keep track”

Learning/knowledge

Specific health information: “healthy eating … snacks … diet”; “managing blood sugars”; “reading labels”; “I … get information I still use”
Impact of learning and new skills: “We get information and then get to practice it”; “bringing new things into my life—it’s good”
Nutrition: “I am making better food choices”; “now I eat more fruits and vegetables”; “I have lessened my salt and I buy lean meats”
Exercise: “The HANS group motivated me to start walking”; “I started exercising”
Stress: “It’s helped me recognize what’s causing it all [the stress]”; “I … [used] the stress release techniques I learned from HANS KAI”

Reported behaviour
change

Management of weight/blood sugar/blood pressure: “I have lost weight”; “[since participating in HANS] I have started taking my
medication regularly”; “My sugars are better”; “My doctor has reduced my … medications”; “[My doctor] noticed a significant [improvement] … from when I started the HANS program….”
Goal setting: “I am learning how to set reasonable goals”; “I am sticking to [my goals]”
Impacts to others: “When you buy food … you have to look at the label.… [I am] also teaching my family members to [look at labels]”;
“Makes me think [when] I prepare … lunch for my kids”
Other changes: “I quit smoking”; “I am making better and healthier choices”; “I laugh more”
Inspiration: “When I see other people change towards the better or really trying hard to get out of their ruts … it inspires me”; “There is
inspiration to try new things”

Inspiration/
motivation/
accountability

Motivation: “They keep you doing things you don’t want to do”; “motivation to stick to it”
Accountability: “The group keeps me accountable”; “taking [health] into your own hands … [it is] a whole mind-set that’s different”
Sharing the benefits: “I encourage others to attend … ‘You will learn something!’”; “I try to we invite [others when] we have special
speakers….”; “I share the information with my sister and mom … [like] exercising, eating health foods…”

Monitoring
indicators

Overcoming social
isolation

Access to services

Self-Monitoring: “keeps me on top of stuff ... on my toes”; “I am monitoring … more regularly, … my blood sugars have become more
consistent”; “don't have to … wait for the next appointment”
Belonging: “I feel like I belong”; “I am part of something”; “I don't have a lot of friends … it’s nice to know someone is out there
thinking about [and remembering] you”; “I have lived in this area for 30 years, but have only begun to feel a part of the community since
HANS KAI”
Getting out: “helped to … get me out”; “getting people out of their isolation”; “It forces us stay-at-home moms to get out … that's
probably the best thing….”
Community services: “They [NorWest] tell us what is offered in the community”; “If I need information I [know who] I can call and it’s
good.…”
NorWest Services: “I have a dietician [and] foot care … through NorWest … as a result of HANS KAI”; “The support is really good
between NorWest and HANS KAI and [how they] reach out to the community is really something”; “NorWest provides a safety net”

Our findings suggest that there were benefits to participation in a HANS group,
including peer support, learning/knowledge, behaviour change, inspiration/motivation/accountability, overcoming social
isolation and increased access to primary
care and other health-related services.
These findings are congruent with previous research undertaken in the area of
peer support groups and their impact on
health. Peer-led approaches that contribute to community “belonging” had a positive effect on the “most prominent health
behaviours (exercise, weight loss and
improved diet).”26,p.277 A systematic review
of 25 randomized controlled trials assessing
Health Promotion and Chronic Disease Prevention in Canada
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health-related behaviour change in older
adults concluded that peer-based interventions contributed to positive healthrelated behaviour change such as increased
physical activity, decreased smoking,
increased condom use and increased completion of advance directives.27 While
most community‑based peer support initiatives have focussed on a specific health
behaviour, others were implemented to
create social support or social networks to
prevent social isolation.2 In a 2015 study
of a community-based program developed
to create peer support networks, the major
themes that emerged were creation of
social networks, enhancement of well-being
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and provision of empowering services.28
Peer support has also been found to
increase access to primary care services,
including health information, community
programs and support services.24,26,28-36 In
addition, peer-based interventions have
been reported to bring about shared
achievement through doing, providing
role models and sharing knowledge,
which in turn brought about satisfaction,
self-confidence and acceptance among
group members.24,36-41
Where this research adds to the literature
is in the area of support groups that address
interrelated chronic disease prevention
Vol 38, No 3, March 2018

TABLE 6
Participants’ suggestions to improve HANS KAI and representative quotes
Improving HANS KAI
Frequency/duration: “I wish we could meet more often”; “I think it should be longer”; “I would rather meet [just] once per month”
Meeting format
Membership: “Our numbers are not as strong as we want it to be”; “If we could have a couple more members that would be nice”

Leadership/structure/
organization

Leadership: “Not having a lead person may work in Japan but I don't think it works here”; “With rotating leaders there is no one really
[coordinating] it”; “We have ___ she keeps everything together. It would be hard if she wasn’t [here]”; “We had … a person who took more
charge [who] left and since then it pretty much fell apart”
Structure: “We are getting different speakers which is great”; “I wish [the presenters were] better prepared”; “more topics”; “more
group discussions”; “more exercise classes”; “return funding for snacks”
Organization: “I would put a strong emphasis on … providing more structure and more support from the NorWest staff contact person;
“sometimes they just fly in and fly out”; “[need] a regular check”

Access

Access: “finding the time”; “distance I have to come to go to it”; “I can’t attend during the day”; “use handi transit … sometimes I don't
have enough for extra tickets”; “busy schedules”; “it’s … after work”

behaviours (healthy eating, regular physical activity, monitoring indicators and
social support) within a model of peer
support and their impact on health versus
those that focus on a single chronic disease or condition and a related specific
health behaviour.
Although the benefits of peer support are
well documented in the literature, it cannot be said that the empirical evidence is
unequivocal on this issue. Webel et al.27
conducted a systematic review of the
effectiveness of peer-based interventions
for specific behaviour change and concluded that the evidence was mixed. Some
interventions were effective (physical
activity, smoking and condom use) while
others were not (breastfeeding, medication adherence and women’s health
screening).
The findings of this study are similar.
Quantitative results from the participant
survey show that participation in a HANS
group resulted in statistically significant
improvement only in mental health scores
and resulted in possible positive trends in
other health-related measures. However,
the qualitative results from thematic analysis of the in-person interviews identified
that HANS group participation had a positive impact on participants’ health primarily through peer support and through
learning/increased knowledge. Additionally,
66% of the participants reported a behaviour change even though there was no statistically significant change identified in
the quantitative data. This could be related
to the way the behaviour change questions
were presented in the survey or could indicate that open-ended qualitative methods
Vol 38, No 3, March 2018

may be a better way of eliciting behaviour
change information. An unexpected finding was the absence of reported incomerelated stress (which the researchers had
anticipated from the open-ended question
“What has not helped or made it harder for
you to stay healthy and feel good?”) despite
the proportion of participants being unemployed or in a lower-income group.
In summary, HANS KAI groups appear to
have a significant positive impact on participants’ mental health as identified in
both the quantitative and the qualitative
findings. Additionally, participants experienced increased support and connectedness, which may generate positive effects
in some areas of health including participant-reported behaviour changes. It is less
clear whether HANS KAI improves measurable indicators such as blood sugar,
blood pressure, weight and waist circumference. More research is needed to identify if HANS participation has an impact
on these measurable indicators over time.

Limitations
There were a number of limitations of this
study. Our sample was recruited from one
(Canadian) jurisdiction and was primarily
female. Lack of male participation may be
attributable to male hesitance to seek
assistance for health issues, especially
related to preventive interventions, but
presents an opportunity to consider how
to include more men in the intervention.
These may limit the transferability of findings. In addition, our sample was not
large; the findings are based on only
groups that met regularly and on selfreported feedback, although the qualitative
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methodology that was used provided indepth information that could compensate
for this limitation. We were unable to
compare the measurable indicators of
blood sugar, blood pressure, weight and
waist circumference over time due to
incomplete logbooks that tracked these
self-measured health indicators. Selfreported health behaviour changes (general and specific) may not capture true
behaviour change and may be subject to
recall or social desirability biases. Addi
tionally, four groups that started were
unable to continue for a variety of reasons
(e.g. loss of interest, struggle to schedule
meeting times). Participants missed meetings when interviews were scheduled,
were unavailable or lost to follow-up, and
there were challenges with regular participant attendance. Similar to this research,
Gustavson et al. identified the challenge
of high attrition rates in public health
intervention research (30-70%), which
may impact the generalizability of the
findings.42 Attempts were made to contact
those who stopped participating; however,
researchers were only able to conduct a
few exit interviews.
There were statistical differences between
the demographics of the research participants and those lost to follow-up, and the
lack of data from dropouts may have
affected the findings of the study. The
peer support model used in this research
was intentionally peer-led where all participants were peers and guidance and
support was provided from NorWest health
professionals. However, the most common
feedback about improving HANS were
requests for more leadership and more
structure.
Health Promotion and Chronic Disease Prevention in Canada
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While peer support may provide knowledge, a sense of connection and improvements in self-care, there are other methods,
both individual and group-related interventions, that may also work, and health
professionals need to understand which
might be the best match for a client.43-44
Peer support groups to improve health
may not be the right fit for or be effective
for everyone, and the peer-led model with
the perceived lack of supports may have
contributed to the attrition rate.
Health promotion literature has identified
that interventions focussed on lifestyle or
behaviour change at the individual level
may have limited long-term effects as
“health behaviours are influenced by
many competing factors: cultural pressures, health literacy, health inequalities,
mental capacity, genetic predisposition
and, in the case of smoking and alcohol,
addiction to a substance.”45,p.1 At the same
time, a 12- to 24-month intervention may
not be long enough to know about the
sustained health effects of HANS group
participation.

of prescribed length (6-12 weeks) or
around a single chronic disease or behaviour change.
The findings of this research suggest that
HANS KAI proved to be an effective intervention to realize statistically significant
improvements in the area of mental
health. The findings from the qualitative
analysis also suggest that there were benefits to participation in a HANS group,
including peer support, learning/knowledge, behaviour change, inspiration/motivation/accountability, overcoming social
isolation and increased access to primary
care and other health-related services.
While further research will be required to
validate these findings, it appears that the
HANS KAI approach, which goes beyond
focussing on individual behaviour change
and considers the importance of community, may be effective for creating environments that empower community members
to support each other while promoting
healthy lifestyle choices and detecting
early changes in health status.

Conclusion
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Traumatic brain injury management in Canada: changing
patterns of care
Deepa P. Rao, PhD; Steven McFaull, MSc; Wendy Thompson, MSc; Gayatri C. Jayaraman, PhD
Tweet this article

Abstract
Introduction: With growing awareness about traumatic brain injuries (TBI), there is
limited information about population level patterns of TBI care in Canada.
Methods: We examined data from the Canadian Community Health Survey (years 2004,
2009, and 2014) among all respondents ages 12 years and older. TBI management characteristics examined included access to care within 48 hours of injury, point of care,
hospital admission, and follow-up.
Results: We observed that many Canadians sought care within 48 hours of their injury,
with no changes over time. We found a significant decline in the proportion of Canadians
opting to visit an emergency department (p = 0.03, all ages), and a significant increase
in youth opting to visit a doctor’s office (p < 0.01).
Conclusion: TBIs are an important and growing health concern in Canada. Care for
such injuries appears to have shifted towards the use of health care professionals outside the hospital environment, including primary care doctors.
Keywords: traumatic brain injury, concussion, surveillance

Introduction
Ms. Rowan Stringer was a high school
rugby player who died following brain
injury due to a concussion. Subsequent to
her death, a strong initiative to raise
awareness and improve treatments for
concussions ultimately lead to the Royal
Assent of the Rowan’s Law Advisory
Committee Act in 2016.1 At present, an
ever-growing number of professionals
across Canada are investing resources in
preventing and addressing concussion and
other traumatic brain injuries (TBI). A
recent study reports that the incidence of
TBIs is increasing in Canada: the annual
percent change (APC) in TBI among those
who reported any type of serious injury in
the past 12 months was found to be 9.6%
(95% CI: 8.2–11.0).2
This so-called ‘invisible epidemic’ of TBIs
is challenged by difficulties in accurate

and timely diagnosis.3 Whether or not a
diagnosis is made, some of those with a
TBI are at risk of persistent post-concussion syndrome (PPCS; symptoms that persist over a period of weeks or months4,5).
With young athletes there is a risk (albeit
small) of second impact syndrome (a subsequent concussion before a previous one
has resolved).6 Early identification of a
TBI event can be important given that the
consequence of misdiagnosis or faulty
management is the possibility of disability
or even death.7,8 With regard to where
people seek care, the latest international
sport-related concussion guidelines, as
well as the Canadian guidelines, describe
that when an individual is suspected to
have a TBI they should be removed from
play and assessed by a physician or
licensed healthcare provider.9,10 Where
individuals choose to seek care appears to
be changing: a recent study reported a
shift in pediatric TBI care from emergency

Highlights
• Approximately 80% of Canadians
reporting a traumatic brain injury
(TBI) sought care within 48 hours
of their injury.
• Examining trends over 10 years,
there is a significant decline in the
proportion of youth reporting a TBI
who went to an emergency department for their care.
• Current data demonstrates that
approximately 1 in 10 (interpret
with caution) Canadians who
report a TBI said they went to a
doctor’s office for treatment following injury.

departments (ED) towards primary and
speciality providers.11,12
The objective of the present descriptive
analysis is to provide population level estimates related to TBI care: whether individuals reporting receiving care within
48 hours after their injury, where they
went for treatment, whether they were
admitted to hospital, and whether they
were receiving ongoing care. Given the
dearth in national-level information regarding TBIs in Canada, a secondary objective
of this study is to use questions available
from existing national surveys to examine
trends in TBI management over time.

Methods
Data sources
The Canadian Community Health Survey13
(CCHS) is a cross-sectional health survey

Author reference:
Public Health Agency of Canada, Ottawa, Ontario, Canada
Correspondence: Deepa P. Rao, Public Health Agency of Canada, 785 Carling Avenue, Office 707B1, Ottawa, ON K1A 0K9; Tel: 613-867-8303; Fax: 613-941-2057;
Email: deepa.rao@canada.ca

Vol 38, No 3, March 2018

147

Health Promotion and Chronic Disease Prevention in Canada
Research, Policy and Practice

of Canadians aged 12 years and older but
not those living in nursing homes or longterm care facilities or on reserves, fulltime members of the Canadian Armed
Forces, or civilian residents of military
bases. The survey was designed to derive
estimates at the national and provincial
levels and for 110 health regions in
Canada. Self-reported data from the CCHS
(years 2005, 2009 and 2014) were used to
examine characteristics associated with
TBI among the Canadian population aged
12 years (youth: ages 12 to 17 years,
adults: ages 18 years and older).

Statistical analyses

Discussion

We completed descriptive analyses using
SAS Enterprise Guide version 5.1 (Cary,
NC). Incidence and proportion estimates
were weighted to reflect the Canadian
household population and 95% confidence
intervals were calculated using bootstrap
re-sampling methods. Generalized logistic
models were used to estimate annual percent change (APC) and significance was
determined at p < 0.05.

Key variables

Roughly 4 in 5 individuals reporting a TBI
sought medical care within 48 hours of
their injury in 2014 (Table 1). While the
majority of these individuals went to an
ED, an analysis of the trend over time suggests this choice of point of care is significantly decreasing among youth (Table 1)
(youth APC: −3.1%, 95% CI: −3.8 to −2.4,
p < 0.001; adults APC: −2.6%, 95% CI:
−5.4 to 0.3, p = 0.08; all ages APC: −2.7%,
95% CI: −5.1 to −0.2, p = 0.03). Although
estimates from 2005 and 2009 were too
rare to report, those from 2014 show that
approximately 1 in 10 people with a TBI
injury now seek care at a doctor’s office
(11.5%, 95% CI: 5.2–17.8, interpret with
caution). Examining trends over time,
there is a significantly increasing trend of
people reporting that they visited a doctor’s office among youth (youth APC:
0.3%, 95% CI: 0.2–0.3, p < 0.001; adults
APC: 0.06%, 95% CI: −0.07 to 0.2,
p = 0.34; all ages APC: 0.1%, 95% CI:
0.02–0.2, p = 0.02).

Increasing rates of TBI have been reported
both in Canada2 and in the U.S.14 This
prompts the question: where are
Canadians going for their TBI care and
what follow-up are they receiving?
Examining these questions, we observed
significant changes in where many
Canadians were opting to receive care,
namely that a doctor’s office was an
important and emerging point of care and
that there were declines in the proportion
of youth opting to visit an ED. Our findings are similar to those observed in a
recent study examining TBI care in a pediatric population in the U.S.12,15 Although
changes in locations of care do not likely
bear the same insurance concerns here in
Canada as they may in the U.S.,15 the ease
and accessibility to primary care may nevertheless play a role. We did not observe
any changes with regard to whether people sought health care advice within
24 hours of their TBI. The recent increasing trend in TBI has been attributed to factors such as improved data capture of
mild TBI cases.16,17 A recent assessment of
sport concussion and return-to-play guidelines,18 however, suggests that, while
research in this area is still preliminary,
there is no evidence of an effect of these
guidelines on TBI prognosis.19 Future
studies to examine factors associated with
the increasing trend in TBIs, and to evaluate prognosis after TBI, should help to
better inform evidence-based guidelines
for TBI care.19

Cases of TBI were identified from those
who reported an injury (all types of injury
or ATI) “that occurred in the past
12 months and [that was] serious enough
to limit [their] normal activities the day
after the injury occurred,” and who identified this primary ATI as a TBI. The TBI
care characteristics examined in the present analysis, which were only analyzed
among those individuals who selfreported a TBI, are: (i) access to care
within 48 hours of injury, (ii) point of
care, (iii) admission to the hospital overnight, and (iv) ongoing follow-up care.
These were selected from the limited survey questions available regarding care
received, and do not reflect any recommendations regarding TBI management.
The ‘access to care within 48 hours of
injury’ characteristic was selected based
on a corresponding survey question meant
to collect information on the time taken to
access care; “Did [you] receive any medical attention for the injury from a health
professional in the 48 hours following the
injury?” Individuals who responded yes
were then asked where they went for their
care, which was used to examine ‘points
of care’ such as the ED or other settings
(an outpatient clinic, chiropractor’s office,
community health center, hospital outpatient clinic, doctor’s office, or where the
TBI occurred). Among those who indicated treatment within 48 hours, ‘hospitalization following injury’, was examined
through the survey question, “Were you
admitted to a hospital overnight?” Finally,
information regarding ‘ongoing follow-up
care, was captured at the time of data collection from a response to, “At the present
time, are you getting follow-up care from
a health professional because of this
injury?”
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Results

Data from 2005 shows that 21.9% (95%
CI: 12.7–31.2, interpret with caution) of
Canadians reporting a TBI were admitted
overnight, compared with 13.4% (95%
CI: 5.5–21.3, interpret with caution) in
2014. A higher proportion of people who
were hospitalized, than not hospitalized,
reported that they were being followed-up
by a health professional at the time of
data collection (Figure 1). Independent of
hospitalization history, the most recent
data shows that the majority of individuals who reported a TBI in the past year
were not receiving follow-up care from a
health professional at the time they participated in the survey (youth: 86.8%,
95% CI: 77.8–95.9; adults: 69.3%, 95%
CI: 57.6–80.9; all ages: 73.5%, 95% CI:
64.2–82.7).
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Strengths and limitations
National surveys rely on self-reported
information and do not capture fatal
cases. The former provides for the potential of respondent bias and for diminished
validity due to retrospective self-reported
injury recall.20 The lack of fatal cases limited the generalizability of our findings to
only non-fatal cases. In the examination
of follow-up care, the phrasing of the
question limited the ability to detect cases
where an individual had received such
care but which had been completed by the
time of the survey, or where the individual had yet to begin follow-up care. This
question did, however, permit detection of
differences between key groups; i.e.,
between those who were hospitalized versus those who were not. While limitations
to the internal and external validity may
exist, the better data capture of cases
Vol 38, No 3, March 2018

TABLE 1
Ten-year trends in self-reported treatment for traumatic brain injury among Canadians, CCHS, 2005, 2009 and 2014
2005
Incidence
(%)

95% CI

Population

38 214

72.3

65.5–79.1

11 596

68.7

56.1–81.4

26 618

74.0

30 879

80.8

Youth

9 396

81.0

Adults

21 483

80.7

Population
Received care All
within
Youth
48 hours of
Adults
injury
Treatment at
ED

2009

All

Annual percent
change

2014

Incidence
(%)

95% CI

Population

Incidence
(%)

95% CI

%

95% CI

68 525

83.8

75.3–92.3

123 478

81.0

73.5–88.5

1.9%

−1.9 to 5.7

13 127

70.6

51.3–89.9

27 447

75.2

63.3–87.1

2.2%

−1.8 to 6.2

65.8–82.1

55 398

87.7

79.7–95.7

96 031

82.8

73.7–91.9

2.0%

−1.9 to 6.0

73.2–88.4

45 452

66.3

52.0–80.7

79 037

64.0

53.1–74.9

−2.7% −5.1 to −0.2

68.3–93.7

9 158

69.8

49.9–89.6

16 878

61.5

45.4–77.6

−3.1% −3.8 to −2.4

71.0–90.4

36 295

65.5

48.5–82.5

62 159

64.7

51.1–78.3

−2.6%

−5.4 to 0.3

Source: CCHS, 2005, 2009 and 2014.
Abbreviations: CCHS, Canadian Community Health Survey; CI, confidence interval; ED, emergency department.
Notes: The youth category reflects ages 12 to 17 years, and the adults category reflects ages 18 years and above.
Estimates for traumatic brain injury are reported among all Canadians who reported any type of injury.
Estimates of those treated at the ED are calculated among those who reported a TBI and who reported receiving care within 48 hours of injury.
Estimates of annual percent change estimated from generalized logistic models.

outside of those diagnosed within an ED
is a strength of the present study. Further
more, since most TBIs are not fatal (only
about 3% of TBI cases are14), our findings
apply to the vast majority of TBIs in
Canada.

Conclusion
There has been a significant increase in
the incidence of reported TBIs over the
past decade.2 While these may have been
influenced by a variety of factors, these

FIGURE 1
Self-reported estimates of follow-up care and hospitalization among Canadians reporting a
traumatic brain injury, CCHS, 2014

trends call attention to how individuals
manage their TBIs. Our observation of
changes in where individuals reporting a
TBI sought care is important, and the
decreasing use of EDs among youth
appears to be one such notable change in
recent years. Building capacity among relevant professionals to identify TBIs would
thus be beneficial given this changing
landscape.
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All ages

Admitted to
hospital
13.4

Follow-up
(hospitalized)
64.6

Follow-up
(non-hospitalized)
21.9

Adults

16.6

65.5

25.2

Source: CCHS, 2014.
Abbreviation: CCHS, Canadian Community Health Survey.
Notes: Estimates for youth were too unstable to report. Estimates for adults reflect individuals ages 18 years and above.
Estimates for traumatic brain injury are reported among all Canadians who reported any type of injury.
Estimates of self-reported follow-up care (hospitalized) refer to respondents who reported they were currently receiving follow-up
care and who said they received treatment within 48 hours and were hospitalized.
Estimates of self-reported follow-up care (non-hospitalized) refers to respondents who reported they were currently receiving
follow-up care and who said they received treatment within 48 hours and who reported that they were not hospitalized.
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