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Abstract
Background: Thyroid cancer incidence in Canada has increased rapidly over the past 25 years. This study examines thyroid cancer incidence and relative 
risk according to individual-level sociodemographic characteristics in two population-based cohorts. 
Methods: The analysis uses data from the 1991 and 2001 Canadian Census Health and Environment Cohorts (CanCHECs). Using nine years of cancer 
follow-up for both time periods, age-standardized incidence rates of thyroid cancer were estimated by sex—with sex-specific estimates produced by immigrant 
status, ethnicity, educational attainment and family income—and by histology type. All characteristics were included in sex-specific standard Cox proportional 
hazard models to examine the relative risk of thyroid cancer and the relative risk of papillary versus non-papillary thyroid cancer.
Results: A significant increase over time in thyroid cancer incidence was observed for both sexes, and across all characteristics. Immigrant status and 
ethnicity were each independently associated with the risk of thyroid cancer, with immigrant men and women and East and Southeast Asian women at higher 
risk. Men and women who had a postsecondary diploma or higher or who were in the highest income quintile were at increased risk of being diagnosed with 
papillary thyroid cancer, but not with non-papillary thyroid cancer.
Interpretation: While increased detection has played a role in the rising incidence of thyroid cancer in Canada, it does not fully account for the greater relative 
risk among the immigrant population and certain ethnic groups. More research is needed to better understand the determinants of the increased risk in these 
populations.
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Sociodemographic characteristics associated with thyroid 
cancer risk in Canada
by Tracey Bushnik and William K. Evans

Thyroid cancer incidence in Canada has increased rapidly 
over the past 25 years.1 The age-standardized incidence 

rate for women has increased five-fold to a projected 29.1 per 
100,000 in 2017. At the same time, there has been a four-fold 
projected increase for men to 8.8 per 100,000.1 Although the 
increased risk in women has been widely reported,2-5 studies 
in the United States and England have also found variations 
in risk according to sociodemographic characteristics such as 
ethnicity, education and income.6-10 In Canada, the examination 
of these associations has been limited to provincial-level data 
only or area-based measures,11-13 as little information on these 
characteristics has been available at the national level.

The Canadian Census Health and Environment Cohorts 
(CanCHECs) now make it possible to examine Canada-wide 
cancer incidence according to a variety of individual-level 
sociodemographic characteristics. Using the 1991 and  
2001 CanCHECs, the present study examines thyroid cancer 
incidence over nine years of follow up; presents estimates of 
the sex-specific relative risk of thyroid cancer according to age, 
immigrant status, ethnicity, educational attainment and family 
income; and examines whether these relative risks changed 
over time. The sex-specific relative risk of thyroid cancer by 
histology (papillary versus non-papillary) according to the 
same characteristics is also described. 

Methods 
Data source

1991 and 2001 CanCHECs

The 1991 and 2001 CanCHECs are datasets formed through the 
linkage of census long-form questionnaire responses (completed 
in 1991 and 2001 by about 20% of Canadian households) to the 
Canadian Mortality Database (CMDB), the Canadian Cancer 
Registry (CCR), the Canadian Cancer Database (CCDB), and 
tax files. Standard deterministic and probabilistic linkage tech-
niques were used, and details about these datasets have been 
published elsewhere.14,15

The 1991 CanCHEC had 2,644,400 cohort members (count 
rounded to nearest 100) who consented to having their data 
linked. Cohort members were aged 25 or older on Census Day 
(June 4, 1991) and were not residents of institutions. Follow-up 
for death and for cancer was conducted until December 31, 
2011, and December 31, 2010, respectively. The 2001 CanCHEC 
had 3,537,500 cohort members. They were aged 19 or older on 
Census Day (May 15, 2001) and were not residents of insti-
tutions. Follow-up for death and cancer was conducted until 
December 31, 2011, and December 31, 2013, respectively. Both 
cohorts are considered to be representative of the Canadian 
population, but did contain high percentages of people who 
were married or in a common-law union, had higher levels 
of education and income, and were labour force participants. 
This is mainly because the linkage methodology relied on 
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respondents being tax filers. All counts 
based on the CanCHECs were rounded 
to the nearest 100.

Thyroid cancer
The CanCHECs included CCR and 
CCDB data that were linked to cohort 
members. The CCR is a person-ori-
ented,  population-based  registry 
established in 1992. It includes data 
collected by each provincial/territorial 
cancer registry and reported to Statistics 
Canada.16 The CCDB is a historical  
t umor-or iented  dat abase  con-
taining cancer cases diagnosed 
from 1969 to 1991.17 For this study, 
thyroid cancer (TC) was identified 
in the CCR with variables for site  
( ICD-O-2/3  code  C739),   behav-
iour (ICD-O-3 code 3) and histology  
(ICD-O-3 codes 8050, 8260, 8340, 
8341, 8343, 8344 or 8350 for papillary;  
8290, 8330, 8331, 8332 or 8335 for  
follicular; 8345, 8346 or 8510 for medul-
lary; 8012, 8020, 8021, 8030, 8031 or 
8032 for anaplastic; and all remaining 
codes for “other,” excluding 9050 to 
9055, 9140, and 9590 to 9992). In the 
CCDB, TC was identified with the  
ICD9 code 193. Since Quebec cancer 
data are not available after 2010, cancer 
follow-up for each cohort was conducted 
for nine years. A 10-year washout period 
was used to identify and exclude individ-
uals who were diagnosed with TC prior 
to cohort inception. 

Inclusion criteria for the present 
analysis included individuals aged  
25 to 89 on Census Day without a TC 
diagnosis during the washout period. 
From the 1991 CanCHEC, 5,500 cohort 
members were excluded because the 
baseline age was under 25 or 90 or older. 
A further 1,000 were excluded because 
of a TC diagnosis during the washout 
period, leaving 2,637,900 people in 
the 1991 cohort. The cancer follow-up 
period extended from January 1, 1992, 
to December 31, 2000. The same exclu-
sion criteria were applied to the 2001 
CanCHEC (325,900 excluded due to 
age; 2,400 due to washout), resulting 
in 3,209,200 people in the 2001 cohort. 
The cancer follow-up period for this 

cohort extended from January 1, 2002, 
to December 31, 2010.

Covariates
All covariates were based on census data 
at baseline. Age group on Census Day 
was categorized as 25 to 34, 35 to 44,  
45 to 54, 55 to 64, 65 to 74, and 75 to 89. 
Marital status was categorized as married 
or common-law; separated, widowed or 
divorced; or single. Immigrant status 
was defined as non-immigrant (including 
non-permanent resident), immigrant 
with 10 years or less in Canada, or immi-
grant with more than 10 years in Canada. 
Immigrant status was then dichotomized 
as immigrant or non-immigrant for the 
hazard model analyses. Ethnicity was 
determined from the question on visible 
minority status and categorized as 
Caucasian, Black, East Asian (Chinese, 
Korean, Japanese), Southeast Asian 
(e.g., Filipino, Cambodian, Indonesian, 
Vietnamese), South Asian (e.g., East 
Indian, Pakistani, Sri Lankan), or other 
(includes all respondents not included 
in the other categories). Highest level 
of education was categorized as less 
than secondary graduation, secondary 
graduation, postsecondary diploma 
or certificate, or university degree. 
Economic family income adequacy 
quintiles were estimated from the ratio 
of a family’s 12-month total pre-tax 
post-transfer income to the Statistics 
Canada low-income cut-off (pre-tax 
post-transfer for the year prior to the 
census collection year) for the applic-
able economic family and community 
size group. These ratios were ranked, 
and quintiles were constructed within 
each census metropolitan area, census 
agglomeration, or rural and small town 
area (outside census metropolitan areas 
or census agglomerations) to account for 
regional differences in housing costs. 
Highest level of education and income 
quintiles were dichotomized (secondary 
graduation or less versus postsecondary 
diploma or higher; first to fourth quin-
tile versus fifth (highest) quintile, 
respectively) for the histology-specific 
analysis. 

What is already 
known on this 
subject?

■■ Of all major cancers in Canada, 
thyroid cancer incidence has 
increased the most rapidly over the 
past 25 years.

■■ The relative risk of thyroid 
cancer tends to differ across 
sociodemographic characteristics, 
although research in Canada has 
been limited to regional data or area-
based measures.

What does this  
study add?

■■ The Canadian Census Health and 
Environment Cohorts now make 
it possible to examine national 
thyroid cancer incidence according 
to individual-level characteristics 
not available in the national cancer 
registry.

■■ A significant increase over time 
in thyroid cancer incidence was 
observed for both sexes, and across 
all other characteristics examined. 

■■ Women had higher incidence rates of 
thyroid cancer than men, regardless 
of marital or immigrant status, 
ethnicity, education or income. 

■■ Immigrant status and ethnicity were 
each independently associated 
with the risk of thyroid cancer, with 
immigrant men and women, and 
East and Southeast Asian women at 
higher risk. 

■■ Men and women who had a 
postsecondary diploma or higher 
or who were in the highest income 
quintile were at increased risk of 
being diagnosed with papillary 
thyroid cancer, but not with non-
papillary thyroid cancer. 
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Table 1 
Baseline characteristics, 1991 and 2001 Canadian Census Health and Environment Cohorts

1991 cohort 2001 cohort
Men Women Men Women

95% 
confidence 

interval

95% 
confidence 

interval

95% 
confidence 

interval

95% 
confidence 

interval
N % from to N % from to N % from to N % from to

Total 1,308,200 100.0 ... ... 1,329,700 100.0 ... ... 1,554,500 100.0 ... ... 1,654,700 100.0 ... ...
Age group
25 to 34 357,800 27.4 27.3 27.4 389,000 29.3 29.2 29.3 280,100 18.0 18.0 18.1 310,300 18.8 18.7 18.8

35 to 44 341,400 26.1 26.0 26.2 353,700 26.6 26.5 26.7 402,000 25.9 25.8 25.9 428,800 25.9 25.9 26.0

45 to 54 233,500 17.9 17.8 17.9 217,900 16.4 16.3 16.5 361,800 23.3 23.2 23.3 367,100 22.2 22.1 22.2

55 to 64 183,300 14.0 14.0 14.1 155,400 11.7 11.6 11.7 240,000 15.4 15.4 15.5 232,100 14.0 14.0 14.1

65 to 74 132,000 10.1 10.0 10.1 132,700 10.0 9.9 10.0 173,000 11.1 11.1 11.2 182,700 11.0 11.0 11.1

75 to 89 60,100 4.6 4.6 4.6 81,000 6.1 6.0 6.1 97,500 6.3 6.2 6.3 133,600 8.1 8.0 8.1

Marital status
Married or common-law 1,037,400 79.3 79.2 79.4 920,900 69.3 69.2 69.3 1,220,300 78.5 78.4 78.6 1,154,600 69.8 69.7 69.8

Separated, widowed or divorced 95,200 7.3 7.2 7.3 253,900 19.1 19.0 19.2 128,800 8.3 8.2 8.3 315,600 19.1 19.0 19.1

Single 175,600 13.4 13.4 13.5 155,000 11.7 11.6 11.7 205,400 13.2 13.2 13.3 184,500 11.2 11.1 11.2

Immigrant status
Not an immigrant 1,042,500 79.7 79.6 79.8 1,071,200 80.6 80.5 80.6 1,210,500 77.9 77.8 77.9 1,289,100 77.9 77.8 78.0

Immigrant, 10 years or less in Canada 47,400 3.6 3.6 3.7 49,700 3.7 3.7 3.8 74,100 4.8 4.7 4.8 84,000 5.1 5.0 5.1

Immigrant, more than 10 years in Canada 218,300 16.7 16.6 16.8 208,800 15.7 15.6 15.8 270,000 17.4 17.3 17.4 281,500 17.0 17.0 17.1

Ethnicity
Caucasian 1,165,400 89.1 89.0 89.1 1,175,600 88.4 88.4 88.5 1,321,200 85.0 84.9 85.0 1,398,400 84.5 84.5 84.6

Black 16,000 1.2 1.2 1.2 19,100 1.4 1.4 1.5 20,900 1.3 1.3 1.4 26,300 1.6 1.6 1.6

East Asian 31,200 2.4 2.4 2.4 32,200 2.4 2.4 2.4 54,900 3.5 3.5 3.6 61,100 3.7 3.7 3.7

Southeast Asian 10,100 0.8 0.8 0.8 14,000 1.0 1.0 1.1 19,300 1.2 1.2 1.3 26,300 1.6 1.6 1.6

South Asian 20,600 1.6 1.6 1.6 18,000 1.4 1.3 1.4 40,500 2.6 2.6 2.6 39,300 2.4 2.3 2.4

Other† 64,800 5.0 4.9 5.0 70,900 5.3 5.3 5.4 97,800 6.3 6.3 6.3 103,400 6.2 6.2 6.3

Highest level of education
Less than secondary graduation 455,400 34.8 34.7 34.9 458,000 34.4 34.4 34.5 448,100 28.8 28.8 28.9 472,700 28.6 28.5 28.6

Secondary graduation 491,600 37.6 37.5 37.7 468,600 35.2 35.2 35.3 579,300 37.3 37.2 37.3 545,900 33.0 32.9 33.1

Postsecondary diploma or certificate 162,700 12.4 12.4 12.5 246,000 18.5 18.4 18.6 244,900 15.8 15.7 15.8 366,200 22.1 22.1 22.2

University degree 198,500 15.2 15.1 15.2 157,100 11.8 11.8 11.9 282,200 18.2 18.1 18.2 269,900 16.3 16.3 16.4

Economic family income adequacy quintile
1 - lowest 188,300 14.4 14.3 14.5 261,500 19.7 19.6 19.7 226,500 14.6 14.5 14.6 310,900 18.8 18.7 18.8

2 250,400 19.1 19.1 19.2 260,300 19.6 19.5 19.6 300,000 19.3 19.2 19.4 338,400 20.5 20.4 20.5

3 277,200 21.2 21.1 21.3 268,600 20.2 20.1 20.3 327,700 21.1 21.0 21.1 336,700 20.3 20.3 20.4

4 292,000 22.3 22.3 22.4 269,700 20.3 20.2 20.4 343,600 22.1 22.0 22.2 334,100 20.2 20.1 20.3
5 - highest 300,200 22.9 22.9 23.0 269,600 20.3 20.2 20.3 356,700 22.9 22.9 23.0 334,500 20.2 20.2 20.3

... not applicable
† all respondents who were not included in the listed categories
Notes: Counts are rounded to the nearest 100. Percentage estimates are based on unrounded data.
Source: 1991 and 2001 Canadian Census Health and Environment Cohorts.

Statistical analysis
Descriptive statistics were used to 
describe the characteristics of the 
cohorts and their age at TC diagnosis. 
Age-standardized incidence rates of TC 
per 100,000 (standardized to the 1991 
population aged 25 to 89 18) were esti-

mated by sex, across covariates and by 
histology type. Standard Cox propor-
tional hazard models with death as the 
censoring event were used to examine 
associations between covariates and 
incidence of TC.19 Unadjusted and 
adjusted hazard ratios (HR) and their 

95% confidence intervals (95% CIs) for 
TC were estimated for each cohort by 
sex. The cohorts were pooled to examine 
the association between the covari-
ates and the risk of papillary thyroid 
cancer (PTC) versus non-papillary 
thyroid cancer (NPTC) by sex. A cohort 
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Thyroid cancer incidence
In the 1991 and 2001 cohorts, there 
were about 1,700 and 4,800 reported 
cases, respectively, of TC during nine 
years of follow-up. The average age at 
diagnosis for men was the same in both 
cohorts (56 years), whereas the average 
age for women was higher in the 2001 
cohort—52 years, versus 49  years in 
1991. For both sexes and in both cohorts, 
age-standardized TC incidence rates 
observed among immigrants, East 
Asians and Southeast Asians (except for 
men in the 1991 cohort) were noticeably 
higher than average (Table 2). There was 

Results
Compared with the 1991 cohort, the 2001 
cohort members were older and more 
likely to be immigrants to Canada, to be 
of an ethnicity other than Caucasian, and 
to have a university degree (Table 1). In 
both cohorts, women were more likely 
than men to be aged 75 to 89; to be sep-
arated, widowed or divorced; or to be in 
the lowest income quintile. Women were 
less likely than men to be Caucasian or 
have a university degree.

indicator variable was included in all 
pooled models. Interactions were tested 
between the cohort indicator variable 
and each covariate, and confirmed that 
the direction of the association of each 
covariate with the outcome did not vary 
significantly by cohort. Cochran’s Q was 
used to test the homogeneity of the esti-
mated HRs across ethnicity categories.20 
Because of the heterogeneity of those 
included in the “other” ethnicity cat-
egory, TC incidence rates and hazard 
ratios were not reported.

Table 2 
Age-standardized incidence of thyroid cancer during nine years of follow-up, by sex and selected characteristics, 1991 and 2001 
Canadian Census Health and Environment Cohorts

1991 cohort 2001 cohort
Men Women Men Women

Rate per 
100,000

95% 
confidence 

interval Rate per 
100,000

95% 
confidence 

interval Rate per 
100,000

95% 
confidence 

interval Rate per 
100,000

95% 
confidence 

interval
from to from to from to from to

Overall 4.4 3.9 4.8 10.8 10.2 11.4 8.4 7.9 8.9 24.9 24.1 25.8
Marital status
Married or common-law 4.5 4.0 5.0 10.8 10.1 11.6 8.8 8.2 9.4 25.4 24.4 26.4

Separated, widowed or divorced 4.7 3.1 6.3 9.3 7.8 10.9 7.2 4.9 9.5 24.5 21.6 27.5

Single 3.1 1.8 4.4 10.0 8.1 11.9 6.2 4.7 7.8 22.9 20.4 25.4

Immigrant status
Not an immigrant 4.1 3.7 4.6 9.7 9.0 10.3 7.6 7.1 8.1 21.7 20.8 22.6

Immigrant, 10 years or less in Canada 8.0 3.5 12.5 16.9 12.3 21.6 9.2 6.3 12.0 40.5 35.5 45.5

Immigrant, more than 10 years in Canada 5.5 4.3 6.7 15.6 13.6 17.6 11.6 10.0 13.2 34.8 32.1 37.6

Ethnicity
Caucasian 4.2 3.8 4.6 10.4 9.8 11.0 8.3 7.8 8.8 23.8 22.9 24.7

Black 7.7 -0.5 15.9 12.6 6.3 18.9 8.6 4.2 12.9 31.0 23.2 38.7

East Asian 7.2 3.5 10.9 20.4 14.9 26.0 13.3 10.0 16.5 42.4 36.9 48.0

Southeast Asian F ... ... 25.1 16.1 34.1 14.1 6.3 21.9 53.2 43.4 63.1

South Asian 4.9 2.0 7.8 13.2 8.0 18.4 8.8 5.7 11.8 32.2 26.5 38.0

Highest level of education†

Less than secondary graduation 3.9 3.2 4.5 9.5 8.5 10.5 6.9 6.0 7.8 23.2 21.3 25.0

Secondary graduation 4.2 3.5 4.9 9.9 9.0 10.9 7.7 6.9 8.5 22.2 20.8 23.6

Postsecondary diploma or certificate 4.8 3.5 6.0 10.7 9.3 12.1 10.0 8.5 11.5 25.7 23.9 27.5

University degree 4.7 3.6 5.9 15.9 13.4 18.4 9.9 8.6 11.1 30.7 28.4 33.1

Economic family income adequacy quintile‡

1 - lowest 3.6 2.7 4.6 10.2 8.9 11.6 7.9 6.7 9.2 23.0 21.1 24.9

2 4.1 3.2 5.0 10.3 9.0 11.7 7.0 6.0 8.0 26.1 24.2 28.1

3 5.4 4.3 6.4 10.2 8.9 11.5 8.3 7.2 9.4 23.6 21.8 25.4

4 4.0 3.1 4.9 11.5 10.1 12.9 9.0 7.8 10.1 25.3 23.4 27.2

5 - highest 4.4 3.5 5.2 11.8 10.3 13.2 9.0 7.9 10.2 26.7 24.7 28.8

... not applicable
F too unreliable to be published
† test for linear trend significant at p = 0.00 for women in the 1991 cohort, and for men and women in the 2001 cohort
‡ test for linear trend significant at p = 0.03 for men and women in the 2001 cohort
Note: All characteristics are measured at baseline.
Source: 1991 and 2001 Canadian Census Health and Environment Cohorts.
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a gradient of higher TC incidence rates 
for women with higher levels of edu-
cation in the 1991 cohort, and for both 
sexes in the 2001 cohort. In general, 
TC incidence rates increased between 
1991 and 2001 across all characteristics 
examined: rates were almost double for 
men in the 2001 cohort compared to the 
1991 cohort (8.4 versus 4.4 per 100,000), 

and more than double for women 
(24.9 versus 10.8 per 100,000). 

In both cohorts, women were at 
greater risk of TC than men (1991 cohort 
unadjusted HR = 2.59; 95% CI: 2.33 to 
2.88; 2001 cohort unadjusted HR = 2.90; 
95% CI: 2.71 to 3.10). Table 3 presents 
adjusted HRs by sex. Compared with 
Caucasians, East and Southeast Asian 

women were at greater risk of TC in 
both cohorts (p ≤ 0.05 for heterogeneity), 
while East Asian men were at margin-
ally greater risk of TC in the 1991 cohort 
only. Immigrant status was associated 
with increased risk for women in both 
cohorts, and for men in the 2001 cohort. 
Women with a university degree in both 
cohorts, and men with a postsecondary 

Table 3 
Adjusted hazard ratios for thyroid cancer diagnosis during nine years of follow-up, by sex and selected characteristics,1991 and 2001 
Canadian Census Health and Environment Cohorts

1991 cohort 2001 cohort
Men Women Men Women

Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval
from to from to from to from to

Age group
25 to 34† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

35 to 44 1.31 0.97 1.76 1.02 0.88 1.17 1.08 0.88 1.33 1.14* 1.04 1.26

45 to 54 1.83* 1.35 2.48 0.88 0.73 1.05 1.40* 1.15 1.72 1.12* 1.01 1.24

55 to 64 2.36* 1.72 3.23 0.93 0.76 1.13 1.78* 1.45 2.20 0.96 0.86 1.09

65 to 74 2.61* 1.84 3.68 0.82 0.65 1.04 1.46* 1.14 1.87 0.70* 0.60 0.81

75 to 89 3.02* 1.90 4.80 0.84 0.62 1.16 1.38 0.99 1.90 0.43* 0.34 0.54

Marital status
Married or common-law† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

Separated, widowed or divorced 1.06 0.76 1.49 1.00 0.84 1.19 0.78* 0.61 0.99 1.02 0.92 1.12

Single 0.74 0.53 1.05 0.86 0.72 1.04 0.75* 0.60 0.92 0.92 0.82 1.03

Immigrant status
Not an immigrant† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

Immigrant 1.15 0.92 1.45 1.48* 1.28 1.71 1.46* 1.26 1.69 1.61* 1.48 1.75

Ethnicity‡

Caucasian† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

Black 1.04 0.46 2.36 0.93 0.60 1.45 0.85 0.51 1.41 0.92 0.72 1.18

East Asian 1.63* 1.00 2.66 1.49* 1.12 1.96 1.27 0.97 1.66 1.28* 1.10 1.48

Southeast Asian 1.11 0.41 3.03 1.92* 1.34 2.74 0.95 0.59 1.54 1.50* 1.24 1.81

South Asian 1.41 0.76 2.64 1.09 0.73 1.63 0.81 0.56 1.17 0.98 0.81 1.19

Highest level of education
Less than secondary graduation† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

Secondary graduation 1.06 0.85 1.33 1.03 0.89 1.19 1.00 0.85 1.16 0.94 0.86 1.03

Postsecondary diploma or certificate 1.24 0.92 1.68 1.14 0.96 1.35 1.27* 1.05 1.52 1.08 0.97 1.19

University degree 1.21 0.91 1.61 1.50* 1.25 1.80 1.24* 1.04 1.48 1.21* 1.09 1.35

Economic family income adequacy quintile
1 - lowest† 1.00 ... ... 1.00 ... ... 1.00 ... ... 1.00 ... ...

2 1.10 0.78 1.55 1.01 0.84 1.21 0.87 0.70 1.08 1.13* 1.01 1.26

3 1.48* 1.07 2.04 1.01 0.84 1.22 0.99 0.81 1.22 1.05 0.93 1.17

4 1.08 0.76 1.51 1.11 0.92 1.34 1.05 0.86 1.29 1.09 0.98 1.23

5 - highest 1.26 0.90 1.77 1.07 0.88 1.30 1.09 0.89 1.33 1.16* 1.03 1.30

... not applicable
* significantly different from reference group (p ≤ 0.05)
† reference group
‡ significant variation in risk across ethnic groups compared to Caucasian for women in both cohorts (p ≤ 0.05 for heterogeneity)
Notes: All characteristics are measured at baseline. 95% CIs are Wald confidence intervals. All models are adjusted for age group, marital status, immigrant status (2-level), ethnicity, education level 
and income quintile.
Source: 1991 and 2001 Canadian Census Health and Environment Cohorts.
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diploma or higher in the 2001 cohort 
were at increased risk of TC compared 
with those with less than a secondary 
school education. 

Histology type
Papillary thyroid cancer accounted for 
71% and 78% of thyroid cancer cases 
for men and women, respectively, in 
the 1991 cohort. Its share increased 
to 80% and 85% for men and women, 
respectively, in the 2001 cohort. 

The  age-standardized  incidence 
rate for PTC was more than double for 
men in the 2001 cohort compared with 
the 1991 cohort (6.7 per 100,000; 95% 
CI: 6.2 to 7.1 versus 3.0 per 100,000; 
95% CI: 2.6 to 3.3), and close to triple 
for women (21.4 per 100,000; 95% CI: 
20.6 to 22.2 versus 8.3 per 100,000; 95% 
CI: 7.8 to 8.9) (Figure 1). For men, there 
was a marginal increase in the age-stan-
dardized incidence rate of the “other” 
histology type between the two cohorts. 
For women, there was a slight increase 
in the rate of follicular, medullary and 
“other” thyroid cancers. 

Compared with men aged 25 to 34, 
men aged 45 to 74 were at increased risk 
of PTC, and men at older ages were at 
even greater risk for NPTC (Table 4). 
Although women of older ages were also 
at greater risk of NPTC, the risk of PTC 
among women declined with age. 

For both men and women, there was 
significant variation in risk of PTC 
across ethnicity categories (p ≤ 0.02 
for heterogeneity) that was not present 
for NPTC. East Asian men (HR = 1.39; 
95% CI: 1.08 to 1.80), East Asian women  
(HR = 1.38; 95% CI: 1.20 to 1.58) and 
Southeast Asian women (HR = 1.59; 
95% CI: 1.33 to 1.90) were at increased 
risk of PTC compared with Caucasian 
men and women. Men and women 
who were immigrants, had a postsec-
ondary diploma or higher, and were 
in the highest income quintile were at 
increased risk of PTC. Immigrant women  
(HR = 1.51; 95% CI: 1.27 to 1.80) and 
Southeast Asian women (HR = 1.65; 95% 
CI: 1.07 to 2.56) were also at increased 
risk of NPTC.

Discussion
The present study found that thyroid 
cancer risk varied across several socio-
demographic characteristics in two 
population-based cohorts, 10 years 
apart. Regardless of the cohort, women 
were at greater risk of TC than men. 
Moreover, women who were immi-
grants, who were of East or Southeast 
Asian descent, or who had a university 
degree were all at increased risk of TC. 
In the 2001 cohort, men were at greater 
risk of TC if they were an immigrant or 
had a postsecondary diploma or higher. 
When TC was considered by histology, 
immigrant status, ethnicity, education 
level and income were each associated 
with the risk of papillary thyroid cancer 
for both sexes while—for women only—
immigrant status and ethnicity were 
associated with the risk of non-papillary 
thyroid cancer.

Women had higher overall inci-
dence rates of TC than men, regardless 
of marital or immigrant status, ethni-
city, education or income, and this gap 
between men and women widened over 
time. Although this gender disparity has 

been widely reported,2-5 it is not com-
pletely understood. Potential factors 
include increased detection through 
much higher rates of diagnostic imaging 
tests among women in general compared 
with men,21 and hormonal or repro-
ductive factors.22-24 However, hormonal 
or reproductive factors cannot readily 
explain the shift from no difference in 
risk across age groups in the 1991 cohort 
to an inverted “U” in risk among women 
in the 2001 cohort, where women aged 
35 to 54 were at higher risk of TC com-
pared with women under the age of 35, or 
65 or older. It has been suggested instead 
that the introduction of ultrasonography 
in gynecologic and obstetric settings 
has resulted in more frequent examina-
tions of the thyroid gland in women of 
reproductive age.25 This, coupled with 
increasing rates of diagnostic imaging 
tests among women as a whole,21 could 
help explain the increased risk of TC, 
and particularly of PTC, in women 
during the reproductive years.26-28

Compared with non-immigrants, 
immigrant women in both cohorts, and 
immigrant men in the 2001 cohort, 
were at increased risk of TC, regardless 

Figure 1
Age-standardized incidence rates of thyroid cancer during nine years of follow-up, 
by histology type and sex, 1991 and 2001 Canadian Census Health and Environment 
Cohorts

Note: The rate is age standardized to the 1991 population.
Source: 1991 and 2001 Canadian Census Health and Environment Cohorts.
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radiation, or pre-existing thyroid disease 
may be contributing factors.29-34 

East and Southeast Asian women 
in both cohorts were at increased risk 
of TC compared with their Caucasian 
counterparts, regardless of age, immi-
grant status, education or income. These 
results are consistent with studies that 
have examined Asian ethnic groups in 
England and the United States.8,30 An 
examination of the results by histology 
type showed that the increased risk 

did not have any information regarding 
health service use, it did control for 
education and income, which some con-
sider to be markers of access to and use 
of health care services.9 It follows that 
the increased risk among immigrants 
in the present study, like the findings of 
Shah et al., cannot be attributed solely to 
differences in detection. Rather, differ-
ences in diet, behaviour, comorbidities, 
prior environmental exposures including 

of age, ethnicity, education or income. 
Shah et al. also found increased risk 
of TC among Asian immigrants to 
Ontario, results that were independent 
of primary care visits and intensity of 
diagnostic radiology tests.13 Moreover, 
they reported that the immigrants in 
their study generally had fewer contacts 
with the health care system, which sug-
gests that increased detection did not 
explain the increase in risk for this popu-
lation group. Although the present study 

Table 4 
Adjusted hazard ratios for papillary and non papillary thyroid cancer diagnosis during nine years of follow-up, by sex and selected 
characteristics, pooled 1991 and 2001 Canadian Census Health and Environment Cohorts

Papillary Non papillary
Men Women Men Women

Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval Hazard 
ratio

95% 
confidence 

interval
from to from to from to from to

Age group
25 to 34† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

35 to 44 1.16 0.97 1.39 1.09 1.00 1.19 1.13 0.74 1.73 1.14 0.91 1.43

45 to 54 1.42* 1.18 1.70 1.01 0.92 1.11 2.22* 1.48 3.32 1.38* 1.09 1.74

55 to 64 1.62* 1.33 1.97 0.90 0.81 1.01 3.95* 2.66 5.87 1.28 0.99 1.67

65 to 74 1.39* 1.10 1.74 0.58* 0.50 0.67 3.76* 2.46 5.77 1.73* 1.32 2.25

75 to 89 0.99 0.69 1.40 0.26* 0.20 0.34 5.87* 3.67 9.38 2.14* 1.58 2.88

Marital status
Married or common-law† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

Separated, widowed or divorced 0.75* 0.59 0.95 0.92 0.84 1.02 1.15 0.82 1.60 1.34* 1.12 1.60

Single 0.73* 0.60 0.89 0.91 0.82 1.00 0.78 0.52 1.17 0.91 0.71 1.17

Immigrant status
Not an immigrant† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

Immigrant 1.46* 1.27 1.68 1.59* 1.46 1.72 1.04 0.80 1.36 1.51* 1.27 1.80

Ethnicity‡

Caucasian† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

Black 0.74 0.44 1.24 0.84 0.66 1.06 1.59 0.74 3.44 1.35 0.85 2.14

East Asian 1.39* 1.08 1.80 1.38* 1.20 1.58 1.05 0.57 1.93 1.05 0.73 1.52

Southeast Asian 0.85 0.51 1.41 1.59* 1.33 1.90 1.73 0.75 3.99 1.65* 1.07 2.56

South Asian 0.77 0.53 1.12 0.97 0.80 1.17 1.67 0.92 3.03 1.32 0.87 2.00

Highest level of education
Secondary graduation or less† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

Postsecondary diploma or certificate or higher 1.26* 1.12 1.41 1.22* 1.14 1.30 1.23 0.97 1.54 1.14 0.98 1.33

Economic family income adequacy quintile
1st to 4th† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

5th (highest) 1.18* 1.04 1.34 1.08* 1.00 1.17 0.82 0.63 1.07 1.08 0.90 1.30

Cohort
1991† 1.00 … … 1.00 … … 1.00 … … 1.00 … …

2001 2.23* 1.96 2.53 2.48* 2.30 2.67 1.22 0.98 1.51 1.44* 1.24 1.66

... not applicable
* significantly different from reference group (p ≤ 0.05)
† reference group
‡ significant variation in risk across ethnic groups compared to Caucasian for men and women diagnosed with papillary thyroid cancer (p ≤ 0.02 for heterogeneity)
Notes: All characteristics are measured at baseline. 95% CIs are Wald confidence intervals. All models are adjusted for age group, marital status, immigrant status (2-level), ethnicity, education 
(2-level), income quintile (2-level), and cohort.
Source: 1991 and 2001 Canadian Census Health and Environment Cohorts.
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among East Asian women in the present 
study was attributable to PTC, whereas 
the increased risk among Southeast 
Asian women was attributable to both 
PTC and NPTC. Interestingly, there was 
also an increased risk among Southeast 
Asian men for NPTC. That these find-
ings persisted, despite the study having 
controlled for immigrant status, suggests 
that factors unrelated to country of origin 
may play a role. Differential exposure to 
factors such as familial thyroid disease, 
or iodine deficiency or excess, might 
contribute to the increased risk for these 
population groups.30,35 

Like others who have found an asso-
ciation between higher socioeconomic 
status (SES) and TC incidence,6,9-11 the 
present study found that, regardless of 
other characteristics, men and women 
who were in the highest income quin-
tile or who had a postsecondary diploma 
or higher were at greater risk of being 
diagnosed with PTC, but not NPTC.  
A possible explanation is the increased 
use of medical diagnostic imaging 
among people with higher SES. Hall 
et  al. found that areas in Ontario with 
a greater proportion of highly educated 
people had higher rates of diagnostic 
ultrasounds as well as higher rates of 
thyroid cancer.12 

Lastly, the observation of a significant 
increase in TC incidence, and particu-
larly the PTC histology between the two 
cohorts across all socioeconomic char-
acteristics, is consistent with worldwide 
trends.2-4,36,37 This speaks not only to the 
changes in diagnostic practices that have 
resulted in increased detection of these 
tumours,2,25,31,38,39 but also to the greater 

relative risk among certain groups  
(e.g., immigrants) in the present study 
who represent an increasing proportion 
of the Canadian population. That this 
variation in relative risk persisted across 
time suggests that more than increased 
detection is responsible for the observed 
differences between groups. The pre-
viously mentioned risk factors of diet, 
environmental exposures, comorbid-
ities, and heredity,29-35 and other factors 
such as proximity to health care services 
and physician characteristics, all likely 
play a role. 

Strengths and limitations
The present study has a number of 
strengths.  It  is  a  population-based 
analysis of two large cohorts, each with 
nine years of follow-up. The datasets 
allowed for the examination of several 
characteristics beyond age and sex, 
including  individual-level  measures 
of socioeconomic status. Unlike other 
studies of race or ethnicity, the present 
study was able to examine both ethni-
city and immigrant status in an effort 
to disentangle their individual associ-
ations with TC risk. By pooling the two 
cohorts, it was possible to undertake a 
more detailed examination of risk factors 
related to PTC versus NPTC.

However, this study also has several 
limitations. The number of thyroid 
cancer cases was relatively small, par-
ticularly in the 1991 cohort, which 
prevented a more detailed analysis by 
histology type. Analysis of less-ag-
gregated ethnicity categories was not 
possible because of changes over time 

in the census’ aggregate classification 
of visible minority status. Furthermore, 
TC incidence and hazard ratios were not 
estimated for the “other” ethnicity cat-
egory in this analysis because it included 
a wide range of ethnicities, likely with 
differing levels of risk of thyroid cancer. 
Pacific Islanders, for example, who have 
been grouped with Southeast Asians 
in previous research,30 were included 
in the “other” category, as were Latin 
Americans, a group that includes people 
from many countries who have been 
shown to have a range of risk profiles.3 
The cohorts did not contain information 
on tumour size or staging for the period 
under analysis, and information was not 
available on diet, behaviour, comorbidity 
or family history of TC. The 10-year 
washout period may have been insuffi-
cient to prevent the capture of some 
recurrent rather than new thyroid cancer 
cases in the follow-up period. 

Conclusion
Thyroid cancer incidence has increased 
significantly in Canada. While increased 
detection, particularly of papillary 
thyroid cancer, has certainly played 
a role, it does not fully account for the 
higher relative risk of thyroid cancer 
among the immigrant population and 
certain ethnic groups. Knowing that 
specific groups are at greater risk 
can help target awareness and treat-
ment programs, but more research is 
needed to better understand the deter-
minants of the increased risk in these  
populations. ■
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