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Abstract 

Background 

Cervical cancer-screening program effectiveness is well-accepted; however, inappropriate 

screening results in either a woman being tested too often or not tested at the recommended 

intervals. Widespread disparities in cervical cancer screening uptake also exist, even when 

screening is offered without cost through a publicly funded and organised cervical screening 

program in Alberta.  

This thesis has three main objectives: 

Study 1: To describe temporal trends in screening and outcomes for women, after changes in 

guidelines in Alberta, Canada, that raised starting age for screening to 21, then to 25 years of 

age, and reduced frequency to 3-yearly  

Study 2: To identify family physicians’ (FP) characteristics that are associated with over- and 

under-screening for 25-69-year-old women in Calgary, Alberta. 

Study 3: To study spatial and temporal associations of cervical cancer screening and 

sociodemographic variables in Calgary, Canada using Census Canada datasets (2006, 2011, 

2016). 

Methods 

For Study 1: Calgary Laboratory Information System data were used to examine screening 

rates, follow-up procedures and cancer among women 10 to 29 years from 2007 to 2016 in the 

whole population of Calgary. Interrupted time-series analyses were used to assess changes in 

screening and subsequent diagnostic procedures over the ten-year period. 
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For Study 2: A population-based retrospective observational study was performed by linking 

the College of Physicians and Surgeons Alberta physicians’ database of FPs practicing in 

Calgary with the Calgary Laboratory Services database. We matched physicians’ sex, country 

and year of medical school graduation, years since medical school graduation, city quadrant of 

practice and their estimated patient panel size. We compared screening data from 2014 to 2016 

of the FPs to determine screening variations. Logistic regression models were applied to analyze 

the over-screening and under-screening patterns. 

For Study 3: Cervical cancer screening rates were obtained from a population-wide laboratory 

administrative database for Calgary, Alberta for the years 2006, 2011, and 2016 for women 

25-69 years of age. These years coincide with Census Canada years, allowing comparison with 

sociodemographic factors Ordinary Least Square regression (OLS) and geographically 

weighted regression models (GWR) were used   to examine sociodemographic variables 

associated with cervical screening rates. 

Results 

Study 1: Annual Screening rates dropped by around 10% at all ages over 15 after the 2009 

Alberta cervical cancer screening guidelines, followed by a steady decrease. Further change 

continued after minimal apparent effect of the 2013 Canadian Task Force on Preventive Health 

Care guidelines. The rates of abnormal test results and biopsies did not increase with decreased 

screening. Likewise, no increases in Cervical intra-epithelial neoplasias (CIN I, CIN II/III), or 

invasive cervical cancer rates were observed after reduced testing. 

Study 2: Among 807 physicians included in the over-screening analysis, 43% of physicians 

had over-screened their screen-eligible patients. Among the 317 physicians included in the 

underscreening analysis, 42% had under-screened during the three-year study period. 
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Physician characteristics significantly associated with over-screening included more years of 

practice and having more female patients in the practice. Female physicians were less likely 

to under-screen their eligible female patients. Physicians practicing in the Northeast quadrant 

of the city also had lower odds of screening.  

Study 3: We analyzed approximately 200,000 cervical cancer screening tests for each year and 

noted a considerable decrease in screening rates between 2006 and 2011, consistent with 

changes in screening guidelines. The OLS results showed that a high median household 

income and university education were strongly associated with higher screening rates in all 

three census years. 2006 and 2011 OLS models showed negative association with screening 

of aboriginals, Blacks, and recent immigrant women. 

The GWR analysis based on 2016 census year showed that neighbourhoods with low income and 

university education particularly in Northeast neighbourhoods (e.g., Saddle Ridge, Forest 

Heights) were associated with lower screening rates. 

Conclusions 

Study 1: The largest decrease in screening and follow-up procedures occurred in the period 

immediately following implementation of 2009 Alberta screening guidelines. The number of 

consequent procedures also decreased in proportion to decreased screening, but there was no 

increase in cancer rates. Starting screening at age 25 and reducing intervals appears to be safe. 

Study 2: Screening patterns of family physicians indicate both overuse and underuse, which 

indicates inconsistency in adherence to screening guideline recommendations. Identifying 

strategies and addressing disparities to improve guideline adherence among different physician 

demographic groups is critical for the success of screening programs. More education and 
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guideline publicity are required to encourage compliance with screening guidelines. 

Study 3: There were significant sociodemographic differences associated with cervical cancer 

screening in Calgary. Understanding these sociodemographic associations could form the basis 

of future education or outreach screening programs, targeting underserved populations, such as 

women with low income and education.  

Application of GWR methodology to study spatial association of sociodemographic factors with 

screening rates may also prove beneficial in the development of policies to optimize cancer 

screening programs in Canada.  
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Thesis Structure 

The structure of this thesis follows the manuscript-based thesis format. The thesis is 

structured as follows: 

1. Chapter one consists of background information on cervical cancer, screening methods and 

programs and the disparities associated with screening as reported in literature. This 

chapter also includes an introduction to the Alberta cervical cancer screening program and 

the history of the recommended guidelines that have evolved over the years. 

2. Chapter two lays out the research questions, objectives, hypothesis, and the possible 

significance behind the research. 

3. Chapter three studies the changes in cervical cancer screening among young women 

through an interrupted time series analysis from 2007 to 2016. 

4. Chapter four explores the provider characteristics associated with cervical cancer screening 

2014-2016. This chapter provides a detailed account of over and underscreening physicians 

over the period of three years, 2014-2016. 

5. Chapter five looks at the sociodemographic factors associated with cervical cancer 

screening rates over the census years 2006, 2011 and 2016. This chapter reflects on the 

importance of spatial methods by identifying the research gaps and provides a detailed 

description of significant sociodemographic factors affecting cervical cancer screening in 

Calgary, AB. 

6. Chapter six is the conclusion of the thesis, including future directions.  
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1 CHAPTER 1: INTRODUCTION 
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This chapter highlights the background information on cervical cancer and screening in Alberta 

and Canada. The chapter includes discussion on effectiveness of cervical cancer screening 

programs, incidence, and mortality rates from cervical cancer over the years, natural history of 

cervical cancer, risk factors associated with cervical cancer and the staging of cervical cancer. This 

chapter then discusses the screening and diagnostic modalities for cervical cancer offered in 

Alberta and HPV immunization. The introduction also entails a history of screening 

recommendations in Canada and Alberta. The chapter then discusses barriers to cervical cancer 

screening including patient and provider level factors that affect screening. Lastly, the chapter 

discusses the issue of cervical cancer screening in young women and the cost implications of 

unnecessary testing. The background information in Chapter 1 is provided to build an 

understanding of the underlying issues addressed in this study. 

 Background  

Cervical cancer incidence and mortality has substantially been reduced worldwide during the 

past 50 years. Reduction in cervical cancer incidence is mainly attributed to screening 

programs using widespread application of cytology-based screening with Pap tests (1). 

Cervical cancer is now the 13th most commonly diagnosed cancer among Canadian women. 

(2) Each year, more than 1,350 women in Canada are diagnosed with cervical cancer and over 

400 die from the disease. (3) The life time probability of developing cervical cancer now is 1 

in 138. (4) In the absence of screening, it would have been at least 3 to 5 times higher than the 

observed rates. (5) In less developed countries where screening is not established, cervical 

cancer is still the second most commonly diagnosed cancer among women (6). Thus, many 

immigrant women living in Canada from those countries are at higher risk.  
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The most advanced cervical cancer with consequent mortality occurs among women who 

have not undergone screening or who have had a long interval between Pap tests. (7) (8) 

Regular cervical screening can prevent more than 80% of cervical cancers. Studies have 

shown not being screened for cervical cancer at the recommended time interval is a major 

risk factor for developing cervical cancer. (9–11) A meta-analysis by Spence and Goggin 

of 42 studies showed that, on average, 53.8% of women diagnosed with invasive cervical 

cancer had inadequate screening histories, and of the diagnosed women, 41.5% had never 

been screened.  (10) Women screened between the ages of 35 to 64 are thought to have a 

60 to 80% lower risk of being diagnosed with cervical cancer in the five years following 

the test compared with women who have not been screened. (12)  

1.1.1 Effectiveness of Cervical cancer screening programs 

Evidence for the importance of the Pap test can be found in statistics from many countries 

where the Pap test is used in systematic, comprehensive screening programs. The screening 

program integrated quality assurance for cervical screening, large population coverage, and 

adequate follow-up; which led to a substantial reduction in the incidence and mortality of 

cervical cancer. (1,9,13,14) Moreover, the extent of this reduction appears to be proportional 

to the degree of screening coverage. (15) The marked differences in the incidence and 

mortality of cervical cancer before and after the introduction of cervical cancer screening is 

considered as a “robust” evidence favoring the efficacy of the screening programs. (16)  

The best examples of organized cervical screening come from the Nordic countries. Incidence 

of cervical cancer has declined by 51%–64% in Finland, (5) Sweden, Denmark, and Iceland, 

where organized cervical screening programs were established in the 1960s. Age-period-

cohort based analysis of 50-year cervical cancer incidence data from Nordic countries 
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suggested that screening programs had prevented an HPV-driven epidemic of cervical 

cancer.(17) Likewise, in the UK, when an organized screening program was introduced in 

1988, a dramatic reduction in cervical cancer was observed in subsequent years. (18) In the 

absence of screening, cervical cancer incidence rates in the UK and Nordic countries would 

have been otherwise comparable to the current highest incidence rates of low-income 

countries. (5)  

Similarly, since the introduction of widespread cervical screening program in Canada, the 

incidence of cervical cancer has significantly dropped for women aged 40 years and older. 

(3) According to statistics Canada, the median age of diagnosis of cervical cancer was 47 

years and 28.7% of all new cases were in women under the age of 40 in 2010. (19,20) 

Overall the peak age of women with cervical cancer tends to be a decade younger than 

for other cancers thus affecting women in their reproductive and economically productive 

years. (20) 

As progression from HPV infection to the pre-cancer stage takes 10 years, and the 

development of invasive cancer takes several additional years on average, that provides 

ample of time to identify and treat such lesions. (21) Therefore, most invasive cervical 

cancers are found in women who have not been routinely screened.  (22,23) 

The likelihood of abnormal Pap test results is higher for young women (<30 years), but 

the incidence of invasive cervical cancer is rare among women younger than 25 years. 

However, the proportion of abnormal results that represent serious abnormalities is 

greater among older women (8,24–26) and the incidence of cervical cancer is also higher 

in women aged 50 years and older. (27) 
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 Incidence and mortality from cervical cancer 

Incidence and mortality from invasive cervical cancer has declined in Canada since the 

1950s. The mortality rate for Canada, for cervical cancer decreased by 2.3% per year 

between 2001 and 2010. In 2019, the age specific mortality rate (ASMR) for cervical 

cancer was 2 per 100,000 female population in Canada. (28) The decrease in mortality 

rate has followed the reduction in the cervical cancer incidence rate over the same period 

of time. (29)  

Dickinson et al. calculated age-standardized incidence and mortality using Canadian 

national data from 1932 to 2006. (1) The authors reported an age-standardized incidence 

decline of 58% between 1972 (22.3 per 100,000) and 2006 (9.4 per 100,000). (Figure 1.1) 

The greatest declines in both mortality and incidence are observed in age groups over 45 

years with reductions as high as 74% in mortality and 69% in incidence. Mortality 

reductions are small for women under the age of 30 and greater for older women, with 

the largest reductions over the age of 50 years. (Figure 1.1)  
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Figure 1.1: Age-specific Incidence and Mortality of Invasive Cervical Cancer in Canada, 1972-

2006 
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In Alberta, Age-Standardized Incidence Rates (ASIRs) decreased significantly between 

1990 and 2010 by 1.2% annually. In 2011, the ASIR for cervical cancer was 8 per 100,000 

female population. (4) while the ASMRs ranged from approximately 1.5 to 2.0 per 

100,000 women across the five Alberta Health Services zones. (30)  

The mortality rates for cervical cancer are lower than incidence rates in Alberta. Cervical 

cancer age specific mortality rates (ASMR) decreased significantly between 1990 and 

2010 by 2.8% annually. In 2012, there were 135 new cases of cervical cancer in Alberta, 

35 deaths attributable to the disease and 1090 potential years of life were lost due to 

cervical cancer. The five-year relative survival ratio for cervical cancer in Alberta was 

approximately 81% based on 2008 and 2010 data. (4)  

The reduction in incidence rates is largely the result of Pap test screening which has 

helped detect precancerous and malignant lesions at an earlier stage when treatment is 

more effective. European studies have also demonstrated reduced incidence and mortality 

due to period and cohort effects related to coverage and effectiveness of screening 

programs. (17) Screening appears to play more of a role in reducing cervical cancer 

mortality among women over the age of 30 years. (1,31)  

 Natural History of cervical cancer 

Virtually all (99.7%) cervical cancers are caused by infection with one of the high-risk, 

Human Papillomavirus (HPV) strains. (32) HPV16 and HPV18 are responsible for about 

70% of all cervical cancers.  (33,34) More than 100 types of HPV have been identified, 

of which 40 infect the genital tract. (35) Low-risk types of HPV, such as HPV6 and 

HPV11, may cause anogenital warts, but are not associated with cervical cancer. (32)  
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Figure 1.2 shows conceptually the peak prevalence of transient infections with 

carcinogenic types of HPV (blue line), which occurs among women during their 20s, after 

the initiation of sexual activity. The peak prevalence of cervical precancerous conditions 

occurs approximately 10 years later (green line) and the peak prevalence of invasive 

cancers at 40 to 50 years of age (red line). Cervical cancer prevention is dependent on 

early diagnosis with repeated Pap tests over the years. 

Transmission of HPV occurs primarily by skin-to-skin contact. HPV infection can be 

acquired through sexual contact; not compulsorily penetrative.(36)  Epidemiologic 

studies clearly indicate that the risk of contracting genital HPV infection and cervical 

cancer is influenced by sexual activity. (37) Women get infected with cervical HPV 

mostly after their sexual debut (36). Therefore, the earlier the sexual debut, the longer the 

exposure to the virus, and the greater the risk for cervical cancer. However, evidence has 

shown that within 2 years after infection with HPV, about 90% of the virus dies without 

treatment.(38) The median time to clearance of HPV infections, detected during screening 

studies, is 6 to 18 months. (39,40)   

Most of the high-risk HPV infections do not lead to cervical cancer. For cervical cancer 

to develop, a high-risk infection must also be present for years. (41) Therefore, the new 

guideline recommends that cervical cancer screening begin at 25 years is optimal and 

perhaps starting at 21 years or before may have been too early. A 2009 study by Joseph 

T. et al that found that screening women between the ages of 35-64 years was associated 

with reduced cervical cancer risk by 60 to 80% as opposed to screening between ages 20-

24 years that showed no reduction in risk.(42) A study should be conducted to confirm 
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whether delayed start of cervical cancer screening leads to any harm in delayed diagnosis. 

(Refer to Chapter 3) 

 

Figure 1.2: Natural History of Cervical Cancer 

 

Reproduced with permission from (Schiffman M, Castle PE. The promise of global cervical cancer prevention. 

N Engl J Med. 2005;353(20):2101–2103), Copyright Massachusetts Medical Society. (43)
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Persistent infection with high-risk HPV types may lead to precursor lesions of the cervix, 

referred to as Cervical Intraepithelial Neoplasia (CIN), which is an epithelial cellular 

change, where the ratio of the cell nucleus to the size of the cell is increased. CIN is 

graded as CIN I (mild), CIN II (moderate), or CIN III (severe) depending on the 

proportion of the thickness of the epithelium showing mature, differentiated, and 

undifferentiated cells. CIN usually occurs in the transformation zone of the cervix near 

the squamo-columnar junction. (40) Invasive cervical cancer develops from CIN – mild 

to moderate to severe CIN and then to cancer over a prolonged period, usually 7 to 20 

years. Most mild CINs spontaneously regress, but some may progress to higher grade 

CIN. Moderate or severe CIN should be treated as it carries a much higher probability of 

progressing to invasive cancer, although a proportion of such lesions also regress or 

persist. If women with CIN III fail to receive treatment, then about 30% of them will 

progress to cervical cancer. (44) By getting cervical screening tests once every three 

years, cervical cell changes can be found early and if needed, treated so that cancer does  

not develop. Current guidelines state that cervical cancer screening should begin at the 

age of 25 years. (8) This is appropriate because even though the onset of sexual activity 

may have begun long before this time, there is a high probability that the infection would 

have regressed. Also, evidence suggests that it takes several years for cervical cancer to 

develop after infection by HPV, therefore, delaying the age of initiation of screening 

appears to be reasonable. (Refer to Chapter 3) 
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 Risk factors for cervical cancer 

HPV infection is a prerequisite for the development of cervical cancer (45) and HPV infection 

occurs through sexual contact. An early sexual debut may increase the risk of cervical cancer 

because the cervix is more prone to infection during puberty. (46) Therefore, early age at first 

sexual intercourse is considered as an independent risk factor for cervical cancer. This also 

highlights the fact that early onset of sexual activity means a longer exposure to HPV infection 

and without following recommending screening protocols, it may provide sufficient time for 

cervical cancer to develop.(38) 

Several other risk factors have been identified as being associated with the development of     

cervical cancer. Among these factors are race and ethnicity, socioeconomic status, sexual 

behaviors, hormonal contraception use, coinfections with other sexually transmitted infections 

(STI), and smoking. (47,48) 

1.4.1.1 Race and ethnicity 

Cervical cancer tends to affect women of African ancestry more often than Caucasian women. 

(49,50) Watson et al (2008) and McDougall et al (2007) reported that black women (ORadj = 

12.6) and Hispanic women (ORadj = 14.2; ORadj = 24.2) had higher rates of cervical carcinoma 

as compared to non-Hispanic white women. (49–51) Hispanic and black women also had a 

higher cervical cancer mortality rate than non-Hispanic white women. (49,50,52) Both studies 

used the National Cancer Institute's (NCI) Surveillance, Epidemiology, and End Results 

(SEER) cancer registries to assess racial and ethnic disparities in cervical cancer incidence 

rates. (49) 
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1.4.1.2 Socioeconomic status 

A few studies have demonstrated that lower education, lower income, and higher poverty were 

independently associated with an increase in risk for the development of cervical cancer. 

(50,52–55) McDougall et al (2007) reported that rates of cervical cancer were higher across all 

race and ethnicities within US counties that had lower median household incomes, higher 

proportions of people with less than a high-school education, and a higher proportion of people 

living below the poverty level. (50) 

Furthermore, Castellsague et al (2006) (53) reported a significant trend in the association 

between years of education and risk of cervical cancer. As the number of years of education 

increased,  the risk of cervical cancer development decreased (p < 0.005). (53) This study was 

a pooled analysis of data from a case-control studies conducted in eight countries around the 

world: Algeria; Morocco; Brazil; Paraguay; Peru; India; Thailand; and the Philippines. (53) 

Women with greater than 10 years of schooling had a 58% decreased risk of developing cervical 

cancer. (53) 

 

1.4.1.3 Sexual and screening behaviors  

The relationship between sexual behaviors and reproductive factors and HPV infections has 

been explored in several studies. (56–58) Most studies indicate a positive association between 

younger age at first intercourse and an increased number of sexual partners with an increased 

risk for cervical cancer. (53,59,60)  In a study by Castellsague et al (2006), it was reported that 
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women who sexually debut at 17 years of age or younger had an approximately 200% increase 

in the risk of cervical cancer compared to women whose sexual debut was at 23 years of age 

or older after exposure to HPV and controlling for confounders. (53) The same study showed 

that women with    four or more lifetime sexual partners also had a 50% increase in the risk in 

cervical cancer development, though this result was not statistically significant. (53) 

The International Collaboration of Epidemiological Studies of Cervical Cancer investigated 

sexual behaviors and cervical carcinoma risk worldwide. The researchers of this collaboration 

demonstrated that women who initiated sexual intercourse at 14 years of age or younger had 

a 105% increased risk of cervical cancer compared with women who initiated sexual 

intercourse at 25 years of age or older. (60) When restricted to one lifetime partner, women 

who initiated sexual intercourse at 16 years or younger, had a 104% increased risk of cervical 

cancer as compared to women who were 25 years or older when first engaging in sexual 

intercourse. Furthermore, women with six or more lifetime sexual partners had a 178% 

increase in the risk of cervical cancer than women with one lifetime sexual partner. (60) 

Women with more than ten sexual partners had almost a 400% increase in risk of having an 

HPV infection than women with only one sexual partner. (60) 

Screening behavior 

In Canada, immigrant women constitute about 21% of the population and women from the 

middle east, south Asia and north Africa are often under screened. (61) (62) These women had 

a higher prevalence of cervical cancer than the remaining population of women in Canada. 

Religion appears to be a major factor influencing these group of women with respect to their 

collective attitudes towards cervical cancer screening; issues of modesty and differing beliefs 

being a forerunner in this regard.(61) (62) The study by Lofters et al showed that regardless of 
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economic status, Muslim women were less likely to partake of cervical cancer screening for 

religious reasons.(63) Even after taking residence in Canada for several years, these women’s 

rate of cervical cancer screening did not reach acceptable screening rates, as opposed to other 

immigrant women like Hispanics and Chinese whose rate of screening equaled the rate of 

native Canadian women after several years of immigration. (61) (Refer to Chapter 4) 

1.4.1.4 Multiparity 

Multiparity, or giving birth more than once, has been linked with a higher risk for cervical 

cancer in women with an HPV infection. ( 5 3 , 5 9 , 6 4 , 6 5 ) Munoz (2002) reported that as 

the number of live births increased so did the risk of cervical cancer and this trend was 

statistically significant (p < 0.0001). (65) Specifically, as compared to women with no 

pregnancies, women with one or two lifetime pregnancies had a 80% increase in cervical 

cancer risk; women between three and four lifetime pregnancies had a 160% increase; women 

between five and six lifetime pregnancies had a 180% increase, and women with seven or 

more lifetime pregnancies had a 280% increase in the risk of cervical cancer after HPV 

infection. (65) This study was a pooled analysis restricted to women who were positive for 

HPV infection from several case control studies conducted by IARC.    

Similar findings, albeit attenuated, were shown in a research study by Castellsague           (2006) in 

which women with three to five pregnancies had a 25% increase; women between six and 

seven pregnancies had a 77% increase; and women with eight or more pregnancies had a 144% 

increase in cervical cancer as compared with women  with no pregnancies. (53) A pooled 

analysis by The researchers of the International Collaboration of Epidemiological Studies of 

Cervical Cancer also showed that even when controlling for    age of first sexual contact, women 

with more than seven pregnancies had a 399% increase in the risk of cervical cancer. (60,66) 
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1.4.1.5 Hormonal contraception use 

Oral contraceptive use has also been shown to be associated with an increased cervical cancer. 

(53,59,64,65) Castellsague (2006) reported that women who used oral contraceptives for five 

years or longer had 4.71 the odds of developing cervical cancer as compared to women who 

used oral contraceptives less than two years. Another study reported that as compared to 

women who have never been on oral contraceptives, women who were   on oral contraceptives 

for five to nine years had a 182% increase in cervical cancer risk and women who were on oral 

contraceptives for ten or more years had a 303% increase in cervical cancer risk. (67) 

1.4.1.6 Coinfections with other sexually transmitted infections (STI) and other autoimmune 

disorders 

Coinfections with other STIs have also been implicated as a risk factor in the development of 

cervical cancer. Chlamydia trachomatis and Herpes simplex virus type 2 (HSV-2) are among 

the STI coinfecting with HPV that have been associated with an increased risk of cervical 

cancer. ( 5 3 , 6 8 – 7 1 ) Two studies showed an approximately 100% increase in the risk of 

cervical cancer development among HPV- infected women who were seropositive for 

Chlamydia trachomatis compared to women who were HPV-infected but were seronegative 

for Chlamydia trachomatis. (69,70) Castellsague (2006) demonstrated that women with HSV-

2 seropositivity had a 163% increase in the risk of cervical cancer. (53)  

1.4.1.7 Smoking 

Smoking has been associated with the development of cervical cancer in many studies. 

(53,54,59,64,65) Smoking status (ever-vs-never), the number of cigarettes smoked daily, and 

smoking duration have been investigated in several studies. (53,54,59,64,65) Among studies  



 30 

investigating smoking status, current smokers had approximately a 100% increase in cervical 

cancer risk as compared to women who never smoked. (54,64,72) A study conducted by 

Appleby (2006) showed a 46% increase in the risk of squamous cell carcinoma of the cervix 

among current smokers and a twelve percent increase among former smokers as compared to 

women who never smoked after adjusting for other covariates. (73) There are consistent 

findings that women who smoke five cigarettes or less per day have a little less than a 100% 

increase (1.8 and 1.9) in the risk of cervical cancer compared to women who have never 

smoked. (64,72)  Also, Plummer (2003) indicated that women who smoked more than five 

cigarettes per day had a 123% increase in the risk of cervical cancer compared to women who 

have never smoked. (72) 

Among women who were current smokers who smoked 15 cigarettes or more per day, Appleby 

(2006) found a 98% increased risk of squamous cell carcinoma of the cervix as compared to 

non-smoking women after adjusting for covariates. (73) Furthermore, current smokers who 

smoked between 5 and 14 cigarettes per day had a 54% increased risk of cervical squamous 

cell carcinoma. (72) 

Race, SES, sexual behaviors, sexually transmitted infections, and smoking are well established 

risk factors for the development of cervical cancer. (74) In general, black women and Hispanic 

women had a greater incidence of cervical cancer than did non- Hispanic white women.  

Consistently, women of lower SES had a higher risk of cervical cancer than women of higher 

SES. Both area-based and individual measures of SES, such as lower education and lower 

income, were also associated with an increased risk for cervical cancer. Having a history of 

sexually transmitted infections and smoking (current and duration) are also associated with an 

increased risk of cervical cancer. Multiparity and hormonal contraception use, though not as 
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well established as the others, are suggestive of being associated with cervical cancer. 

In addition to infection with high-risk type HPV, certain co-factors and behaviors increase 

the risk of developing cervical cancer. (37,75,76) They are early onset of sexual activity 

(younger than 18 years), multiple sexual partners, history of other sexually transmitted 

diseases (genital warts, Chlamydia infection or genital herpes or HIV), or cervical or 

penile cancer in an individual or sexual partner. Use of tobacco, having 

immunocompromised status due to HIV or use of chemotherapeutic medications to treat 

cancer or women with transplanted organs and steroid medications, long-term use (5 or 

more years) of birth control pills, family history of cervical cancer (76), women who do 

not follow up with testing or treatment after an abnormal Pap or other screening test, as 

told by their healthcare provider, and women belonging to low socioeconomic status. (41) 
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 Staging of cervical cancer 

Figure 1.3 represents the cervical cancer evolution from HPV infection stage to cancer. It 

also shows the CIN stages with the Bethesda cytological classification used to identify 

clinical stages of cervical cancer. (77) 

1.5.1.1 Histological Grading of CIN 

CIN is graded based on the involvement of the cervical epithelium. (77) 

CIN I – Mild dysplasia confined to the basal 1/3 of the epithelium. This usually corresponds to 

infection with HPV, and may be cleared by immune response, though it can take several years to 

regress. 

CIN II – Moderate dysplasia confined to the basal 2/3 of the epithelium 

CIN III – Severe dysplasia that covers more than 2/3 of the epithelium and may involve the 

full thickness. This stage is also referred to as cervical carcinoma in situ. (77) 

1.5.1.2 2004 Bethesda System (SIL in order of severity) 

ASC-US  Atypical squamous cells of undetermined significance 

LSIL  Low-grade squamous intraepithelial lesions 

ASC-H  Atypical squamous cells - cannot exclude high grade squamous intraepithelial 

lesion  

HSIL  High-grade squamous intraepithelial lesions 

AGC  Atypical glandular cells 

AIS  Adenocarcinoma in situ or squamous cell carcinoma in situ (SSC) (77) 
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1.5.1.3 LAST nomenclature 

 

The College of American Pathologists and American Society for Colposcopy and Cervical 

Pathology in 2012 led a Lower Anogenital Squamous Terminology (LAST) Project. (78) The 

LAST consensus recommendations were based on an extensive literature review of 

terminology used historically, how terminology influences management of HPV-associated 

lesions by body sites, and the role of biomarkers in diagnosis. Thirty-five professional 

organizations participated in the deliberations, revisions, and final approval of the LAST 

consensus recommendations that were published in October 2012.  

The project recommended implementation of a uniform, two-tiered terminology to describe 

the histology of HPV-associated squamous diseases across all anogenital tract tissues: vulva, 

vagina, cervix, penis, peri-anus, and anus. The recommended terms were “low-grade” or 

“high-grade squamous intraepithelial lesion (SIL).” The LSIL and HSIL terms were also 

adopted by Calgary lab services, Alberta for reporting the cervical squamous intraepithelial 

lesions in 2012.  
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Figure 1.3 : Stages of Cervical Cancer 
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 Screening and diagnostic modalities for cervical cancer offered in Alberta 

1.6.1 Pap test using liquid-based cytology 

Cytology-based screening programs continue to be the mainstay of cervical cancer 

prevention worldwide and have demonstrated reduction in cervical cancer incidence and 

mortality, particularly in organized program settings with good-quality screening, 

adequate coverage, and with optimal frequency. The basic idea behind the Pap test is that 

cellular changes that may develop into cancer are detected at an early stage to halt 

neoplastic growth prior to invasion. (79)   

Pap test using liquid-based cytology (LBC) is offered in Alberta: the cells are collected 

using a plastic spatula and brush then placed into a jar containing a liquid preservative 

medium.  The head of the brush is briskly shaken or broken off into a small pot of liquid 

containing preservative solution. In the cytology laboratory, the sample is centrifuged to 

remove excess blood and debris. The cells are then transferred to the slide in a “mono” 

layer. (80)  

The sensitivity of the Pap test  is estimated to be up to 70-80% and a specificity between 94-

97% for high-grade lesions. (81) Pap test is most accurate when a high-grade squamous 

intraepithelial lesion detection threshold is used, with the goal of identifying a high-grade 

lesion. However, when lower thresholds are used, such as to detect low-grade squamous 

intraepithelial lesion (LSIL) and atypical squamous cells of undetermined significance 

(ASCUS), Pap test results are less accurate. (81) The sensitivity of the Pap test  is estimated to 

be up to 70-80% and a specificity between 94-97% for high-grade lesions. (81) The Pap test 

is most accurate when a high-grade squamous intraepithelial lesion detection threshold is used, 
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with the goal of identifying a high-grade lesion. However, when lower thresholds are used, such 

as to detect low-grade squamous intraepithelial lesion (LSIL) and atypical squamous cells of 

undetermined significance (ASCUS), Pap test results are less accurate. (81) Based on the 

results of a meta-analysis of fifteen pooled study results, the sensitivity and specificity of 

repeat Pap test at a threshold for abnormal cytology of ASCUS or worse was 82% (95% CI = 

73%-84%) and 58% (95% CI 49% - 66%) (82) 

 

1.6.2 Human Papillomavirus (HPV) Reflex Testing 

Secondary screening using HPV reflex testing is another useful screening method, based on 

the correlation between HPV infection and risk of cervical cancer. (83) HPV Reflex Test can 

detect 14 carcinogenic HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68). Since 

2011, High Risk (hr)-HPV testing is automatically performed in Alberta when a liquid-based 

cytology result is ASC-US for women aged 30 and above, and for LSIL results for women 

aged 50 and above in Alberta. This serves as a triage mechanism to determine if further follow-

up or colposcopy is needed in these age-cohorts.(84)  

There is a very low risk for developing cervical cancer for women who test negative for a 

high-risk HPV virus, and therefore frequent screening is not required. However, women 

who are tested negative for hr-HPV can acquire a high-risk HPV virus from a new 

exposure and therefore do require periodic routine screening. 

1.6.3 Management of Cervical Precancers 

The first step in finding cervical cancer is usually an abnormal Pap test result. This leads 

to further testing to diagnose cervical cancer. Appropriate clinical management of screen-
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positive cases is crucial to the success of cervical cancer screening program. Precancers 

are completely curable with appropriate treatment and regular follow-up. There is 

consensus agreement that cytology indicative of high-grade lesions (CIN II-III) should 

engender immediate referral for colposcopy and biopsy. (85) 

1.6.3.1 Colposcopy 

A colposcope is a stereoscopic binocular field microscope containing a powerful light 

source, used for magnified visual examination of the uterine cervix to help in the 

diagnosis of cervical neoplasia. The most common indication for colposcopy referral is a 

positive screening test i.e. positive cytology. (85,86)  

During a Pap test, cells are sampled from the transformation zone, a region where the 

outer squamous cervical cells meet the inner glandular endocervical cells. While, during 

a colposcopy, colposcopists take deep tissue samples (biopsies) from areas that look 

abnormal especially from the squamo-columnar junction. To exclude invasion and for 

making a diagnosis, the cervix biopsies are excised deep for obtaining adequate stroma.  

1.6.3.2 Endocervical curettage  

Endocervical scraping is usually obtained when the colposcopy is unsatisfactory, i.e., the 

transformation zone (the area at risk for HPV infection and pre-cancer) cannot be 

visualized. A curette is used to scrape the endocervical canal and get the tissue lining, 

which is then sent to the lab for examination. (85) 

A recent review of the utility of endocervical curettage was published using data from Calgary. 

Based on over 13,000 examinations, the authors showed that 99 ECC specimens had to be 

taken to detect one additional case of CIN 2 or a high-grade lesion. The largest benefit was in 
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older women referred after high-grade cytology. (85) An Endocervical curettage should thus 

be performed with unsatisfactory colposcopy and in older women with high-grade cytology. 

(85) 

1.6.3.3 Cone biopsy 

In this procedure, also known as conization, a cone-shaped piece of tissue from the cervix 

is removed that includes the transformation zone where cervical pre-cancers and cancers 

are most likely to start. The methods commonly used for cone biopsies are the loop 

electrosurgical excision procedure (LEEP), also called the large loop excision of the 

transformation zone (LLETZ), and cold knife cone biopsy.  

1.6.3.4 Loop electrosurgical excision procedure (LEEP) 

The LEEP instrument consists of a fine wire loop that is powered by an electrosurgical 

unit and is used to excise the visible areas of abnormal cervical tissue. The current is 

adjusted for cutting and coagulation effects simultaneously. Local analgesia is given 

while performing the procedure. The cervical transformation zone and the lesions are 

excised to an adequate depth, which in most cases is at least 8 mm, and extending 4 to 5 

mm beyond the lesion. LEEP may result in mild cramping during and after the procedure, 

and mild bleeding that may continue for some days. LEEP is used to diagnose and treat 

high-grade cervical dysplasia. Treatment success of LEEP varied between 91 and 98% in 

nonrandomized studies. (86) 

1.6.3.5 Cold knife cone biopsy   

This procedure, which can be used for diagnostic or therapeutic purpose involves removal 

of a cone-shaped piece of tissue from the cervix. The cold knife cone biopsy uses a 
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surgical scalpel or a laser as a scalpel, rather than a heated wire to remove tissue. The 

procedure can be performed under local or general anesthesia and the treatment success 

rate is reported between 93 and 96%. (86) After the procedure, cramping and some 

bleeding may persist for a few weeks. 

Cervical stenosis is a rare (<1%) complication of cone biopsy. (87) Moreover, there is a higher 

risk of premature births if a large amount of tissue has been removed during the procedure. 

(88,89) 

1.6.4 HPV immunization 

Vaccines against HPV infections hold promise to reduce the incidence of cervical cancer. (32) 

Vaccines protect women against HPV types 16 and 18, the oncogenic types responsible for 

about 70% of cervical cancers. HPV vaccination has been available in Alberta for all girls and 

boys in grade five since 2009. A catch up program was also offered to boys in grade nine from 

September 2014. (90) The first vaccinated cohort of grade nine girls vaccinated in 2009/10 

reached age 21 in 2015. (84) However, not everyone in the cohort who was offered vaccination 

has been vaccinated, with substantial variation throughout Alberta. Based on an administrative 

database study, HPV vaccine uptake during 2008-2014 was between 60-76% in Alberta. (91) 

The vaccination rate also varies throughout the Canadian provinces. (92) A number of societal 

reasons such as opposition to vaccination of young girls against a sexually transmitted agent 

and fear of vaccination are reported for coverage that is lower than optimal from a public health 

perspective. (93)  

HPV vaccinated women are also at risk, albeit lower, of developing cervical cancer if 

they do not receive regular screening. Since December 2014, the vaccine protects against 

nine HPV types: 6, 11, 16, 18, 31, 33, 45, 52 and 58 (Nonvalent vaccine: Gardasil 9). 
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Effectiveness of HPV vaccine for preventing cervical cancer over the long term is still 

unknown. Therefore, vaccines cannot substitute for screening and treatment of cervical 

precancers. (94) Moreover, effectiveness of HPV vaccine for preventing cervical cancer 

over the long term is currently under study. 

 

 History of screening recommendations in Canada and Alberta 

Cervical screening has typically occurred opportunistically in Canada. Emphasis on organized 

screening programs started in 1970. (95) Historically, provincial and territorial screening 

guidelines recommended screening to start at 18 years of age or within three years of becoming 

sexually active. (95) It was expected that by initiating screening at younger ages, it would 

continue throughout a woman’s life and by detecting and treating cervical abnormalities in 

young women, cervical cancer incidence and mortality would be decreased at older ages. 

(95,96) Due to lack of evidence regarding the benefits of cervical screening for young women 

and the potential for harm, provincial and territorial cervical cancer screening guidelines were 

updated and no longer recommended screening in women less than 21 years of age regardless 

of prior sexual history. By the year 2011, all provinces and territories in Canada started cervical 

screening at age 21 with a two- or three-year interval instead of doing annual screening. 

(8,15,97) 

In 2013, the Canadian Task Force on Preventive Health Care (CTFPHC) updated its guidelines 

and recommended routine screening every three-years for women 25 to 69 years of age after 

an extensive review of the available evidence. (8) To comply with CTFPHC recommendations, 

in 2016, new cervical cancer screening guidelines were introduced in Alberta, which 
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recommended screening from 25 years of age with three year intervals. (84) Table 1.1 

summarizes the screening guidelines changes in Canada and Alberta. (7,9,24,48,56,57,59)
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Table 1.1: History of Cervical Cancer Screening Guidelines in Alberta 

Year Developer Target Population 

When to begin and stop 

Pap testing 

Interval 

Frequency of Pap tests 

1960s  Opportunistic screening 

1991 The Canadian Task 

Force on Preventive 

Health Care  

 

Pap smear after 

initiation of sexual 

activity or at age 18. 

Annual screening 

2003 Alberta Cervical Cancer 

Screening Program 

(started in Alberta) 

Age 18–69  

if ever sexually active 

 

Annual screening 

2009 Public Health Agency of 

Canada 

18-69 

if ever sexually active 

Initially two smears one year apart, 

if these smears are satisfactory then 

rescreening every three years till 

age 69 

2009 Toward Optimized 

Practice (TOP)  

21, or 3 years after 

sexually active, 

whichever is later, until 

age 70.  

 Three screens in the first five years 

then every three years 

2013 The Canadian Task Force 

on Preventive Healthcare 

25-69 years 

 

Every 3 years  

2016 Toward Optimized 

Practice (TOP)  

25- 69 years Every 3 years 
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 Age of screening initiation 

The decision about who and when to screen within a screening program is challenging 

especially when considering a disease that can be fatal. (100) Evidence regarding screening 

initiation for women 25 to 29 years of age showed very low risk of cervical cancer; (101) 

therefore, the small potential benefits of screening must be balanced against the substantial 

harms. (102) The Canadian Task Force concluded in 2013 that the balance of benefit against 

harm changes in the middle of the decade so screening may be initiated sometime in the years 

25-29. (103) The World Health Organization recommends “women under 30 should not be 

screened for cervical cancer.”  

Several studies show that cervical screening is an important risk reducing strategy in 

preventing cervical cancer mortality in women over the age of 30 with intervals of up to three 

to five years. (101,104) In European countries such as England and the Netherlands, screening 

is initiated at ages 25 and 30 respectively and their mortality rates from cervical cancer are 

comparable to Canada. (9,104)   

In addition, adoption of triennial, rather than annual or biennial screening, would reduce the 

number of routine Pap tests by approximately 50% and subsequently reduce harms. (101,105) 
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 Arguments against increasing age and reducing intervals  

The Society of Obstetricians and Gynaecologists of Canada, the Gynaecologic Oncologists of 

Canada and the Society of Canadian Colposcopists have supported and emphasized the 

development of organized screening programs since 1980s. These societies have, however, 

expressed significant concerns with respect to the recommendations on increasing screening 

intervals from annual to every three years. There was an unease with the recommendation for 

repeat smears without colposcopy for low-grade lesions. These groups suggested that annual 

screening of sexually active women should be the standard of practice. (106) Furthermore, 

recommendations on increasing age intervals from 18 to 21 and then to 25 years has also 

received criticism and disagreement from the Society of Obstetricians and Gynaecologists of 

Canada. (107) 

Major concerns were expressed for delaying the age of screening for women who are not HPV 

vaccinated and may have other risk factors for the development of cervical cancer such as 

smoking, poor nutrition, involvement in the sex trade or victims of early abuse. Starting 

screening at an early age can identify the abnormality at an early stage. The lesion can be 

removed without having a potentially damaging excision or radical procedure and hence 

preserve fertility and survival outcomes. However, scientific evidence has shown more harm 

than benefit if screening is started at an early age. 

 Alberta Cervical Cancer Screening Program  

The Alberta Cervical Cancer Screening Program was established in 2000 to provide 

Albertans with an organized cervical cancer screening program. The ACCSP develops 

and coordinates activities that contribute to preventing and/or finding cervical cancer 
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early. The program works with healthcare providers and labs to contact women who have 

been screened and educate women and healthcare providers. ACCSP also provides 

follow-up reminders to healthcare providers and support quality improvement initiatives 

for cervical cancer screening services based on feedback from healthcare providers and 

research to ensure evidence-based practices for cervical cancer screening.  

The Alberta Cancer Registry partners with Alberta Health Services to provide provincial 

leadership for population-based screening programs and works in collaboration with a 

number of partners across the cervical cancer screening services and performance. (108) 

The Alberta Cervical Cancer Registry is responsible for the Provincial 

Cytology/Colposcopy Registry, a confidential database of all Pap smears performed in 

the province since 1978 and most colposcopies since 1990. In addition to monitoring Pap 

smear activity, the Registry also provides reminder services to women to support the 

longer interval between screening, and to encourage unscreened women to participate.  

Statistics from Alberta Cervical Cancer Screening Program during 2008-2013 showed 

about 32% of Alberta women have not been screened during the preceding three years. 

(108,109) In addition, about 15% women of ages between 18 to 20 years received at least 

one abnormal Pap result. (27) Reportedly only 0.2% of cervical cancer cases occurred 

among females younger than 21 years during 2008-2013, but 10% of all colposcopy 

referrals were for younger women less than 21 years of age. This unnecessary testing has 

led to emotional costs such as anxiety and worry for young women and their families, as 

well as financial costs to the individual and health care system as a result of additional 

tests. (27) 



 46 

1.10.1 Toward Optimized Practice (TOP)  

TOP is a tri-laterally sponsored program supported by the Alberta Medical Association, 

Alberta Health and Wellness, Alberta Health Services and The College of Physicians and 

Surgeons. They have revised the Cervical Cancer Screening Clinical Practice Guideline 

(CPG) in Alberta in May 2016. (27) These new recommendations reflect the Canadian 

Task Force on Preventive Health Care (CTFPHC) guidelines published in 2013 as well 

as current evidence in the cervical cancer screening approaches worldwide incorporating 

a reduced age-range and longer intervals.(8) 

The revised TOP 2016 guidelines for average risk women recommend beginning Pap test 

screening for cervical cancer at age 25. (84) The recommended screening interval is three 

years, which is same as previous TOP guidelines of 2009 and 2011. The change in 

screening frequency from every year to every three years for most women with a history 

of normal Pap tests is aimed to ensure women receive optimum screening, while not being 

over screened.  
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Table 1.2: Current Cervical Cancer Screening Guidelines in Alberta 

Age 

Range 

21-24 25-29 30-69 >70 

Screen ? Optional 

screening 

  Initiate 

routine 

screening 

  Routine 

screening 

  Screen 

If unscreened/under-

screened (i.e., not 

screened regularly at 

three-year intervals) 

Interval Every three 

years 

Every three 

years 

Every three years Until three consecutive 

negative Pap tests 

(collected at least one year 

apart) within 10 years 

Evidence Harm is 

likely greater 

than benefit 

(moderate 

evidence) 

Benefit is likely 

greater than 

harm (moderate 

evidence) 

Benefit is likely 

greater than harm 

(strong evidence) 

Less evidence, but 

biologically plausible that 

the risk of disease is 

high/continues. 

Screening may reduce 

morbidity and mortality. 

Adapted from TOP guidelines (84) 

 

 Participation rate for cervical cancer screening 

The programmatic participation rate for cervical cancer screening in Canadian provinces 

ranged from 64% to 74% during 2009-2011. (97) In Alberta, the cervical cancer screening 

participation rate was 67% during 2010-2013. During 2016-2018, the participation rate for 

women 25-69 ranged from 57% to 67% in Alberta. The target for national cervical cancer 

screening participation rate is 80%. (42) This indicates that despite the widespread success of 

cervical screening in Canada, the progress has not been uniformly made across all social/ethnic 

and regional groups. (110,111) This is a valid conclusion because the coverage targets of 80% 
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was not attained. Moreover, research shows that many of the women with invasive cervical 

cancer were neither screened in the years before their diagnosis nor were followed up 

appropriately. (112–115) Studies have shown that the population that has been under screened 

are those of low socioeconomic status and poor education. A study by Nainakashi et al shows 

that among women of different backgrounds, women with poor socioeconomic status and poor 

education were less likely to partake in cervical cancer screening (74). Therefore, a study must 

be done to correctly determine the reason why some women do not partake in the cervical 

cancer screening programs. A study should access the patient-level sociodemographic factors 

affecting cervical cancer screening uptake in Calgary, Alberta. (Refer to Chapter 5) 

 Barriers to cervical cancer screening 

Available evidence indicates that barriers to utilization of screening services are due to 

demographic or community characteristics or health system structural barriers. (116). 

Underserved population groups are less likely to participate in cancer screening (117–120) and 

this leads to late-stage cancer diagnosis and unfavorable outcomes from cervical cancer. (121)  

1.12.1.1 Segments of the Population with Low Income, Low Literacy and/or Low Education Levels 

People living in lower socioeconomic status environments are less likely to participate in 

cancer screening. Women with lower income, less education, and lower literacy levels have 

shown low utilization of cervical cancer screening. Data from the United States and other 

industrialized countries indicated similar trends and described socioeconomically 

disadvantaged women are significantly less likely to receive screening. (122–125) Social 

isolation and low literacy also contribute to a low awareness of preventive services.  
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1.12.1.2 Rural and Remote Canadians 

Geographic distance, lack of transportation, and lack of health care providers often 

preclude access to cancer screening for women from rural towns or farms. (126–128) 

Availability of cancer information and cancer knowledge among residents may be limited 

in rural and remote communities. Broadly speaking, in rural and remote areas there is a 

lack of preventive, diagnostic services (61) and underservicing of special-needs groups, 

such as people with disabilities and new immigrants. 

1.12.1.3 First Nations, Inuit, and Métis 

Cancer screening rates among First Nations, Inuit and Métis populations is community-

specific, whereby some communities are vastly under-screened and others meet or exceed 

the rate for Canadians in general (129). Participation for cervical cancer screening is 

improving in most First Nations, Inuit, and Métis populations. Aboriginal populations 

tend to present with later-stage cancers and have higher mortality rates from preventable 

cancers. (130,131) This population group experiences multiple barriers to screening 

participation in Canada, including: different cultural concepts of cancer and its 

prevention; lack of culturally suitable services; lack of awareness and knowledge about 

screening; high health professional staff turnover and shortages; and rural and remote 

geographic location.(132–134) 

In 2013, CTFPHC searched for evidence to inform recommendations for screening Aboriginal 

women. They examined whether these women have a higher risk of invasive cervical cancer 

or a greater risk of harms from screening, and if so, whether there was evidence that the 

screening policies should be different for them. No evidence was found to support the need for 
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differential screening in Aboriginal women including more or less frequent screening or 

different ages to start and to stop screening.(8)  

1.12.1.4 Recent Immigrants and Visible ethnic minorities 

Women from ethnic minorities and recent immigrants have been associated with lower rates 

of cervical screening over decades of screening in countries worldwide. (118,135–137) While 

barriers to screening appear to be somewhat similar among various immigrant groups, each 

group is unique and may have distinct health beliefs and practices. (118,136) Previous qualitative 

studies and quantitative studies suggest lower awareness of cancer risk factors, warning signs, 

and screening programs among ethnic minorities, particularly among Asian and African 

women. (63,138,139) Studies have also shown that in Canada, first and second generation 

Asian-Canadians have lower cervical cancer screening rates than native-born Canadians. (138) 

Recent immigrant women may come to Canada from countries where there may be limited 

preventive services and no organized cervical cancer screening programs. So, for these women 

participation in screening in the absence of symptoms do not fit with their health beliefs. It is 

not surprising that one of the major reasons why immigrant visible minority women do not 

participate in Pap testing is the perception that the test is not necessary. (63,118,137,138,140) 

On the other hand, some ethnic minority women may know the importance of Pap testing, but 

during the early years after immigration, survival is more of a priority. Recently immigrated 

women may take on two or three low paying jobs to provide for their families. They do not, 

therefore, find the time to go to their doctors’ appointments because of their work schedule. 

(118) Some of the recent immigrants may not be familiar with Canadian health care services 

and may not know where or how to get a Pap test if they do not have a regular physician.  
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Most of the provinces in Canada offer cervical cancer screening programs in collaboration with 

the provincial cervical cancer screening programs. These programs send invitation letters for 

screening or reminders to the eligible patients. (84) Language barriers among the new 

immigrants can also result in inadequate comprehension when visiting a physician visit and 

hence disparities in testing and diagnostic evaluations. (141) These reasons may explain why 

recently immigrated visible minority women with no regular physician have the highest risk 

of not having a regular Pap test. (115) 

A survey of the attitudes to cervical cancer screening among South Asian immigrant women 

in Ontario found mainly a lack of knowledge about the purpose of screening followed by 

language difficulties, embarrassment, and fear of the test followed by practical problems in 

access to care.(137) A population-based study compared the prevalence of appropriate cervical 

cancer screening among 2.9 million screening-eligible women from major geographic regions 

of the world living in urban centers in Ontario, Canada during 2006–2008. The study results 

showed that screening inequities were most pronounced for women from South Asia, especially 

for those over 50 years of age when compared to the referent group (Canadian-born women 

and immigrants who arrived before 1985). The study also reported low screening rates among 

women from the Middle East and North Africa. (118,138) (Refer to Chapter 5) 

1.12.2  Cultural factors 

There is a significant gap in the literature as to how social and sexual behaviors impact cervical 

cancer screening and cervical cancer in general.(77,142) The usual age of initiation of sexual 

activity varies among different ethnic groups. Promiscuity of men and women also differs in 

different cultures and religions. (143,144) HPV is transmitted sexually (77) and therefore 

screening and cervical cancer itself can be perceived as a consequence of promiscuity and thus 
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have negative implications in some cultures. (143) A study of immigrant Muslim women in 

San Francisco reported that religious and cultural beliefs, such as the value placed on modesty 

and premarital virginity, contribute to reluctance to participate in cervical cancer screening. 

The authors further stated that it was unclear whether discussions on health care behavior 

involving sexuality and reproductive health would be welcomed by those women. (143) In 

western cultures, a woman may have multiple sexual partners, which might increase her risk of 

HPV infections. (143,144) 

Emotional responses such as fear, embarrassment, pain was raised by many qualitative studies 

and were prominently reported by Asian women. (136) While this needs to be confirmed 

quantitatively in the screening context, there is already some evidence that Asian women are 

more likely than white women to report emotional barriers to delayed help-seeking for cancer 

symptoms. (128) Some of the ethnic minority women also raised the potential for feelings of 

shame, if diagnosed with cervical cancer.(136) Anticipated shame is recorded as a barrier to 

cervical screening in qualitative work with African women. (145) HPV self-testing is often 

suggested as a method of overcoming cultural barriers that are connected to modesty or 

discomfort more generally with vaginal examinations. However, it is not a recommended 

practice in Canada. (145,146) 

Patients are considered active participants in a patient-centered care model. (147) Patients 

beliefs, values and expectations are principal elements in the process. (148) For designing 

culturally sensitive intervention programs, an outreach worker program was piloted in Seattle 

and Vancouver. The outreach worker approach improved women’s understanding of their 

health and the need for preventive health care practices. The trained outreach community 

members made telephone calls to remind women of their appointments for Pap screening and 
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provided logistic assistance (such as transportation) where needed. This model was successful 

for Chinese immigrants in British Columbia and Seattle. (149) 

In one of the studies in Canada, linguistically appropriate materials (handouts) were distributed 

to the women. Information on Pap testing was provided in community newspapers and shared 

on community radio stations that enhanced understanding of women on cervical screening. In 

England, a TV soap opera was used to promote ‘hard to reach’ women for screening. (150) 

Public health interventions that take cultural specificities into account are based on the premise 

that differences are respected and valued. (145) This promotes the circumstances necessary for 

the realization of representation of the groups in question. Currently, health care services 

responsive to the linguistic and cultural differences of Aboriginal people, immigrants and 

cultural minorities are insufficient. (135,137,138) However, it is not clear from the available 

evidence whether or how well cultural tailoring increases uptake of screening services. 

(17,151,152) 

 Provider Level Factors affecting screening 

With emphasis on patient-centered care and shared decision-making, the role of health 

professionals has changed from simply doing, to checking whether patients understand 

and supporting them to make their choices in ways that are aligned with patient needs, 

values and beliefs. (153)  

The literature identifies a broad range for screening rates for various cancers but offers 

little in the way of explanation for over- and under-screening by physicians to ensure 

“right-care”.  Specific interests of a Family Physician may play a role in test ordering; 

physicians who are keen on preventive medicine may over-screen their patients. Others 
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may do little, and only screen on patient request, while others may be focused on specific 

fields such as “women’s health” and have high rates of cervical and breast cancer 

screening, but low rates for other activities. These patterns likely also vary according to 

the patient population the physicians serve, and their own cultural beliefs. We must 

understand these patterns to develop effective methods for change.  

For under screening, prevention is a foreign concept especially for those who use medical 

services primarily at crises, such as new immigrants, unemployed individuals, and people 

with low socio-economic status. (137) These beliefs pose a challenge to care, particularly 

with the increased emphasis on patient-centered care and shared decision-making. We 

expect that there is self-selection of patients and doctors, with congruent behavior toward 

cervical cancer prevention. (154) Patients who underestimate or overestimate the benefits 

of screening are likely to attend physicians who have similar ideas; doctors who have 

specific ideas gradually “teach” them to their patients (clustering effect). (155) 

Studies reported that clinicians have poor adherence to cervical cancer screening 

guidelines (156,157) and begin screening too early (158), perform screening too often 

(159–161), and do not end screening in women who are at low risk on the basis of age 

criteria (162) or because they have had hysterectomy (163,164). Moreover, aggressive 

management of women with mild screening test abnormalities, than is deemed necessary 

has also been reported. (156,159) Although behaviors take time to change, analyzing 

factors that affect physicians’ responses to guidelines needs attention. (165) (Refer to 

Chapter 4) 

  



 55 

 Cervical cancer screening in young women 

Young women often have abnormal Pap results but these results are less likely to 

represent a serious abnormality, putting these young women at risk of over-diagnosis and 

over-treatment. (8,166). Evidence also shows that over-screening low-risk women 

increases costs substantially, while providing only marginal benefits. (9,13) Precancerous 

cervical lesions can undergo natural regression so more frequent screening is likely to 

lead to over-diagnosis and over-treating women for lesions that will regress on their own. 

(15) A study in the USA followed up 95 women aged 24 years or below with a diagnosis 

of CIN II and concluded that lesions in 70% of the women regressed in two years, with 

no progression to invasive cancer. (167) 

Harms of over-screening for cervical cancer have not been measured widely. Harms for 

screening include inconvenience, discomfort, and embarrassment that women feel from 

attending for Pap tests, and having uncomfortable bimanual examinations, physical and 

psychological impact of being informed about an abnormal test, and according to the 

abnormality, being asked to undergo repeat testing, referral for colposcopy, biopsy and 

return for results, or having treatment with LEEP or other procedures. Furthermore, the 

risk for pregnancy loss for those women who had a LEEP or cone biopsy rises from 0.6% 

to 1.8% (increase of 1.2 %) primarily in the second trimester. (168,169) This risk is more 

serious in younger women who are less likely to have started or completed their families, 

and many can be considered “overtreatment” since few of these lesions would progress 

to cancer. (170,171) However, at the time of the procedure, it is not possible to know 

which ones will progress and those that are indolent.  
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1.14.1 Cost Implications 

This section describes the cost implications of screening younger women aged 18 to 25 years 

in Canada and in the USA. 

Although health care in Canada is publicly funded, cervical cancer screening mobilizes 

substantial resources and is a major component of the current economic burden relating to 

cervical cancer control. (172–174) Overuse of laboratory testing in Canada has also become a 

serious burden on the Canadian health care system. (175) A national level analysis by the 

Canadian Partnership Against Cancer showed that 50% of women aged 18 to 20 years had at 

least one Pap test during 2010-2013 in Canada against the recommended guidelines costing the 

Canadian health care system $58 million per year. (111)  

In United States, a health maintenance organization, Kaiser Permanente Northwest (KPNW), 

reported that cervical cancer treatment represented only 10% of the total costs of cervical cancer 

control in their milieu. However, screening costs represented 63%, following up abnormal cases 

17%, and false positive results 9%. (176) The confirmatory procedure following an abnormal 

test involves a colposcopy with biopsies and at least two follow-up Pap tests at 6 and 12 

months. The total cost estimate is $670 ($406 for the colposcopy and biopsy and $132 for each 

Pap test).  

Additionally, indirect costs such as discomfort, inconvenience, psychological distress, lost 

production, and resources that are consumed in treating false-positive smears represent a 

significant societal cost. Expenditures resulting from false-positive cases constitute nearly 

one fourth of all follow-up costs, revealing that ample room remains for the improvement 

in the practice of efficient and effective cervical cancer screenings. (176) Given the high 

variability of current fees patterns, it is important to consider each aspect when determining 
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optimal efficacy and cost-effectiveness of screening programs for cervical cancer.  (177) 

It is to note that the health care systems in the United States and Canada are different. (178) 

Canadians are covered by a universal health care system while residents of the United 

States, if they are insured, obtain their insurance from various private or public sources. 

(178) A study reported that American women are more likely than Canadians to receive a 

pap smear. Most of the differences in the use of Pap test was the result of differences in 

unobserved heterogeneity or the way that the health systems treat women which may be a 

function of differences between the two health care systems in marketing, delivering, and 

reimbursing care. (178) 

1.14.1.1 Pap Test cost in Alberta 

The estimated combined direct cost of a Pap test in Alberta was $55 in 2013-2014, (179) 

comprising the attending physician’s clinical fee (approximately $25) and the laboratory 

costs of processing, interpreting, and reporting the test was approximately $30 (7). The 

laboratory cost of the Pap test remains consistent at approximately $30 during 2018-2019 

period. (180) Based on data from April 2013 to March 2014, a total of 211776 tests were 

performed in Calgary, Alberta, resulting in a total cost of approximately $11,647,680. 

(211776 tests costing $55 for each test). Canadian women aged 20 to 29 years had a rate 

of abnormal Pap test results of 9.8% in 2007/2008, compared with an overall rate of 

abnormal results of 4.7% for all women aged 20 to 69. (7) Many of these women 

subsequently undergo repeat Pap tests and/or colposcopies adding more cost to the 

treatment of the lesions that would otherwise resolve on their own. (102)  

There is an increasing awareness that health care priorities must be redirected  away from 

unnecessary, frequent cervical cancer screening standards in an effort to minimize false-
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positive results and to decrease screening costs. (181,182) As screening technologies and 

test accuracy evolve in the next years, the question of how often to test for cervical cancer 

and what are the consequences of reducing the frequency will only increase in importance, 

especially for low-risk populations. The dissemination and adoption of screening 

guidelines changes have the potential to reduce the number of false-positive smears that 

often lead to needless follow-up testing and patient worries while redirecting limited 

healthcare resources to those populations with the highest risk. (183,184) 

Over utilization of cervical cancer screening has been documented as an ineffective and 

inefficient use of health care resources. (185) Despite clinical screening guideline changes, 

clinicians and their patients are resistant to incorporating them into recommended screening 

protocols and continue to perform annual screening even on low-risk patients. (186) The 

related cost and efficiencies of healthcare technology can be better projected into programs 

that target unscreened or over screened women in order to decrease disparities and improve 

the overall cancer screening objective. (187) 
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The objective of this thesis is to examine and analyze cervical cancer screening patterns and 

practices in Calgary, Alberta. According to 2016 Canadian Census, the population 

of Calgary was reported to be 1.3 million which showed a growth rate of 2.5% from the 2011 

Canadian census data. (1) Calgary has the youngest population of major cities in Canada 

with 70.2 per cent of the population between the ages of 15 to 64. As of 2016 data, 38% 

of the population of Calgary belongs to a visible minority group, and Calgary is ranked third 

among major Canadian cities in terms of its proportion of visible minorities. (1) 78% of the 

immigrants who have arrived in Calgary since 2001 belong to a visible minority group. (1) 

The Calgary Laboratory Services (CLS) was created in 1996 and has since then remained the 

sole testing laboratory in Calgary, Alberta. (2,3) The demographic diversity and a centralized 

laboratory information system in Calgary provided a unique opportunity to investigate the 

effects of changes in the cervical screening guidelines and rates of cervical screening within an 

entire city over the span of 11 years.  

 Research objectives 

Study 1: To study the changes in cervical cancer screening among young women aged 

15-29 years in Calgary during 2007-2016 with respect to guideline changes. 

Study 2: To analyze the sociodemographic characteristics of the family physicians and 

their association with over and under screening in Calgary, Alberta during 2014-2016. 

Study 3: To understand the patient-level sociodemographic factors affecting cervical 

cancer screening uptake in Calgary, Alberta from 2006 to 2016.  
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 Research questions 

Study 1: How has cervical cancer screening in young women (15–29-year-old) changed 

over the years with changes in screening guidelines? What are the rates of abnormal tests, 

consequent diagnostic procedures, preinvasive and invasive cervical cancer in 10-29-

year-old women in Calgary, Alberta? 

Study 2: What are the patterns of cervical cancer screening practices based on 

characteristics of the family physicians in Calgary, Alberta?  

Study 3: What are the variations in cervical cancer screening in Calgary women aged 25-

69 by immigration, aboriginal, visible minority (Chinese, South Asian and Black) 

education, and income status? What has changed over time based on screening guidelines 

changes?  

 Study Hypotheses  

Study 1: We hypothesized that the frequency of testing in young women (15–29-year-

old) is declining in Calgary, Alberta in accordance with the screening guideline changes. 

Study 2:  We hypothesized that socio-demographic factors and providers’ beliefs are 

crucial factors in optimizing cervical cancer screening in Alberta.  

We hypothesized that international medical graduates are less likely to screen their 

patients for cancer than US- or Canadian-trained physicians. We hypothesized that 

women physicians are more likely to order a screening test as compared to male 

physicians and more likely to screen if the woman physician is trained in US- or Canadian 

health care system  (4–6). We hypothesized that physicians from Muslim majority 
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countries and the developing world are likely to under-screen their eligible female 

patients. We hypothesized that physicians who are in practice for longer duration are slow 

in changing their practices to raise the starting age and increase the interval for cervical 

cancer screening from annual to 3-yearly screening. (4–6). 

Study 3: We hypothesized that there are significant sociodemographic and geographic 

variations in cervical cancer screening rates in Calgary. There are areas in Calgary that 

are significantly over or under screened. (7) 

A detailed analysis of socio-demographic factors from the three census years, 2006, 2011 

and 2016 with the cervical screening rates will assist in understanding trends of cervical 

screening uptake in Calgary, Alberta. 
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 Study Rationale  

Previous studies have estimated that more than 80% of cervical cancer cases occur in 

women who have not received a Pap test within the previous three years (8) (9). Some 

women may receive Pap screening more frequently than is clinically justified. (10) For 

instance, the adoption of triennial, rather than annual or biennial screening, would reduce 

the number of routine Pap tests by approximately 50%. (11) It indicates that ample room 

remains for the improvement of the efficiency of cervical cancer screening programs. (12) 

The purpose of this thesis is to provide a detailed account of cervical screening practices 

in Calgary, Alberta. We first assessed the trends in cervical cancer screening among 

young women in Alberta to study the effects of changing cervical cancer screening 

guidelines in Canada. We then examined characteristics of the physicians to understand 

their adherence to cervical screening guidelines in Calgary, Alberta by examining their 

test ordering patterns. In the third Paper, we identified patient-level sociodemographic 

variables that may affect screening rates. While there have been Canadian studies that 

have examined Pap testing at the provincial and national level, (13) few have addressed 

testing patterns at the local area level. In this thesis, we addressed this issue by examining 

the sociodemographic characteristics of all women undergoing cervical screening in 

Calgary, Alberta from 2006-2016 at the neighborhood level. 
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 Abstract  

Objectives: To describe temporal trends in screening and outcomes for women, after changes 

in guidelines in Alberta, Canada, that raised starting age to 21, then to 25 years of age, and 

reduced frequency to 3-yearly.  

Methods: Calgary Laboratory Information System data were used to examine screening rates, 

follow-up procedures and cancer among women 10 to 29 years from 2007 to 2016 in the whole 

population of Calgary. Interrupted time-series analyses were used to assess changes in 

screening and subsequent diagnostic procedures over the ten-year period. 

Results: Annual Screening rates dropped by around 10% at all ages over 15 after the 2009 

Alberta cervical cancer screening guidelines, followed by a steady decrease. Further change 

continued after minimal apparent effect of the 2013 Canadian Task Force on Preventive Health 

Care guidelines. The rates of abnormal test results and biopsies did not increase with decreased 

screening. Likewise, no increases in CIN I, CIN II/III, or invasive cervical cancer rates were 

observed after reduced testing. 

Conclusions: The largest decrease in screening and follow-up procedures occurred in the 

period immediately following implementation of 2009 Alberta screening guidelines. The 

number of consequent procedures also decreased in proportion to decreased screening, but 

there was no increase in cancer rates. Starting screening at age 25 and reducing intervals 

appears to be safe. 
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 Introduction  

Recommendations for cervical cancer screening have evolved over time as new evidence has 

become available (1,2). In Canada health care is a publicly funded service free to all residents, 

organised and administered by each province. Cervical cancer screening is mostly performed 

by family physicians (3) and follow-up colposcopy by focussed-practice gynaecologists. In 

Calgary, Alberta since 2003 an organized screening program coordinates invitation and 

reminder letters, colposcopy and laboratory quality assurance. (4) Prior to 2009, most women 

over 18 years were screened annually (5). In October 2009, the Alberta provincial guidelines 

were changed to recommend screening initiation for sexually active women at age 21, and 

after 3 tests within 5 years, repeat every 3 years (6). Subsequently in February 2013, the 

Canadian Task Force on Preventive Health Care (CTFPHC) recommended against screening 

under the age of 25 years and endorsed the every third year interval (2). The later initiation of 

screening and extended interval was intended to minimize the harms caused by treating 

abnormalities that are unlikely to progress to cancer in young women (7,8). Some opinion-

leaders consider these modifications in guidelines controversial and raise concerns that without 

early onset and frequent screening more advanced disease will present, either prior to 

screening commencing, or at later screening (7–9). These guideline changes also created 

confusion between providers and women (10,11). Both physicians and women had to 

understand these new guidelines and change their behaviors accordingly, a process that takes 

time (12).  

Using a city-wide pathology service database, we sought to describe how physicians and 

women in Calgary responded to these changes in recommendations (2,6), and their effects on 

the screening outcomes. We measured the rates of cervical cancer screening for each age group 
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from 10 to 29-year-old women in Calgary from 2007 to 2016. We assessed subsequent 

diagnostic testing including rates of abnormal tests and biopsies to measure changes in 

downstream testing as screening was reduced. To assess whether later screening initiation 

leads to increased harms to young women, we also measured reporting of cervical 

intraepithelial neoplasia II/III) and invasive cervical cancer through this period. 

 Methods 

We performed a population-wide audit of cervical screening, subsequent follow-up testing, and 

outcomes over ten years, in a city of approximately 1.3 million people, 50% female. The 

population increased by 15% from 2007 to 2016.  (13) 

3.3.1 Data Sources 

Calgary Laboratory Services (CLS) has provided all cytopathology services and cervical 

pathology specimen analysis to Calgary and surrounding regions in Southern Alberta since 

2006. Cervical cancer screening data and pathology results without personal identifying 

information were extracted from CLS’s Laboratory Information System (LIS) from Jan 01, 

2007, to Dec 31, 2016. The extracted variables were LIS-generated proxy ID numbers, date of 

birth, laboratory site, date of screening, date of result report, physician’s name, and clinic 

address, result and follow-up recommendations. Ethics approval for the study was obtained 

from the University of Calgary Conjoint Health Review Ethics Board. [REB13-0376].  

Inclusion criteria: We included all cervical cytology tests ordered by a family physician for 10-

29-year-old females with a valid Alberta healthcare number and a residential address in Calgary. 

If a woman had multiple tests in a year, the first test and its result were chosen. Individuals without 

Alberta health care insurance were excluded. However, they represented less than 1% of the 

population. 
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Abnormal test rates were determined from the diagnosis given in the Pap test result report. To 

investigate the consequences of subsequent diagnostic testing after abnormal screening tests, we 

counted all biopsies including cervical, LEEP (loop electrosurgical excision procedure) and cone 

biopsies for 2007-2016. Although these data did not include referrals to colposcopy, as an indicator 

we counted the number of women who had cervical biopsies. We then measured the precancers 

and invasive cervical cancer reported from these specimens.  

 

3.3.2 Data Analysis 

Population-adjusted cervical cancer screening rates were calculated using Statistics Canada 

census data and annual estimates to provide the denominators. We do not provide confidence 

intervals for these rates since the data come from the total population.  To assess the effect of 

guideline changes we used interrupted-time-series analysis (ITSA) to evaluate changes in 

cervical screening test rates (14). ITSA uses segmented linear regression, which divides a time 

series into pre- and postintervention segments. The Alberta guidelines were introduced in 

October 2009, so we chose 2010 as the beginning of the first intervention. The CTFPHC 

guidelines were introduced in 2013 so we considered the beginning of 2014 as the start of the 

second intervention to evaluate post-guideline changes. Thus, three time periods were 

constructed for comparison of rates: the preintervention time period 2007-2009, and the two 

post-intervention time periods, 2010-2013 and 2014-2016. A linear regression model in ITSA 

has two parameters: the level and slope. A change in level between the pre- and post-

intervention segments indicates an immediate change and a change in slope represents post-

intervention change per year.(14). The changes were estimated and compared in ITSA using 

the Newey-West estimator, and the P-value <0.05 was used as the threshold for statistical 
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significance between pre- and post-intervention segments. All analyses were conducted using 

Stata/SE version 14 (College Station, TX).  For a detailed description of ITSA methodology 

see Appendix B. 

 Results 

We analysed 435,772 tests on approximately 130,000 women over the 10-year period. 

Between the ages of 10 and 14, there were an average of 52 tests per year between 2007 and 

2009, which reduced to an average of 5 per year in 2014 to 2016. Subsequent abnormal results 

were too few to analyse. Figure 3.1 depicts cervical cancer screening rates for individuals from 

15 to 29 years old. Slight declines occurred in the first three years, then after the Alberta 2009 

recommendations immediate declines by about 10% were observed, less at lower ages. 

Subsequently, rates continued to decrease, relatively more for the youngest ages and less for 

those over 22. The gradual decline continued with little apparent change after the 2013 

CTFPHC cervical cancer screening recommendations, except for women 21-25, where a small 

further change is apparent. To determine if there is seasonality in screening rates, we also 

analyzed the quarterly data and observed no differences. (Results not shown). 

 Table 3.1 aggregates data in three 5-year age groups 15-19, 20-24 and 25-29. Among women 

aged 15-19 years, annual screening rates decreased from 16.9% in 2009 to 1.8% in 2016. In 

20 to 24 years old, the test rate declined from 53.2% to 27.1% and in 25 to 29 years old from 

59.6% to 38.7%. Table 3.2 aggregates data in the three 5-year age groups for abnormal 

screening results and subsequent diagnostic testing. Figure 3.2 shows the trend of ITSA 

analysis based on the rates of three 5-year age groups presented in tables 3.1 and 3.2. Observed 

screening rates are presented as yearly data points, and the predicted line shows the trend of 

changes in ITSA. As cervical screening rates declined, the rate of diagnosed abnormalities 
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declined in parallel. The cervical biopsy rate changed in a more complex manner. Table 3.3 

provides the statistics of changes between pre- and post- guideline recommendations. It 

confirms that the changes include an immediate drop in screening rates after the late 2009 

guidelines (P < 0.001 for all three age groups) then a decline continued. After the CTFPHC 

guideline recommendations in 2013, there was no significant immediate change, but a slight 

flattening of the rate of decline for each age group.  

Table 3.3 and figure 3.2 demonstrate that there already were non-significant declines in 

abnormal readings, then after the 2009 Alberta guidelines there was an immediate decrease in 

abnormal test rates for 15-19-year-old, but not for those older, followed by decreases for all 

three age groups. After the 2013 guidelines, there was minimal difference for the youngest 

group, the decline continued at non-significantly lower rates for those under 24, and the 25-

29-year age group showed a slight increase in abnormal test results.  

Table 3.3 and figure 3.2 also show that initially cervical biopsy rates were rising for all age 

groups. After the 2009 guidelines there were immediate drops, followed by a consistent 

decline. After the 2013 guidelines, the decline persisted with no significant changes among 

15-19 and 20-24-year-old. However, cervical biopsy rates for the 25-29-year-old group 

increased by 0.4% [95% CI 0.1-0.7, P=<0.001] and rose thereafter. LEEP and cone biopsies 

also dropped to zero for the younger group, to one third among 20 to 24-year-old women and 

to two thirds among 25 to 29-year-old women. 
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Figure 3.1: Cervical Screening Tests by age in Calgary 2007-2016 
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Table 3.1: Annual cervical screening test rates by age in Calgary 2007-2016 

 

 

  

Table 1: Cervical Cancer Screening Rate by age groups and year 

Number of women who had a cervical screening test Female population  Cervical Screening Rates (%) 

Year/Age 15-19yrs 20-24yrs 25-29yrs 15-19yrs 20-24yrs 25-29yrs 15-19yrs 20-24yrs 25-29yrs 

2007 6863 21391 27704 39540 38970 45120 17.4 54.9 61.4 

2008 6707 20871 28109 38610 39300 47610 17.4 53.1 59.0 

2009 6317 20450 28703 37330 38460 48170 16.9 53.2 59.6 

2010 3616 16812 24448 37050 38370 48760 9.8 43.8 50.1 

#2011 2614 15222 23094 37430 39170 50470 7.0 38.9 45.8 

2012 1879 14611 22318 37660 40200 51960 5.0 36.3 42.9 

2013 1434 13710 22166 38120 40820 54030 3.8 33.6 41.0 

2014 1196 13680 22607 38400 40750 55750 3.1 33.6 40.5 

2015 1047 13327 22757 39070 39970 55250 2.7 33.3 41.2 

#2016 694 10649 20776 39030 39240 53630 1.8 27.1 38.7 

*Rates are calculated using the total female population of Calgary for that age group and year as the denominator. 

# Indicates census years: other year populations are estimates 
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Table 3.2: Abnormal screening results and subsequent diagnostic testing rates 

 

 
 

  

 
 

Table 2: Abnormal screening and subsequent diagnostic testing rates in Calgary, AB 

Year 15-19 years 20-24 years 25-29 years 

Abnormal 

Screening 
Result 

Women who 

had Cervical 
Biopsies 

Cervical 

Leep/ Cone 
Biopsies 

Abnormal 

Screening 
Result 

Women who 

had Cervical 
Biopsies 

Cervical 

Leep/ Cone 
Biopsies 

Abnormal 

Screening 
Result 

Women who 

had Cervical 
Biopsies 

Cervical 

Leep/ Cone 
Biopsies 

Number (%) 

2007 1182 (2.99) 295 (0.75) 33 (0.08) 3785 (9.71) 2353 (6.04) 282 (0.72) 3003 (6.66) 2499 (5.54) 305 (0.68) 

2008 1054 (2.73) 307 (0.80) 34 (0.09) 3391 (8.63) 2824 (7.19) 313 (0.80) 2767 (5.81) 3102 (6.52) 408 (0.86) 

2009 1062 (2.84) 334 (0.89) 20 (0.05) 3303 (8.59) 2958 (7.69) 270 (0.70) 2865 (5.95) 3512 (7.29) 330 (0.69) 

2010 709 (1.91) 156 (0.42) 6 (0.02) 3100 (8.08) 1746 (4.55) 163 (0.42) 2749 (5.64) 2100 (4.31) 322 (0.66) 

2011 480 (1.28) 83 (0.22) 2 (0.01) 2590 (6.61) 1635 (4.17) 156 (0.40) 2377 (4.71) 2098 (4.16) 268 (0.53) 

2012 339 (0.90) 45 (0.12) 2 (0.01) 2457 (6.11) 1364 (3.39) 115 (0.29) 2311 (4.45) 1911 (3.68) 232 (0.45) 

2013 252 (0.66) 31 (0.08) 0 (0.00) 2302 (5.64) 1346 (3.30) 109 (0.27) 2368 (4.38) 2314 (4.28) 249 (0.46) 

2014 170 (0.44) 14 (0.04) 3 (0.01) 2383 (5.85) 1536 (3.77) 125 (0.31) 2432 (4.36) 2891 (5.19) 244 (0.44) 

2015 140 (0.36) 11 (0.03) 0 (0.00) 2237 (5.60) 1289 (3.22) 108 (0.27) 2544 (4.60) 3016 (5.46) 261 (0.47) 

2016 109 (0.28) 4 (0.01) 0 (0.00) 1782 (4.54) 1167 (2.97) 86 (0.22) 2477 (4.62) 2995 (5.58) 214 (0.40) 

% are calculated using the total female population of Calgary for that age group and year as the denominator.  
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Table 3.3: Summary of Interrupted Time-Series Regression Analysis of cervical cancer screening rates and consequent diagnostic 

procedures by age groups. 

Note: As the guidelines were introduced in late 2009, we referenced 2010 to calculate immediate and overall change per year to study the first post intervention period. 
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Table 3.4: Cervical Biopsy outcomes by age groups 

 

 

Table 4: Cervical Biopsy outcomes among 15-29 years old women  

Year 15-19 years 20-24 years 25-29 years 

Number (%) Number (%) Number (%) 

Negative 
biopsies 

LSIL 
(CIN I & 
ASC-US) 

cases 

HSIL 
(CIN II 
& III) 
cases 

ICC 
cases 
& 
rates 
per 
105 

Total 
biopsies 

Negative 
biopsies 

LSIL 
(CIN I & 
ASC-US) 

cases 

HSIL 
(CIN II & 
III) cases 

ICC 
cases & 
rates 
per 105 

Total 
biopsies 

Negative 
biopsies 

LSIL 
(CIN I & 
ASC-US) 

cases 

HSIL 
(CIN II & 
III) cases 

ICC 
cases & 
rates 
per 105 

Total 
biopsies 

2007 89 (0.23) 128 (0.32) 78 (0.2) 0 (0) 295 (0.75) 728 (1.87) 793 (2.03) 608 (1.56) 0 (0) 2129 (5.46) 768 (1.7) 647 (1.43) 634 (1.41) 3 (6.65) 2052 (4.55) 

2008 94 (0.24) 160 (0.41) 59 (0.15) 0 (0) 313 (0.81) 877 (2.23) 973 (2.48) 611 (1.55) 0 (0) 2461 (6.26) 925 (1.94) 813 (1.71) 745 (1.56) 1 (2.1) 2484 (5.22) 

2009 103 (0.28) 130 (0.35) 65 (0.17) 0 (0) 298 (0.8) 840 (2.18) 947 (2.46) 591 (1.54) 0 (0) 2378 (6.18) 899 (1.87) 875 (1.82) 659 (1.37) 0 (0) 2433 (5.05) 

2010 56 (0.15) 67 (0.18) 33 (0.09) 0 (0) 156 (0.42) 627 (1.63) 693 (1.81) 425 (1.11) 1 (2.61) 1746 (4.55) 698 (1.43) 740 (1.52) 661 (1.36) 1 (2.05) 2100 (4.31) 

2011 31 (0.08) 34 (0.09) 18 (0.05) 0 (0) 83 (0.22) 596 (1.52) 629 (1.61) 410 (1.05) 0 (0) 1635 (4.17) 828 (1.64) 683 (1.35) 585 (1.16) 2 (3.96) 2098 (4.16) 

2012 11 (0.03) 24 (0.06) 10 (0.03) 0 (0) 45 (0.12) 409 (1.02) 655 (1.63) 298 (0.74) 2 (4.98) 1362 (3.39) 629 (1.21) 777 (1.5) 505 (0.97) 0 (0) 1911 (3.68) 

2013 13 (0.03) 11 (0.03) 7 (0.02) 0 (0) 31 (0.08) 566 (1.39) 504 (1.23) 276 (0.68) 0 (0) 1346 (3.3) 994 (1.84) 762 (1.41) 558 (1.03) 0 (0) 2314 (4.28) 

2014 4 (0.01) 3 (0.01) 7 (0.02) 0 (0) 14 (0.04) 699 (1.72) 526 (1.29) 311 (0.76) 0 (0) 1536 (3.77) 1528 (2.74) 823 (1.48) 537 (0.96) 1 (1.79) 2889 (5.18) 

2015 3 (0.01) 5 (0.01) 3 (0.01) 0 (0) 11 (0.03) 592 (1.48) 437 (1.09) 260 (0.65) 0 (0) 1289 (3.22) 1648 (2.98) 808 (1.46) 560 (1.01) 0 (0) 3016 (5.46) 

2016 0 (0) 1 (0) 0 (0) 0 (0) 1 (0) 554 (1.41) 408 (1.04) 205 (0.52) 0 (0) 1157 (2.95) 1548 (2.89) 921 (1.72) 525 (0.98) 1 (1.86) 2995 (5.58) 

Rates are calculated using the total female population of Calgary for that age group and year as the denominator. 
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Figure 3.2: Trends in annual rates of cervical screening, abnormal results, and cervical biopsy 

among females 15-29 years old in Calgary. 2007-2016. 
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3.4.1.1 Cervical Biopsy Results and Invasive Cervical Cancer (ICC) 

Table 3.4 presents declining numbers of biopsies and rates expressed as percentage of the 

population in that age group, in proportion to the reduction in number of tests. It also shows 

the reductions in numbers of pathological diagnoses for the women. For 15 to 19-year-old 

women, biopsies and diagnoses dropped to zero. Among 20-24-year-old women, the CIN I 

(cervical intraepithelial neoplasia I) and ASCUS (atypical squamous cells of undetermined 

significance) rate decreased from 2% in 2007 to 1% in 2016, while CIN II and III (cervical 

intraepithelial neoplasia II and III) declined from 2% in 2007 to 0.5% in 2016. Despite this 

reduced screening and biopsy activity no invasive cancer was diagnosed among teenagers and 

only 3 adenocarcinomas were found among 20-24-year-old women from 2007-2016. By 

contrast, among 25-29-year-old women the total biopsy rates were similar in 2007 and 2016 

with fluctuation between. Similarly, the diagnosis of CIN I increased from 1% in 2007 to 2% 

in 2016 but the CIN II and III rates dropped from about 1.5% to about 1% over the 10-year 

study period. All the invasive cancer cases (n=8) diagnosed from 2007-2016 among 25-29-

year-old women were adenocarcinomas.  
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 Discussion  

Initially, there was considerable screening among teenagers, progressively more frequent with 

age, increasing to about 60% of women over 22 years being screened each year. After the 2009 

guidelines there was an immediate drop of about 10% and thereafter a steady decline, 

minimally affected by the 2013 recommendations of the Canadian Task Force on Preventive 

Health Care. Given the reduced number of screening tests, there was a corresponding decline 

in colposcopy rates, cervical biopsies, and diagnoses among women aged 15-24. For women 

25 to 29 years, after declines in screening and abnormal results as for the younger groups, there 

was a slight rise of abnormal results, and biopsy. The rates of CIN II and III among the biopsies 

declined for those under age 24 and remained stable among those 25-29. There has been a 

general move away from treating women under 25 aggressively with LEEPs and biopsies, with 

changed colposcopy guidelines in Canada and USA. (15,16)  No invasive squamous carcinoma 

was found during this period among women under 30 years, and there was no measurable trend 

in adenocarcinoma detection.  

Physicians were informed about the change of guidelines in 2009 by one mail-out. Women 

were informed through media coverage, the “Screening for Life” website and education 

pamphlets. If physicians and patients had followed the guidelines, there should have been an 

immediate stop to teenage screening, and the rates for women over age 21 should have reduced 

dramatically then resumed at a lower rate after two years, because the interval had lengthened 

from annual to every three years. After 2009, when Calgary Laboratory Services received 

samples from girls under age 15, pathologists made comments on the reports, and sometimes 

phoned the ordering physicians to ask why the test was performed and encourage them to 

follow the guidelines (personal communication, Dr. Ranjit Waghray). This likely affected 
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testing among older adolescents as well. The Canadian Task Force Guidelines (2) were 

publicised through national media, with distribution to members of the Canadian Medical 

Association through their journal (CMAJ). However, provincial screening programs did not 

update their guidelines following the 2013 CTFPHC recommendations, until 2016, when the 

start age of 25 was adopted so no extra local publicity occurred until then. (6) Our data 

demonstrates that healthcare providers tend to follow the provincial guidelines, as the 

screening program is provincially based. 

We had hypothesized that adherence to the guidelines might result in more selective screening, 

so that women being screened would have a higher rate of abnormal results.  However, at each 

age the fraction of screening tests diagnosed as abnormal was stable so the overall rate of 

abnormal test results among the total female population decreased in proportion to the reduced 

number of tests.  

After initiation of sexual activity more than 80% of women are infected with HPV. Infections 

are mostly asymptomatic and 90% are cleared by the immune system. (17) A few oncogenic 

HPV types might persist, but usually take 10-20 years for progression to cancer. (18) However, 

many women under the age of 25 continue to undergo cervical screening with the discovery 

of lesions that would spontaneously regress in the vast majority of them. (6,19) Treating 

precursor lesions that might otherwise resolve spontaneously causes physical and 

psychological harm (20) and affects a young woman’s quality of life (21). In addition to being 

uncomfortable, invasive testing and procedures require taking time away from work or studies 

(22) and often lead to anxiety (20). An abnormal screening test follow-up procedure such as 

colposcopy may produce pain, bleeding, and discharge. In addition, LEEP procedures may 

double the rates of premature labor (23). This risk is more serious in younger women who are 
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less likely to have started or completed their families and most can be classified as 

“overtreatment” since few of these lesions would progress to cancer (23). 

The ability of screening to reduce the few cases of invasive cancer among young women is 

limited. In countries where screening starts at 20, rates of cervical cancer in women under 25 

are not significantly different than in countries that start screening at age 30 (21,24,25). A 

population-based case-control study in UK with prospectively recorded data also demonstrated 

that cervical screening in women aged 20-24 has little or no impact on rates of invasive cervical 

cancer up to age 30 (26) . These findings corroborate the evidence from UK, USA, Canadian 

and Australian national statistics where regular and frequent screening among young women 

made minimal difference to incidence and mortality in such young women (2,25–28). The 

American Cancer Society guidelines also recently changed to start screening from age 25. (29) 

False positive rates are progressively less frequent among older women, so the balance of 

harms caused by false positives against the benefits gained from finding and treating pre-

cancers changes dramatically as cancer incidence rises with age (30). Understanding this 

change in the balance should underpin the strength of recommendations for women in different 

age groups (2,31). 

It is unclear how much the reduction in screening is due to clinician adherence to guidelines 

and how much is due to change in patient expectations (2,4). Some physicians continue annual 

screening from young ages. Physicians in practice for many years often have established 

patterns of practice and their patients have learned to expect this pattern, so making and 

explaining change is sometimes difficult (32) . 
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3.5.1 Strengths and Limitations 

In Alberta, health care including screening tests is free to users, so there is high uptake by the 

population, but as elsewhere, women with lower social status and new immigrants, are less 

likely to be screened. (33)  Since all pathology specimens in the region are sent to the CLS 

laboratory, the study captured all tests from this population. Liquid based cytology was 

introduced to Calgary in 2006 and there were no subsequent changes in laboratory protocols, 

while diagnostic criteria were stable during the ten-year study period. The screening program 

was being extended to the whole province but was stable in Calgary for the study period. We 

did not have data on referrals to colposcopy, so as an indicator of colposcopy we measured the 

number of women who had cervical biopsies. The underlying assumption is valid if the 

colposcopists are following Canadian published practice guidelines. (34) 

We only measured the number of women who had a test in each year, not the intervals between 

tests, so to the extent that intervals are longer than one year, the proportion of women being 

screened is higher than these percentages. Since we could not determine whether tests were 

part of a follow-up for an abnormal result, such women were included in our counts, thus 

increasing the apparent numbers screened. Future studies should exclude follow-up tests, and 

measure how many women have more than one screening test in three years, thereby 

potentially increasing the risk of harm. The new guidelines recommend against screening 

women who have not been sexually active, but we do not have data on rates of sexual activity 

so could not use women eligible for screening as a denominator. The hysterectomy prevalence 

among these young women is less than 1 per 1000, so we did not make allowance for 

hysterectomies in our study. We did not link data, so cannot discern whether women who 

developed adenocarcinoma had previously been screened.  
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Human Papillomavirus mass immunization programs initially commenced in Alberta in the 

2008/2009 academic year with the cohort of girls born in 1997/1998. (35) For a three-year 

catch-up program in 2009/2010, the vaccine was also given to grade 9 girls born in 1995/1996 

and the subsequent three years. However, only about 70% were immunized. Thus, they were 

12 years old at the beginning of the study, and by 2016 were aged 20 years. (35) In addition 

less than 5% of older women paid for their own immunization. This likely has caused some 

reduction in abnormalities in the later years of the study.  
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 Conclusion 

Cervical screening rates among young women in Calgary have declined slowly after guideline 

changes. Less testing leads to less diagnosis of abnormalities, and therefore presumably fewer 

referrals for colposcopy, reduced biopsy rates and subsequent potential for harms to women. 

With the changed pattern of practice, large numbers of abnormalities remain un-detected 

among young women and appear likely to have regressed spontaneously, so these women do 

not suffer harm from overdiagnosis and unnecessary colposcopy, biopsy, or treatment. These 

results in a total population study should provide reassurance that it is safe to raise the starting 

age for screening to 25 years, even before HPV immunization of young women is universal. 

Continued follow-up of this population will provide more information in future studies. 

Resources should be focussed on screening women with lower rates of cervical screening, such 

as women living in rural areas, indigenous and immigrant women. A first test for these women 

at higher risk provides more value than testing women at low risk who are under the age of 25 

years. 
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 Methodological Considerations 

This section is developed to address potential alternate methods that could have been applied 

to analyse the data used in this study. 

3.7.1.1 Linear vs. other regression analyses e.g., Poisson 

We opted to calculate rates and linear regression methods for our analysis. Rates are the 

number of events that occur in a defined period, divided by the average population at risk of 

that event. For example, in this study, to estimate the rate of cervical cancer screening among 

25–29-year-old in Calgary during 2018, we divided the total number of cervical screening tests 

in 2018 in 25–29-year-olds by the total female population aged 25-29 in 2018. We used rates 

instead of counts because they allowed comparison of the level of screening in the different 

age groups and across years. We didn’t apply Poisson regression models as they are used for 

modeling events where response variables are counts. Additionally, a Poisson model assumes 

that the mean and variance of the dependent variable are equal, and the values of the dependent 

variable cannot be negative or contain decimals. 

3.7.1.2 Join point regression analysis  

The Join point regression analysis is applied to study varying trends over time to identify the 

time point(s) in which the trend significantly changes. The location of the join-point is not 

known a priori and is to be estimated from the data. Therefore, the software takes trend data 

and fits the simplest join point model based on the data. Significance is tested using a Monte 

Carlo Permutation method. Cancer trends reported in National Cancer Institute, USA 

publications are calculated using the Join-point Regression Program. 

I used interrupted time series analysis because it is a powerful quasi-experimental approach 

for evaluating effects of interventions introduced at a specific point in time.  ITSA analysis 
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can be used even for few observations. It does not require log transformations. The time 

periods for intervention can be identified a-priori which was required for the analysis. 

Comment on additional information on dealing with multiple screens per woman  

Multiple screening test per woman is either due to over screening or subsequent diagnostic 

testing in case of abnormal test results. We, therefore considered only the first test in each year 

as the screening test. As such if a woman had 3 tests in a year, only the first test was counted 

as the screening test. 
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 Abstract 

Background: The effectiveness of cervical cancer screening programs is well recognized; 

however, inappropriate screening practices result in either a woman being tested too often or 

not tested at the recommended intervals. The objectives of the study were to identify the 

characteristics of family physicians associated with over- and underscreening for eligible 

women aged 25-69 in Calgary, Alberta. 

Methods: We performed a population-based retrospective observational study linking the 

Calgary Laboratory Services database from 2014-2016 to the College of Physicians and 

Surgeons of Alberta database of family physicians practicing in Calgary. We matched 

physicians’ characteristics with their cervical screening practices. Panel size data was not 

directly available, so we used their laboratory test orders in 2016 as a proxy measure to estimate 

physician practice size. For the underscreening analysis, we excluded those physicians whose 

estimated practice size was lower than the number of screening tests ordered.  Logistic 

regression models were applied to analyze the overscreening and underscreening patterns. 

Results: Among 807 physicians included in the overscreening analysis, 43% of physicians had 

over-screened their screen-eligible patients. Physician characteristics significantly associated 

with overscreening included more years of practice and having more female patients in the 

practice. Among the 317 physicians included in the underscreening analysis, 42% had under-

screened during the three-year study period. Female physicians were less likely to underscreen 

their eligible female patients. Physicians practicing in the Northeast quadrant of the city also 

had higher odds of underscreening.  

Conclusions: Screening patterns of family physicians indicate both overuse and underuse, 
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which indicates inconsistency in adherence to screening guideline recommendations. 

Addressing disparities and identifying strategies to improve guideline adherence among 

different physician demographic groups is critical for the success of screening programs.  
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 Introduction  

A key risk factor for developing cervical cancer is not getting cervical screening at the 

recommended time intervals or having an extended interval between screening tests [1]. 

Cancer screening literature focuses mostly on strategies to promote testing, providing an 

environment that is more conducive to overscreening than a less frequent schedule that 

balances the benefits and risks of cervical screening (2). Overscreening comprises being tested 

too often or when it is inappropriate (3). Adherence to evidence-based cervical screening 

guidelines is important, given potential harms associated with overscreening women, including 

false-positive results and invasive diagnostic procedures (3–5). 

Cervical cancer screening guidelines have evolved substantially over the past decade to 

increase screening appropriateness and reduce harms (6). In Alberta, screening guidelines were 

changed in 2009 from annual to screening every three years. In 2013, the Canadian Task Force 

on Preventive Health Care (CTFPHC) strongly recommended screening for women aged 30-

69 at three-year intervals and discontinuing for women aged 70 years and older after three 

successive negative Pap test results. For women aged 25–29 years, CTFPHC made a weak 

recommendation for routine screening for cervical cancer every three years (2). 

A weak recommendation implies that the evidence shows uncertainty in the balance between 

desirable and undesirable consequences (7). Therefore, there is a need to consider more 

carefully than usual, individual patient’s circumstances, preferences, and values (7).  In 2016, 

Alberta revised its cervical screening guidelines in agreement with the CTFPHC 

recommendations and recommended to start screening at age 25 with a three-year interval (6). 

Despite these recommendations, many women continue to receive annual screenings and begin 

testing at a younger age. (6). 
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In Canada, nearly all cervical screening is performed by family physicians (FPs). 

Therefore, a major predictor of cervical cancer screening uptake is receiving a 

recommendation from the FP; correspondingly, lack of recommendation is a recognized 

barrier (8). Physician-level barriers to cervical screening include limited interaction with 

patients to discuss the importance of screening and the test procedure, failure to communicate 

in a culturally appropriate manner, and physician noncompliance with screening guidelines 

(1,8,9), resulting in some women being underscreened or not tested at all (4,10). 

 Understanding factors that influence cervical cancer screening utilization is crucial 

for the success of cancer screening programs (2). While many studies explored patient-

level sociodemographic factors influencing screening (11,12), few have examined the 

screening patterns of physicians (13). Evidence from a retrospective cohort study from 

Ontario suggests that international medical graduates (IMGs) are about 4% to 39% less 

likely to screen their patients for cancer than US- or Canadian-trained physicians (14). 

Physicians from Muslim majority countries and developing countries may order less 

cervical screening due to their cultural and religious beliefs (15,16). Women physicians 

are more likely to order cancer screening compared to male physicians and women FPs 

are more likely to offer screening to their patients if they were trained in the North 

American health care system (14). 

Screening practices can be improved by identifying physician-level factors that 

contribute to guideline non-adherence. Therefore, we aimed to identify FP characteristics 

associated with over- and underscreening of 25-69-year-old women in Calgary, Alberta, during 

2014-2016. 
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 Methods 

4.3.1 Study Setting and Design 

A population-based retrospective cross-sectional study was conducted from January 1, 2014, 

to December 31, 2016, in Calgary, a Canadian city with a population of 1.3 million (17) and a 

single pathology laboratory, where medical care, including pathology, is free to users. 

Ethics approval for the study was obtained from the Conjoint Health Research Ethics 

Board at the University of Calgary (IRISS No. REB13-0376). 

4.3.2 Data Sources 

We used data from the Calgary Laboratory Services Laboratory Information System (LIS) of 

about 2800 physicians practicing in Calgary and surrounding catchment areas. We identified 

FPs through linkage with the publicly available College of Physicians and Surgeons of 

Alberta (CPSA) physician database. Family physicians’ sex, country, and year of medical 

school graduation, years since medical school graduation, the number of years of 

independent practice in Alberta, and their clinic address were extracted. Countries of medical 

school graduation were further categorized into Muslim and non-Muslim majority countries 

(18) and developing and developed countries based on the countries’ economic development 

status provided by the World Bank (19).  

Physicians’ clinic address was used to report the city quadrant in Calgary where the 

physicians practice (20). Calgary city is divided into four quadrants: Northeast (NE), 

Northwest (NW), Southeast (SE) and Southwest (SW). The dividing line between east and 

west is Centre Street in the north and roughly Macleod Trail in the south. The dividing line 

between north and south is generally the Bow River in the west and Centre Avenue and 

Memorial Drive in the east (20). (Appendix C). There were differences in the physician-to-
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female 25-69 patient ratios in the different quadrants of Calgary (Appendix D), which indicates 

that access to FPs in different quadrants of the city differ. Moreover, the Northeast quadrant 

of the city includes a higher proportion of recent immigrants and visible minorities, while the 

Southwest and Northwest include more populations with higher socio-economic status (21). 

We limited the study to FPs who were active and independently practicing in Calgary for the 

entire study period, i.e., from January 1, 2014, to December 31, 2016. We used de-identified 

data for the analysis to avoid ethical concerns about identifying specific doctor’s 

performance.  

Eligible female patients for cervical cancer screening were 25 to 69 years of age between 

January 1, 2014, to December 31, 2016, with a valid Alberta health number and a residential 

address in Calgary. To focus only on screening, we excluded 32,588 tests from women who 

had a previous abnormal Pap test within the 2014-2016 study period. 

4.3.3 Measurement of outcomes  

4.3.3.1 Definition of over, appropriate, and underscreening women 

Screening patterns of women were classified into three categories:  

(1) Overscreening, comprising women who had received two or more normal cervical cytology 

tests during the study period.  

(2) Appropriate screening, comprising those women who had received one cytology test during 

the study period 2014-2016.  

(3) Underscreening, defined as women with no screening performed during the 3 years (6). 
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4.3.3.2 Overscreening versus appropriate screening  

We calculated the number of appropriately screened and over-screened patients for each FP. 

Using total women screened as the denominator, we then calculated the percentages of 

appropriately screened and over-screened patients for the physician. We counted a FP as 

screening appropriately if 80% or more of their patients were screened once during the three-

year study period. (Appendix F). The choice of 80% cut-off for appropriate screening was 

arbitrary but does conform with the Canadian national target rates for cervical screening 

programs (22). Figure 4.1 shows the study flow process for the study population.  

4.3.3.3 Underscreening versus appropriate/ over screening  

To estimate the number of women in individual practices who were underscreened, we first 

had to estimate the practice size of screen-eligible women for that individual physician. These 

data were not directly available. Therefore, we calculated a proxy measure of screen-eligible 

women for each individual FP by recording the total number of patients who received a 

laboratory test of any type in 2016. To provide a better estimate of the female population 25–

69-year-old eligible for cervical cancer screening, we also adjusted for hysterectomy rates. 

Since women who do not have a cervix do not require a pap test, we calculated an age-weighted 

average hysterectomy rate of 5.71% for this spread of ages (25-69 years) and adjusted the 

denominator for the underscreening analysis. (Appendix E). We then estimated the number of 

women in the practice who received no Pap tests during the study period by subtracting total 

number of women who received at least one Pap test from the estimated number of screen-

eligible women for that physician.  

For this analysis, we excluded (489, 61%) physicians who ordered cervical screening tests on 

more women than their estimated practice size. We then divided the remaining physicians into 
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under-screeners and appropriate/over screeners based on their screening rates. The use of a 

50% screening cut-off for this analysis was arbitrary and was based on the data distribution. 

(Appendix F) Figure 4.2 shows the study flow process for the study population.  

4.3.4 Data Analysis 

Descriptive statistics were used to describe the characteristics of the physicians ordering 

cervical screening. In each case, the data was dichotomised. Those who definitely over-

screening was compared to the ones screening appropriately; and those underscreening were 

compared to the rest, both appropriately screened and over-screened. The analyses allocated 

each physician to be an appropriate/over screener, or not, or an under-screener or not. We have 

not analyzed patients, except as they contributed to the physician score.  

The distribution of continuous variables showed positive skewness. Therefore, the Mann-

Whitney Wilcoxon test for the continuous variables and chi-square tests for the categorical 

variables were used for between-group and within-group comparisons. Two separate 

multivariable binary logistic regression models were run to study physician characteristics 

associated with each of the comparisons (overscreening versus appropriate screening and 

underscreening versus appropriate/over screening). For all analyses, unadjusted and adjusted 

odds ratios (OR), 95% confidence intervals (CI), and two-sided p values of < .05 are reported. 

The Statistical Package for the Social Sciences (SPSS) version 26 was used for all analyses 

(23).  

  



 

 

 

118 

Figure 4.1: Study Flow Diagram for over screening versus appropriate screening analysis 

 

  

 

 

 

 

                                    

 

 

 

 

 

 

 

 

 

Total family physicians (FPs) in Calgary from 

the College of Physicians and Surgeons of 

Alberta physician database 

n = 1474 

FPs who ordered ≥ 1 Pap test for their female 

patients aged 25-69 years during 2014-2016 from 

the Calgary Laboratory Services Laboratory 

Information System  

n = 1048 

436 FPs excluded  

1. 171 duplicates in FP names  

2. 157 work outside Calgary  

3. 88 were doing specialized practice 

(psychiatry, emergency medicine, 

newborn health clinic) 

4. 10 were in healthcare leadership roles 

 

242 FPs excluded 

1. 235 FPs had not been in practice 

during the entire study duration of 

three years 

2. 7 FPs had a focused women-only 

practice 

 

 

FPs included in the analysis 

n = 806 
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Figure 4.2: Study Flow Diagram for underscreening versus appropriate/over screening analysis 

 

 

 

 

 

 

 

                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total family physicians (FPs) in Calgary from 

the College of Physicians and Surgeons of 

Alberta physician database 

n = 1474 

FPs who ordered ≥ 1 lab test in 2016 from the 

Calgary Laboratory Services Laboratory 

Information System  

n = 1146 

FPs who ordered ≥ 1 Pap test for their female 

patients aged 25-69 years during 2014-2016 from 

the Calgary Laboratory Services Laboratory 

Information System  

n = 1048 

328 FPs excluded 

1. 171 duplicates in FP names  

2. 157 work outside Calgary  

98 FPs excluded 

1. 88 were doing specialized practice 

(psychiatry, emergency medicine, 

newborn health clinic) 

2. 10 were in healthcare leadership roles 

 

731 FPs excluded 

1. 235 FPs had not been in practice 

during the entire study duration of 

three years 

2. 7 FPs had a focused women-only 

practice 

3. 489 FPs had ordered more Pap tests 

than their estimated panel size (likely 

performing screening on behalf of 

other physicians) 

FPs included in the analysis 

n =  317 



 

 

 

120 

 Results 

4.4.1 Physician and practice characteristics 

A total of 806 physicians met the study inclusion criteria. There were 58% female physicians 

and 27% IMGs included in the overscreening vs appropriate screening analysis. (Additional 

file 5) Overall, 33% of the IMGs were from Muslim majority countries, and 79% of IMGs 

were from developing countries. The median years since medical school graduation were 21 

(interquartile range [IQR] 13-28 years), and the median years of practice in Alberta were 13 

(IQR 7-22 years). We found that 25–69-year-old females-to-physician ratios in the Northeast 

(637:1) and Southeast (515:1) city quadrants were larger compared to the Southwest (317:1) 

and Northwest (402:1) (Appendix G). In total, 59% of physicians had been in independent 

practice for 10 or more years. Male physicians had markedly more patients in their practice 

(median 651, IQR 275-940) than female physicians (median 432, IQR 234-701). However, the 

number of female patients (median 322, IQR 159-509) and eligible female patients for cervical 

screening (median 209, IQR 104-351) were quite similar among the male and female 

physicians.  

A total of 317 physicians included in the underscreening analysis. (Appendix H). There were 

42% female physicians and 36% IMGs included. Overall, 36% of the IMGs were from Muslim 

majority countries, and 81% of IMGs were from developing countries. The median years since 

medical school graduation were 20 (interquartile range [IQR] 13-27 years), and the median 

years of practice in Alberta were 11 (IQR 6-20 years). Physicians included in the 

underscreening analysis has at least 2 years less practice experience than the physicians 

included in the appropriate/over screening analysis.  



 

 

 

121 

Male physicians had markedly more patients in their practice (median 831, IQR 574-1120) 

than female physicians (median 476, IQR 329-815). However, the number of female patients 

(median 410, IQR 264-572) and eligible female patients for cervical screening (median 278, 

IQR 166-394) were quite similar among the male and female physicians included in the 

underscreening analysis.  

4.4.2 Overscreening versus appropriate screening 

Table 4.1 shows that 43% (n = 350) of physicians had over-screened most of their 

patients. Overscreening physicians comparatively had more years of independent practice 

(median 22 years) than the appropriately screening physicians (median 19 years, p = 0.01). 

Overscreening physicians had more patients under their care (median 562) than appropriately 

screening physicians (median 437, p < 0.001). The number of eligible female patients aged 

25-69 were also significantly higher for physicians who over-screened (median 239, p < 

0.001).  

Table 4.2 displays univariate and multivariable binary logistic regression modeling 

results for the overscreening versus appropriate screening analysis. We found that physicians 

with more years of practice were 1.32 times more likely to over-screen than the physicians 

with fewer years of practice (odds ratio [OR] 1.32, p = 0.002). A higher number of eligible 

female patients in a physician’s practice was also associated with higher odds of overscreening 

(OR 1.22, p = 0.04).  
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4.4.3 Underscreening versus appropriate/over screening 

There were 317 physicians included in the underscreening study; 58% were male physicians 

and 42% were IMGs. The median years since medical school graduation were 20 (IQR 13-27 

years), and the median years of practice in Alberta were 11 (IQR 6-20 years). 

Table 4.3 displays that underscreening physicians had fewer years of independent 

practice (median 11 years) than physicians who performed appropriate/over screening (median 

14 years, p = 0.03). Underscreening physicians also had comparatively more patients under 

their care (median 754) than appropriate/over screening physicians (median 614, p < 0.04). 

Similarly, the number of eligible female patients aged 25-69 among underscreening physicians 

was significantly higher (median 289) than appropriate/over screening physicians (median 

251, p = 0.04).  

Multivariable regression in Table 4.4 showed that female physicians were less likely 

to under-screen their screen eligible patients (OR 0.68, p = 0.04). Physicians practicing in the 

Northeast quadrant of the city were more likely to under-screen their patients compared to 

other quadrants of the city (OR 3.55, p = 0.03).   

4.4.3.1 Sensitivity analysis (24) 

Sensitivity analyses were performed for the full regression model assessing appropriate versus 

overscreening, using cut-offs of 70%, 75% and 85%. Results proved comparable to those 

presented in Table 3. We also performed sensitivity analyses for the full regression model 

assessing appropriate versus underscreening, where the cut-offs used were 40% and 45%. 

Results proved comparable to those presented in Table 6. 
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Table 4.1: Descriptive Characteristics of over-screening and appropriate screening family 

physicians during 2014-2016 

Variables Categories  Over-screening vs appropriate screening 

N=806 

Over Appropriate P 

value* n=350 (43%) n=456 (57%) 

Sex 

  

Female 221 (63%) 248 (54%) 0.01 

Male 129 (37%) 208 (46%) 

Type of medical 

graduate 

Canadian 246 (70%) 342 (75%) 0.14 

IMG 104 (30%) 114 (25%) 

IMG country of 

medical school ^ 

Non-

Muslim 

Majority 

76 (73%) 70 (61%) 0.07 

Muslim 

Majority 

28 (27%) 44 (39%) 
 

IMG country of 

medical school ^ 

Developed 23 (61%) 22 (61%) 0.61 

Developing 81 (61%) 92 (61%) 
 

City quadrant of 

practice 

Northeast 51 (15%) 60 (13%) 0.80 

Northwest 111 (31%) 138 (31%) 

Southeast 66 (19%) 97 (21%) 

Southwest 122 (35%) 161 (35%) 

Years since 

medical school 

graduation 

Median 

(IQR) 

22(14-29) 19 (11-28) 0.01 

Years in 

independent 

practice in 

Alberta 

Median 

(IQR) 

14 (8-22) 12 (6-22) 0.07 

Patient panel 

size ^ 

Median 

(IQR) 

562 (291-849) 437 (221-756) 0.00 

Number of 

female patients 

^ 

Median 

(IQR) 

359 (205-561) 281 (138-475) 0.00 

Number of 

eligible female 

patients for 

Median 

(IQR) 

239 (128-381) 180 (94-329) 0.00 
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screening (25-

69-year-old) ^ 

^ Internationally trained medical graduates (IMGs)  

Total number of IMGs were used to calculate percentages of Muslim vs non-Muslim-majority 

countries and developed vs developing countries.  

^^ estimated by total number of laboratory tests ordered by the FP in 2016 

* Chi square test used for categorical variables and Mann Whitney Wilcoxon Test for continuous 

variables for comparisons between over screening and appropriately screening physicians 

 

Over screening comprising women who had received two or more normal cervical cytology tests 

during the study period 2014-2016.  

 

Appropriate screening, comprising those women who had received one cytology test during the study 

period 2014-2016. 
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Table 4.2: Logistic regression analyses for over-screening versus appropriate screening by family 

physicians during 2014-2016 

Physician Characteristics Over screening                                       

n=806 

Unadjusted a OR Adjusted b OR 

(95% CI) 

Female physician 1 0.44 (0.08, 1.91) 0.80 (0.23, 1.94) 

Canadian Graduates 2 0.93 (0.27, 1.73) 0.69 (0.35, 1.34) 

Medical degree from Muslim Majority 

Countries 3 

0.81 (0.49,1.34) 0.74 (0.36,1.92) 

Medical degree from Developing 

Countries 4 

1.12 (0.85, 1.68) 1.03 (0.49, 2.12) 

City quadrant of practice 5 
  

Northeast 1.12 (0.72, 1.74) 0.98 (0.63, 1.59) 

Northwest 1.06 (0.75, 1.50) 0.97 (0.67, 1.40) 

Southeast 0.90 (0.61, 1.33) 0.87 (0.59, 1.29) 

Years since medical school graduation 1.22* (1.10, 

1.36) 

1.32* (1.08, 

1.97) 

Years in independent practice in Alberta 1.01 (1.00, 1.03) 1.01 (0.98, 1.05) 

Patient panel size 1.01 (1.00, 1.02) 1.02 (1.00, 1.02) 

Number of female patients 1.02* (1.01, 

1.03) 

1.22* (1.08, 

1.78) 

Number of female patients 25-69 years 1.00 (1.00, 1.04) 0.99 (0.99, 1.07) 

For the univariate and multivariable regression analysis, appropriate screening was used as the 

reference category.  

* OR are statistically significant. CI= Confidence Interval.  

a Unadjusted models include only the single variable of physician characteristics studied 
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b Adjusted models include all physician characteristics described in Table 4.1 

Reference categories in the model include 1 Male physician, 2 IMGs, 3 Non-Muslim majority 

countries, 4 Developed countries,  

5 Southwest   

Over screening comprising women who had received two or more normal cervical cytology tests 

during the study period 2014-2016.  

Appropriate screening, comprising those women who had received one cytology test during the study 

period 2014-2016.  
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Table 4.3: Descriptive Characteristics of underscreening and appropriate/over screening family 

physicians during 2014-2016 

Variables Categories Underscreening vs appropriate/over screening  

N=317 

Under Appropriate/over P 

value* n=133 (42%) n=184 (58%) 

Sex 

  

Female 98 (74%) 126 (68%) 0.03 

Male 35 (26%) 58 (32%) 

Type of 

medical 

graduate 

Canadian 54 (41%) 150 (82%) 0.83 

IMG* 79 (59%) 34 (18%) 

IMG country 

of medical 

school ^ 

Non-

Muslim 

Majority 

53 (67%) 19 (56%) 0.26 

Muslim 

Majority 

26 (33%) 15 (44%)   

IMG country 

of medical 

school ^ 

Developed 17 (22%) 4 (12%) 0.22 

Developing 62 (78%) 30 (88%)   

City 

quadrant of 

practice 

Northeast 31 (23%) 25 (14%) 0.02 

Northwest 34 (26%) 52 (28%) 

Southeast 26 (19%) 44 (24%) 

Southwest 42 (32%) 63 (34%) 

Years since 

medical 

school 

graduation 

Median 

(IQR) 

19 (11-26) 21 (13-31) 0.04 

Years in 

independent 

practice in 

Alberta 

Median 

(IQR) 

11 (6-19) 14 (6-21) 0.03 

Patient panel 

size ^ 

Median 

(IQR) 

754 (459-1029) 614 (381-969) 0.04 

Number of 

female 

patients ^ 

Median 

(IQR) 

432 (270-624) 361(252-525) 0.05 
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Number of 

eligible 

female 

patients for 

screening 

(25-69-year-

old) ^ 

Median 

(IQR) 

289 (170-423) 251 (161-371) 0.04 

- Internationally trained medical graduates (IMGs) 

^Total number of IMGs were used to calculate percentages of Muslim vs non-Muslim-majority 

countries and developed vs developing countries.  

^^ estimated by total number of laboratory tests ordered by the FP in 2016 

*Chi square test used for categorical variables and Mann Whitney Wilcoxon Test for continuous 

variables for comparisons between over screening and appropriately screening physicians; and 

underscreening and appropriately screening physicians. 

 

Overscreening comprising women who had received two or more normal cervical cytology tests 

during the study period 2014-2016.  

 

Appropriate screening, comprising those women who had received one cytology test during the 

study period 2014-2016.  

 

Underscreening, defined as women with no screening performed during the 3 years 
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 Table 4.4: Logistic regression analyses for underscreening versus appropriate/over screening 

family physicians during 2014-2016 

Physician Characteristics  

                 (n=317) 

Underscreening 

n=317 

Unadjusted a OR Adjusted b OR 

(95% CI) 

Female physician 1 0.78* (0.48, 0.97) 0.68 * (0.35, 

1.38) 

Canadian Graduates 2 1.01 (0.99, 1.03) 1.90 (0.85, 4.19) 

Medical degree from Muslim Majority 

Countries 3 

1.38 (0.58, 3.32) 1.57 (0.57, 3.78) 

Medical degree from Developing 

Countries 4 

1.07 (0.55, 2.09) 1.32 (0.35, 4.96) 

City quadrant of practice 5 
  

Northeast 2.18* (1.07, 4.17) 3.55* (1.22, 

5.31) 

Northwest 1.07 (0.57, 2.02) 1.06 (0.54, 2.08) 

Southeast 0.66 (0.32, 1.35) 0.68 (0.32, 1.44) 

Years since medical school graduation 1.02* (1.02, 1.05) 1.06 (1.00, 1.11) 

Years in independent practice in Alberta 1.01 (0.99, 1.03) 0.97 (0.92, 1.02) 

Patient panel size 1.00 (1.00, 1.00) 0.99 (1.00, 1.00) 

Number of female patients 1.00 (1.00, 1.00) 0.98 (0.98, 1.00) 

Number of female patients 25-69 years 1.00 (1.00, 1.00) 1.00 (1.00, 1.01) 

For the univariate and multivariate regression analysis, appropriate/over screening was used as the 

reference category.  

* OR are statistically significant. CI= Confidence Interval.  

a Unadjusted models include only the single variable of physician characteristics studied 



 

 

 

130 

b Adjusted models include all physician characteristics described in Table 4.4 

Reference categories in the model include 1 Male physician, 2 IMGs, 3 Non-Muslim majority 

countries, 4 Developed countries, 5 Southwest   

Overscreening comprising women who had received two or more normal cervical cytology tests 

during the study period 2014-2016.  

 

Appropriate screening, comprising those women who had received one cytology test during the 

study period 2014-2016.  

 

Underscreening, defined as women with no screening performed during the 3 years 
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 Discussion 

Physicians with more years of practice (OR 1.32 p value < 0.05) and those with greater 

number of eligible female patients are more likely to over-screen (OR 1.22 p value < 0.05). 

Female physicians and physicians practicing in the northeast quadrant of the city were more 

likely to under-screen (OR 0.68 p value < 0.05). While the number of FPs in our study who 

over- and underscreened was different, a variety of factors were found to be associated with 

both over- and underscreening, including years of practice, sex, location of practice and patient 

panel size. Other areas we felt warranted further discussion regarding screening include IMG 

country of medical school and factors that might affect screening patterns, including physician 

beliefs, patient preferences, and performance measures. 

4.5.1.1 Years in practice 

 We found that physicians who over-screened (median 22, IQR 14-29) had more years of 

practice than those who underscreened (median 11, IQR 6-19). FPs with more years of 

experience began practice when annual screening was the rule. (25).  Therefore, they may not 

follow the most current recommendations and continue their learned habits (25). A qualitative 

study of 30 Dutch primary care physicians reported that FPs are confronted with too many 

guidelines, as each year at least eight to ten new or updated guidelines are produced. (26) In 

Canada, there are more than 1,700 evidence-based clinical practice guidelines (CPGs) and 

approx. 900 Choosing Wisely Canada recommendations; therefore, it may be useful to 

regularly conduct mandatory sessions for FPs for guideline education and implementation. 

However, it must be done in an acceptable way (27). The effectiveness of interactive education 
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with active involvement and participation has been demonstrated in other studies as well. (28–

30).  

4.5.1.2 Sex 

We also found that female physicians were less likely to under-screen their eligible female 

patients. Our results partially align with other Canadian and North American studies. Female 

physicians follow cancer screening guidelines more frequently than male physicians. In 2015, 

Lofters et al. conducted an Ontario based retrospective cohort study of 6303 FPs in Ontario 

using multiple datasets including the Ontario Physicians claims (billing) database, and found 

that female physicians were (OR = 1.80) more likely to conduct cervical cancer screening (14). 

In a survey of 2000 US physicians from Texas, female physicians reported that they are more 

likely to discuss general health and cancer-specific prevention activities than male physicians 

(31). A 2018 claim database analysis and cross-sectional study of 347 general practitioners 

(GPs) and 90,094 screen eligible females patients from France also reported that patients of 

female GPs have higher cervical cancer screening participation rates (32). This may be 

explained by the fact that female primary care physicians engage in more patient-centered 

communication and have longer visits than their male colleagues (33). 

The benefits of having a female provider for preventive healthcare, including cervical 

cancer screening, are well recognized (34). Many females, especially from specific cultural 

and religious backgrounds (e.g., Asians and/or Muslims) are more comfortable with having a 

female physician perform the test due to the intimate nature of the procedure (15). Likewise, 

female physicians may be more comfortable performing the test than male physicians (35). 
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4.5.1.3 Location of practice 

There were differences in the physician-to-female 25-69 patient ratios in the different 

quadrants of Calgary (Additional file 2), with FPs in the Northeast having higher ratios than 

others, which indicates that access to FPs in different quadrants of the city differs. The 

Northeast quadrant of the city is comprised of a more recent immigrant population and visible 

minorities, while the Southwest and Northwest have populations with higher socio-economic 

status (21). Variations in practice patterns based on quadrants reflect physician and population-

level characteristics. Understanding the role of these geographic characteristics on screening 

is an area for additional research (36,37). 

4.5.1.4 Patient panel size 

Both over- and underscreening physicians had a significantly higher number of eligible 

female patients and more female patients in their practice in general compared to appropriate 

screeners. Increasing panel size has been thought to have an influence on the quality of care. 

(38). A cross-sectional study of 4195 FPs in Ontario reported a small association between 

cervical screening rates with increasing physician panel size. Practices with 3900 patients per 

family physician had 7.9% lower cervical screening rates than practices with 1200 patients (p 

< .001) (39).  The similar study also assessed cancer screening, chronic disease management, 

admissions for ambulatory care, emergency department visits and found that all measures had 

a lesser quality with increasing panel sizes. (39)  

Discussing the pros and cons of screening and completing the cervical screening 

procedure by the FP is time-consuming (38). Reducing excessive screening also requires that 

physicians spend more time with their patients to mitigate overuse of cervical cancer 
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screening (16). Family physicians who build trust and mutual respect with their patients help 

in reducing their patients’ misconceptions and fears and consequentially reduce the number of 

missed opportunities for screening and follow-up (40). 

4.5.1.5 IMG country of medical school  

Previous studies in Canada have reported that IMGs from Muslim countries are less likely to 

perform cervical cancer screening (15). There are reported regional and cultural differences in 

medical school programs, where some medical schools place less emphasis on prevention (41). 

Muslim priorities on privacy and modesty may make it more difficult for physicians to 

undertake genital examinations or for women to receive them (42); however, we did not find 

such an association. This may be because most of the IMGs who began practice in Alberta in 

the past 20 years have either completed a residency program in Canada or had British, Irish, 

Australian, South African, or US postgraduate training prior to being permitted to practice in 

Alberta. Family physicians practicing in Alberta might thus differ from other Canadian 

provinces by adapting their practices to Western guidelines during their Western post-graduate 

medical training.  

4.5.1.6 Factors affecting screening patterns 

Physicians may overscreen because of strong patient demand or due to their belief that 

annual screening represents a standard of practice (12,43,44). Physicians, particularly those 

with many years in practice, are less likely to change because of their comfort with the previous 

guidelines, hence retaining the practice of overscreening (3,45). Over-screening produces 

unnecessary follow-up and increased risk of complications (46,47). Alternatively, physicians 

who believe in low cancer risk for their patients may choose to under-screen or not screen in 
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their practices [28]. Under-screening results in fewer earlier stage or pre-invasive cancers 

being detected (46). 

Another factor that could affect screening patterns includes patient preferences either 

for frequent or infrequent screening (10,48). A 2018 systematic scoping review of 28 studies 

including 13 from Ontario and 6 from British Columbia, women's preferences were reported 

to be based on their perceived cervical cancer risk and the perceived benefits and barriers to 

screening (49). Women with a history of sexual trauma and those with modesty issues prefer 

less frequent pelvic examinations and are underscreened (14,50). Another 2018 systematic 

review of 25 studies including 20 observational and 5 interventional studies (16 were 

conducted in the U.S) reported that women who believe that annual testing increases early 

detection of cervical cancer demand frequent screening, which often results in overscreening, 

with its consequent overdiagnosis and unnecessary procedures (46). 

The screening literature has mostly concentrated on the causes of under screening. The 

cervical screening performance indicators and incentives also focus on under screening and 

increasing screening. However, screening performance measures that classify overscreening 

as appropriate are detrimental to the women involved and to the health care system in general.  

Women who are over screened, are thereby subjected to an increased risk of harm and get 

screened more frequently than is necessary. (16). Monitoring cervical cancer screening 

performance can help in reducing the frequency of unnecessary procedures and the consequent 

harms of overscreening. This idea also echoes with the Choosing Wisely campaign to reduce 

unnecessary procedures (51). 
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4.5.1.7 Strengths of the study 

The strength of the current study is that we used city-wide laboratory data and analyzed 

testing that actually had been performed and hence avoided the recall bias that occurs in self-

report studies (52). Furthermore, we used linked physicians’ data from the CPSA database and 

the cervical screening data from the CLS database for a three-year period. We also accounted 

for hysterectomy rates by adjusting the denominator of the eligible female population in a 

physician’s practice, although the effect was small. 

The geographical location of the physicians is classified based on the city quadrant of 

practice. Using a classification based on sociodemographic distribution may be more 

informative. Nevertheless, using established boundaries provides the added benefit of linking 

this study conclusions to other studies and plan interventions to improve screening 

accordingly. 

4.5.2 Limitations 

4.5.2.1 Limitations of underscreening analysis versus appropriate/over screening  

Our analyses would have gained in precision with more precise information on FPs’ 

panel sizes. Since patients in Calgary do not enroll in a family practice, measuring practice 

size of an FP is an unclear concept and difficult to calculate. We therefore used FP laboratory 

test orders in 2016 to estimate physician’s practice size and number of women aged 25-69 for 

the underscreening analysis (53).  

Past studies have also used laboratory based measures to provide conservative 

estimates of testing and screening patterns. (54,55) A 2019 report by the Health Quality 
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Council of Alberta (HQCA) on FP practice sizes used the number of laboratory tests (complete 

blood count, thyroid-stimulating hormone, lipid profile, hemoglobin A1C, and urinalysis) 

ordered by the physician as a measure to determine physician panel sizes (53). It is also likely 

that our calculation of estimated practice size through laboratory tests is an underestimate 

because not all patients in an FP practice would receive a laboratory test every year.  

The best approach for such studies would be to use individual physician billing data 

from Alberta Health; however, its access is restricted, and we were unable to obtain it. An 

alternate approach to estimating the total practice size for future studies would be to include all 

radiology and prescription data of an individual physician. This would still underestimate the 

practice size, given that some patients will still have no laboratory tests, radiology procedures, 

or prescriptions each year. A three-year period might better address this issue.  

We used administrative data, so it is not possible to know why patients were or were 

not screened. Screening may not have been recommended for some eligible female patients, 

while others may have refused an offer to screen. Past studies have also used retrospective and 

secondary data to analyze screening uptake. (56,57) Female patients may also go to a different 

physician for their cervical screening. Our data cannot measure such effects.  

Data comparisons 

Our analysis of overscreening versus appropriately screening physicians and 

underscreening versus appropriate/over screening physicians cannot be directly compared. 

Some physicians may have appropriately screened patients on whom we have cervical 

screening data but also have underscreened other patients (for whom there is no data). 

Likewise, individual physicians may have overscreened some of the patients and at the same 

time underscreened their practice population as a whole.  
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4.5.2.2 Generalizability 

Our study included FPs from diverse geographic, sex, ethnic, and racial backgrounds, 

suggesting it is representative of the general population of Canadian FPs.  Factors that 

contribute to a physician’s adherence to screening guidelines are also related to the healthcare 

system context in which they operate. In Canada, there are no cost barriers to screening so the 

study results are not generalizable to other contexts where screening is not part of a universal 

health care plan, that have differing guidelines, and/or a different healthcare provider 

performing the screening. International comparative studies may be informative to determine 

the generalizability of our findings.  

 Conclusion 

Cervical screening must be done adequately with appropriate follow-up. Ensuring that 

physicians recommend screening for eligible women is equally important. Improving practices 

using innovations in electronic records and decision aids help to change practice (58). Various 

effective approaches are used to change practice: audit and feedback (58), educational outreach 

visits and  separate staff allocated to the task of prevention guides for patients.  

Continuing Medical Education (CME) improves physician performance and patient 

health and delivered usually through lecture and small group discussions. However, 

acceptability and therefore effectiveness is greater for topics the physician considers to be 

important; how best to proceed when physicians do not think a topic is important is unclear. 

 Most practice improvement efforts in Alberta, as elsewhere, focus on volunteer 

physicians who wish to participate, largely the ones who adopt changes early (58). These 

people are already keen to follow approved practice guidelines, so efforts to improve practice 
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may only impact them marginally except perhaps to reduce over-screening (58). Screening 

guidelines are developed to help physicians make appropriate decisions for their patients. The 

successful implementation of these guidelines allows for the provision of appropriate 

screening, hence improving the quality of health care, and decreasing inappropriate care 

variation. Future studies can target an in-depth qualitative review of physician level barriers 

to inform the development of effective interventions that can change FPs practice.  

Canadian national guidance are expected to be revised in 2022 and will replace Pap 

test by human papillomavirus DNA PCR testing for primary cervical cancer screening. (59) 

FPs screening behaviours identified in this paper will continue to affect uptake of screening 

regardless of the type of test used for cervical screening. Consistent efforts and public health 

education are required to overcome natural resistance to change while addressing the concerns 

of both providers and patients. 

  



 

 

 

140 

 References 

1. Peirson L, Fitzpatrick-Lewis D, Ciliska D, Warren R. Screening for cervical cancer: a systematic 

review and meta-analysis. Syst Rev. 2013;2:35. 

2. Dickinson J, Tsakonas E, Conner Gorber S, Lewin G, Shaw E, Singh H, et al. Recommendations on 

screening for cervical cancer. Can Med Assoc J. 2013;185:35–45. 

3. Haas JS, Sprague BL, Klabunde CN, Tosteson ANA, Chen JS, Bitton A, et al. Provider Attitudes 

and Screening Practices Following Changes in Breast and Cervical Cancer Screening Guidelines. J 

Gen Intern Med. 2016;31:52–9. 

4. O’Sullivan JW, Albasri A, Nicholson BD, Perera R, Aronson JK, Roberts N, et al. Overtesting and 

undertesting in primary care: A systematic review and meta-analysis. BMJ Open. 2018;8. 

5. Habbema D, De Kok IMCM, Brown ML. Cervical cancer screening in the United States and the 

Netherlands: a tale of two countries. Milbank Q. 2012;90(1):5–37. doi: 10.1111/j.1468-

0009.2011.00652. x. 

6. Towards Optimized Practice: Cervical Cancer Screening Clinical Practice Guideline Alberta, May 

2016. Alberta, Canada; 2016. 

7. Andrews J, Guyatt G, Oxman AD, Alderson P, Dahm P, Falck-Ytter Y, et al. GRADE SERIES 

GRADE guidelines: 14. Going from evidence to recommendations: the significance and presentation 

of recommendations. J Clin Epidemiol. 2013;66(7):719–25. doi: 10.1016/j.jclinepi.2012.03.013 

8. Musa J, Achenbach CJ, O’dwyer LC, Evans CT, Mchugh M, Hou L, et al. Effect of cervical cancer 

education and provider recommendation for screening on screening rates: A systematic review and 

meta-analysis. 2017. PLoS One https://doi.org/10.1371/journal.pone.0183924. 

9. Boone E, Lewis L, Karp M. Discontent and Confusion: Primary Care Providers’ Opinions and 

Understanding of Current Cervical Cancer Screening Recommendations. J Women’s Heal. 

2016;25:255–62. 

10. Schoueri-Mychasiw N, McDonald PW. Factors associated with underscreening for cervical cancer 

among women in Canada. Asian Pacific J Cancer Prev. 2013;14(11):6445–50. doi: 

10.7314/apjcp.2013.14.11.6445. 

11. Becerra-Culqui TA, Lonky NM, Chen Q, Chao CR. Patterns and correlates of cervical cancer 

screening initiation in a large integrated health care system. Am J Obstet Gynecol. 2018;218:429.e1-



 

 

 

141 

429.e9. 

12. Seo M, Ii JRL, Langabeer Ii JR. Determinants of Potentially Unnecessary Cervical Cancer 

Screenings in American Women. J Prev Med Public Heal. 2018;51. 

13. Neugut AI, MacLean SA, Dai WF, Jacobson JS. Physician Characteristics and Decisions Regarding 

Cancer Screening: A Systematic Review. Popul Health Manag. 2018;22:48–62. 

14. Lofters AK, Ng R, Lobb R. Primary care physician characteristics associated with cancer screening: 

A retrospective cohort study in Ontario, Canada. Cancer Med. 2015;4:212–23. 

15. Lofters AK, Vahabi M, Kim E, Ellison L, Graves E, Glazier RH. Cervical cancer screening among 

women from Muslim-majority countries in Ontario, Canada. Cancer Epidemiol Biomarkers Prev. 

2017;26:1493–9. 

16. Leinonen MK, Campbell S, Klungsøyr O, Lönnberg S, Hansen BT, Nygård M. Personal and 

provider level factors influence participation to cervical cancer screening: A retrospective register-

based study of 1.3 million women in Norway. Prev Med (Baltim). 2017;94:31–9. 

17. Government of Canada SC. Statistics Canada: 2017. Calgary [Census metropolitan area], Alberta 

and Alberta [Province]Census Profile. 2016. Canada Catalogue no. 98-316-X2016001. Ottawa. 2017. 

https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E. Accessed 2 

Jan 2020. 

18. Brian J. Grim MSK. The Future of the Global Muslim Population Projections for 2010-2030. 

Washington,D.C; 2011. 1 - 209. https://www.pewresearch.org/religion/wp-

content/uploads/sites/7/2011/01/FutureGlobalMuslimPopulation-WebPDF-Feb10.pdf. Accessed 16 

July 2022 

19. World Bank Country and Lending Groups – World Bank Data Help Desk. 

https://datahelpdesk.worldbank.org/knowledgebase/articles/906519. Accessed 30 Dec 2019. 

20. City Quadrants | Open Calgary. https://data.calgary.ca/Base-Maps/City-Quadrants/g8ma-sywr. 

Accessed 26 Jul 2021. 

21. Statistics Canada Catalogue no. 98-316-X2016001. Calgary Community Districts- 2016 Census 

Profile. Ottawa, Canada; 2017. https://search.open.canada.ca/en/od/?mlt_id=8498f9b4-4914-456c-

9223-4260ea3bea4d. Accessed 16 July 2022. 

22. Canadian Partnership Against Cancer. Cervical Cancer Screening in Canada. Monitoring and 



 

 

 

142 

evaluation of quality indicators – Results report 2011 to 2013 (2016).Toronto (ON); 2016. 

https://www.partnershipagainstcancer.ca/topics/cervical-cancer-screening-quality-indicators/  

23. IBM C. IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: 

IBM Corp. 

24. Thabane L, Mbuagbaw L, Zhang S, Samaan Z, Marcucci M, Ye C, et al. A tutorial on sensitivity 

analyses in clinical trials: the what, why, when and how. BMC Med Res Methodol 2013 131. 

2013;13:1–12. doi: 10.1186/1471-2288-13-92 

25. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud PAC, et al. Why don’t physicians 

follow clinical practice guidelines?: A framework for improvement. Journal of the American Medical 

Association. 1999;282:1458–65. 

26. Lugtenberg M, Zegers-Van Schaick JM, Westert GP, Burgers JS. Why don’t physicians adhere to 

guideline recommendations in practice? An analysis of barriers among Dutch general practitioners. 

Implement Sci. 2009;4:1–9. 

27. CPG Infobase: Clinical Practice Guidelines | CMA Joule. https://joulecma.ca/cpg/homepage. 

Accessed 12 Oct 2022. 

28. Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson MA. Closing the gap between 

research and practice: an overview of systematic reviews of interventions to promote the 

implementation of research findings. The Cochrane Effective Practice and Organization of Care 

Review Group. BMJ. 1998;317(7156):465–8. doi: 10.1136/bmj.317.7156.465.  

29. Forsetlund L, Bjørndal A, Rashidian A, Jamtvedt G, O’Brien MA, Wolf F, et al. Continuing 

education meetings and workshops: Effects on professional practice and health care outcomes. 

Cochrane Database Syst Rev. 2009. https://doi.org/10.1002/14651858.CD003030.pub2. 

30. Grimshaw JM, Thomas RE, MacLennan G, Fraser C, Ramsay CR, Vale L, et al. Effectiveness and 

efficiency of guideline dissemination and implementation strategies. Heal Technol Assess. 

2004;8(6):1–72. doi: 10.3310/hta8060. 

31. Ramirez AG, Wildes KA, Napoles-Springer A, Perez-Stable E, Talavera G, Rios E. Physician 

gender differences in general and cancer-specific prevention attitudes and practices. J Cancer Educ. 

2009;24:85–93. 

32. Favre J, Rochoy M, Raginel T, Pelletier M, Messaadi N, Deken-Delannoy V, et al. The Effect of 



 

 

 

143 

Cervical Smears Performed by General Practitioners on the Cervical Cancer Screening Rate of their 

Female Patients: A Claim Database Analysis and Cross-Sectional Survey. J Womens Health (Larchmt). 

2018;27(7):933–8. doi: 10.1089/jwh.2017.6656. 

33. Roter DL, Hall JA, Aoki Y. Physician gender effects in medical communication: A meta-analytic 

review. J Am Med Assoc. 2002;288(6):756–64. doi: 10.1001/jama.288.6.756.  

34. Jackson JL, Farkas A, Scholcoff C. Does Provider Gender Affect the Quality of Primary Care? J 

Gen Intern Med. 2020; 35(7): 2094 - 2098. doi: 10.1007/s11606-020-05796-0. 

35. Rochoy M, Raginel T, Favre J, Soueres E, Messaadi N, Deken V, et al. Factors associated with the 

achievement of cervical smears by general practitioners. BMC Res Notes. 2017;10(1):1–5. doi: 

10.1186/s13104-017-2999-5. 

36. Maj C, Poncet L, Panjo H, Gautier A, Chauvin P, Menvielle G, et al. General practitioners who 

never perform Pap smear: the medical offer and the socio-economic context around their office could 

limit their involvement in cervical cancer screening. BMC Fam Pract. 2019;20(1):114. 

doi:10.1186/s12875-019-1004-x 

37. Yu L, Sabatino SA, White MC. Rural–Urban and Racial/Ethnic Disparities in Invasive Cervical 

Cancer Incidence in the United States, 2010–2014. Prev Chronic Dis. 2019;16:180447. doi: 

10.5888/pcd16.180447. 

38. Nessler K, Chan SKF, Ball F, Storman M, Chwalek M, Krztoń-Królewiecka A, et al. Impact of 

family physicians on cervical cancer screening: Cross-sectional questionnaire-based survey in a region 

of southern Poland. BMJ Open. 2019;9(8):1–8. doi: 10.1136/bmjopen-2019-031317. 

39. Dahrouge S, Hogg W, Younger J, Muggah E, Russell G, Glazier RH. Primary care physician panel 

size and quality of care: A population-based study in Ontario, Canada. Ann Fam Med. 2016;14(1):26–

33. doi:10.1370/afm.1864. 

40. Maatouk-Bürmann B, Ringel N, Spang J, Weiss C, Möltner A, Riemann U, et al. Improving patient-

centered communication: Results of a randomized controlled trial. Patient Educ Couns. 2016;99:117–

24. 

41. Priaulx J, Turnbull E, Heijnsdijk E, Csanádi M, Senore C, de Koning HJ, et al. The influence of 

health systems on breast, cervical and colorectal cancer screening: an overview of systematic reviews 

using health systems and implementation research frameworks. J Health Serv Res Policy. 2020;25:49–

58. 



 

 

 

144 

42. Rizvi, SK. Identifying Barriers to Cervical Cancer Screening in South Asian Muslim Immigrant 

Women (Unpublished master's thesis). University of Calgary, Calgary, AB. 2016.  

doi:10.11575/PRISM/26426. 

https://prism.ucalgary.ca/bitstream/handle/11023/3143/ucalgary_2016_rizvi_syeda.pdf?sequence=1&

isAllowed=y  

43. Petrova D, Mas G, Navarrete G, Rodriguez TT, Ortiz PJ, Garcia-Retamero R. Cancer screening 

risk literacy of physicians in training: An experimental study. PLoS One. 2019;14. 

44. Cooper CP, Saraiya M. Opting Out of Cervical Cancer Screening: Physicians Who Do Not Perform 

Pap Tests. Am J Prev Med. 2014;47:315. 

45. Blake J. What’s needed for Canada’s cervical cancer endgame? CMAJ. 2019;191(17):E481. 

doi: 10.1503/cmaj.71914 

46. Alber JM, Brewer NT, Melvin C, Yackle A, Smith JS, Ko LK, et al. Reducing overuse of cervical 

cancer screening: A systematic review. Prev Med (Baltim). 2018;116 March:51–59. doi: 

10.1016/j.ypmed.2018.08.027. 

47. Lam JH, Pickles K, Stanaway FF, Bell KJL. Why clinicians overtest: development of a thematic 

framework. BMC Health Serv Res. 2020;20:1011.  https://doi.org/10.1186/s12913-020-05844-9 

48. Kim JJ, Burger EA, Regan C, Sy S. Screening for cervical cancer in primary care a decision analysis 

for the US preventive services task force. J Am Med Assoc. 2018;320(7):706–

714.  doi:10.1001/jama.2017.19872 

49. Ferdous M, Lee S, Goopy S, Yang H, Rumana N, Abedin T, et al. Barriers to cervical cancer 

screening faced by immigrant women in Canada: a systematic scoping review. BMC Womens Health. 

2018;18:165. doi: 10.1186/s12905-018-0654-5 

50. Weitlauf JC, Frayne SM, Finney JW, Moos RH, Jones S, Hu K, et al. Sexual violence, posttraumatic 

stress disorder, and the pelvic examination: How do beliefs about the safety, necessity, and utility of 

the examination influence patient experiences? J Women’s Heal. 2010;19:1271–80. 

51. Symonds CJ, Chen W, Rose MS, Cooke LJ. Screening with Papanicolaou tests in Alberta: Are we 

Choosing Wisely? Can Fam Physician. 2018;64(1):47–53. 

52. Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment methods. J 

Multidiscip HealthI 2016;9:211–7. doi: 10.2147/JMDH.S104807   



 

 

 

145 

53. Health Quality Council of Alberta. Primary Healthcare Panel Report-Data Dictionary. Calgary, 

Alberta; 2020. 

54. Snodgrass R, Naugler C. Use of the Papanicolaou Test in Women Under 25 Years of Age in 

Southern Alberta. J Obstet Gynaecol Canada. 2014;36:320–3. 

55. Gorday W, Sadrzadeh H, de Koning L, Naugler C. Association of sociodemographic factors and 

prostate-specific antigen (PSA) testing. Clin Biochem. 2014;47(16-17):164–9. 

56. Lofters AK, Hwang SW, Moineddin R, Glazier RH. Cervical cancer screening among urban 

immigrants by region of origin: a population-based cohort study. Prev Med (Baltim). 2010;51:509–16. 

doi: 10.1016/j.clinbiochem.2014.08.006. 

57. Sayed SA, Naugler C, Chen G, Dickinson JA. Cervical Screening Practices and Outcomes for 

Young Women in Response to Changed Guidelines in Calgary, Canada, 2007-2016. J Low Genit Tract 

Dis. 2021;25:1–8. 

58. Thomas RE, Vaska M, Naugler C, Chowdhury TT. Interventions to Educate Family Physicians to 

Change Test Ordering: Systematic Review of Randomized Controlled Trials. Acad Pathol. 2016;3:1–

23. 

59. Delpero E, Selk A. Shifting from cytology to HPV testing for cervical cancer screening in Canada. 

CMAJ. 2022;194:613–5. 

  



 

 

 

146 

 

5 CHAPTER 5:  SPATIAL AND TEMPORAL ASSOCIATIONS OF 

CERVICAL CANCER SCREENING AND SOCIODEMOGRAPHIC 
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 Abstract 

Background: The widespread disparities in cervical cancer screening are reported even in 

countries where screening programs are publicly funded. The differences in screening rates can 

be understood by analyzing temporal and spatial associations between sociodemographic factors 

and screening rates over time. The objectives of the study were to analyze spatial and temporal 

associations between sociodemographic factors and cervical screening in the three consecutive 

Canadian census years. 

Methods: Cervical screening test records were obtained from a population-wide clinical 

laboratory administrative database for Calgary, Alberta for the years 2006, 2011, and 2016 for 

women 25-69 years of age. These years coincide with Census Canada years, allowing 

comparison with sociodemographic factors. Ordinary Least Square regression (OLS) and 

geographically weighted regression models (GWR) were used to examine sociodemographic 

variables associated with cervical screening rates. 

Results: We analyzed approximately 200,000 cervical cancer screening tests for each year and 

noted a considerable decrease in screening rates between 2006 and 2011, consistent with changes 

in screening guidelines. The OLS results showed that a high median household income and 

university education were strongly associated with higher screening rates in all three census 

years. 2006 and 2011 OLS models showed negative association with screening of aboriginals, 

Blacks and recent immigrant women. 

The GWR analysis based on 2016 census year showed that neighbourhoods with low income and 

university education particularly in Northeast neighbourhoods (e.g., Saddle Ridge, Forest 

Heights) were associated with lower screening rates. 
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Conclusion: There were significant sociodemographic differences associated with cervical 

cancer screening in Calgary. Understanding these associations could form the basis of future 

education or outreach screening programs, targeting underserved populations, such as women 

with low income and education.  

Application of GWR methodology to study spatial association of sociodemographic factors with 

screening rates may also prove beneficial in the development of policies to optimize cancer 

screening programs.  
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 Introduction  

Appropriate cervical screening is recognized as an effective strategy for preventing morbidity 

and mortality from invasive cervical cancer [1]. However, evidence shows that there are 

widespread disparities in screening programs, access, and utilization. A 2018 environmental scan 

in Canada reported significant differences in screening uptake among subpopulations [2]. Other 

studies from Canada have reported that women with low education and income, and 

neighbourhoods with dominant immigrant populations are less likely to be screened [3–5]. 

Women with low education and income and being from a visible minority group have a higher 

risk of developing cervical cancer. In contrast to this under-screened group, some women are 

tested more frequently than recommended and consequently may undergo unnecessary 

diagnostic and therapeutic procedures [6]. 

Several changes in the screening guidelines were made in Canada during the last decade to 

improve screening appropriateness. Since 2003, cervical cancer screening had been delivered via 

an organized program in Alberta, Canada. Prior to 2009, women were screened annually, starting 

as early as 18 years of age. In October 2009, Alberta guidelines were updated, and the 

recommendations changed from screening annually to once every 3 years, with the minimum 

age being 21 years. In 2013, the Canadian Task Force on Preventive Health Care (CTFPHC) 

recommended that  screening should start at age 25 and discontinued at the age of 69 [7].  Alberta 

again updated its guidelines in 2016 to comply with CTFPHC recommendations, to ensure 

appropriate screening and to reduce harms and unnecessary costs to the health care system (8).  

An important task is to identify which subpopulations of women are under-screened and/or over-

screened, to design interventions for appropriate screening practices. This information is 

particularly important with the guideline changes over the years (5,9,10). 
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Spatial regression models, such as geographically weighted regression (GWR) model studies 

spatially varying relationships (11,12), In contrast, traditional linear regression models which 

have constant regression coefficients over space may not adequately capture spatially 

varying relationships. GWR methodology is a spatial analytical technique developed to assess 

spatial changes in the association between independent and dependent variables(12).  GWR 

calculates a local parameter estimate for every data point in the dataset, that allows the 

researcher to examine the local relationships between dependent and independent variables 

rather than considering a single global statistic to accurately represent all the data (13). GWR 

modeling approach can be used to improve our understanding of the geographic disparities in 

cervical screening (14). The field of Geographic Information System (GIS) and Public Health 

has risen to prominence in the past two decades with the recognition that health surveillance 

practice, and health service allocations, need to become more sensitive to the needs of people 

in local geographic areas (14). There are however, only a few studies in Canada that examined 

the association between cancer screening and sociodemographic factors using spatial 

regression methods (15). An Ontario study has provided limited analysis on a South Asian 

patient population using Local Indicators of Spatial Association (LISA) methods to study 

variations in cervical cancer screening (16). There are also limited studies published in Canada 

that have examined temporal patterns of cervical cancer screening (17).  

Based on the preliminary spatial analysis of 2011 data, we observed significant 

sociodemographic disparities in the screening uptake in Calgary. We, therefore, aimed to perform 

two analyses on the data: 1) a temporal analysis by studying the associations between cervical 

cancer screening and sociodemographic variables using 2006, 2011 and 2016 census data and 2) 
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a spatial analysis using 2016 census data as being the most recent census data available at the 

time of study.  

 Methods 

5.3.1 Study Region 

This study focused on the residential neighborhoods of Calgary as the unit of analysis (18), 

Calgary is the fourth largest metropolitan city of Canada with 1.3 million residents and 

represents 30% of the Alberta province population (19).  For the purpose of data evaluation, a 

residential neighbourhood was defined as an area where housing predominates, as opposed to 

industrial and commercial areas (18). There is growing evidence that individuals choose to 

live in specific areas and feel an association with their community (20). Neighbourhoods affect 

people’s health beyond individual and family-level attributes (21). Moreover, individuals 

living in a neighborhood often have similar access to health and education facilities (21). 

Additionally, and most importantly, created with the purposes of planning and service 

delivery, neighbourhood is the level at which stakeholders design and implement policies (21).   

The population of Calgary has markedly increased over the years. Between 2006 and 2016, 

the total number of residential neighborhoods in Calgary grew from 186 to 196 (22–24), with 

visible minorities and recent immigrants accounting for most of this population growth (22–

24). As of 2016, an average of 6,192 residents were housed in these residential neighborhoods 

[22]. A detailed map of the city of Calgary displaying residential neighbourhoods is also 

provided as Appendix I. 

5.3.2 Data Source 

Cervical cancer screening data were obtained from the Laboratory Information System (LIS), of 
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Calgary Laboratory Services, a population-wide laboratory administrative database covering all 

cervical screening performed in the city of Calgary, Alberta (25).  

Sociodemographic characteristics at the neighborhood level were extracted from the Canadian 

census for 2006, 2011, and 2016 years that were available from the Spatial and Numeric Services 

Department at the University of Calgary Library (19,22–24). The following sociodemographic 

variables were studied; University education; (defined as either having a bachelor’s degree, a 

degree in medicine, dentistry, veterinary medicine or optometry, a master’s degree, or a Doctorate) 

Aboriginals; First Nations descent (North American Indian, as defined by Statistics Canada (22–

24). Recent immigrants were defined as people who had immigrated in the five years prior to the 

census (19).  

The Employment Equity Act defines visible minorities as "persons, other than Aboriginal peoples, 

who are non-Caucasian in race or non-white in colour." South Asians, Blacks and Chinese 

constitute the larger proportion of visible minorities population in Canada and in Calgary as 

defined by Statistics Canada. (22–24). (Appendix J provides information about visible minorities 

in Calgary). Median household income referred to family income from all sources, (as reported in 

census) including employment income, income from government programs, pension income, 

investment income, and any other income (19).  

5.3.3 Data Processing 

The residential postal code of each woman living in the residential neighbourhoods of 

Calgary who had a cervical screening test in 2016 was geocoded to their corresponding 

neighborhoods using Statistics Canada Postal Code Conversion File (PCCF). The PCCF 

files were accessed through the University of Calgary (19)], the data was then permanently 

de-identified.  



 

 

 

153 

Cartographic boundary files were obtained at the neighborhood level from the 2016 

Canadian Census to display the most recent geographic boundaries of Calgary city (24). 

Screening rates for each neighbourhood in 2016 were then linked with the 2016 Canadian 

census data for the city of Calgary.  The final dataset was spatially joined using the geo -

mapping software, Environmental System Research Institute (ESRI) ArcGIS software 

version 10.4 (26). The combined dataset of cervical screening rates and Canadian census 

data was then used to study associations of screening rates with sociodemographic factors 

at the neighborhood level. 

5.3.4 Data Analysis  

Descriptive statistics (percentage), correlation and regression analyses were used to study the 

sociodemographic variables associated with screening. To get the percentages of recent 

immigrants in a neighbourhood, number of recent immigrants in the neighborhood was divided 

by the total population in that neighborhood. Percentages for University education, visible 

minorities (South Asian, Black, and Chinese), and Aboriginal populations in a neighbourhood 

were also calculated using the same method. Median household income values were reported 

in thousands of dollars [20–22].  

The percentage of eligible women screened for cervical cancer in each neighbourhood was 

obtained by taking the number of cervical screening tests performed women in a 

neighbourhood divided by the total eligible female population aged 25-69 years in that 

neighbourhood.  

Pearson correlation coefficient was used to measure the correlation between the variables and 

for deciding which of the variables to include in the regression model. (Appendix K) This was 

done to avoid multicollinearity issues and to ensure reliability of the regression models. We 
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further assessed for multicollinearity using the variance inflation factor (VIF) (27). VIF values 

greater than 10 suggest multi-collinearity (27). If two or more variables are highly correlated 

with each other, it implies that the variables are explaining the same outcome. All the VIF 

values were found to be less than 10 and ranged from 1.38 to 3.11 for variables included in the 

2006 model, 1.15 to 1.93 for variables in the 2011 model and 1.14 to 3.02 for variables 

included in the 2016 model (27). We, therefore, included recent immigrants, aboriginal 

population, visible minorities, and median household income in the final OLS regression 

models of 2006, 2011, and 2016. Odds ratios (OR), 95% confidence intervals (95%CI), and P 

values were reported for the OLS models.  

We used the postal code of women with cervical cancer screening results to geocode them into 

their corresponding neighbourhoods (28). Three different methods of analysis were used in 

this study: 1) Mapping to describe the spatial distribution of cervical cancer screening patterns 

in Calgary; 2) An ordinary least square (OLS) regression model to explain globally the effect 

of each independent variable on cervical cancer screening and 3) A geographically weighted 

regression model (GWR) to explain spatial variations in the association between cervical 

cancer screening and each explanatory sociodemographic variable. 

5.3.4.1 Mapping the screening rates and sociodemographic factors  

Screening rates were studied using choropleth maps for screen eligible women aged 25-69. We 

used 0-10%, 10.01-20%, 20.01-30%, 30.01-50%, and >50%, as cut-offs for analyzing screening 

rates. These screening cut-offs were chosen for comparison between the three different census 

years keeping in view the changes in screening guidelines from 2006-2016. The guidelines in 

Alberta recommended annual screening in 2006. This was revised in 2009 to screening every 3 

years then in 2016, the age to start screening was raised to 25 years (8). Therefore, if all eligible 
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women were tested annually, the screening rate would be 100% for all neighbourhoods in 2006 

while in 2011 and 2016, the correct screening rates would be 33.3%. Due to variable compliance 

with the screening guidelines, we defined 0-10%, 10.01-20%, 20.01-30% screening percentages 

as low screening, 30.01-50% as appropriate screening and >50% as high rates of cervical 

screening in a neighbourhood (Figure 5.1). We also mapped the spatial distribution of 

sociodemographic variables studied for potential associations with screening rates for the three 

census years (Figure 5.3). 

5.3.4.2 Ordinary Least Squares (OLS) Regression Modelling (Global Model) 

To explain the effect of each independent sociodemographic variable on cervical cancer 

screening, ordinary least square (OLS) regression was used for the three consecutive census 

years. OLS is used to approximate parameters in a linear regression model, in this case, the 

coefficients of the explanatory variables and their effect on screening rates (29). This was done 

by minimizing the sum of squared distances between observed screening rates and the regression 

line (30). 

5.3.4.3 Geographically Weighted Regression (GWR) Analysis (Local Model) 

Geographically weighted regression (GWR) is a spatial regression technique that fits a local model 

per spatial unit instead of a single global model [13]. By doing this, it allows coefficients to vary 

across space to fit a better model. This is especially useful in cases where data exhibits non-

stationarity, a condition where the relationship between variables is not constant across geographic 

space [31]. Based on Tobler’s first law, we expect the screening rate of a neighborhood to have a 

greater contribution from its closer surrounding neighborhoods than those further away. 

GWR calculates the location-specific interaction among the explanatory and response variables 

and produces detailed spatial maps of locational variations in the relationships (31,32).  
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The GWR model can be expressed by the equation: 

Y𝑖 = 𝛽ο (𝑢𝑖,𝑣𝑖) + ∑ 𝛽𝜅  (𝑢𝑖,𝑣𝑖)𝑘 𝑥𝑖𝑘 + 𝜀𝑖       (1) 

 

where, 

𝛽ο (𝑥𝑖,𝑦𝑖) is the intercept. (𝑢𝑖,𝑣𝑖) are the coordinates of the 𝑖𝑡ℎ regression point, 𝛽𝜅   is the 𝑘𝑡ℎ 

coefficient, 𝑥𝑖𝑘 is the 𝑘𝑡ℎ  independent variable for the 𝑖𝑡ℎ  observation, and 𝜀𝑖 is the 𝑖𝑡ℎ  error 

term (12). 

To determine which neighbors to consider for each spatial unit, we used an adaptive Gaussian 

kernel with a size called the bandwidth. This kernel takes an optimal number of neighbors as the 

bandwidth instead of a fixed distance to account for variations in the population density of Calgary. 

Determining the optimal bandwidth is essential because if the bandwidth is too large, the local 

variance will be omitted and the GWR becomes closer to a global model considering all neighbors 

regardless of distance. If the bandwidth is too small, each neighborhood considered for the model 

would include very few people resulting in larger variance of parameters. In calculating the optimal 

bandwidth, we create models across a range of bandwidths, from smallest to largest, and select the 

model that produces the smallest corrected Akaike information criterion (AICc). The AICc is a 

measure of the divergence between the observed and fitted values and a measure of the complexity 

of the model. 

Finally, we report the local R2 values for each neighborhood showing how well each local model 

performed. The coefficients of each explanatory variable for each neighborhood were also mapped 

(Appendix I). For determining the statistical significance and positive or negative direction of the 

association between screening and sociodemographic factors in each neighborhood, t-statistics 

were used (33). Standard t-values corresponding to 95% significance level (±1.96) were used to 
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identify negative and positive associations between sociodemographic factors and screening rates 

(33). Significant negative associations were shown in red and significant positive associations 

shown in blue in the t-value maps (28,33,34). All analyses and mapping were conducted using 

ArcGIS version 10.4 software (26). 

 Results 

The total female population aged 25-69 increased over the years in Calgary; from 335,645 in 

2006 to 338,240 in 2011 and 386,065 in 2016. However, the percentage of women aged 25-69 

remained constant and ranged between 31% -32% during 2006-2016 (24). We studied all 

screening tests conducted in 2006, 2011 and 2016 among 25-69-year-old women. A total of 

213,209 Pap tests were conducted in 2006, 185,596 in 2011, and 200,594 in 2016 among 25-69-

year-old women. The overall prevalence of screening decreased from 64% in 2006 to 55% in 

2011 and to 52% in 2016 due to changes in the screening guidelines. 

Descriptive statistics of the outcome variable and all sociodemographic independent variables 

for the 2006, 2011 and 2016 models are summarized in Table 5.1. Five neighbourhoods’ 

characteristics were also chosen and shown as examples to illustrate variations in the population 

characteristics residing in the different Calgary neighborhoods. (Table 5.1) These 

neighbourhoods were chosen based on income quintiles. Tuscany being in the highest income, 

Copperfield and Panorama in the middle quintile and Whitehorn and Forest Heights in the lowest 

income quintiles. Tuscany in the Northwest of the city has low immigrant and visible minority 

populations and high median household income and university education levels.  

Panorama in Northwest and Copperfield in Southeast comprise of younger families with growing 

South Asian and black populations. The neighbourhoods Whitehorn and Forest Heights in the 
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Northeast have high immigrant and visible minority population with low median household 

income in all the census years studied.  

 

Figure 5.1 shows the spatial distribution of screening. The screening rates varied widely within 

Calgary and across the years. We observed a considerable decrease in the 2011 screening rates 

as compared to 2006. This corresponds with the Alberta 2009 cervical cancer screening 

guidelines (8) that changed the recommended interval from annual to three-yearly screening.  In 

2011, many areas in the centre, northeast, and southeast neighbourhoods of Calgary were 

screened at a lower rate. The lower screening rates continued in 2016 with exception of a few 

neighborhoods in the northeast and southeast parts of Calgary that showed increased testing rates. 

In 2016, 13 neighborhoods had 50% or higher screening rate which indicated over screening. 

The highest screening rates of 75% and above were observed in three northwest neighborhoods 

in 2016. The lowest screening rates (10% or less) were observed in 58 neighborhoods in 2016, 

mostly in the center and southeast part of the city (Figure 5.1). 

Table 5.2 illustrates the results of the global (OLS) regression analysis for the three census years. 

The adjusted R2 was 0.23 in 2006, 0.19 in 2011 and 0.35 in 2016. OLS results showed that 

cervical screening rates were positively associated with higher median household income and 

with university education across all three years. In 2006, recent immigrants, aboriginals and 

Blacks had negative association with cervical cancer screening. The negative association 

between screening and Blacks continued in 2011. Chinese women showed a significant positive 

association with screening in 2011, however no significant association was found in 2016. 

The GWR results showed a large range in model performance with local R2 values ranging from 

0.17 to 0.97 in 2016.  Figure 5.2 shows the spatial distribution of local R2 values from the GWR 



 

 

 

159 

model. The GWR model performed best in three geographic clusters, one in the northeast side 

around Saddle Ridge, another in the west side around Springbank Hill, and the last one in the 

southeast side near Douglasdale.  We observed a generally poor performance by the model in the 

city center and moderate to good performance moving towards the outskirts save for a few 

exceptions.  

Where the GWR model performed well, Neighborhoods with relatively high median household 

income (between $100,000 - $200,000), had positive coefficients, contributing to higher 

screening rates. This was seen in the northwest, west, and extreme south and southeast of the 

city.  

Table 5.3 demonstrates the results of the multivariable GWR models for 2016; summary of 

results is presented in the table. Given the large number of coefficients estimated, the coefficients 

were described by a five-number summary; minimum, maximum, mean, range, and standard 

deviation of the studied variables. (Table 5.3). The GWR coefficients for the sociodemographic 

variables vary considerably and range from negative to positive over the study area illustrating 

the nature and the strength of the non-stationarity between screening and the sociodemographic 

variables.  The local significance (t-value) maps show the distribution of significant 

sociodemographic factors with screening rates at the neighbourhood level. (Figure 5.3)   

5.4.1.1 Income 

Low income was associated with low screening rates in the northeast neighbourhoods of 

Calgary including Cityscape and Sadle Ridge. Negative and significant screening areas (red) 

are also located in the southwest (Signal Hill, Glendale, Glenbrook and Glamorgan) parts of 

Calgary. Positive significant communities (blue) are in the south (Evergreen, Millrise, 
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Shawnessy, Somerset, Lake Bonavista, and parkland etc.) and northwest (Edgemont, and 

Beddington Heights communities of Calgary.  

5.4.1.2 University Education 

Association between university education and screening showed complex patterns. The local 

coefficients of university education ranged between -4.70 to 4.55 in 2016.  

Neighbourhoods with low rates of university education (0-13%) in the northeast part of 

Calgary also had low rates of cervical screening in 2016 (Westwinds, Whitehorn, Horizon, 

Sunridge, Rundle, Pineridge and Monetery Park). However, some parts in the southwest of 

Calgary that had high (30-40%) level of university education also showed negative association 

with screening (Springbank Hill, Discovery Ridge, Signal Hill and Aspen Woods, Lake view, 

and Lincoln Park). 

The significant positive association of university education with screening were found in some 

northwest neighborhoods of Calgary (Livingston, Carrington, Evanston, Sage Hill, Nolan Hill, 

Kinkora and Sherwood) and in the southeast (Deer Ridge, Deer Run, McKenzie Lake and 

Douglasdale). 

5.4.1.3 Recent Immigrants 

The local coefficient estimates ranged from - -5.25 to 11.28 in 2016, indicating varying 

association of screening with recent immigration.  

Negative and significant screening areas (red) are located in the east (Redstone, Saddle Ridge, 

and Foothills), west (Richmond,West Hillhurst and Killarney), center (Elboya), and south 

(Walden, Lagacy and Cranston etc.) of Calgary.  
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Positive significant communities (blue) are located at the southeast (Copperfiled, McKenzie 

Towne, Deer Run and Parkland etc.), southwest (Somerset, Silverado, Sundance and Millrise 

etc.), (Livingston, Carrington, Evanston, Sage Hill, Nolan Hill, Kinkora and Sherwood), 

northwest (Tuscany and Scenic Acres), and center (Upper Mount Royal). 

5.4.1.4 Aboriginals 

The highest percentages of aboriginal women (3.51% - 10.33%) are located mostly in the 

central, northwest, and east parts of Calgary. The coefficients for the aboriginal population 

ranged from -10.48 to 10.91 in 2016, indicating wide variations in the association between 

screening and being an aboriginal. Screening was negatively associated with the women living 

in the northeast (Redstone, Skyview Ranch, and Saddle Ridge etc.) parts of Calgary and mostly 

positively associated with aboriginal women residing in the northwest (Livingston, Carrington, 

Evanston, and Sage Hill etc.)  

5.4.1.5 South Asian 

In 2016, some of the neighborhoods in the northwest and northeast parts of Calgary showed 

positive association between South Asians and screening rates.  

The highest percentage of South Asians (21.00% - 72.86%) are in the north parts of Calgary 

including (Livingston, Carrington, Nolan Hill, Westwinds, Whitehorn, Horizon, Sunridge, 

Rundle Pineridge and Monetery Park etc.) where positive significant communities (blue) are 

observed in Livingston, Carrington, Evanston, and Sage Hill etc.  

Negative, and significant screening areas (red) are in some of the northeast neighbourhoods. 

(Coral spring, Falconridge and Castleridge). South Asian women living in the centre of the 
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city showed negative association with screening, however, there are only 1-4% of South 

Asians that resides in the centre of Calgary. 

5.4.1.6 Chinese 

Chinese women mostly showed positive associated with screening rates.   

Negative and significant screening areas (red) are in the center (Cresent Heights, Renfrew, 

South Foothills and Bridgland) and south (Riverbend and Chaparral) of Calgary. 

Positive significant communities (blue) are located mostly in the north (Livingston, 

Carrington, Evanston, and Sage Hill etc.), southeast (Deer Ridge, Deer Run, McKenzie Lake, 

Douglasdale), northwest (Tuscany and Scenic Acres) parts of Calgary. 

5.4.1.7 Black 

The local estimations for the coefficient Black ranged from -16.14 to 9.53 in 2016 indicating 

varying association of Black women with screening rates in Calgary.  

Black women were mostly negatively associated with cervical screening in the north (e.g 

Tuscany, Livingston, Carrington, Evanston, and Sage Hill etc.) and south (e.g Chaparral, 

Walden, Legacy etc.) parts of Calgary.  

Positive significant communities (blue) are in the southeast (Deer Ridge, Parkland, Lake 

Bonavista etc.)
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Figure 5.1: Calgary city maps showing spatial distribution of cervical cancer screening rates of 25-69-year-old in Calgary, AB 
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Table 5.1: Descriptive statistics of the sociodemographic factors and cervical cancer screening 
Sample neighbourhoods chosen based on income quintiles * 

  Variables Min Max Mean Std Dev Q1 (low 

income) 

Q2 Q3 Q4 Q5 (high 

income) 

Year Forest 

Heights 

White 

horn 

Copper 

field 

Panorama 

Hills 

Tuscany  

2006 (186 

Neighbour

hoods) 

Median Household 

Income (in 1000s) 

17 293 76 36 51 64 80 89 92 

University Education 0 56.49 23.73 10.42 8.39 12.31 18.16 26.35 32.03 

Recent Immigrants 0 37.01 5.27 4.45 10.76 10.79 4.87 7.54 5.33 

Aboriginals 0 12 2.52 2.33 5.59 2.47 1.87 1.08 1.56 

South Asian 0 45.14 4.48 7.26 3.47 31.15 1.50 16.50 3.87 

Chinese 0 83.58 6.05 7.81 6.95 5.11 0.37 17.83 3.6 

Black 0 10.39 1.95 1.89 5.59 2.3 0.56 2.74 1.97 

Cervical Cancer 

Screening 

0.12 103.47 30.02 22.22 27.65 56.49 20.04 61.39 95.61 

2011 (189 

Neighbour

hoods) 

Median Household 

Income (in 1000s) 

21 360 91 43 59 69 103 99 114 

University Education 3.06 56.45 25.73 10.65 9.29 13.35 21.30 28.46 33.89 

Recent Immigrants 0 33.83 5.39 4.44 6.7 10.72 5.48 8.11 4.88 

Aboriginals 0 11.48 2.47 2.09 5.46 2.92 3.05 1.16 1.16 

South Asian 0 53.79 5.55 8.79 3.47 29.67 4.30 13.90 4.35 

Chinese 0 74.52 6.14 7.57 5.21 6.43 2.01 24.06 4.78 

Black 0 18.53 2.64 2.83 7.03 3.95 1.80 4.90 1.57 

Cervical Cancer 

Screening  

1.44 77.43 21.94 16.43 21.27 40.63 25.58 77.43 76.25 

2016 (196 

Neighbour

hoods) 

Median Household 

Income (in 1000s) 

36 566 110 57 71 79 107 112 139 

University Education 6.78 52.73 28.01 10.59 11.51 14.14 20.83 27.78 31.05 

Recent Immigrants 0 33.33 6.54 4.93 11.83 15.84 7.22 9.63 4.32 

Aboriginals 0 10.33 2.84 1.7 4.92 1.77 3.06 1.01 1.87 

South Asian 0 72.86 7.15 11.02 2.78 28.24 6.07 17.53 5.61 

Chinese 0 52.23 6.66 6.65 3.81 4.45 2.58 26.01 7.1 

Black 0 23.96 3.96 3.59 8.17 9.11 3.41 5.63 1.24 

Cervical Cancer 

Screening 

0.8 93.12 22.19 17.21 20.1 43.24 42.69 93.12 74.21 

*An income quintile is a measure of neighbourhood socioeconomic status that divides the population into 5 income groups (from lowest income to 

highest income) so that approximately 20% of the population is in each group. 

All variables are expressed as percentages of the total population, median household income is expressed in 1000s. Cervical Cancer screening rates 

are for the eligible females aged 25–69-year-ol 
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Table 5.2 : OLS Regression Analysis showing association of sociodemographic factors with cervical cancer screening in three 

different census years 

  2006 2011 2016 

Adjusted R2 = 0.23  Adjusted R2 = 0.19  Adjusted R2 = 0.35 

Sociodem

ographic 

Variables 

Coef. t-value P-value VIF Coef. t-value P-value VIF Coef. t-value P-value VIF 

Median 

Househol

d Income 

0.96 1.99 0.04 1.51 0.08 3.24 <0.001 1.54 0.08 4.55 <0.001 1.58 

University 

Education 

0.6 4.52 <0.001 1.65 0.27 3.29 <0.001 1.44 0.2 2.22 0.026 1.48 

Recent 

Immigrant

s 

-0.8 -5.39 <0.001 3.11 0.01 0.06 0.951 1.93 0.06 0.18 0.855 3.02 

Aborigina

ls 

-1.14 -3.63 <0.001 1.68 -0.34 -2.87 0.006 1.48 -0.24 -0.67 0.505 1.95 

South 

Asian 

-0.07 -0.72 0.473 1.42 -0.09 -1.3 0.195 1.52 0.03 0.37 0.711 1.69 

Chinese 0.06 0.65 0.515 1.38 0.21 2.28 0.023 1.15 0.08 0.79 0.429 1.14 

Black -0.68 -1.98 0.04 2.52 -0.47 -2.63 0.009 1.4 -0.07 -0.26 0.794 2.4 

             

Cervical Cancer 

Screening (CCS) 

 

Female 
population  

Total 
Screene

d 

CCS% Std 
Dev. 

Female 
populat

ion  

Total 
Screene

d 

CCS% Std 
Dev. 

Female 
populat

ion 

Total 
Screened 

CCS% Std 
Dev. 

25-69 years 335645 213209 64% 22.2

1 

338240 185596 55% 16.45 386065 200594 52% 17.23 

Adjusted R2 is the proportion of the variation in the dependent variable (cervical cancer screening) that is predictable from the independent 

variables (sociodemographic factors). 

t value is the coefficient divided by its standard error. The standard error is an estimate of the standard deviation of the coefficient 

Variance inflation factor (VIF) is a measure of the amount of multicollinearity in a set of multiple regression variables. 
CCS% is the percentage of screen eligible women 25–69-year-old who were screened. 

 

Variables with P-value greater than 0.05 has poor association with CCS, that is, those variables do not determine or influence CCS. In all the 

years studied, income and education significantly influenced CCS; the number of women screened was positively associated with income and 

education. In 2006, South Asian and Chinese had association with CCS.  In 2011, recent immigrants (P=0.95) and South Asian (P=0.19) were 

poorly associated with CCS. However, in 2016, variables including recent immigrants, Chinese, South Asian and Blacks had P-vales greater 

than 0.05 suggesting that CCS had no significant association with recent immigrants and visible minorities studies.
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Figure 5.2: Local R2 depicting model fit from GWR analysis for 2016 census year 

 

Figure 2 illustrates local R2 values for 2016 census year. The highest R2 values was observed in various 

areas of Calgary with the R2 range of 0.77 to 0.97. Generally, the neighbourhoods are in the north-eastern 

(Saddle Ridge, Martindale, Taradale, Castleridge, Coral Springs, Falconridge, and Westwinds), top-

central (Country Hills, Aurora Business Park, Sand stone Valley and Beddington Heights), eastern 

(Applewood Park, Marlborough Park), western (University Heights, Uniersity District, Springbank Hill, 

Discovery Ridge, Signal Hill and Aspen Woods, Lake view, and Lincoln Park) and some southern parts 

(Evergreen, Shawnee slopes and Douglasdale) of Calgary. Hospitals can also be observed near these 

neighbourhoods. Major roadsare also connected with these areas. The moderate R2 (0.51-0.76) regions 

are adjacent to these areas and these neighbourhoods are also connected with major roads and have 

hospital facilities.  
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Table 5.3: GWR Analysis showing association of sociodemographic factors with cervical cancer 

screening rates in 2016 census year 

  2016 (195 Neighborhoods) 

  Min Max Mean Range Std Dev. 

Local R² 0.17 0.97 0.61 0.77  0.17  

Coefficients  

Income -2.11 1.21 0.18 3.32 0.36 

University Education -4.70 4.55 0.04 9.25 1.51 

Recent Immigrants -5.25 11.28 0.70 16.53 2.26 

Aboriginals -10.48 10.91 1.23 21.39 1.75 

South Asian -8.75 10.61 -0.04 19.35 2.7 

Chinese -3.88 8.04 0.64 11.93 1.79 

Black -16.14 9.53 -0.3 25.66 3.74 

Cervical Cancer 

Screening (CCS) 

25-69 years 

Female population Total 

Screened 

CCS% Std Dev. 

386065 200594 52% 17.23 

 
*Geographically Weighted Regression Modelling. AICc values were 263.04 for 2016 GWR models. 

-The coefficients are described by a five-number summary that is based on minimum, maximum, mean, 
standard deviation and range. 

-Coefficients have varied considerably and ranged from negative to positive over the study area.  

-Black and aboriginal populations showed larger spatial variation across Calgary than other studied 

variables 

-CCS% is the percentage of screen eligible women 25–69-year-old who were screened 
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Figure 5.3: Distribution of sociodemographic (SD) variables and GWR analysis showing 

significance of association of SD variables in explaining screening rates in 2016 census year.  

Figure 5.3 A, B, C, D, E, F, G, H have two parts: the Left set of maps shows the proportion of the 

population in each neighbourhood with the sociodemographic characteristic studied.  The Right set of 

maps shows significance of the sociodemographic characteristic and the screening rates in each 

neighbourhood as calculated by the t-values from the GWR analysis. 

A: Income Quintiles versus. significance of income quintiles in explaining screening rates 

 

 

B: University education versus. significance of university education in explaining screening 

rates 
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C: Recent Immigrant versus. significance of recent immigrants in explaining screening rates 

  

 

D: Aboriginal versus. significance of aboriginal in explaining screening rates 
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E: South Asian versus. significance of South Asian in explaining screening rates 

  

 

F: Chinese versus. significance of Chinese in explaining screening rates 
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G: Black versus. significance of Black in explaining screening rates 

  

 

Data notes:  t-values were derived from the GWR models: 

X <-1.96 → negative and significant neighbourhoods are shown in red, 

-1.96< X <+1.96 → not significant neighbourhoods are shown in white and 

X > + 1.96 → positive and significant neighbourhoods are shown in blue 

 

  



 

 172 

 Discussion 

The OLS regression modeling showed that women with low income and no university education 

are less likely to be screened, which was found to be significant over the years. Recent 

immigrants, aboriginals, and visible minority women (South Asians and Blacks) had low rates 

of screening in the 2006 and 2011 census years.  

The 2016 GWR results indicated that the local models using sociodemographic variables in the 

city center area were not able to capture the variation in screening rates but were able to do better 

in the outer city areas. Furthermore, in the areas where the model performed well, not all variables 

actually played signficant roles in determining screening rates. Generally, income was the major 

driver of screening rates, which is similar to the OLS regression results but for the northeast area, 

recent immigrants, aboriginals and south Asians led to low screening rates. Overall, screening 

rates have decreased over time owing to changed screening guidelines that now recommend once 

every three years screening for women aged 25-69-year-old in Calgary. However, there are still 

significant sociodemographic variations in screening.  

Our results further suggest that the proximity of neighborhoods to hospitals aided in screening 

rates in low income neighborhoods outside the city center; although no cervical cancer screening 

is offered in Calgary hospitals. Perhaps proximity of hospitals led to having more primary care 

clinics in the neighbourhoods and caused more awareness among women living in those 

neighbourhoods. This observation is subject to further analysis and validation. 

Areas of newly built neighbourhoods at the periphery of Calgary tend to have higher median 

incomes and had higher rates of screening. Neighbourhoods where university education had the 

strongest positive association with screening also tended to have relatively high mean incomes, 
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mostly located in the northwest and southwest quadrant of the city. These patterns support the 

hypothesis that the reasons for the differences in screening rates vary geographically (35). 

Previous studies have reported that variation in screening uptake could be due to regional 

differences in the distribution of sociodemographic factors and unknown or underlying regional 

characteristics (36–38). 

Our results are compatible with other Canadian provinces and with countries offering universal 

health care and national cancer screening programs. Studies from Canada have consistently 

reported lower screening among immigrants and women of low socioeconomic status (5,39). 

Women belonging to a lower income group requires more than the availability of care [(40), but 

several barriers, internal to the individual and within their physical and social environment, 

impede the screening services’ uptake (41). A 2013 retrospective study used multiple 

administrative databases from Ontario, Canada, reported that recent immigrants are often 

burdened by immediate survival needs of income security, housing, and care of other family 

members as a possible exploration for the lower rate of screening in this population (16).  The 

National Cancer Screening Program in the UK also reported that variations in the uptake of 

cervical cancer screening are closely related to social deprivations (42). Under-screening for 

cervical cancer among women living in low-income neighbourhoods is more prevalent. Women 

with low education levels are also less receptive to the health promotion messages, thereby less 

likely to receive screening (16). Other barriers identified to screening in certain populations are 

a lack of referrals from primary care providers, fear of cancer diagnosis, language barriers, time 

pressures, misconceptions about the screening procedure or discomfort in interacting with 

service providers also contribute to some of the socioeconomic differences in utilization 

(3,43,44). A “Patient Navigation” approach has been tested in some countries to assist people in 
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obtaining information, screening, treatment, and support services for the deprived population 

(45). This method provides the low income and less educated women a channel of interaction 

with the healthcare system (45) and could be studied in Canada to improve screening program 

accessibility. Improving healthcare access to low-income and less educated women and 

providing culturally sensitive information to the visible minorities can increase the rate of 

cervical screening and other preventive measures in Calgary (46). 

Our study adds to existing literature by highlighting how income is a major driver of screening 

rates, as seen in the results of both the OLS and GWR models, in a country where direct financial 

barriers to screening do not exist. A number of previous studies have examined 

sociodemographic characteristics (3,47), but this provides a unique look at the data using a spatial 

approach in the association of sociodemographic variables and screening rates. The spatial 

methods employed in the study may be useful to identify and monitor areas for changes in 

screening in other jurisdictions.  

From a methodological point of view, local-based models, including the GWR model, are 

valuable exploratory methods for exploring local variations in the relationship between 

screening and sociodemographic variables. In summary, our GWR models were a powerful 

complement to the standard OLS regression analysis as the global regression analysis often 

obscures the local patterns.  
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5.5.1 Limitations 

Our study had several limitations which are discussed under the sub-headings: 

5.5.1.1 Completion of Data 

This study utilized cervical cancer screening data from Calgary Laboratory Services. There were 

some major changes in the Laboratory management system, according to changed policies, and 

technologies, over the study period. The LIS system has advanced and developed considerably; 

recent data are more accurate than in the previous years. Despite this, cervical screening 

information available for the different years had no accompanying sociodemographic 

information. This study therefore employed other source of sociodemographic data.; 

Sociodemographic variables were drawn from the 2006, 2011 and 2016 census. It is noteworthy, 

that in 2011, long form of Canadian census was replaced with a voluntary National Household 

Survey (NHS) (48). The response rate of NHS was 68.6% which was lower than the 2006 Census 

that had a response rate of 93.8% and 2016 that had a response rate of 96.9%. The low response 

rate may have affected some statistics for 2011(48). 

5.5.1.2 Composition of the immigrant groups  

The composition of the recent immigrants has increased in Calgary over the years especially 

of South Asians (22–24) (Appendix 2). Many Arabs and Filipinos also arrived between 2011 

and 2016 along with other immigrant groups in Calgary. (Appendix 2) The lack of knowledge, 

language barriers, and the cultural incongruity that these immigrants experience upon arrival 

deter their use of health services, especially those that are not considered necessary by the 

individual and could depend on their cultural preferences and behaviors. (49). This might have 

affected our results; however, these behavioral effects are hard to discern from an ecological 

study (50). 
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5.5.1.3 Modifiable Areal Unit Problem  

The modifiable areal unit problem (MAUP) is a potential source of bias that can affect spatial 

studies using aggregated data (51). Analyzing the same spatial phenomenon using different 

scales of areal units, analysis, can produce differing analytical results. In some instances, data 

aggregation can obscure a strong correlation between variables so a relationship might appear 

weak or negative. (51). 

 One solution is to simply acknowledge its presence and/or possibly conduct multiscale and 

multizonal systems analyses to show the range of possible results. One other way to deal with 

MAUP is to use the original point data rather than the aggregated ones, but this is usually not 

applicable due to privacy reasons (52,53). 

For this study, data on sociodemographic variables such as education, income, and being a 

visible minority (South Asian, Chinese, or Black) were not directly available on the individual 

level. Therefore, we conducted an ecological study and classified women according to the 

neighborhood-level characteristics. Although this approach has been taken previously by other 

authors (28). Our study results are valid at neighbourhood level and should not be interpreted 

at other geographical scales.  

The results of this study can be used as a starting point to engage policy makers in a dialogue 

about the influence of sociodemographic factors with cervical cancer screening uptake in 

Calgary. The data was analyzed at the neighborhood level and exhibited smoothing of spatial 

patterns that could be of                       benefit in developing long-term strategies and solutions. Further 

investigation of these issues at finer scale will provide a greater insight at the local level. It is 

very likely that variables that did not contribute at the neighborhood level could be significant 

at the dissemination area (DA) level.  A DA is the smallest standard geographic area for which 
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all census data are disseminated. [22]   

5.5.1.4 Ecological fallacy  

The ecological fallacy is an error in the interpretation of the statistical data based on aggregated 

information and applies the assumption that what holds true at a population level also holds true 

at an individual level. Ecological fallacy mandates cautious interpretation of our findings (13). 

Statistics calculated using geographic areas can differ substantially from the corresponding 

statistics based on individual level data. We cannot confirm that the sociodemographic variables 

found to be statistically significant with screening at the neighborhood level are also significant 

at the individual level.  

However, use of neighborhood level estimates variables can provide conservative estimates of 

sociodemographic variations (38). We only had information about the sociodemographic 

variables from the Canadian census; we studied screening rates only in the corresponding census 

year and might have underestimated the number of women who had received cervical screening 

in the three-year period according to the screening guidelines. Sociodemographic variables such 

as proportion of visible minorities changed during the study period (supplementary file 2) and 

therefore use of only the corresponding census year for screening rates provides accuracy to our 

findings.  

We were unable to identify women who had hysterectomies and consequently could not control 

for this variable. The analysis presented in this paper is valid for the Calgary neighbourhoods 

and cannot be applied to other cities in Canada since GWR produces a set of local parameters 

valid for a specific geographical location.  
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Nevertheless, the methodology applied in this paper can be useful for policy makers who are 

engaged in the planning of cancer screening programs and services. 

 Conclusions 

We found significant sociodemographic and spatial disparities in who is likely to receive a 

cervical screening test over the years in Calgary, although these factors have tended to decrease 

in significance over time. We did not observe consistent temporal patterns in screening however 

women with low income and educational attainment were less likely to be screened in Calgary. 

The spatial context of screening program utilization is critical because where screening is 

performed is as important as how much is performed. The effects of sociodemographic factors 

are not constant across the city but vary with the geographical location across the three years 

studied. 

Spatial patterns for the association between income and screening rates in 2016 suggested that 

women in higher income neighborhoods are generally more likely to receive a cervical screening 

test and may be over-screened.  On the other hand, lower income neighborhoods are less likely 

to receive cervical screening tests. 

Policymakers should avoid using a one-size-fits-all approach but instead adopt strategies to target 

known high-risk sociodemographic groups to improve screening. Understanding current testing 

patterns is essential for monitoring the impacts of the screening program and to better plan health 

programs, provision of services and resource allocation to meet the unique needs of different 

neighbourhoods.  

Future research may provide more detailed analysis by examining the spatial distribution and 

determinants of other factors influencing screening uptakes, such as cultural and religious factors 
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affecting screening, physician characteristics and effect of revised recommendations on cervical 

screening (54). Additional studies can also focus on additional characteristics of the 

neighborhood, such as, number of practices accepting new patients and geographic distance to 

nearest primary care practice to examine screening uptake.  

With the COVID-19 global pandemic and a pause for routine screening, future studies can assess 

whether pre-existing inequalities in accessing cervical screening are further exacerbated in the 

different sociodemographic groups.
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 Additional analysis and maps 

Figure 5.4: Local R2 depicting model fit from GWR analysis in the three subsequent census years 2006, 2011 and 2016 
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Figure 5.5: GWR Analysis showing spatial variation in the association of sociodemographic factors with cervical cancer screening 

rates in census years 2006, 2011 and 2016. 

  2006 (186 Neighborhoods) 2011 (189 Neighborhoods) 2016 (195 Neighborhoods) 

  Min Max Mean Range Std Dev. Min Max Mean Range Std Dev. Min Max Mean Range Std Dev. 

Local R² 0.18 0.89 0.56 0.71  0.17  0.13 0.97 0.62 0.84  0.19  0.17 0.94 0.61 0.77  0.17  

Coefficients  

Income -8.50 5.49 -0.52 13.99 2.177 -0.89 1.17 0.14 2.06 0.34 -2.11 1.21 0.18 3.32 0.36 

University Education -5.48 6.66 -0.01 12.14 1.9 -4.33 2.93 -0.1 7.25 1.08 -4.70 4.55 0.04 9.25 1.51 

Recent Immigrants -13.86 12.8 -0.10 26.65 3.82 -3.18 8.69 1.52 11.87 2.04 -5.25 11.28 0.70 16.53 2.26 

Aboriginals -12.49 17.56 0.68 30.04 5.13 -12.21 19.35 1.15 31.56 4.85 -10.48 10.91 1.23 21.39 1.75 

South Asian -11.58 17.23 0.01 28.81 4.37 -9.52 8.94 -0.69 18.46 2.76 -8.75 10.61 -0.04 19.35 2.7 

Chinese -7.58 11.65 0.77 19.23 3.38 -8.3 12.62 0.87 20.92 2.94 -3.88 8.04 0.64 11.93 1.79 

Black -15.58 24.11 -0.05 39.69 6.15 -19.63 17.96 0.95 37.59 5.13 -16.14 9.53 -0.3 25.66 3.74 

                

Cervical Cancer 

Screening (25-69 

years) 

Female 

population  

Total 

Screened 

CCS% Std Dev. Female 

population  

Total 

Screened 

CCS% Std Dev. Female 

population 

Total 

Screened 

CCS% Std Dev. 

335645 213209 64% 22.21 338240 185596 55% 16.45 386065 200594 52% 17.23 

 

*Geographically Weighted Regression Modelling. AICc values were 213.58 for 2006, 363.36 for 2011 and 263.04 for 2016 GWR models. 

The coefficients are described by a five-number summary that is based on minimum, maximum, mean, standard deviation and range. 

Coefficients have varied considerably and ranged from negative to positive over the study area in all three census years.  

Black and aboriginal populations showed larger spatial variation across Calgary than other studied variables. 

The results of the multivariable GWR models for the three census years. Given the large number of coefficients estimated, the coefficients are 

described by a five-number summary, that is, minimum, maximum, mean, range, and standard deviation values. 
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Figure 5.6: Distribution of sociodemographic (SD) variables and  GWR analysis showing significance of association of SD 

variables in explaining screening rates in the three census years 2006, 2011 and 2016 

A: Income Quintiles versus. significance of income quintiles in explaining screening rates 

   

   
We did not observe consistent trends across the years 

between income and screening, but generally low 

income was associated with low screening rates 

especially in the northeast and southeast areas of 
Calgary  

A neighbourhood called Edgemont in northwest 

part of Calgary had positive and significant 

association with income in all years. 

No consistent patterns but generally low income 

was associated with low screening rates in the 

northeast and centre of Calgary. Areas in the 

south that had income between 61-120 thousand 
income brackets had improved screening since 

2011 possibly due to the new hospital that 

became functional in 2011. 

There were areas in the center of the city that 

have high income, but the screening rate was 
low. These areas were within or around the 

downtown where the population of females were 

lower as compared to males. Moreover, the 

women living in these areas were professionals 

and perhaps did not have time to go for screening 
or had confusion in understanding the screening 

guidelines. These areas also had sharp income 

contrasts. Many aboriginals, recent immigrants, 

resided in the centre of the city, considering 

these areas as the financial hub of the city. 

No consistent patterns but low income was 

associated with low screening rates in the 

northeast of Calgary 

Areas in the south that had income between 87-
172 thousand income brackets had improved 

screening since 2011 possibly due to the new 

hospital that became functional in 2011. 

Testing discrepancies in 2011 has improved in 

2016 due to increased frequency of reminders 
via screening invitation letters to the women 

residing in the centre of the city. 

Newly developed neighborhoods in the west and 

east boundaries of Calgary with high income 

quintiles also showed high rates of screening in 
2011 and 2016. 

General Trend: We did not observe consistent trends across the years between income and screening, but low income was associated with low screening rates especially 

in the northeast part of Calgary in all three years studied. The strongest positive association between high median income and screening was observed in the southeast part 

of the city.  
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B: University education versus. significance of university of education in explaining screening rates 

   

  
 

University education showed a more complex 

patterns over the years. 
Areas in Northwest and North of Calgary had high 

income and university education and it was 

positively associated with screening. However, 

areas in the South of Calgary had negative 

association with screening despite that those 
neighborhoods had 30-40% population with 

university education.  

Similar pattern was observed in the centre and 

southeast of the city. 

Northwest communities had high income and 

university education and it was positively 
associated with screening. 

Some areas in the east of Calgary showed 

negative association with screening although 

these neighborhoods had 20-30% population 

with university education.  These areas are 
newly developed in the east of Calgary. The low 

screening rates in these areas could also be due 

to the lower rates of screening among recent 

immigrant, aboriginal and black women in those 

areas. 

Northwest of Calgary had high income and 

university education and it was positively 
associated with screening.  

Southwest communities showed negative 

association with screening as observed in 2006. 

It is note that that those neighborhoods have 30-

40% population with university education 
 

 

General Trend: Association between University education and screening showed more complex patterns over the years. The local coefficients of  university education 
ranged between -5.48 to 6.66 in 2006 to -4.33 to 2.93 in 2011 and -4.70 to 4.55. The significant positive association of university education with screening were found 

consistently in northwest neighborhoods of Calgary across all years. Neighbourhoods with low rates of university education (0-13%) in the northeast part of Calgary also 

had low rates of cervical screening during 2011 and 2016. Some parts in the southwest of Calgary that had high (30-40%) level of university education showed negative 

association with screening across all three years. 
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C: Immigrant versus. significance of immigrants in explaining screening rates 

   

  

 

Recent immigrants living in northwest and 

centre were getting screened. 

Recent immigrants in southeast were not 

getting screened. However, the population of 

recent immigrants was fairly low in these 

areas. (0-6%) 

Recent immigrants living in the beltline area 

had positive association with screening 

across all years 

Recent immigrants had overall negative 

association with screening rates. 

 

 

Immigrants showed a negative association 

with screening but has improved in some 

areas of Calgary particularly in southeast 

and city centre. 

General Trend: Recent immigrants were less likely to be screened in 2011. The local coefficient estimates in 2011 ranged from -3.18 to 8.69 to -5.25 to 11.28 in 2016, 

indicating varying association with screening. Recent immigrants residing in the centre of the city had negative association with screening in 2011 that has improved in 

2016. Most neighbourhoods of southeast where recent immigrants ranged from 3-18% showed a positive association between being a recent immigrant and screening 

However, in the newly developed neighbourhoods in southeast, the association is negative.   
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D: Aboriginal versus. significance of aboriginal in explaining screening rates 

   

  
 

Aboriginals living in North, northwest and some 

parts of south had a positive association with 

screening. Their population however ranged in 

these areas between 0-3.5%. 
Aboriginals living in the west areas of Calgary had 

negative association with screening. 

In northeast, being aboriginals was negatively 

associated with screening. 

 

Aboriginals living in northwest had a positive 

association with screening. Their population 

however ranged in these areas between 0-6%. 

In northeast, aboriginals had negative 
association with screening. 

 

Aboriginals living in northwest are getting 

screened and their population ranged from 1-6% 

in these areas. 

In northeast, aboriginals had negative 
association with screening 

General Trend: The coefficients for the aboriginal population ranged from -12.49 to 17.56 in 2006, -12.21 to 19.35 in 2011 and -10.48 to 10.91 in 2016, indicating 

variations in the association between screening and being an aboriginal woman. Screening was positively associated with aboriginal women residing in the northwest and 

negatively associated with the women living in the northeast part of Calgary in all three years studied.  
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E: South Asian versus. significance of South Asian in explaining screening rates 

   

  

 

South Asians were mainly concentrated in 

northeast of Calgary, where they had a negative 
association with cervical screening.  

In southeast where their population ranged 

between 0-4%, it showed a positive association 

with screening. 

One of the communities in Northwest, (Silver 
spring) showed positive association with screening 

in 2006 and 2011 

No consistent pattern. However, being a south 

Asian was mostly negatively associated with 
screening. 

 

South Asian women living in the Centre of the 

city showed negative association with screening 

across all years. 
 

The association between South Asian women 

and screening patterns showed a mix picture. 
The distribution of South Asians has changed in 

2016 with some areas having 40-73% south 

Asian population.  

Some neighbourhoods in southeast showed 

positive association of South Asians with 
screening but the population of south Asians 

ranged in those neighbourhoods between 0-4%. 

Communities in the northwest of Calgary also 

showed positive association with screening. 

General Trend: South Asian women mostly resided in the northeast part of Calgary where they had a negative association with cervical screening in 2006 and 2011. 
In 2016, some neighborhoods in the northwest part of Calgary showed positive association between being a South Asian women and screening rates. However, centre 

of city with 1-4% of South Asian population showed negative association with screening in all three years.  
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F: Chinese versus. significance of university of education in explaining screening rates 

   

   
Chinese were mostly concentrated in northwest 

and centre of Calgary in 2006 and 2011.  

Being Chinese was positively associated with 

screening in northwest and southwest of Calgary 

and negatively associated at the centre of the city. 
Calgary neighbourhoods where being a Chinese 

was associated with low screening had 0-3.5% 

Chinese population. 

Chinese women has positive association with 

screening in northwest and southwest of Calgary 

and negative association at the centre of the city. 

 

Areas in the east where screening is negatively 
associated had very few 0-3.5% Chinese 

populations.  

 

2016 showed a more spread-out Chinese 

population across Calgary neighbourhoods. The 

association of Chinese women with screening 

did not show a consistent pattern except in 

northwest (positive association) and centre 
(negative association) of the city. 

 

 

 

General Trend: Chinese women had considerably better screening rates across all years.  Chinese woman showed mostly positive  association with screening in northwest 
and southwest parts of Calgary and negative association at the centre of the city across all years.  
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G: Black versus. significance of university of education in explaining screening rates 

   

  
 

In 2006, overall, blacks women had negative 

association with screening. 

 

Black women had negative association with 

screening in northwest and east of Calgary. 

Black women residing in the centre (3 

neighborhoods: Beltline, Inglewood, Ramsay) 

of the city had positive association with 
screening. 

Overall Black women had negative association 

with screening. 

 

 

General Trend: The association between screening rate and Black women showed considerable spatial variation across Calgary. The local estimations for the coefficient 

‘Black’ ranged from -15.58 to 24.11 in 2006, from -19.63 to17.96 in 2011, and from -16.14 to 9.53 in 2016 indicating varying association of Black woman with screening 

rates. In all three years studied, black woman showed negative association with cervical screening particularly in northwest and southeast parts of Calgary.  

Data notes:  t-values were derived from the GWR models:  

X <-1.96 → negative and significant are shown in red,  

-1.96< X <+1.96 → not significant are shown in white and  

X > + 1.96 → positive and significant are shown in blue. 
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5.8.1 Methodological Considerations 

5.8.1.1 Generalized Estimating Equations 

Longitudinal data track the same sample at different points in time. It allows for the measurement 

of within-sample change over time. One of the methods for longitudinal data analysis is to use 

generalized estimating equations model (GEE). The goal of GEE is to make inferences about the 

population when accounting for the within-subject correlation and clustering. I initially used GEE 

model but on a closer look at my data, I found that my sample consists of repeated cross-sectional 

data of different women over time, so I used the ordinary least square linear regression models 

for the analysis. 

5.8.1.2 Poisson Geographically Weighted Regression  

Poisson regression is a generalized linear model form of regression analysis used to model 

count data. Poisson model assumes that the mean and variance of the errors are equal. 

 I used screening rates in the neighbourhoods as the dependent variable which was normally 

distributed. The use of screening rates considered the proportion of women who are eligible 

for the screening test based on the guidelines. I, therefore used the standard GWR regression 

for the analysis. 
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5.8.2 Explanation of terms used in chapter 5 

5.8.2.1 Variance inflation factor (VIF)  

VIF is used to identify the correlation of one independent variable with a group of other 

variables. One way to measure multicollinearity is the variance inflation factor (VIF), which 

assesses how much the variance of the estimated regression coefficient increases if the 

predictors are correlated. If no factors are correlated, all the VIFs will be 1.  (1) 

5.8.2.2 Spatial analysis  

Spatial addresses challenging complex location-based problems. It helps to study and explore 

data from a geographic standpoint, establish linkages, find, and quantify patterns, evaluate 

trends, and make predictions and decisions. 

5.8.2.3 Spatial effects 

Location does matter. Nearby events are more correlated to one another. Geography is 

considered as a spatial science. It is concerned with the spatial behavior of people, with 

the spatial relationships that are observed between places on the earth's surface, and with 

the spatial processes that create or maintain those behaviors and relationships. (2) 

5.8.2.4 Spatial heterogeneity  

Spatial heterogeneity refers to the uneven distribution of a variable’s values across space. 

5.8.2.5 Spatial dependence 

Spatial dependence is "the propensity for nearby locations to influence each other and to 

possess similar attributes" (3)A famous geographer, Waldo Tobler explained that while 

everything is related to everything else, things that are close together tend to be more related 
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than things that are far apart. (4) For example, housing prices and surface air temperatures are 

more likely to be similar at points two meters apart than at points two kilometers apart. (4) 

5.8.2.6 Spatial non-stationarity  

Spatial non-stationarity/ heterogeneity refers to variations in the relationship between an 

outcome variable and a set of predictor variables across space. (2) The extent that relationships 

between variables, such as lack of screening and cancer incidence, vary geographically, though 

not necessarily by proximity. Exploring spatial non-stationarity through GWR, can better 

identify the relative importance of each variable in a given region. (5) 

5.8.2.7 Geographically Weighted Regression (GWR)   

GWR is a way of exploring spatial non-stationarity by calibrating a multiple regression model 

which allows different relationships to exist at different points in space. (5) It is a regression 

technique that extends the traditional regression framework by allowing the estimation of local 

rather than global parameters.(6) In other words, GWR runs a regression for each location, 

instead of a single regression for the entire study area. (7) 

5.8.2.8 Bandwidth or the number of neighbors  

This is the distance, or the number of neighbors used in the spatial kernel adopted for each 

local estimation. The spatial kernel usually describes the probability of dispersal events as a 

function of distance.  

Bandwidth controls the degree of smoothing. The larger the values and the smoother the 

model, the more global the results are. The smaller the number, the more local the results are. 

(6) 
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5.8.2.9 R2—R-squared  

R-Squared is a statistical measure of fit that indicates how much variation of a dependent 

variable is explained by the independent variable(s) in a regression model. Its value varies 

from 0.0 to 1.0, with higher values being preferable. It is interpreted as the proportion of 

dependent variable variance accounted for by the regression model. (8) 

5.8.2.10 Adjusted R2  

Adjusted R-squared value normalize the numerator and denominator by their degrees of 

freedom. This has the effect of compensating for the number of variables in a model, and 

consequently, the adjusted R2 value is almost always less than the R2 value. In GWR, the 

effective number of degrees of freedom is a function of the neighborhood used, so the 

adjustment may be quite marked in comparison to a global model such as generalized linear 

regression. For this reason, AICc is preferred as a means of comparing models.(8) 

5.8.2.11 Local R-squared  

It is the R-squared value for the local model and is interpreted as a measure of goodness of fit 

like the global R-squared. Its value varies from 0.0 to 1.0, with higher values being preferable. 

By mapping R-squared, we observe where GWR model predicts well and where it predicts 

poorly. Local R-squared can be used to identify potential model misspecification. 

5.8.2.12 Akaike information criterion corrected (AICc):  

 AICc is a measure of model performance and can be used to compare regression models.  AIC 

determines the relative information value of the model using the maximum likelihood estimate 

and the number of parameters (independent variables) in the model.  

The formula for AIC is: 
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AIC = 2K-2 ln(L)                                                                                                       (2) 

 K = the number of independent variables in the model. The default K is 2, so if the model uses 

one independent variable the K will be 3, if it uses two independent variables K will be 4, and 

so on. 

L = the log-likelihood estimate i.e., the likelihood that the model could have produced the 

observed y-values.  

Considering model complexity, the model with the lower AICc value provides a better fit to 

the observed data. AICc is not an absolute measure of goodness of fit but is useful for 

comparing models with different explanatory variables as long as they apply to the same 

dependent variable. (8) AICc is used to compare different models (i.e., GWR vs. OLS) for 

selecting the most appropriate one. Comparing the GWR AICc value to the OLS AICc value 

is a way to assess the benefits of moving from a global model (OLS) to a local regression 

model (GWR).(2) 

5.8.2.13 Residual values 

The subtraction of the fitted values from the observed values (dependent variable).(8) 

5.8.2.14 Modifiable areal unit problem (MAUP)  

MAUP encapsulates the issues of aggregating information at a geographic level. (9)Postal 

codes, census tracts, municipalities, neighbourhoods, countries are examples of modifiable 

areal units. These units are arbitrary and inherently modifiable. There are two components to 

MAUP, the scale and zoning effects.(10) The scale effect refers to changes to the data and, 

consequently the outcome of analyses because of aggregating data to coarser spatial units of 

analysis. The aggregation of data can result in a loss of fine-scale detail as well as change the 
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observed spatial patterns. The zone effect refers to how, when holding scale constant, the 

delineation of areal units in space can alter data values and ultimately the results of analyses. 

(9) 

The modifiable areal unit problem (MAUP) was first addressed by Openshaw in 1984 “the 

areal units (zonal objects) used in many geographical studies are arbitrary, modifiable, and 

subject to the whims and fancies of whoever is doing, or did, the aggregating.” Data tabulated 

for different spatial scale levels or according to different zonal systems for the same region 

does not provide consistent analysis results. (11) 

Several general approaches have been suggested to handle the MAUP. One solution is to 

simply acknowledge its presence and/or possibly conduct multiscale and multizonal systems 

analyses to show the range of possible results. (12) One other way to deal with MAUP is to 

use the original point data rather than the aggregated ones, but this is usually not applicable 

due to legal privacy reasons. Using smaller areal unit (e.g., dissemination area rather than 

neighbourhoods) for data aggregation may decrease this MAUP effect.  Making inferences 

about phenomena observed at one scale based on data observed and presented at coarser or 

finer scales results in potential misrepresentation and misinterpretation of results.(10) 

5.8.2.15 Ecological Fallacy 

The ecological fallacy is a fallacy that may arise when an investigator makes an inference 

about an individual based on aggregate data for a group. (13) 
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6 CHAPTER 6: CONCLUSION AND FUTURE DIRECTIONS 
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This thesis contributes to the cancer screening literature by examining patient and provider 

sociodemographic and geographic determinants for cervical cancer screening in Calgary, 

Alberta. The main strength of this thesis is the comparison of screening practices with the 

changing guidelines in young women and understanding geospatial and temporal associations 

of cervical screening utilization at the patient and provider level. 

 Study 1 

The first study focused on young women screening patterns and reported on the changes and 

progress over the years. We found that the largest decreases in screening and follow-up 

procedures occurred in the period immediately after implementation of 2009 Alberta cervical 

cancer screening guidelines. The number of consequent diagnostic procedures also decreased 

in proportion to decreased screening, but there was no rise in invasive cancer rates. Therefore, 

starting cervical screening at age 25 and reducing intervals from annual to triennial did not 

increase risk of cervical cancer among young women. 

 Study 2 

The second study examined physician level factors affecting cervical screening uptake. The 

organized cervical cancer screening program in Alberta is delivered through FP. Women need 

to be in contact with their FP to receive screening. Therefore, women who are visiting their 

family physician regularly may not be participating in the screening program as testing 

depends on the physician’s belief in the cancer screening program and whether their FP is 

following the current screening guidelines. We found that among the 807 physicians included 

in the over-screening analysis, 43% of physicians had over-screened their screen-eligible 

patients. Among the 317 physicians included in the underscreening analysis, 42% had under-
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screened during the three-year study period. Of all the factors studied, physician sex being 

female was the most consistent predictor of appropriate screening.  Thus, in addition to 

promoting cervical screening and other specific preventive health procedures for women, it 

may also be more efficient to encourage male family physicians to facilitate timely and 

appropriate adherence to screening practices. Any bias towards screening by male physicians 

could possibly be eliminated by educational interventions.  

Country wide studies are warranted to evaluate the family physicians’ characteristics that may 

play a role in promoting cancer screening for their eligible patients. Physician training should 

include culturally sensitive communication given the growing proportions of minority 

communities with varied beliefs and practices.  

 Study 3 

The third study examined patient level factors for cervical cancer screening. Efforts to reduce 

disparities in cancer screening have great potential for the overall reduction of cancer, since 

early detection leads to better prognosis and early treatment. The efforts to control and prevent 

cancer require a thorough understanding of the sociodemographic factors as well as the 

identification of vulnerable areas where individuals have lower health literacy and are not 

getting screened. Cervical cancer screening is underutilized by some groups and a better 

understanding of the changes over the years is needed before introducing any interventions to 

boost these rates. Studies from other Canadian provinces have shown that sociodemographic 

factors such as minority ethnicity, recent immigration, education, and income can have a direct 

correlation with poor health care knowledge, language barriers, and reduced access to health 

care among certain sociodemographic groups.  
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Of the sociodemographic factors looked at in this study, there were several factors that were 

statistically significant. In early years, recent immigrants, aboriginals, and those who were 

Black were less likely to be screened. Chinese were more likely to get screened over other 

groups. Household income and university education were consistently associated with the 

likelihood of screening across all three years. Income and education are positively correlated 

with each other; i.e., individuals having a higher education, have a higher income. These 

individuals are believed to have higher health literacy and more access to family physicians; 

hence the screening rates are higher.  

In a departure from previous studies where the risk factors were analyzed for the entire study 

area and a snapshot is provided, this study provides local-level analysis and visualizes change 

for 11 years to analyze cervical cancer screening rates among women in the City of Calgary. We 

found significant sociodemographic and spatial disparities in cervical screening rates. The GWR 

analysis based on 2016 census year showed that neighbourhoods with low income and university 

education particularly in Northeast neighbourhoods (e.g., Saddle Ridge, Forest Heights) were 

associated with lower screening rates. 

Numerous factors influence and shape the healthcare seeking behavior and practices of visible 

minority women especially who are South Asians and Blacks and belong to low-income group.
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Table 6.1: Summary of Findings 

Papers Research Objectives Methods Summary of findings 

Paper I: Cervical screening 

practices and outcomes for 

young women in response to 

changed guidelines in 

Calgary, Canada, 2007 to 

2016 

How cervical cancer screening in 

younger women has changed over 

the years with changes in screening 

guidelines?  

What are the rates of abnormal test 

rates, consequent diagnostic 

procedures, preinvasive and 

invasive cervical cancer in 10-29-

year-old females in Calgary, 

Alberta.  

2007-2016: Calgary Laboratory 

Information System (LIS) database was 

used to examine screening rates, follow-

up procedures and cancer among 

women 15 to 29 years from Calgary.  

 

Interrupted time-series analyses were 

used to assess changes in screening and 

subsequent diagnostic procedures over 

the ten-year period.  

Annual Screening rates dropped by around 10% 

at all ages over 15 after the 2009 Alberta cervical 

cancer screening guidelines, followed by a steady 

decrease.  

The number of consequent procedures also 

decreased in proportion to decreased screening, 

but there was no increase in cancer rates.  

Starting screening at age 25 and reducing 

intervals appears to be safe.  

Paper II: Adherence to 

cervical cancer screening 

guidelines by family 

physicians in Calgary:  

analysis using demographic 

characteristics and lab data 

What are the family physicians’ 

characteristics associated with over 

and under cervical cancer screening 

in Calgary, Alberta? 

2014-2016: Cervical cancer screening 

test requisitions from LIS for 25-69-

year-old females 

 

Linked LIS database with the 

Physicians database of College of 

Physicians and Surgeons Alberta 

  

Multivariable Logistic regression was 

used to assess screening patterns. 

There are inconsistencies in adherence to cervical 

screening guideline recommendations. 43% of 

physicians had over-screened and 42% had 

under-screened their eligible female patients. 

Physician characteristics significantly associated 

with over-screening included more years of 

practice and having more female patients in the 

practice. Female physicians were less likely to 

under-screen their eligible female patients. 

Physicians practicing in the Northeast quadrant of 

the city also had lower odds of screening.  

More education and guideline publicity are 

required to encourage compliance with screening 

guidelines. 

Paper III: Spatial and 

temporal associations of 

cervical cancer screening 

and sociodemographic 

variables in  Calgary, 

Canada 

What are the variations in cervical 

cancer screening in Calgary, 

Alberta women aged 25-69 by 

immigration, aboriginal, visible 

minority (Chinese, South Asian and 

Black) education, and income 

status?  

What has changed over time based 

on screening guidelines changes?  

2006, 2011 and 2016: Cervical cancer 

screening test requisitions from LIS for 

25-69-year-old females 

 

Sociodemographic variables at the 

neighborhood level from Canadian 

Census of 2006, 2011 and 2016. 

  

Ordinary least square regression and 

geographically weighted regression 

modeling were used to study association 

between screening and 

sociodemographic factors. 

Household income and university education were 

associated with higher screening rates in all three 

census years. In earlier years, recent immigrants, 

Blacks, and aboriginals were screened at lower 

rates. 

The GWR analysis based on 2016 census year 

showed that neighbourhoods with low income 

and university education particularly in 

Northeast neighbourhoods (e.g., Saddle Ridge, 

Forest Heights) were associated with lower 

screening rates. Adopting and identifying 

strategies to target known high-risk 

sociodemographic groups are needed to 

improve screening. 
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 Future Directions and Recommendations 

6.4.1 Qualitative explorations of the barriers and facilitators to cancer screening  

Future research should include an in-depth qualitative exploration of the different communities 

of Calgary for understanding the barriers and facilitators to cancer screening. Participants’ 

religious and sociodemographic backgrounds should be considered while selecting the study 

population. Exploring the effect of these characteristics in different sociodemographic groups 

can provide a framework of how screening behavior is shaped by cultural and social norms. 

This research can be taken further by developing interventions targeting underserviced 

populations that are not getting screening. The greatest reduction in cervical cancer will be 

achieved by screening eligible women who have not been previously screened, not by 

screening women earlier or more often. 

Understanding current testing patterns are crucial for monitoring the impacts of the screening 

program. The one-size-fits-all strategy may not be effective in improving screening rates since 

each has unique characteristics that should be addressed individually. This research also has 

great potential for health professional and policy makers to design area specific prevention 

policies and health literacy programs where there is a need.  
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6.4.2 Addressing lack of knowledge, cultural and religious factors and gender roles 

affecting screening 

Recommendations to address the factors that could affect screening views and practices can 

be lack of knowledge, religious practices, societal expectations, and gender roles. These 

elements can further be combined with cultural norms that can also provide strict guidelines 

as to when, how and from whom to get testing. The range and complexity of these factors 

suggest further research on different ethnic and religious groups for understanding effective 

strategies to change healthcare behavior and increase cervical screening. These associations 

could form the basis of future education or screening outreach programs targeting these 

specific populations of women.   

Moreover, screening appointments, especially for women getting tested for the first time 

should be longer in duration to explain the procedure of the test and to cater to their questions. 

Discomfort and anxiety during the procedure is a known barrier to prevent cervical screening 

among women. Improving healthcare access to visible minority low-income women and 

providing culturally sensitive information can increase the rate of cervical screening, as well 

as other preventive measures.  
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 HPV Vaccination 

Primary prevention through HPV vaccines against oncogenic HPV types in young girls will 

ultimately reduce the incidence of cervical cancer. (1) Health education on the importance of 

primary prevention vaccination also needs to be directed at parents, who are the gatekeepers for 

their daughters’ access to the HPV vaccine. (2) 

Previous studies have confirmed that HPV vaccination is effective in preventing HPV infection 

and high-grade precancerous lesions of cervix. (1) As the vaccine was introduced in the 2000s, it 

was not possible until now to clearly state that the vaccination reduces cervical cancer, which is 

the goal of the HPV vaccination program. A recent study that followed over 1.5 million girls and 

women in Sweden up to 11 years reported that the risk of cervical cancer by age 30 was 63% 

lower in women who received quadrivalent HPV vaccine as compared with the unvaccinated 

women. (3) The currently available nonvalent vaccine (Gardasil 9) protects against infection 

with nine variants of HPV (types 6, 11, 16, 18, 31, 33, 45, 52, and 58) in which seven strains are 

strongly associated with cervical cancer; therefore, the effectiveness of vaccination will change 

as more women receive the nonavalent vaccine. (4) HPV immunization will certainly prevent 

cancer in the new cohorts of women, however, vaccinated women will still benefit from 

screening perhaps with longer testing intervals as the vaccine does not protect against all HPV 

types. (3)  
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HPV Testing 

New knowledge of the central etiologic role of HPV in cervical cancer has led to HPV-based 

screening. (5) The 2020 American Cancer Society (ACS) recommended initiation 

of cervical cancer screening at age 25 years and primary Human Papillomavirus (HPV) testing 

every 5 years through age 65 years. (6) In European countries, e.g., in the Netherlands and UK, 

there is a recent move towards primary screening with HPV testing alone, followed by cytology 

restricted to the HPV screen-positive women. (7) For women testing HPV-negative, Pap-negative, 

the recommended repeat screening interval is five years based on the simulation study done using 

the UK data. (7) This extension recognizes that too-frequent screening will identify non- 

significant HPV infections and associated LSIL, leading to unnecessary procedures. One of the 

benefits for HPV testing is that women who had the vaccines would require fewer screening in the 

lifetime as the vaccination protects women from the types of HPV most commonly linked to 

cervical cancer. Therefore, moving towards the primary HPV testing in detecting cervical 

abnormalities may hold some promise in this regard. (8)  

 Policy Implications and Recent Developments  

6.6.1 International level developments: WHO’s strategy to eliminate cervical cancer 

In 2020, the world health organization (WHO) has set the goal to eliminate cervical cancer 

worldwide by 2040. (9) WHO’s Global Strategy to Accelerate the Elimination of Cervical 

Cancer, outlined three key steps: vaccination, screening, and treatment. The plan calls for 90% 

of girls to be vaccinated against HPV by 2030. (10) The plan also calls for 70% of women to 

be screened for cervical cancer once or twice in their lifetime, and for 90% of women with 

precancerous lesions or cervical cancer to receive appropriate treatment. Modelling data from 

78 low-income and lower-middle-income countries showed that with vaccination alone, the 
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cervical cancer cases will drop by 89% within a century in the 78 countries worst affected by 

the disease, with 60 million cases of cancer averted as a result. (10) By adding the two 

screening tests and the treatment of precancerous cervical lesions, cervical cancer cases will 

drop by 97% and 72 million cervical cancer cases will be averted over the next century. 

Furthermore, with scale-up of appropriate cancer treatment, 62 million cervical cancer deaths 

will be averted. (10) 

The strategy also stresses that investing in the interventions to meet these targets can generate 

substantial economic and societal returns. An estimated US$ 3.20 will be returned to the 

economy for every dollar invested through 2050 and beyond, owing to increases in women’s 

workforce participation. The figure rises to US$ 26.00 when the benefits of women’s improved 

health on families, communities and societies are considered. (10) 

If the strategy is adopted and applied by WHO member states, cervical cancer could be 

eliminated in high income countries by 2040 and across the globe within the next century. 

However, this can only be achieved with considerable international financial and political 

commitment, to scale up prevention and treatment. (10)  
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6.6.2 National level developments: Action Plan for the Elimination of Cervical Cancer in 

Canada 

Canada has committed to achieving the WHO goal to eliminate cervical cancer by 2040. (11) 

However, cervical cancer will only be eliminated if everyone in Canada has equitable access 

to the highest quality prevention and care. 

The Canadian Partnership Against Cancer led and coordinated efforts with a broad group of 

partners, experts, and stakeholders, including the Public Health Agency of Canada, as well as 

First Nations, Inuit and Métis organizations and patients to create an action plan to eliminate 

cervical cancer in Canada 2020-2030. (12) This action will facilitate working towards 

eliminating cervical cancer in Canada by 2040 as set by WHO. (12) 

In Canada, currently eight provinces offer organized cervical screening programs. There are 

no organized programs in Yukon, Northwest Territories, Nunavut, Québec, and Prince Edward 

Island. As of 2019, Yukon continues to plan for the implementation of a cervical screening 

program. (13) Provinces and territories recommend that cervical screening begin either at age 

21 or 25, continue until age 65 to 70, and occur every two to three years. Cervical screening 

programs in British Columbia, Alberta, Nova Scotia and Prince Edward Island have increased 

their screening start age to 25 to reflect Canadian Task Force on Preventative Health Care 

recommendations. (13) Plans for increasing screening start age to 25 are being implemented 

in Ontario and Yukon and are under consideration in Newfoundland and Labrador. (13)  

The Pap test is used as an entry level screening test for cervical cancer, utilizing liquid-based 

cytology or conventional cytology. (14) Ontario and Prince Edward Island are actively 
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planning the implementation of HPV testing for primary screening, and it is under 

consideration in British Columbia and Québec. Several provinces and territories have 

implemented HPV testing for the purposes of triage or follow-up after treatment. (13) 

HPV vaccination is offered in all provinces and territories to all the girls and boys studying 

between grades four and seven. All provinces and territories have also extended eligibility 

programs for HPV vaccination. (2,13) 

The 2020-2030 action plan that facilitates working towards eliminating cervical cancer in 

Canada by 2040 includes: 1) creating and funding implementation plans with and for 

underserved populations, including First Nations, Inuit, and Métis communities, 2) increasing 

HPV immunization, 3) transitioning to HPV screening with self-sampling, and improving 

abnormal test follow-up practices across Canada. (12) 

However, achieving this ambitious goal requires sustained efforts to drive impact and enable 

collective success in longer term health system transformation across Canada. 

6.6.2.1 Provincial level: Alberta Health Services 

Our study results show that consistent efforts are required to strengthen existing cervical 

screening program by adopting equitable, high-quality approaches to cervical screening in 

Alberta. 

The COVID-19 pandemic and its impact on health care and cancer services require accelerated 

efforts to eliminate cervical cancer, such as by improving HPV vaccination rates and replacing 

traditional Pap testing with HPV primary screening. These strategies will not only modernize 

cervical cancer screening programs but will also reduce people’s contact with the health 
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system. In the absence of traditional school-based HPV immunization, there are opportunities 

to adapt these programs to reach more youth across Canada. HPV screening will enable self-

sampling at home and appropriate follow-up for abnormal screening results, so that more 

individuals can access screening and treatment—breaking down barriers that currently prevent 

real equity of access and outcomes in cervical cancer.  

A change to HPV-based screening would be a significant culture shift. It is important to 

keep in mind the magnitude of the system change and the level of organization that would 

be required to ensure all components are in place and functioning well. If a decision is 

made to adopt HPV testing for primary cervical cancer screening, implementation will 

need to be carefully planned, and sufficient time and resources will need to be allotted to 

ensure structures and supports are in place — at the patient, clinician, laboratory, and 

system level. 

With the combination of primary and secondary prevention of cervical cancer screening in 

Canada, the balance between benefits and harms of screening will change. (10) The incidence 

of invasive cancer in Canada will reduce substantially with the maturation of the cohorts of 

women who have received HPV vaccination at a young age. Eventually, the positive predictive 

value of the Pap test will decrease with the reduced cervical cancer rates in Canada.  

In summary, cervical cancer screening is globally undergoing rapid changes as prevention 

shifts from detection of cytological abnormalities through the Pap test, to HPV testing and 

HPV vaccination. (5) Cervical screening remains the key to preventing cervical cancer among 

women who were not vaccinated before becoming sexually active. At the same time, screening 

is still essential for women who are HPV vaccinated as the vaccine does not protect against all 

HPV strains. (3) 
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Effective implementation of cervical cancer screening guidelines should be directed to 

screening women in social groups that have historically faced challenges obtaining timely 

screening and those at greatest risk of cervical cancer. The biggest reduction in cervical cancer 

will be achieved by screening eligible women who have not been previously screened, not by 

screening women earlier or more often. Strategies to increase rates of screening may also be 

applicable to other preventive measures and other screening programs such as mammography 

and colonoscopy.  

The COVID-19 pandemic has caused a pause to routine cervical screening. (15) Restoring 

public trust in providing efficient and safe services should be one of the key mandates for 

screening program reorganization. Future longitudinal studies may also assess whether there 

are any changes to the incidence and mortality from cervical cancer during the pandemic period 

in the absence of screening. (16)  
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Appendix B: An Interrupted Time Series Analysis (ITSA) 

Traditional methods assess the impact of policy change using mean values of the preintervention 

data and compare that with mean values of the postintervention data without considering the pre- 

and postintervention trends. Therefore, it is difficult to clearly attribute observed changes to a 

specific intervention. Itsa is a valuable statistical method to understand and visualize changes 

over time. 

 Itsa has the ability to limit confounding factors that threaten the validity of effect estimates. 

Inherently, the design of an itsa makes it difficult for significant confounding, since a 

confounder would need to occur at approximately the same time as the study intervention to 

produce an effect simultaneously. Standard assumptions for itsa are that the trend is linear and 

would continue in perpetuity. It produces Newey-West standard errors for coefficients 

(newey), estimated by the ordinary least square regression (OLS). Itsa has strong internal 

validity, even in the absence of a comparison group, primarily because of its control over the 

effects of regression to the mean. Additionally, it has strong external validity when the unit of 

measure is at the population level.1 

The standard ITSA regression model is represented by: 

Yt = 𝜷0 + 𝜷1Tt + 𝜷2Xt + 𝜷3XtTt + 𝝐t 

where, 

Yt is the aggregated outcome variable measured at each equally spaced time-point t,  

Tt is the time since the start of the study  
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Xt is a dummy (indicator) variable representing the intervention (pre-intervention periods 0, 

otherwise 1), and XtTt is an interaction term.  

𝛽0 represents the intercept/ or starting level of the outcome variable. 

𝛽1 is the slope, or trajectory of the outcome variable until the introduction of the intervention.  

𝛽2 represents the change in the level of the outcome that occurs in the period immediately 

following the introduction of the intervention (compared to the counterfactual). Thus, we look 

for significant P-values in 𝛽2 to indicate an immediate treatment effect 

𝛽3 represents the difference between pre- and post-intervention slopes of the outcome. Thus, 

we look for significant P-values in 𝛽 3 to indicate a treatment effect over time. 

In the ITSA model for a single group (in this case, females living in Calgary) exposed 

to two sequentially administered policy interventions, there are five measures of interest: the 

trends in each of the three periods (preintervention and the two intervention periods) and the 

differences between each period’s trends (preintervention versus the first intervention, first 

intervention versus the second intervention). 1 

Yt = 𝜷0 + 𝜷1Tt + 𝜷2X1t + 𝜷3X1tT1t + 𝜷4X2t + 𝜷5X2tT2t + 𝝐t                                                                         

𝑤ℎ𝑒𝑟𝑒,  

𝛽0 is the intercept or starting level of the outcome variable. 

𝛽1 is the preintervention trend 

𝛽2 represent the first intervention trend.  

𝛽3 the difference between the preintervention trend and the first-intervention trend, 
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𝛽4, represents the change in the level of the outcome that occurs in the period immediately 

following the introduction of the second intervention, and  

𝛽5 represents the difference in the level (intercept) of the outcome variable between the first 

and second intervention trends.  

In this paper, X2t and X2tT2t are the variables representing the second intervention period in the 

study. (Canadian Task Force 2013 guidelines on cervical cancer screening). The two 

remaining measures of interest that require calculation are the first-intervention period trend, 

β1 + β3 and the second-intervention period trend, β1 + β3 + β5. 2 
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Appendix C: Calgary City Quadrants 
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Appendix D: Family physician to 25-69 years female population ratio based on Calgary city 

quadrants 

City quadrant of practice Female population 25-65yrs 

according to 2016 census 

Total FP 

(806 included in analysis) 

Female 25-69 to 

FP ratio 

Northeast 70725 111 637 

Northwest 99980 249 402 

Southeast 83985 163 515 

Southwest 106825 283 377 
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Appendix E: Hysterectomy Rates for 25-69-year-old women in Calgary 

Women who had undergone a hysterectomy are not required to receive cervical cancer screening 

and thus the denominator must be adjusted accordingly. The number of hysterectomies were 

pulled from the Discharge Abstract Database (DAD) with Canadian Classification of Health 

Interventions (CCI) codes for any procedure codes with the word “Uterus” and/or “Surrounding 

Structures”. From DAD, regardless of indication, the following were pulled: 

1RM89AA - Excision total combined laparoscopic and vaginal approach  

1RM89CA - Excision total using vaginal approach  

1RM89DA - Excision total using endoscopic (laparoscopic) approach  

1RM89LA - Excision total using open approach  

1RM91AA - Excision radical using combined laparoscopic and vaginal approach (included 

LVRH) 

1RM91CA - Excision radical using vaginal approach 

1RM91DA - Excision radical using endoscopic (laparoscopic) approach  

1RM91LA - Excision radical using abdominal approach 

Using the 2016 female population for each age group in Calgary and the average 

number of hysterectomy procedures performed in Calgary from April 1, 2011, to March 

31, 2016, performed for each age group, the age-specific percentages of hysterectomies 

were calculated. Using the percentage of women who had a hysterectomy during 2011-

2016, a cumulative probability of not having a hysterectomy was constructed. This was 

similar to constructing a cumulative survival probability table.                                                         
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Reed Merrell Method for hysterectomy rates calculation 

The Reed Merrell method was applied for calculating an abridged life table for more accurate 

hysterectomy rates calculation. In this method, at first it is required to convert the value of 

observed hysterectomy rates (Mx) to the probability of hysterectomy (nqx) and the remaining 

functions of the lifetable are calculated based on nqx values. The value of nqx is obtained by 

the following exponential equation 

 

where, n= size of the age interval (5 in this case), mx = observed hysterectomy rates and a 

constant, a value of a = 0.008 gives acceptable results. 

After calculation of nqx, the value of lx was calculated using the following formula: 

lx+2 = lx x nPx
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Abridged Life Table by Reed-Merrill Method 

Age group Dx = No. of 

hysterectomies 

Px = 

Female 

population 

Mx = 

Age-group- 

specific 

hysterectomy 

rates 

nQx = 

Probability of 

hysterectomy 

between ages  

x to x+n 

lx = Number 

with a uterus to 

age group x 

ndx = Number of 

hysterectomies 

between ages  

x to x+n 

A = Expected 

number  

without a 

uterus at age x 

15-19 1.83 38635 0.0000 0.0002 100,000.00 23.72 0.00 

20-24 9.50 42680 0.0002 0.0011 99,976.28 111.21 23.72 

25-29 25.33 55210 0.0005 0.0023 99,865.07 228.88 134.93 

30-34 91.17 60940 0.0015 0.0075 99,636.19 742.72 363.81 

35-39 204.17 56905 0.0036 0.0178 98,893.47 1,759.53 1,106.53 

40-44 355.33 52585 0.0068 0.0333 97,133.94 3,231.44 2,866.06 

45-49 366.67 48800 0.0075 0.0369 93,902.50 3,467.62 6,097.50 

50-54 248.17 48890 0.0051 0.0251 90,434.88 2,268.70 9,565.12 

55-59 177.00 46275 0.0038 0.0190 88,166.19 1,671.43 11,833.81 

60-64 150.33 36580 0.0041 0.0204 86,494.76 1,760.67 13,505.24 

65-69 119.33 28060 0.0043 0.0211 84,734.09 1,784.29 15,265.91 

70-74 79.17 18310 0.0043 0.0214 82,949.80 1,775.55 17,050.20 

75-79 41.33 13625 0.0030 0.0151 81,174.25 1,222.72 18,825.75 

80-84 22.67 10540 0.0022 0.0107 79,951.53 855.46 20,048.47 

85+ 9.17 12145 0.0008 1.0000 79,096.07 79,096.07 20,903.93 

 

where,  



 

227 

 

Dx = Average number of hysterectomy procedures performed in Calgary since April 1, 2011, to March 31, 2016 

Px = Population of Calgary women aged 25-69 years in 2016 by statistics Canada 

Mx =  Age group specific hysterectomy rates 

nQx =Probability of hysterectomy between ages x to x+n 

lx = Number of women with a uterus to age group x 

A = Expected number without a uterus at age x
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Weighted average hysterectomy calculation 

Age group A = Expected 

number without a 

uterus at age x 

B = population 

weight  

25-69 

Y = A*B 

Weighted average 

hysterectomy rates 

25-69 

25-29 134.93 0.13 17.16 

30-34 363.81 0.14 51.06 

35-39 1106.53 0.13 145.00 

40-44 2866.06 0.12 347.07 

45-49 6097.50 0.11 685.23 

50-54 9565.12 0.11 1076.90 

55-59 11833.81 0.11 1261.06 

60-64 13505.24 0.08 1137.66 

65-69 15265.91 0.06 986.45 

Total 25-69 434245 Weighted average 

hysterectomy 

rates 25-69 

5.71% 

 

where, 

A = Expected number of women without a uterus at age x 

B = Total Female population aged 25-69 in 2016 were used as weights to calculate the 

weighted risk 

C = Accumulated Rate * 2016 Population weights = Weighted average hysterectomy rates 

25-69 

Weighted average hysterectomy rates = Sum of weighted average hysterectomy rates for 25-

69-year-old women 

We calculated the weighted average hysterectomy rates for women aged 25-69 by adding the 

weighted average hysterectomy rates for each age groups and dividing it by 100000. We then 

adjusted the denominator of the total number of women 25-69 eligible for screening in a 



 

229 

 

family physician practice based on the calculated weighted average hysterectomy rates by 

5.71% for the underscreening analysis. 
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Appendix F: Histograms showing distribution of appropriate, over and underscreening 

percentages by family physicians. 

 

Frequencies are hysterectomy corrected for underscreening. 

 

 

  

. 

 

 

 

Red line shows the division of appropriate and over 

screening family physicians. (N=806) 

 

 

Appropriate screening physicians are those who ordered 

testing that was guideline consistent at least 80% of the 

time.  

 

 

Red line shows the divisions of appropriate and 

underscreening screening family physicians. (N=317) 

Frequencies are hysterectomy corrected for underscreening 

 

Underscreening screening physicians are those who did not 

order testing for their eligible female patients more than 50% 

of the time. 
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Appendix G: Demographic Characteristics of the Family Physicians included in the 

overscreening versus appropriate screening analysis 

Variables Categories Demographic Characteristics of the Family Physicians included in 

the study (N=806)  

Total  

 

(N=806)              

Female  

 

(n=469)          

Male  

 

(n=337) 

 

Type of medical graduate Canadian 588 (73%) 354 (75%) 234 (69%) 

IMG* 218 (27%) 115 (25%) 103 (31%) 

IMG country of medical school Non-Muslim 

Majority 

146(67%) 76 (66%) 70(68%) 

Muslim Majority 72(33%) 39 (34%) 33 (32%) 

IMG country of medical school  Developed 45 (21%) 21 (18%) 24 (23%) 

Developing 173 (79%) 94 (82%) 79 (77%) 

City quadrant of practice Northeast 111 (14%) 60 (13%) 51 (15%) 

Northwest 249 (31%) 154 (33%) 95 (28%) 

Southeast 163 (20%) 100 (21%) 63 (19%) 

Southwest 283 (35%) 155 (33%) 128 (38%) 

Years since medical school graduation Median (IQR) 21 (13-28) 19 (11-27) 22 (15-31) 

Years of independent practice in Alberta Median (IQR) 13 (7-22) 12 (7-22) 14 (7-23) 

Number of patients ^ Median (IQR) 492 (245-819) 432(235 -702) 651 (275 -941) 

Number of female patients ^ Median (IQR) 322 (159-509) 329 (170 -522) 315 (145 -485) 

Number of eligible females’ patients for 

screening (25-69-year-old) ^ 

Median (IQR) 209 (104-351) 217 (104 -362) 203 (104 -332) 

*Internally trained medical graduates (IMGs) 

^ estimated by total number of laboratory tests ordered by the FP in 2016 
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Appendix H: Demographic Characteristics of the Family Physicians included in the 

underscreening versus appropriate/over screening analysis 

Variables Categories Total physicians (N=317) 

Total 

 

(N=317)          

Female 

 

(n=133)            

Male 

 

(n=184) 

        

Type of medical graduate Canadian 204 (64%) 97 (73%) 107 (58%) 

IMG* 113 (36%) 36 (27%) 77 (42%) 

IMG country of medical school Non-Muslim 

Majority 

72(64%) 24(67%) 48(62%) 

Muslim Majority 41(36%) 12(33%) 29(38%) 

IMG country of medical school  Developed 21 (19%) 5 (14%) 16 (21%) 

Developing 92 (81%) 31(86%) 61 (79%) 

City quadrant of practice Northeast 56 (18%) 18 (14%) 38 (21) 

Northwest 86 (27%) 36 (27%) 50 (27%) 

Southeast 70 (22%) 35 (26%) 35 (19%) 

Southwest 105 (33%) 44 (33%) 61 (33%) 

Years since medical school graduation Median (IQR) 20 (13-27) 16 (9-26) 22 (15-30) 

Years of independent practice in Alberta Median (IQR) 11 (6-20) 9 (5-18) 12 (6-22) 

Number of patients ^ Median (IQR) 679 (420-999) 476 (329 -815) 831 (574 -1129) 

Number of female patients ^ Median (IQR) 410 (264-572) 375 (245 -563) 423 (270 -584) 

Number of eligible females’ patients for 

screening (25-69-year-old) ^ 

Median (IQR) 278 (166-394) 272 (158 -378) 281 (176 -403) 

*Internally trained medical graduates (IMGs) 

^ estimated by total number of laboratory tests ordered by the FP in 2016 
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Appendix I: City of Calgary Map showing communities. 
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Appendix J: Visible Minorities in Calgary 2006-2016 

Visible Minorities* in Calgary  2006 2011 2016 

Total % of total population Total % of total population Total % of total population 

South Asian  56,210 5.68% 81,180 7.40% 122,900 8.94% 

Chinese 65,365 6.61% 74,070 6.75% 89,675 6.52% 

Black 20,540 2.08% 31,870 2.91% 54,190 3.94% 

Filipino  24,915 2.52% 47,350 4.32% 70,660 5.14% 

Latin American  13,120 1.33% 19,870 1.81% 27,710 2.02% 

Arab 11,245 1.14% 16,745 1.53% 26,320 1.91% 

Southeast Asian 15,410 1.56% 20,530 1.87% 23,240 1.69% 

West Asian 5,930 0.60% 8,470 0.77% 12,810 0.93% 

Korean 6,710 0.68% 8,160 0.74% 10,995 0.80% 

Japanese 4,490 0.45% 5,160 0.47% 5,570 0.41% 

others 1,000 0.10% 1,200 0.11% 4,610 0.34% 

Total Visible Minorities 224,935 23% 314,605 29% 463,450 34% 

Not a visible minority 763,860 77% 782,228 71% 911,200 66% 

Total Calgary population 988,795 100% 1,096,833 100% 1374650 100% 

*Visible minority refers to whether a person belongs to a visible minority group as defined by the Employment Equity Act and, if so, the visible minority group 

to which the person belongs. The Employment Equity Act defines visible minorities as "persons, other than Aboriginal peoples, who are non-Caucasian in 

race or non-white in colour." The visible minority population consists mainly of the following groups: South Asian, Chinese, Black, Filipino, Latin American, 

Arab, Southeast Asian, West Asian, Korean and Japanese. 
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Appendix K : Calculation of Sociodemographic variables in the Calgary neighbourhoods 

 

  

Cervical 

Cancer 

Screening 

Total number of cervical cancer screening test in each neighbourhood divided by the total screen eligible female population aged 

25-69 in that neighbourhood x 100 

 

Recent 

Immigrants 

Number of recent immigrants in the neighbourhood divided by the total population of Calgary in that neighbourhood x 100 

 

Aboriginal  Number of aboriginal populations in the neighbourhood divided by the total population of Calgary in that neighbourhood x 100 

 

South Asian Number of visible minority South Asians in the neighbourhood divided by the total population of Calgary in that neighbourhood 

x 100 

Chinese Number of visible minority Chinese in the neighbourhood divided by the total population of Calgary in that neighbourhood x 

100 

 
Black  Number of visible minority Black in the neighbourhood divided by the total population of Calgary in that neighbourhood x 100 

 

University  Number of individuals with university education in the neighbourhood divided by the total population of Calgary in that 

neighbourhood x 100 

Income Household income in the neighbourhood = Median household income in that neighbourhood converted to 1000s. 

Median income is defined as the median income of a specified group is the amount that divides the income distribution of that 

group into two halves, i.e., the incomes of half of the units in that group are below the median, while those of the other half are 

above the median. (Statistics Canada 2016- census variable definition) 
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Appendix L: Pearson Correlation Analysis 2006, 2011 and 2016 

2006 Correlations 

  Marrie

d 

Recent 

Immigran

ts 

Universit

y 

Educatio

n 

Aborigin

al 

Chines

e 

South 

Asian 

Black Median 

househol

d Income 

Employme

nt 

CCS 

Married Pearson 

Correlatio
n 

1 .490** .758** .373** .404*

* 

.386*

* 

.339*

* 

.913** .883** .836*

* 

  Sig. (2-

tailed) 

  0 0 0 0 0 0 0 0 0 

Recent 

Immigrants 

Pearson 

Correlatio
n 

.490*

* 

1 .463** .282** .558*

* 

.507*

* 

.705*

* 

.375** .554** .410*

* 

  Sig. (2-

tailed) 

0   0 0 0 0 0 0 0 0 

University 

Education 

Pearson 

Correlatio
n 

.758*

* 

.463** 1 .256** .359*

* 

.167*

* 

.259*

* 

.865** .791** .806*

* 

  Sig. (2-

tailed) 

0 0   0 0 0.00

5 

0 0 0 0 

Aboriginal Pearson 

Correlatio
n 

.373*

* 

.282** .256** 1 0.105 .140* .569*

* 

.438** .594** .465*

* 

  Sig. (2-

tailed) 

0 0 0   0.081 0.01

9 

0 0 0 0 

Chinese Pearson 

Correlatio
n 

.404*

* 

.558** .359** 0.105 1 .246*

* 

.274*

* 

.284** .354** .343*

* 

  Sig. (2-

tailed) 

0 0 0 0.081   0 0 0 0 0 

South 
Asian 

Pearson 
Correlatio

n 

.386*

* 
.507** .167** .140* .246*

* 
1 .341*

* 
.228** .356** .242*

* 

  Sig. (2-

tailed) 

0 0 0.005 0.019 0   0 0 0 0 

Black Pearson 
Correlatio

n 

.339*

* 
.705** .259** .569** .274*

* 
.341*

* 
1 .304** .511** .356*

* 

  Sig. (2-

tailed) 

0 0 0 0 0 0   0 0 0 

Median 
household 

Income 

Pearson 
Correlatio

n 

.913*

* 
.375** .865** .438** .284*

* 
.228*

* 
.304*

* 
1 .913** .891*

* 
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  Sig. (2-

tailed) 

0 0 0 0 0 0 0   0 0 

Employme

nt 

Pearson 

Correlatio

n 

.883*

* 

.554** .791** .594** .354*

* 

.356*

* 

.511*

* 

.913** 1 .910*

* 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0   0 

CCS Pearson 

Correlatio

n 

.836*

* 

.410** .806** .465** .343*

* 

.242*

* 

.356*

* 

.891** .910** 1 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0 0   

 

2011 Correlations 

  Marri

ed 

Recent 

Immigra

nts 

Univers

ity 

Educati
on 

Aborigi

nal 

Chine

se 

Sout

h 

Asia
n 

Blac

k 

Median 

househ

old 
Income 

Employm

ent 

CC

S 

Married Pearson 

Correlati

on 

1 .511** .793** .446** .412** .398
** 

.360
** 

.517** .914** .91

9** 

  Sig. (2-
tailed) 

  0 0 0 0 0 0 0 0 0 

Recent 

Immigran

ts 

Pearson 

Correlati

on 

.511** 1 .475** .330** .432** .578
** 

.573
** 

-.365** .549** .53

4** 

  Sig. (2-
tailed) 

0   0 0 0 0 0 0 0 0 

Universit

y 

Education 

Pearson 

Correlati

on 

.793** .475** 1 .205** .424** .241
** 

.245
** 

.473** .789** .84

8** 

  Sig. (2-
tailed) 

0 0   0 0 0 0 0 0 0 

Aborigina

l 

Pearson 

Correlati

on 

.446** .330** .205** 1 0.07 .126
* 

.376
** 

-.405** .551** .45

7** 

  Sig. (2-

tailed) 

0 0 0   0.235 0.03

2 

0 0 0 0 

Chinese Pearson 

Correlati

on 

.412** .432** .424** 0.07 1 .219
** 

.191
** 

-0.071 .379** .42

1** 

  Sig. (2-

tailed) 

0 0 0 0.235   0 0.00

1 

0.33 0 0 

SouthAsi

an 

Pearson 

Correlati

on 

.398** .578** .241** .126* .219** 1 .401
** 

-0.062 .336** .28

3** 

  Sig. (2-

tailed) 

0 0 0 0.032 0   0 0.397 0 0 
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Black Pearson 

Correlati
on 

.360** .573** .245** .376** .191** .401
** 

1 -.332** .467** .38

4** 

  Sig. (2-

tailed) 

0 0 0 0 0.001 0   0 0 0 

Median 

Househol
d Income 

Pearson 

Correlati
on 

.517** -.365** .473** -.405** -

0.071 

-

0.06
2 

-

.332
** 

1 -0.037 .22

2** 

  Sig. (2-

tailed) 

0 0 0 0 0.33 0.39

7 

0   0.611 0.0

02 

Employm

ent 

Pearson 

Correlati
on 

.914** .549** .789** .551** .379** .336
** 

.467
** 

-0.037 1 .94

7** 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0.611   0 

CCS Pearson 

Correlati
on 

.919** .534** .848** .457** .421** .283
** 

.384
** 

.222** .947** 1 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0.002 0   

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

2016 Correlations 

  Marri

ed 

Recent 

Immigra

nts 

Univers

ity 

Educati
on 

Aborigi

nal 

Chine

se 

Sou

th 

Asi
an 

Bla

ck 

Median 

Househ

old 
Income 

Employm

ent 

CC

S 

Married Pearson 

Correlati

on 

1 .582** .841** .322** .505** .406
** 

.475
** 

.895** .909** .919
** 

  Sig. (2-
tailed) 

  0 0 0 0 0 0 0 0 0 

Recent 

Immigran

ts 

Pearson 

Correlati

on 

.582** 1 .460** 0.108 .336** .622
** 

.805
** 

.381** .597** .547
** 

  Sig. (2-

tailed) 

0   0 0.063 0 0 0 0 0 0 

Universit

y 

Education 

Pearson 

Correlati

on 

.841** .460** 1 .355** .498** .232
** 

.334
** 

.888** .832** .905
** 

  Sig. (2-

tailed) 

0 0   0 0 0 0 0 0 0 

Aborigina

l 

Pearson 

Correlati

on 

.322** 0.108 .355** 1 .186** 0.04

4 

.174
** 

.331** .284** .341
** 

  Sig. (2-

tailed) 

0 0.063 0   0.001 0.44

6 

0.00

3 

0 0 0 
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Chinese Pearson 

Correlati
on 

.505** .336** .498** .186** 1 .193
** 

.249
** 

.420** .454** .489
** 

  Sig. (2-

tailed) 

0 0 0 0.001   0.00

1 

0 0 0 0 

SouthAsia

n 

Pearson 

Correlati
on 

.406** .622** .232** 0.044 .193** 1 .423
** 

.190** .339** .262
** 

  Sig. (2-

tailed) 

0 0 0 0.446 0.001   0 0.001 0 0 

Black Pearson 

Correlati
on 

.475** .805** .334** .174** .249** .423
** 

1 .304** .522** .476
** 

  Sig. (2-

tailed) 

0 0 0 0.003 0 0   0 0 0 

Median 

Househol
d Income 

Pearson 

Correlati
on 

.895** .381** .888** .331** .420** .190
** 

.304
** 

1 .881** .884
** 

  Sig. (2-

tailed) 

0 0 0 0 0 0.00

1 

0   0 0 

Employm

ent 

Pearson 

Correlati
on 

.909** .597** .832** .284** .454** .339
** 

.522
** 

.881** 1 .921
** 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0   0 

CCS Pearson 

Correlati
on 

.919** .547** .905** .341** .489** .262
** 

.476
** 

.884** .921** 1 

  Sig. (2-

tailed) 

0 0 0 0 0 0 0 0 0   

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 
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Appendix M: GWR Coefficients for sociodemographic determinants of screening in three 

census years 2006, 2011 and 2016 
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Appendix N: GWR summarized results of significant sociodemographic variables and cervical cancer screening 

   

Geographically Weighted Regression Modelling: Sociodemographic factors show spatial variation and are not equal across all neighborhoods. The distribution of socio-

demographic factors also changed during the study period
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Appendix O: Permission for Figure 1.2 and 1.3 

 



 

244 

 

 



 

245 

 

 



 

246 

 

 



 

247 

 

 

 

 

 

 


