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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 signi�cantly 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, 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.

Background
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 bene�ts 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
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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].

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 in�uence cervical cancer screening utilization is crucial for the success of
cancer screening programs [2]. While many studies explored patient-level sociodemographic factors
in�uencing 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.

Methods

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).
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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 identi�ed 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]. (Additional �le 1). There were differences in
the physician-to-female 25-69 patient ratios in the different quadrants of Calgary (Additional �le 2), 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-identi�ed data for the analysis to
avoid ethical concerns about identifying speci�c 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.

Measurement of outcomes

De�nition of over, appropriate, and underscreening women
Screening patterns of women were classi�ed 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.



Page 5/28

(3) Underscreening, de�ned as women with no screening performed during the 3 years [6].

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. (Additional �le 3). 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 1 shows the study �ow process for the study population.

Underscreening versus appropriate/ over screening
To estimate the number of women in individual practices who were underscreened, we �rst 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. (Additional �le 4). 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 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. (Additional �le 3). Figure 2 shows the
study �ow process for the study population.

Data Analysis
Descriptive statistics were used to describe the characteristics of the physicians ordering cervical
screening. In each case, the data was dichotomised. Those de�nitely over-screening were 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.
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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% con�dence 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].

Results

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 �le 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) (Additional �le 4). 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. (Additional �le 6) 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.

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.

Overscreening versus appropriate screening
Table 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
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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 signi�cantly higher for physicians who over-
screened (median 239, p < 0.001).

Table 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).

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 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 signi�cantly higher (median 289) than
appropriate/over screening physicians (median 251, p = 0.04).

Multivariable regression showed that female physicians were less likely to under-screen their eligible
patients (OR 0.68, p = 0.04) of. 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). See Table
4.

Sensitivity analysis
Sensitivity analyses [24] 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.

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
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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.

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 with active
involvement and participation has been demonstrated in other studies as well. [28–30].

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-speci�c 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 bene�ts of having a female provider for preventive healthcare, including cervical cancer screening,
are well recognized [34]. Many females, especially from speci�c 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].

Location of practice
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There were differences in the physician-to-female 25-69 patient ratios in the different quadrants of
Calgary (Additional �le 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
re�ect physician and population-level characteristics. Understanding the role of these geographic
characteristics on screening is an area for additional research [36, 37].

Patient panel size

Both over- and underscreening physicians had a signi�cantly 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 in�uence 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 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].

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 di�cult for physicians to undertake genital examinations or for
women to receive them [42]; however, we did not �nd 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.

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,
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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 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 bene�ts 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].

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 classi�ed based on the city quadrant of practice. Using a
classi�cation based on sociodemographic distribution may be more informative. Nevertheless, using
established boundaries provides the added bene�t of linking this study conclusions to other studies and
plan interventions to improve screening accordingly.

Limitations

Limitations of underscreening analysis versus appropriate/over screening
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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 di�cult 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 Council of Alberta (HQCA) on FP practice
sizes used the number of laboratory tests (complete blood count, thyroid-stimulating hormone, lipid
pro�le, 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.

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. While details may differ according to the
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speci�c history of cervical screening in each country, it is likely that similar variations will occur.
International comparative studies may be informative to determine the generalizability of our �ndings.

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 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
identi�ed 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.

List Of Abbreviations
CI: con�dence interval; CIHI: Canadian Institute for Health Information; CME, Continuing Medical
Education; CPSA: College of Physicians and Surgeons of Alberta; CTFPHC: Canadian Task Force on
Preventive Health Care; FP: family physicians; HQCA: Health Quality Council of Alberta; IMG: International
Medical Graduate; IQR: interquartile range; LIS: Laboratory Information System; NE: Northeast; NW:
Northwest; OR: odds ratios; SE: Southeast; SPSS: Statistical Package for the Social Sciences; SW:
Southwest; US: United States

Declarations



Page 13/28

Ethics approval and consent to participate

Ethics approval for the study was obtained from the Conjoint Health Research Ethics Board at the
University of Calgary (IRISS No. REB13-0376).

Consent for publication

Not applicable.

Availability of data and materials

There are ethical restrictions on publicly sharing the data of this study. The study received exemption
from informed consent, based on keeping the participants anonymity. The dataset is de-identi�ed, but not
anonymized, meaning that given the combination of some variables (demographics of the physician)
individuals may identify themselves or others. Data are available upon request for researchers who meet
the criteria for access to con�dential de-identi�ed information.

Competing interests

The authors declare that they have no competing interests.

Funding

Funding was provided by a CIHR Foundation Grant (RN254781-333204) to Christopher Naugler. There
was no role of the funding body in the design of the study and collection, analysis, and interpretation of
data and in writing the manuscript.

Authors’ contributions

SA cleaned, analyzed, and interpreted the data and wrote the initial draft of the manuscript. Authors CN,
GC and JAD provided guidance in the analysis and improving the writeup of the manuscript. All authors
have read and approved the �nal manuscript.

Acknowledgements

We acknowledge Maggie Guo for her facilitation in data acquisition from Calgary Lab Services.

Prior presentation(s) of the material, including name, date, and conference location:

-The International Population Data Linkage Network (IPDLN) conference, Sept 12-14, 2018, Calgary
Alberta, Canada

-The Canadian Centre for Applied Research in Cancer Control (ARCC) conference, May 27-28, 2019,
Halifax, Nova Scotia, Canada



Page 14/28

-Family Medicine Summit 2019, Alberta College of Family Physicians, March 1-3, 2019, Calgary, Alberta,
Canada

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.

�. 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 signi�cance and presentation of
recommendations. J Clin Epidemiol. 2013;66(7):719–25. doi: 10.1016/j.jclinepi.2012.03.013

�. 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 Paci�c 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.e1-429.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.



Page 15/28

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.

1�. Leinonen MK, Campbell S, Klungsøyr O, Lönnberg S, Hansen BT, Nygård M. Personal and provider
level factors in�uence 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 Pro�le. 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.

1�. 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
Pro�le. 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
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.

2�. 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.



Page 16/28

27. CPG Infobase: Clinical Practice Guidelines | CMA Joule. https://joulecma.ca/cpg/homepage.
Accessed 12 Oct 2022.

2�. 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 �ndings. 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
e�ciency 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-speci�c 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 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.

3�. 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 o�ce 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.

3�. 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.



Page 17/28

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 in�uence 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.

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

4�. 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

4�. 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 in�uence 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: de�nition, pitfalls, and adjustment methods. J
Multidiscip HealthI 2016;9:211–7. doi: 10.2147/JMDH.S104807

53. Health Quality Council of Alberta. Primary Healthcare Panel Report-Data Dictionary. Calgary, Alberta;
2020.



Page 18/28

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-speci�c antigen (PSA) testing. Clin Biochem. 2014;47(16-17):164–9.

5�. 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.

5�. 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.

Tables
Table 1: Descriptive Characteristics of over-screening and appropriate screening family physicians during
2014-2016
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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
screening (25-69-year-old) ^

Median (IQR) 239 (128-
381)

180 (94-
329)

0.00

^ Internationally trained medical graduates (IMGs) 
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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.

Table 2: Logistic regression analyses for over-screening versus appropriate screening by family
physicians during 2014-2016
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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 signi�cant. CI= Con�dence Interval. 

a Unadjusted models include only the single variable of physician characteristics studied

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.



Page 22/28

Table 3: Descriptive Characteristics of underscreening and appropriate/over screening family physicians
during 2014-2016
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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

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
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*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, de�ned as women with no screening performed during the 3 years

Table 4: Logistic regression analyses for underscreening versus appropriate/over screening family
physicians during 2014-2016
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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 signi�cant. CI= Con�dence Interval. 

a Unadjusted models include only the single variable of physician characteristics studied

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, de�ned as women with no screening performed during the 3 years
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Figures

Figure 1

Study Flow Diagram for over screening versus appropriate screening analysis
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Figure 2

Study Flow Diagram for Underscreening versus appropriate/over screening analysis
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