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ABSTRACT
Background: Breast cancer is the most commonly diagnosed cancer among women in Canada. Screening is effective in re-
ducing breast cancer mortality through early cancer detection. However, data on individual social and medical characteristics 
contributing to variation in adherence to screening is limited.
Methods: Using multivariable logistic regression, we analyzed self- reported questions on engagement in screening mammog-
raphy from five regions of the Canadian Partnership for Tomorrow's Health (CanPath), including the BC Generations Project 
(BCGP), Alberta's Tomorrow Project (ATP), the Ontario Health Study (OHS), Quebec's CARTaGENE, and the Atlantic Partnership 
for Tomorrow's Health Study (Atlantic PATH).
Results: The study population included 79,986 and 46,907 individuals aged 50–74 and 40–49 years at study enrollment, respec-
tively. Most participants self- reported undergoing screening mammography less than 2 years from study enrollment, ranging 
from 77.8% in OHS to 86.3% in BCGP. Factors significantly associated with a lower odd of ever undergoing screening mammog-
raphy were lower household income, being single/never married, current daily smoking, poor self- perceived health, no history of 
breast feeding, and ≥ 24 months since last routine medical check- up by a doctor or nurse. Among women aged 40–49 years with 
a first- degree family history of breast cancer (N = 4212 [8.9%]), the likelihood of ever being screened varied by region and was 
significantly lower among individuals with post menopause and more than 12 months since last medical check- up.
Conclusion: Factors associated with screening adherence that were identified in this study namely household income, self- 
perceived health, and routine medical check- ups should be considered as potential factors for targeting undeserved communities 
and increasing engagement in screening at both provincial and national levels. The observed variation in mammography among 
women aged 40 to 49 years with family history of breast cancer, may inform the current guidelines for potential benefits of early 
screening initiation.
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1   |   Introduction

Breast cancer is the most commonly diagnosed cancer and the 
second leading cause of cancer- related death among women in 
Canada [1, 2]. Breast cancer screening, as a secondary preven-
tion strategy, has been shown to be effective in reducing cancer 
mortality through early cancer detection [3]. Evidence from ob-
servational studies show a 25% to 31% reduction in risk of breast 
cancer mortality among women aged 50 to 69 years [4].

Established guidelines by the Canadian Task Force on Preventive 
Health Care (CTFPHC) recommend biennial mammography for 
average risk women aged 50–74 years [5, 6]. In Canada, orga-
nized screening uses a systematic approach for the identifica-
tion and invitation of the screening eligible population, recall 
after a normal or benign screening, and regular monitoring and 
evaluation. Important components of the organized approach 
to screening in Canada include providing consistent and high- 
quality services, monitoring of screening program elements, in-
tegration of screening within the cancer care spectrum, as well 
as high enrollment and participation [7].

Although individuals at high risk (e.g., family history of breast 
cancer and genetic mutations) have a greater lifetime risk of 
developing breast cancer, currently there are no national guide-
lines, and screening protocols vary across jurisdictions [8]. For 
instance, although about 10% of breast cancer- related deaths 
occurs among women aged 40–49 years, the risk of false posi-
tive and over diagnosis among this population has resulted in 
either excluding these individuals from routine screening poli-
cies or restricting the mammography only to those with family 
history of breast cancer in most Canadian jurisdictions [1, 9]. 
Nevertheless, although the risk of breast cancer is two times 
higher among women with affected first- degree relative, en-
gagement in mammographic screening among this population 
remains suboptimal [10, 11].

In Canada, preventive healthcare services, including screening 
programs, are part of publicly funded healthcare [12]. However, 
the most recent Canadian Community Health Survey indicates 
about 78% of Canadian women aged 50–74 years reported a his-
tory of breast cancer screening with mammography over the last 
3 years [11]. However, an assessment of variation in screening 
uptake within and between provinces is needed [12]. In a re-
cently conducted study, the inter-  and intraprovincial variation 
in screen- detected breast cancer cases varied from 42% to 52% 
among women aged 50–69 years [12]. While the observed within 
provincial variation was largely related to age- group screening 
eligibility, the between province variation was associated with 
differences in rural/urban residence and income [12]. However, 
this study did not assess the potential impact of individual fac-
tors, known to be associated with breast cancer and health- 
seeking behavior [11], such as education, ethnicity, history of 
pregnancy, and breast feeding as well as use of hormone replace-
ment therapy and contraceptives.

In the current study, we used data from CanPath (the Canadian 
Partnership for Tomorrow's Health) [13] to identify factors asso-
ciated with engagement in screening mammography and to esti-
mate the potential variation in screening uptake across regional 
CanPath cohorts among eligible women (i.e., aged 50–74 years). 

We further assessed the potential factors associated with ever 
being screened among women aged 40 to 49 years with family 
history of breast cancer.

2   |   Methods

2.1   |   Study Population

CanPath participants were recruited from 2008 to 2016 from five 
regional cohorts namely the BC Generations Project (BCGP), 
Alberta's Tomorrow Project (ATP), the Ontario Health Study 
(OHS), Quebec's CARTaGENE, and the Atlantic Partnership 
for Tomorrow's Health Study (Atlantic PATH). Using a Health 
and Lifestyle Questionnaire (HLQ), data on following social 
and medical determinants of health at study enrollment were 
collected: age, sex, education, country of birth, race, marital 
status, income, self- perceived health, family history of cancer 
and chronic diseases, physical activity, smoking status, num-
ber of pregnancies, breast feeding history, and cancer screen-
ing history. For the current analysis, the study population was 
restricted to women aged 40–74 years with no prior diagnosis 
of breast cancer. Individuals with missing information on age, 
cancer status, and/or type and unknown history of breast cancer 
screening were excluded.

2.2   |   Screening Status and Risk Factors

To examine engagement in screening mammography, the HLQ 
included two questions on lifetime history of breast cancer 
screening, as well as the timing of the last mammogram at study 
enrollment (i.e., less than 6 months ago, 6 months to less than 
1 year ago, 1 year to less than 2 years ago, 2 years to less than 
3 years ago, 3 years to less than 5 years ago, and 5 or more years 
ago). In this study, we categorized breast cancer screening status 
as “never screened” if participants reported no previous history 
of mammography and “ever screened” if participants reported 
any history of breast cancer screening at study enrollment. We 
further categorized ever screening status as history of screening 
“less than two years” if participants reported history of mam-
mography less than 2 years ago, and “more than two years” if 
participants reported history of mammography more than 
2 years ago. In order to examine the impact of family history of 
breast cancer, adherence to screening mammography was as-
sessed separately among participants with a first- degree family 
history of breast cancer [8] (i.e., first- degree family history) and 
screening eligible women aged 50–74 without family history of 
breast cancer (i.e., average risk). As a sensitivity analysis, we also 
assessed ever versus never screening status among women aged 
40 to 49 years with and without family history of breast cancer.

2.3   |   Statistical Analysis

Sociodemographic characteristics of participants stratified 
by study cohort at enrollment are presented as counts and 
percentages.

Multivariable logistic regression models were used to assess ad-
herence to the screening mammography among two groups of 
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ever versus never screened individuals as well as participants 
with history of breast cancer screening “less than two years” 
versus “more than two years” ago.

In the models, only variables selected through backward selec-
tion were included to evaluate the association between breast 
cancer screening and potential predictors. Associations were 
estimated as odds ratios (ORs) with 95% confidence intervals 
(95% CI).

Variables included in the models were sex, age (i.e., 40–49, 
50–59, 60–69, and 70–74 years), total annual household income 
(i.e., <$50,000, $50,000–99,999, ≥$100,000), education (i.e., no 
education or less than high school, trade, technical school or di-
ploma from a community college, university certificate below 
bachelor's level, bachelor's degree, and graduate degree), marital 
status (i.e., married or living with a partner, divorced, widowed, 
separated, single/never married), ethnic background (i.e., white, 
other), first language (i.e., English, French, other), perception of 
health (i.e., poor, fair, good, very good, and excellent), country 
of birth (i.e., Canada, other), smoking status (i.e., never smoked 
at least 100 cigarettes, past smoker (ever smoked at least 100 cig-
arettes), current occasional smoker, current daily smoker), and 
level of physical activity (i.e., low, moderate, or high). Models 
were also adjusted for the presence of comorbidities (defined 
as any occurrence of at least one of the following conditions: 
asthma, arthritis or rheumatism, high blood pressure, mi-
graine headaches, chronic bronchitis or emphysema, sinusitis, 
diabetes, epilepsy, heart disease, cancer, stomach or intestinal 
ulcers, effects of a stroke, urinary incontinence, bowel disor-
ders, Alzheimer's disease or dementia, cataracts, glaucoma, and 
thyroid dysfunction), time since last routine medical check- up 
by a doctor or a nurse (< 12 months, ≤ 12 to < 24 months, 
≥ 24 months), number of pregnancies (0, 1, 2, ≥ 3), total lifetime 
duration of breast feeding (0, ≤ 12 months, > 12 months), ever 
use of hormone replacement therapy (HRT) (no/yes), ever use 
of hormone fertility treatment (HFT) (no/yes), ever use of con-
traceptives (no/yes), and menopause (no/yes). Due to the self- 
reported nature of the data, missing values in this study were 
categorized as “unknown” and were included in the analysis.

All analyses were performed using SAS version 9.4 (Cary, NC, 
USA). Ethical approval was provided by the Health Research 
Ethics Board, University of British Columbia.

3   |   Results

3.1   |   Sociodemographic Characteristics at Study 
Enrollment

From a total of 261,760 respondents at enrollment in CanPath, 
79,986 average risk individuals aged 50–74 years, including 
11,155 (14.0%) from BCGP, 13,374 (16.7%) from ATP, 36,871 
(46.1%) from OHS, 11,898 (14.9%) from CARTaGENE, and 6688 
(8.4%) from Atlantic PATH, met the inclusion criteria (Table 1 
and Figure 1). Additionally, 17,416 individuals aged 40–74 years 
with a family history of breast cancer, including 2355 (13.5%) 
from BCGP, 3324 (19.1%) from ATP, 7986 (45.9%) from OHS, 
1974 (11.3%) from CARTaGENE, and 1777 (10.2%) from Atlantic 
PATH, were included in the study (Table 2 and Figure 1).

Tables 1 and 2 summarize the sociodemographic characteristics 
of individuals with average risk and first- degree family history of 
breast cancer, respectively. Overall, across all CanPath regions, 
in both groups most participants were married or living with 
a partner (family history: 69.8%), were white (family history: 
78.2%), and were among never smokers (family history: 48.9%). 
Furthermore, greater proportions of participants had household 
incomes $50,000–99,999 (family history: 34.5%), with an edu-
cation level of trade, technical school, or diploma from commu-
nity college (family history: 34.5%), had very good self- perceived 
health (family history: 41.6%), had a high level of physical activ-
ity (family history: 33.00%), with no comorbid conditions (family 
history: 39.5%), and with less than 12 months since last routine 
medical check- up by a doctor or nurse (family history: 68.6%). 
Furthermore, in both first- degree family history and average 
risk groups, history of at least three pregnancies (family history: 
43.3%), ≤ 12 months lifetime duration of breast feeding (family 
history: 33.5%), ever use of contraceptives (88.3%), and meno-
pause (family history: 68.1%) were reported more frequently 
compared to other categories. Among both average risk and 
family history groups across all provinces, about 95% of indi-
viduals reported history of lifetime breast cancer screening. In 
total, 80.0% of average risk group and 84.1% of family history 
group were among regular screening category.

Table 3 presents predictors of adherence to breast cancer screen-
ing among ever versus never screened individuals in average risk 
participants and individuals with family history group. Overall, 
compared to OHS (the CanPath region with the largest number 
of participants), the likelihood of being ever screened compared 
to being never screened was higher across all regions, ranging 
from 21% in CARTaGENE to 51% in ATP among average risk 
individuals (Table 3). Similar patterns were observed among in-
dividuals with family history of breast cancer. In both groups, 
lower household income, marital status other than married or 
living with a partner, current daily smoking status, no history of 
breast feeding or more than 12 months of lifetime breast feeding, 
and more than 12 months since last routine medical check- up 
by a doctor or nurse, were significant barriers of ever being 
screened. Additionally, among average risk individuals, poor, 
fair, and good self- perceived health status compared to excellent 
category were significant barriers of ever being screened with 
mammography (OR poor: 1.80; 1.44–2.26). In contracts, older 
age (average risk groups), presence of comorbidity, ever use of 
contraceptives in both groups, and ever use of HFT and HRT, 
were significantly associated with higher odds of ever being 
screened.

Table  4 displays the predictors of adherence to breast cancer 
screening among individuals with history of screening less than 
2 years compared to more than 2 years ago. Among both groups, 
the likelihood of being screened less than 2 years ago was sig-
nificantly higher in ATP compared with OHS. Overall, house-
hold incomes < $50,000, marital status other than being married 
or living with a partner, being a current or past smoker, low level 
of physical activity, poor self- perceived health, and ≥ 24 months 
since last routine medical check- up by a doctor or nurse were 
significantly associated with lower adherence to screening 
within the last 2 years. Among average risk individuals, ever use 
of HRT and HFT, and menopause were significantly associated 
with being screened less than 2 years ago.
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As a sensitivity analysis, the association between participant 
characteristics and screening patterns among individuals aged 
40 to 49 was assessed. In total, 46,907 individuals, including 
4212 (8.98%) with a family history of breast cancer and 42,695 
(91.0%) with no family history of breast cancer were in their 
40s at study enrollment (Table 5). Overall, across all provinces, 
87% of individuals aged 40–49 years with a family history of 
breast cancer had engaged in breast cancer screening. In gen-
eral, among individuals aged 40–49 years with family history 
of breast cancer, the likelihood of ever being screened in their 
40s was significantly lower among participants who were post 
menopause (OR 1.83, 95% CI 1.34–2.50), and those who had 
gone more than 12 months since last routine medical check- up 
by a doctor or nurse (OR 3.32, 95% CI 1.97–5.60). Among in-
dividuals in their 40s with no family history of breast cancer, 
household incomes < $50,000, divorced marital status, low level 

of physical activity, no history of breast feeding or more than 
12 months of lifetime breast feeding, post menopause, and more 
than 12 months since last routine medical check- up by a doctor 
or nurse were significantly associated with lower odds of ever 
being screened (results not shown).

4   |   Discussion

In this study, adherence to breast cancer screening guidelines 
across eight provinces in Canada was assessed using data from 
five regional cohorts in CanPath. Overall, among average risk 
populations, the majority of participants were in the “ever 
screened” category. Similarly, a higher proportion of individuals 
with a family history of breast cancer were among ever screeners, 
ranging from 94% in OHS to 97% in BCGP. Among individuals 

FIGURE 1    |    Study flow diagram.
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TABLE 3    |    Predictors of breast cancer screening comparing ever (reference category) versus never screening status among average risk population 
and individuals with family history of breast cancer aged 50–79 years.

Study population Average risk N = 79,986 Family history N = 13,204

Variable Odds ratio (95% CI) Odds ratio (95% CI)

Region

BCGP 0.74 (0.65–0.85) 0.68 (0.40–1.14)

Atlantic PATH 0.48 (0.43–0.54) 0.55 (0.36–0.86)

ATP 0.49 (0.43–0.55) 0.61 (0.39–0.95)

CARTaGENE 0.79 (0.67–0.84) 0.88 (0.50–1.55)

OHS 1.00 1.00

Age

50–59 1.00 NA

60–69 0.51 (0.46–0.56) NA

70–74 0.54 (0.41–0.71) NA

Household income

< $50,000 1.68 (1.51–1.86) NA

$50,000–$99,999 1.20 (1.08–1.31) NA

≥ $100,000 1.00 NA

Unknown 1.25 (1.10–1.42) NA

First language learned

English NA 1.00

French NA 0.93 (0.55–1.55)

Other NA 1.75 (1.14–2.68)

Marital status

Married or living with a partner 1.00 1.00

Divorced 1.15 (1.04–1.27) 1.45 (1.01–2.08)

Widowed 0.96 (0.82–1.14) 0.83 (0.43–1.60)

Separated 1.25 (1.08–1.46) 1.69 (0.96–2.99)

Single, never married 1.25 (0.99–1.28) 1.15 (0.97–2.38)

Unknown 1.24 (0.91–1.70) 3.51 (1.17–10.53)

Smoking status

Never smoked at least 100 cigarettes 1.00 1.00

Past smoker (ever smoked at least 100 cigarettes) 0.98 (0.90–1.06) 1.46 (1.08–1.99)

Current occasional smoker 1.39 (1.12–1.72) 1.85 (0.78–4.38)

Current daily smoker 1.69 (1.53–1.88) 2.59 (1.76–3.83)

Unknown 1.02 (0.82–1.26) 0.66 (0.20–2.17)

Self- perceived health

Poor 1.80 (1.44–2.26) NA

Fair 1.31 (1.30–1.51) NA

Good 1.17 (1.04–1.30) NA

(Continues)
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Study population Average risk N = 79,986 Family history N = 13,204

Variable Odds ratio (95% CI) Odds ratio (95% CI)

Very good 1.03 (0.93–1.15) NA

Excellent 1.00 NA

Unknown 1.29 (0.83–2.01) NA

Presence of comorbidity

0 1.00 1.00

1 0.78 (0.71–0.85) 0.71 (0.51–0.97)

2 0.76 (0.68–0.85) 0.51 (0.32–0.81)

3 0.74 (0.62–0.87) 0.44 (0.20–0.95)

4 0.72 (0.57–0.91) 0.89 (0.38–2.08)

5 0.69 (0.60–0.80) 0.77 (0.44–1.35)

Total lifetime duration of breast feeding

0 1.33 (1.21–1.47) NA

≤ 12 months 1.00 NA

> 12 months 1.27 (1.15–1.40) NA

Unknown 1.29 (1.17–1.43) NA

Ever use of contraceptives

No 1.00 1.00

Yes 0.66 (0.60–0.73) 0.76 (0.53–1.09)

Unknown 0.94 (0.65–1.36) 4.40 (1.38–14.00)

Ever use of hormone fertility treatment

No 1.00 NA

Yes 0.77 (0.65–0.92) NA

Unknown 0.87 (0.69–1.08) NA

Ever use of hormone replacement therapy

No 1.00 NA

Yes 0.40 (0.36–0.44) NA

Unknown 0.77 (0.59–1.00) NA

Menopause

No 1.00 1.00

Yes 0.48 (0.45–0.53) 0.61 (0.44–0.84)

Unknown 0.81 (0.64–1.02) 1.32 (0.54–3.24)

Time since last routine medical check- up by a doctor or a nurse

< 12 months 1.00 1.00

≤ 12 to < 24 months 1.34 (1.22–1.47) 1.72 (1.19–2.47)

≥ 24 months 4.26 (3.91–4.63) 5.70 (4.13–7.86)

Unknown 4.86 (4.13–5.72) 8.04 (4.69–13.79)

Note: Not applicable (NA): variables not selected through backward selection.

TABLE 3    |    (Continued)
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TABLE 4    |    Predictors of breast cancer screening comparing less than 2 years (reference category) to more than 2 years.

Study population Average risk N = 79,986 Family history N = 13,204

Variable Odds Ratio (95% CI)

Region

BCGP 1.04 (0.96–1.12) 0.81 (0.66–1.01)

Atlantic PATH 0.95 (0.89–1.01) 0.94 (0.79–1.11)

ATP 0.60 (0.56–0.65) 0.58 (0.47–0.70)

CARTaGENE 0.98 (0.92–1.05) 1.01 (0.84–1.22)

OHS 1.00 1.00

Age

50–59 1.00 1.00

60–69 0.96 (0.91–1.00) 0.98 (0.86–1.11)

70–74 1.30 (1.15–1.46) 1.77 (1.34–2.34)

Race/cultural origin

White 1.00 NA

Other 1.07 (1.01–1.13) NA

Household income

< $50,000 1.24 (1.17–1.32) 1.20 (0.97–1.50)

$50,000–$99,999 1.08 (1.02–1.14) 1.28 (1.07–1.54)

≥ $100,000 1.00 1.00

Unknown 1.10 (1.02–1.19) 1.20 (0.97–1.50)

Country of birth

Canada 1.00 NA

Other 1.14 (1.08–1.20) NA

Marital status

Married or living with a partner 1.00 1.00

Divorced 1.23 (1.16–1.31) 1.28 (1.07–1.51)

Widowed 1.23 (1.13–1.33) 1.14 (0.90–1.44)

Separated 1.31 (1.18–1.45) 1.46 (1.08–1.96)

Single, never married 1.13 (1.03–1.23) 1.25 (1.00–1.60)

Unknown 1.41 (1.14–1.74) 2.63 (1.27–5.42)

Smoking status

Never smoked at least 100 cigarettes 1.00 1.00

Past smoker (ever smoked at least 100 cigarettes) 1.08 (1.04–1.13) 0.97 (0.85–1.11)

Current occasional smoker 1.10 (0.95–1.28) 1.42 (0.94–2.15)

Current daily smoker 1.53 (1.42–1.64) 1.61 (1.32–1.96)

Unknown 1.20 (1.07–1.35) 0.96 (0.66–1.40)

Physical activity level

Low 1.06 (1.0–1.12) NA

Moderate 0.95 (0.90–1.00) NA

(Continues)
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Study population Average risk N = 79,986 Family history N = 13,204

Variable Odds Ratio (95% CI)

High 1.00 NA

Unknown 0.92 (0.86–0.98) NA

Self- perceived health

Poor 1.77 (1.53–2.06) 1.81 (1.22–2.68)

Fair 1.50 (1.37–1.64) 1.27 (1.00–1.60)

Good 1.18 (1.11–1.27) 0.95 (0.80–1.14)

Very good 1.04 (0.97–1.10) 0.77 (0.64–0.91)

Excellent 1.00 1.00

Unknown 1.31 (0.97–1.77) 0.61 (0.17–2.21)

Presence of comorbidity

0 1.00 NA

1 0.94 (0.90–0.99) NA

2 0.98 (0.92–1.04) NA

3 1.04 (0.95–1.14) NA

4 1.10 (0.97–1.24) NA

5 1.09 (1.00–1.18) NA

Pregnancy

0 0.81 (0.73–0.89) NA

1 0.89 (0.83–0.96) NA

2 0.89 (0.84–0.93) NA

≥ 3 1.00 NA

Unknown 1.01 (0.82–1.26) NA

Total lifetime duration of breast feeding

0 1.04 (0.98–1.10) NA

≤ 12 months 1.00 NA

> 12 months 1.09 (1.03–1.16) NA

Unknown 1.17 (1.08–1.27) NA

Ever use of contraceptives

No 1.00

Yes 0.93 (0.87–0.98) NA

Unknown 0.70 (0.52–0.94) NA

Ever use of hormone fertility treatment

No 1.00 NA

Yes 0.85 (0.77–0.93) NA

Unknown 0.86 (0.75–1.00) NA

(Continues)

TABLE 4    |    (Continued)
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aged 40–49 years with a first- degree family history of breast 
cancer, the majority of participants had a history of ever being 
screened, ranging from 85% in CARTaGENE to 92% in BCGP. 
In multivariable regression analysis among average risk and 
participants with family history of breast cancer, the likelihood 
of being screened less than 2 years ago was significantly higher 
in ATP compared to OHS (the CanPath region with the larg-
est number of participants). Overall, lower household income, 

current daily smoking, no history of breast feeding and more 
than 12 months since last routine medical check- up by a doctor 
or nurse were among factors identified as significant barriers to 
screening uptake.

According to the Canadian Partnership Against Cancer 
(CPAC), adherence of 70% or higher to mammography screen-
ing is recommended as an effective strategy for reducing breast 

Study population Average risk N = 79,986 Family history N = 13,204

Variable Odds Ratio (95% CI)

Ever use of hormone replacement therapy

No 1.00 NA

Yes 0.80 (0.77–0.84) NA

Unknown 0.93 (0.78–1.10) NA

Menopause

No 1.00 NA

Yes 0.92 (0.87–0.98) NA

Unknown 0.97 (0.81–1.16) NA

Time since last routine medical check- up by a doctor or a nurse

< 12 months 1.00 1.00

≤ 12 to < 24 months 1.71 (1.62–1.79) 1.66 (1.43–1.93)

≥ 24 months 5.92 (5.59–6.27) 6.73 (5.78–7.85)

Unknown 4.03 (3.56–4.57) 5.14 (3.70–7.15)

Note: Screening status among average risk population and individuals with family history of breast cancer, aged 50–79 years. Not applicable (NA): variables not 
selected through backward selection.

TABLE 4    |    (Continued)

TABLE 5    |    Breast cancer screening status among: (A) all women aged 40–49 years and (B) women aged 40–49 years with family history of breast 
cancer, by region.

Overall N (%)
Atlantic 

PATH N (%) ATP N (%) BCGP N (%) CARTaGENE N (%) OHS N (%)

A. Breast cancer screening status among all participants

Never 17,567
37.45

1436
34.52

1361
20.85

754
18.81

3946
46.38

10,070
42.49

Less than 
2 years

20,858
44.47

2141
51.47

4182
64.05

2882
71.91

2668
31.36

8985
37.91

More than 
2 years

8482
18.08

583
14.01

986
15.10

372
9.28

1894
22.26

4647
19.61

Total 46,907
100.00

4160
8.87

6529
13.92

4008
8.54

8508
18.14

23,702
50.53

B. Breast cancer screening status among individuals with family history of breast cancer

Never 531
12.61

49
11.26

57
7.99

31
7.29

66
14.67

328
14.98

Ever 3681
87.39

386
88.74

656
92.01

394
92.71

384
85.33

1861
85.02

Total 4212
100.00

435
10.33

713
16.93

425
10.09

450
10.68

2189
51.97
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cancer- related mortality in the general population [14]. Our 
findings show that the participation rate in all CanPath regions 
exceeded this target. In a recently conducted study in Alberta, 
adherence to screening at enrollment was 79%, which was in line 
with the 83% estimated rate in our study (1515). Nevertheless, in 
a population- based cohort study conducted in Ontario in 2011, 
64% of women aged 50–74 had history of at least one mammo-
gram over the last 24 months, which was lower than the esti-
mated 78% among average risk women in Ontario (OHS) in the 
current study [15]. Overall, the observed variation between re-
gional cohorts in this study was minimal.

Similar to previously conducted studies, the present study found 
that several modifiable and non- modifiable factors were signifi-
cantly associated with regular or never screening. It has been 
shown that having a family doctor was significantly associated 
with regular screening [15–17]. Our study supports this finding 
as we observed a significant association between having a rou-
tine check- up performed more than 12 months ago and never 
screening. Our results on the association of household income 
and regular screening echo the findings reported by two studies 
conducted in Ontario and Alberta [15, 18]. We further observed 
that racial origin other than white was significantly associated 
with episodic screening. However, due to limited diversity in race 
within CanPath participants, we were not able to further disag-
gregate “other” racial origin. In a study conducted by Woods 
et  al. in British Columbia, significant variation in screening 
participation across country of birth was observed and Eastern 
European/Central Asian women showed low participation rate 
(38%) [19]. Overall, in the Woods study, participation rates for im-
migrant women from the most common birth countries, includ-
ing China/Macau/Hong Kong/Taiwan (46%), India (45%), the 
Philippines (46%), and South Korea (39%), were lower than the 
nonimmigrant rates (51%) [19]. Hence, strategies for improving 
mammography adherence in women of racial and ethnic minori-
ties may be required. These strategies could include reminders 
as well as educational interventions, taking into account the po-
tential language barriers among minorities and immigrants [20].

Our finding on the potential associations between age and 
mammography partly supports the reported nonlinear associ-
ation of increased screening adherence by age, followed by a 
decline among older participants [15, 21]. In the current study, 
compared with never being screened, the likelihood of regu-
lar screening was higher among individuals aged 60–69 years, 
in both average risk and first- degree family history groups 
(Tables 3 and 4). Lower participation among the younger age in 
this analysis might be related to their lower self- perceived risk 
of breast cancer which could potentially lead to underdiagnosis 
of cancer among this population and requires further investiga-
tion [12].

In Canada, some provinces and territories (i.e., British 
Columbia, Alberta, Nova Scotia, Prince Edward Island, and 
Northwest Territories) include women aged 40–49 years in their 
organized breast cancer screening program [1]. The potential 
risk of false positive and overdiagnosis of nonprogressive tumors 
might outweigh the benefits of screening among women in their 
40s [1, 4, 9]. However, in a study conducted by Wilkinson et al., 
using Canadian Community Health Survey (CCHS) data be-
tween 2002 and 2007, the 10- year breast cancer net survival rate 

was significantly higher in provinces including women aged 
40–49 years in their screening program [1, 22]. In our study, we 
observed significant variation in adherence to screening among 
individuals aged 40–49 years with first- degree family history 
of breast cancer, ranging from 85% in CARTaGENE to 92% in 
BCGP. Considering the reported benefits of screening namely 
cancer diagnosis at earlier stage and reduced cancer- related 
death, future studies are required to further assess the risk–
benefit of regular screening among women aged 40–49 years 
[23–25].

In a meta- analysis conducted by Katapodi et  al., the associa-
tion between perceived risk of breast cancer and adherence to 
screening was influenced by a patient's physiological and psy-
chological factors [26]. In a study conducted by Yuan et al., his-
tory of hypertension and hyperlipidemia were associated with 
increased mammography screening, while prior heart attack 
was associated with decreased annual mammographic screen-
ing [21]. In our study, the presence of comorbid conditions, espe-
cially having up to three conditions was associated with higher 
likelihood of adherence to screening, which could be related to 
more frequent medical check- ups [27]. Future studies should 
explore to what extent adherence to regular screening could be 
influenced by the presence of comorbid conditions and estimate 
the “underutilization” of screening programs among healthy 
women [10, 26].

Evidence shows that current or recent use of progestogen- only 
contraceptives are associated with a slight increase in breast 
cancer risk [28, 29]. Additionally, it is well known that pro-
longed estrogen exposure and combined HRT or estrogen- only 
HRT usage for menopause are associated with increased risk of 
breast cancer [29, 30]. These findings highlight the importance 
of regular medical check- ups as well as routine screening in this 
population. Similarly, in our study individuals with ever use of 
contraceptives, HRT, with menopause at study enrollment, or 
with higher risk of breast cancer, were more likely to regularly 
screen. However, HRT makes mammography screening less ef-
fective by adversely affecting the sensitivity and specificity of 
the test [30, 31]. Hence, factors including type of prescribed HRT 
and short- term cessation of HRT therapy before mammography 
should be further explored in studies assessing the patterns of 
screening behavior among women on these therapies [32].

To our knowledge, this is the first Pan- Canadian study to as-
sess factors associated with breast cancer screening uptake in 
a general population cohort. The harmonized questionnaires in 
CanPath support the internal validity of the study and compa-
rability of datasets across the different Canadian regions [13]. 
CanPath's large study sample, drawn from across eight provinces, 
enabled us to include participant- level information, namely edu-
cation, race/ethnicity, perceived health, cigarette smoking, pres-
ence of comorbidity conditions, and ever use of HFT and HRT. 
Hence, in this study, we were able not only to assess adherence 
to breast cancer screening recommendations but also to high-
light the potential factors associated with adherence to regular 
screening, which can support future policy decision- making. 
Despite these strengths, the following limitations should be 
considered while interpreting the results. First, the self- reported 
nature of responses could potentially bias the derived estimates 
and associations, yet the observed variation is unlikely to be 
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differential across study regions [33, 34]. Second, the general-
izability of the findings could be affected by the voluntary en-
rollment of the participants in CanPath [35]. Furthermore, since 
data on follow- up screening were not available, we were not able 
to assess the screening retention rates among participants, es-
pecially among individuals with first- degree family history of 
breast cancer, in different regions. Finally, due to lack of infor-
mation on genetic mutations, adherence to screening program 
among individuals at higher risk of breast cancer was solely as-
sessed among participants with family history of breast cancer.

In conclusion, the majority of participants in the five regions 
of CanPath engaged in mammographic screening in align-
ment with current breast cancer screening recommendations, 
with slight variations among specific groups between regions. 
The potential factors associated with screening adherence that 
were identified, specifically household income, self- perceived 
health, and routine medical check- ups, should be considered 
as potential factors for targeting undeserved communities and 
improving engagement in screening at both provincial and na-
tional levels. The observed variation in mammography among 
women aged 40–49 years with family history of breast cancer 
may inform the current guidelines for potential benefits of early 
screening initiation.
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